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Abstract. The UN 2030 Agenda is the current reference point for achieving sustaina-
ble development at the international level. Focusing on the implementation effort and
monitoring the progress of SDGs are crucial aspects for achieving the Goals by 2030.
The evaluation and achievement of sustainability at the sub-national level is funda-
mental, as sustainable development is considered achievable if it originates on the local
level. Given that, the objective of this research was to assess sustainable development
related to the 2030 Agenda considering the 17 regions (autonomous communities) of
Spain. The analysis was carried out through the Spatial Sustainability Assessment Mod-
el (SSAM), set up as a plug-in of QGIS, which integrates multi-criteria analysis with
the geographical tool. The region datasets referred to years 2019 and 2020 to observe a
comparison of pre and post-COVID framework and to assess possible changes due to
pandemic impacts. Results showed that, both in 2019 and 2020, for the environmental
dimension the majority of the regions obtained very low or low results, showing a gen-
erally scarce environmental situation. A general decline for the majority of the indices
was observed and a decrease in sustainability from north to south was detected, both
for the social and the global sustainability dimensions. The social dimension in most
cases was the one marking the global ordination of the communities.

Keywords: Sustainable Development Goals, sustainability assessment, multicriteria
analysis, MCDA-GIS integration, COVID pandemic, 2030 Agenda.
JEL code: QO1.

1. INTRODUCTION

Since the 1990s, the international community has been committing to
several principles and declarations for implementing sustainable development
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(Carrillo, 2022). The most recent took effect in September
2015 when the 193 United Nations (UN) Member States
adopted the 2030 Agenda for Sustainable Development, an
ambitious, transformative action plan aimed at “achiev-
ing sustainable development in its three dimensions -
economic, social and environmental - in a balanced and
integrated manner” (UN General Assembly, 2015).

The UN Agenda 2030 is the current reference point
for achieving sustainability in policies and territorial
planning at the international level. The Agenda is based
on 17 Sustainable Development Goals (SDGs), which fol-
low and expand the prior United Nations Millennium
Development Goals (MDGs), including the results of
Rio+20 (Ricciolini et al., 2022). The 17 goals, organized
into 169 targets, identify global development priorities,
effectively defining sustainable development through the
three pillars: economic, environmental, and social (Ste-
vens et al., 2016). In particular, they address unfulfilled
issues related to extreme poverty, inequality, social injus-
tice, and the protection of the environment by 2030.

Consequently, the Agenda and its goals have given
a new impetus to global efforts for achieving sustain-
able development (Rocchi et al., 2022). Governments and
researchers are currently facing the challenge of meas-
uring and monitoring progress towards the SDGs. This
crucial task must be rigorously undertaken to evalu-
ate the outcomes of the actions already implemented
and address the next decade’s unfulfilled goals (Car-
rillo, 2022). Moreover, in the unprecedented global con-
text caused by the pandemic, an assessment of progress
towards the SDGs agenda is even more important, as for
many countries the achievement of targets by 2030 has
become out of reach (Benedek et al., 2021).

Since 2018, the UN Sustainable Development Solu-
tions Network (SDSN) has produced the Sustainable
Development Report (SDR), which includes the SDG
Index and Dashboards that ranks countries on goal
attainment. This annual report, and regional editions,
have become world-leading references for monitoring
progress on the SDGs. Every year, the report provides
the most comprehensive assessment of the performance
of all 193 UN Member States on the 17 SDGs. Govern-
ments and civil society alike use the SDR to identify pri-
orities for action, understand key implementation chal-
lenges, track progress, ensure accountability, and identi-
fy gaps that must be closed to achieve the SDGs by 2030
and beyond (Sachs et al., 2023).

The Europe Sustainable Development Report pro-
vides an annual independent quantitative assessment of
the progress by the European Union, its member states,
and partner countries towards the Sustainable Develop-
ment Goals (Lafortune et al., 2024). In particular, the
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report highlights areas of success as well as opportuni-
ties for further improvement and uses the data to com-
pare the progress of European sub-regions. The data and
findings build on several rounds of consultations with
scientists, experts, and practitioners from across Europe,
made possible largely through the strong cooperation
between the UN Sustainable Development Solutions
Network and the European Economic and Social Com-
mittee (EESC).

Several studies have been performed at the national
level, performing analysis within a specific country, or
making comparisons in terms of SDGs among different
countries. Great attention in the literature has been giv-
en to the European context in particular, thanks to its
leading role in the application of the Agenda (D’Adamo
et al., 2022). For instance, Ricciolini et al. (2022) used
two multicriteria composite indicators to evaluate the
sustainability, in terms of SDGs achievement, of the 28
Members of the European Union (pre-Brexit), consid-
ering three reference years: 2007, 2012, and 2017. Also
Carrillo (2022) developed a composite indicator to eval-
uate the SDGs’ progress using the Eurostat SDG data-
set, but considering the 2010-2020 period. Rocchi et al.
(2022) measured the Progress of the European Union
Countries through the so-called SDGs Achievement
Index, a multicriteria-based index, including six differ-
ent dimensions. Miola and Schiltz (2019) reviewed three
common methods to measure the SDGs performance of
EU28 countries, illustrating the sensitivity of rankings
to the choice of indicators and methodological assump-
tions. D’Adamo et al. (2022) monitored the progress
of Member States (MSs) towards achieving the SDGs,
using MCDA but focusing on five economic SDGs only,
while Téthovd and Heglasova (2022) concentrated the
attention on environmental achievement. In such stud-
ies, it is possible to identify some common trends. There
are several discrepancies in sustainability level across
the member states, with the middle-east and Mediter-
ranean nations usually showing a gap in comparison
to Northern Europe (D’Adamo et al., 2022; Kiselakova
et al., 2020; Ricciolini et al., 2022; Rocchi et al., 2022).
Moreover, for the member states with the highest level
of sustainable development is more difficult to improve
their performance, while the more backward nations
have made considerable progress that, however, has not
yet allowed them to close the gaps present (D’Adamo
et al., 2022; Rocchi et al., 2022). Finally, studies show
that a good level of economic and social development
is often associated with a lower level of environmental
sustainability, and vice versa (Kiselakova et al., 2020;
Ricciolini et al., 2022; Rocchi et al., 2022; Téthova and
Heglasovd, 2022).



Evaluating progress in achieving the SDGs at sub-national level in Spain: a multicriteria analysis 5

The practice of ranking countries can be a way to
stimulate decision-makers to improve their position
(Dahl, 2012) and therefore their national levels of sus-
tainability. However, the evaluation cannot be solely at
a national level, although it is perhaps the most signifi-
cant one (Dahl, 2012) and the most applied in interna-
tional fora (Canavese et al., 2014). The main aim of the
European Union is to set common objectives of sustain-
able development at the Union level, to be calibrated and
adjusted based on the different countries’ situation and,
within each country, on the basis of the composite terri-
torial areas and local characteristics. It is clear, therefore,
that there could exist common measures for the totality
of Member Countries, as well as specific territorial meas-
ures, tailored based on sustainable development needs,
strengths and weaknesses of the different subareas with-
in a country (Paolotti et al., 2019).

Therefore, systems at a local level must be investi-
gated in order to have effective and realistic evaluations
of specific territorial contexts, and to determine sound
planning actions (Boggia et al., 2018). Sustainable devel-
opment is considered achievable if it originates on the
local level; a bottom-up approach from local to supra-
national (Ravetz, 2000), complying with the EU subsidi-
arity principle.

In particular, in the distribution of funds for the
growth of territories decision-makers should sustain
those areas having difficulties in reaching an equilibri-
um between economic wealth, social equality, and envi-
ronmental preservation, and therefore need more imme-
diate incentives towards sustainability (UNCTAD, 2015).
To do this, local systems must be analyzed to have actual
and accurate evaluations of specific territorial situations
and to determine thorough planning strategies to adopt
(Ravetz, 2000).

Recently, several studies have been conducted to
analyse the achievement of SDGs at the local level.
Diaz-Sarachaga et al., 2018 examined the SDG index
(Schmidt-Traub et al., 2017), highlighting the need for
developing regional SDG Indices to enhance the apprais-
al of specific regions, and to emphasize the achievement
of lower performing goals. Rocchi et al. (2023) proposed
an evaluation framework for assessing the progress of
the Italian regions in terms of SDGs, within the strate-
gic borders provided by the Italian National Sustain-
able Development Strategy. The different regions were
evaluated concerning a set of indicators associated with
SDGs and complying with the strategic objectives of the
national strategy, for assessing the relative level of sus-
tainable development reached by each region.

The importance of the diffusion of sustainable devel-
opment at the local level was recognised by Farnia et al.

(2019), who addressed the issue of measuring the Agenda
2030 goals at the urban level in Italy. They used 53 eco-
nomic, social, and environmental indicators to analyse
98 Italian municipalities and built a composite index by
combining the data into two levels. The results showed
geographical and demographic heterogeneity within the
country when considering each of the Goals, but also
underlined how complex phenomena are due to the mul-
tidimensional aspects of Agenda 2030.

Xu et al. (2020) conducted a spatio-temporal analysis
of progress towards the 17 SDGs in China, at national
and sub-national levels (Chinese provinces) using a sys-
tematic method. They referred to a series of data from
2000 to 2015, using 119 indicators to calculate the “SDG
Index score” (0-100), which represented China’s over-
all performance in achieving all 17 SDGs. This index
increased at the national level over the 15 years exam-
ined, and each province also increased its SDG Index
score over this period; more specifically, scores for 13 of
the 17 SDGs improved over time.

The importance of measuring progress at the local
level in the context of the SDGs was also investigated by
Nagy et al. (2018), who measured the sustainability of
the Cluj Metropolitan Area (CMA) located in the north-
west region of Romania. Using the simple arithmetic
mean of the normalized values, they calculated a score
for each of the Sustainable Development Goals (except
the 14th goal “life below water”). They then aggregat-
ed the results and determined the overall SDG index
for each district of the CMA and, finally, for the entire
metropolitan area. Finally, they generated a single map
representing the entire metropolitan area of Cluj for a
visualization of the SDG index for each individual dis-
trict. Also, Saiu et al., 2022 analyzed the potentials and
limitations of three different “neighborhood sustainabil-
ity assessment tools” for contributing useful guidelines
toward urban sustainability assessment.

In order to assess the performance of the cities in
Brazil towards the SDGs, the Sustainable Cities Develop-
ment Index of Brazil (IDSC-BR) was developed as part
of the Sustainable Cities Programme (PCS), promoted
by the Sustainable Cities Institute (ICS) (ICS and SDSN,
2021). The IDSC-BR provides a comprehensive assess-
ment of the distance between each of the 5,570 Brazil-
ian municipalities and the achievement of SDGs. Using
updated data from public and official sources in Brazil,
the index is composed of a total of 100 indicators, cover-
ing various areas of public administration activities. The
methodology for constructing this index was developed
by the SDSN. The IDSC score, varying between 0 and
100, represents the percentage of optimal performance;
in particular, the difference between the score obtained



and 100 indicates the distance in percentage points a
city must overcome to achieve optimal performance. In
addition to the score and ranking of each city, the index
presents SDG Panels, offering a visual representation of
the performance of municipalities in the 17 SDGs; these
panels use a colour classification system (green, yellow,
orange, and red) to indicate how far a municipality is
from achieving each target.

To contribute to the sustainable development of
Spanish cities, the report ‘Sustainable Development
Objectives in 100 Spanish Cities’ was presented in 2018
by the Spanish Network for Sustainable Development
(REDS) (Sénchez de Madariaga et al., 2018). The munici-
palities analyzed in the report include 21.5 million inhab-
itants, constituting almost 50 per cent of the Spanish
population. The objective was to help local governments
to keep a picture of the achievement of the SDGs, but
also to facilitate the exchange of good practices between
different Spanish cities. The report measured the level of
the 17 SDGs (considering 85 indicators) to highlight the
challenges that cities have to face in relation to trans-
port, health, inequality or climate change. Unlike other
reports, this one did not rank or compare results, but
rather offered a general overview of the state of the goals
at the local level in Spain and provided a scorecard for
each city. It was not intended to report better or worse
performance with the targets, but to offer instruments for
local policymakers to define actions to be taken.

Finally, Mascarenhas et al. (2010) emphasized how
it is widely recognized that action towards sustainable
development is most effective at the local scale, but that
there are common resources for which efficient manage-
ment occurs at a supra-municipal scale, i.e. at the region-
al level. Indeed, they argued that the regional scale is a
good level of governance for planning, coordination, and
evaluation of action towards sustainable development.

Following these principles, the objective of this work
is to carry out a sub-national assessment of the Agenda
2030, by means of an already tested model, found very
suitable for territorial sustainability assessment, i.e. the
model SSAM (Spatial Sustainability Assessment Model —
Rocchi et al., 2022), for evaluating the progress in terms
of SDGs achievement of the 17 autonomous communi-
ties belonging to Spain. According to previous studies
(Ricciolini et al., 2022; Rocchi et al., 2022), at the nation-
al level, Spain has a sufficient level of sustainability with
specific shortcomings in some areas. Therefore, it is
needed to better understand the situation at the regional
level. It was the first evaluation in terms of SDGs, at this
territorial level.

The model SSAM is based on spatial MCDA, i.e.
Multi-Criteria Spatial Decision Support Systems (for
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general information about spatial MCDA see Malczews-
ki, 2010). It can be used at local, regional, and national
levels, for comparing the sustainability of different ter-
ritorial areas considering multiple dimensions/criteria.
Some applications of SSAM (and of its previous ver-
sion) at the territorial level can be found in Ottomano
Palmisano (2016), Boggia et al. (2018), Paolotti et al.
(2019), Rocchi et al. (2022), De Toro et al. (2023), where
it proved to be a useful tool integrating Multi-Criteria
analysis with Geographic Information Systems for sus-
tainability evaluations. In particular, these last two
works analysed SDGs in relation to EU countries in one
case, and peri-urban areas in the other.

Therefore, this multi-criteria model seems to be a
suitable tool for this type of territorial analysis - i.e. a
multidimensional study, since it deals with the Sustain-
able Development Goals (SDGs) - analysing in this
case the supra-communal level. Furthermore, the mod-
el allows for a simple and intuitive visualisation of the
results, and this can certainly help decision-makers in
the definition of policies.

As the main objective of the work was to perform an
assessment of Agenda 2030 at the sub-national level, the
research steps that were implemented can be synthetized
as follows:

- Criteria selection through the choice of a specific
set of indicators for the case study analysed (i.e. 17
autonomous communities belonging to Spain) and
building of a specific framework for sub-national
level assessment of SDGs.

- Application of SSAM - Spatial Sustainability Assess-
ment Model, using the set of indicators previously
identified, and of Multi Criteria Decision Analysis,
to the 17 autonomous communities.

- Computation of the three basic Sustainability Indi-
ces — Envldeal, Ecoldeal, Socldeal - plus the aggre-
gated Sustldeal index.

- Ranking of 17 Spanish autonomous communities
before the irruption of the global COVID pandem-
ic (2019 - Pre-COVID) and just after that (2020 -
COVID Pandemic).

This study, through its results, could act as an
impulse for local sustainability initiatives and, above all,
could outline guidelines to be followed at the institu-
tional level; there is also a need for better coordination
between authorities to pursue the targets to be achieved,
and this is possible with a vision of the situation as clear
as possible.

Even if the assessment was applied as a case study to
the autonomous communities of Spain, it is designed to
be applied in any other territorial context (sub-national
or national), as the reference units object of the analysis
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(through GIS) are homogeneous territorial areas, that
can be for example countries, regions, or sub-regions.

2. MATERIALS AND METHODS

This section provides details about the case study
selection and the framework construction, including
both the indicators selection and the description of the
method applied within SSAM plugin. In particular, the
framework construction is a key step to understand the
results and their possible shortcomings.

2.1 Case study

The sub-national SDGs assessment was applied to
the 17 autonomous communities belonging to Spain (Fig-
ure 1). These regions have notable differences in exten-
sion and number of inhabitants (Table 1). The largest
region is Castilla y Ledn, the most populated is Anda-

lucfa, and the most densely populated is Comunidad de
Madrid (INE, 2023). A general pattern of low population
density in inland regions is observed, except for Comuni-
dad de Madrid, where the capital Madrid is located.

2.2 Criteria selection and reference framework

The selection of indicators for performing the analy-
sis is a crucial step in the study as they are a key tool for
monitoring and evaluating different sectors and levels of
governance. In particular, the indicators of the Sustaina-
ble Development Goals can be seen as a potential beacon
to guide humanity on the right path towards sustainabil-
ity (Lyytimaki et al., 2020).

It is also important to understand the context in
which the study is being carried out, to be able to find
the indicators that best fit the object of the research,
which is in this case the sustainability of Spanish regions
concerning the Agenda 2030 Sustainable Develop-
ment Goals. The choice of indicators should therefore
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Figure 1. Map of the Spanish autonomous communities analysed in this study and listed in Table 1. Colour scales represent population den-
sity (inhabitants per square kilometre). The list of the autonomous communities can be found within Table 1 at the “Abbreviation” column.
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Table 1. Area, population and population density of the Spanish autonomous communities included in the study.

Region Abbreviation Area (km?) Population (inhab.) Density (inhab/km?)
Andalucia AND 87,599 8,484,804 96.9
Aragén ARA 47,720 1,331,938 27.9
Asturias AST 10,604 1,012,117 95.4
Islas Baleares IB 4,992 1,183,415 237.1
Islas Canarias 1C 7,447 2,178,924 292.6
Cantabria CAN 5,321 584,708 109.9
Castilla y Leén CYL 94,224 2,385,223 253
Castilla - La Mancha CLM 79,461 2,052,505 25.8
Cataluna CAT 32,113 7,749,896 241.3
Comunidad Valenciana CV 23,255 5,067,911 217.9
Extremadura EXT 41,634 1,061,636 25.5
Galicia GAL 29,575 2,698,177 91.2
Comunidad de Madrid MAD 8,028 6,726,640 837.9
Regién de Murcia MUR 11,314 1,518,279 134.2
Comunidad Foral de Navarra NAV 10,391 662,032 63.7
Pais Vasco PV 7,234 2,212,628 305.9
La Rioja RIO 5,045 319,444 63.3

be based on their reliability, relevance and ability to fit
the concept being studied, but of course data availabil-
ity should always be checked. The aim was to outline
a possible pathway to support the processes of evaluat-
ing the performance of Spanish regions in achieving the
Sustainable Development Goals, through the creation of
a proper assessment framework.

At the methodological level, assessing Spain’s conflu-
ence with Europe seems a good quantitative technique to
investigate the achievement of the SDGs at the national lev-
el (Boto-Alvarez and Garcia-Fernandez, 2020). Following
this idea, we applied the same methodology for investigat-
ing the SDGs achievement at the local level. In particular,
we started from the structure of Agenda 2030 in a more
comprehensive form, analyzing the policies at the Euro-
pean Union level and the indicators provided by Eurostat
and then examining the specific Spanish indicators, with a
focus on the various regions, finding a correspondence with
the Eurostat data. Therefore, a basic principle for choosing
the indicators has been to define a set of specific indicators
for Spanish regions in line with those proposed by Euro-
stat, the Statistical Office of the European Union, in its spe-
cific section on Agenda 2030 and the SDGs.

Through these selection parameters, it was therefore
possible to study the progress of Spain at a supra-com-
munal level but at the same time to be completely in line
with the European Union indicators. This correspond-
ence with the EU is very important because it makes
the work comparable with possible other studies carried
out on a different local scale or for a different territorial

area. Indeed, having a common and reusable set of indi-
cators is crucial for the reliability of the work.

For the search of the indicators, initially, the Span-
ish National Institute of Statistics (INE) was analyzed;
in 2018 INE launched the statistical operation “Agenda
2030 for Sustainable Development Indicators”, constitut-
ing a framework of statistical indicators that would serve
for the monitoring of the Goals and Objectives of the
2030 Agenda in Spain. The indicators for monitoring
the SDGs are very complex as they cover the economic,
social, environmental, and institutional dimensions;
for this reason, in addition to the INE, 16 ministerial
departments and the Bank of Spain participated in their
preparation. The indicators included in the set of SDGs
proposed by INE were selected directly from this source
(19 out of a total of 25). Given the difficulties in collect-
ing data for the autonomous cities of Melilla and Ceuta,
it was decided to exclude them from the research. Then,
other indicators were selected from the databases provid-
ed by the official Spanish statistical offices, again follow-
ing Eurostat’s 2030 Agenda indicators guidelines.

Based on these guidelines and analyzing the different
databases available, which contain statistical measures use-
ful for monitoring the SDGs of the 2030 Agenda, a careful
selection was made to identify the indicators that best rep-
resented the 17 Spanish autonomous communities.

The criteria that were considered in the selection
process are:

- representativeness of the theme, in relation also to
the coverage of the majority of SDGs;
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- avoidance of redundant or overlapping indicators.

- availability of data at the regional territorial level;
data for monitoring the 2030 Agenda are not always
easily accessible, especially when individual regional
units are to be evaluated, although within the EU
they are more available than in other geographical
contexts;

- availability of data for the years under analysis and
the possibility of updating the data over the years;
The years covered in the study were 2019 and 2020,

to include a comparison of the pre-COVID situation and

how it changed in the first year of the pandemic.

For some indicators data were not available for the
years under analysis, so the nearest available years were
selected. In particular, the indicator “Research and
development expenditure as a share of GDP” was not
available for 2019 and 2020, so the analysis took into
consideration 2018 data; for “Per capita growth rates of
household expenditure and income of total population
households”, “Healthy life years at birth”, “Share of forest
area”, “Recycling rate of municipal waste”, “Urban waste
generated per capita”, “Soil erosion by water” indicators,
the analysis took into account 2019 data, because 2020
data were not available.

In order to make a more intuitive assessment of
the SDGs, it was decided to divide the total number of
selected indicators (25) into the 3 spheres of sustain-
ability, environmental, social, and economic, to obtain a
more easily comprehensible set for decision-makers.

These three dimensions were carefully examined
while in this case the institutional dimension was not
included. Within the 2030 Agenda, the institutional
dimension is primarily conceived as a partnership for
the goals of various states and actors. Therefore, this
aspect was not included in this study, which deals with a
more local territorial level.

In the social sphere there were 10 indicators, in the
economic one 7 and in the environmental one 8. Tables
2, 3, and 4 show the list of all the indicators divided by
dimension, together with the description of the indi-
cators, the unit of measurement in which they are
expressed, and the statistical source; moreover, the even-
tual absence of the data in the INE’s 2030 Agenda for
Sustainable Development database is indicated with an
asterisk. If available, the homologous indicator among
the European Statistical Office SDGs Indicators was also
specified. This could also be useful for future studies, for
comparison with other research pertaining to equivalent
geographical areas in other European countries or dif-
ferent geographical levels. Figure 2 identifies the contri-
bution of each indicator to the various SDGs. Environ-
mental indicators cover the largest number of objectives

(SDG2, SDG7, SDG6, SDG11, SDGI12, SDGI13, SDG15),
followed by Social (SDG 1, SDG3, SDG4, SDG5, SDGS)
and Economic (SDG8, SDGY, SDG10, SDG17). Globally,
14 out of 17 SDGs are measured at least by one indicator.

2.3 Sustainability Indices construction using MCDA

The analysis was made using SSAM - Spatial Sus-
tainability Assessment Model (Rocchi et al., 2022).
SSAM is an evaluation tool, aimed at defining a simpli-
fied procedure for monitoring the territorial dynamics
in progress within a certain area, which allows an inte-
grated reading of social, environmental, and economic
issues. Therefore, it is useful for territorial planning
activities in compliance with the sustainability principle.

The whole process of SSAM is run in a well-known
open-source GIS environment called QGIS (GIS Devel-
opment Team, 2017). Practically, SSAM is configured
as a plugin, written in Python language, which uses the
libraries made available by QGIS to perform the process-
ing requested by the user. Being a plugin inside QGIS,
in addition to performing the calculations foreseen by
the evaluation algorithm - more specifically TOPSIS
(Hwang and Yoon, 1981) - the input and output data can
be managed like any other geographical data and the
user is free to carry out further geostatistical analyses,
geoprocessing, or reporting operations. It represents, in
fact, a perfect integration of a multi-criteria analysis pro-
cedure with the geographical tool.

When we speak of multi-criteria methods, we refer
to a family of different methods. As reported, SSAM
applies a specific multi-criteria method called TOPSIS
(Technique for Order of Preference by Similarity to Ideal
Solution) developed by Hwang and Yoon in 1981. The
concept at the basis of the method is that, in a group
of alternatives, the one being at the minimum distance
from the ideal solution (best score in each criterion) and
the maximum distance from the worst one (worst score
in each criterion) is the best alternative. In particular,
the method defines a ranking based on several criteria,
setting an objective to aim for (ideal point) and one to
move away from (worst point), for each evaluation crite-
rion. The ideal solution therefore represents a hypotheti-
cal alternative that optimizes the value of each criterion
and can be found within the range of the proposed indi-
cators or outside of it.

The distance measured in TOPSIS is used as a proxy
for human preference. Alternatives can be ranked on the
grounds of the values assumed by the criteria, which are
considered as monotonically increasing or decreasing
and therefore to be maximized or minimized (Kalbar
et al., 2012). The choice of TOPSIS within SSAM deals
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Table 2. Social indicators used in the analysis.
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Social indicators

Indicators

Description

Source

Eurostat Indicator

Population aged 25
to 34 years old with
a Higher Education
level *

Early leavers from
education and
training *

Percentage of the
adult population (15-
64 years) studying
education or training
in the last four weeks

People at risk of
poverty or social
exclusion

Severely materially
deprived people

Population living
in households with
certain housing
deficiencies

Healthy life years at
birth

Unemployment rate

Participation of
women in regional
parliaments *

Women’s normal
hourly wage earnings
compared to men’s
earnings *

Population aged 25-34 with tertiary education is the percentage
of the population aged 25-34 who have completed the tertiary
and doctoral level of education

Unit of measure: %

Percentage of the population aged 18-24 who do not complete
upper secondary education and do not attend any type of
education-training

Unit of measure: %

Proportion of 15-64 years old in education or training (formal
or non-formal) in the last four weeks as a percentage of all 15-64
years old

Unit of measure: %

The population at risk of poverty or social exclusion is defined
as those who are in one of the following situations: — At risk
of poverty (60% median income per consumption unit); - In
severe material deprivation (with deprivation on at least 4
concepts from a list of 9); — In jobless households or households
with low employment intensity (households in which their
members in working age worked less than 20% of the total of
their working potential during the reference year)

Unit of measure: %

People in severe material deprivation (with deprivation in at
least 4 items out of a list of 9)

Unit of measure: %

Proportion of people living in dwellings with problems of leaks,
dampness in walls, floors, roofs or foundations, or rotting of
floors, window frames or doors

Unit of measure: %

Healthy life years is defined as the average number of years
expected to live without activity limitation at current observed
mortality and activity limitation rates

Unit of measure: Years

Proporcion de personas paradas respecto a las personas
econémicamente activas (Total)

Unit of measure: Rate

The indicator measures the proportion of women in each of the
regional parliaments
Unit of measure: % of women

The indicator measures the percentage of women’s wages
compared to men’s wages

Unit of measure: % of women’s wages compared to men’s
wages

Explotacién de las variables
educativas de la Encuesta
de Poblacion Activa (INE).
Ministerio de Educacion y
Formacién Profesional
Explotacion de las variables
educativas de la Encuesta
de Poblacion Activa (INE).
Ministerio de Educacion y
Formacién Profesional

INE

INE. Encuesta condiciones de
vida

INE. Encuesta condiciones de
vida

INE. Encuesta condiciones de
vida

INE Encuestas de salud por
entrevista

INE. Encuesta de poblacion
activa

Elaboracion del Instituto de
la Mujer y para la Igualdad
de Oportunidades a partir
de las pdaginas web de los
Parlamentos Autondmicos

INE. Encuestas de Estructura
Salarial

Tertiary
educational
attainment by sex
(sdg_04_20)

Early leavers from
education and
training by sex
(sdg_04_10)

Adult participation
in learning by sex
(sdg_04_60)

People at risk
of poverty or
social exclusion
(sdg_01_10)

Severely materially
deprived people
(sdg_01_30)
Population living
in a dwelling with a
leaking roof, damp
walls, floors or
foundation or rot
in window frames
of floor by poverty
status (sdg_01_60)

Healthy life years
at birth by sex
(sdg_03_11)

Long-term
unemployment rate
by sex (sdg_08_40)
Seats held by
women in national
parliaments (and
governments)

(sdg_5_5)

Gender pay gap in
unadjusted form
(sdg_5_20)

Note (*): indicator not reported in INE (Instituto Nacional de Estadistica) database

Desarrollo Sostenible”

related to “Indicadores de la Agenda 2030 para el
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Table 3. Economic indicators used in the analysis.

Economic indicators

Indicators Description

Source Eurostat Indicator

Annual growth rate of real GDP

per capita linked volume index)

Unit of measure: %

Research and development

; at market prices
expenditure as a share of GDP P

Unit of measure: %

Number of researchers (in full
time equivalent) per million
inhabitants

per million inhabitants

inhabitants
Per capita growth rates of
household expenditure and

income of total population
households

population
Unit of measure: %

Proportion of 16-74 years old
using Internet in the last three

months Unit of measure: %

Gross earnings per normal hour of work of salaried

Average hourly wage employees

Unit of measure: Euro

Manufacturing value added as a

share of GDP Unit of measure: %

Annual growth rate of real GDP per capita (chain-

Expenditure on internal R&D as a percentage of GDP

Unit of measure: Researchers (FTE) per million

Average annualised growth rate over a five-year
period of household income per person in the total

Proportion of 16-74 years old who have used Internet
in the last three months (preceding the survey)

Ratio of persons employed in the manufacturing
sector to the total number of persons employed

INE Contabilidad
nacional anual de Espafia

Real GDP per
capita (sdg_08_10)

Gross domestic
expenditure on

Number of full-time equivalent research personnel

INE R&D by sector
(sdg_09_10)
R&D personnel by
INE sector (sdg_09_30)
Adjusted gross
INE Encuesta de disposable income
condiciones de vida of households per

capita sdg_10_20
INE Encuesta sobre
equipamiento y uso de High-speed internet
tecnologias de informacion coverage, by type of
y comunicacion en los area (sdg_17_60)
hogares

INE Encuestas de
estructura salarial

INE Contabilidad
nacional anual de Espafia:
principales agregados

Note: The indicators “Average hourly wage” and “Manufacturing value added as a share of GDP” are not included in the Eurostat database,
but they were included in the analysis because considered relevant for the Spanish economic context.

with the type of criteria used (generally cardinal) and
its good performance in case of a large number of alter-
natives (Kalbar et al., 2012); moreover, it was chosen
because its logic is rational and understandable, and also
the computation processes are straightforward (Garcia-
Cascales and Lamata, 2012).

The final product of the processing is represented by
numerical outputs, but also graphics and maps are pro-
duced. By default, SSAM produces three different indi-
ces and relative cartographic representations: Ecoldeal
(Index of Economic sustainability), Envldeal (Index of
Environmental sustainability), and SocIdeal (Index of
Social sustainability).

The steps of the indices construction are described
in the following, using Socldeal as a reference for all
three ones.

STEP 1: Establish a performance matrix

The finite set of criteria for the Socldeal can be
described as: U = {uy, ua,us, ..., uy }, (n=10 in this
case) while A = {A4;, Ay, 43, ..., A, } is the discrete

set of feasible alternatives, representing the seventeen
Spanish autonomous communities. Each alternative A
is evaluated with respect to the n criteria, whose values
constitute a decision matrix denoted by:

Uy e Uy

Ay [z oz (1)
Z= {Zi.j)mxn i : ;

Am Zm1 " Zmn

where Zij represents the performance value of the ;%
Spanish autonomous community concerning the " cri-
terion described in paragraph 2.2.

STEP 2. Normalize the decision matrix

In the classical TOPSIS approach, the normalized
performance matrix can be obtained using the following
transformation formula:

— ]:z‘j 2-j:]_’ 17 i=1, ..., 10 @)
Ej:l(zij)v
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Table 4. Environmental indicators used in the analysis.
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Environmental indicators

Indicators Description

Source Eurostat Indicator

Agricultural area, in which organic farming is practiced,
in the first year of practice, in conversion and qualified

Area under organic
farming in organic farming

Unit of measure: %

Produccion Ecoldgica 2020.
Ministerio de Agricultura,
Pesca y Alimentacién.
Secretaria General Técnica.
Centro de Publicaciones

Area under organic
farming (sdg_02_40)

Proportion of renewable energy in gross final

Renewable energies in the

Spanish electricity syst -
panish electricity system generation

Unit of measure: %

Share of forest area R
Unit of measure: %

energy consumption. Renewable generation of each
autonomous community over national renewable

Forest area as a percentage of the total area.

Red Eléctrica de Esparia.  Share of renewable energy
Las energias renovables en in gross final energy
el sistema eléctrico espariol (sdg_07_40)

Share of forest area

(sdg_15_10)

Ministerio de Agricultura,
Pesca y Alimentacién

Area of protected terrestrial areas included in the

Natura 2000 Network ((the data on the surface area of
the Natura 2000 network does not correspond to the

sum of the surface areas of SCIs and SPAs, as there are
overlaps between the two types of sites that should not

Surface of terrestrial sites
designated under Natura
2000*
be counted twice)
Unit of measure: %

Proportion of municipal solid waste collected and
managed in controlled facilities with respect to the
total municipal waste generated, broken down by

Urban waste generated

er capita -
b P autonomous community.

Unit of measure: tonnes per capita

Recycling rate of

. the total waste generated
municipal waste

Unit of measure: %

Total greenhouse gas

. pollutants from resident units per capita
emissions

Unit of measure: tonnes of CO2 equivalent per capita Refo Demogrdfico.

Average soil losses, due to water erosion, according to

Soil erosion by water* erosive levels >10 (t.ha-1year-1)

Unit of measure: %

Proportion of recycled municipal waste with respect to

Total Greenhouse Gas (GHG) Emissions and other air

Ministerio para la
Transicién Ecoldgica y el
Reto Demogrdfico. Red
Natura 2000

Surface of terrestrial sites
designated under Natura
2000 (sdg 15_20)

Generation of waste
excluding major

mineral wastes by
hazardousness(sdg_12_50)

INE y Ministerio de
Agricultura, Alimentacién y
Medio Ambiente

INE y Ministerio de Recycling rate of
Agricultura, Alimentacion y municipal waste
Medio Ambiente (sdg_11_60)
Ministerio para la

L (. Net h
Transicion Ecolégica y el € glecniouse gas

emissions (sdg 13_10)

Estimated soil erosion
by water - area affected
by severe erosion rate
(sdg_15_50)

Ministerio para la
transicion ecologica y el
reto demogrdfico

Note (*): indicator not reported in INE (Instituto Nacional de Estadistica) database related to “Indicadores de la Agenda 2030 para el

Desarrollo Sostenible”,

where n;; is the normalized value of the perfor-
mance value of the j* autonomous community with
respect to the i criterion. Consequently, after normali-
zation, each attribute has the same unit scale.

STEP 3. Calculate the weighted normalized decision
matrix

In MCDA a crucial phase is the definition of the
weights, used to quantify the relevance of the selected
criteria. The definition of the weights can be grounded
on subjective user-defined weighting methods or objec-
tive weighting procedures. Although subjective weights
are usually preferred, in complex scenarios they can
be too difficult to apply and may lead to unsatisfac-

tory results. For this reason, the application of objec-
tive methods, based on statistical approaches, random
weighting procedures, or information theory, can be a
valid alternative.

In the present paper, we calculated weights through
a statistical method, the Coefficient of Variation (COV)
(El Santawy and Ahmed, 2012). The method calculates
the weights considering the COV of performance of all
the criteria for each autonomous community. For the
COV-based weight calculation the first step is the calcu-
lation of another normalized criteria matrix, using the
equation:

zij—Min(zi;)

W,Z:1,2,,10,]:1,2,17, (3)

Tij =


http://t.ha

Evaluating progress in achieving the SDGs at sub-national level in Spain: a multicriteria analysis 13

g 08

Figure 2. Distribution of indicators among the different SDGs.

R = (74;),,. is the matrix after range standardisation;
Maa(z;;) and Min(z;;) are the maximum and the mini-
mum values of the criterion (¢) respectively; all values in
Rare0<r; <1

Then, we calculate the Standard Deviation (o)
of the normalised matrix R = (7ij),,,. The Standard
Deviation (o;) is calculated for every indicator as shown
in equation below:

=& S0 (i — )’ @

where i is the mean of the values of the i** indicator
after the normalization and ¢ = 1,2,...10, After calcu-
lating the Standard Deviation (03) for all the indicators
the COV of indicator i will be calculated as follows

CV;, = Z—: (5)

The weight w; for each indicator is then calculated
using the equation:

Zﬁ‘gv and j=1,2,...10 (6)

w; =

Exonomic indicetos

Socislindicbars

| wdg 10 stig
0 13_10 Enwirarmenisd indicstors

STEP 4. Determine the positive ideal and negative
ideal solutions

The positive ideal value set (A") and the negative
ideal value set (A™) are determined as follows:

At = {vf, ...,v;}{(maxv,-j, i € I)(minv,;, i € I')} (7)
i=1,2,..., 10

= {vl_, ...,v;}{(minvij, i€ I)(ma.xv,-]-, S I)} (8)
i=1,2,...,32

where 1 is associated with benefit criteria, and T is
associated with cost criteria.

STEP 5. Calculate the separation measures

The separation of each alternative (i.e.: Spanish
autonomous communities) from the positive ideal solu-
tion (A") is given as follows:

df = \/{2}31 (u,-j—u;)Q}, 1=1,, ..., 17 ©)

while the separation of each alternative from the nega-
tive ideal solution (A") is given as follows:
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(10)

d = \/{Z;Zl (vij—v;)z}, 1=1,, ..., 17

TOPSIS can be applied using different types of dis-
tances: we used the Euclidean distance.

STEP 6. Calculate the relative closeness to the ideal
solution

The relative closeness R; to the ideal solution can be
expressed as follows:

.
R; = Tia i=1, ..., 17

(11)
IfR; =1 A; = A+
IfR_JZO%Al: Aff

where the R; value lies between 0 and 1. The closer the R;
value is to 1, the higher the priority of the j®* alternative.

STEP 7. Rank the preference order

With this passage we rank the best alternatives
according to R; in descending order, which mean to
rank the Spanish autonomous communities according
to the social dimension. Therefore, the value of R; is
the Socldeal. The same steps allow the assessment of the
other two indices, Envldeal and Ecoldeal.

Along with the calculation of the three separated
indices, SSAM permits to have an additional global sus-
tainability index, through the weighting summation of
the dimensional indices, following the (12):
Global Index = Y3 wiRj (12)
where wi, represents the weight of the K pillar and Ry;
the index of the K* pillar (Economic, Environmental,
Social) for the j** Communities.

All the described steps are handled by SSAM, which
needs to work a geographical file as an information base,
in particular a GeoPackage format, where the graphic
part represents the study area with the single units to
be evaluated (in our case study the Spanish autonomous
communities), while the alphanumeric part (table of
attributes), describes the aspects of the individual ter-
ritorial units to be analyzed, through the set of selected
indicators (in our case study Z = (zy),,.,,,))-

2.4 Statistical methods

SSAM results were statistically analysed with sever-
al methods, with the aim of assessing the relationships
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between the indices and the temporal changes experi-
enced in the autonomous communities. Basic descriptive
statistics of the indices (i.e., mean, standard deviation,
minimum, maximum, and coefficient of variation) were
computed in order to summarize the main features of
the SSAM input variables and modelling results. Then,
the Shapiro-Wilk (S-W) test of normality was computed
to determine the distribution of the variables. The s-W
test was used to assess if SSAM input variables and mod-
elling results were well-modelled by a normal distribu-
tion or not. The s-W test was computed along with the
descriptive statistics. Due to the limited number of vari-
ables that fitted a normal distribution, non-parametric
tests were preferably adopted for further analyses.

The correlations among the values of each index for
the 17 regions were analysed with the Spearman rank
correlation test (Spearman, 1904). Spearman test is a
non-parametric method used to assess the rank corre-
lation between pairs of variables. It is a non-parametric
method that employs a monotonic function (instead of
a linear relationship) to describe the relationship among
a pair of variables. It was used to compare the model-
ling results obtained for 2019 (Pre-COVID) against 2020
(COVID pandemic). Spearman rank correlation (rho)
values allowed the identification of significant (or not)
relationships between the pairs of indices.

For a better visual inspection of these results, box-
plots for each index were created. Extreme values in the
boxplots were highlighted according to the procedure
proposed by McGill et al. (1978). Additionally, Dunn’s
test (Dunn, 1964) was used for pairwise multiple com-
parison of Pre-COVID indices (2019) against COVID
Pandemic indices (2020). Dunn’s test results were used
to identify homogeneous subgroups of variables, includ-
ing these subgroups as letters in the boxplots. Dunn’s
test was computed using the dates as factor (i.e., 2019 vs.
2020), with a significant level of p < 0.05. All statistical
analyses and boxplots of the SSAM results were conduct-
ed with the R programming language (R Core Team,
2023).

3. RESULTS

The application of SSAM allowed the computation
of the three basic indices Envldeal, Ecoldeal, Soclde-
al, plus the aggregated Sustldeal index for 17 Spanish
regions (Figure 3), before the irruption of the global
COVID pandemic (2019; Pre-COVID) and after that
(2020; COVID Pandemic).

For Pre-COVID indices (Table 5), the regions that
reached a maximum value in each of the indices were



Evaluating progress in achieving the SDGs at sub-national level in Spain: a multicriteria analysis

I vory high [0.8-9)

Socidesl
wary low [0-0.2]
3 tow 0.2:0.4)
i [04:0.6]
[ v 10.6-0.80
[ very high [D.8-1)

Sociges
wary lew |00,
fow [0.2.0.4]

1 medasm [0 4-0 6]

B vgn @608

B very high [0.8-1]

B oo
. o 140-50
I very hign [>50)

15

Figure 3. Maps of the indices Envldeal, Ecoldeal, SocIdeal and SustIdeal for 2019 (a, ¢, e, and g respectively) and 2020 (b, d, f and h respec-

tively).
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Andalucia for the environmental dimension (EnvIdeal =
0.857), Comunidad de Madrid for the economic dimen-
sion (Ecoldeal = 0.791), Comunidad Foral de Navarra for
the Social dimension (SocIdeal = 0.779), and Comunidad
de Madrid again for the global sustainability index (Sus-
tIdeal = 54.613). Minimum values for the indices were
reported for Asturias (Envldeal = 0.102), Islas Baleares
(Ecoldeal = 0.101), Andalucia (SocIdeal = 0.190) and
Islas Canarias (SustIdeal = 20.640). Inter-region vari-
ability was notable for all the indices, especially from the
point of view of the environmental (CV = 72.893%) and
economic (CV = 66.718%) dimensions.

In 2020, during the COVID Pandemic (Table 5),
Andalucia also reached the maximum environmental
dimension index value (EnvIldeal = 0.823) and Comu-
nidad de Madrid the maximum economic dimension
index (Ecoldeal = 0.801). Unlike the previous period,
the maximum social dimension index value was for Pais
Vasco (Socldeal = 0.768) and maximum global sustain-
ability was for Catalufia (SustIdeal = 53.753). For mini-
mum values, some changes were also reported. Canta-
bria (Envldeal = 0.101), Islas Baleares (Ecoldeal = 0.080),
and Islas Canarias (Socldeal = 0.125 and Sustldeal =
12.193) were the regions in which the lowest values were
obtained for any of the indices. Additionally, inter-region

Luisa Paolotti et al.

variability increased for all the indices, especially for
SustIdeal which exhibited an increase in the coefficient
of variation from 28.378% to 33.672%.

3.1 Temporal changes during the first year of the COVID
Pandemic

To analyse the global dynamic of the different
dimensions, several graphical and statistical methods
were used. Spearman rank correlation test was computed
for each index comparing their values before and after
COVID irruption (2019 vs. 2020). High Spearman’s rho
values and significant correlations (p-value < 0.05) were
observed for the four indices. Spearman’s rho values
were 0.94 for the Envldeal and Ecoldeal, 0.91 for Soclde-
al, and 0.97 for SustIdeal.

Additionally, boxplots allowed a visual comparison
of the evolution of the indices during COVID pandemic
(Figure 4). Subtle overall change for all the indices was
observed by comparing the Pre-COVID situation (2019)
against COVID-Pandemic (2020) boxplots. To analyse
the magnitude of these changes, the nonparametric pair-
wise multiple comparisons Dunn’s test was computed. It
revealed non-significant differences for any of the indi-

Table 5. Results of the indices EnvIdeal, Ecoldeal, SocIdeal and SustIdeal for 2019 and 2020 (better values highlighted in bold).

2019 (Pre-COVID)

2020 (COVID Pandemic)

fegion EnvIdeal Ecoldeal Socldeal Sustldeal ~ Envldeal Ecoldeal Socldeal SustIdeal
Andalucia 0.857 0.390 0.190 47.870 0.823 0.395 0.245 48.757
Aragén 0.188 0.188 0.743 37.297 0.205 0.206 0.737 38.260
Asturias 0.102 0.213 0.482 26.543 0.102 0.181 0.605 29.587
Islas Baleares 0.143 0.101 0.579 27.423 0.138 0.080 0.419 21.243
Islas Canarias 0.165 0.114 0.340 20.640 0.143 0.097 0.125 12.193
Cantabria 0.117 0.182 0.728 34.237 0.101 0.180 0.667 31.623
Castilla y Leén 0.295 0.263 0.719 42.550 0.284 0.272 0.661 40.577
Castilla-La Mancha 0.427 0.142 0.372 31.380 0.401 0.168 0.517 36.220
Catalufia 0.292 0.758 0.504 51.797 0.303 0.791 0.518 53.753
Comunidad Valenciana 0.214 0.361 0.489 35.490 0.193 0.367 0.351 30.357
Extremadura 0.191 0.226 0.245 22.063 0.168 0.180 0.222 18.997
Galicia 0.268 0.265 0.637 38.983 0.252 0.253 0.600 36.857
Comunidad de Madrid 0.193 0.791 0.654 54.613 0.172 0.801 0.625 53.250
Regién de Murcia 0.166 0.186 0.327 22.657 0.141 0.193 0.371 23.513
Comunidad Foral de Navarra 0.175 0.304 0.779 41913 0.180 0.296 0.679 38.477
Pais Vasco 0.169 0.452 0.729 45.007 0.181 0.456 0.768 46.847
La Rioja 0.160 0.201 0.763 37.463 0.137 0.205 0.738 36.013
Mean 0.242 0.302 0.546 36.349 0.231 0.301 0.521 35.090
Std. deviation 0.177 0.202 0.194 10.315 0.171 0.211 0.198 11.815
Minimum 0.102 0.101 0.190 20.640 0.101 0.080 0.125 12.193
Maximum 0.857 0.791 0.779 54.613 0.823 0.801 0.768 53.753
CV (%) 72.893 66.718 35.616 28.378 74.183 70.031 38.076 33.672
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Figure 4. Boxplot for the temporal changes of the indices Envldeal (a), Ecoldeal (b), SocIdeal (c), and Sustldeal (d). Extreme values (poten-
tial outliers) are shown as red dots and labelled with the abbreviation of their corresponding region.

ces (p-value < 0.05). However, some outstanding values
were identified for the environmental dimension (Anda-
lucia for both years and Castilla La Mancha in 2019),
and the economic dimension (Comunidad de Madrid
and Catalufa for both years). On the contrary, the global
sustainability index exhibited an extremely low value for
Islas Canarias in 2020. These results suggest that it is
necessary to carry out a more detailed analysis (region
by region) to understand the particularities of the tem-
poral evolution of the different dimensions.

Thematic maps of the four indices (class thresholds
developed for equal intervals) provided a visual analy-
sis of the global results. In general, both in 2019 and
2020, for the environmental dimension (Envldeal; Figure
2a and 2b) 11 regions obtained very low results, show-
ing a generally scarce environmental situation; 4 regions
obtained low results, just one had intermediate ones,
and one region (Andalucia) had the best — very high -
results. For the economic dimension (Ecoideal; Figure
2c and 2d), both in 2019 and 2020, a total of 14 regions

had low or very low results, also showing a rather nega-
tive and uneven economic situation across regions. As
mentioned, Comunidad de Madrid and Catalufia were the
regions with the highest values (both exhibited high val-
ues in 2019, and even Madrid very high values in 2020),
while Pafs Vasco had intermediate performances. For the
social dimension (Socldeal; Figure 2e and 2f), in general,
the north had better outcomes than the south, having 8
regions with high results. From 2019 to 2020, there was
an improvement in Andalucia (very low to low), Astu-
rias (medium to high), and Castilla-La Mancha (low to
medium) results and a worsening for Islas Canarias (low
to very low), Comunidad Valenciana (medium to low) and
Galicia (high to medium). The global sustainability maps
(SustIdeal; Figure 2g and 2h) showed a generally good
situation, with medium, high, and even very high indexes,
especially in the centre-north of Spain. We only observed
negative changes in the Sustldel index category for Islas
Canarias (low to very low), Extremadura (also low to very
low), and Comunidad Foral de Navarra (high to medium).
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Table 6. Percentage of change (2019 to 2020) for the indices
Envldeal, Ecoldeal, Socldeal, and SustIdeal (best values in green;
worst values in red).

Region Envldeal Ecoldeal SocIdeal SustIdeal
Andalucia -3.9 1.4 28.9 1.9
Aragén 9.1 9.6 -0.8 2.6
Asturias 0.2 -15.2 25.6 11.5
Islas Baleares -34 2202 277 -225
Islas Canarias -132 -149 631 -40.9
Cantabria -13.7 -0.6 -84 -7.6
Castilla y Leén -3.7 35 -8.0 -4.6
Castilla-La Mancha -6.1 18.4 39.0 15.4
Catalunia 4.0 4.4 2.7 3.8
Comunidad Valenciana -10.2 1.5 -28.1 -14.5
Extremadura -122 -203 -9.3 -13.9
Galicia -6.0 -4.3 -5.7 -5.5
Comunidad de Madrid -11.2 1.3 -4.5 -2.5
Regién de Murcia -15.1 3.6 13.5 3.8
Comunidad Foral de Navarra 3.0 2.6 -129 -8.2
Pais Vasco 7.0 1.0 53 4.1
La Rioja -14.3 2.1 -3.3 -3.9

For a more quantitative analysis of the temporal
changes, the percentage of change for each index and
region was computed (Table 6). The most remarkable
improvements of the indices were for Aragon with the
Envldeal index (+9.1%), and Castilla-La Mancha for
the other three indices (Ecoldeal: +18.4%; Socldeal: +
39.0%; Sustldeal: +15.4%). On the contrary, the high-
est declines of the indices were for Region de Murcia
with the Envldeal index (-15.1%), Extremadura with
the Ecoldeal (-20.3%), and Islas Canarias for the two
remaining indices (SocIdeal: -63.1%; SustIdeal: -40.9%).
This kind of analysis confirmed the impression given by
the maps (in particular the decline of Islas Canarias and
the improvement of Castilla-La Mancha detected within
the social dimension).

4. DISCUSSION

The implementation of SDGs in Spain is a very
complex task that should take into consideration the
socioeconomic and environmental context of the popu-
lation and requires the implication and coordination of
national, regional, and local authorities along with social
actors. In a country with half of all municipalities at risk
of extinction (FEMP, 2017), the differences between the
countryside vs large cities and coastal areas are remark-
able. This is a consequence of a very acute rural popula-
tion exodus to cities with the consequent rural economy
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decline which has triggered the emergence of multiple
rural development strategies and projects driven by pub-
lic institutions that barely consider social engagement
and integration of sustainable development goals togeth-
er (Diaz-Sarachaga, 2020). Unfortunately, institutional
decision-making mechanisms are based on consulta-
tive approaches that do not favour the effective involve-
ment of social actors in decisions leading to sustainabil-
ity (Lopez-Rodriguez et al., 2024). This means that the
degree of implementation of the SDGs at the national lev-
el is deficient at the economic, social, and environmental
levels (Boto-Alvarez y Garcia-Ferndndez, 2020). For this
reason, remarkable inter-region differences are expected.

From the point of view of the environmental dimen-
sion, Andalucia always reached a very high value in the
Envldeal index. This outcome may be explained by the
high proportion of the agricultural land devoted to eco-
logical agriculture. According to the official values of
this indicator, about 45% of Andalucia’s agricultural land
is cultivated using some kind of ecological agriculture
practices. This value is much higher than the average
value for Spain (less than 6%), only followed in a long
distance by Castilla La Mancha with 17% of ecological
agricultural land.

Comunidad de Madrid reached the highest values
of the economic dimension for both years. It performed
very well for all the economic indicators, but the most
remarkable one was the number of researchers per mil-
lion inhabitants (more than 35,000 for both years), four
times higher than the national average. After Comu-
nidad de Madrid, Cataluna also had a powerful eco-
nomic dimension, with a lower number of researchers
but higher values of the manufacturing indicator. On
the contrary, Islas Baleares obtained the lowest value
of the Ecoldeal. Its economic dimension is very linked
with tourism industry while the importance of academic
activities (number of researchers) and manufacturing is
really poor.

Although boxplots revealed no outliers for the
Socldeal index (see Figure 3), central-north regions con-
sistently exhibited highest values of the social dimension.
Their good results are a combination of a reduced unem-
ployment rate and a low proportion of population living
in households with certain housing deficiencies.

4.1 Temporal changes

The higher increase in Envldeal index was for the
Aragén region (+9.1%). This was mainly due to the
increase in the renewable energy production indicator.
In 2020, 68.3% of all energy generation in this region
came from renewable sources, with an increase of 48.6%
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over the previous year (REE, 2021). On the opposite,
Region de Murcia exhibited a notable reduction of this
index (-15.1%), related to lower values of the renew-
able energy production indicator. The achievement for
Aragon is very positive for reducing energy production
carbon footprint, but various controversies are aris-
ing as a result of how these energy production facilities
are planned and implemented in the territory. There is
great social concern in rural areas due to the long-term
(positive and negative) impacts on the territory (Duarte
et al., 2022). In some regions, especially low population
density inland autonomous communities, the genera-
tion of electricity is significantly higher than consump-
tion (i.e., Galicia, Castilla y Ledn, Castilla-La Mancha,
Extremadura, Aragon, and Asturias), promoting spatial
inequalities in the distribution of energy production
across regions (Perez-Sindin et al., 2022). This problem
may negatively affect the consecution of SDGs in rural
areas, where small farms, enterprises, and a significant
portion of the population don’t perceive the environ-
mental benefits of the implementation of new renewable
energy infrastructures. In this sense, planning instru-
ments should take into consideration pre-existing activi-
ties to ensure compatibility with new renewable energy
developments (Prados et al., 2021).

From the point of view of the other dimensions of
our sustainability analysis, Castilla La Mancha expe-
rienced the most positive increase in the Ecoldeal and
Socldeal. This region experienced the lowest reduc-
tion of the GDP during COVID Pandemic, resulting
in an improvement of the Ecoldeal index as compared
with the other regions. In this sense, autonomous com-
munities whose economies are the most dependent on
the tourism-related sector, such as Islas Canarias and
Islas Baleares, suffered the biggest impact on their GDP
(Pinilla et al., 2021), and consequently, their economic
dimension was severely affected. Reinforcing this good
resilience to COVID pandemic, Castilla La Mancha
obtained a notable reduction of the population with
severe material deprivation indicator, which changed
from 7.4 to 3.1 (-58%). The improvement of the econom-
ic and social dimensions led to a 15.4% increase in the
SustIdeal index for Castilla La Mancha.

On the contrary, Islas Canarias experienced the
worst change in the global sustainability indicator dur-
ing COVID Pandemic. Before the pandemic, their val-
ues for the three indices were low (Socldeal = 0.340) or
very low (Envldeal = 0.165; Ecoldeal = 0.114). During
the pandemic, the scenario is worse (all the indices are
in the very low range), standing out above all due to the
abrupt increase in the population living in homes with
certain housing deficiencies (from 15.15% in 2019 to

33.1% in 2020) that promoted a dramatic decrease in the
social dimension index (SocIdeal was 0.125 in 2020).

The study of Paolotti et al., 2019 investigated the
sustainability of the Spanish autonomous communities,
applying the preceding version of SSAM (i.e. GeouUm-
briaSUIT). The study had as a reference basis the Europa
2020 context and not the more recent Sustainable Devel-
opment Goals framework. Therefore, although the aim
of the work was to evaluate the sustainability at the ter-
ritorial level of those areas, the premises for the choice of
the indicators to be used were different. Anyway, some
interesting correlations between the results of the two
studies could be found. In particular, in the previous
study a decrease of sustainability from north to south
was detected, both for the social and for the global sus-
tainability dimensions. Here we can confirm the same
tendency, especially for the social dimension, where the
central-north regions exhibited the highest values of the
SocIdeal; for global sustainability the trend could be gen-
erally confirmed, except for Andalucia, which reached the
highest values of global sustainability, showing a sensi-
tive improvement within the ranking in comparison to
the previous study. The results reached by Andalucia in
terms of global sustainability could be connected to its
good outcomes in the environmental dimension.

Another analogy found with the previous study could
be that the social dimension is the one that seems to
mark the ordination of most of the communities for sus-
tainability. Regarding the economic index results, as in
Paolotti et al. (2019), the majority of the regions belong
to the low and very low classes, while only a few regions
have medium or high class/very high class, and they are
located in the most economic developed areas of Spain
(Comunidad de Madrid, Catalufa, followed by Pais Vas-
co, which are also the most densely populated areas).

Moreover, in both studies the environmental dimen-
sion seems to be quite independent of the economic and
social situations, as the richest regions have also good
social results but are not at all the most environmental-
ly sustainable. Also, the study of Delli Paoli and Addeo
(2019), which aimed to propose a method for comprehen-
sively assessing SDGs, showed that generally the social
and economic pillars are quite aligned whereas the envi-
ronmental pillar is disconnected from them. This may
indicate a misalignment between socio-economic and
environmental policies that need further investigation.

Spain has a long way to go to fulfil its commitment
to the 2030 Agenda and meet EU standards (Boto-Alva-
rez and Garcia-Ferndndez, 2020). This process must be
developed by understanding the different realities of
the population (rural vs urban pollution), the economic
disparities between regions, and the problems closest to
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people’s daily lives (e.g., unemployment, access to hous-
ing). This study highlights the different response capaci-
ties at a regional level to a negative event such as the
COVID-19 pandemic. It is therefore necessary to develop
a more comprehensive, integrative, and resilient SDG
implementation strategy against possible future events.

5. CONCLUSION

With this work, we tried to evaluate the progress
in achieving the Sustainable Development Goals of the
autonomous communities belonging to Spain. The UN
Agenda 2030 and its SDGs are the current benchmarks
for achieving sustainability in policies and territorial
planning at the international level. However, the evalu-
ation cannot be solely at a national level, and it is par-
ticularly urgent in all cases, as for Spain, where there are
gaps in specific dimensions. Systems at a local level must
be investigated in order to have effective and realistic
evaluations of specific territorial contexts, for evaluat-
ing the real level of sustainable development, to calibrate
specific policy measures on the basis of the composite
territorial areas and local characteristics. For this reason,
the regional dimension was chosen for the investigation,
and a proper set of indicators was constructed for this
level of governance. Starting from the structure of Agen-
da 2030 and analyzing the indicators provided by Euro-
stat we examined the specific Spanish indicators avail-
able, with a focus on the various regions, finding a cor-
respondence with the Eurostat data. The regions datasets
referred to years 2019 and 2020 to observe a comparison
of pre and post-COVID framework and to assess possi-
ble changes due to the very first pandemic impacts.

The analysis was carried out with SSAM, an inte-
grated multi-criteria analysis tool in a geographic envi-
ronment. Integrated methodologies that use a number
of indicators using a geographic approach improve the
results of sustainability studies, since the spatial focus
allows for a better representation of actions according to
the specific territorial levels considered (local, national,
supra-national) and the relative needs individuated. Dif-
ferences that are found at regional levels identify the
need for sustainability strategies that are not homog-
enous across all national territory.

The application of SSAM allowed for separately
considering the three dimensions of sustainability —
environmental, economic, and social - and the com-
putation of the three basic indices Envldeal, Ecoldeal,
Socldeal, plus the aggregated Sustainability index for
17 Spanish regions, before the irruption of the global
COVID pandemic (2019; Pre-COVID) and after that
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(2020; COVID Pandemic). Results showed that, both
in 2019 and 2020, for the environmental dimension
the majority of the regions obtained very low or low
results, showing a generally scarce environmental situ-
ation. Also, the economic dimension results, both in
2019 and 2020, showed a rather negative and uneven
situation across regions. For the social dimension, in
general, the north had better outcomes than the south,
having 8 regions with high results. A general decline
for the majority of the indices was observed by compar-
ing Pre-COVID situation (2019) against the first year
of COVID-Pandemic (2020). As noticed in a previous
study, a decrease in sustainability from north to south
was detected, both for the social and the global sus-
tainability dimensions, with the exception of Andalu-
cfa, which reached the highest values of the latter. The
social dimension in most cases should be the one mark-
ing the global ordination of the communities.

Moreover, the environmental dimension seemed to
be quite independent from the economic and social situ-
ations, as the richest regions had also good social results
but were not at all the most environmentally sustain-
able. This may indicate a misalignment between socio-
economic and environmental policies that need further
investigation.

One limitation of the study lies in its being a rela-
tive and not an absolute assessment: the best and worst
values were chosen within the distribution of available
data. Therefore, the outcomes are about the relative per-
formance of the regions and not their absolute progress
toward the Agenda achievement. To have an absolute
type of study, thus showing absolute progress toward
the goals, it is necessary to have absolute worst and best
points.

Another limit of the study lies in the fact that obvi-
ously only a restricted set of indicators referred to SDGs
could be used, given the selection criteria chosen and
the availability of data at the regional level. Indeed, it is
well known that data for monitoring the 2030 Agenda
are not always easily accessible, especially when indi-
vidual regional units are to be evaluated. Therefore, an
improvement of the analysis could concern the consid-
eration of a wider set of indicators, when and if availa-
ble. In the same way, a complete assessment of all SDGS
could lead to a significant enhancement of the assess-
ment framework.

Also, the analysis was now limited to a temporal
period of two years, particularly for focusing on the year
of Pre-COVID and the year just after that. A further
analysis could concern a wider temporal period, even if
the indicators about SDGs are available only from a cer-
tain time period onwards.
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Despite this limitation, these types of analyses are
useful for public decision making to understand which
regions are lagging behind others. Also, considering the
data used this analysis allows the public decision mak-
er to understand in which areas the greatest setbacks
occurred due to the pandemic in its first year. Only in
this way it will be possible to devise common measures
for the totality of member countries, as well as specific
territorial measures tailored to the needs of sustainable
development, strengths and weaknesses of different sub-
areas within a country.

A further development of the study could concern
the inclusion of the institutional dimension within
the analysis, in order to have a complete sustainability
assessment, also at this territorial level. Another interest-
ing aspect could be making a connection with Spanish
policies, concerning the budgets allocated in the differ-
ent programmes, in order to observe the correlation with
the sustainability indexes.

Moreover, this kind of model was designed to be
applied in any other international territorial context for
which such a kind of analysis could be useful.
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