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Abstract: The United Nations plans have marked global sustainable development for more than two
decades. Most of the developed and developing countries have adopted these plans to achieve the
Agenda 2030, currently formed by the 17 Sustainable Development Goals (SDGs). The analysis of
the interactions between the SDGs is a growing area in research and of interest for governments.
However, studies on how positive correlations can improve deteriorated goals are scarce for countries
to date. This study aims at filling this gap by finding and quantifying the synergies and trade-offs
among the SDGs of Spain. During the years 2000–2019, almost 80% of the SDG targets had significant
interactions, either positive (synergy) or negative (trade-off). SDG 4 (quality education), SDG 5
(gender Equality) and SDG 7 (affordable and clean energy) contained the largest number of positive
interactions, more than 60% in all of them. SDG 3 (good health and wellbeing) was strongly
linked with indicators from SDG 4 (quality education) and also SDG 6 (clean water and sanitation).
Furthermore, indicators from SDG 7 (affordable and clean energy) shared a high correlation with the
ones from SGD 12 (responsible consumption and production) and SDG 15 (life on land). SDG 1 (no
poverty), 2 (zero hunger), 6 (clean water and sanitation), 8 (decent work and economic growth)
and 11 (sustainable cities and communities) had the slowest evolution during the years 2000–2019,
showing contractions in some instances. We developed a regression model to assess the influence that
selected targets have had on a less evolved target (target 8.6—proportion of youth not in education,
employment or training). We managed to clarify high influence from target 1.3 (unemployment
compensations), target 8.4 (domestic material consumption) and target 10.5 (non-performing loans)
on the dependent variable. Identifying numerical dependencies between the SDGs may help nations
to develop a roadmap where targets work as cogwheel towards achieving the Agenda 2030.

Keywords: sustainable development; Sustainable Development Goals; Agenda 2030; sustainability;
Spain; synergy; trade-off; regression analysis

1. Introduction

In 2015, all United Nations (UN) Member States pledged to fulfil 17 Sustainable Development
Goals (SDGs), which set the 2030 Agenda (United Nations, 2015 [1]). Unlike previous development
agendas which focused on economic aspects, these goals aim to tackle multiple worldwide
challenges such as ending poverty, eradicating hunger, ensuring well-being, environmental protection,
positive economic development, improving access to health and education, building strong institutions
and partnerships, and more. The attainment of the 2030 Agenda depends on whether the global
population will be able to maximise synergies and address the existing trade-offs [2]. The SDGs were
established after the assessment of Millennium Development Goals (MDGs) (stated in 2000): eight
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international development goals for the year 2015 (Abu-Ghaida et al. [3], Fukuda-Parr et al. [4] and
Bue et al. [5]). The 193 Member States of the UN recognize that these objectives must be accomplished
as a whole rather than focusing on certain targets to avoid unintended negative consequences (OCDE,
2018 [6]). Consequently, the SDGs became a significant pathway to achieving sustainable development.
Each one of the SDGs is organized in several targets which, likewise, have multiple indicators that
might be part of more than one goal.

The analysis of interactions between SDGs is a recent emerging topic in the literature [7,8].
Previous research found similarities and contradictions within goals and targets (i.e., action towards
one SDG altering the possibilities for meeting other goals). Griggs et al. [9] published a guide to assess
SDG interactions in 2017 and many authors have dig into those interlinks ever since. For instance,
Pradhan et al. [10] ranked synergies and trade-offs within and across the SDGs globally, claiming that
the goals need to be synchronised to reach a safe operating space. Lusseau et al. [11] studied the chances
of maximizing the SDG implementation through their interactions and as a function of countries’
income level. Other research focused on analysing the role of environment–human linkages within
SDGs, Scharlemann et al. [12]; others tackled urban scaling [13], energy [14], water [15] or social and
environmental goals [16] but only a few projects have analysed the interaction across goals. They all
agree that seeking certain targets provoke rippling effects in others, which has been labeled as a strong
problem in SDG implementation (see [17,18]), so it is crucial to work as a cogwheel to improve the
efficiency of the Sustainable Development path [19]. Saner et al. [20] also made a wake-up call to the
government to to strengthen administrative capacities to implement the SDGs.

More recently, various authors such as Wackernagel et al. [21] carried out studies making the
SDGs consistent with sustainability. Mainali et al. [22] performed explorative analyses of interactions
in SDGs in South Asia and Sub-Saharan Africa, van Soest et al. [23] analysed the interactions between
the SDGs with Integrated Assessment Models. National studies aimed to evaluate the actual situation
of SDGs in Poland and Romania were recently published [24,25], and even assessing the SDGs
indicators for the Arctic as Nilsson et al. [26]. In the latest quadrennial report by Independent
Group of Scientists appointed by the Secretary-General [27], the urgent need for carefully taking into
account the interactions between goals and targets was highlighted. Nevertheless, evidence-based and
action-oriented investigations on a country level lack to date.

In this article, we reviewed the progress and interaction of the SDGs for Spain from 2000 to 2019.
The evolution of the country is evaluated by means of synergies and trade-offs within and across
selected targets, using correlation coefficients. Furthermore, based on the evaluation of how SDGs
influence each other, the present research goes beyond the qualitative results published in similar
studies of different regions (e.g., [2,28]), and accomplishes a linear regression analysis to quantify the
real influence of each predictor (independent variables) on the least evolved target (dependent variable).
Points to efficient ways to make progress on deteriorated targets is particularly important to resolving
imbalances across the three dimensions of sustainable development. Spain is one of the State Members
which pledged to address the SDGs and was one of those which stated the MDGs in 2000. It made the
largest contribution in the history of the UN in 2007 to the MDGs fund, from whose success the SDGs
were asserted to enhance the sustainable development path in 2015.

2. Materials and Methods

This section outlines the data used and the tasks accomplished, as well as the required
methodology deployed over the study. These are schemed in Figure 1: the first step was to acquire
the dataset from the proper official sources; secondly, the correlation coefficients between the given
variables are assessed and, finally, the regression analysis culminates the research by providing
mathematical connections between these elements.
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Figure 1. Main stages of statistical analyses performed.

2.1. Data Gathering

The United Nations Development Program gathers a set of 231 unique indicators with the
aim of assessing the advance in attaining the SDGs. The official web page by the United Nations
(www.sdgindex.org) allows collecting observations of each target and indicator in a wide spectrum
of geographical areas and years. We made use of country data corresponding to all the available
indicators to perform the selection afterwards. The database is annually updated and follows the SDG
Index and Dashboard Report [29]. Several previous studies related to the SDGs evaluation used this
data, apprising it as compelling and satisfactory (Pradhan et al. [10], Weitz et al. [28], Kroll et al. [2]).
The IAEG-SDGs (Inter-Agency and Expert Group on Sustainable Development Goals Indicators) splits
the indicators into three tiers based on their level of methodological development and the availability
of data globally. The present study focused on the performance of the SDGs of Spain during 2000–2019.

The first step was to select which SDG targets and indicators to consider in the assessment.
Following the methodological choices used in previous studies [28], we considered two targets per
goal and one indicator per target. The selection of the indicators was based on two main guidelines:
(i) restriction to Tier I indicators to avoid missing observations in the time-series (adding inaccuracy on
the dataset) [30]; and (ii) significance and descriptive of each target to the Spanish context according to
the study of Gallego, 2006 [31], where the use of economic, social and environmental indicators as a
measure of sustainable development in Spain was discussed and prioritized. Boto-Álvarez et al. [32]
also assessed these targets considering the peculiar political and socio-economic situation in the country.
The capped targets intended to count with a homogeneous set of observations and belonging to
different goals to compromise the 17 SDGs somehow. These choices resulted in a total to 34 indicators.
After the selection, five out of the 34 time-series associated with each indicator were completed,
causing a need to imput missing observations. The processes to impute these values were based on
curve fitting tools, a method that approximates the relationship between two variables using a function
shape [33]. It is important to note that we fixed our efforts in the Spanish situation during the last
20 years, leaving out interplays between countries in contrast to the other articles.

2.2. Correlation Analysis

The correlation aims to quantify the strength of the link joining two different features. Spearman’s
rank is a non-parametric correlation analysis [34]. Non-parametric correlation methods are commonly
applied to those pairs of variables whose distribution is unknown a priori. In contrast to the
Pearson’s that is the most commonly used correlation coefficient, Spearman’s does not assume
normally distributed and same-scaled variables [35]. Moreover, due to the length of the time-series,
the Spearman’s analysis is less sensitive to outliers, capturing non-linear relationships between
variables [36]. These are the reasons why Spearman’s rank, represented as rho (ρ) coefficient, has
been used in several disciplines and previous studies such as Sesnie et al. [37] or Sidney et al. [38].
The coefficient ranges between−1 and +1, indicating positive or negative associations. If the coefficient
becomes 0, no correlation exists but it does not mean they are independent. To prove that the correlation
is not due to chance, the null hypothesis H0 (the variables are uncorrelated) is assumed, the alternative
form is H1. A correlation coefficient becomes significant by failing to prove that the null hypothesis is

www.sdgindex.org
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true [39]. The p-value is a measure of how likely it is that the observed correlation is due to chance: if it
is close to zero and below the significance level (α = 0.05), it means that the likelihood of observing that
the data samples are uncorrelated is very unlikely (e.g., 95% confidence) and that the null hypothesis
H0 can be rejected and the alternative H1 must be accepted.

Those Spearman’s ρ values greater than or equal to 0.6 are considered to represent a synergy
(positive interaction); if ρ is less than or equal to −0.6, it would represent a trade-off (negative
interaction). Thus, the pairs with a ρ value between −0.6 and 0.6 are interpreted as unclassified.
The interactions between the target cannot be disparaged as they may provide efficient tracks to
enhance the goals and turn the existing trade-off in potential synergies. This study aims to provide an
overview of the Sustainable Development pathway.

To avoid false results, i.e., mislead a negative relation (negative ρ) instead of a trade-off,
one approved method is assessing positive and negative interactions. First, the targets’ definitions are
attributed to a sign: a positive sign is allocated to those that are desirable to increase to attain the SDGs,
and a negative sign to those that require a decline in their values to fulfil the SDGs. This approach has
been validated in previous research (see [2,10]). This fact is used to reveal the right or wrong track of
the SDGs towards the 2030 Agenda.

2.3. Regression Analysis

A regression analysis was carried out to establish mathematical relations between the selected
indicators of each target. The UN published the Sustainable Development Report 2019 [27],
which tracks the progress and trends on attaining the SDGs for all 193 UN Member States. This report
assesses the Spanish profile and provides information regarding each indicator individually. Both the
dependent and independent variables must be selected properly, the dependent variable was assigned
to a less evolved, poorly rated and challenging indicator from the UN point of view. The evidence
from the Sustainable Development Report 2019 suggest that target 8.6, (Proportion of youth not in
education, employment or training) meets these requirements. Among the studied targets, it raises a
weak rating, implies major challenges to achieve and presents a non-negative tendency over recent
years. Furthermore, the indicator seems to be poorly correlated (Figure 2). There are other indicators
classified with a negative rating or negative tendency that could be considered for this study too,
nevertheless, we focused on target 8.6 as we consider it as more challenging than others with more
positive rating. The independent variables are, initially, stated as the remaining targets analysed
in the study; since the regression methods would eventually shape the equations and suppress the
non-useful variables.

There are some key points that should be considered in the dataset before tackling the
regression analysis, mainly due to the fact that the number of independent variables p = 33 is larger
than the number of observations n = 20, resulting in a high dimensional dataset. Performing the
common least-square estimates would lead in over-fitted models, so other methods such as subset
selection, shrinkage or dimension reduction [40] (particularly, Principal Component Analysis (PCA))
were considered. Subset selection proves to be computationally inefficient, due to 2p combinations
(p = 33) to analyse, that makes a total of 8.589.934.592 of possible models! PCA reduces the effects of
multicollinearity by using a subset of the principal components in the model, which is not exactly what
this study intends [41]. That is why shrinkage methods are the most pertinent instrument to tackle
the dataset. The tool used in this study for estimating the coefficients is cross-validation technique,
that splits the data in training and testing datasets, then it computes the Mean Square Error (MSE)
using k different subdivisions as training and testing to finally provide the minimum average MSE [42].
This methodology is particularly helpful when trying to inquire an optimal tuning parameter.

The MSE can be decomposed into variance and squared bias of the estimate. Therefore, a model
with low bias would reflect the training dataset very good, but it is expected to behave bad with the
testing, raising the variance, so-called over-fitted model. As a result, the balance between these two
is increased and the error becomes large. By adding a bit of bias or reducing the model complexity,
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one can get lower values for the variance and, as a result, manage to achieve lower MSE. This fact
is commonly known as Bias-Variance Trade-off [39]. Both this trade-off and the cross-validation are
the key tools to accomplish the shrinkage regression analysis, which represents the most feasible
alternative to treat this dataset. All the predictors or independent variables (Xj) are considered at
the beginning, the estimate coefficients are modified individually according to their influence on the
dependent variable, i.e., eliminating or given close-to-zero coefficient estimates. Thus, the troublesome
correlation in the regression analysis can be mitigated by adding penalties to the loss functions on
every method.
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Figure 2. Correlation matrix in pairs using the Spearman’s coefficient, significant values only.
The colour scale represented by blue and red shines. Red scale stands for the negative correlation
coefficients and the blue scale does the same for positive ones.

The loss function is a modification of the one used for the least-squares estimates plus a penalty
(λ || β ||i) formed by the tuning parameter (λ). This parameter reduces variance by approaching
some useless coefficients to zero, and then performs variable selection (see Equation (1)). The aim
is to minimize the function by achieving the optimal lambda, which is likewise obtained by k-fold
cross-validation. Three shrinkage methods were performed: Lasso regression, shrinks the helpless
coefficients to zero using an `1 penalty, so the final model depends on the most significant variables,
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making it easier to interpret. Ridge regression, approximates the coefficients to zero but never void
using an `2 penalty, this allows getting the influence of each feature on the dependent variable.
The elastic network regression adds both penalties and is especially good at situations when a high
correlation between predictors exists (The `1 norm is given as || β ||1= ∑ | β j |, which forces some of

the coefficient estimates to be exactly zero, while an `2 norm given as || β ||2=
√

∑ | β j | will never set
a value to zero).

L(β j, β0) =
n

∑
i=1

(yi − β0 −
p

∑
j=1

β jxij)
2 + λ || β ||i (1)

3. Results

In this section, the results of both the correlation and regression analyses are assessed. The dataset
for this study, after imputing time-series, is displayed in Appendix A. First, correlation is analysed
by the resulting coefficients and the most relevant figures are debated to find possible counterpoints.
Subsequently, synergies and trade-offs among the selected targets are discussed to outline the SDGs
on track to attain the Agenda 2030, as well as out-of-track goals which we should be concerned about.
Finally, we show possible regression methods and set the most convenient for this study, in order to
obtain the real influence of targets on another. Also, we present three regression models that explains
the variance of the dependent variable and clarify their differences.

3.1. Correlation between Targets

Figure 2 shows a heat-map of the correlation matrix obtained after performing Spearman’s
analysis. The red tones represent negative correlations coefficients and the blue tones follow the suit for
positive correlations. The map has a triangular shape due to the symmetry of the matrix; the diagonal
is also omitted for simplicity (it is completely formed by +1 values). Once the correlation analysis
is conducted, the coefficients must be appraised to quantify their level of significance for the study.
To do so, the p-value of each coefficient was calculated and the null hypothesis H0 from Section 2.2
is considered.

The coefficients can be contrasted to ensure their veracity in Figure 2. For instance, the indicator
representing target 1.a, Proportion of total government spending on essential services, education is negatively
linked to the one from target 8.6, Proportion of youth not in education, employment or training (−0.76) and
also from target 4.1, Proportion of children and young people achieving a minimum proficiency level in reading
and mathematics (−0.52). This last coefficient (as many others) seems self-defeating: by improving
the government expending in education, it is expected to achieve a positive relationship with the
percentage of people with minimum reading skills. That indicates correlation is not the cause of facts,
but many other factors may influence the variable simultaneously.

In terms of energy and resources consumption, the indicator from target 7.2, Renewable energy share
in the total final consumption is linked with target 7.3, Energy intensity level of primary energy (megajoules
per constant 2011 purchasing power parity GDP) with a negative coefficient (−0.90), which results in
positive enhancement considering that the last target requires to decrease to improve sustainably. It can
be also related to target 8.4, Domestic material consumption per capita (tonnes), which shows a decrease
from the year on which the target 7.2 became to increase (2005). This means that people tend to use
fewer domestic resources such as electricity or gas to get by. Besides, this is supported by the decrease
in target 9.4, Carbon dioxide emissions per unit of manufacturing value-added (kilograms of CO2 per constant
2010 US dollars), meaning that the energy consumption is spreading positively not only in the industry,
but also at the citizens’ level.

Finally, the targets related with sanitation issues seem coherent. Target 6.2, Proportion of population
using safely managed sanitation services, by urban/rural is strongly connected to the mortality attributed to
inadequate sanitation, reflected in target 3.9, Mortality rate attributed to unintentional poisonings (deaths
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per 100.000 population) (−0.75). Increasing the first target enhances the sanitation conditions and the
standard of health in the Spanish society.

3.2. Synergies and Trade-Off between the SDGs

Figure 3 shows the shares of these three categories in a compact chart. The green colour bars
represent the proportion of synergies, the orange ones indicate the share of trade-offs, and the blue
bars depict the percentage of non-classified interactions. The SDGs are represented in the ordered axis
by their official icons. It is important to note that SDG 13 (Climate action) was excluded due to the lack
of analysable data in the period and region chosen. Another remark is that the full synergy share of
the SDG 11 (Sustainable cities and communities), was caused by the existence of a unique synergy
after the significance analysis (see Figure 2).

Unclassified interactions do not count with a large share in most of the goals, as Figure 3
reveals, apart from SDG 1 (End poverty) which has 60% share of unclassified interactions and SDG 10
(Reduce inequalities), which proportion is close to 40%. Both figures contradict the results obtained
by Pradhan et al. [10]. In this study, more than 90% of the interactions linked to these goals are
classified as synergies, since the remaining share is formed by non-classified interactions or trade-offs.
The difference between both studies is that the aforementioned article evaluated all the targets globally.
This gap may be caused by the selection of targets, which might not result the most representative for
Spain or, by the contrary, these SDGs are not being developed correctly within the country. The rest
of the goals count for smaller synergies percentages than the reference. The goals that have more
positive influences in others are SDG 4 (Quality education), SDG 5 (Gender Equality) and SDG 7
(Affordable and clean energy). On average, almost 80% of the significant interactions are classified
as synergies or trade-offs concluding that the links are clearly defined as positive or negative, in the
absence of 20% of remaining non-classified interactions.

Figure 3. Observed synergies (green bars), trade-offs (orange bars) and non-classified interactions
(blue bars) between targets at the goal level. Classification stated on Section 2.2. Share in (%).

3.3. Regression Analysis

It has been proven that the correlation is a helpful tool when describing the interactions between
variables in the past, but no real dependency can be demonstrated. We performed the regression
analysis to obtain a mathematical equation between the dependent variable and other targets; so that
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we could analyse and quantify the influence of enhancing one target on the initial one. After the
target selection and timeseries imputation, we achieved a high dimensional dataset (see Appendix A);
performing least-squares estimates on it would likely bring over-fitted models with lame predictive
behaviour. Thus, irrelevant or partially relevant variables could impact in the model performance
negatively, that is why variable selection should be performed using shrinkage methods as stated
on Section 2.3. This section delivers the results of performing three shrinkage methods using target
8.6 as dependent variable: lasso, ridge and elastic network regression.

First, lasso regression delivers the minimum MSE of all (0.883). The tuning parameter (λ)
is obtained using 10-fold cross-validation. Figure 4a shows the evolution of the coefficients of
determination both for the training (blue line) and the testing (red line) datasets, and the MSE in the
secondary axis, as a function of lambda. The dotted grey lines indicate the errors of each fold, so the
green line is the average and final considered value. Lambda equals 0.1 delivers the smallest MSE,
so the coefficients were calculated using this value. The lasso regression model is formed by nine
variables plus the intercept.

(a) Lasso regression. (b) Ridge regression.

Figure 4. R2 values for training (blue) and testing (red) data as a function of λ. The green line represents
the average MSE obtained by cross-validation. The vertical black line is the optimal tuning parameter
λ for each regression method.

Equation (2) captures the true relationship with the independent variables, where the subscript
of each X denotes the associated target. The main difference with the correlation coefficient is
that Equation (2) is calculated by considering the whole dataset and all the possible interactions,
while correlation focuses on a single pair of variables. The lasso regression shrinks 24 of the
33 coefficient estimates to zero, leaving nine predictors plus the intercept to shape the model.
They represent the mean response in the dependent variable given a one-unit change in the predictor,
and the sign indicates the positive or negative relationship between both variables. For instance,
if the response were only dependent on target 4.4, Proportion of youth and adults with information
and communication skills went up to 100%, the response variable, Proportion of youth not in education,
employment or training would increase in 3%. These coefficients differ from the standardized ones
from Figure 5b, since the ones from the equation reflect the real estimate coefficients, reversing the
standardizing process.

Y8.6 = 2.6574 + 0.1085X1.3 + 0.0015X3.4 − 0.0304X4.4 + 0.1753X5.5−
−0.2279X8.4 + 0.1807X10.5 + 0.0384X12.2.1 − 0.0091X14.5 − 0.0054X15.2

(2)

Ridge regression provides slightly higher MSE than lassos: 0.93 over 0.883. The `2 penalty
is added to the original loss function (see Equation (1)). Those tuning parameters λ higher than
0.1 are considered as relevant due to the scale of the coefficients as shown in Figure 5b, where the
optimal tuning parameter is given by λ = 2.738. In this graphic, it can be appreciated that, as the
tuning parameter raises, the model becomes more and more biased due to it is stepping away
from the un-biased least-squared estimates, in λ = 0. Table 1 provides the estimate coefficients
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of the 33 independent variables plus an intercept after considering the target 8.6 as dependent
variable. It is notable that some of the less compressed variables in ridge regression match the
remaining ones in lasso’s, so both models approximate similar features. These remarkable predictors
are: target 1.3 regarding unemployment compensations, target 8.4 relative to the domestic material
consumption and target 10.5 respecting non-performing loans were the most significant (see Figure 5a).
Apart from these, other predictors are especially considered by ridge regression such as target 2.5
treating the social affairs of local breeds at risk or target 7.2 regarding the renewable energy share
consumption. In conclusion, ridge regression might deliver fewer clear results than lasso’s, but it
provides a measure of the influence each target has on the response variable, while lasso’s eliminates
the superfluous predictors.

(a) Lasso regression. (b) Ridge regression.

Figure 5. Standardized coefficients of the independent variables for target 8.6 as a function of λ.

Table 1. Real coefficient magnitudes of the independent variables for ridge regression, including the
intercept and considering target 8.6 as dependent variable.

β0β0β0 β1.3β1.3β1.3 β1.5β1.5β1.5 β1.aβ1.aβ1.a β2.5β2.5β2.5 β2.aβ2.aβ2.a β3.4β3.4β3.4

−15.2254 0.12455 0.014690 −0.14922 0.23532 −0.17199 0.0012873

β3.9β3.9β3.9 β4.1β4.1β4.1 β4.4β4.4β4.4 β5.4β5.4β5.4 β5.5β5.5β5.5 β6.1β6.1β6.1 β6.2β6.2β6.2

−0.019326 −0.042737 −0.016343 −0.024019 0.23214 0.0056178 0.073088

β6.6β6.6β6.6 β7.2β7.2β7.2 β7.3β7.3β7.3 β8.4β8.4β8.4 β9.4β9.4β9.4 β9.5β9.5β9.5 β10.4β10.4β10.4

−0.0041233 0.20411 −0.0011988 −0.43394 0.0038271 0.04316 −0.010594

β10.5β10.5β10.5 β10.6β10.6β10.6 β11.5β11.5β11.5 β12.2.1β12.2.1β12.2.1 β12.2.2β12.2.2β12.2.2 β14.5β14.5β14.5 β14.aβ14.aβ14.a

0.13581 0.0072098 0.014914 0.17754 0.019351 −0.019946 0.021895

β15.2β15.2β15.2 β15.5β15.5β15.5 β16.1β16.1β16.1 β16.8β16.8β16.8 β17.2β17.2β17.2 β17.3β17.3β17.3

−0.0056866 −4.0758× 10−5 −0.015776 0.0013056 0.0025979 −0.014035

Finally, performing elastic network regression on this dataset lead in superimposing lasso’s over
ridge’s (see Equation (3)). That is why the resulting coefficient estimates are similar to the ones obtained
in lasso regression and their values became akin to lasso’s. This method delivers the highest MSE of
the three (0.9553), so the most suitable model to relate the predictors with the dependent variable is
the lasso regression, as it delivers the least MSE.
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Y8.6 = 2.6281 + 0.1052X1.3 + 0.0015X3.4 − 0.0326X4.4 + 0.1671X5.5−
−0.1924X8.4 + 0.1855X10.5 + 0.0129X12.2.1 − 0.0086X14.5 − 0.0053X15.2

(3)

4. Conclusions

This research performed a quantitative analysis of synergies and trade-offs between the SDGs of
Spain from 2000 to 2019. We assessed the correlation between a handful of indicators representing each
SDG instead of considering all the 231 unique indicators. The data relative to these reflected that almost
80% of the significant interactions are classified as synergies or trade-offs. SDG 4 (Quality education),
SDG 5 (Gender Equality) and SDG 7 (Affordable and clean energy) are the ones that contain the larger
number of positive interactions, more than 60% in all of them. From the correlation analysis, the main
ideas prove a positive move toward higher efficiency in energy usage. Spain is running an important
energy transition toward greener and renewable sources, but its progress is being slower than other
northern countries, as Gales et al. [43] postulated. It seems to work similarly in the health sector.
Spain counts as one of the more advanced Public Health systems in Europe [44], and the positive
evolution of the sanitation indicators verify this claim (targets 3.9 and 6.2 among others). They are not
only fulfilling health-related targets to each other, but also reducing the mortality and benefiting other
social indicators.

Each target within this research could be numerically expressed as a regression function of other
influential targets. After contrasting with official sources, target 8.6 counted with one of the least
geared and most challenging indicators, so a mathematical dependency expression was obtained,
and leveraging certain indicators would help to boost its slow-witted tendency. Nonetheless, the results
of this study showed that quantifying the indicators regularly is directly related to obtaining a road-map
that allows guiding countries towards sustainable development, seizing the available resources and
allocating the proper investments in each area. This procedure could offer promising results in
the immediate future for the Spanish society. For instance, as the results from regression suggest,
target 8.6 is strongly influenced by the the economical situation (target 10.5), consumption habits
(target 8.4) and the perception of equal opportunities for leadership (target 5.5) from the Spanish
citizens, so improving these aspects positively could leverage desired targets simultaneously since
they proved to be interlinked.

We also found inconsistencies in instances that we expected to have the opposite result when
assessing the interaction between some indicators. For instances, counterintuitively, we found a
negative correlation coefficient amid target 1.a (Ensure significant mobilization of resources [...])
and target 4.1 (ensure that all girls and boys complete free, equitable and quality primary and secondary
education [...]). This could be caused by other processes driving both indicators anticlockwise and
hence resulting in negative correlation. That is why this research also focused on first quantifying the
dependency of each target and then using regression models to project future figures. Furthermore,
synergies and trade-offs showed the large share of non-classified interactions for SDG 1 (No poverty)
and SDG 10 (Reduced inequalities) compared with the global analysis aforementioned. This suggests
that, either the selected targets are not the most appropriate ones, or the Spanish society is not
performing the objectives correctly.

Finally, we encourage the policy-makers and people responsible for collecting information about
indicators to focus their efforts on launching the mechanisms to guarantee reliable and sufficient
data to develop consistent studies regarding sustainability, since other countries reckon on large and
extensive analyses. We also urge researchers to deepen the sustainable development outline since
important findings can be achieved. The recent research contributes to a strong grounding for the
prosperous implementation of the SDGs in Spain. Corroborating with previous research, our findings
show that no SDG can individually make a country evolve and comply with the Agenda 2030 but
working with the SDGs as a whole can create a virtuous cycle of SDG progress.
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The following abbreviations are used in this manuscript:

AEMET Agencia Estatal de Meteorología (State Meteorology Agency)
AFDB African Development Bank
CV Cross-Validation
EDA Exploratory Data Analysis
GDP Gross Domestic Product
IAEG-SDGs Inter-Agency and Expert Group on Sustainable Development Goals Indicators
ICT Information and Communications Technology
INE Instituto Nacional de Estadística (National Statistics Institute)
IUCN International Union for Conservation of Nature
KBAs Marine Key Biodiversity Areas
MDG Millennium Development Goal
MDPI Multidisciplinary Digital Publishing Institute
MSE Mean Squared Error
NPLs Non-performing Loans
ODA Official Development Assistance

OECD-DAC
The Organisation for Economic Co-operation and Development’s, Development
Assistance Committee

RSS Residual Sum of Squares
SDG Sustainable Development Goal
TLA Three letter acronym
UHC Universal Health Coverage
UN United Nations

Appendix A. Observations Used in the Study after Time-Series Imputing

Table A1. Final observations dataset after the target selection and time-series imputing. Numbers
marked with an asterisk (*) were imputed using curve fitting methods (I). Source: www.sdgindex.org.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Target 1.3 41.40 44.53 * 50.64 * 57.07 * 63.05 * 65.10 70.5346 * 73.90 69.21 * 62.30
Target 1.5 0.08 * 0.10 * 0.10 * 0.08 * 0.10 * 0.13 0.13 0.08 0.06 0.10
Target 1.a 10.66 10.71 10.71 10.89 10.72 10.78 10.89 10.85 10.94 10.63
Target 2.5 80.56 78.15 78.15 77.50 78.15 77.97 77.12 77.50 75.21 74.63
Target 2.a 4.04 * 3.65 3.46 3.38 3.07 2.71 2.36 2.44 2.29 2.18
Target 3.4 9508 9728 * 9956 * 10,184 * 10,412 * 10,648 10,498 * 10,381 * 10,264 * 10,147
Target 3.9 0.3 0.3 * 0.3 * 0.3 * 0.3 * 0.2 0.2 * 0.2 * 0.2 * 0.2 *
Target 4.1 80.03 * 78.86 * 78.05 * 78.89 77.35 * 77.40 * 74.3311 78.12 * 78.72 * 80.44
Target 4.4 31.0 * 33.3 * 35.6 * 37.9 * 40.2 * 42.5 * 44.8 * 47.1 * 49.4 * 51.7 *
Target 5.4 21.14 * 20.93 * 20.71 * 20.49 20.27 * 20.05 * 19.83 * 19.61 * 19.40 * 19.18 *
Target 5.5 21.55 28.29 28.29 28.29 28.29 36.00 36.00 36.00 36.57 36.29
Target 6.1 98.84 98.82 98.80 98.78 98.76 98.74 98.72 98.71 98.69 98.67
Target 6.2 94.40 94.41 94.40 94.40 94.49 94.69 94.88 95.08 95.27 95.47
Target 6.6 0.61 * 0.61 * 0.61 * 0.60 * 0.60 * 0.59 0.59 0.58 0.58 0.5738
Target 7.2 7.88 8.93 7.42 8.90 8.03 7.29 8.47 9.01 9.74 12.22
Target 7.3 4.20 4.14 4.14 4.15 4.20 4.14 3.97 3.88 3.71 3.54

www.sdgindex.org
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Table A1. Cont.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Target 8.4 55.39 56.46 58.16 60.66 61.38 66.64 68.48 66.10 56.10 46.20
Target 8.6 11.92 * 11.89 * 12.17 * 11.70 11.80 13.00 11.80 12.00 14.30 18.10
Target 9.4 0.23 0.22 0.23 0.23 0.23 0.24 0.22 0.22 0.20 0.19
Target 9.5 0.88 0.89 0.96 1.02 1.04 1.10 1.17 1.23 1.32 1.35

Target 10.4 58.40 57.90 57.40 56.90 56.30 55.90 55.00 56.00 58.00 58.70
Target 10.5 −11.19 * −11.11 * −11.15 * −11.31 * −10.88 * −11.27 −11.80 −9.56 9.21 17.75
Target 10.6 0.41 0.63 * 0.79 * 0.92 * 1.00 * 1.07 1.09 * 1.10 * 1.10 * 1.09 *
Target 11.5 0.07 * 0.10 * 0.10 * 0.08 * 0.10 * 0.13 0.13 0.08 0.06 0.10

Target 12.2.1 55.39 56.46 58.16 60.66 61.38 66.64 68.48 66.10 56.10 46.20
Target 12.2.2 1.97 1.96 1.99 2.04 2.03 2.16 2.17 2.04 1.74 1.50
Target 14.5 47.54 48.36 49.01 49.93 50.80 51.11 52.55 52.71 52.71 52.74
Target 14.a 0.02 * 0.09 * 0.15 * 0.20 * 0.24 * 0.2 * 0.31 * 0.34 * 0.36 * 0.37 *
Target 15.2 −55 77 * 209 * 340 * 472 * 507 736 * 868 * 999 * 1131 *
Target 15.5 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Target 16.1 1.28 * 1.24 * 1.19 * 1.15 * 1.10 * 1.06 * 1.02 * 0.97 * 0.93 * 0.88 *
Target 16.8 1.30 1.30 * 1.30 * 1.30 * 1.30 * 1.30 1.30 * 1.30 * 1.30 * 1.30 *
Target 17.2 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.06 0.07
Target 17.3 0.11 0.11 0.11 0.10 0.10 0.10 0.10 0.11 0.101 0.10

Table A2. Final observations dataset after the target selection and time-series imputing. Numbers
marked with an asterisk (*) were imputed using curve fitting methods (II). Source: www.sdgindex.org.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Target 1.3 63.00 53.20 47.04 * 40.00 37.10 35.82 * 36.36 * 39.17 * 43.89 * 49.88 *
Target 1.5 0.14 0.11 0.09 0.07 0.06 0.13 0.07 0.09 0.12 0.14 *
Target 1.a 10.56 10.62 9.21 9.50 9.54 9.77 10.0978 * 10.47 * 10.73 * 10.84 *
Target 2.5 71.22 70.27 69.72 69.18 68.67 69.68 67.31 67.31 67.31 67.31
Target 2.a 2.34 2.28 2.31 2.51 2.43 2.60 2.6902 2.69 3.06 * 3.29 *
Target 3.4 10,063 10,126 * 10,196 * 10,265 * 10,334 * 10,411 10,074 10,243 * 10,158 * 10,200 *
Target 3.9 0.2 0.2 * 0.2 * 0.2 * 0.2 * 0.2 0.2 0.2 * 0.2 * 0.2 *
Target 4.1 82.00 81.08 * 81.66 82.78 * 83.56 * 83.76 84.81 * 85.21 * 85.42 * 85.39 *
Target 4.4 54.0 * 56.3 * 58.6 * 60.9 * 62.9 45.5 56.0 63.1 67.2 * 67.3 *
Target 5.4 18.96 18.74 * 18.52 * 18.30 * 18.08 * 17.87 * 17.65 * 17.43 * 17.21 * 16.99 *
Target 5.5 36.57 36.57 36 36 39.71 41.14 40 39.14 39.14 41.14
Target 6.1 98.65 98.63 98.59 98.55 98.50 98.48 98.46 98.44 98.39 * 98.35 *
Target 6.2 95.66 95.86 96.05 96.25 96.43 96.53 96.62 96.62 96.63 * 96.56 *
Target 6.6 0.56 0.58 0.60 0.61 0.63 0.65 0.64 0.64 * 0.64 * 0.63 *
Target 7.2 14.40 14.75 15.77 16.95 17.35 16.27 17.07 16.67 * 16.87 * 16.77 *
Target 7.3 3.53 3.51 3.61 3.43 3.31 3.32 3.24 3.16 * 3.09 * 3.03 *
Target 8.4 41.19 36.75 30.07 28.61 27.81 26.63 24.99 23.36 24.29 * 26.64 *
Target 8.6 17.80 18.30 18.60 18.60 17.10 15.60 14.60 13.30 11.88 * 9.63 *
Target 9.4 0.18 0.18 0.18 0.17 0.16 0.17 0.16 0.15 * 0.15 0.14 *
Target 9.5 1.35 1.33 1.29 1.27 1.24 1.22 1.19 1.15 * 1.09 * 1.03 *

Target 10.4 57.70 57.10 55.60 55.10 55.00 55.10 54.50 53.90 53.70 53.80 *
Target 10.5 18.71 30.13 26.88 39.64 31.97 22.64 21.07 17.88 12.08 * 6.64 *
Target 10.6 1.05 1.07 * 1.06 * 1.06 * 1.09 1.08 1.07 1.07 1.09 * 1.09 *
Target 11.5 0.14 0.11 0.09 0.07 0.07 0.13 0.07 0.09 0.12 0.14 *

Target 12.2.1 41.19 36.75 30.07 28.61 27.81 26.64 24.9953 23.36 21.71 * 20.48 *
Target 12.2.2 1.35 1.22 1.02 0.99 0.94 0.87 0.79 0.72 0.67 * 0.61 *
Target 14.5 52.75 52.75 52.75 52.75 85.60 85.60 85.63 85.60 85.60 85.60 *
Target 14.a 0.37 0.37 0.36 0.28 0.28 * 0.28 * 0.28 * 0.28 * 0.28 * 0.28 *
Target 15.2 1282 1395 * 1527 * 1658 * 1790 * 1980 2023 2184 2315 2449 *
Target 15.5 0.85 0.85 0.85 0.85 0.85 0.84 0.84 0.84 0.84 0.84
Target 16.1 0.86 0.82 0.78 0.65 0.69 0.65 0.63 0.66 0.68 * 0.71 *
Target 16.8 1.30 1.29 * 1.28 * 1.27 * 1.27 1.25 1.25 1.25 1.25 * 1.25 *
Target 17.2 0.05 0.04 0.02 0.02 0.02 0.02 0.03 0.03 0.03 * 0.03 *
Target 17.3 0.11 0.11 0.16 0.22 0.22 0.22 0.21 0.23 0.22 * 0.23 *
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