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Abstract: Since the establishment of the SDGs, related progress at a national level has usually been
measured using the province as the smallest geographical aggregation. To cope with this gap, we
aimed to develop a methodology for SDG3 index calculation for Italian municipalities. Official data
for 2018-2022 were collected to cover 11 of 13 SDGS3 targets that were mapped to 29 unique indicators:
10 were computed at municipal level, while for the remaining 19 a lower granularity was applied.
The SDG3 index, calculated by weighting the targets equally, ranged from 0 to 1, with higher values
corresponding to better goal fulfilment. The methodology was applied to the municipalities in the
Lombardy region, where the index spanned 0.538 to 0.769. Since SDG indices contribute to the 2030
Agenda goal achievements at country level, more attention should be paid to the geographical details
of assessment through policy information and local benchmarking.
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1. Introduction

During the 2015 summit in New York, the United Nations (UN) defined the Sustainable
Development Goals (SDGs), a set of 17 interlinked goals, described by 169 targets [1]. They
need to be achieved by 2030 by synergizing sectors (e.g., finance, agriculture, technology),
engaging stakeholders (e.g., local and global policymakers, the private sector, civil society)
and reducing income inequality among countries [1].

Since the establishment of the SDGs, with reference to the territory of Italy, there have
been several empirical analyses on the advancements of them, including various indices
developments [2-7]. No standardized methodology has been developed for the index
calculation, with most methods applying equal weighting, cross-efficiency and principal
component analysis [2-7]. A significant discrepancy among these studies has also been
observed in terms of the indicators considered, as they tend to cover only a small subset
of those officially defined by the UN, which has been repeatedly identified as a limitation.
Moreover, these indices have been developed at different geographical levels, i.e., by
macro-area, region, province or only for provincial capitals, all of which emphasizes the
importance of conducting the analysis at a detailed geographical level to evaluate the
local implementation of policies defined at the central level. In addition, since 2018, the
Italian National Institute of Statistics (Istat) has been publishing yearly reports on the SDGs’
progress, accounting for all the official goals and reporting scores individually for all the
available indicators, implementing diverse geographical aggregations, including national,
regional and provincial levels [8]. However, a municipal overview of the SDGs progress is
still missing.

In particular, SDG3 (“Ensure healthy lives and promote well-being for all at all ages”)
constitutes one of the four foundational goals, whose failure in achievement would have a
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significant negative impact on human and ecological resources needed for a safe global
environment [9]. SDG3 needs to be achieved through 13 targets, addressing major health
priorities and emphasizing the role of research and development in the health sector [10].
Furthermore, the COVID-19 pandemic has particularly highlighted its importance [9].

Accordingly, our aim was to develop an index to be applied at municipal level for
all the Italian cities based on SDG3, using official open data, to provide an overview of
the current spatial coverage of achievement in SDG3 indicators. In this initial study, the
proposed methodology is tested on the Lombardy region.

2. Materials and Methods
2.1. Study Area

As of 1 January 2023, the Lombardy region, located in the northern part of Italy, is
administratively divided into 12 provinces and 1504 municipalities. The median population
per municipality in this region is 2827 residents (25th—75th percentile: 1161-6184), giving a
total of 9,947,125 residents.

For statistical purposes, Istat defines the following classes of municipalities:

e  Municipalities in the centre of the metropolitan area (i.e., 12 municipalities in the
whole of Italy, of which Milan is in the Lombardy region);
e  Municipalities located in the same provinces as the above-mentioned metropolitan
areas (a total of 132 municipalities in Lombardy, i.e., 8.8% of all regions” municipalities);
Municipalities (in non-metropolitan areas) with up to 2000 residents (596, i.e., 39.6%);
Municipalities (in non-metropolitan areas) with 2001-10,000 residents (644, i.e., 42.8%);
Municipalities (in non-metropolitan areas) with 10,001-50,000 residents (121, i.e., 8.0%);
Municipalities (in non-metropolitan areas) with more than 50,000 residents (10, i.e., 0.7%).

The map of the study area is shown in Figure 1.
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Figure 1. (a) Location of Lombardy on the map of Italy. (b) The borders of the Lombardy re-

gion and its provinces and cities. MI—province of Milan, MB—province of Monza and Brianza,
VA—province of Varese, CO—province of Como, LC—province of Lecco, SO—province of Sondrio,
BG—province of Bergamo, BR—province of Brescia, MN—province of Mantua, CR—province of
Cremona, LO—province of Lodi, PV—province of Pavia.
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coef ficient =

2.2. SDG3 Data

The UN officially defined 13 targets of SDG3 [11]: 3.1, Maternal mortality, 3.2, Neonatal
and child mortality, 3.3, Infectious diseases, 3.4, Noncommunicable diseases, 3.5, Substance
abuse, 3.6, Road traffic, 3.7, Sexual and reproductive health, 3.8, Universal health coverage,
3.9, Environmental health, 3.a, Tobacco control, 3.b, Medicines and vaccines, 3.c, Health
financing and workforce, and 3.d, Emergency preparedness. These are described by a
total of 28 indicators (henceforth referred to as “official indicators”). To develop the index
for Italy, open data published by Istat, the Ministry of Health and the Italian National
Institute of Health (i.e., Istituto Superiore di Sanita—ISS), henceforth referred to as “Italian
indicators”, were used and mapped to official indicators.

Four cases occurred in which more than one Italian indicator was assigned to one
official indicator; this happened because the official indicator was specified with finer details
(by age group—3.7.2; by disease—3.4.1), or was too generic (3.8.1 and 3.c.1). Moreover, for
six official indicators (3.3.1,3.5.2,3.7.2, 3.8.2, 3.a.1, 3.b.2), a proxy was used due to a lack of
specific data. In the rest of the cases, Italian indicators were identical to the official ones.

Apart from tuberculosis incidence, the latest available update for which is dated 2008,
open data were available from 2018 to 2022. The most detailed geographical partition of
the data was municipal, followed by provincial, regional, aggregation of dimension-based
municipalities, and whole geographic area.

2.3. SDG3 Index Computation

As the final index is expected to be at municipal level, when data were available at a
less detailed spatial level (i.e., provincial, regional, geographical area), all municipalities
belonging to a given geographical partition were assigned the same value. When data
were only available for the region (or whole geographical area), but separately reported for
the different classes of municipalities (as defined by the Istat and described in Section 2.1),
each municipality was assigned a baseline value according to its class, which was then
multiplied by a coefficient inferred from the less detailed geographical level (i.e., regional
or geographical area), calculated as follows:

value, * number o f municipalities,
Y (valuey * number of municipalitiesy within o)

coef ficient = (1)
where a is the less detailed geographical partition (i.e., regional or geographical area) and b
is the more detailed geographical partition (i.e., class of municipality).

For example, the Lombardy region has the following number of municipalities belong-
ing to each of the six classes: 1, 132, 596, 644, 121, and 10. Assuming an indicator measuring
0.973 for the whole region, and baseline values of 0.971, 0.978, 0.98, 0.973, 0.974, and 0.973
for each of the classes, respectively, the regional coefficient for Lombardy (on that indicator)
is equal to

0.973 * 1504

0.971 %1+ 0.978 * 132 + 0.98 * 596 + 0.973 * 644 + 0.974 * 121 4 0.973 * 10

= 0.9947 @)

Accordingly, each of the 1504 municipalities in Lombardy was assigned a baseline
value corresponding to its class, which was then multiplied by 0.9947.

As over time there have been changes in the administrative division of Italy, the
index was calculated for the municipalities existing on 1 January 2023. Where two or
more municipalities were merged into one, the absolute values of the indicators of all the
municipalities forming the new one were summed.

Once the values of all the Italian indicators had been obtained for each municipality,
data were normalised to reach values between 0 and 1. The values of all the indicators were
subsequently ranked to represent a qualitative score in terms of health-related outcomes,
i.e., with 0 representing values related to poor health outcomes, and 1 being the best values.
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If multiple Italian indicators contributed together into the computation of one official
indicator, they were averaged to compute the unique output, e.g., the official indicator 3.4.1.
Mortality rate attributed to cardiovascular disease, cancer, diabetes or chronic respiratory
disease is composed of four Italian indicators corresponding to particular causes of death.
For example, the city of Milan had the following values associated with each cause, 0.861,
0.850, 0.966, and 0.947, and consequently the value of the official 3.4.1 indicator can be
calculated according to the following formula:

Of ficial indicator 3.4.1 score = 0861 + 0.850 1— 0966 +0.947 _ 0.906 (3)

The score of each target was then calculated as the average of the official indicators’
scores included in it. For example, the score of the target 3.4. Noncommunicable dis-
eases, composed of two official indicators, scoring 0.906 and 0.984 in Milan, is calculated

as follows:

0.906 + 0.984
Target 3.4 score = + = 0.945 (4)

To compute the final SDG3 index, as no specific guidelines for weighting are provided
by the UN, the output value was defined as the average of all available targets. As a result,
the final index is a dimensionless quantity which ranges between 0 and 1, with the higher
value corresponding to the better fulfilment of the SDG3.

To analyse the characteristics of the final index for the Lombardy region, data were
summarised using descriptive statistics, i.e., mean, population-weighted mean, minimum,
25th percentile, median, 75th percentile, maximum. The legend in the map was created
using the equal interval method (a total of 5 classes was set).

3. Results

It was possible to obtain data for Italy relevant to 11 of the 13 SDG3 targets (no data
available for 3.1 Maternal mortality and 3.d Emergency preparedness). These 11 targets
can be described through 17 official indicators, built combining 29 Italian indicators. For
six targets (i.e., 3.2, 3.4, 3.6, 3.8, 3.a and 3.c) all their official indicators were computed from
the available data sources, while for the other targets the share of computable indicators is
reported in Figure 2.
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Figure 2. Availability of SDG3 targets and indicators for Italy.

The values of the final index, i.e., the average of all available targets’ scores, calculated
for the Lombardy region, ranged from 0.538 to 0.769. The lowest value was reached by
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Camerata Cornello in the province of Bergamo, with a population of 558, and the highest
by Torlino Vimercati in the province of Cremona, with a population of 480. The median
value of the index was 0.653, with the 25th and 75th percentiles being equal to 0.629 and
0.683, respectively. The population-weighted mean of the index in Lombardy was equal
to 0.663.

When considering classes of municipalities (as described in Section 2.1), the highest
median was achieved by the municipality in the centre of the metropolitan area (0.764),
followed by municipalities in the province of the centre of the metropolitan areas (0.694),
municipalities with up to 2000 residents (0.670), municipalities with between 10,001 and
50,000 inhabitants (0.635), and municipalities with between 2001 and 10,000 inhabitants
(0.632), while the lowest score was achieved by municipalities with a population of more
than 50,000 (0.602).

The computed final index for municipalities in the Lombardy region is plotted in
Figure 3.

Index

I 0.538 - 0.584
[ 0.584-0.630
. 0.630-0.677
L 0677-0.723
B 0.723 - 0.769

D Province border

Figure 3. Final SDG3 index for the Lombardy region.

At the level of single provinces, the median SDG3 index was the highest for the
province of Cremona (index equal to 0.720), while the lowest was achieved by the province
of Monza and Brianza (0.608). The median SDG3 results achieved by municipalities in each
province are summarized in Table 1.

Table 1. Median of the final SDG3 index for each province of the Lombardy region.

Province Median SDG3 Index 25th-75th Percentile
Cremona 0.720 0.704-0.731
Milan 0.694 0.688-0.698
Pavia 0.679 0.660-0.690
Lecco 0.666 0.657-0.685
Sondrio 0.660 0.644-0.672
Como 0.657 0.646-0.674
Lodi 0.640 0.631-0.660
Brescia 0.638 0.625-0.654
Mantua 0.633 0.625-0.649
Bergamo 0.630 0.620-0.651
Varese 0.622 0.612-0.640

Monza and Brianza 0.608 0.600-0.614
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4. Discussion

In this study, an index based on SDG3—Ensure healthy lives and promote well-being
for all at all ages—was proposed, using open data at municipal, provincial, regional,
population-based municipality class and geographic area levels, mapping 29 Italian indica-
tors to 11 SDG3 targets. The scores were calculated separately for each of the 11 available
targets (with the multiple indicators included eventually averaged), and their average
generated the final index. This approach was then applied to the Lombardy region, located
in the north of Italy. The index reveals that a considerable number of the indicators were not
covered by official Italian data with a detailed geographical granularity, and that there are
disparities in SDG3 fulfilment among Italian municipalities, even within the same region
and province.

Three of the previously developed Italian indices provided details of the score at
a provincial level [2,6,7]. The results for each province of the Lombardy region varied
considerably among studies, with a possible explanation being the implementation of
different sets of indicators to compute the final index. This highlights the problem that the
achievement of specific health-related targets in Italy is not always synergistic. Moreover,
it also hinders the comparison of the results of previous studies with those presented in
this study. However, it is worth noting that, accounting for all previously defined Italian
indices [2-7], our framework uses the largest number of indicators covering the official
SDG3 targets, which, together with the application of the municipal level, potentially
provides the most comprehensive view of SDG3 achievement.

Upon adopting the SDGs, researchers identified issues with indicator relevance [12,13],
stating that out of the 169 targets which outline the 17 SDGs, 91 required further specifica-
tion [14]. Coherently, different limitations were encountered when creating the SDG3 index
for Italy, including the following.

Definition issues: It was unclear for two targets (3.8 Universal health coverage and
3.c Health financing and workforce) what information should be taken into account, and
hence the indicators were selected mostly based on the availability of relevant data sources.
However, this can be partly explained considering that the SDGs were created for all UN
member states, which are currently at different stages of development, without specifically
identifying which health services would need to be considered essential worldwide. The
rest of the SDG3 targets are instead sufficiently well described by the official indicators,
and they cover both the supply of health services (e.g., beds in hospitalization facilities or
pharmacies) and the expected demand for them (e.g., by monitoring smoking prevalence
or the spread of infectious diseases).

Spatial representativeness and information robustness: When gathering data for
specific indicators, especially regarding mortality in developed countries, information is
accessible through compulsory hospital record registration or administrative procedures,
which also facilitate the collection of data at a municipal level. However, the process is
more complex for other indicators. For instance, considering 3.9.1 (Mortality rate attributed
to household and ambient air pollution), such a cause of death is not standardised in the
International Classification of Diseases. In addition, it should be noted that self-reported
data present a range of challenges, notably with regard to their accuracy. While classifying
oneself as a ‘smoker’ or ‘non-smoker’ can be simple, evaluating whether ‘healthcare
expenses represent a significant portion of overall expenditures’ is more complex, as
household expenses are not typically precisely catalogued by their members, introducing a
measurement bias; also, no definition of ‘significant portion’ is given. Another important
issue is that reporting certain SDGs indicators at the municipal level, such as hospital bed
capacity, may not be practical. To address this problem, a possible solution is to implement
a gravity model, designed to estimate the flow of goods or services between two or multiple
locations, to assess the accessibility of the service based on physical distance [15-17], or to
use data provided directly at a lower granularity, which is the solution implemented in
this study.
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Fluidity of the goals: The UN draws attention directly towards this issue, with each
goal being linked to the others, considering both synergies and trade-offs amongst them,
a topic that is furtherly discussed in the literature [18-23]. The SDG3 shows positive
interactions with the vast majority of goals worldwide, in particular with SDG1, No
poverty, SDG5, Gender equality, SDG6, Clean water and sanitation, and SDG10, Reduced
inequalities [18,23]. On the other hand, in Italy, SDG3 shows a major trade-off with SDG8
(Decent work and economic growth), a relationship that was also found, among others,
in the United States, Spain and Sweden [18]. While some trade-offs have been previously
reported among different SDGs, no similar issues have been identified within single goals.

Quantitative measurement: Out of the 13 officially defined targets of SDG3, a precise
quantitative objective is formulated for only two of them, 3.1 (By 2030, reduce the global
maternal mortality ratio to less than 70 per 100,000 live births) and 3.2 (By 2030, end
preventable deaths of newborns and children under 5 years of age, with all countries
aiming to reduce neonatal mortality and under-5 mortality to, at least, as low as 12 per 1000
live births and 25 per 1000 live births, respectively), thus providing a quantitative reference
measure. For the remaining goals, instead, targets are described as aiming to “reduce”,
“increase”, “strengthen” or “guarantee access to” the indicators concerned, without setting
numerical outcomes. This same issue has been identified with reference to other objectives
as well [24-26], which, again, can be partly explained by the global perspective of the SDGs.
Under such circumstances, rather than an index measuring indicators at a specific point
in time, periodic changes in scores could be considered, an approach that, however, is
at present hindered for municipal data available for Italian indicators by their temporal
heterogeneity. Since 2018, Istat has released yearly reports on all SDGs (yet not at the level
of municipalities), which enables periodic monitoring of the progress towards them in
Italy. Nonetheless, there is a need to locally benchmark the targets [27-29], allowing the
assessment of how far individual cities are from achieving concrete results, instead of a
simple city-specific comparison of progress over time.

5. Conclusions

In conclusion, the 2030 Agenda’s promise of “Leave no one behind” necessitates
increased attention towards a national analysis of SDG performance at a detailed geograph-
ical level. The results presented in this study, together with previous research findings,
show an important variability of scores across cities and provinces in the Lombardy region.
Further work should include the calculation of the SDG3 index for the municipalities of
the other Italian regions and a deeper statistical analysis of the results. The availability
of the SDG3 indicators and the overview of target achievement at local level, through
local benchmarking and policy information, could significantly contribute to the global
achievement of the defined targets. This can be achieved by applying the standardized,
easily scalable methodology proposed in this study.
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