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Abstract: Sustainable development goals (SDGs) have a huge impact on global policies. Contextually,
the concept of ecosystem services (ESs) naturally relies on the importance of integrating human
activities into a framework in which ecosystems play a fundamental role in supporting upcoming
societies. Introducing ESs in the process of SDG evaluation can be useful to facilitate their achievement
through national and local planning policies. Nevertheless, this aspect is still poorly addressed. In
the present study, an in-depth analysis has been conducted, to associate regulation and maintenance
ecosystem services (ReMESs) with the SDGs set by the 2030 Agenda. Based on the available scientific
literature, ReMESs have been linked to the SDGs and SDG targets. Specific attention has been paid
to deepening linkages with the SDG targets that explicitly address the introduction of ecosystem
and biodiversity values into national and local planning. Finally, SDG evaluation has been further
investigated, linking the SDG targets to the statistical measures proposed by the Inter-agency and
Expert Group on SDGs (UN-IAEG-SDGs). This last step focused on the Italian context, according
to the indicators provided by the National Institute of Statistics. The results show that ReMESs are
linked to 8 out of 17 SDGs (47%). Connections decrease when considering the SDG targets (20%) and
the national statistical measures (18%). It also emerges that some targets, although being connected
to ReMESs, do not have the right indicators to be quantified. Ecosystem services prove to be a valid
element through which modern sustainable development goals can be accomplished. This study,
which highlights several gaps to be filled, wants to offer valuable help in evaluating SDGs and their
implementation through ReMESs.
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1. Introduction

The potential for anthropic activities to shape the environment has grown over time,
to the point that today the term landscape encompasses a plurality of natural and anthropic
processes interacting with each other [1]. Nevertheless, the interactions between these two
elements can also lead to several threats for both, such as biodiversity loss and increased
exposure to natural extreme events [2,3]. Hence, the complex interactive nature between
humans and ecosystems results in both positive and negative feedback mechanisms. The
latter, whose causes lie in the continuous exploitation of natural resources, pose threats for
future societies [4].

An example of the controversial side of the relationship between humans and the
environment is represented by the metropolitan city [5,6]. In this context, high-density
urban settlements define living conditions and processes characterized by a high unsustain-
ability [7]. Problems such as natural extreme events, poverty gaps, and the poor availability
of nutritious and healthy foods are a daily challenge [5]. Nevertheless, urban centers and
human activities have constantly grown in recent decades [8,9]. The need to fight climate
change, increasing poverty, and social inequalities focused global attention on the search for
a solution that encompasses both the causes and the effects of this imbalance between man
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and nature [10-14]. Here, the concept of ecosystem health, intended as “the ability to meet
the reasonable demands of human society” and “the health and integrity of maintaining
and updating the ecological environment and the ecosystem, as well as the health and
social health of urban dwellers” [15], began to assert itself as a fundamental element to
set up sustainable development strategies [16-18]. This broad, new awareness saw its
consequence in one of the schemes that is trying to give a boost to the application of the
new paradigms of sustainable development: the 2030 Agenda [19].

This document, which is currently influencing global policies, precisely aims to define
an action plan for the three Ps (people, planet, and prosperity), articulating them through
17 sustainable development goals (SDGs) and 169 targets.

Since their first conceptualization and adoption, the SDGs and their targets have
been addressed as elements whose operability was fundamental to achieving sustainable
development, also considering the potentialities of their combined actions [20-22].

However, as suggested by its name, the objectives set by the agenda must be achieved
no later than the year 2030.

The UN produces an annual report to monitor the global achievement of SDGs [23]. In
this context, the progress in implementing and achieving SDGs in national policies is assessed.

Specifically, each state is associated with a performance score, corresponding to the
distance that must be filled (in percentage points) to have an optimal SDG performance.

Overall, the country showing the highest percentage is Finland (86.7%), followed by
Sweden (86%) and Denmark (85.7%).

In these countries, SDG achievement is realized by formulating a national sustainable
development strategy with a high level of involvement among governments, scientific
institutions, and citizens.

Despite the high attainment rates of Northern European countries, the SDGs are a
long way from being achieved globally.

Globally, 15% of SDGs show a reversal of trend, 18% have been achieved or are on the
right path, while 67% show limited or no progress at all [23]. One of the main problems is
that national SDG strategies are not aligned with national agendas. According to the report
provided by the UN itself [23], there is still much to be done, with little time to act.

Regardless of their articulation, SDGs always aim to protect ecosystems and the
services they provide as a fundamental condition for human well-being.

Conceptualized in the 70s, ecosystem services (ESs) have been explored and analyzed
for a long time, both in their capacity to enhance human lives and to support government
actions of territorial dynamics [24]. It is well known that ESs help urban settlements
enhance a lot of their characteristics such as climate resilience, healthy urban environments,
sustainable cities and communities, and life support systems [25,26]. Furthermore, the
connections with the SDGs make ESs an element whose operationalization could be a valid
step to support sustainable policies. For example, [27] supported the linkages between ESs
(classified according to the TEEB—The Economics of Ecosystems and Biodiversity) and the
sustainable development goals through an online survey submitted to several ES experts
worldwide. Similarly, Ref. [28] prioritized the SDGs of 66 different countries, subsequently
linking the ESs that can fulfill the subtended objectives. Instead, Ref. [29] highlighted the
importance of the ES concept to support the rapid recovery from the pandemic emergency
set by the global spread of COVID-19. Other studies [30,31] deepened urban and peri-urban
contexts through the ES concept and associated them with the corresponding SDG target.

Although formal linkages have been widely deepened, an approach capable of
quantifying the relationships between ecosystem services and the objectives set by the
2030 Agenda is still missing.

To deepen this aspect, the proposed work analyzes the connections between regulating
ecosystem services [32] and the 2030 Agenda SDGs.

The methodology starts from the definition of regulating ecosystem services provided
by the Common International Classification of Ecosystem Services (CICES). Based on
the description of each CICES group, this work deepens the connections with the SDGs
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and SDG targets, based on the available scientific literature. This step has been useful in
evaluating the quantity of SDGs connected, as well as the number of targets for which there
was a correspondence. By doing this, it has been possible to evaluate ReMES potentialities
that can be relied on to reach SDGs.

By connecting ReMESs and SDGs, specific attention has been paid to the SDG targets
aimed at implementing environmental and biodiversity values into national and local planning.

Finally, considering the Italian context as a pilot area, it has been realized that there
is a further connection with the indicators proposed by the National Institute of Statistics
(ISTAT). The indicators resulted from an in-depth analysis of 139 statistical measures
proposed by the Inter-agency and Expert Group on SDGs (UN-IAEG-SDGs) [33]. This last
step allowed us to deepen the national level, contextually assuring the generalizability of
the procedure, relying on an international panel of indicators.

This article is structured as follows: Section 1 (study area) delves into the conditions of
the study area represented by the Italian context; Section 2 (materials and methods) explains
the data considered and the connections between them; Section 3 (results) provides an
overview of the results, while Section 4 (discussion) discusses the results obtained, focusing
on the most important aspects which will be summarized later in Section 5 (conclusion),
argued according to the potential limitations and future research outlets.

2. Materials and Methods

The study area represents the Italian context. Today, Italy is struggling to reach some
of the fundamental 2030 Agenda SDGs. This condition has been confirmed by the last
SDG report (2023), in which the country ranks 24th, with an SDG performance score equal
to 78.8% [23]. Targets related to a reduction in poverty and the availability of drinking
water show a net positive trend. Similarly, there is a moderate improvement for nine SDGs:
health and well-being (3); gender equality (5); clean energy (7); work and economic growth
(8); industry, innovation, and infrastructure (9); sustainable cities and communities (11);
climate action (13); peace, justice, and strong institutions (16); and partnership for the
goals (17). Finally, SDGs related to the protection of ecosystems (14 and 15), quality of
education (4), quality education (10), reduced inequalities (2), and production cycles (12)
show stagnation.

At the same time, Italy’s path in the evaluation of SDGs is one of the most advanced.

The Ministry of the Environment and Energy Security is responsible for analyzing the
conditions and trends of the SDGs in the country.

At the same time, to map and identify gaps in the actions related to SDGs, Italy relies
on the Italian Alliance for Sustainable Development (ASVIS). This allows the involvement
of nearly 300 organizations including universities, research, and civil society institutions
and networks. Among these, ASVIS collaborated with the National Institute of Statistics
(ISTAT) to calculate and publish the statistical measures related to the achievement of SDGs.

The last report (year of reference 2023) shows that, although several measures in the
country are improving in the long term, indicators related to the 11th (sustainable cities
and communities) and the 13th (climate action) SDGs are worsening. Italy is still involved
in the process of continuous expansion of artificial areas, whose associated land take boom,
dating back to the 1950s, shows no sign of stopping [34]. Hence, the improvement of urban
settlements and land conditions, together with the fight against climate-change-related
events, turns out to be an issue of fundamental importance that needs to be supported at
the national scale to structure territorial government actions correctly [35-38].

Recently, the focus has been on reversing the processes that worsen local environ-
mental conditions [39-43]. A virtuous example is the Umbria region, through which
concepts such as the effective ecological network [44—46] are now finding full applica-
tion [45,47]. Conjointly, soil4life [48] and other similar projects underway throughout the
country [49,50] demonstrate the necessity to connect environmental issues, the ecosys-
tem services aspect, and territorial government policies that cannot ignore these new
paradigms of sustainable development.



Sustainability 2024, 16, 6744

4of 16

To support the conceptual and practical connection between ReMESs and SDGs, this
section will specify the elements that make up the structure of the methodology, together
with the different connections that characterize it.

The first step starts by considering the ReMESs provided by the CICES (V 5.1). CICES
has been conceptualized to directly assess the ecosystem outputs that directly affect human
well-being, contextually distinguishing the social and economic system in which these
services fit. Here, the “final services” naturally transform into goods or benefits, depending
on their tangible (such as the monetary value of the timber) or less tangible nature (such
as the recreational and cultural use of a woodland structure) [32]. This specific distinc-
tion is useful to address the highly heterogeneous nature of ecosystem services, partially
overcoming the subjectivity of addressing ecosystem outputs [51].

Another major reason for choosing this system is the possibility of comparing different
classifications. Indeed, the CICES has been intended also as a cross-reading tool with other
ES classification systems [52].

Starting from the “Regulation and maintenance” section, the taxonomic-like classi-
fication of the CICES has been deepened at the group level [32]. The analyzed groups
are as follows: (1) atmospheric composition and conditions (AC); (2) lifecycle mainte-
nance, habitat, and gene pool protection (LM); (3) maintenance of physical, chemical, and
abiotic conditions (MPCA); (4) regulation of baseline flows and extreme events (RBF);
(5) regulation of soil quality (RSQ); (6) water conditions (WC); (7) mediation of waste, toxic
substances, and other nuisances by non-living processes (MWNL); (8) mediation of waste
or toxic substances of anthropogenic origin by living processes (MWL); and (9) pest and
disease control (PDC).

First, a description of the considered ES groups has been provided. The descriptions
have been deepened according to the literature provided by the CICES system [32].

Wherever absent, the scientific literature has been integrated to correctly describe
the considered ES. This is the case of the “maintenance of physical, chemical, and abiotic
conditions” and the “regulation of soil quality” ESs (Table 1).

Table 1. Regulation and maintenance ecosystem services (ReMESs) description. AC = atmospheric
composition and conditions; LM = lifecycle maintenance, habitat, and gene pool protection; MPCA =
maintenance of physical, chemical, and abiotic conditions; RBF = regulation of baseline flows and
extreme events; RSQ = regulation of soil quality; WC = water conditions; MWNL = mediation of
waste, toxic substances, and other nuisances by non-living processes; MWL = mediation of waste or
toxic substances of anthropogenic origin by living processes; PDC = pest and disease control.

ReMES ReMES Description (CICES V4.3) References
(i) Global climate regulation by reduction in greenhouse gas concentrations. (ii) Mediation
AC of ambient atmospheric conditions (including micro- and mesoscale climates) by virtue of [53-55]
presence of plants.
(i) The presence of ecological conditions (usually habitats) necessary for sustaining
LM populations of species. (ii) The fertilization of crops by plants or animals. (iii) The [56-58]
dispersal of seeds and spores.

MPCA Maintenance of physical, chemical, and abiotic conditions that affect people’s well-being [59,60]

or comfort.

(i) The reduction in the loss of material by virtue of the stabilizing effects of the presence
of plants and animals. (ii) The reduction in the speed of movement of solid material by
virtue of the stabilizing effects of the presence of plants and animals. (iii) The regulation
of water flows by virtue of the chemical and physical properties or characteristics of
RBF ecosystems. (iv) The reduction in the speed of movement of air by virtue of the presence [61-64]
of plants and animals. (v) The reduction in the incidence, intensity, or speed of spread of
fire by virtue of the presence of plants and animals. (vi) Mediation of solid flows by
natural abiotic structures. (vii) Mediation of liquid flows by natural abiotic structures.

(viii) Mediation of gaseous flows by natural abiotic structures.




Sustainability 2024, 16, 6744

50f 16

Table 1. Cont.

ReMES

ReMES Description (CICES V4.3)

References

RSQ

(i) Biological decomposition of minerals. (ii) Decomposition of biological materials and
their incorporation in soils.

[65]

WC

(i) Maintenance of the chemical condition of freshwater by plant or animal species.
(if) Maintenance of the chemical conditions of saltwater by plant or animal species.

[66-68]

PDC

(i) The reduction by biological interactions in the incidence of species that prevent or
reduce the output of food, material or energy from ecosystems, or their cultural
importance, by consumption of biomass or competition. (ii) The reduction by biological
interactions in the incidence of species that otherwise could prevent or reduce the output
of food, material or energy from ecosystems, or their cultural importance, by hindering or

[69,70]

damaging the ecological functioning of useful species.

(i) The reduction in concentration of an organic or inorganic substance by mixing in a

MWNL

freshwater ecosystem. (ii) The reduction in concentration of an organic or inorganic
substance by mixing in the atmosphere. (iii) Mediation of waste, toxic substances, and

[71]

other nuisances by natural chemical and physical processes.

(i) Transformation of an organic or inorganic substance by a species of plant, animal,
MWL bacteria, fungi, or algae. (ii) The fixing and storage of an organic or inorganic substance by [72]

a species of plant, animal, bacteria, fungi, or algae.

Subsequently, the connections with the SDGs and SDG targets have been realized.
Such analysis moves beyond the well-established relations between ESs and SDGs, formally
highlighted by several studies [28,31].

Linkages have been realized upon the work proposed by [27]. By submitting a series
of surveys to almost 560 researchers worldwide, the authors managed to highlight several
links between ecosystem services and sustainable development goals. The methodology
starts from this thesis but deepens the services of regulation and maintenance according to
the CICES system. It also deepens the potential linkages with the SDG targets explicitly
addressing the introduction of ecosystem and biodiversity values into national and local
planning. These connections were not made in the work proposed by [27], which focused
their attention on 44 out of 169 goals.

Several studies have already highlighted the contribution of ReMESs in supporting
spatial planning and policies [73-79].

Based on the existing literature, it has been possible to link different aspects expressed
in the targets more closely related to planning and policies. The studies upon which
connections have been made are shown in Table 2. By considering the studies, connections
have been established by answering the fundamental question “Can this ReMES help to
achieve the considered SDG/SDG target?”

The last step is represented by the connections between ReMESs and the indicators
provided by the Italian National Institute of Statistics (ISTAT). The ISTAT produces an
annual report containing the statistical measures associated with each SDG target. This
specific product moves from the 139 indicators proposed by the UN-IAEG-SDGs [33] to
monitor the global progress of the 2030 Agenda. The ISTAT further populated the statistical
measures that describe the SDG targets, reaching a total of 372 indicators.

Each SDG target has been connected to the corresponding ISTAT indicator (if present),
following the dashboard provided by the national institute itself: https://public.tableau.com/
app/profile/istat.istituto.nazionale.di.statistica /viz/SDGs_indicatori_giugno_2024/SDGs (ac-
cessed on 14 January 2024) and answering to the question “Does this indicator help to assess
ReMES contribution to the considered SDG target?” The choice fell on those indicators capable
of quantifying the aspects identified in Table 1.

Indicators addressed to highlight an effort by local economies to fight for specific
phenomena, as well as indicators aimed at identifying social aspects (the nature of which
goes beyond the scope of this study), have been left out (Figure 1).
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Table 2. Sustainable development goal (SDG) target description and connected ReMESs. Together
with these, the references upon which the linkages have been realized are reported.

SDG - Connected ReMESs References
Target Description
13.2—Integrate climate change measures into national policies, MPCA-AC-MWL [73,74]

strategies and planning.

11.a—Support positive economic, social, and environmental links
between urban, peri-urban and rural areas by strengthening national AC-RBF-MWL [74-76]
and regional development planning.

11.b—By 2020, substantially increase the number of cities and human
settlements adopting and implementing integrated policies and plans
towards inclusion, resource efficiency, mitigation and adaptation to

climate change, and resilience to disasters, and develop and implement, AC-RBE-MWL 771
in line with the Sendai Framework for disaster risk reduction 2015-2030,
holistic disaster risk management at all levels.
13.b—Promote mechanisms for raising capacity for effective
climate-change-related planning and management in the least AC—RBF-MWL [73,78,79]

developed countries and small-island developing states, including
focusing on women, youth, and local and marginalized communities.

15.9—By 2020, integrate ecosystem and biodiversity values into

national and local planning, development processes, poverty reduction AC-LM-MPCA-RBF-RSQ-WC-

[73,78,79]

; MWNL-MWL
strategies, and accounts.
ReMES
1) Atmospheric composition and conditions RESEARCH
CICES CLASSIFICATION 2) Lifecycle maintenance, habitat and gene pool protection PAPERS
SYSTEM (V5.1) 3) Maintenance of physical, chemical, abiotic conditions
4) Regulation of baseline flows and extreme events
1) Cultural ecosystem services 5) Regulation of soil quality —
2) Provisioning ecosystem services 6) Water conditions —
3) Regulation & maintenance ecosystem 7) Mediation of waste, toxics and other nuisances by non-living
services processes

of wastes or toxic substances of anthropogenic origin by
living processes
9) Pest and disease control

[

2030 AGENDA SDG AND SDG TARGETS CONNECTIONS

M
U/
©)- B0 Istat

NATIONAL
STATISTICAL MEASURES

000

O Can this ReMES help O Does this indicator help

to achieve the to assess ReMES _-
considered SDG/SDG contribution to the m
target? considered SDG target

Yes Yes

SDG/SDG SDG Statistical
ReMES 07 target targets measures

Figure 1. Methodology workflow. Once the regulation and maintenance ecosystem service (ReMES)
groups had been defined, linkages were established with the SDGs and SDG targets, based on the
relevant scientific literature. The last step consisted in linking the Italian national statistical measures,
provided by the National Institute of Statistics (ISTAT).
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3. Results

Considering all the connections, “mediation of wastes or toxic substances of anthro-
pogenic origin by living processes” and “water conditions” are the most represented ESs
when considering SDG linkages. This aspect is not maintained when considering linkages
with the SDG targets, for which the highest correspondences are found with the “pest and
disease control”, the “mediation of wastes or toxic substances of anthropogenic origin by
living processes”, and the “atmospheric composition and conditions” ESs. Finally, based
on the number of linkages with the ISTAT indicators, the most connected ESs appear to
be “Mediation of wastes or toxic substances of anthropogenic origin by living processes”,
“Mediation of waste, toxics and other nuisances by non-living processes” and “Maintenance
of physical, chemical, abiotic conditions”.

At the same time, the least represented ESs are “lifecycle maintenance, habitat, and
gene pool protection”, “regulation of baseline flows and extreme events”, and “regulation
of soil quality” (Table 3).

Table 3. Connections between ReMESs, number of SDGs, and number of ISTAT indicators (statistical
measures).

Ecosystem Services N. of SDGs N. of SDG Targets N. of ISTAT Indicators
Atmospheric composition and conditions 5 10 28
Lifecycle maintenance, habitat, and gene 4 8 15
pool protection
Maintenance of physical, chemical, and
N L 5 7 29
abiotic conditions
Mediation of waste, toxic substances, and other 6 9 34
nuisances by non-living processes
Mediation of waste or toxic substances of
L .. 5 10 38
anthropogenic origin by living processes
Regulation of baseline flows and extreme events 5 9 12
Pest and disease control 5 16 16
Regulation of soil quality 4 5 10
Water conditions 6 9 23

Regulation and maintenance ecosystem services show linkages with 8 out of 17 (47%)
SDGs: no poverty (1), zero hunger (2), good health and well-being (3), clean water and
sanitation (6), sustainable cities and communities (11), climate action (13), life below water
(14), and life on land (15).

The percentage of connections decreases to 18% considering the associated SDG
targets, for which 30 (out of 169) linkages have been found. Here, the 15.9 target,
concerning biodiversity and ecosystem value integration into national and local planning,
shows the highest correspondence, being connected to nine ReMESs. It is followed by
the target concerning the implementation of sustainable agricultural practices (2.4) and
cultural and natural heritage safeguarding (11.4), linked, respectively, to seven and six
(out of nine) ReMESs.

The less connected targets concern agricultural productivity (2.3), malnutrition (2.2),
and hunger (2.1); disease control (3.3 and 3.4); fighting for lowering exposure of poor people
and economies to disasters (11.5); promotion of sustainable fishing practices (14.4); sustain-
able use of developing countries’ natural resources (14.7); and promotion of sustainable
development of forest ecosystems (15.2) (Figure 2).
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Atmospheric composition and Pest and disease control
conditions SDG 1

Lifecycle maintenance, habitat and gene
pool protection

SDG 1 DG 1

4
SDG 14 06l

SDG 13 SDG 13
SDG 11 SDG 11 SDG 11
Mediation of waste, toxics and other Mediation of wastes or toxic substances Regulation of baseline flows and
by non-living pr of anthropogenic origin by living extreme events
SDG 1 processes SDG 1

SDG 1

SDG 14

SDG 11

Regulation of soil quality i of physi
SDG 1 abiotic conditions

SDG 1

SDG 14 SDG 14

SDG 14

SDG 11 SDG 11

SDG 11

Figure 2. Radar charts showing the number of connections between ReMESs and the 2030 Agenda
SDG targets.

Finally, from 372 ISTAT indicators, ReMESs have been linked to 75 statistical measures
(20%).

When considering the SDG targets’ representativeness through ISTAT indicators, the
6.3 target shows the highest number of connections (13 ISTAT indicators), followed by the 13.2
and the 13.1 targets, connected to 12 and 9 ISTAT indicators, respectively (Figures 3 and 4).

SDG TARGETS

T T T T T

4 6 8 10 12 14
N° OF INDICATORS

Figure 3. Bubble chart of the connections between the SDG targets and the ISTAT indicators.
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ECOSYSTEM SERVICES CONNECTIONS

ISTAT indicators ‘- 18%

SDGs targets

SDG F 47%
0

20%

100 200 300 400

m Connected Total

Figure 4. Percentages between total and connected (to the ReMESs) SDGs, SDG targets, and ISTAT

indicators.

Among them, some statistical measures describe the achievement of multiple targets,
such as the indicators 269 “Number of deaths and people missing due to landslides”,
270 “Number of deaths and people missing due to floods/inundations”, 271 “Number of
injuries due to landslides”, and 349 “Number of injured due to floods/inundations”. These
indicators, addressing natural disasters such as landslides and floods/inundation, have
been used by the ISTAT to evaluate the achievement of the objectives of zero hunger (1),
sustainable cities and communities (11), and climate action (13) simultaneously.

At the same time, thus being represented by the connections with the corresponding
ReMESs, some targets are not connected to any statistical measure.

This is the case of the targets concerning agricultural productivity (2.3), genetic diver-
sity maintenance (2.5), national and regional development planning strengthening (11.a),
integrated policies and plans (11.b), climate-change-related planning (13.b), marine and
coastal ecosystems management and protection (14.2), equitable sharing of benefits from
genetic resources (15.6), and biodiversity and ecosystem value integration into national
and local planning (15.9).

4. Discussion

ReMESs alone show a correspondence with 47% of the total SDGs. This result confirms
the high potential of ecosystem services to support sustainability objectives [31].

The linked SDGs explicitly address the fight against climate change, as well as biodi-
versity and human health enhancement. This aspect is supported by what is universally
recognized in terms of ReMES outputs [74,80-82]. As also stated by [28], ecosystem services
contribute to a wide range of SDGs. Regulating services are no exception. Specifically, our
study shows that, from an SDG level, ReMESs support almost half of the objectives set by
the UN to reach sustainable development. Nevertheless, such a percentage does not refer
to the totality of the targets associated with each SDG.

The number of connections drops to 20% when considering the SDG targets, which
articulate themselves into the actions that must be adopted to achieve the goals they are
related to, acquiring a more detailed character [83,84]. The results obtained by deepening
the connections between ReMESs and the SDG targets further confirm what was discovered
by [27]. A single ecosystem service can support the achievement of multiple SDG targets.
This is due to the extremely heterogeneous nature of the outputs offered by ecosystem
services. Nevertheless, while extreme variability certainly represents a strength when
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considering ESs, this is not true when such a broad concept is used to address planning
policies and actions, in which multiple factors influence their evaluation [85].

Considering the connections associated with the SDG targets, the high linkages
related to target 2.4 must be traced back to the elements that contribute to the number of
connections referring to the resilience aspect, the capacity to strengthen the adaptation
to climate change, and the improvement in soil quality. Similarly, the less connected
targets (2.3,2.2,2.1,3.3, 3.4, 11.5, 14.4, 14.7, and 15.2) show little correspondence due to
their specific articulation, for which only one or two ReMESs subtend the processes that
supply and measure such a contribution.

From the most “programmatic” target evaluation, several studies have widely consid-
ered introducing specific ReMES features to support territorial planning. This condition has
been highlighted by the references used to deepen this specific type of connection [73-79].
In this regard, target 15.9 shows the highest number of linkages. This aspect must be traced
back to its explicit reference to the introduction of biodiversity and ecosystem values into
national and local planning.

However, there is still a lack of evaluation of the degree of integration of biodiversity
and ecosystem values in national and local planning from all the targets considered. The
UN-IAEG-SDGs indicators analyze the targets with appropriate statistical measures to
represent the global condition accurately. Nevertheless, an in-depth analysis is not present
for the single states, which lack indicators aimed at describing the current condition of the
national and local planning implementation.

In this regard, the results suggest the need to deepen and propose national statistical
measures to quantify the aspects related to the targets 13.2, 11.a, 11.b, 13.b, and 15.9. This
outcome emphasizes vulnerabilities within the study area, as well as in other countries.
For example, as stated by [86], SDG 11 still lacks three-quarters of the information needed
to assess its progress. This also applies to their study area, Hainan Province, for which an
urban sustainable development assessment framework has been realized.

To facilitate future implementation actions, it is important to emphasize current re-
search directions that can help address the identified gaps. Several authors are currently
deepening the implementation of the concept of ecosystem services in local planning.
Ref. [87] has already assessed the level of inclusion of ESs in urban plans of 22 Italian
cities. A condition emerged in which this concept is already conveyed by several ac-
tions undertaken in local plans. Nevertheless, some ESs such as “waste treatment” and
“moderation of extreme events” are not considered enough. This entails a condition in
which, despite being widely addressed, these specific categories of ESs are still not fully
assessed and implemented.

This aspect has also been found in the western Switzerland regional spatial plans, in
a study conducted by [88] to assess the level of integration of ESs inside spatial planning.
Here, the methodology envisaged the use of direct content analysis, deepening the
planning documents.

Similarly, Ref. [89] proposed the IUES (Urban Ecosystem Services Index) to support
urban planning and human well-being in cities.

Although the assessment of the level of integration of biodiversity and ecosystem
values into national and local planning is a critical step, it remains a global unresolved
issue. This leads to several considerations. From the last SDG report (2023), several SDGs
are still far from being achieved. Specifically, the 2nd, 11th, 14th, 15th, and 16th SDGs show
a stagnation. Furthermore, the SDG targets associated with food and land systems are
particularly off track. This situation remains unchanged for both countries with a lower
total SDG performance score (such as Italy), as well as for those more virtuous in reaching
these objectives.

Finland (the country with the highest SDG performance score) shows a stagnation
of the 13th and the 15th SDGs. This study found a lack of connections between the SDG
objectives associated with the 13th and 15th SDGs and the statistical measures analyzed.
Moreover, Finland is still facing several threats that hinder the accomplishment of such
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SDGs [23]. Deepening such connections would guarantee a more detailed framework of the
SDGs that countries are struggling to reach, contextually supporting and monitoring them
through the ES concept. These considerations can also be made for Sweden and Denmark,
the second and third countries with the highest SDG performance scores. In these countries,
certain SDGs are still not progressing as they should.

Finally, the last linkages with ISTAT indicators show the percentage of related statis-
tical measures of 18%. The most related aspects concern goal 6 on water quality and 13,
concerning measures to combat climate change. In these goals, the activity of the ReMESs
can be quantified in detail, as the associated targets (6.3, 13.2, and 13.1) are directly related to
aspects closely linked to the services themselves (water quality, greenhouse gas emissions,
exposure to landslide/flood risk, temperature anomalies, and so on) [82]. Nevertheless,
there are targets under the same goal that are poorly or not at all quantified through statis-
tical measures, whose attention is focused on the maintenance of genetic diversity (2.3, 2.5,
and 15.6), strengthening the relationships to achieve integrated territorial planning (11.a,
11.b, and 15.9), and supporting a healthy status of marine and coastal ecosystems (14.2).
What emerges is poor attention to the integrated management of the ecosystem services
concept as an element through which to enhance and build an integrated and sustainable
planning policy [90]. Specifically, the emergency nature of territorial dynamics has a pre-
dominant role. This aspect can be traced back to the connections with the “regulation of
baseline flows and extreme events” and “regulation of soil quality” services. The higher
number of linkages between the SDG targets and the first ES (9 out of 17 SDGs), compared
to the lower connections with soil quality (5 out of 17 SDGs), entails greater attention
towards extreme event adaptation aspects. Nevertheless, as already stated by several
authors [65], linking soil health and ReMESs is a key step towards SDG achievement, also
considering their potential in managing extreme events [91]. Despite there being different
initiatives present aimed at defining actions to restore ecosystems [92], Europe still lacks a
soil law, which could be fundamental to approach the above-mentioned issues from an a
priori perspective.

From the totality of connections, it is possible to observe several correspondences
between the 2030 Agenda and the ReMESs. Nevertheless, both at the international and the
local level, there is no direct quantification of either certain aspects related to ESs or of the
level of integration of this concept into national and local planning.

The evaluations carried out so far show that, in achieving sustainability policies, poli-
cymakers should focus on ReMESs’ potential in supporting SDGs. First, it is important to
carry out a content analysis of the local and superordinate planning documents to describe
the level of integration between ReMESs and SDGs. If low or missing, policymakers should
include strategic directions based on ReMESs’ contribution to SDGs and SDG targets. At
a more detailed level, this principle should be translated into a series of actions aimed at
quantifying the achievement of the SDGs through the linked ReMESs.

Therefore, the identification and introduction of ad hoc indicators is essential to
support the procedures for guiding and monitoring sustainability policies in the governance
process. In this regard, a recent study conducted by Hu et al. [93] integrated ESs into SDG
assessment by associating the values of 11 ESs with 12 SDGs through an ES-SDG index
score. If extended to all types of ESs and related SDG targets, this work would represent a
fundamental step towards an integrated management of sustainability policies.

Finally, it is important to acknowledge other limitations that may affect the generaliz-
ability of the study. First, to set up the connections, only the ReMESs that have a recognized
contribution both to the SDGs and to the associated targets have been considered. This way
of setting the methodology has been possible thanks to the observed correlation between
the potentialities of using ecosystems and their services to achieve some of the objectives
set by the 2030 Agenda [30].

Furthermore, ReMESs are defined as all the ways (biotic and abiotic) through which
living organisms condition the environment, relative to human health, safety, or comfort.
Therefore, with the ReMESs being focused on these aspects, the connections exist only for 8
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out of 17 SDGs. For this reason, the considered outputs have no linkages with the aspects
entailed by the left-out SDGs such as quality education and gender equality [32]. The latter
does not address the enhancement of the environmental biophysical conditions [32]. Nev-
ertheless, linkages with these SDGs could still be deepened considering other typologies of
ESs such as cultural and provisioning services or expanding the connections to the side
effects provided by the considered groups of ReMESs [94,95].

5. Conclusions

In this study, the convergences between ReMESs and the sustainable development
goals have been deepened. The methodology allowed us to deepen the concept of ecosys-
tem services both as a support to the SDG targets and as an element through which national
and local policies can reach sustainable development goals.

From an operational point of view, the ReMESs concept, together with its connec-
tions with the SDG targets and ISTAT indicators, can be useful to frame the progress
made relatively to every territorial scope, contextually supporting the achievement of
the SDGs, implementing a first, fundamental introduction of the ESs concept inside
territorial planning.

Furthermore, the proposed statistical measures, whose definition started from the
indicators produced by the UN-IAEG-SDGs, allow the comparison with an international
monitoring system, making this procedure valuable also for other contexts.

Nevertheless, the identified “bottleneck effect”, resulting in a significant decrease
in connections proceeding from ecosystem services to ISTAT indicators, still constitutes
a vulnerability in the implementation of the concept of ESs to advance the SDGs and
targets of the 2030 Agenda. Secondly, there is the fluid nature of the outputs underlying
the ecosystem services concept. Whatever the type of classification, the main difficulty
behind the operationalization of some typologies of ecosystem services lies in the high
subjectivity of their interpretation. CICES provides a series of services whose characteristics
are potentially to be regarded as final, but the boundary will need to be defined by the
priorities set at the time. Hence, despite being lowered through direct linkages, the risk of
having miscomprehension between intermediate and final services still subsists, due to the
presence of different stakeholders that act on the land planning process.

In this sense, attention will need to be directed to specifying what kind of final services
decision-makers will want to consider.

Based on the considerations made, future studies should be established to fill the gaps
identified in this study. In this sense, it is of great importance to develop a methodology
that can quantify the level of integration of the ReMESs within both local (sub-national
level) and over-tiered (state level) planning for all UN member states.

Another important research target to be pursued is developing a methodology to
quantify the contribution of ReMESs to maintaining genetic diversity, integrated planning,
and the health of marine coastal ecosystems. In this regard, the study has identified several
SDG targets that will require the development of specific indicators.

Finally, to comprehensively understand ESs’ contributions to supporting sustainability
policies and achieving SDGs, it will be necessary to also delve into provisioning and cultural
ecosystem services.
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