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Abstract: Among its various targets on restoring natural habitats and ecosystems in the
EU, the recently adopted Nature Restoration Law (NRL) introduces ambitious targets for
restoring surface water bodies (SWBs) as well. Simultaneously, the Italian CAP Strategic
Plan for the implementation of the Common Agricultural Policy 2023-2027 has been
designed to enhance sustainable agricultural practices, including water resource
management. This paper provides a comparative analysis of the synergies, gaps, and
challenges between these two regulatory frameworks, focusing on sustainable water use
in Italian agriculture. A two-level comparative matrix methodology is employed to
evaluate the alignment between the NRL’s objectives for freshwater ecosystems and the
measures taken by the Italian CAP Strategic Plan on water resources. The results highlight
key areas of convergence, existing shortcomings, and necessary steps for aligning Italian
agricultural policies with the EU’s water restoration goals. The findings offer insights for
policymakers, researchers, and stakeholders engaged in water governance, biodiversity
conservation, and agricultural sustainability.

Keywords: nature restoration law; common agricultural policy; biodiversity; freshwater
resources; sustainable water management

1. Introduction

Freshwater habitats are biodiversity hotspots that deliver essential ecosystem
services, including food production, carbon sequestration, water purification, flood
control, and erosion control. Nonetheless, the pressures on freshwater ecosystems are
unprecedented. Roughly 75% of the world’s wetlands have been eradicated, endangering
28,000 freshwater species with extinction [1]. Freshwater biodiversity is, indeed, one of
the most endangered components of the biosphere [2]. It is deteriorating at a significantly
accelerated rate compared to terrestrial and marine ecosystems [3], attributable to
anthropogenic pressures from land utilization throughout entire river basins, the
accumulation of pollutants, organic-rich effluents, fine sediments, pesticides, and
contaminants (nanoplastics and pharmaceuticals) [2,4]. Furthermore, fresh waters are
degraded by hydromorphological alterations that have negatively affected ecological
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functioning and biodiversity of freshwater systems in Europe, such as climate change and
the consequent rising temperatures, limited water availability, the presence of non-native
species, and changes in river morphology [5-8].

These stressors affect ecosystem functioning, resulting in only about 40% of the more
than 100,000 European river water bodies routinely monitored achieving good ecological
condition in 2015 [9,10]. In addition, inputs of chemical and physical substances from
agricultural practices, industrial activities, and urban development have the potential to
contaminate both surface and groundwater bodies, thereby affecting the overall health
and stability of catchments [11]. Nonetheless, freshwater habitats remain inadequately
safeguarded worldwide, necessitating immediate conservation measures to mitigate these
hazards via legislative initiatives [12,13]. In this regard, the EU has implemented a water
policy known as the Water Framework Directive (WFD 2000/60/CE) [14], which aims to
reduce pressures and achieve good status for all water bodies in Europe. The Directive
takes a systems approach and aims to achieve ‘good status’ for rivers, lakes, coastal
waters, and groundwater, and to prevent their deterioration [15]. As a result, EU Member
States (MSs) have assessed the status of rivers, lakes, and coastal waters within their
borders and implemented action plans to reduce negative impacts on the status of these
water bodies [16].

Agriculture is recognized as a major contributor to the degradation of freshwater
ecosystems [17]; it is a significant source of chemical pollution of surface water and
groundwater due to the use of fertilizers, pesticides, and other chemicals (nitrogen,
phosphates, and nitrates) [18-22]. These contaminants can infiltrate rivers and lakes,
resulting in eutrophication and detrimental effects on aquatic organisms. Moreover,
agricultural runoff can contaminate groundwater, an essential supply of potable water for
numerous people [23]. Consequently, to mitigate the impact of agricultural practices on
water quality, coordinated research and policy initiatives are essential.

The recently approved Reg. (EU) 2024/1991, named “Nature Restoration Law”
(NRL), [24-27] appears as a promising EU piece of legislation for the full recovery and
protection of natural habitats towards the achievement of the Green Deal goals [28,29].
Despite some criticisms [30-33], this regulation may serve as a fundamental element of
Europe’s aspirations to rejuvenate biodiversity and ecosystem services for the foreseeable
future and exemplify worldwide leadership in tackling persistent environmental
challenges [34,35]. In this scenario, the agricultural sector is undoubtedly one of the sectors
most influenced by the objectives of the NRL due to its links with biodiversity and habitat
conservation, food security, and climate change [36,37]. The application of the NRL is
essential for achieving multiple objectives related to water resources, such as the
restoration of freshwater ecosystems, the removal of obsolete river barriers, river-
floodplain connectivity, river-coast-marine connectivity, and peatland rewetting [38].
However, it must be highlighted how the scientific research investigating the connections
between the CAP instruments for water resources, on the one hand, and the NRL, on the
other, is still taking its first steps. In fact, there is a lack of studies focusing on the potential
synergies between the CAP Strategic Plans’ interventions and the NRL objectives
specifically targeting freshwater resources [34,39].

The article aims to identify, for the first time, synergies between the NRL targets and
the CAP to enhance the alignment of conservation priorities with policy and practice. The
authors explore how these synergies can contribute to the effectiveness of conservation
efforts of natural ecosystems, particularly freshwater resources. This work provides a
spotlight on the Italian scenario. The structure of the paper is as follows: first, the authors
provide a context analysis (Section 2), which includes an overview of the current state of
Italian internal surface water bodies (SWBs) (Section 2.1), the NRL targets for freshwater
resources (Section 2.2), and a review of water resource management within the framework
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of the 20232027 CAP reform (Section 2.3). The subsequent section (Section 3) outlines the
methodology used to assess the potential alignment between NRL targets for freshwater
resources and the CAP Specific Objectives (SOs). Finally, in the Results and Discussion
section (Section 4) the authors first scrutinize the alignment between the NRL targets and
the CAP 2023-2027 objectives at a more general level (Section 4.2); then, they offer an in-
sight on the Italian scenario, assessing the synergies between the national CAP Strategic
Plan and the NRL targets for freshwater resources (Section 4.2).

2. Context Analysis
2.1. The Current Situation of Italian Internal Surface Water Bodies (SWBs)

According to the latest data published in the 3rd River Basin Management Plan
(RBMP) cycle (2021-2027), 43% of inland water bodies (rivers and lakes) are at high and
good ecological status, while the ecological status of 10% of these water bodies is un-
known. Apart from the number of lakes in good ecological status, which increased from
17% to 35%, the ecological status of SWBs shows a slight improvement compared to the
2nd RBMP cycle (2015-2021), where about 42% of rivers and lakes were in high and good
ecological status [22,23].

In terms of chemical status, 78% of Italian rivers are in good chemical status, 13% are
not good, and 9% have not been classified. For lakes, 69% are in good condition, 11% are
not good, and 20% are not classified. Overall, there has been a general increase in the
number of surface water bodies classified as good and unclassified compared to the 2nd
RBMP, when 75.2% of rivers were in good chemical status, 6.8% were not in good status,
and 17.9% were in unknown status. For lakes, in 2018, 48.1% were in good chemical status,
10.1% were not in good chemical status, and 41.8% were in unknown chemical status. It
should also be noted that the number of water bodies changed between the 2nd and 3rd
RBMPs. Notably, for rivers, there were 7493 water bodies in the 2nd RBMP compared to
6878 in the 3rd RBMP, while for lakes, the number of water bodies increased by one (348)
in the 3rd RBMP [22,23,40,41].

Regarding river barriers, according to a recent survey conducted under the AMBER
project (2022)?, Italy has just under 66,000 barriers along 135,000 km of river, or one every
two kilometers, which is slightly lower than the European average [42]. In Italy, for exam-
ple, 31% of the barriers surveyed are weirs, which were used in the past to extract water
for watermills, sawmills, and foundries. Another important component of the existing
river barriers in Italy is ramps or sills, which comprise about 12% of the barriers surveyed.
Eventually, only 2% of river barriers in Italy are dams, which regulate the flow of water
and raise the water level, forming a reservoir. Of all the barriers mentioned, dams cause a
significant change in the flow of the river and interrupt the transport of sediments; their
scarce presence in Italy should be a guarantee of greater continuity of the hydrographic
network and the protection of biodiversity, avoiding damage to the fish fauna and reduc-
ing the consequences in terms of ecological and hydrogeological risks. Despite being few,
dams provide a significant contribution in terms of water savings and reserves.

2.2. The NRL Targets for Freshwater Resources

The NRL is specifically designed to set binding targets for the recovery of the EU’s
terrestrial, freshwater, and marine ecosystems as part of the overall strategy envisaged by
the European Green Deal for climate neutrality by 2050 [28,43,44]. Regarding freshwater
resources, the NRL aims to restore aquatic ecosystems and improve river connectivity to
ensure a balance between environmental protection and sustainable use of water re-
sources. Notably, the NRL requires MSs to consider measures to achieve good
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quantitative, ecological, and chemical status of water bodies in accordance with the WFD?,
in addition to the removal of barriers to free-flowing rivers [45].

The NRL sets specific targets to be implemented progressively towards the full res-
toration of ecosystems across the EU. First, article 4 of the NRL requires that by 2030 at
least 30% of the total area of all habitat types that are not in good condition must be re-
stored: MSs must give priority to restoration in areas within the Natura 2000 network,
which is an ecological network encompassing the entire territory of the Union, established
in accordance with the Habitats [46] and Birds Directive [47] to ensure the long-term
preservation of vulnerable or rare habitats and species. By the conclusion of 2018, 30% of
Natura 2000 sites remained without conservation measures, management plans, or com-
parable instruments delineating conservation and restoration activities; among the 70% of
Natura 2000 sites possessing conservation measures and management plans, compliance
with EU criteria was frequently inadequate [35]. The same restoration measures must be
carried out on at least 60% of the same habitat types by 2040 and on at least 90% of these
sites by 2050, even if some derogations apply.

Article 9 (Restoration of the natural connectivity of rivers and the natural functions
of the associated floodplains) is the only provision of the NRL that establishes specific
restoration targets for SWBs tout court. Under this article, MSs are required to compile a
list of artificial barriers affecting the connectivity of SWB, considering their socio-eco-
nomic role. Moreover, MSs should identify which barriers should be removed to achieve
the restoration targets set out in Article 4, including the objective of restoring at least
25,000 km of rivers in the EU to a free-flowing status by 2030. In the process of barrier
removal, each MS shall give priority to the removal of obsolete barriers (i.e., those which
are no longer needed for renewable energy production, inland navigation, water supply,
flood protection, or other uses).

Similarly, to the above-mentioned implementation model for the 2023-2027 CAP re-
form, MSs will be required to draw up a National Restoration Plan (NRP) for the imple-
mentation of the NRL3. The NRP is the operational tool through which the NRL will be
implemented, translating the ambitious European objectives into concrete actions at the
national level. The plan should identify the specific areas to be restored and define the
restoration measures to be implemented. The drafting of the NRP requires the creation of
an inventory of existing river dams, with the goal of restoring the free flow of rivers. This
process also includes considering interventions in water infrastructure supported by the
Rural Development and Cohesion Policy; these will affect over 1600 km of water network,
of which 1200 km will be dedicated to adaptation and conversion measures aimed at re-
ducing losses and improving the efficiency of the irrigation network. Most of this water
will be left in watercourses to ensure a better supply to already irrigated areas (especially
during periods of water scarcity). Moreover, in the case of ecologically critical abstrac-
tions, they will ensure an effective reduction in abstractions contributing to the protection
objectives of the WFD and the objectives of the 2030 Agenda for Sustainable Development
[48,49]. Eventually, the NRPs will have to include the measures necessary to achieve good
quantitative, ecological, and chemical status of water bodies, as defined in the programs
of measures of the RBMPs, in accordance with the WFD.

2.3. Water Resources in the Context of the Reform of the Common Agricultural Policy (CAP)
2023-2027

In line with Reg. (EU) 2021/2115 [50], the Italian CAP Strategic Plan [51] provides a
result-oriented intervention strategy structured around the Strategic Objectives (SOs) of
the CAP 2023-2027 in accordance with the so-called new delivery model introduced in the
latest reform. Among the CAP objectives, the one which is most concerned with the pro-
tection and quality of water resources is SO5 “Promoting sustainable development and
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efficient management of natural resources such as water, soil and air, including by reduc-
ing chemical dependency”. The CAP Strategic Plan, under OS5, aims to reduce pollution
and environmental degradation caused by plant protection products and fertilizers, miti-
gate erosion and improve soil fertility, reduce water pollution, and protect air quality.
Actions include eco-schemes, sectoral interventions, and productive investments for rural
development, with a budget of €9 billion.

In this framework, Result Indicators (RI), included in the CAP Strategic Plans, are
used to set milestones and targets quantified by each MS in relation to the achievement of
the envisaged SOs. Planned interventions must contribute directly and significantly to the
result indicators to demonstrate the effectiveness of implementation. The SOs and the cor-
responding indicators are listed in Reg. (EU) 2021/2115. The Rls associated with the SO5
indicator are shown in Figure 1.

Environmental or
climate-related performance Improving and
through knowledge and protecting
innovation soils
R28 R19
Environmental or
climate-related performance R20 Improving air
through investment in rural R27 quality
areas
SO5

To foster sustainable

Investments development and efficient o1 Protecting water
related to natural R26 management of natural quality

resources

resources such as water,

soil and air, including by

reducing chemical
Environmental dependenCy Sustainable
performance R25 R22 nutrient
in the livestock sector management
R24 R23
Sustail(;ablez{ and Sustainable
reduce water use

use of pesticides

Figure 1. SO5—Promote sustainable development and efficient management of natural resources
such as water, soil and air. Source: Reg. (EU) 2021/2115.

The RIs most closely related to the protection of water resources are R21 “Protect
water quality”, R23 “Sustainable Use of Water”, and R26 “Natural Resources Invest-
ments”. The R21 indicator sees a fundamental contribution from commitments relating to
the grassing of tree crops and specific measures for pollinators, as well as the management
of permanent meadows and pastures, and support for organic farming. There are many
commitments financed by rural development in the field of environment and climate that
can contribute to the protection of water quality. Reference is made to integrated produc-
tion, reduced soil tillage techniques, grassing of tree crops, conversion of arable land to
meadows and pastures, afforestation/afforestation systems on non-agricultural land, non-
returnable crops ecological corridors ecological strips, reduction of the use of pesticides,
specific commitments for the sustainable use of nutrients, precision farming practices, set-
aside of arable land from production.

The R23 indicator derives from the estimate of the surfaces used for the grassing of
tree crops, the surfaces with reduced soil tillage techniques and the surfaces that adopt
precision agriculture practices. The indicator includes specific commitments for the
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sustainable use of water and the greening of tree crops. The R26 indicator aims to capture
operations linked to natural resource management within the framework of productive
investments for farm competitiveness, environmental, climate, and animal welfare im-
provements, and non-productive agri-environmental investments.

Most of the interventions related to these indicators fall within the agri-forestry-cli-
mate-environmental management measures foreseen in the European Agricultural Fund
for Rural Development* (EAFRD) interventions. The new CAP provides various instru-
ments for water management, including agri-environmental measures, investments con-
tributing to environmental objectives, and investments for irrigation (article 74), which
are in line with the WFD [38].

In light of the discussion, it is necessary to apply a methodology to assess all CAP
SOs and their connection with NRL targets.

3. Materials and Methods

The goal of this paper is to compare the CAP 2023-2027 SOs, reflected in the Italian
CAP Strategic Plan, with the targets established by the NRL for the restoration of natural
ecosystems with a particular focus on the restoration of freshwater resources, assessing
their potential synergies, gaps, and challenges. To conduct this research, a systematic ap-
proach was adopted, based on the selection of a homogeneous set of objects of the same
type (cases) and noting their status with respect to specific properties, which were trans-
formed into variables through operational definitions [52].

Methods

The information acquisition process was implemented through a systematic and
structured approach, following the methodological framework described previously.
Each phase of the process was carried out with specific resources, criteria, and procedures
aimed at ensuring accuracy, transparency, and replicability. The following sections pro-
vide a detailed account of the reporting phase.

(1) Identification of normative texts subject to analysis.

The first phase consisted in the selection of the legislative texts relevant to the re-
search objectives. This was achieved through a systematic review of key regulatory docu-
ments at both the European and national levels.

Sources and selection criteria:

- European Union Legislation: Regulation (EU) 2021/2115 on the CAP Strategic Plans
and Regulation (EU) 2024/1991 on NRL);

- National Legislation: The Italian CAP Strategic Plan was obtained from the official
website of the Italian Ministry of Agriculture.

Inclusion criteria were derived inductively from the actual selection process and re-
flect the operational assumptions that guided the identification of relevant documents.

(2) Identification of keywords in the NRL targets.

The second phase involved extracting keywords from the objectives set out in the
NRL. A textual analysis of the regulation’s content was conducted to identify central
themes and concepts.

Procedures:

- The text of the NRL was examined article by article.

- Key expressions and concepts (e.g., “ecosystems”, “restoration”, “habitats”) were
identified through manual annotation;

- The frequency, recurrence, and thematic relevance of each term were assessed to de-

termine its inclusion.
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- Astructured list of keywords was compiled and organized by thematic cluster (Table

1).

Table 1. Keywords identified in the NRL.

NRL Article NRL Targets Keywords
Restoration of terrestrial, coastal and freshwater Ecosystem
ecosystems. Natura 2000
Member States shall put in place the restoration Directive 92/43/EEC
measures that are necessary to improve to good
. condition areas of habitat types listed in Annex I
Article 4

Restoration of terrestrial, coastal and
freshwater ecosystems

which are not in good condition.

Such restoration measures shall be put in place by

2030 on at least 30% of the total area of all habitat Directive 2009/147/EC
types listed in Annex I that is not in good condition.

By 2040 on at least 60% and by 2050 on at least 90%

of the area of each group of habitat types listed in

Annex I that is not in good condition.

Article 5
Restoration of marine ecosystems

Restoration of marine ecosystems.

Member States shall put in place the restoration
measures that are necessary to improve to good
condition areas of habitat types listed in Annex II
which are not in good condition.

Such restoration measures shall be put in place by
2030 on at least 30% of the total area of groups 1 to 6
of the habitat types listed in Annex II that is not in
good condition.

By 2040 on at least 60% and by 2050 on at least 90%
of the area of each of the groups 1 to 6 of the habitat
types listed in Annex II that is not in good condition.
By 2040 on at least two thirds of the percentage
referred to in point (d) of this paragraph of the area
of group 7 of the habitat types listed in Annex II that
is not in good condition.

Marine

Article 6
Energy from renewable sources

Energy from renewable sources.

The planning, construction and operation of plants

for the production of energy from renewable Energy; renewable
sources are presumed to be in the overriding public

interest.

Article 7
National defence

National defense.
Member States may exempt areas used for activities National defence
the sole purpose of which is national defense.

Article 8
Restoration of urban ecosystems

Restoration of urban ecosystems.

By 31 December 2030, Member States shall ensure

that there is no net loss in the total national area of Urban
urban green space and of urban tree canopy cover in

urban ecosystem areas.

Article 9

Restoration of the natural connectivity of rivers.
Member States shall make an inventory of artificial

Restoration of the natural connectivitybarriers to the connectivity of surface waters. Connectivity; rivers; water;

of rivers and natural functions of the
related floodplains

Member States shall remove the artificial barriers to  barriers; water bodies;
the connectivity of surface waters identified in the
inventory.
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Restoration of pollinator populations.

Article 10 Member States shall improve pollinator diversity .
. . . . . . Pollinators
Restoration of pollinator populations and reverse the decline of pollinator populations at
the latest by 2030.

Agriculture; butterfly;

Restoration of agricultural ecosystems . !
& y bird; cropland; organic;

Article 11 Member States shall put in place the restoration

. . .. L carbon; landscape;
Restoration of agricultural ecosystemsmeasures necessary to enhance biodiversity in

biodiversity; soils;

agricultural ecosystems. .
& Y rewetting; peatland

Restoration of forest ecosystems.

Article 12 Member States shall put in place the restoration Forest; organic carbon;
Restoration of forest ecosystems measures necessary to enhance biodiversity of forest climate; tree
ecosystems.
Planting three billion additional trees.
Article 13 Member States shall aim to contribute to the Forest; organic carbon;
Planting three billion additional trees commitment of planting at least three billion climate; tree

additional trees by 2030 at Union level.

Source: Authors’ elaboration.

(38) Systematic review of the Italian CAP Strategic Plan using keywords.

In the third phase, the Italian CAP Strategic Plan was systematically reviewed using
the previously identified keywords as reference points. The goal was to map the presence
and relevance of these keywords within the Strategic Plan.

Implementation:

- The full document was analyzed using digital search functions to locate keyword
occurrences;

- Each occurrence was contextualized to verify its substantive relevance to NRL tar-
gets, rather than simple terminological presence;

- This phase allowed for the preliminary identification of potentially relevant interven-
tions.

(4) Identification of relevant interventions in the CAP Strategic Plan.

Following the keyword search, interventions explicitly linked to the identified terms
were extracted from the CAP Strategic Plan.
Operational Steps:
- Allinterventions containing at least one relevant keyword were compiled;
- For each intervention, the surrounding text was reviewed to assess thematic align-
ment with NRL targets;
- Interventions were included only if the keyword appeared in a context directly re-
lated to ecosystem restoration, biodiversity, or nature protection;

This process resulted in a subset of CAP interventions for in-depth analysis.
(5) Analysis of objectives, outcome indicators, and financial allocations.

Each intervention selected in the previous phase was subjected to a detailed analysis
focused on three core components:

- Associated CAP SOs: The specific policy goal addressed by the intervention;

- Results indicators (RI): the expected results and measurement metrics provided
within the CAP documentation;

- Financial allocation: the monetary resources allocated to the intervention.

(6) Creation of the comparative matrix (Table 2).
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A comparative matrix was constructed to analyze the synergies between CAP objec-
tives and NRL targets.
Structure of the matrix:

- Rows: represent the specific objectives of the CAP (501, SO2, ..., SOn);

- Columns: represent the targets of the NRL (Art. 1, Art. 2, ..., Art.n);

- Cells (Dx,y): indicate whether a synergy exists between objective x and target y,
based on the presence and characteristics of relevant interventions.
Criteria for Assigning Synergies:

- Number of interventions linked to a given NRL target;

- Financial weight of the intervention within the CAP Plan;

- Relevance and strength of outcome indicators;

- Qualitative assessment of the contribution to NRL objectives, based on alignment
with the regulation’s strategic vision.

The matrix provided a structured and comparable overview of the connections be-
tween agricultural policy interventions and environmental restoration goals, serving as a
central tool for qualitative analysis and interpretation. This comprehensive approach al-
lowed for the identification of synergies, mismatches, and areas for policy improvement
in the intersection between the CAP and the NRL.

Table 2. Comparative matrix: SOs of the CAP 2023-2027 and the NRL targets.

Specific Objectives CAP (SOs)

NRL Targets
Art.4 Art.5 Art.6 Art.7 Art.8 Art.9 Art.10 Art.11 Art.12 Art. 13

SO1 To ensure a fair income for farmers v

S0O2 To increase competitiveness v v v

S0O3 To improve the farmers’ position in the value chain v v

S04 Climate change action v v v v v
SO5 Environmental care v v v v v v
SO6 To preserve landscapes and biodiversity v v v v v
SO7 To support generational renewal

SO8 Vibrant rural areas v v v v

SO9 To protect food and health quality v v v

5010 Fostering knowledge and innovation v v v v v v v

Source: Author’s elaboration based on Marradi (1980) [51].

4. Results and Discussions

The comparative matrix analysis facilitated an evaluation of the synergies and gaps
between the NRL targets and the CAP 2023-2027 objectives. Notably, thanks to the
adopted methodology (keywords identification and in-text review), a two-tiered analysis
was conducted: first, an overview was provided to asses the alignment between the CAP
SOs and the NRL targets; second, the focus shifted to the Italian scenario highlighting the
alignment between the already-discussed NRL targets, on one side, and the interventions
envisaged by the Italian CAP Strategic Plan regarding freshwater resources, on the other.

4.1. The Alignment Between the NRL Targets and the CAP 2023-2027 Objectives

A strong alignment is identified between CAP’s environmental sustainability objec-
tives—504, SO5, and SO6° (green rows in Table 2) —and key objectives of the NRL (see
Table 1). These CAP objectives, which focus on efficient natural resource management,
biodiversity preservation, and climate change mitigation, exhibit significant interconnec-
tions with Article 4 of the NRL (Restoration of terrestrial, coastal, and freshwater ecosys-
tems). They also relate closely to Article 11 (Restoration of agricultural ecosystems) and
Article 12 (Restoration of forest ecosystems), which address the restoration of agricultural
and forest ecosystems, respectively. In particular, biodiversity conservation and habitat
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restoration emerge as crucial points of convergence between these frameworks. Further-
more, article 13 of the NRL, which aims to plant three billion additional trees, can be sup-
ported by CAP subsidies that encourage reforestation and the conversion of non-produc-
tive agricultural land into forested areas [58]°.

However, the analysis highlights certain misalignments regarding the economic sus-
tainability objectives of the CAP (gray rows in Table 2). In fact, the objectives related to
farmers’ income support, agriculture competitiveness, and the strengthening of farmers’
position in the value chain (501, SO2, SO3) have only a weak connection with the NRL
targets. The most significant, albeit weak, connection is identified between SO1 (which
envisages some income support to beekeepers in the form of direct payments) and Article
10 of the NRL (Restoration of pollinator populations), which addresses the decline of pol-
linators and their impact on agricultural productivity, particularly in beekeeping. Even-
tually, a weak connection is identified between the CAP social sustainability objectives
(orange rows in Table 2) —SO8 (Vibrant rural areas) and SO9 (To protect food and health
quality) and the NRL targets (notably, with articles 4, 6, 8, 11, 12). No connections are
found between SO7 (Generational Renewal) and any NRL targets.

This misalignment reflects a broader trend within the CAP 2023-2027 framework,
where economic sustainability objectives, particularly those aimed at enhancing farmers’
income and competitiveness (SO1, SO2, SO3), are often prioritized over social and, fore-
most, environmental goals [60-62]. As the EU Court of Auditors recently observed, the
CAP Strategic Plans for 2023-2027 are greener than those from the previous period, but
they fall short of meeting the EU’s climate and environmental ambitions, while also lack-
ing key elements needed to assess green performance [62].

Last, but not least, a crucial aspect of CAP’s contribution to the NRL restoration goals
is its cross-cutting objective on knowledge and innovation (OS10) (blue row in Table 2).
The dissemination of technical expertise and the adoption of innovative solutions are es-
sential for achieving sustainability and facilitating the transition towards improved water
management. This is particularly relevant to Article 9 of the NRL, which focuses on re-
storing river connectivity and floodplain functions. Without knowledge-sharing mecha-
nisms and technical support, these restoration goals would be difficult to achieve [34].
Innovation also plays a key role in optimizing water use in agriculture [63]. Technologies
such as precision irrigation, soil moisture sensors, and artificial intelligence applied to
river basin management can significantly enhance water conservation efforts [64]. Inte-
grating these advancements within the CAP framework could improve the effectiveness
of water restoration measures, ensuring a balance between agricultural productivity and
environmental sustainability.

Several CAP-supported agricultural practices contribute directly to the NRL's goals,
particularly in Natura 2000 sites, which benefit from sustainable land management strat-
egies aimed at conserving biodiversity [65]. Farmers operating in these areas can receive
financial compensation for adhering to conservation restrictions. The NRL sets specific
restoration targets for protected areas, and properly aligned agricultural practices can
contribute to improving their ecological quality. For example, restoring wetlands within
agricultural lands can enhance biodiversity and water retention, offering mutual benefits
for both agriculture and nature restoration [27,32].

Other examples of synergies between the CAP-supported agricultural practices to
NRL targets in Italy can be found in the case of the so-called “Bio-distretti” (“Eco-Re-
gions”, in English), which operate in almost every Italian region. Eco-Regions represent
an innovative form of territorial governance in which citizens, institutions, farmers and
other actors in the agricultural chain enter into a pact for sustainable land management,
according to the principles of organic farming [66,67]. Experiences such as the Lazio Eco-
Regions demonstrate the effectiveness of integrating the CAP with local initiatives in
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favoring production models with a low environmental impact, with particular attention
to the protection of aquatic ecosystems and biodiversity [68)]. For example, several or-
ganic farms in the Tuscia and Sabina areas (Lazio region) are already applying conserva-
tive soil management and low-consumption irrigation practices, combined with the crea-
tion of on-farm wetlands and rainwater harvesting basins, in line with the objectives of
the NRL. These experiences show how the coordinated application of agricultural and
environmental policies can lead to concrete solutions to mitigate the effects of climate
change, promote ecological connectivity and ensure efficient management of water re-
sources, while increasing agricultural incomes and territorial resilience.Despite all these
actual and potential synergies, the comparative analysis also reveals the NRL targets that
remain outside the CAP’s scope. For instance, the restoration of marine ecosystems (article
5) falls outside the CAP (and under the Common Fisheries Policy instead), and measures
related to national defense do not intersect with CAP objectives. Nevertheless, establish-
ing strong synergies between agriculture and biodiversity restoration remains essential
for achieving the Green Deal’s ambitious sustainability goals. To this end, EU Member
States must ensure that their National Restoration Plans align with the CAP Strategic
Plans, reinforcing the interconnectedness of agricultural and environmental policies’.

Besides, we highlighted how recent CAP initiatives have demonstrated just a limited
commitment to the greening of agriculture [39,62]. In this regard, to ensure effective im-
plementation, an integrated monitoring system between the CAP and NRL is recom-
mended. CAP requires continuous evaluation of its environmental measures, while the
NRL relies on data to track ecosystem restoration progress. A joint monitoring approach
could assess improvements in agricultural areas contributing to nature restoration, green-
house gas emissions, and biodiversity levels. Advanced technologies such as satellite im-
agery, drones, and environmental sensors could enhance the accuracy and reliability of
ecosystem monitoring. Additionally, digital platforms could facilitate data-sharing
among institutions, farmers, and researchers, improving coordination and decision-mak-
ing [69].

In summary, the integration of CAP and NRL policies presents an opportunity to
promote sustainable agriculture [70]. A key factor in successful implementation is the ac-
tive involvement of local communities and farmers, ensuring that restoration measures
and sustainable water management strategies are tailored to regional needs. Strengthen-
ing collaboration between agricultural stakeholders and environmental policymakers will
be essential in achieving the long-term sustainability goals of both the CAP and the NRL.

4.2. A Focus on Italy: Assessing the Alignment Between the National CAP Strategic Plan and
the NRL Targets for Freshwater Resources

As foreseen in the afore-mentioned Reg. (EU) 2021/2115, the CAP Strategic Plans for
the 2023-2027 programming period address the issue of water protection under the SO5
(“Promoting sustainable development and efficient resource management”), with refer-
ence to the specific issues of both quantity (making the use of water resources in agricul-
ture efficient and sustainable) and quality (protecting surface and deep waters from pol-
lution). The CAP Strategic Plan defined by Italy for the period 2023-2027 supports sus-
tainable water management through the financing of investments (SRD), both at farm and
non-farm level, and through the programming of the use of resources for agri-environ-
mental commitments (ACA) and compensatory payments (SRC) that have a positive im-
pact on the use of water resources. Among these interventions, the only one fully dedi-
cated to water resources is the SRA 02 ACA 2 (Specific commitments for the sustainable
use of water), which responds to two SOs of the CAP 2023-2027: SO4 (Contributing to
climate change mitigation and adaptation, including by reducing greenhouse gas emis-
sions and enhancing carbon sequestration, and promoting sustainable energy), and the
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just-mentioned SO5 [38]. The intervention, therefore, contributes to the management op-
timisation of available irrigation volumes, and it also promotes farmers' active role in
adapting to climate change by adapting irrigation practices (volumes and irrigation times)
to actual weather patterns and climate change-related variability. This intervention of the
Italian CAP Strategic Plan aims to promote sustainable water management in agriculture.
The objective is to reduce water wastage and improve the adaptation of farms to the effects
of climate change through the introduction of innovative systems that support the farmer
in irrigating according to actual crop needs. The commitment was foreseen in the Rural
Development Complements 2023-2027 by six out of the twenty Italian regions (Calabria,
Campania, Lazio, Toscana, Umbria, and Veneto) with specific adaptations to the territorial
needs. It provides for an annual payment to farmers who voluntarily commit to advanced
water management practices. These practices consist of the use of expert systems for cal-
culating the soil-plant-atmosphere water balance that estimate the irrigation volumes
needed for each crop according to the phenological phase and seasonal climatic condi-
tions. These tools allow a sustainable use of water, ensuring efficiency in both the volumes
delivered and the timing of irrigation interventions.

Several commitments are required from the beneficiary. First of all, water must be
withdrawn according to regionally defined irrigation methods from authorised sources
such as surface networks or groundwater tables, and high-efficiency irrigation systems
such as micro-irrigation or sprinkling must be used, excluding low-efficiency systems
such as run-off or lateral infiltration from furrows. Each plot must be equipped with a
farm meter to monitor the irrigation volumes distributed. In addition, the farmer must
subscribe to a regional web-based irrigation assistance system that provides indications
on the volumes to be administered and the timing of interventions. The volumes actually
distributed must comply with the system’s indications, and irrigation operations must be
supervised to avoid malfunctions. Each intervention must be accurately recorded, includ-
ing dates of sowing, harvesting, and all irrigations carried out. Records must be kept in
digital or paper format. Then, adhesion to the measure involves specific eligibility criteria.
Individual and associated farmers or public bodies managing agricultural holdings may
join, but the regions have established additional requirements, such as the minimum area
under commitment in relation to the farm area and the list of eligible crops. Eligible crops
vary according to the regional context and range from horticultural and floricultural crops
to irrigated arable land, fruit, olive trees, and vines.

At the regional level, intervention is implemented in a differentiated manner. In the
Calabria Region, for example, horticultural, floricultural, arboreal, and irrigated arable
crops are eligible, and all selection criteria are applied to favour environmental effective-
ness. The Lazio Region limits eligible crops to spring-summer arable crops, kiwi, and ha-
zelnuts, and focuses on vulnerable areas. The Region of Tuscany only includes species for
which irrigation assistance is available, with a focus on protected and Natura 2000 areas.
In the Umbria Region, intervention is only available for certain crops such as vegetables,
tobacco, and fruit. The Veneto Region activates the intervention only in the plain and hills,
in regional irrigation districts, with the obligation of drawing from the surface network
and excluding the water table. Each Region also establishes the amount of support, which
varies from a minimum of around 100 euros to over 800 euros per hectare per year, with
degressivity thresholds applied only in some Regions.

In sum, the SRA02—ACA 2 intervention aims to support the climate resilience of
agro-ecosystems, while contributing to the objectives of the WFD and the NRL by facili-
tating the transition to low water use production models. The expected impacts of its im-
plementation are:
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Active farmer participation. It encourages the adoption of monitoring and decision-
making systems based on climate data, promoting dynamic management of irriga-
tion volumes and times.

Optimisation of irrigation volumes. A structural reduction in agricultural water with-
drawals is envisaged through precision irrigation techniques and improved system
efficiency.

Climate adaptation. It will strengthen the ability of farms to respond to periods of wa-
ter stress and mitigate production losses due to drought and extreme weather events.
Contribution to biodiversity conservation. It reduced water abstraction and calibrated
water use limits pressure on aquatic ecosystems and promotes the conservation of
associated habitats.

On the other hand, some barriers to the SRA02—ACA 2 implementation are:

Limited access to initial investment. Modernising irrigation practices requires large fi-
nancial resources, which are not always available to small farms, especially in mar-
ginal or disadvantaged areas.

Low levels of digitalisation and technical skills. The transition to “data-driven” irrigation
practices requires advanced technical skills that not all farms have, especially in less
innovative areas.

Fragmented institutional coordination. The complex governance of water resources in
Italy involves multiple actors such as river basin districts, regional authorities, and
irrigation consortia.

Climatic variability and lack of data. The rapidity of meteorological changes and the lack
of local monitoring stations hinder the correct planning and calibration of irrigation
practices.

The following table (Table 3) summarizes the key impacts and the main obstacles

regarding the implementation of the intervention at the regional level:

Table 3. Key impacts and the main obstacles regarding the implementation of the SRA02—ACA 2

at the regional level.

Region Key Impacts Main Obstacles

Calabria Modernization of irrigation systems (drip and Difficulty for small businesses to access
meteorological monitoring); water efficiency improved. investment funds.

Campania Improved irrigation management in fruit and vegetable Fragmented farming sectors and low
farming; enhanced quality and yield. digital literacy.

. Impr.ove.d precision irrigation an.d.meteorologlcal Coordination challenges between water
Lazio monitoring; benefits for productivity and water
resource managers and farmers.

resources.

Toscana Infrastructure restoration and adoption of sustainable Bureaucratic barriers for small businesses
irrigation in viticulture and olive cultivation. to access funds.

Umbria Good adoption of irrigation techniques in cereals and Infrastructure maintenance challenges for
viticulture, integration with climatic models. secondary irrigation networks.

Veneto Advanced adoption of sensors and irrigation practices ~ Limited access to resources for small

in viticulture and specialized horticulture.

hilltop farms.

Source: Authors’ elaboration from the SWOT analysis before the drafting of the Italian CAP Strate-

gic Plan [71] and from the Italian CAP Strategic Plan [51].

Besides, the measure aligns with the agricultural actions provided for in the National
Plan for Adaptation to Climate Change (NPACC) [72], which aim to promote and
strengthen methods and practices for the rational use of water resources and to improve
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the adaptation of farms to climate change, reducing their vulnerability to the extreme
weather events that currently characterise the climate.

In general, the Italian CAP Strategic Plan and the NRL share several key objectives
regarding the sustainable management of water resources. Their synergies include:

e Sustainable irrigation practices. The CAP promotes efficient irrigation systems and pre-
cision agriculture to optimise water use in agriculture (SRA24 — ACA24 —Precision
farming practices), in line with the objectives of the NRL to reduce water extraction
from natural ecosystems.

e Restoration of agricultural wetlands. Both policies support the restoration of wetlands
and riparian zones to enhance biodiversity, improve water retention and mi,tigate
the effects of droughts and floods.

e Reducing agricultural pollution. The CAP includes measures to reduce nitrogen and
pesticide run-off, which complements the Nature Conservation Act’s aim to improve
water quality in rivers, lakes, and groundwater.

e Climate-smart agriculture. To promote agro-ecological approaches and soil conserva-
tion techniques helps to maintain the water balance in agricultural landscapes and
supports wider environmental restoration efforts.

By integrating the principles of the European Water Resilience Strategy [73]5, the
NRL and the Italian CAP Strategic Plan, the EU aims to create a more sustainable and
resilient agricultural and environmental framework to ensure the long-term availability
and quality of water resources. The European Water Resilience Strategy will establish a
comprehensive, multi-annual, cross-sectoral plan with key milestones set for 2030 and
2040. This strategy aims to ensure the sustainable management of water resources while
addressing water scarcity and promoting innovation in the water sector. The approach
will encompass both EU-wide and global actions, reinforcing Europe’s commitment to
water security and sustainability.

The primary goal of the European Water Resilience Strategy is to make Europe water-
resilient by implementing effective water management policies and tackling issues related
to water scarcity. The European Water Resilience Strategy aligns closely with the NRL,
which aims to restore degraded ecosystems, enhance biodiversity, and mitigate climate
change effects. The intersection between the two policies is outlined below.

e Ecosystem-Based Water Management: Both strategies emphasize the importance of re-
storing wetlands, rivers, and floodplains to improve natural water retention, reduce
flood risks, and enhance water purification.

e Biodiversity Conservation: Healthy aquatic ecosystems contribute to biodiversity
preservation. The restoration of natural habitats under the NRL will support the
goals of the Water Resilience Strategy by ensuring sustainable water bodies and im-
proved ecological conditions.

o Climate Change Adaptation: The integration of nature-based solutions, such as refor-
estation and wetland restoration, will enhance resilience to droughts and extreme
weather events, contributing to both water security and broader environmental sus-
tainability.

o Circular and Sustainable Water Use: By promoting water reuse and reducing pollution,
the Water Resilience Strategy complements the objectives of the NRL, ensuring that
water ecosystems remain viable and productive for future generations.

The European Water Resilience Strategy will serve as a crucial step towards securing
water resources for future generations, supporting economic growth, and enhancing en-
vironmental sustainability in the EU and beyond.

5. Conclusions
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The CAP plays a fundamental role in the sustainable management of natural re-
sources, such as water and soil, which are essential for ecosystem restoration and for the
achievement of the ambitious targets of climate neutrality set by the European Green Deal.
Protecting these resources is crucial not only for the continuity of agricultural activities
but also for the health and resilience of terrestrial and aquatic ecosystems. Agricultural
practices that reduce chemical inputs contribute significantly to improving water and soil
quality, thus supporting the recovery of degraded ecosystems and biodiversity. Sustaina-
ble soil and water management, particularly through efficient irrigation and agroecologi-
cal practices, also enhances climate resilience by stabilizing the water cycle and preventing
soil erosion.

The CAP aligns with the NRL in its aim to halt and reverse biodiversity loss by sup-
porting sustainable agricultural practices and ecosystem restoration activities. The strong
alignment between CAP objectives SO4, SO5, and SO6 with key NRL targets, particularly
those related to terrestrial, agricultural, and freshwater ecosystem restoration, under-
scores CAP’s role in addressing environmental challenges such as climate change, natural
resource management, and biodiversity loss. Moreover, CAP funding mechanisms, in-
cluding subsidies for reforestation and the conversion of non-productive agricultural land
into forests, directly support initiatives such as NRL’s goal to plant three billion additional
trees. However, economic sustainability objectives of the CAP (SO1, SO2, and SO3) exhibit
only weak connections with the NRL targets, with the most notable link being CAP’s lim-
ited income support for beekeepers, which aligns with NRL’s focus on pollinator restora-
tion.

Despite CAP’s substantial budget allocation for environmental sustainability, with
approximately 40% dedicated to green initiatives, challenges remain in local implementa-
tion. Some restoration measures may face resistance from farmers who perceive them as
constraints to productivity. Financial incentives, training programs, and knowledge dis-
semination are therefore essential to ensure that sustainability goals are met without com-
promising agricultural profitability. Notably, CAP’s cross-cutting objective on knowledge
and innovation (SO10) is crucial for facilitating the transition to sustainable water man-
agement. Advanced technologies such as precision irrigation, soil moisture sensors, and
Al-driven river basin management can optimize water use and enhance conservation ef-
forts. Another hurdle lies in the implementation of the environmental commitments en-
visaged by the CAP and the NRL, namely the area where an enhanced alignment is highly
desirable in view of the climate neutrality targets set by the Green Deal. In fact, it must be
highlighted how, thanks to the high degree of decentralization and flexibility envisaged
by the new delivery model of the CAP 2023-2027, a relevant part of the actual environmental
ambition largely depends on MS’s implementation choices and on farmers” voluntary
measures. Therefore, without stringent guidelines, monitoring, and accountability, there
is a risk of minimal environmental progress.

Looking at the Italian context, the CAP Strategic Plan 2023-2027 incorporates inter-
ventions for sustainable water management, aligning with the NRL’s freshwater resource
restoration goals. The integration of these policies under the European Water Resilience
Strategy can enhance long-term water security and sustainability, supporting ecosystem-
based water management, biodiversity conservation, and circular water use. In Italy, par-
ticular emphasis should be placed on restoring internal aquatic ecosystems, such as river
networks, wetlands, and freshwater habitats, which play a critical role in maintaining wa-
ter quality and biodiversity. Efforts to reduce nitrogen and pesticide runoff, as well as
initiatives to restore riparian zones and floodplains, are essential for improving the resili-
ence of Italy’s freshwater ecosystems.

Ensuring greater synergy between infrastructure, environmental, and agricultural
policies is essential. Investments in multi-purpose reservoirs, renewable energy
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integration, and governance innovations can optimize water resource management. The
restoration of river ecosystems, a key priority under the NRL, requires an integrated ap-
proach addressing pollution, habitat degradation, and hydrological modifications. Italy
must also prioritize the protection and rehabilitation of internal aquatic ecosystems, en-
suring that river connectivity projects align with broader sustainability goals.

To conclude, this study represents a first effort in analyzing the potential synergies
between the CAP 2023-2027 and the NRL. Their integration presents an opportunity to
transition towards an agricultural model that maintains productivity while preserving
natural capital. Achieving the Green Deal’s sustainability goals requires enhanced collab-
oration among policymakers, farmers, and environmental stakeholders to implement ef-
fective restoration strategies. By aligning agricultural and environmental policies, the EU
can promote biodiversity conservation, climate resilience, and sustainable water resource
management, ensuring the long-term viability of both farming and natural ecosystems.
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Notes

Website of the project: https://amber.international/.

Cfr. Whereas (66) of the Nature Restoration Law.

Cfr. Articles 14-19 of the NRL.

The European Agricultural Fund for Rural Development (EAFRD) supports rural development across EU countries as part of
the CAP. It promotes sustainable land use, environmental protection, rural diversification, and modernization of agriculture.
Special focus is given to climate action and support for young farmers.

Within the CAP 2023-2027, OS1 (to ensure a fair income for farmers), OS2 (to increase competitiveness), OS3 (to improve the
position of farmers in the food chain) concern economic sustainability. OS4, OS5, OS6, discussed above, concern environmental
sustainability. While OS7 (to support generational renewal), OS8 (vibrant rural areas), and OS9 (to protect food and health
quality) represent the social sustainability targets. Cf. [53-57].

Cf. also the recent EU Regulation on Deforestation-free Products, Reg. (EU) 2023/1115 [59].

This is explicitly stated by Art. 14, para. 14, letter (h) of the NRL, as well as by Art. 15, para. 5, which prescribes that each
National Restoration Plan shall include “an overview of the interplay between the measures included in the national restoration
plan and the national CAP strategic plan”.

The Water Resilience Strategy is a series of initiatives and policies aimed at ensuring the sustainability and efficient management

of water resources in Europe, particularly addressing challenges related to climate change, water scarcity, and pollution.
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