
4. Results

Stakeholder-Driven Prioritisation of Nature-Based Solutions in a Volcanic Lake Basin

5. Conclusions &
Future Outlook
· Stakeholder mapping revealed a system 
dominated by public institutions and agricultural 
actors, with strong implementation potential but 
uneven participation.

· PMCA results showed a clear preference for 
restoration-oriented NBS, combining high 
ecological performance with broad stakeholder 
support.
· The Nature trail option occupies a second 
position, reflecting its perceived potential to 
integrate ecological restoration with local 
development and recreational value.
· Grassing optimisation emerges as an 
intermediate solution, 
· BAU is generally deprioritised in the collective 
ranking.

· Engaging individual farmers and the broader 
local community remains challenging.

Next step :
· Quantitative modelling of NBS : 
· spatial and temporal modelling to assess where 
NBS are most effective
· Implementation of the shared NBS 

The analysis identified 34 stakeholders, revealing a complex socio-ecological system with strong

institutional influence.

 Key Actors (41.2%) High interest & influence (e.g. Natural Reserve, agricultural associations,

University of Tuscia). → Main drivers of NBS implementation

 Strategic Actors (35.3%) High influence, lower engagement (mainly public institutions and key

agricultural sectors). → Crucial for regulation and nutrient management

 Supportive & Peripheral (23.6%) NGOs, local communities, small private actors. → Essential

for social acceptance and long-term success

Sectoral relevance:

Public institutions (35.3%) and agriculture (26.5%) dominate.

Social & Economic Challenges:
The landscape is dominated by hazelnut cultivation, a deeply
rooted cultural heritage and economic pillar that exerts
significant pressure on the aquatic ecosystem. The
coexistence of a Natural Regional Reserve with agricultural
activities creates trade-offs between ecological protection and
local livelihoods.

Distribution of stakeholder preferences

 Restoration shows the highest and most

consistent scores

 Nature Trail presents high variability

(divergent views)

 Grassing Optimization shows

intermediate agreement

 BAU consistently receives low scores

Overall TOPSIS scores by management alternative. Points represent individual respondents;

boxplots summarise the distribution of scores across completed respondents.

Distribution of normalised importance weights assigned to the four Returns (Natural, Social, Financial and

Inspirational) by completed respondents (n = 25). Violin plots represent the overall distribution of weights,

while boxplots indicate median values and interquartile ranges.

Criteria Weighting:

Natural Return is the top priority (highest median

score), although it shows the greatest variability,

reflecting differing levels of environmental awareness.

Social Return receives a consistent, intermediate rating;

there is a strong consensus on its importance.

Financial & Inspirational Returns, although considered

relevant, they have been given lower weightings,

suggesting that the protection of the ecosystem and

social cohesion are seen as prerequisites for

economic sustainability
.

Final Prioritisation

Stakeholder identification
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Environmental issues

PMCA Results: priorization of NBS

Source: official ARPA Lazio database (SIRA)

Source: official ARPA Lazio database (SIRA)
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Degradation of

Ecosystem

Soil erosion

Most relevant land use

Hazelnut groves: area

covered = 35%

Tree cover: area

covered = 42%

Chestnut groves: area

covered = 8 %

Urban area : 2%

TOPSIS scores by stakeholder type. Dots represent respondent-level scores; horizontal bars indicate the

within-group median for each management alternative.

Normalised importance weights assigned to the four Returns by stakeholder type. Circles represent

individual respondents, bars indicate the interquartile range (IQR), and diamonds show the median

weight for each criterion for each stakeholder group.

Final aggregated ranking of management alternatives obtained through BORDA aggregation of

respondent-level TOPSIS rankings. Bars report each alternative’s score expressed as a

percentage relative to the highest-ranked option (Environmental conservation and restoration

actions = 100%).

pDSS structure

2. Weighting of assessment criteria

PDSS stakeholder
survey in Italian

3. Methodology:

Landscape Partnership creation:

• Stakeholder mapping

•Workshops & social (Facebook group) to
align science with place-based
knowledge and sharing information

Participatory Multi-criteria Analysis 

(PMCA)

• co-creation and co-evaluation of

NBS scenarios using the 4

Returns Framework and a dedicated 

Decision Support System (pDSS)

Results

• Enhanced Community of Practice

• Prioritised NBS: Socially accepted and
biophysically effective restoration
pathways for Lake Vico.

Objective

This first phase serves as the foundation

for collaborative governance by

fostering trust, transparency, and

shared ownership of the restoration

processes.

Stakeholder Mapping Process
1. Initial Mapping (Jan–May 2025): All relevant stakeholders were
identified, considering both those located within the
catchment and those outside but exerting influence over it.

The mapping was conducted in multiple iterations,
systematically recording each stakeholder’s name, contact
details, email, and a short description of their role.

Stakeholder Mapping Process
2. Scoring and Validation: Each stakeholder was positioned
in the matrix by assigning a score from 1 (low) to 5
(high) for both their interest in the project and their
capacity to influence its outcomes.

The scoring was discussed and jointly validated by all
authors, incorporating feedback from stakeholders.

Workshops & social (Facebook group)

to align science with place-based knowledge and sharing
information

2 workshops in presence (May25 and Nov25)

1 Facebook group (97 members)

EVALUATION MATRIX

Freshwater ecosystems are increasingly affected by nonpoint source
pollution driven by intensive land use, creating trade-offs between
agricultural production and ecosystem conservation. While Nature- Based
Solutions (NBS) such as buffer strips, cover crops, and retention basins offer
effective strategies to mitigate these pressures, their success depends not only
on biophysical performance but also on stakeholder acceptance, long-term
maintenance, and social feasibility. Growing evidence shows that participatory
approaches are essential to enhance the adoption, scalability, and durability of
NBS.

Within the framework of the Horizon Europe EUROLakes project, this study
presents a case application of a participatory decision-making approach in
a lacustrine system (Lake Vico), combining the 4 Returns Framework (Natural,
Social, Economic, Inspirational) with Participatory Multi-Criteria Analysis
(PMCA). The approach integrates stakeholder mapping, co-evaluation of
alternatives, criteria weighting, and multi-criteria aggregation to move beyond
purely technical assessments.

The objective is to demonstrate how structured science–society interaction can
support the co-design and prioritisation of NBS while simultaneously fostering a
community of practice. By integrating diverse knowledge systems and
stakeholder perspectives, the process enables the identification of more
shared, context-adapted solutions and strengthens the conditions for their
effective implementation within complex socio- ecological systems

2. Study Area: Lake Vico Basin

Alternatives arranged in columns
Criteria (the 4 Returns) arranged in rows
Each cell represents the expected performance of an 
alternative against a criterion
Participants assessed each alternative using a 5-point 
Likert scale: 
1 = very low contribution    5 = very high contribution

1. Qualitative assessment phase

Weights were normalised (Σ=1) and alternatives evaluated using TOPSIS (Technique 
for Order Preference by Similarity to Ideal Solution) method to generate an individual 
ranking. Individual rankings were aggregated via the Borda rule.

1. Background and objective


