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This first phase serves as the foundation 1. Initial Mapping (Jan—May 2025): All relevant stakeholders were 2. Scoring and Validation: Each stakeholder was positioned to align science with place-based knowledge and sharing .
f \ for collaborative governance by identified, considering bo'Fh those Iocsateo! within the - in the matrix by assigning a score from 1 (low) to 5 information - Stakeholder mapping revealed a system
Landscape Partnership creation: fostering  trust, transparency, and catchment and those outside but exerting influence over it. (h|gh). for thPI their . interest in the project and their 2 workshops in presence (May25 and Nov25) dominated by public institutions and agricultural
4« shared ownership of the restoration The mapping was conducted in multiple iterations, capacity .to n uenc.e s outcomt?s.. . book ( b orAn actors, with strong implementation potential but
. . . e Stakeholder mappin systematically recording each stakeholder’s name, contact The scoring was discussed and jointly validated by all 1 Facebook group (97 members) gixs uneven participation.
Freshwater ecosystems are increasingly affected by nonpoint source 0% PPINg roesses' J w&;tails emaiT nd ashgrt SesEien efEhely ol J@thors, incorporating feedback from stakeholders. j k ket j P P
pollution driven by intensive land use, creating trade-offs between 'VI\_’O"kShOPS_ & social (!:aEEbOOkI 8r0pr) tg PMCA e showed a cl . .
agricultural production and ecosystem conservation. While Nature- Based ﬁ'gnl dsuencae h with ¢ pacc}ecj 25 results showed a clear preterence tor
: : : : nowleage and sharing information restoration-oriented NBS, combining high
Solutions (NBS) such as buffer strips, cover crops, and retention basins offer coical perf  broad stakehold
effective strategies to mitigate these pressures, their success depends not only DSS ecological perrormance with broad stakeholder
_ | ., _. structure t
on biophysical performance but also on stakeholder acceptance, long-term @ '1 Formulate alternative O P support.
maintenance, and social feasibility. Growing evidence shows that participatory solutions to the current ﬁm“rg':;"mmmp & Stake:'°'de"i""°""fme"t cq - - The Nature trail option occupies a second
' ' il il Ll sl 1. Qualitative assessment phase 2. Weighting of ment criteri osition, reflecting its perceived potential to
approaches are essential to enhance the adoption, scalability, and durability of Particibatorv Multi-criteria Anal Sﬁ = feasibility. according to criteria _ . - Yveigniing or assessment criteria P ’ gItsp P
NBS. r P Y y Current Management (BAU) Experts Consulted AIternat(w;]es arranged ;n C0|Umf(115 _ __ integrate ecological restoration with local
L . . : — . ined | ~ <A ist How ? Criteria (the 4 Returns) arranged in rows L ) :
Within the framework of the Horizon Europe EUROLakes project, this study = (PMCA) Plan (PUA), including Sponiancous gracsing  Exoorte with direct knowledze of e ; The 4 Returns Framework as core criteria dimensions development and recreational value.
. . . ] _ = and erosion control practices P ! g R - Each cell represents the expected performance of an : : _ . .« ..
presents a case application of a participatory decision-making approach in . : . N the Lake Vico context PDSS : . . Used to weight and evaluate the alternatives Grassing optimisation emerges as an
. . . . * co-creation and co-evaluation of 2. Grassing Optimization « Natural Reserve authorities N o alternative against a criterion Stakeholders assigned weights to each Return based on their priorities i di luti
a lacustrine system (Lake Vico), combining the 4 Returns Framework (Natural, ) I _ , + Battar management of vegetative cover Particinant d each alternative using a 5-point . 8 g B Intermediate solution,
) ) ) ) ) . . . . . . NBS scenarios using the 4 hazelnut groves to intercept runoff during Share and Assess Feasibility artiCipants assessed €ach alternative using a >-poin Weighted scores were aggregated to rank the alternatives. . T . .
Social, Economic, Inspirational) with Participatory Multi-Criteria  Analysis o o] o1 o ’ critical periods. « Technical Feasibility pDSS, an online participatory ke ceales . BAU is generally deprioritised in the collective
. . . Returns Framework and a dedicate 3. Environmental Conservation . ; e interface developed to facilitate ’ . . . . . ™\ :
(PMCA): The _ al?proac_h .|ntegrates stz.akeholc-:ler Mapping, co-evaluation of . .Dry stone walls, vegetated buffer strips, ECO_”°”"C fe??'b"'ty remote completion of structured 1 = very low contribution 5 = very high contribution | “éat“:f‘t' 't‘et“""s . i e ranking.
alternatives, criteria weighting, and multi-criteria aggregation to move beyond Decision Support System (pDSS) rtenion besns, and restoation o ipaian -+ Social Feasibility PMCA questionnaires. SNt to ecosystens, D10 iversity and natural capita N
i I Selected alternative : pDSS allows stakeholders to EVALUATION MATRIX - . : ndivi
purely technical assessments. 4. Nature Trail ecedaermatye” evaluate alternatives against ,  (Social Returns A Engaging individual farmers and the broader
The Objective is to demonstrate how structured SCience—SOCiety interaction can « Partial removal of hagelnut groves "1, Current Management (BAU) "\ .predeﬁned Cri'teria, assign Alternative 1: Alternative 2: Alternative 3: Alternative 4: E[b% Benefits to people’s health, well-being, equity and livelihoods local Community remains Challenging.
. e ey . . . . along the bank, creation of a s e e e el importance weights, provide Current Grassing Environmental  Nature Trail o J
support the co-design and prioritisation of NBS while simultaneously fostering a vegetated coastal buffer, and GRS -eontoncoissressing structured Likert-scale o _ ~N
. . . . . development of an ecotourism \._and erosion control practices. assessments, and contribute Management Optimisation Conservation Economic Returns
community of practice. By integrating diverse knowledge systems and \ path. w - qualitative comments. (BAU) and Restoration a Benefits to the local economy and resource efficiency Next Step :
stakeholder perspectives, the process enables the identification of more Results 5. Crop Renewal Bl S e cariate Notural Returms - < Quantitative modelling of NBS :
. 0ng g Replacement of hazelnut groves with better- Intercept runoff during critical T s . . .
shared, context-adapted solutions and strengthens the conditions for their adgplt(edvarietiesormoregconservativecropsin T e @"9},’(’9 fﬁBetur:toflln:P:jr?tlon . ol identicy tand coatial and temboral modelling to assess where
. . . e L e . . i i at-risk areas. L . i enerits related to sense o ace, cuitural iaentity, lanascape :
effective implementation within complex socio- ecological systems W.am * Enhanced Community of Practice 6.0ther Interventions 3 Enviranmental Conservation g% ’i PDSS stakeholder Social Returns :  place ty P P por g
o . . = Yt vepea b ® 47 survey in Italian value, and people’s connection with nature NBS are most effective
* Prioritised NBS: Socially accepted and Foninpiek piiyiorsiager Jon. Liakiur il i e | Financiat Returns ’ = = J Impl tati f the shared NBS
. . . . . arming, and reguiation or water ieveis. ~— <l 8 S .
b|0phy5|ca”y effective restoration ¢ ° _p I Atintiee (Al S'\ o Weights were normalised (2=1) and alternatives evaluated using TOPSIS (Technique mplementation o € share
pathways for Lake Vico. LI Salon the bank creation of e Inspiration Returns for Order Preference by Similarity to Ideal Solution) method to generate an individual
J e st et Dt ranking. Individual rankings were aggregated via the Borda rule.

2. Study Area: Lake Vico Basin 4. Results

Environmental issues Stakeholder identification

‘ The analysis identified 34 stakeholders, revealing a complex socio-ecological system with strong Stakeholder Matrix Copmia,
L ] . . . . 5 ' ‘ Y:?Tb::.'r
PhyS| Cal p Focesses C h emica | p rocesses institutional influence. Strategic actors Gl Mou?::ln . Key actors Percentage distribution of stakeholders across sectors and
ommun : iola <UNITUS < Assofru.. :
. . . . —_ i ? i Copernocciola < \ categories of actors
Land use and land . Key Actors (41.2%) High interest & influence (e.g. Natural Reserve, agricultural associations, i eishiprislor S i | o X N - ) )
1 . | Regi 1 ) eripheral actors uportive actors trategic actors ey acttors
| G dasletisn Redox potential drops University of Tuscia). = Main drivers of NBS implementation : Agricutturatand __ ——{::j" on environment... M
m anagement Nutrient y9 p - - . S forestry doctors P ARPA Lazio <
transport (N and at water-sediment interface . Strategic Actors (35.3%) High influence, lower engagement (mainly public institutions and key Confagricottura " Coldiretti — Bionocciota
P) "Legacy Phosphorus” : : - ; Province of Viterbo<— Basin Authority RegionalReserve — ——aweteSPA<_ 30 11.78
Soil Erosion and el agricultural sectors). - Crucial for regulation and nutrient management . | R § - B
uniocke . . .. . . = > . ! ISDE - Association of i otal percentage of stakeholder for
, . Supportive & Peripheral (23.6%) NGOs, local communities, small private actors. - Essential g P eadionbunkari Declomforthe . s "o e each sector
Sediment Transport romakebed Degradation of - e et s SO, PR BEnSss Coopentince [ 207 [N
P g for social acceptance and long-term success § ; 1471
Cyanobac terial blosins ECO em ;-—2 Superintendence of Fine Arts | Kronos accademy<. -~ Punta del Lago Consortium Farmers
syst -—2 v 2 | S~ 10 2.04 Local (nr:'\umry
and accelerated eutrophication Massive release Sectoral relevance: alian Army Vico spinning club | '\\’R°"°ig“°"e i e 14.71 2.94 8.82 »
Most relevant land use e L Public institutions (35.3%) and agriculture (26.5%) dominate. | Py ) 5.88 5.88 5.88 5.88 oy
1 ’ : Qe}" : \(_\OQ G)o,'?"’ (90" \)('\\Q\ \”S‘é r; %t:; 5
Sport Fishi i & .\69 =% <= S (e B%
. ) Asggciatisonri.g.. | sé\\("’ (3}‘0\) o&}g _
. Hazelnut groves: area Temporal evolution of Total Phosphorus concentrations (2016-2024) Temporal evolution of Total Phosphorus concentrations (2016-2024) [ = - R 3 Ne mecatre IR
during the summer stratification phase during autumn Peripheral actors ' Supportive actors e
— 20 0 :
Covered 35A) . . . } . A @ surface water @ /5 Epilimnion Center of Metalimnion @ Upper Hypolimnion 0 1 2 Interest 3 aq 5 pUh";%‘l;"';'l‘i"'U”
@ surface water @ 4/5 Epilimnion Center of Metalimnion @ Upper Hypolimnion
Tree cover: area ® 2m Above Bottorn . ® 2 m Above Borom
covered = 42% 250
200 150
oo e PMCA R I iorizati f NBS
_ |
B i -85 esults: priorization o
covered = 8 % 3 < 100
= 100 =
Urban area : 2%
i 0 50 I 50 F Governing body {local) Local busi
o Y (Y e o armers overnin y (local ocal businesses
: ] D T T [ Criteria Weighting:
_ _ 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 1 . |I (TH | I B I il I ll Hdm
Soil erosion year O o012 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 60% N _ | '
- A Natural Return is the top priority (highest median I | ] . I T
Source: official ARPA Lazio database (SIRA) Source: official ARPA Lazio database (SIRA) , . R , | " I ol ! .
£ . score), although it shows the greatest variability, 1 I I I ‘ :
i 0 v . . . .
Temporal trend of winter Total Phosphorus 3 reflecting differing levels of environmental awareness. - - " -
concentrations (weighted mean over the water column) 2 ! . . . . . L : !
from 2016 to 2024. : ’ Social Return receives a consistent, intermediate rating; i - N i, ool P i Ranking of alternative
Z there is a strong consensus on its importance. £ o
@ P mean i s
50 ! Financial & Inspirational Returns, although considered i ik Environmental Conservation & Restoration
40 = relevant, they have been given lower weightings, I 4 -
Soil ion (Vha . X } » '
S TN . suggesting that the protection of the ecosystem and { f 7 _
- 0-12 % Natural Social Financial Inspirational . . . . . ) Nature trail
) social cohesion are seen as prerequisites for
! 1 - =+ 20 o' o
L ]12-50 Distribution of normalised importance weights assigned to the four Returns (Natural, Social, Financial and economic sustaina b|||ty Natwal  Socisl  Financial Inspirational Natural ~ Socisl  Financisl Inspirations
[77]50-100 10 Inspirational) by completed respondents (n = 25). Violin plots represent the overall distribution of  weights, . Normalised importance weights assigned to the four Returns by stakeholder type. Circles represent Grassing optimizzation
Bl > 100 . while boxplots indicate median values and interquartile ranges. individual respondents, bars indicate the interquartile range (IQR), and diamonds show the median
0 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 weight for each criterion for each stakeholder group.

Source: official ARPA Lazieslatabase (SIRA)

Current management (BAU)

0% 208 40% 60%

Governing body (local) Research Institutes Farmers
| —

score reltive to the highest-ranked alternative

“48A Natural systems | 2 Agricultural
3 Habitat, water Production

Social & Economic Challenges:

resourc.:es., anq Crops, cultivation practices, . . . . é

local biodiversity Territorial and profitability The landscape is domlnated by hazelnu-t cul-tlvatlon, a deeply 0
interactions rooted cultural heritage and economic pillar that exerts = ’ o Locel businesses
and conflicts significant  pressure on  the aquatic ecosystem. The "

- ’ \ o\ - coexistence of a Natural Regional Reserve with agricultural

Tourism @ o Institutions activities creates trade-offs between ecological protection and

andscape value | Regulations, local livelihoods. . o . Il

accommodation el Srasting pk Restoration Nature tra

services conflicting

objectives




