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Preface

The Rest-Coast Project (Large scale RESToration of COASTal ecosystems through rivers to sea
connectivity) is an EU Horizon 2020 research project (Grant agreement No. 101037097) whose
overall goal is to address with effective and innovative tools the key challenges faced by coastal
ecosystem restoration across Europe. The approach chosen for this project will deliver a highly
interdisciplinary contribution, with the demonstration of improved practices and techniques for
hands-on ecosystem restoration across several pilot sites, supported by the co-design of innovative
governance and financial arrangements, as well as an effective strategy for the dissemination of
results.

Task 4.2 of Work Package 4 is one of the overarching tasks within the REST-COAST project involving
many work packages and restoration pilots. In this task, transdisciplinary methods are embraced in
co-developing the Nature Based Solutions Building Blocks Framework as a systemic and integrated
approach to large-scale restoration through synergies and harmonies among small and
homogenous restoration units. The portfolio of spatially identified NBS Building Blocks resulting
from the implementation of the framework at the pilots will be the input for large-scale
implementation of restoration aligned with the climate adaptation plans of the pilots.
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Summary

In Task 4.2 of Work Package 4, we have developed the NBS Building Blocks (NBS-BB) Framework to
inform restoration upscaling in large-scale restoration pilots. The NBS-BB Framework is the output
of intensive collaboration with involved Task 4.2 partners at 9 REST-COAST restoration pilots:
Wadden Sea, Venice Lagoon, Ebro Delta, Rhone Delta, Sicily Lagoon, Arcachon Bay, Foros Bay,
Vistula Lagoon and Nahal Dalia. Aligned with the participative co-development process, we started
with the theory of NBS-BB by crafting a novel definition using the NBS literature and the collective
experience and expertise from small-scale restoration pilots. Then, based on a conceptual IPO
model, we designed the initial NBS-BB Framework, which is co-developed to its final refined version
in multiple plenary meetings with our pilot partners.

According to the IPO model of the NBS-BB Framework, the pilot site is participatively delineated to
distinct domains identified by their differentiating key biophysical and socio-economic parameters,
which form the inputs in the model. Bounded by these inputs, the restoration potential in these
domains are also participatively assessed in terms of targets in ecosystem services and biodiversity,
forming the outputs in the model. Ultimately, the model suggests participative classification of
effective restoration actions, which are inspired by NBS but limited by the pre-identified inputs and
outputs in the delineated restoration domains, thus forming the NBS-BB as processes in the model.
As part of the overarching scope of the NBS-BB Framework within the REST-COAST project, we
further specify explicitly the intersection between specific work packages and the constituents of
the model in designing our collaboration, i.e. Work Package 1 and 2 in key biophysical parameters
at the inputs, Work Package 3 and Work Package 5 in key socio-economic parameters at the inputs,
Work Package 1 and Task 4.1 in ecosystem services and biodiversity benefits at the outputs, and
finally the knowledge and expertise in all the REST-COAST pilots embraced in the entire model.

In the next phase of Task 4.2, we moved from theory to practice through bilateral implementations
of the NBS-BB Framework at 9 REST-COAST pilots. Thus, we put the conceptual design of the
framework into practice in our participatory downscaling approach to spatially demarcated Coastal
Units within the pilot site. This way, we obtained the preliminary inventory of NBS-BB that are
spatially pinned per pilot. Pilot implementations were further expanded with justifying data per
Coastal Unit and extended with complementary Coastal Units per pilot through our continued
collaboration with a dedicated task force in each pilot. These spatially mapped NBS-BB constitute
the main output of Task 4.2 and will be instrumental for closing the ‘implementation gap’ through
finding synergies and trade-offs among the NBS-BB in the proceeding tasks of Work Package 4 to
develop the ultimate large scale climate adaptation plans in the pilots.

Task 4.2 is an overarching task including all the restoration pilots within the REST-COAST. This
implies transdisciplinary collaboration including diverse stakeholders, knowledge and expertise in
the pilots. Accordingly, we have developed by-products including custom-design tools to facilitate
participatory implementations as well as important lessons-learned from diverse implementation
experiences. These by-products are also provided as complementary outputs of Task 4.2, which can
contribute to not only scaling up in REST-COAST but also scaling across other EU projects and even
beyond EU in mainstreaming restoration through NBS globally.
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1. Introduction

1.1  Global change and Coastal Ecosystems

Human-caused climate change is increasingly causing harm to ecosystems and societies around the
world. This includes rising sea levels, intensifying extreme weather events e.g. droughts and floods,
recently emerging phenomena like ocean heat waves, all of which have adverse biodiversity and
health impacts. Moreover, these issues can trigger conflicts on both regional and global scales due
to water and food shortages (Bessembinder et al., 2023; Grases et al., 2020; Guerreiro et al., 2018;
Kirwan & Megonigal, 2013; Myers et al., 2017; Piatt et al., 2020; Ridder et al., 2020; Smale et al.,
2019; Stéfanon et al., 2014; Steffelbauer et al., 2022; Wang et al., 2020; Wheeler & von Braun,
2013). The impacts of these changes are not evenly distributed due to varying vulnerabilities of
different regions and populations (Chausson et al., 2020; IPCC, 2022). Adding to these impacts, the
interconnected nature of various components within the system leads to complex adaptation
challenges that involve both spatial and temporal dimensions. We need comprehensive and
adaptive solutions resulting from unique collaborations between science, policy and society to
effectively address these challenges.

Coastal ecosystems are of critical importance resulting from the rich biodiversity and the broad
range of ecosystem services they provide (Barbier et al., 2011; Lau et al., 2019; Mitsch et al., 2015;
Spalding et al., 2014). Yet, coastal landscapes face unevenly distributed share of these
interconnected and complex challenges posed by global change. There is an increasing trend
globally in degradation and loss of these habitats. This rate accelerated significantly in the second
half of the last century (up to 20% worldwide), due to e.g. conversion to cropland and flooded rice
agriculture (Fluet-Chouinard et al., 2023). Recent research shows that unprecedented rates of
change in e.g. sea level rise, biodiversity loss, water quality etc. will very likely amplify the existing
hazards on coastal ecosystems and societies (Blowes et al., 2019; Han & Currell, 2022; IPCC, 2023;
Kulp & Strauss, 2019). In response to this, international efforts are increasing to protect these
delicate ecosystems, e.g. the Ramsar Convention on Wetlands, Target 6.6 of UN’s Sustainable
Development Goals, EU Green Deal, EU Nature Restoration Law etc. (EC, 2022; Matthews &
International Union for Conservation of Nature and Natural Resources Ramsar Convention Bureau,
1993; UN, 2015).

1.2  NBSin Coastal Adaptation

These international efforts provide the required policy tools for developing comprehensive and
adaptive solutions to protect, manage and restore these delicate coastal ecosystems. Research
shows that adaptive and comprehensive solutions are essential in upgrading the existing
infrastructure that is challenged by the mutually reinforcing impacts of global change. For instance,
conventional monofunctional coastal protection, e.g. Gray Infrastructure (Gl) including seawalls,
storm surge barriers, dikes and dams, lags behind and remains ineffective with increasing sea level
rise and intensifying storm events, thus failing its primary defense service for coastal ecosystems
and societies (Chester & Allenby, 2019; Fletcher et al., 2019; Hinkel et al., 2014; Kim et al., 2022;
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Morris et al., 2020; Tiggeloven et al., 2022). Given their effectiveness and reliability in successful
coastal protection historically, owing to the best techniques and practices, it is not likely that Gl will
be discarded in coastal protection in short term (Schoonees et al., 2019; Waryszak et al., 2021).
However, escalating impacts of changing climate and sea level rise require periodic re-calculation
and reinforcement, e.g. heightening a dike, which make them very likely to be less effective due to
higher probabilities of failure and exponential investment requirements (Marijnissen et al., 2021;
Tiggeloven et al., 2020; van Loon-Steensma & Schelfhout, 2020). Thus, in alignment with the
growing attention to the integrated and adaptive approaches in climate adaptation and disaster risk
reduction, multidimensional and adaptive approaches are required as complementary to the
conventional monofunctional coastal infrastructure.

Nature Based Solutions (NBS) are employed increasingly as a promising adaptation strategy in the
last decades. NBS has converged as an umbrella term for ecosystems-based interventions in
addressing the environmental and societal challenges effectively and adaptively. Since its first
mention in 2008 World Bank report, NBS have become increasingly common practice globally.
Coastal adaptation is one of the topics with growing international emphasis on NBS implementation,
e.g. assessment reports of IPCC, EU Green Deal, UN Decade on Ecosystem Restoration, EU Nature
Restoration Law etc., (CBD, 2022; EC, 2022; IPCC, 2023; World Bank, 2008). There are currently many
examples of small-scale restoration pilots that prove NBS effective for coastal protection with
multiple co-benefits (Keesstra et al., 2018; Narayan et al., 2016; Seddon, 2022; Short et al., 2019;
Tiggeloven et al., 2022; van Loon-Steensma, 2021; van Loon-Steensma & Schelfhout, 2020). For
instance, grass revetment of dikes with foreland salt marshes has multiple benefits, e.g. sea level
rise adaptation by trapping sediment, climate change mitigation by carbon sequestration, and flood
protection by wave dampening. Yet, effectiveness depends on seasonal and spatial presence of
healthy salt marshes (Baptist et al., 2021; Temmerman et al., 2013; Vuik et al., 2019). Accordingly,
NBS inherit a degree of complexity and uncertainty due to the inclusion of nature and its dynamic
processes (Nesshover et al., 2017; Sowifska-Swierkosz & Garcia, 2022). Moreover, coastal systems
are socio-ecological systems with geographical, morphological, ecological and social diversity, which
add to the level of uncertainties and complexities. Upscaling escalates further complexities and
uncertainties especially for long-term projections and planning. Therefore, one of the biggest
challenges we face in coastal adaptation today is to take the leap from successful small-scale pilots
to large-scale restoration.

1.3 REST-COAST for Coastal Restoration

EU Green Deal encompasses a series of policy initiatives, one of which include 4 sister projects to
restore and enhance European ecosystems for healthy and climate-resilient Europe. REST-COAST is
one of these projects aiming for climate adaptation and disaster risk reduction through large-scale
restoration of coastal areas. The project will demonstrate how to achieve EU Green Deal targets on
carbon neutrality by restoring threatened coastal ecosystems to enhance biodiversity gains and
ecosystem services delivery. Thus, in taking the leap to large-scale restoration through NBS
implementation, REST-COAST aims for ‘Restoration Revolution’, which is defined as overcoming
present barriers, i.e. technical, social, financial and governance, to restoration established on
scientificand management foundations (H2020 REST-COAST 101037097 — Ref. Ares(2022)7567861).

10
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Accordingly, REST-COAST is structured into 7 work packages that are designed around
transdisciplinary principles of knowledge generation and collaboration for upscaling coastal
restoration (see Fig. 1).

WP2: Climate risk reduction through innovative restoration
f” (warning indicators) LY

/ \
/ L \
/ \N \
/ A 4 \

/ WP3: Financial arrangements/business plans for \,\
/ 7 restoration upscaling o\
".:&'m,_ ‘ﬁ{ ) /" -‘,'f
\ ~a WP5: Transformative governance for o i
\\ restoration upscaling /'
\ 1 /
\ s 4
\ \ 4 /
AV WP6: Dissemination/exploitation and ¥
social transformation tools

l

\a@-*

WP1: Hands-on restoration of coastal
ecosystems and upscaling potential
7
WP4: Adaptation management for
restoration upscaling

Figure 1 — 7 work packages of the REST-COAST: The arrows indicate the interaction and information fluxes
between different work packages (H2020 REST-COAST 101037097 — Ref. Ares(2022)7567861)

WP4 is one of the central work packages that interacts with and synthesizes the information from
WP1-6 to develop a scalable adaptation plan at 9 REST-COAST pilot sites, i.e. Wadden Sea (NL/DE),
Ebro Delta (SP), Venice Lagoon(IT), Rhone Delta (FR), Sicily Lagoon (IT), Arcachon Bay (FR), Foros Bay
(BG), Vistula Lagoon (PL), Nahal Dalia (IR). Using this adaptation plan of WP4, which systemically
packages NBS-BB into adaptation pathways, regional and local coastal managers and stakeholders
will be able to deploy large-scale restoration through upscaling. Therefore, WP4 serves a crucial role
in coordinating various spatial and temporal scales, taking into account climate data, ecosystem
service metrics, and constraints on natural system functioning under future scenarios. This
information is then incorporated into stakeholder needs, regional policy, and financial and risk
management criteria (H2020 REST-COAST 101037097 — Ref. Ares(2022)7567861).

1.4  Task 4.2 of REST-COAST

This report is on Task 4.2 of WP4 in accordance with the definition in the proposal document of the
REST-COAST project (see Box 1) (H2020 REST-COAST 101037097 — Ref. Ares(2022)7567861). Based
on the knowledge and expertise emerged from restoration efforts at the pilots, we take an inventory
of NBS implementation as building blocks that are defined by key biophysical and socio-economic

11
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parameters of those pilots. Our ambition is to develop a systemic downscaling approach to define
NBS-BB with an integrated and holistic view on the coastal landscapes. Accordingly, pilots that are
segregated into units of NBS-BB can explore synergies among these blocks to develop adaptation
pathways for restoration upscaling in the succeeding tasks of WP4. Here, our NBS-BB approach
provides a systemic and robust approach to fill the ‘implementation gap’ in upscaling NBS
implementation as part of the ‘Restoration Revolution’ target of the REST-COAST.

Box 1 — Task 4.2 Description (H2020 REST-COAST 101037097 — Ref. Ares(2022)7567861)

Task 4.2 A downscaling approach for developing restoration with NBS as building blocks (M12-M36)

Task Leader: WUR Participants: Eurecat, Deltares, Albirem, Hereon, NLWKN, CORILA, 10-BAS, UC, WMR
This Task will analyse large scale restoration at the Pilots to identify smaller and more homogeneous units in terms
of key biophysical and socioeconomic variables. We shall develop a systematic downscaling approach to define NBS
as building blocks of large scale restoration, enabling a refinement of each NBS and the optimisation of synergies
among the blocks. The combined set of NBS blocks will be further developed/implemented at each Pilot (green/blue
coastal protection) in adaptation pathways with a low C footprint and reduced environmental impact. This approach
will enable the replication of the considered NBS building blocks in a variety of coastal landscapes with enhanced
connectivity between river and coast and between emerged beach/submerged nearshore. The downscaling
approach will consider the hinterland geomorphology and infrastructures, to determine barrier effects in
connecting fluxes and dynamics at short to long term scales. The proposed approach to restoration upscaling,
interlinking NBS building blocks for large scale restoration projects, will advance present design/implementation,
applying a co-development sequence that will consider jointly for each Pilot: a) the type of existing or targeted
ecosystems; b) financial and socioeconomic conditions/constraints; c) ESS quantification per NBS building block; d)
objectively assessed coastal adaptation potential; e) quantitative contribution to climate mitigation (blue Carbon)
at local and landscape scales. Such a methodological approach to develop restoration at larger scales than in
present practice, enables effective transdisciplinary collaboration through early engagement of citizens, field
managers, government, private sector and financial sector, closing the “implementation gap”. The proposed
framework (D4.2) will result in quantified ESS across the Pilots, and when possible advancing towards monetizing
these ESS at various scales in space (restoration extent) and time (restoration pace and climate rate of change) for
multi-criteria comparisons of NBS blocks single/joint performance.

Task 4.2 of WP4 is one of the overarching tasks within the REST-COAST project, as schematized in
Fig. 1. This implies the involvement of all abovementioned 9 pilots in Task 4.2 led by WUR. During
the execution of our task, we have extended beyond the participants list given in the original
proposal document as in Box 1. In accordance with co-development as one of our core
methodologies in Task 4.2, involvement of more partners enables better inclusion and
representation at the pilots as will be explained in detail during this report. In Box 2, we provide the
extended list of partners at each pilot.

12
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Box 2 — Extended list of Task 4.2 at 9 REST-COAST pilots

e Wadden Sea: Province of Groningen, Helmholtz-Zentrum Hereon, NLWKN-Forschungsstelle Kuste,
Wageningen Marine Research (WMR), Deltares

e Venice Lagoon: Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC), CORILA, Ca’ Foscari University
Venice, Provveditorato Interregionale per le Opere Pubbliche per il Veneto, Trention Alto Adige e Fruili Venezia
Giulia (PROVV), University of Padua

e Ebro Delta: Albirem, Eurecat, Univ. Politecnica de Catalunya

e Rhone Delta: Tour du Valat (TDV)

e Sicily Lagoon: Universita degli Studi di Catania (UC)

e Arcachon Bay: Egis Ports, Seaboost

e  Foros Bay: Institute of Oeanology in Varna (I0-BAS)

e Vistula Lagoon: Institute of Hydro-Engineering of Polish Academy of Sciences (IBW-PAW)

e Nahal Dalia: Israel Nature and Parks Authority (INPA), The Israeli Watersheds and Rivers Center

1.5 Reading Guide

In Chapter 2, we will explain the theoretical background of how we have co-developed the NBS
Building Block Framework (NBS-BB FW) with our participating partners. Starting with our WUR
approach to Task 4.2, we will explain our novel revised definition of NBS-BB from REST-COAST
perspective. Then, we will continue with how we capture this definition systematically in our
conceptual Input-Process-Output (IPO) Model. Further, we will introduce our participative
downscaling approach as Coastal Units, in which IPO model is implemented collaboratively to map
the NBS-BB within the pilots in accordance with the NBS-BB Framework.

In Chapter 3, we will give an overview of REST-COAST pilot implementations of the NBS-BB
Framework at 9 pilot sites. Thus, we will explore the potential of the framework as we move from
theory to practice through multi-stakeholder pilot implementations. We will introduce the python-
based application we have developed for effective and collaborative implementation of the
framework in bilateral pilot workshops. Then, we will present some preliminary output from pilot
implementations.

In Chapter 4, we will extend the implementation of the NBS-BB Framework at the pilots through (i)
guantitative and qualitative data at the inputs and outputs attached to each NBS-BB, and (ii) Coastal
Units per pilot and corresponding NBS-BB identified in each unit for a complete pilot overview.
Accordingly, we will introduce the HTML based Interactive Web Map with embedded JavaScript and
Google Maps API that we have developed to streamline the process of working together effectively
on geospatial data. Then, we will provide the pilot output as an inventory of NBS-BB in accordance
with our NBS-BB Framework.

In Chapter 5, we will discuss the strengths and weaknesses of the NBS-BB Framework accompanied
by the experience and feedback from all interactions with our partners. Then, we will discuss some
critical perspectives revealed out by the framework including stakeholder participation, co-
development and integration. These perspectives, combined with all the NBS-BB output from pilots,

13
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will inform our discussion on within- and across-pilot multi-criteria comparisons, which will further
be an essential input for the adaptation pathways for each pilot in succeeding Task 4.3.

A supplementary folder accompanies this report for the appendices including the minutes of several

online and in-person plenary meetings, the minutes of bilateral pilots workshops, the tools
developed by WUR and respective manuals etc.
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2.  Development of the NBS Building Blocks Framework

In this chapter, we will explain the theoretical background of NBS-BB and how we conceptually
developed our NBS-BB Framework in a co-creative way by including our partners at 9 REST-COAST
pilots. In accordance with the REST-COAST Project Proposal (H2020 REST-COAST 101037097 — Ref.
Ares(2022)7567861), Task 4.2 of Work Package 4 focuses on analyzing large scale restoration at the
pilots to identify smaller and more homogenous units in terms of key biophysical and socio-
economic parameters. These smaller and homogenous units should be linked to NBS-BB by a
systemic downscaling approach. Inspired by the downscaling approach in our task description, we
also downscaled Task 4.2 into smaller compartments for a better understanding first and then to
systemically develop our solution. Accordingly, we started from ‘NBS building blocks’ as this concept
is the keystone of our task but also the bridging concept to the following tasks in adaptation
pathways and upscaling plans. In the next chapter, we will explain in detail our methodology in co-
developing the NBS-BB Framework.

2.1  Design of our co-development process in Task 4.2

Co-development of the framework is fundamental to Task 4.2 by definition (see Box 1). We designed
this co-development process as a participative approach from 9 REST-COAST pilots. In this design,
we conceptualized and drafted our research as the task lead at WUR and iterated our draft output
in regular partner meetings for review and feedback for further development to draft a new version
for the following meetings. This design proved successful in working together with our pilot partners
effectively as portrayed throughout this report. The minutes for all the meetings are provided for
reference in the supplementary folder as appendices.

We started with revising and redefining the NBS-BB to provide a more comprehensive perspective
compared to the initial definition in the Glossary of the REST-COAST proposal (se Def. 1 in Box 3). In
accordance with our co-development design, we developed the draft definition from a review of
the NBS literature and then, reached a consensus on the final definition participatively together
with our partners as detailed in Chapter 2.3 (please refer to the supplementary folder for the
minutes of March 2022 semi-annual REST-COAST meeting, June 2022 Task 4.2 meeting).

Then, we drafted the NBS-BB Framework based on a conceptual IPO model (Chapter 2.4). IPO model
systemically captures the NBS-BB definition by linking and parametrizing its key elements, i.e. key
biophysical and socio-economic characteristics, coastal restoration units, ESS and BDV gains.
Accordingly, IPO model was inspired by the sequential nature of restoration from degraded state
(explained by inputs) to restored state (explained by outputs). The model further grasped the
transformative nature of restoration using NBS, where processes links the inputs (thus, the
degraded state) to the outputs (thus the restored state). We further reviewed and developed this
draft framework participatively with our partners in accordance with the iterative co-development
design of Task 4.2 (please refer to the supplementary folder for the minutes of June 2022 Task 4.2
meeting, October 2022 REST-COAST annual meeting).
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In the next step, we drafted our participatory downscaling approach at the pilots to bridge the
theoretical framing of NBS-BB to practical on site implementation in accordance with restoration
demonstration essence of the REST-COAST (Chapter 2.5). Here, we introduced Coastal Units as the
spatially identified areas within the restoration pilots. These Coastal Units are the output from
participatively delineating and parceling out a larger restoration site for effective implementation
of NBS. The theoretical framing of NBS-BB provides the guiding principle for participating
stakeholders in identifying these Coastal Units in terms of (i) key biophysical parameters (KBP), (ii)
socio-economic parameters (KSP), and (iii) biotopes, that display homogeneity within a Coastal Unit.
From this draft, we reached a consensus with our partners on approaching Coastal Units from two
orthogonal axes: one along land-to-sea continuum with different NBS categories and one along the
coastline with distinct delineations. We further agreed on implementing the NBS-BB Framework in
bilateral pilot workshops (please refer to the supplementary folder for the minutes of February 2023
Task 4.2 meeting).

In summary, we re-defined the NBS-BB by revising and distilling the NBS theory to coastal
restoration in accordance with the REST-COAST goals. The conceptual IPO model was used to
capture this definition systematically, which linked the theoretical framing to practical
implementation through Coastal Units as the participatory downscaling output. Accordingly, Coastal
Units are spatially identified restoration areas, which can be parametrized in terms of KBP and KSP
but also contain biotopes that are quantifiable according to potential benefits in ESS and BDV.
Eventually, the NBS-BB Framework of Task 4.2 was conceived from the sequential integrated output
of the design process as portrayed in Chapter 2.6.

2.2 Theoretical underpinning of NBS as Building Blocks

Coastal ecosystems are among the most delicate ecosystems with critical importance to societies
and habitats due to the rich biodiversity and the broad range of ecosystem services they provide
(Barbier et al., 2011; Lau et al., 2019; Mitsch et al., 2015; Spalding et al., 2014). Increasing impacts
of climate change escalate vulnerability of these ecosystems by putting extra pressure on the
current state of habitats as well as existing coastal defenses (IPCC, 2023; Kulp & Strauss, 2019).
Nature-Based Solutions (NBS) have been providing empirical evidence globally as an alternative to
traditional schemes in coastal protection due to their multi-functionality, adaptivity and flexibility.
There is a growing trend in policy-science-society spheres to adoption of NBS, especially against the
direct threat from climate change (Keesstra et al., 2018; van Loon-Steensma & Goldsworthy, 2022;
van Loon-Steensma & Vellinga, 2013; World Bank, 2008). There is ample evidence of global NBS
implementations for coastal wetlands with multiple co-benefits including improved ecosystems
services and biodiversity (Barbier et al., 2008; Costanza et al., 1997; Narayan et al., 2016; Seddon,
2022; van Loon-Steensma, 2021; Wamsley et al., 2010).

Accordingly, innovative approaches to coastal protection have been gaining attention in the
research and policy arena, e.g. in the Netherlands. For instance, 2010 Delta Program has stimulated
innovative dike concepts with multiple ecological and societal benefits (van Loon-Steensma et al.,
2014b). Similarly, combining hard measures with nature values, e.g. dikes combined with foreland
salt marshes, has been part of climate adaptation strategies (e.g. salt marsh height increases with
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sea level rise), enhance ecosystems services (e.g. vegetated foreshore adds to biodiversity, nature
values, economy etc.) and reduce probability of failure (e.g. salt marsh attenuates waves)
(Marijnissen et al., 2020; van Loon-Steensma & Kok, 2016). However, NBS have been mostly
experimental, small-scale and pilot-based mostly because they (i) are relatively novel and therefore
lacking standards and norms, (ii) inherit highly uncertainties due to their complex biophysical and
socio-economic conditions, and (iii) have an intrinsically multi-stakeholder nature making them a
playground for contestation and consensus.

To enhance their implementation — which will result in many co-benefits for biodiversity and other
ecosystem services, more systemic and robust approaches especially for mainstreaming NBS in large
scale coastal restoration are required. Our approach via NBS-BB aims to fill this ‘implementation
gap’ by providing a systemic and robust approach to upscaling NBS implementation. Hence, NBS-BB
are envisioned as the systemic and integrated restoration units, which help to manage, conserve or
restore coastal ecosystems. Together, these spatially identified units should holistically and in
harmony consolidate at the landscape scale for upscaled coastal restoration.

In REST-COAST’s Task 4.2, we designed the whole process as a novel co-creative NBS-BB Framework
(NBS-BB FW) by intensively collaborating with partners from varying disciplines at the 9 REST-COAST
pilots. This explicitly enabled us to conduct transdisciplinary research in co-developing our NBS-BB
Framework grounded in the actual implementation site, which is the implicit foundation of NBS
theory and practice as advocated in the NBS literature (Cohen-Shacham et al., 2019; Kabisch et al.,
2016; Nesshover et al., 2017; Palomo et al., 2021). Thus, we started with the revision and refining
of the definition of NBS-BB (Chapter 2.3), and then applied a conceptual IPO method on this revised
definition (Chapter 2.4). We continued with our participatory downscaling approach for spatially
identified Coastal Units at pilots (Chapter 2.5) and co-developed the NBS-BB FW eventually as the
application of IPO method at each Coastal Unit (Chapter 2.6).

2.3  The Revised NBS-BB Definition

Empirical evidence globally has placed NBS among promising multi-functional and adaptive
alternatives in coastal adaptation. There is a growing trend towards increased adoption of NBS in
small-scale pilots (Keesstra et al., 2018; Seddon et al., 2021; van Loon-Steensma & Goldsworthy,
2022; van Loon-Steensma & Vellinga, 2013). However, despite the success stories of NBS in practice,
upscaling NBS have been limited to theory at a higher level of common understanding through
generic definitions, global standards and design guides (Calliari et al., 2019; European Commission,
2015; IUCN, 2020). Upscaling requires commitment to transform NBS from an umbrella term for
ecosystem-based approaches (Cohen-Shacham et al., 2016) to a mainstream restoration praxis in
the toolbox of large-scale coastal restoration.

Aligned with this novelty and genericity of NBS, the definition of ‘NBS building blocks” was kept
preliminary and generic during the proposal phase of the REST-COAST project (See Def. 1 in Box 3).
As this term is fundamental part of our Task 4.2, we prioritized framing and elaborating ‘NBS
building blocks’” more comprehensively in our co-development design with our partners. Thus, our
first approach in co-development of the NBS-BB FW was to conceptualize the NBS-BB in a working
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definition within the scope of coastal restoration. Here, we aimed at merging higher level NBS
theory with evidence-based NBS practice at pilots to identify NBS-BB as restoration units, which
ensemble to scale-up coastal restoration.

Box 3 — Reference Definitions in Building Up the Definition of NBS Building Blocks

Def. 1: NBS Building Blocks in REST-COAST Definitions and Glossary
Combination of technical measures overcoming technical barriers in order to support NbS (e.g., natural accretion
of sediment, nourishments, wetland creation, double dike, sandy levees, ‘rich dike’ multifunctional structure...).

Def. 2: IUCN’s NBS Definition

Nature-based Solutions are actions to protect, sustainably manage, and restore natural and modified ecosystems
that address societal challenges effectively and adaptively, simultaneously benefiting... biodiversity and human
well-being... [through] flow from healthy ecosystems... [by targeting] major challenges like climate change, disaster
risk reduction, food and water security, biodiversity loss and human health... (Cohen-Shacham et al., 2016)

Def. 3: Building Block Dictionary Definitions

i. A basic unit from which something is built up®.

ii. The basic things that are put together to make something exist?.

iii. Something that is necessary for making or developing another thing>.

iv. A unit of construction or composition. Especially something essential on which a larger entity is based on*.

Synonyms: component, constituent, element, factor, ingredient, member
10xford Languages. 2Cambridge Dictionary. 3Cambridge Business English Dictionary. “Merriam-Webster Dictionary

Therefore, we developed our own definition of NBS-BB. Here, we adopted the one of the most
commonly acknowledged NBS definitions presented by IUCN (See Def. 2 in Box 3), which exclusively
emphasizes the biodiversity benefits and human wellbeing from good practices of NBS, thus aligns
perfectly with the REST-COAST targets. We integrated dictionary definitions of building block (See
Def. 3 in Box 3) and our Task 4.2 description (See Box 1) within this reference IUCN definition to co-
develop our own definition of NBS-BB. Together with the involved partners of Task 4.2 at all REST-
COAST pilots, we reached a consensus on this working definition as the basis of the output
framework.

Def. 4: Our novel NBS-BB Definition

Nature Based Solutions Building Blocks (NBS-BB) are basic units of construction or
composition that are identified from downscaling of large-scale coastal
restoration sites. Bounded by/limited with the key biophysical and socio-
economic parameters of those sites, these units are associated with delivery of
enhanced Ecosystem Services (ESS) and improved Biodiversity (BDV). Put
together either as stand-alone or in harmony with each other, NBS-BB are the
essential constituents in building up and developing larger scale coastal
restoration through upscaling at target sites. (Arslan & van Loon-Steensma, work
in progress)

In this definition, KBP and KSP are explanatory factors to delineate spatially homogenous areas, thus
the Coastal Units, in a coastal landscape. ESS and BDV are objective factors that provide the
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overarching restoration targets emerging from these spatially homogenous areas. The NBS-BB are
considered as restoration units based within these areas and bridge the explanatory factors to
objective factors in systemic upscaling of coastal restoration.

2.4 From Definition to Initial Framework: IPO Approach

The IPO models are used to reduce complex systems to compartments of three stages for more
granular and systemic approach to better understanding. In a sequential approach the model
defines the initial state of a system as the inputs, the bundle of actions to transform a system as the
processes, and the results achieved from this transformation as the outputs (Liu et al., 2018;
MacCuspie et al., 2014). Moreover, system elements are parametrized in the IPO models when
compartmentalizing in order to develop a representative model of any complex system. Then the
compartments of these models interact with each other through the relationality of the parameters.

Hence, we explored the potential of a conceptual IPO model in systemically and analytically
capturing our novel working definition of NBS-BB. Accordingly, we approached the restoration pilots
as the coastal systems with complex dynamics and fluxes of the near-shore and hinterland
geomorphology and infrastructures. First, we applied the IPO model to our working definition to
identify the three-staged-compartments and developed the very first draft of the foundations for
the NBS-BB Framework (Fig. 2).

Key Socio-economic Parameters

>

cosystems Services Gains in Biod

Figure 2 — The IPO model as the basis of the initial NBS-BB Framework
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In this system-level approach, inputs explain the current state of a coastal system. Thus, the complex
system can be parametrized according to its key biophysical and socio-economic characteristics. In
alignment with our co-development design, these parameters are identified for each restoration
pilot in a participatory manner. We intentionally altered the IPO model by adding the double arrow
at the inputs (Fig. 2). Here, we emphasized the complex interactions not only of biophysical systems
but also the bilateral interactions between biophysical and socio-economic systems. So, in our IPO
model, we suggested that KBP and KSP should be equally weighted.

From restoration perspective, outputs explain the restored state of a coastal system. Here, we
embraced the biotopes approach of the preceding Task 4.1 (Baptist et al., 2024). Accordingly, we
incorporated benefits in BDV and ESS as parameters from quantitative and qualitative evaluation of
the coastal biotopes. Accordingly, the restoration provides these benefits by transforming the
current state of a restoration pilot to the restored state. So, we inserted the NBS-BB as the processes
of our conceptual IPO model. These processes are also part of the participation at the restoration
pilots, where stakeholders collaboratively identify the restoration action to bridge the inputs to the
outputs. Therefore, we moved on to our practical downscaling approach from this theoretical
underpinning to enable the implementation of the IPO model at the REST-COAST pilots.

2.5 Our Downscaling Approach: Coastal Units

NBS are novel and innovative approaches that implicitly bring transformative alternatives to the
existing traditional infrastructure. So far, institutional foundation and policy support have been
essential to the implementation of NBS. Accordingly, in the REST-COAST project, one of the flagships
of EU Green Deal, we are given the opportunity to develop novel approaches to coastal NBS
implementation in a transdisciplinary manner through collaborations among 9 restoration pilots,
i.e. Arcachon Bay, Ebro Delta, Ems-Dollard Estuary, Foros Bay, Nahal Dalia, Rhone Delta. Sicily
Lagoon, Venice Lagoon and Vistula Lagoon (Fig. 3).
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Ebro Delta

sicily Lagoon

Figure 3 —é EU pilot sites involved in Task 4.2 of the EU Green Deal REST-COAST project: Arcachon Bay (FR),
Ebro Delta (ES), Foros Bay (BG), Nahal Dalia (IS), Rhone Delta (FR), Sicily Lagoon (IT), Venice Lagoon (IT),
Vistula Lagoon (PL), Wadden Sea (NL & DE). (Map created by C. Arslan using ArcGIS)

We benefited from the diverse morphological, hydrological, ecological, institutional and social
characteristics of these pilots as well as the diverse knowledge and competences of the participating
stakeholdersin Task 4.2. Both in co-developing the working definition of NBS-BB and the conceptual
IPO model of the NBS-BB Framework, we exploited this participative collaboration in the plenary
meetings. Accordingly, this diversity of landscapes and expertise at the pilots revealed out the
degree of complexities and uncertainties involved in these restoration pilots, some of this include,
scale of restoration, e.g. couple of hectares to tens of hectares; local dynamics, e.g. almost no
turbidity to extreme turbidity; degree of participation, e.g. financial and application support of local
stakeholders vs. strong local opposition to external interventions etc.

Hence, we developed our participative downscaling approach to spatially identify Coastal Units for
increased granularity in overcoming the complexities and uncertainties. Linked to the IPO model,
these Coastal Units yield more precise identification of the key biophysical and socio-economic
characteristics for the participating stakeholders. Accordingly, fairly uniform biotopes within these
Coastal Units enable quantification of BDV and ESS benefits at the outputs. We further specified
two orthogonal axes as reference for the stakeholders during the participative downscaling. The
first axis is along land-to-sea, which is inspired by the REST-COAST vision in restoring river to delta
continuity (Chapter 2.5.1). The second axis is along the coastline, which acknowledges the
morphological, ecological and economical discontinuities along the coasts and is inspired by 2010
Delta Program in the Netherlands (Chapter 2.5.2).

2.5.1 Coastal Categories:

Healthy and functioning coastal ecosystems are the focus of restoration to improve delivery of BDV
and ESS. These ecosystems are part of a broader system connected from seascapes to coasts to
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landscapes, yet they incorporate diverse local dynamics and fluxes (Geist & Hawkins, 2016).
Accordingly, the main objective of the EU Green Deal embodied within the REST-COAST project is
to upscale coastal restoration through river to delta connectivity by enhancing natural fluxes and
dynamics to improve BDV and ESS (Sanchez-Arcilla et al., 2022). Informed by these broader
perspectives of ecosystems connectivity in our spatial Coastal Units, the first orthogonal axis of
participatory downscaling is along the land-to-sea continuum, where we introduce the NBS-BB
Categories. These categories are identified as coastal zones where there exists distinct transition
with diverse geographical, morphological and functional (e.g. industrial, livelihood, urban)
differences. Here we identify five coastal zones; Subtidal, Intertidal, Barrier, Hinterland and
Upstream. These NBS-BB Categories span the land-to-sea continuum connected from seascapes to
coasts to landscapes (Fig. 4).

INTERTIDAL BARRIER HINTERLAND

¢ Sea grass restoration * Nativespecies * Sand nourishment * Sustainableland use * River bed
« Mangrove forestation plantation « Sediment « Agriculturalland management
« Kelp forest restoration * Salt marsh edge reinforcement raising * River bank protection
« Shellfish restoration protection * Managedrealignment * Sediment * Constructed wetlands
S * Sediment « Innovative reinforcement  Natural current
management embankement * Clayripening restoration
* Managed realignment

Figure 4 — The NBS-BB Categories along the land-to-sea continuum. Informed by the evidence-based NBS
pilots and expertise of the stakeholders at the pilots, potential NBS-BB as restoration units are listed under
each category (for reference only, the list is not exhaustive).

Due to the distinct transitional characteristics, these categories can be differentiated according to
distinct restoration actions, e.g. submerged vegetation restoration applies to Subtidal category
whereas defense line restoration applies to Hinterland category. These categories can be populated
by past and ongoing evidence-based NBS implementations as well as the expertise of REST-COAST
partners in the pilots. In our participatory downscaling approach, potential restoration actions from
these categories are identified as the NBS-BB within a specific Coastal Unit that bridge the KBP and
KSP to the benefits in BDV and ESS in accordance with the IPO model.

Hereby, we established the first link from the generic restoration units in the NBS-BB definition to
the spatial Coastal Units in the pilots. In Fig. 4, an inexhaustive list of restoration units fitting under
each category is provided from our initial scan of pilot expertise and NBS literature. The double
arrow in the figure acknowledges these categories as part of a broader system with transient
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interactions in an integrated coastal landscape. Furthermore, we emphasize the potential upscaling
of coastal NBS through synergies and interactions among different restoration units.

2.5.2 Coastal Delineations:

Coastlines are not homogenous and include diversity of land use (e.g. nature, residential and
industrial), geomorphology (e.g. sandy, rocky and cliffy), and ecology (e.g. salt marshes, coral reefs
and mangroves). In addition, functional diversity is strongly impacted by the landscape
transformations, e.g. salt marsh restoration through managed realignment influences spatial
distribution of ecosystems and habitats, and spatial diversity can vary significantly ranging from tens
of meters to a couple of kilometers (Acosta et al., 2009; Henderson et al., 2020). This holistic view
on coastline was widely acknowledged with the introduction of the adaptive delta management in
the 2010 Dutch Delta Program. Especially in the Ems-Dollard estuary of the Wadden Sea, where
industrial, residential and nature dominant areas exist together in close vicinity, dedicated
interdisciplinary research teams created informed maps based on nature, land use and recreational
values. Grounded on these maps, plenty of innovative NBS pilot implementations have been running
in the coastal area ranging from salt marsh creation in front of an industrial port to clay ripening for
local reinforcement of dikes (Fig. 5) (ED2050, 2021; van Loon-Steensma & Schelfhout, 2020; van
Loon-Steensma et al., 2014a).
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Figure 5 — Informed delineation maps along Wadden Sea coast of the Province of Groningen (NL). The map
is the output of a dedicated multidisciplinary research as part of the 2010 Dutch Delta Program (van Loon-
Steensma et al., 2014a). Nature restoration pilots have been realized following the information and data
from this research: (a) Double Dike, (b) Marconi Project, (c-d) Clay Ripening, (e) Wide Green Dike (ED2050,
2021; van Loon-Steensma & Schelfhout, 2020).
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Inspired by this research, Coastal Delineations is the second orthogonal axis of participatory
downscaling when identifying Coastal Units. Accordingly, coastline is delineated into transects with
either differentiated KBP and KSP or fairly uniform biotopes for BDV and ESS quantification. Hence,
we established the second link from the generic restoration units in the NBS-BB definition to the
spatial Coastal Units in the pilots. These coastal stretches span along the coastline of a coastal
landscape and together with its hypothetically conjugate axis along the land-to-sea continuum, they
compose a Coastal Unit.

2.6  The NBS-BB Framework:

The Coastal Units are spatially identified as the output of our participatory downscaling approach
within a larger coastal landscape in the pilots. The identification of these units embrace
transdisciplinary collaboration among diverse expertise and geographies at 9 REST-COAST pilots.
The Coastal Units acknowledge coastal landscapes as holistic entities with multitude of complexities.
Thus, they implicitly stimulate a more systemic approach to restoration upscaling through
integration of these units. These units aims for increased granularity for deeper understanding of
complex dynamics within each unit. Accordingly, a portfolio of effective restoration units is revealed
in responding to the complex socio-ecological interactions at coastal landscapes. Synergetic
integration of these units at landscape scale by a transdisciplinary team of managers, practitioners,
local stakeholders and policy makers can inform upscaled coastal restoration using NBS for effective
long-term coastal adaptation.

Hence, the fundamental premise of the NBS-BB Framework is the participatory downscaling at each
REST-COAST pilot to map these restoration sites in terms of smaller and homogenous Coastal Units.
In the proposed downscaling scheme, these spatial Coastal Units are linked with the theoretical
NBS-BB definition through the conceptual IPO model. In our IPO approach, the Coastal Units are
translated into input and output parameters to inform the selection of the best-fitting and optimal
restoration process that bridges the implementation gap between the inputs to the outputs.
Eventually, we obtain a portfolio of commensurable Coastal Units aligned with parametrization of
KBP and KSP at the inputs and BDV and ESS at the outputs of the IPO model. These Coastal Units are
the basis for within- and across- pilot assessment and comparison.

Task 4.2 is one of the overarching tasks within the REST-COAST project and designed by definition
as a co-development process including partners from all 9 REST-COAST pilots. So, the NBS-BB
Framework is explicitly linked to specific Work Packages and Tasks in the REST-COAST. WP1 — Hands-
on Restoration of Coastal Ecosystems and Upscaling Potential will inform our framework in terms
of stock-taking of evidence-based NBS, identification of key biophysical parameters per restoration
action, and potential BDV and ESS benefits from specific restoration actions. Inputs from the models
developed in WP2 — Climate Risk Reduction through Innovative Restoration are especially relevant
for identification of key biophysical parameters that are essential for assessing and predicting
restoration. Inputs from WP3 — Financial Arrangements / Business Plans for Restoration Upscaling
and WP5 — Transformative Governance for Restoration Upscaling are important in identification of
key socio-economic parameters, especially from the perspectives of innovative financing and
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transformative governance, respectively. The biotopes approach and translation of different
biotopes into quantifiable benefits in ESS and BDV in Task 4.1 of WP4 — Adaptation Management
for Restoration Upscaling are directly connected to the assessment of ESS and BDV gains within the
identified Coastal Units. Moreover, for all the components of the framework beforementioned, the
knowledge and expertise of the participating partners at all the REST-COAST pilots are paramount.
Graphical representation of the NBS-BB Framework is given in Fig. 6 including the essential
components with levels of collaboration.
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Figure 6 — The graphical representation of the NBS-BB Framework as the co-development process including
9 REST-COAST pilots and work packages. The framework is founded on a conceptual Input Process Output
(IPO) method (Chapter 2.4), which is implemented in the participatively downscaled coastal restoration
units (Chapter 2.5). In each unit, the key biophysical and socio-economic parameters at the inputs are

bridged by the NBS-BB to the BDV and ESS gains at the outputs (Chapter 2.6).
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3. Implementation of the NBS-BB FW at 9 REST-COAST Pilots

In Chapter 2, we explained the intensive co-development process of systemically defining NBS-BB
including our participatory downscaling approach to identify Coastal Units in close collaboration
with our involved partners at the REST-COAST pilots. The resulting NBS-BB Framework in restoration
upscaling of EU coasts through NBS implementation (Fig. 6) is the main output of Task 4.2 by
definition (Box 1). Next, we will explain in this chapter how we pursued our activities and
collaboration further in moving from theory to practice, thus bridging the ‘implementation gap’. In
doing so, we panned dedicated bilateral pilot workshops to collectively implement the NBS-BB
Framework at each REST-COAST pilot. In these workshops, we invited all the involved partners at
these pilots as well as any relevant stakeholders within their network if applicable and feasible. As
the task lead, we emphasized the inclusion of diverse disciplines and expertise due to the
participative design of our framework, which makes the identification of components in the IPO
model more solid. The bilateral pilot implementations aimed to have an extensive list of NBS-BB,
which is identified within spatially defined Coastal Units at all 9 REST-COAST pilots. Thus, we made
an inventory of spatial restoration actions as NBS-BB, which can promise within- and across-pilot
comparisons of different NBS-BB either stand-alone or in harmony, as embodied in our novel REST-
COAST definition of NBS-BB (see Def. 4). Hence, we moved the NBS-BB Framework from theory to
practice for instrumentalizing it for the restoration upscaling at the REST-COAST pilots.

Therefore, pilot workshops facilitated the effective implementation of the framework as well as the
progressive learning from this inclusive process for continuous co-development of the framework.
We developed a python-based Graphical User Interface (GUI), which is briefly introduced in Chapter
3.1, as the platform for collective implementation during the pilot workshops. Then, we planned
our bilateral workshops at six REST-COAST pilots as explained in Chapter 3.2. Finally, for the
remaining three pilots, we generated an additional Pilot Implementation Form to facilitate their
implementation of the framework as presented in Chapter 3.3.

3.1 Development of the Pilot Implementation Tool

We developed a GUI application based on python programming language to facilitate our bilateral
online workshops in implementing the NBS-BB Framework effectively. Although the tool is beyond
the scope of Task 4.2, we assessed it as essential in overcoming the challenges of online participation
from diverse disciplines and expertise within a limited workshop duration. This is especially relevant
in our case, where we require active participation at different parts of our framework (Fig. 6), i.e.
participatory mapping of spatial units, identification of biophysical and socio-economic
characteristics within these units, quantifying ESS and BDV benefits of biotopes belonging to these
units.

In this GUI, we transformed the NBS-BB Framework into interactive fields to get user input as well
as to inform users. In Fig, 7, the main windows where user input for implementing the framework
is presented. Here, user input is prompted in blank sections, which are then mapped to the
respective components in the NBS-BB Framework. We further incorporated informative pop-up
screens to provide users with supplementary knowledge that can assist them in filling in the
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sections. When ready with implementation of the framework, users can submit their
implementation to our local server. In this respect, the design of the tool facilitates both collective
and individual implementation of the framework. Each submission is uploaded with specific stamp
that can be differentiated for later analysis.

Built on an elaborated python script, this GUI application is deployed as a stand-alone executable
file that can be run by any stakeholder independent of any labilities. Going beyond the time limit of
workshops, this application can be implemented by users either individually or collectively at
personal convenience. Thus, we aimed to achieve better resolution of the respective NBS-BB in the
pilots through multiple implementation of the framework by diverse stakeholders. Furthermore,
this tool enable the NBS-BB Framework to extend beyond Task 4.2, which adds more value to the
effort put in developing it. In the supplementary folder, we provided the final version of the tool,
NBSBB_FW _Tool_v4.3.exe, accompanied by a detailed user manual, Tool Manual for Pilot
Implementation.pdf.
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Figure 7 — Pilot Implementation Tool GUI (a) Main screen with general data fields for pilot and NBS-BB —
Text input fields with white background (e.g. NBS Building Block) and information buttons for users with
green background (e.g. View Framework). At the bottom of the GUI, graphical representation of IPO
method of the NBS-BB Framework: Inputs on the left (user activated buttons for Biophysical Parameters
and Socio-economic Parameters) and Outputs on the right (user activated button for ESS and BDV
benefits). (b) Pop-up window to enter data on biophysical parameters when Biophysical Parameters
button is pressed. (c) Pop-up window to enter data on socio-economic parameters when Socio-economic
Parameters button is pressed. (d) Pop-up window to enter data for biotopes together with ESS and BDV
benefits.
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3.2  Pilot Implementation Workshops at 6 Pilots

In this chapter, we start with our design for the planning of the workshops. Rather than including
this in the appendices, we believe that this process holds value in itself and can prove informative
for participative exercises and collaboration in big consortiums like the REST-COAST project, where
partners have individual responsibilities accompanied by additional co-development efforts.

Keeping this in mind, we started our workshop planning by identifying first at least one key partner
at each pilot. This partner was assigned as our co-facilitator(s) within reach of the partners and local
stakeholders at each pilot. Together with our co-facilitator(s) at each pilot, we explored the most
feasible date for bilateral workshops and scheduled these workshops at least one month in advance
(Table 1). This schedule includes the actual workshops with multiple stakeholders as well as pre-
meetings with our co-facilitator(s) to discuss the details of the workshops, post-meetings with our
co-facilitator(s) to evaluate the workshops and discuss the action points, and a field trip to our core
pilot in the Ems-Dollard Estuary.

Effective planning of the workshops is important to be precise in who is involved and also to ensure
that the participants are well-prepared for the workshops. For this, we provided The Pilot
Implementation Tool accompanied with the manual in advance, so that the participants could
explore the tool and elaborate on the potential Coastal Units of participatory downscaling. We
further anticipated that in this preparatory period, Task 4.2 partners at pilots can identify and invite
additional key stakeholders, e.g. social scientists, decision-makers, ecologists, local experts, NGOs
etc. Thus, increasing diversity of disciplines and expertise implies identification of more inclusive
and refined NBS-BB regarding the design of our framework.

Table 1 — NBS-BB Framework Pilot Implementation Schedule

April = May - June — July

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

2 April 3 April 4 April 5 April 6 April 7 April 8 April
Field Trip
Wadden Sea (NL)
9.00-17.00

8 May 9 May 10 May 11 May 12 May 13 May 14 May
Pre-meeting
Venice Lagoon (IT)
10.00-11.00

21 May 22 May 23 May 24 May 25 May 26 May 27 May
Workshop Post-meeting
Venice Lagoon (IT) Venice Lagoon (IT)
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11:00 - 15:00 9.30-10.30
4 June 5June 6 June 7 June 8 June 9 June 10 June
Workshop
Foros Bay (BG)
11:00-13:00
11 June 12 June 13 June 14 June 15 June 16 June 17 June
Workshop Pre-meeting Pre-meeting
Arcachon Bay (FR) Sicily Lagoon (IT) Ebro Delta (SP)
11:00-13:00 10:00-11:00 10:00-11:00
18 June 19 June 20 June 21 June 22 June 23 June 24 June
Workshop
Wadden Sea (DE)
11:00 —13:00
15 June 26 June 27 June 28 June 29 June 30 June 1 July
Workshop
Sicily Lagoon (IT)
16:00 — 18:00
9 July 10 July 11 July 12 July 13 July 14 July 15 July
Post-meeting
Sicily Lagoon (IT)
16:00 — 18:00

In Table 2, a general overview of these meetings per pilot is provided. The table includes the
identified NBS-BB and participating stakeholders. Details of the pilot implementations are discussed
in the following chapters. Aligned with our discussion above on planning, this table successfully hints
at number and diversity of the participation in the workshops, which will also explain why different
aspects of the framework either stand out or fall short at different pilot implementation.

Table 2 — General overview of the pilot workshops

Pilot Site  Processes as NBS-BB Location Date & Time  Medium Participants
Ems- . . 1.Province of
Wadden Sea (NL) | agricultural Land Rising Dollard if:,\r/:l 127?3'\/' _T_Ir(ield Groningen
Estuary P 2.WUR
1.CORILA
2.CMCC
3. University of Venice
. . . . 4. University of
Venice Lagoon (IT) Artificial SaI’F Marsh Mlllec.:impl 22 May ‘23 MS Padova
Reconstruction Teneri 10AM-1PM Teams 5 MEDSEA
6.SELC Soc. Coop.*
7.PROVV
8.WUR
Foros Bay (BG) . Natura2000 8 June 23 MS 1.10-BAS
CSCEIRS RS 11AM-1PM  Teams  2.WUR
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Arcachon Bay (FR)

Ebro Delta (SP)

Wadden Sea (DE)

Sicily Lagoon (IT)

2.Brown Macroalgae
Restoration

Seagrass Restoration
using Roseliere

Salt Marsh Edge
Protection

Sediment Management

1. Salt Marsh Restoration
2.lIsland Building

3. Dune Revegetation

4. Hydraulic Connectivity
5.Seagrass Restoration
6. Beach Nourishment

Bassin
d’Arcachon

Bassa de
I’Alfacada

Ems-
Dollard
Estuary

Pantani
Cuba &
Longarini

12 June 23
11AM-1PM

15 June 23
10AM-11AM

19 June 23
11AM-1PM

26 June ‘23
4PM-6PM

MS
Teams

MS
Teams

MS
Teams

MS
Teams

1.SEABOOST
2.EGIS-GROUP
3.Parc Naturel Marin

Bassin d’Arcachon*
4. WUR

1.ALBIREM
2.EURECAT
3.WUR

1.HEREON
2.NLWKN
3.BAW*
4.WUR

1.University of
Catania

2.SPA*

3.WUR

* Organizations that are not participants of the REST-COAST project. They are involved as key local stakeholders in the pilots.
1 Millecampi Teneri is one of the waterbodies identified according to the Water Framework Directive in the Venice Lagoon.

3.2.1 NBS-BB Tables: Preliminary Output from the Pilot Workshops

In the bilateral workshops with the pilots, we collaboratively worked on the NBS-BB Framework
implementation tool with the participating organizations. With participants’ full consent, we have
also recorded these workshops for our own use during post-analysis. The pilot outputs from the tool
implementation and comparative analysis of the recordings are compiled in the structured tables
for systemic overview and multi-criteria comparisons within and across the pilots. In Table 3, a
guidance on the main components of these structured tables and how to read these tables is
provided in accordance with key references to the NBS-BB Framework.

Table 3 — Components of the structured output tables from pilot implementations of the NBS-BB FW

NBS-BB

PROCESS

Nature Based Solutions Building Block that is collaboratively identified as the main
restoration process in a specific Coastal Unit within a REST-COAST pilot in
accordance with Def. 4 in Chapter 2.3.

NBS-BB CAT

Drop-down list to select from the categorical axis of the Coastal Unit within a REST-
COAST pilotin accordance with Fig. 4 in Chapter 2.5.1. The category indicates where
the identified NBS-BB lies along the land-to-sea continuum.

DEL

Identification of the coastal delineation according to the participative downscaling
of a REST-COAST pilot as described in Chapter 2.5.2. The delineation indicates
where the identified NBS-BB lies along the coastline.
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Environmental Pressures Addressed is a list of environmental pressures that a
EPA specific Coastal Unit is exposed to. The list provides insight on the urgency of the
restoration action by the identified NBS-BB.

A list of inputs as Key Biophysical Parameters that are collaboratively identified in a
KBP specific Coastal Unit in accordance with the IPO method of the NBS-BB Framework

g as described in Chapter 2.6.
% A list of inputs as Key Socio-economic Parameters that are collaboratively identified
KSP in a specific Coastal Unit in accordance with the IPO method of the NBS-BB
Framework as described in Chapter 2.6.
Drop-down list to select from a semi-quantitative scale of 5 for 5 specific Ecosystem
Services addressed by the REST-COAST. These scores reflect the expert judgement
ESS per ESS on the expected impact of the identified NBS-BB in a specific Coastal Unit.
) These scores are at the outputs in accordance with the IPO method of the NBS-BB
2 Framework as described in Chapter 2.6.
'5 Qualitative expert judgement on the potential Biodiversity benefits from the
o

implementation of the identified NBS-BB in a specific Coastal Unit. This judgement

BDV is constrained by benefits for habitats and species according to the biotope maps
produced per REST-COAST pilot. These benefits are the outputs in accordance with
the IPO method of the NBS-BB Framework as described in Chapter 2.6.

In the following chapters, we will present the resulting output tables per pilot as the preliminary
overview of the implementation of the NBS-BB Framework. For each pilot, we will also provide a
brief information on the settings and progress of the workshops to highlight distinguishing points
across the pilot implementations.

3.2.2 Wadden Sea

3.2.2.1 The Ems-Dollard Estuary (NL) Field Trip

We organized an in-person meeting with our key partners in the Province of Groningen on 3 April
2023 in Delfzijl, a city within the Ems-Dollard Estuary of the Wadden Sea. The estuary is of particular
importance for the pilot stakeholders from various perspectives. One of these perspectives is the
potential for upscaling through the ED2050 Program which aligns perfectly with the REST-COAST
(ED2050, 2021). One other perspective is the estuary’s location at the border of the Netherlands
and Germany, which makes the estuary a perfect case for the transboundary collaboration within
the upscaling targets of the REST-COAST. The last but not the least, many small-scale pilots have
been implemented or planned in the estuary in accordance with the regional and national policy in
multi-functional coastal defense and planning. One of the primary implications of these is the
abundance of knowledge, data and expertise not only from natural sciences perspective but also
from the social, economic and governance perspectives due to the financial and political support.
This is especially important for our NBS-BB Framework regarding the balanced view on both
biophysical and socio-economic parameters at the inputs as well as ecosystems services and
biodiversity emphasis at the outputs.

33



Framework for co-development of restoration with NBS building blocks & ESS

In this in-person meeting with the Province of Groningen, we had a brainstorm on the optimal
implementation of the NBS-BB Framework among many small-scale pilots in the estuary. We
decided that we can implement the framework for an ongoing restoration planning because there
exists a well-delineated small-scale pilot area that fits well to our Coastal Unit approach. In this
Coastal Unit, we focused on the agricultural land rising as the restoration process in overcoming
diverse environmental challenges in the region. Moreover, this restoration action is also implicitly
dependent on the other potential restoration actions including clay mining and salt marsh
restoration. This is essentially relevant for exploring synergies and trade-offs during restoration
upscaling. Using the input from our partners as well as the existing knowledge and literature, we
have implemented the NBS-BB Framework for agricultural land raising to develop the preliminary
results as given in Table 4.

Figure 8 — Photos from the Ems-Dollard Estuary field trip. Left — On the dike protecting the Grote Polder.
The polder area lies to the left of the dike. Industrial area and wind farms are in the distance. Right — The
subsiding agricultural area behind the dike. Future upscaling of farmland rising as the climate adaptation
plan in the area.(Photo credits: C. Arslan, 2023)

We concluded our meeting with a field trip in the Ems-Dollard Estuary visiting some locations of
recent pilots (e.g. Marconi salt marsh restoration), planned pilots (e.g. Grote polder, see Fig. 8) and
future upscaling (e.g. raising farmland behind the dikes, see Fig. 8). Using these observations and
the existing research (ED2050, 2021), we discussed on extending our framework further to the
whole estuary in the next phase of Task 4.2. In Chapter 4, we will provide an overview of multiple
Coastal Units across the pilot.
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Table 4 — NBS-BB Framework implementation at the Ems-Dollard Estuary (NL) — Field trip on 3™ of April, 2023.

e Transboundary Collaboration =)
e No direct impact on habitats
oSLR rate e Social Memory & Cultural Heritage
— and species due to main
— e Groundwater Levels e Nationally- & EU-Funded 2
w focus on agricultural
& eland subsidence o Salt- & Fresh-water Restoration Projects
. S - — production
= E e Salinization Divide eIncome — Agricultural %
= 2 Q e Side ecological benefits for
g (G} 5 eSea Level Rise (SLR) e Sediment Budget e|ncome — Tourism et
= = _ local salt marsh species and
Q ePeat oxidation e Subsidence e Integrating results from WP3 on = ) i
- benthic community from
), e Salinity innovative financing )
sediment management to
e Peat Oxidation Rate e Integrating results from WP5 on o
a supply the clay.
L

o Crop Resilience transformative governance

Higher
Impact

IHinterland location on the NBS-BB Cat axis of the coastal unit 2Coastline code GR9 on the Coastal Delineation axis of the coastal unit
(map from (ED2050, 2021)) (map from (van Loon-Steensma et al., 2014a))
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3.2.2.2 The Ems-Dollard Estuary (DE) Workshop

We implemented the NBS-BB Framework for the German Wadden Sea pilot in our workshop with
our REST-COAST partners in Germany on 19th of June, 2023 (please refer to the supplementary
folder for the minutes Appendix 13 - Wadden Sea DE Workshop Minutes NBS-BB Framework
Implementation.pdf). Participants to the workshop include; (i) Hereon and NLWKN as the REST-
COAST partners of Task 4.2 in the Wadden Sea pilot, (ii) Bundesanstalt fir Wasserbau (BAW) as one
of the stakeholders focused on water quality, flood management and environmental protection in
the German part of the Wadden Sea, and (iii) WUR as the facilitator. After a brief reintroduction of
the NBS-BB Framework followed by the explanation of the main targets of the workshop, the
participants decided to implement the framework in an arbitrary Coastal Unit lying on the German
part of the Ems-Dollard Estuary. Although the main case study areas of the participants are more to
the east of the German Wadden Sea (e.g. Jade Bay, Elbe Estuary), the rationale to focus on the Ems-
Dollard Estuary was to exploit the uniqueness of the Wadden Sea pilot as the only transboundary
case in the REST-COAST project, where strong bilateral coordination, collaboration and knowledge
production are envisioned. Thus, using the interactive map gadget of the implementation tool, the
participants agreed on a potential Coastal Unit to restore seagrass.

Accordingly, we used the implementation tool to apply our NBS-BB Framework in the identified
Coastal Unit, where Seagrass Restoration is the process as NBS-BB. Due to the strong competence
of the participants in hydro-morpho-ecological modelling of coastal ecosystems in this intensively
studied estuary, identification of key biophysical parameters in accordance with the framework was
sharp and plain, i.e. seagrasses are promising in naturally managing high sediment input from Ems
river through increased accretion rates, decreased turbidity, improved filtration etc. However,
identification of socio-economic parameters requires more diversity of knowledge and expertise
especially in integrated approaches such as our framework. Immediately emerging as one of the
bottlenecks, all of the participants acknowledged the importance of more inclusion from social
sciences. This will stand out as one of the key learnings from all pilot implementations.

In Table 5, the preliminary results are provided for the implementation of the NBS-BB Framework
in the Ems-Dollard Estuary with our German partners.
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Table 5 — NBS-BB Framework implementation at the Ems-Dollard Estuary (DE) — Pilot workshop on 19 of June, 2023.

—- KBP KSP

ESS? BDV*

o Navigation

@ o Benefits on habitats and
e Sea surface elevation e.g. public, private, commercial... species have not been directly
e Erosion T o Chanhel and sediment management - quantified at the estuary.
R practices - el ‘
°8 e Flooding o Salinity i.e. comparison NL vs. DE & CcElleleRietate ke
= ) ) . — can be a proxy for
© = ©SealevelRise o Current velocity e Transboundary collaboration z
2 2 ] improvements in habitats.
= © QZ e Biodiversity Loss e Significant wave height e Tourism et ) i )
an 2 — e Future integration of ongoing
© e Eutrophication and ® Sea bed stress o Integrating results from WP3 on < ) ) .
:;_ % discussion on species
L, hypoxia e Sediment innovative financing evaluation in recently set-up
concentration e Integrating results from WP5 on s PhD and Postdoc subgroups,

transformative governance e.g. IUCN Red List

Higher
Impact

1Subtidal location (2) on the NBS-BB Cat axis of the coastal unit 2Coastline code GR6 on the Coastal Delineation axis of the coastal unit
(map from (Dolch T. et al., 2017)) (map from (van Loon-Steensma et al., 2014a))
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3.2.3 The Venice Lagoon

In the Venice Lagoon, we co-facilitated the pilot implementation workshop together with our key
partners in CMCC and Ca' Foscari University of Venice. Accordingly, we organized a pre-meeting
first on 9th of May, 2023 to discuss about the delineation of the lagoon and corresponding
implementation of the NBS-BB Framework. For the purposes of environmental monitoring and data
collection, the Venice Lagoon is divided into 14 water bodies, three of which are defined as 'heavily
modified', according to the Directive 2000/60/EC. Among the 14 water bodies, we took into account
11 water bodies that are in the open part of the lagoon. Thus, we decided to assign these water
bodies as our Coastal Units first, and then we planned to implement the NBS-BB Framework in a
specific water body, which is also the pilot area for the REST-COAST project.

Then, we conducted the workshop in the Venice Lagoon on 22nd of May, 2023 with participants
from; (i) CORILA and CMCC as the pilot co-leads, (ii) Ca' Foscari University of Venice, University of
Padua and PROVV as the main partners of Task 4.2, (iii) Medsea as a REST-COAST partner, (iv) Selc
Soc Coop as a local subcontractor of CORILA, (v), and (vi) WUR as the co-facilitator and task lead. As
planned in the pre-meeting, using the pilot implementation tool, we implemented the NBS-BB
Framework in the water body named PC2 Millecampi Teneri. The NBS-BB as the main restoration
process in PC2 was identified as Artificial Salt Marsh Re-construction, which align with the main
restoration targets within the REST-COAST. As revealed out during the workshop, there exists
extensive data and knowledge on physical and ecological process within the water bodies due to
the intensive monitoring of the lagoon. Combined with the diversity of expertise and experience of
the participants, we identified smoothly the key biophysical parameters at the inputs of the
framework.

Equally essential is the identification of the key socio-economic parameters, as emphasized in the
development of the framework in Chapter 1.7. This proved more challenging due to lack of expertise
and data. We identified some potential key socio-economic parameters using the experience of the
participants in the restoration efforts of the lagoon. Nevertheless, we acknowledged the complex
interactions and dynamics, which require specific expertise of social sciences for integrated
approaches such as out framework. This is especially critical when the bio-physical and socio-
economic parameters are coupled with reinforcing impacts, e.g. sediment management for
commercial channel navigation. Please refer to the supplementary folder for the minutes, Appendix
9 - Venice Lagoon Workshop Minutes NBS-BB Framework Implementation.pdf, for a more detailed
record of the workshop.

Preliminary output from the implementation of the NBS-BB Framework in the PC2 Coastal Unit is
provided in Table 6. As the research in the pilot site continues, this preliminary output will also be
revised, modified and upgraded with knowledge, data and expertise built throughout the course of
the REST-COAST. In the next chapter, we will demonstrate in the PC2 Coastal Unit how these
preliminary output evolves into more complete implementation of the framework. Furthermore,
implementing the framework in all 11 water bodies in the Venice Lagoon can yield a complete
overview of the lagoon for effective upscaling potential. Yet, this is beyond the scope of both Task
4.2 and REST-COAST.
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Table 6 — NBS-BB Framework implementation at the Venice Lagoon (IT) — Pilot workshop on 22" of May, 2023
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5050000

5030000

5020000

REST-COAST area
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Laguna di Venezia

5010000

Lintertidal location on the NBS-BB Cat axis of the coastal unit PC2 (map 2Salt marsh edges on the Coastal Delineation axis of
, ) . .
adapted from ISPRA, ARPAV the coastal unit PC2 (map provided by CMCC)
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3.2.4 The Foros Bay

Our partners in 10-BAS had been very inclusive in the co-development of the NBS-BB Framework
since the kick-off of Task 4.2. Thus, they had a good understanding of the participative downscaling
approach as Coastal Units and the corresponding delineation task for the pilot coastline. During the
preparation period prior to the workshop, our partners developed a custom expert-based
delineation map for the Foros Bay. The coastline was delineated into 27 coastal stretches with
diverse semi-quantitative scoring based on the wave-exposure, which is identified as the main
biophysical process impacting the bay.

We conducted our pilot implementation workshop at the Foros Bay on 8th of June, 2023.
Participants to the workshop include; (i) I0-BAS as the main partner of Task 4.2, (ii) WUR as the
facilitator and task lead. Resulting from this restricted structure of the workshop in terms of
participation, we focused on a bilateral communication on; (i) further requirements and
opportunities for the bay in implementing the NBS-BB Framework, and (ii) restoration vision, local
context and challenges of stakeholder inclusion from 10-BAS perspective. More detailed overview
of the workshop can be found in the minutes, Appendix 10 - Foros Bay Workshop Minutes NBS-BB
Framework Implementation.pdf, as provided in the supplementary folder.

For the first point, i.e. implementation of the framework in the pilot, we agreed to implement the
framework at 5 Coastal Units demarcated by 5 of 27 coastal stretches, which reside in the focus area
of the REST-COAST. Accordingly, the implementation was performed by I0-BAS in these 5 Coastal
Units using the pilot implementation tool after the workshop. Identified NBS-BB as restoration
processes were mainly determined based on the two main biophysical parameters: wave exposure
and bottom substrate. The main restoration focus is on seagrasses according to the REST-COAST
targets in the pilot. Yet, our downscaling approach as Coastal Units and corresponding
implementation of the framework in each unit proved informative and essential for designing
diverse restoration action in each Coastal Unit. Furthermore, our partners emphasized the
importance of integrated landscape approach from upstream to the sea in the Foros Bay, which
aligns well with the integrated approach of our framework.

For the second point, i.e. local context and challenges, we acknowledged the distinct character of
the Foros Bay pilot compared to the other EU pilots in terms of stakeholder participation and
participative research. Managed by more central governance approach, the local stakeholders
communicated the challenges of performing our participative downscaling method, which is an
explorative research-based approach. However, local context fits better for decision-based
participation in which the stakeholders make decisions based on the concrete and verified research
output. This was one of the important key learnings from the co-development of our framework.

Itis also important to note the lack of social sciences perspective in both identification of the Coastal
Units and consequent implementation of the framework. In the workshop, we acknowledged the
lack of expertise in social sciences and the need for coupling socio-economic parameters to the
design of restoration with NBS in the Foros Bay. Preliminary output from the implementation of the
framework in the Foros Bay is provided in Table 7.
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Table 7 — NBS-BB Framework implementation at the Foros Bay (BG) — Pilot workshop on 8" of June, 2023
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—— semi-natural, beach, exposure 1,
sand, NATURA 2000

- semi-natural,estuary, exposure 1,
sand, NATURA 2000

[ Black Sea infralittoral rock.
[ Black Sea infralittoral coarse sediment

Black Sea infralittoral sand
I Biack Sea infralittoral mud

LCoastal types classified on the NBS-BB Cat axis accompanied by wave exposure scores in
the inner map (maps provided by E. Hineva et al., 10-BAS, 2024)
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3.2.5 The Arcachon Bay

We conducted our workshop for the Arcachon Bay on the 12t of June, 2023 with involvement from;
(i) Egis and Seaboost as our core partners in the pilot, (ii) Parc Naturel Marin Bassin d’Arcachon as
the main stakeholder in the Arcachon Bay, and (iii) WUR as the task lead and facilitator. More
detailed overview of the workshop can be found in the minutes, Appendix 11 - Arcachon Bay
Workshop Minutes NBS-BB Framework Implementation.pdf, as provided in the supplementary
folder.

Delineation of the pilot was not performed in advance, so initially we elaborated on how to
approach the Arcachon Bay from the perspective of Coastal Units. Our partners in the pilot have
clear objective within REST-COAST to restore the relatively small area (<10 ha) of historical salt
marshes using the Roseliere artificial seagrass device. Hence, we identified Roseliere Seagrass
Restoration as the main restoration process, thus the NBS-BB in a specific Coastal Unit. We focused
on the intertidal zone on the NBS-BB Category axis in accordance with the NBS-BB Framework. Then,
we contemplated on the coastline delineations to enclose, thus to identify the Coastal Units.
Focused on the biophysical processes and potential socio-economic indicators, we decided to focus
on salt marsh edges and intertidal flats along the delineation axis. Accordingly, we performed our
participative downscaling approach to identify two spatial Coastal Units: Channel Edges and
Intertidal Flats. Despite the limited inclusion and diversity in the participative downscaling, clearly
defined restoration target in a relatively small pilot area combined with EU Green Deal support of
REST-COAST were enablers for successfully identified Coastal Units. Nevertheless, we will discuss
the negative impacts of limited participation on the implementation of NBS-BB Framework in
Chapter 5.

We implemented the NBS-BB Framework in these two Coastal Units rest of the workshop. A
preliminary overview of this implementation is provided in Table 8. It has already been evident so
far how detrimental it is for our framework to lack expertise in social sciences. Yet, in our Arcachon
pilot workshop, inclusion of site manager as the main stakeholder proved extremely important for
a holistic view of the pilot site within the whole Parc Naturel Marin. This included the identification
of complementary socio-economic parameters alongside the biophysical parameters from the
expertise of our partners.

45



Framework for co-development of restoration with NBS building blocks & ESS

Table 8 — NBS-BB Framework implementation at the Arcachon Bay (FR) — Pilot workshop on 12 of June, 2023
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3.2.6 The Ebro Delta

The Ebro Delta workshop for the implementation of the NBS-BB Framework was planned to for June
2023. However, the participatory design of pilot implementations are prone to many internal and
external factors in effectively realizing these workshops. The Ebro Delta workshop was instructive
of some of these unfavorable conditions, e.g. increased work load combined with limited availability
of our partners, unprecedented droughts in the region. So, we failed to conduct our workshop as
planned and needed to improvise the framework implementation. Accordingly, we organized a pre-
meeting with 2 of our task partners at Albirem and Eurecat on the 15" of June. In this pre-meeting,
we discussed the potential implementation of the framework in detail through communicating
bilateral expectations. More detailed overview of this meeting can be found in the minutes,
Appendix 12 - Ebro Delta Workshop Minutes NBS-BB Framework Implementation.pdyf, as provided
in the supplementary folder.

In the upcoming months following the droughts, our partners self-organized to implement the
framework in the Alfacada Coastal Unit using the pilot implementation tool. The preliminary output
from this implementation is provided in Table 9. Again all odds in carrying out a participative
workshop, the lessons-learned from the Ebro Delta workshop are informative and noteworthy. First
of all, we were exposed to the first-hand adverse impacts of climate change, i.e. the unprecedented
droughts in the region, in our implementation-based research in nature restoration. Then, we
learned by doing that the participative methodologies as in our NBS-BB Framework are, (i) place-
based, i.e. diverse experiences in different pilots, (ii) institution-based, e.g. participation and
collaboration among different organizations, and (iii) human-based, e.g. interests of local
stakeholders.

We should also note the recurring theme of incomprehensive approach to the identification of
socio-economic parameters due to the lack social sciences perspective in the pilot implementations.
We will also discuss this in Chapter 5 as one of the key learnings in moving from theory to practice
in our co-developed NBS-BB Framework.
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Table 9 — NBS-BB Framework implementation at the Ebro Delta (SP) — Pilot pre-workshop on 15% of June, 2023

—- KBP KSP

ESS? BDV*

e Water physiochemical parameters:

oconductivity e National funding

S
odissolved oxygen e EU funding (e.g. REST- &«
opH & e Bjotope maps developed for
oTemperature COAST) ¢ situati d fut
i current situation and future
oTurbidity o NATURA 2000
e Environmental parameters . scenarios can be proxy to
oWater column ) S U s .
L biodiversity status.
oHumidity e Cultural heritage
o oAir temperature e Passive improvement of the
J P e Touristic interests
) oP-reC|p|tat|on salt marsh habitats is
§ e Extreme weather @ Soil parameters e Proximity to agricultural
_ S oSoil conductivity ) expected.
= S g  events Soil t t fields &
= g = ' o>olitemperature & e Healthy natural salt marsh
g & 5 eFlood risk oSoil pH e Training & dissemination bt
< < S YEGfERE will have positive impact on
N ©Climate change ) activities
= oVegetation coverage ——  the fauna.
S e e Biodiversity e Economic value creation .
. e Transition from freshwater
oMacrophytes species & abundance Integrating results from g
oMacroinvertebrates species & % to salty water after
WP3 on innovative
ab.undance ) restoration might negatively
oMicrocrustaceans species & financing
abundance ———— impact freshwater bird
oFish species & abundance ® Integrating results from

. - species.
oBirds species & abundance

e Greenhouse gas fluxes
6CO2 governance

(2)

WP5 on transformative

oMethane

Higher
Impact

49



Framework for co-development of restoration with NBS building blocks & ESS
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3.2.7 The Sicily Lagoon

Universita degli Studi di Catania (UC) as our key partner in the Sicily Lagoon pilot had been active
and involved in co-developing the NBS-BB Framework since the kick-off of Task 4.2. This close
collaboration led to several bilateral meetings to co-facilitate the pilot workshop. So, we discussed
in advance the potential implementation of the NBS-BB Framework in the lagoon by identifying
potential Coastal Units aligned with past and future restoration efforts. These pre-meetings were
also essential as we planned to include one key stakeholder external to the REST-COAST project. On
27th of June, 2023, we conducted our pilot workshop to implement the NBS-BB Framework.
Participants to the workshop included; (i) 3 of our task partners from the UC, (ii) a key stakeholder
from Stiftung pro Artenvielfalt (SPA), and (iii) WUR as the task lead and facilitator. More detailed
overview of this workshop is included in the minutes, Appendix 14 - Sicily Lagoon Workshop Minutes
NBS-BB Framework Implementation.pdf, as provided in the supplementary folder.

Involving SPA proved very essential for a more comprehensive implementation of our framework in
terms of the diverse participatory design of our IPO approach. Hence, our partners in UC are experts
in natural dynamics and ecosystems modelling. SPA, on the other hand, has very extensive
experience and knowledge in nature restoration with BDV focus and social dynamics. SPA owns
Pantano Cuba e Longarini, which are two neighboring lagoons in the REST-COAST pilot site and has
been actively running restoration projects in the lagoon. So, involvement and open communication
of this key stakeholder contributed significantly to the comprehensive implementation of our
framework in the Sicily Lagoon pilot.

Accordingly, during the workshop, we had an overview on 6 Coastal Units identified in the pilot by
our partners and elaborated on these Coastal Units from all stakeholders’ perspectives. Considering
the time and the effort required, the practical implementation of our framework in these Coastal
Units were completed later together with our key partner in UC by using the discussions during the
workshop and in our bilateral meetings. Preliminary output from this pilot implementation are
provided in Table 10. It is noteworthy to mention that the identified Coastal Units, hence NBS-BB in
each unit, were characterized mainly by the complementary restoration efforts executed by SPA.
This aligned perfectly for future upscaling targets of REST-COAST in the Sicily Lagoon pilot by finding
synergies and harmonies among NBS-BB.

Inclusion of SPA was also critical for comparative analysis of diverse pilot implementations since
involvement of SPA can be a reference point for cross-pilot comparisons to inform the importance
of diverse participation in the pilots, especially for effective and long-term restoration and
upscaling. We will discuss this further in Chapter 5.
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Table 10 — NBS-BB Framework implementation at the Sicily Lagoon (IT) — Pilot workshop on 27 of June, 2023
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12| and-to-sea zones on the NBS-BB Cat axis and demarcations on the Coastal Delineation axis for the 6 pre-identified Coastal Units in the Sicily Lagoon pilot (left) & enumerated
coastal units are assigned to specific restoration processes as NBS-BB (right) (maps adapted from M. Marino et al., 2023, REST-COAST Annual Meeting in Gdansk, Poland)
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3.3  Pilot Implementation Form at 3 Pilots

In Chapter 2, we portrayed our intense collaboration with 6 REST-COAST pilots, i.e. Wadden Sea,
Venice Lagoon, Ebro Delta, Sicily Lagoon, Arcachon Bay and Foros Bay, for the co-development of
the NBS-BB Framework. Then, in Chapter 3.2, we presented the output of the bilateral pilot
implementations in moving from theory to practice to contribute to bridging the ‘implementation
gap’. The design of this co-development process, with 6 REST-COAST pilots involved in Task 4.2,
aligned with the preliminary planning in the REST-COAST proposal. During the General Assembly in
Gdansk in September 2023, project commissioner explicitly requested involvement of all the pilots
in all of the overarching tasks of REST-COAST albeit the initial proposal. Upon this request, we
started our communication directly during the General Assembly with the remaining 3 REST-COAST
pilots, i.e. Vistula Lagoon, Rhone Delta and Nahal Dalia. We briefly introduced the NBS-BB
Framework and consequently received their positive feedback and interest in the framework.

The Pilot Implementation Tool introduced in Chapter 3.1 was developed for the bilateral pilot
workshops as an enabler for participation collaboration in an online environment. Post-processing
of these workshops resulted in the structured output tables of Chapter 3.2. In the period following
the General Assembly, we prepared the Pilot Implementation Form inspired by these preliminary
output tables. Our partners in these 3 pilots can directly use this form to implement the NBS-BB
Framework in their pilots as an alternative to the tool. Accordingly, our partners were flexible in
organizing themselves for the framework implementation both due to time and effort required. We
provided our partners the implementation guidance document which includes the re-introduction
of the framework, a reading guide for the implementation form (as in Table 3), the implementation
form (see Table 11), a filled out form as an example pilot implementation and also the manual for
the Pilot Implementation Tool. This guidance document, Appendix 17 - Generic NBS-BB Framework
Pilot Implementation Form.pdyf, is provided in the supplementary folder.

Table 11 — Template for the NBS-BB Framework Pilot Implementation Form.

ESS? BDV
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Additionally, we organized bilateral online meetings with our partners in the Vistula Lagoon, Rhone
Delta and Nahal Dalia to discuss the constituents of the document we provided, and also to
contemplate about the potential implementation of the NBS-BB Framework in their pilots. Our
partners implemented the framework within their own initiative in the upcoming period and
communicated the filled out forms as presented in the following chapters.

3.3.1 The Vistula Lagoon

The NBS-BB Framework implementation in the Vistula Lagoon was coordinated by our key Task 4.2
partner and pilot site leader from the Institute of Hydro-Engineering of Polish Academy of Sciences
(IBW-PAW). However, information and data that was provided in the Pilot Implementation Form
incorporated results from long term cooperation and consultation with the Maritime Office in
Gdynia, Poland. The Maritime Office is the key stakeholder in the Vistula Lagoon, where they have
full jurisdiction. Moving to the land, where the technical and protection belts lie within, the
Maritime Office share responsibilities with the local authorities. These belts have been recently
expanded from former land-water interface to include around 2 km to the hinterland (please refer
to Appendix 18 - Vistula Lagoon Pilot Implementation Form.pdf as provided in the supplementary
folder).

Preliminary output from the implementation of the NBS-BB Framework at the Vistula Lagoon is
provided in Table 12. It is noteworthy to recognize the better overview and deeper understanding
of the key socio-economic parameters in the table, which results from the proxy inclusion of the
Maritime Office, thus the strong collaboration and steering as the key stakeholder on an actionable
plan.
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Table 12 — NBS-BB Framework implementation at the Vistula Lagoon (PL) — Pilot Implementation Form 8" — 10'" of January, 2024
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3.3.2 The Rhone Delta

The NBS-BB Framework implementation in the Rhone Delta was coordinated by our Task 4.2 partner
and REST-COAST project leader from Tour du Valat (TDV). Accordingly, all the Coastal Units within
the REST-COAST pilot site were identified aligned with our participative downscaling approach
including diverse expertise in project management, geomorphology, hydrology and geography.
Then, the NBS-BB Framework was implemented in each Coastal Unit using the Pilot Implementation
Form to identify the corresponding NBS-BB as processes with biophysical and socio-economic
parameters at the inputs, and ESS and BDV benefits at the outputs. The resulting Appendix 19 -
Rhone Delta Pilot Implementation Form.pdf was communicated back to Task 4.2 lead as provided in
the supplementary folder.

We present the preliminary output from the implementation of the our framework at the Rhone
Delta pilot as in Table 13. TDV is the key partner of REST-COAST in the Rhone Delta with vast
experience, deep knowledge and prestigious acknowledgement in conservation and restoration of
the region. So, it is noteworthy to recognize how TDV approached holistically to the pilot site in
identification of the Coastal Units. The NBS-BB Framework was further implemented in each Coastal
Unit with a balanced natural and social sciences perspectives as reflected in the key biophysical and
socio-economic parameters. The clear restoration targets in the pilot was also reflected at the
outputs with also a balanced ESS and BDV benefits that are expected for each restoration action.
Similar to the proxy inclusion of key stakeholders in the Vistula Lagoon pilot as in Chapter 3.3.1,
action-oriented field expertise of TDV and its role as the co-manager of the pilot site provided proxy
inclusion of diverse perspectives in the framework implementation.

Despite the late involvement of the Rhone Delta pilot in Task 4.2, which we consider a missed
opportunity in co-developing the theory of NBS-BB Framework, the preliminary output in Table 13
is very impressive for moving the theory to practice in a holistic approach to restoration upscaling
using the NBS-BB. As will be explained in Chapter 4, including TDV as our key partner in our
dedicated task force is very promising for pilot-scale extension and expansion of these preliminary
results.
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Table 13 — NBS-BB Framework implementation at the Rhone Delta (FR) — Pilot Implementation Form 28" of February — 11" of March, 2024
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L2Coastal units enumeration in the Rhone Delta in accordance with the NBS-BB Cat
axis along the land-sea continuum and the Coastal Delineation axis along the
coastline (map by M. Jolivet, Tour du Valat, 11 March 2024). Photos are
representative of the NBS-BB in each coastal unit in the pilot. Photo credits: #1,
Willm & Arnoud, Tour du Valat; #2., Boutron, Tour du Valat; #2.2, Willm, Tour du
Valat; #3, Fontes, Tour du Valat; #4, Fontes, Tour du Valat; #5, Thibault, Tour du
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3.3.3 The Nahal Dalia

The NBS-BB Framework implementation in the Nahal Dalia was coordinated by our Task 4.2 partner
and pilot coordinators in Israel from INPA and The Israeli Watersheds and Rivers Center. After our
first contact during the General Assembly of Gdansk in September 2024, we communicated the
implementation guidance document to request the implementation of the NBS-BB Framework in
the Nahal Dalia pilot. Our partners engaged positively with Task 4.2 and we coordinated two
bilateral meetings in January 2024 and March 2024 to discuss the potential implementation of the
framework in the pilot site.

Subsequently, our partners implemented internally the framework in 5 identified Coastal Units that
match the restoration targets in the pilot site (please refer to Appendix 20 - Nahal Dalia Pilot
Implementation Form.pdf for the pilot implementation as provided in the supplementary folder).
We present the preliminary output for the Nahal Dalia pilot in Table 14, which we refined from the
form that was communicated back to Task 4.2. The pilot implementation was mainly based on
experts' knowledge and existing data. The framework helped the pilot team to elaborate on diverse
NBS-BB as restoration processes, to define the environmental pressures that must be addressed, to
assess the desired outcome for each restoration process, and thus to understand the parameters of
interest in order to reach the desired outcome.

Our partners engaged on 5 Coastal Units spanning across the pilot in accordance with the
participative downscaling approach. These Coastal Units hold potential to merge together across
the pilot landscape to holistically upscale nature restoration through NBS approach. INPA and The
Israeli Watersheds and Rivers Center incorporate diverse expertise and knowledge in natural and
social sciences. As a proxy to diverse participation of stakeholders, this was reflected in the
implementation of the NBS-BB Framework in Table 14 as balanced evaluation of the key biophysical
and socio-economic parameters. Direct participation of diverse disciplines as part of the
transdisciplinary approach of our framework can yield a more comprehensive implementation. Yet,
considering the time and effort required for organizing local actors and stakeholders, which is
beyond the scope of the pilot within Task 4.2,this kind of proxy participation is very valuable.

As we will discuss in Chapter 5, we appreciate these experiences from bilateral pilot
implementations as the key learnings from our communities of practice, where we have co-
developed our framework from theory to practice together with all the pilots. These key learnings
are important contributions to our adaptive knowledge in coastal upscaling through NBS in the
following phases of the REST-COAST project.
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Table 14 — NBS-BB Framework implementation at the Nahal Dalia (IR) — Pilot Implementation Form 4" of February — 28" of February, 2024
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L2Coastal units enumeration in the Nahal Dalia according to the approximate coordinates of the potential restoration actions provided in the Pilot Implementation Form. More precise
resolution on the NBS-BB Cat axis along the land-sea continuum (Table 14). More elaboration is required for demarcation of the coastal units on the Coastal Delineation axis (map by
C. Arslan using ArcGlS).
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4. Expanding Beyond Task 4.2: Interactive Web Map

In Chapter 2 and Chapter 3, we co-developed the theory the NBS-BB Framework and moved from
this theory to practice by implementing the framework at 9 REST-COAST pilots, respectively. The
implementation of all the pilots were analyzed and gathered together in structured output tables
that were presented per Coastal Unit per pilot.

In the final phase of our task, we designed also a collaborative process, in which we continued the
co-production of NBS-BB output at each pilot. This collaboration included:

e verifying the existing Coastal Units and corresponding NBS-BB;
e enriching the implemented framework with information and data in each Coastal Unit,
e expanding the framework implementation with more Coastal Units in each pilot.

So, we aimed for a dedicated task force composed of maximum 2-3 partners per pilot to
collaboratively work on this purpose. This decision was essential considering the time and resource
limitation in terms of initial Task 4.2 planning within the scope of the REST-COAST, and also partners’
existing responsibilities beyond Task 4.2. As the task lead, we started with developing a new tool to
optimize this process. Thus, we developed an HTML-based Interactive Web Map with embedded
JavaScript and Google Maps API. This tool streamlined the process of working together on geospatial
data, thus enabled collaboratively verifying, modifying, identifying and extending the NBS-BB in
each pilot based on the NBS-BB Framework. So, we aimed to achieve a more integrated and holistic
view of restoration upscaling in each pilot by expanding and extending NBS-BB that were spatially
identified across the pilots. Furthermore, the geospatial knowledge and data produced in our task
will enable smooth and efficient transition to the simultaneously progressing tasks within WP4, e.g.
adaptation pathways, Vision-Strategy-Mission development per pilot, Quick Scan Tool for
restoration upscaling etc.

We introduced the Interactive Web Map to our dedicated task force in April 2024 in an online
meeting (please see the meeting minutes, Appendix 22 - Minutes Interactive Web Map Meeting
Partners April 2024.pdyf, as provided in the supplementary folder). In the next chapter, we will briefly
explain the essential functionalities of the Interactive Web Map. Then, we will present in Chapter
4.2 an overview of the portfolio of NBS-BB at 9 pilots. We will also zoom into the output of the
Venice Lagoon pilot as representative of our task force collaboration.

4.1 AGlimpse of the Interactive Web Map

The Interactive Web Map is an HTML project developed in JavaScript and uses Google Maps API for
customizing the map’s appearance and functions in our specific application. The project is built of
an elaborated code for creation and alteration of the Coastal Units in the REST-COAST npilots in
accordance with the NBS-BB Framework. The source code is delivered together with this report in
the supplementary folder.

67



Framework for co-development of restoration with NBS building blocks & ESS

The users can run the HTML project in any web browser or html-supported platform on demand.
So, the users are neither time- or location-limited nor dependent on any 3" party for collaborating
in this HTML project. The interactive map is activated by user upon loading the pre-identified Coastal
Units. We transformed the existing Coastal Units (as in Chapter 3) in advance to geographical
coordinates in .json file format, which is an easy-to-handle text-based data format for JavaScript.
The defailt .json file is provided as part of the HTML project and up-to-date version can also be
downloaded from our Google Drive server as instructed in the welcome page when the user runs
the project.

The Interactive Web Map is initialized to an overview of all REST-COAST pilots as shown in Fig. 9.
When the user hovers on the pilots, a pop-up with quick pilot facts and a link to the REST-COAST
webpage with pilot factsheet appears. We also included a link to a shared file, which users can edit
with additional information and data that is pilot-scale beyond the individual Coastal Units.
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Figure 9 — Interactive Web Map interface after launching the

For each pilot, the pre-identified Coastal Units are drawn as polygons from the .json file containing
the shape data when initialized after launching the project. These Coastal Units per pilot are only
visible when users zoom into pilots upon left-click action on the pilot markers. The users can go back
to the global view as in Fig. 9 at any time upon clicking Overview Pilots button at the top right corner.
In Fig. 10, the Venice Lagoon is zoomed in, where the pre-identified Coastal Unit, PC2 Millecampi
Teneri, is drawn as a polygon.
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Figure 10 — The Venice Lagoon and PC2 Millecampi Teneri as the Coastal Unit identified within the pilot

Hovering on the polygon pops up a specific information window about the Coastal Unit as shown in
the white box in Fig. 10. This information includes the Coastal Unit’s code (as defined participatively
during the pilot framework implementation), the NBS-BB as the restoration process within the
Coastal Unit in accordance with the framework (as identified for each Coastal Unit during the pilot
framework implementation), and the area of the Coastal Unit (as calculated automatically by the
script using the polygon coordinates).

Users of the Interactive Web Map can also operate on these pre-identified Coastal Units by a right-
click action on the polygons. Three specific functions are assigned to each polygon object created in
the map as shown in the gray box in Fig. 10. These functions are;

e Edit Properties, which allows users to change first two lines of information in the polygon
pop-up, i.e. code of the Coastal Unit and the NBS-BB assigned to it. In addition, the user can
also define or modify the link to the structured output tables (as explained below).

e Change Shape, which allows users to modify the polygon shape by dragging polygon poin,
which are the point coordinates encircling the Coastal Unit.

e Delete Coastal Unit, which allows users to remove the polygon from the map.

Furthermore, we transformed all the pilot implementation output in Chapter 3 to structured excel
tables in Google Sheets and uploaded these tables in our dedicated shared folders. Then, each
polygon in the Interactive Web Map is assigned a left-click action that links the identified Coastal
Unit to the corresponding structured output table in accordance with the participative
implementation of the NBS-BB Framework. Accordingly, upon clicking on the polygon, an NBS-BB
Framework overview screen that is specific to the Coastal Unit is opened in a new tab as in Fig. 11.
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Figure 11 — Graphical overview of the NBS-BB Framework implementation at a specific Coastal Unit opens
in new tab upon left-click action on a polygon in the Interactive Web Map (left). Original overview
document specific to the PC2 Millecampi Teneri Coastal Unit in the Venice Lagoon pilot (right).

This overview document provides a summary of the pilot implementation using the graphical
representation of the NBS-BB Framework in Fig. 6. As shown in red dotted square in Fig. 11, a link is
embedded in this overview document that re-directs users to the shared structured output table of
the Coastal Unit as shown in Fig. 12. Accordingly, for each Coastal Unit that we have incorporated
in the Interactive Web Map in advance, there exists; (i) a specific graphical overview of the NBS-BB
Framework implementation, and (ii) a structured data table that is based on the pilot
implementations as explained in Chapter 3. So, part of the collaborative process requires the
dedicated task force, first to verify the structured data table for their pilots, and then to enrich the
implementation of the framework by adding requested data. We oriented this enrichment by
adding specific columns, i.e. Unit, Impact, Model, Data, Literature, and cells, i.e. Habitats, Species,
as shown in Fig. 12. However, our partners in this dedicated task force are expected to manipulate
the table with additional rows and columns exploiting their key expertise and wide network in their
pilot site.
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Figure 12 — Structured data table initialized with the output for the PC2 Millecampi Teneri Coastal Unit
from the NBS-BB Framework pilot implementation workshop in the Venice Lagoon.

So, we aimed to complement the preliminary pilot implementations in this part of Task 4.2. These
preliminary implementations are promising with diverse multi-stakeholder participation in, e.g.
identification of the key biophysical and socio-economic parameters. Yet, they are also
incommensurable, e.g. identification is limited to parameter name, due to time and resource
limitations of the dedicated workshops. Specifically, these additional columns and cells provide us
with deeper understanding on the fluxes and dynamics by adding multi-dimensional perspectives.
Enriching the existing results with these information and data is especially important for verifiable
comparisons of the NBS-BB within- and across-pilots.

Accordingly, Unit specifies the reference point of measurement for parameters. Model, Data and
Literature specify the availability, accessibility and significance of the key parameters. They are also
the basis for verification of the selected parameters as key parameters with reference to the
scientific and practical commensurability. We also introduced /Impact as a new indicator to add
temporal dimension to our spatial analysis in accordance with our internal discussions within WP4.
So, Impact indicator emphasizes the link between the input parameters and the NBS-BB as the
restoration process in each Coastal Unit. Accordingly, we identified 4 routes of Impact for this
interaction between the parameters and the restoration process: (i) the key parameter positively
impacts the NBS-BB, thus enhances the success of restoration, (ii) the key parameter negatively
impacts the NBS-BB, thus impedes the success of restoration, (iii) the NBS-BB positively impacts the
key parameter, thus the restoration improves the actual status of the key parameter, (iv) the NBS-
BB negatively impacts the key parameter, thus the restoration diminishes the actual status of the
key parameter. These impacts can also be multi-directional. i.e. a parameter can be assigned
multiple impacts to indicate both the spatial complexity of a parameter on a restoration action but
also the temporal evolution of a parameter with a restoration action.

71



Framework for co-development of restoration with NBS building blocks & ESS

We also classified Biodiversity into Habitats and Species mainly for qualitative elaboration but also
for quantitative assessments if exists. Thus, we can complement the semi-quantitative expert-based
scoring of ESS with explicitly identified BDV benefits for better resolution of the Coastal Units and
the corresponding NBS-BB as the restoration process.

As part of the expansion of framework within the pilot through identification of new Coastal Units,
we further coded two functionalities in the Interactive Web Map. In the first method, the user can
draw a new polygon by activating the drawing tool on the top-right corner of the map (see Fig. 13).
In the second method, the user can load a shape file with a proper format, i.e. WGS84 projected
coordinates of type polygon or multi-polygon stored in .geojson file format, using Select GEOJSON
File button on the top-right corner of the screen (See Fig. 13). .geojson is an easy to export file
format for GIS users, thus they can conveniently use the existing shapes in their GIS projects to
identify new Coastal Units in the Interactive Web Map. When a new polygon is defined in either of
the two methods, the users can associate the drawn polygon with a Coastal Unit by identifying its
properties, i.e. the REST-COAST pilot site, the Coastal Unit identifier, the NBS-BB as the restoration
process, and finally a link to the graphical overview of the NBS-BB Framework implementation.
Then, linking this Coastal Unit to its corresponding structured data table, users can contribute with
a new Coastal Unit with a new implementation of the NBS-BB Framework in their pilot site.
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Figure 13 -Expanding the pilot implementation by defining new Coastal Units. First method: drawing tool
(top-right corner of the map). Second Method: loading shape files (top-right corner of the screen). A
hypothetical polygon drawn in the Venice Lagoon and the user-input block for this polygon to define it as
a new Coastal Unit.
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In Chapter 4.2, we will give the most recent portfolio of the NBS-BB per pilot. We will also provide
some pilot-specific details for the framework implementations using the Interactive Web Map.

4.2  Portfolio of the NBS-BB in 9 REST-COAST pilots

The Interactive Web Map is a living project that has been co-developing with the efforts of the
dedicated task force. This includes, first, verification of the spatial Coastal Units that have already
been identified and then, aggregation with new Coastal Units in accordance with potential or
planned restoration actions in the pilot. Each Coastal Unit is associated with a structured output
data table as in Fig. 12 of Chapter 4.1 resulting from the implementation of the NBS-BB Framework
in each Coastal Unit.

In this chapter, we will provide the overview of the portfolio of NBS-BB at each pilot using the
Interactive Web Map interface for the identified Coastal Units. The associated structured output
tables aggregate to an ample amount of data that should be regarded as the live appendices to this
report and are readily available for access using the Interactive Web Map tool. We will provide here
only the output for the Coastal Unit PC2 Millecampi Teneri of the Venice Lagoon pilot as an
exemplary of the continued collaboration in the dedicated task force.

4.2.1 Wadden Sea
Wadden Sea pilot is the only transboundary pilot in the REST-COAST project. Specifically, the
transboundary collaboration is focused on the Ems-Dollard Estuary, where restoration actions are

planned both in the Netherlands and Germany. Informed both by individual and joint restoration
actions and plans, Fig. 14 gives an overview of the Coastal Units for this pilot.
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Figure 14 — Spatial distribution of the Coastal Units in the Ems-Dollard Estuary. Properties for each Coastal
Unit are summarized in the informative pop-up window.

Farmland Raising was identified as the NBS-BB in our field trip to the Ems-Dollard Estuary (Chapter
3.2.2.1) and Seagrass Restoration was the focus of our workshop with our German partners
(Chapter 3.2.2.2). In the map, spatially distributed Coastal Units with diverse NBS-BB associated to
each Coastal Unit hold potential as complementary to each other at a landscape scale ranging from
the subtidal areas to the hinterland behind the coastal protection.

4.2.2 The Foros Bay

Coastal restoration in the Foros Bay is focused on the sea grass conservation in the NATURA2000
area within the scope of the REST-COAST project. In the bilateral workshops with our partners, we
elaborated also on the complementary restoration actions in the bay considering especially the
potential future upscaling (Chapter 3.2.4). During our collaboration using the Interactive Web Map,
we kept our focus on these restoration actions mainly in the subtidal areas. Accordingly, the Coastal
Units are first verified and corrected as in the case of CS1 in Fig. 15 with an up-to-date polygon
according to the monitoring of the sea grass distribution. Then, the structured output data tables
are expanded with supporting data on the key parameters in accordance with the NBS-BB
Framework. In Fig. 15, spatially distributed Coastal Units are shown in the Interactive Web Map.
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Figure 15 — Spatial distribution of the Coastal Units in the Foros Bay pilot. Properties for each Coastal Unit
are summarized in the informative pop-up window.

4.2.3 The Sicily Lagoon

In our bilateral workshop with our partners and a participating stakeholder in the Sicily Lagoon pilot,
we elaborated on the executed, planned and potential restoration efforts in the lagoon. We
identified 6 NBS-BB that complement and hold potential to aggregate at the pilot landscape scale
for the large-scale restoration in the lagoon. During the workshop, we implemented the NBS-BB
Framework for Dune Revegetation (Chapter 3.2.7).

Together with our key partner in the pilot, we expanded and extended the implementation of the
NBS-BB Framework in the lagoon by accurate identification of the Coastal Units spatially, each of
which was coupled to its corresponding structured output data table in accordance with the
framework. In Fig. 16, we provide the overview of Coastal Units and the associated NBS-BB in these
Coastal Units.
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Figure 16 — Spatial distribution of the Coastal Units in the Sicily Lagoon piIt. Properties for each C
Unit are summarized in the informative pop-up window.
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4.2.4 The Nahal Dalia

Our partners from the Nahal Dalia involved at a later stage in our task after the General Assembly
in Gdansk, Poland in 2023 as explained in Chapter 3.3. Nevertheless, our collaboration proved
efficient and effective for implementation of the NBS-BB Framework in the pilot. We started with
the identification of existing, planned or potential restoration actions in the pilot as the preliminary
list of NBS-BB in accordance with our framework (Chapter 3.3.3).

This set of NBS-BB in the relatively small Nahal Dalia pilot holds a promising potential of synergies
and harmony with each other for later adaptation upscaling in the pilot. In the next phase involving
dedicated task force for improving our preliminary findings, we collaborated with our partners in
refining the existing Coastal Units, and verifying and expanding the structured output data
associated with each Coastal Unit in accordance with the NBS-BB Framework. In Fig. 17, an overview
of these Coastal Units for the Nahal Dalia pilot is presented.
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Figure 17 — Spatial distribution of the Coastal Units in the Nahal Dalia pilot. Properties for each Coastal
Unit are summarized in the informative pop-up window.

4.2.5 The Vistula Lagoon

The Vistula Lagoon pilot involved in our task following the discussions during the General Assembly
in Gdansk, Poland in 2023. The restoration action of this pilot within the scope of the REST-COAST
project is clearly specified as and confined to the construction of an artificial island as refugee for
birds. Our partners decided to identify Bird Island Construction as the one and only NBS-BB in the
pilot with main focus on biodiversity improvement, and to focus on in depth implementation of the
NBS-BB Framework for its corresponding Coastal Unit (Chapter 3.3.1).

In accordance with this approach from our partner, we collaborated on exact delineation of the
Coastal Unit, which was followed by expanding the structured output data table in accordance with
our framework using the Interactive Web Map. In Fig. 18, overview on the Vistula Lagoon pilot is
provided including the specified Coastal Unit for the REST-COAST project.
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Figure 18 — Spatial marking of the Coastal Unit in the Vistula Lagoon pilot. roperties for the Coastal Unit
is summarized in the informative pop-up window.

4.2.6 The Ebro Delta

We implemented the NBS-BB Framework for Alfacada Coastal Unit in the Ebro Delta pilot in our
bilateral workshop. Focusing on the wetland restoration, Salt Marsh Edge Protection was identified
as the main NBS-BB in the Coastal Unit and initial elaboration on the data was performed in
accordance with our framework (Chapter 3.2.6.).

In the period following the initial implementation, we collaborated on aggregating the Coastal Units
across the pilot considering the diverse restoration efforts and plans for large-scale restoration of
the delta. In Fig. 19, overview of the complementary Coastal Units are presented including the NBS-
BB identified within these Coastal Units. Our collaboration within the frame of dedicated task force
is a living project using the Interactive Web Map tool. Thus, we expect more elaboration on the
existing data tables and further aggregation of Coastal Units with corresponding implementation of
the framework in these units. This will inform the delta scale future adaptation plans better with
higher resolution on the potential NBS-BB scattered spatially across the pilot.
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Figure19 - patial distribution of the Coastal Units in the Ebro Delta pilot. Properties for the Coastal Unit
is summarized in the informative pop-up window.

4.2.7 The Rhone Delta

Involvement of our partners in the Rhone Delta pilot followed the discussions during the General
Assembly in Gdansk, Poland in 2023. Despite this late involvement, we initiated and executed an
efficient collaboration with our partners with mutual flow of information and data in our online
meetings. Using the Pilot Implementation Form, our partners implemented the NBS-BB Framework
in their pilot site by identifying 5 restoration processes as NBS-BB by spatially assigning these into
delineated Coastal Units (Chapter 3.3.2).

As presented in Fig. 20, spatial distribution of these Coastal Units hold potential for finding synergies
for effective upscaling of restoration in the Rhone Delta. Thus, in our dedicated task force exercise
using the Interactive Web Map tool, we focused on in-depth implementation of our framework in
these Coastal Units by verifying and expanding data for identified key parameters in accordance
with the framework.
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Figure 20 — Spatial distribution of the Coastal Units in the Rhone Delta pilot. Properties for the Coastal Unit
is summarized in the informative pop-up window.

4.2.8 The Arcachon Bay

Within the scope of the REST-COAST project, our partners in the Arcachon Bay specifically focus on
restoration of seagrasses in the bay following a multi-decadal degradation. Moreover, they conduct
their research on a special restoration method using Roseliere device for efficient restoration of
seagrasses. Considering the capacities and expertise of our partners, we focused on seagrass
restoration as the main NBS-BB in the pilot. Correspondingly, we identified 4 Coastal Units scattered
across channel edges and intertidal flats to implement the NBS-BB Framework during our bilateral
workshop (Chapter 3.2.5).

Our further collaboration within the dedicated task force using the Interactive Web Map tool
focused on spatial refining of these Coastal Units in the bay. Then, we agreed on diversifying the key
parameters for each coast unit and expanding these parameters with verified data. It is important
to note that the REST-COAST actions on seagrass restoration is only a part of the diverse restoration
efforts in the bay according to Plan de Gestion 2017-2032 in the Parc Naturel Marin du Bassin
d’Arcachon (please refer to the pilot workshop minutes, Appendix 11 - Arcachon Bay Workshop
Minutes NBS-BB Framework Implementation.pdf, as provided in the supplementary folder). As this
collaboration is a living project, there is also a potential to aggregate the Coastal Units across the
bay with diverse NBS-BB, which is beyond the scope of Task 4.2. This also requires active
participation of the key stakeholders from Parc Naturel Marin D’Arcachon. In Fig. 21, overview of
the existing Coastal Units in the pilot site are presented.
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Figure 21 - Spatial distribution of the Coastal Units in the Arcachon Bay piIt. Properties for the Coastal
Unit is summarized in the informative pop-up window.

4.2.9 The Venice Lagoon

We collaborated intensively with our partners in the Venice Lagoon in many in-person and online
meetings since the beginning of Task 4.2. One of the outcomes of this collaboration is coupling the
existing water bodies, which are essentially defined according to the Water Framework Directive,
to the Coastal Units of our participative downscaling approach in accordance with the NBS-BB
Framework. Considering the main REST-COAST pilot activities residing in one of these water bodies,
we participatively implemented our framework in this water body identified as the Coastal Unit PC2
Millecampi Teneri during our bilateral pilot workshop. Focusing on Artificial Salt Marsh
Reconstruction as the NBS-BB in this Coastal Unit, we developed the preliminary output data table
in accordance with our framework (Chapter 3.2.3).

Due to the limited capacities and availabilities of our partners specifically for our task as well as the
REST-COAST restoration focus on the pilots residing in PC2, we limited our participative
collaboration to the Coastal Unit PC2 Millecampi Teneri and excluded the remaining water bodies
from the implementation of our framework. In Fig. 22, an overview of the Venice Lagoon water
bodies as potential Coastal Units is given. However, using our framework and supplementary tools
that we developed, the map presents the potential for spatially aligned NBS-BB with synergies in
restoration upscaling in the Venice Lagoon.
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Figure 22 — Spatial distribution of the Coastal Units in the Venice Lagoon pilot. Properties for the Coastal
Unit is summarized in the informative pop-up window.

Our close and efficient collaboration with our partners in the Venice Lagoon pilot continued during
in-depth implementation of the framework using the Interactive Web Map tool. The preliminary
results from the bilateral workshop (see Table 6 in Chapter 3.2.2) were verified and supported with
existing literature and data in the structured output data table. As we mentioned in the introduction
of this chapter, we present here these results as exemplary implementation of our framework in a
specific Coastal Unit.

In Table 15, we see the structured output table from the in-depth implementation of the NBS-BB
Framework in PC2 Millecampi Teneri Coastal Unit of the Venice Lagoon pilot. Compared to the
preliminary results in Table 6 of Chapter 3.2.3, we can remark the verification of some key
biophysical and socio-economic parameters at the inputs (e.g. replacing salt marsh altitude with salt
marsh morphology (shape & elevation)) and further extension of the table with additional
parameters (e.g. sea level rise and sea level rise future) as proposed for the dedicated task force
activities. Furthermore, all the parameters are validated with supporting data from modelling,
monitoring, measurements and literature depending on the availability of knowledge and data.
Especially the literature column includes a sample of available literature although there exists a
wider literature that is in reach on demand by our key partners in the Venice Lagoon.

We can also verify how the recently added indicator, Impact, increases the granularity of the input
parameters by adding a new dimension in their interaction with the restoration action. This
increased granularity is especially evident for parameters that display multi-directional impact.
Moreover, this multi-directional impact can add both spatial resolution, e.g. salt marsh vegetation
with both positive and negative impact on restoration depending on the location, and temporal
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resolution, e.g. salt marsh morphology with positive feedback on restoration. Furthermore, this
temporal aspect can reflect patterns among parameters, e.g. a successfully developed artificial salt
marsh in PC2 Millecampi Teneri will enhance the sedimentation processes in adaptation to sea level
rise, which will be essential for the proceeding activities including adaptation pathway development
and large-scale restoration in the Venice Lagoon.

At the outputs section of the table, we can observe the updated expert-based evaluation of the
main ESS variables within the scope of the REST-COAST project. Expert assessment of habitats and
species accompany this evaluation as part of the BDV enhancement targets. The activities within
the scope of the dedicated task force also include refining the Environmental Pressured Addressed
by this specific NBS-BB and verifying the coastal categories and delineations as part of the
participatory downscaling practice. All parts of the table together, we obtain the output of pilot
implementation of the NBS-BB Framework at a specific Coastal Unit that is downscaled
participatively by the involved actors in the restoration pilot.
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Table 15 — In-depth implementation of the NBS-BB Framework in the Venice Lagoon pilot: Structured data table as the output from partner collaboration using the Interactive Web Map Tool.
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Anthropogenic
drivers;

o Dredging

o Land reclamation
o Transportation
Climate change
Increasing flood risk
Increasing erosion
risk

Biodiversity loss

INPUTS

KBP

PARAMETER | UNIT ‘ IMPACT MODEL DATA LITERATURE
Lagoon scale: SHYFEM
SLR future m KP ---> - BB 0.25 m in 2050 and 0.36 in Copernicus
2100 based on Copernicus
2.76 £ 1.75 mm/yr 1993 - 2019
SLR rate mm/y KP ---> - BB
(Zanchettin et al., 2021)
Net sediment loss of 0.3 Mm3yr-1
Min
Sediment input y KP ---> - BB during 1927-1970 to 0.8 Mm3 yr-1
m3/y
in 1970-2002 (Saretta et al., 2010)
Lagoon scale: Atlante della Laguna
Sediment
- Impact (shapefiles 1975 - 1978, 1983 - Saretta et al (2010)
granulometry
1984, 1997 - 1998)
Lagoon scale: Atlante della Laguna
- KP ---> + BB
Saltmarsh morphlogy shapefile, EUNIS map 2021 Bonometto (2003), Bonometto
(shape & elevation) LiDar 2017 from (2008), Tagliapietra et al (2018), ...
= KP + <--- BB
Venezia2021/Provv
= KP ---> + BB
Classified monitoring data for the
Salt marsh vegetation - KP +<---BB pilot site (PROVV), future
presence/cover ; KP ---> - BB monitoring envisioned in 2024 and
2026 + satellite image
- KP - <--- BB
Current-wave Tide gauge network 1983 - Umgiesser et al (2004); Carniello et
- KP ---> - BB SHYFEM lagoon scale
characteristics present (csv at lagoon scale) al (2009); Finotello et al (2023); ....
KP + <—- BB Lagoon scale: Atlante della laguna
Erosion rates mm/y (shapefile 1930 - 1955; 1955 -
Sl 1970; 1970 - 2000)
Monitoring conducted under
85 +25 ton OC km-2 year-1 (Puppin
Carbon sequestration Ceq/y KP + <--- BB REST-COAST in collaboration with
et al 2023)
INREA, data not yet available
WED indices related to
Lagoon scale: ARPAV (csv for
the fauna/benthic - KP + <--- BB

community structure

water column) - seasonal
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PARAMETER | UNIT | IMPACT MODEL DATA \ LITERATURE
From 1984 to 2010 the government allocated + 10.3
e National funding me/y KP ---> + BB
billion euros (Munaretto & Huitema, 2012)
e EU funding me/y KP ---> + BB
ARPAV collects seasonal data for the
e WEFD regulations - Impact WED which can be downloaded in csv
format from their website
Scarpa et al (2019); Zaggia et al (2017); map of the
o Effect of boating - KP ---> - BB
speed limits
e Cultural and
- KP ---> + BB UNESCO (website + management plan)
o natural heritage
2
e Nutrient loading - KP ---> - BB
e Proximity to
Km KP ---> - BB Frignani et al (2005)
industrial areas
e Commercial WP == E 80 million euros including secondary effects
fishing interests KP + <——- BB (Rossetto, 2000)
e Stakeholder
engagement / - KP ---> + BB
influence
e Political prestige - KP ---> - BB
P RFRY! RCE!!
i
% HABITATS SPECIES
)
o
'5 <r> e At the current point in time a lagoon wide biotope map has been developed using e Data on number of bird species and number of breeding birds until 2018 (by SELC
o 8 the EUNIS 2019 - 2021 typology, customized for the Venice Lagoon (map included in Soc Coop — end of contract). Internal monitoring going on during the REST-COAST
D4.1). restoration activities.
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5. Discussions

5.1 Task 4.2 in closing the ‘implementation gap’

There is a growing attention to NBS in the regional and international policy agenda including EU
Green Deal (Cohen-Shacham et al., 2016; Faivre et al., 2017; IUCN, 2020) with growing emphasis on
conservation of biodiversity (CBD, 2022; EC, 2022; Murillas-Maza et al., 2023) and enhancement of
ecosystem services (EC, 2022; Keesstra et al., 2018; Murillas-Maza et al., 2023; Paxton et al., 2023).
Accordingly, the coastal areas take their share from this growing attention with many small-scale
pilots to protect, manage or restore these delicate ecosystems (EC, 2022; Seddon, 2022; van Loon-
Steensma & Goldsworthy, 2022; van Loon-Steensma & Schelfhout, 2020). However, effective
coastal adaptation requires upscaling and mainstreaming coastal NBS. Taking the leap from
evidence-based small-scale pilots to larger-scale restoration using NBS is one of the biggest
challenges in current coastal climate adaptation. REST-COAST as one of the outcomes of this
growing attention focuses on taking this leap by closing the implementation gap in favor of coastal
NBS (Sanchez-Arcilla et al., 2022).

Task 4.2, as an overarching task in the REST-COAST project, aims for contributing to closing this
implementation gap in 9 coastal restoration pilots across EU. Accordingly, the main output of our
task is a portfolio of NBS-BB per pilot, which are scattered across the pilot landscapes in spatially
mapped Coastal Units. In our approach, participatory downscaling to map Coastal Units is essential
for optimal selection of NBS-BB as a restoration process. Compared to inhomogeneous and complex
landscape characteristics and dynamics at pilot scale, Coastal Units possess differentiated
biophysical and socio-economic characteristics, as well as biotopes with more homogenous and
manageable domains. So, these Coastal Units are associated to the implementable restoration
actions supported with verified data, thus the NBS-BB. Furthermore, spatial distribution of these
Coastal Units offers the opportunity for systemic upscaling of large-scale restoration through
synergies and harmonies among these NBS-BB.

5.2  The NBS-BB Framework: Designing the co-development

In downscaling to Coastal Units at 9 REST-COAST pilots in terms of biophysical, socio-economic and
ecological characteristics, collaboration stands out as the key element in Task 4.2, especially given
the geographical diversities of these pilots. This collaborations is reflected as the co-development
of the NBS-BB Framework through our close collaboration with involved partners diverse in
knowledge and expertise. In doing so, we started with harnessing the well-acknowledged NBS
theory (Cohen-Shacham et al., 2016; European Commission, 2015; Seddon et al., 2021) and diverse
expertise at small-scale pilots to develop our novel NBS-BB definition (Chapter 2.3). We constructed
the NBS-BB Framework from this definition by employing the IPO model, which provides a
compartmental foundation to explicitly design our collaboration with different work packages and
pilots. Accordingly, the IPO model becomes the fundamental mechanism of co-development in our
framework by first framing the spatial Coastal Units in terms of key biophysical and socio-economic
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parameters at the inputs and biotopes translated to ESS and BDV benefits at the outputs. Based on
this compartmental structure of the IPO model, we had the opportunity to explicitly design our
task’s alignment with the tasks and responsibilities in specific work packages, i.e. WP1 and WP2 in
key biophysical parameters of inputs, WP3 and WP5 in key socio-economic parameters of outputs,
Task 4.1 and WP1 in ESS and BDV of outputs, NBS practices and knowledge in all pilots in NBS-BB
identification of processes. Hence, our task ensures by design the overarching structure of WP4
(Fig.1) for interaction and information fluxes among work packages of the REST-COAST project.
Thus, we co-developed the theory of NBS-BB as a downscaling approach in which the participatively
identified NBS-BB transforms a spatially identified Coastal Unit from its actual/degraded state,
which is explained by key biophysical and socio-economic parameters, to its desired/restored state,
which is explained by ESS and BDV benefits.

Aligned with closing the implementation gap, we took our next leap from this theory to practice by
implementing the NBS-BB Framework at each pilot as in Chapter 3 and Chapter 4. Accordingly, the
practice of identifying Coastal Units as the spatial landscape elements revealed some informative
outcomes from our participative downscaling approach. One of these outcomes is the diverse pilot-
specific criteria when mapping coastal units, e.g. legislation focus in the Venice Lagoon and the
Vistula Lagoon, re-naturalization focus in the Rhone Delta and the Nahal Dalia, restoration focus in
the Foros Bay and the Arcachon Bay, project focus in Wadden Sea and the Ebro Delta. Thus, overall
restoration objective and corresponding management and implementation strategies in each pilot
is reflected back in the identification of the pilot-specific Coastal Units. This suggests that the pilot
targets already defined in the REST-COAST proposal predominates the methods we developed.

Another important outcome is the weight of the natural sciences perspective in mapping the Coastal
Units, e.g. wave exposure in the Foros Bay, sedimentation and currents in the Arcachon Bay,
discharge and sedimentation in the Sicily Lagoon, chemical and ecological status in the Venice
Lagoon. So, our balanced perspective of the biophysical and socio-economic parameters in the
design of the framework was challenged in practice, most likely by our pilot partners’ capacities and
expertise in natural sciences. Nevertheless, the identified Coastal Units and the consequent
implementation of the framework in these units proved the flexibility of our method. Moreover,
participating partners recognized and acknowledged the significance of diverse participation during
the workshops, which is also very instructive for the future implementations of our framework.

We also explored the power of tools as enablers of participation and collaboration to effectively
implement our framework at geographically diverse locations withy diverse stakeholders. So, we
developed two software tools to facilitate participation as part of our co-development design in
Task 4.2, (i) a Python-based executable for the bilateral workshops in obtaining the preliminary set
of NBS-BB per pilot, and (ii) an HTML-based Interactive Web Map to facilitate working collectively
on verifying, extending and expanding this preliminary set of NBS-BB per pilot. It is important to
note that developing these tools are outside the scope of Task 4.2 and given the time and resource
restrictions, they are operational but also open for further development. Nevertheless, they have
proved very functional in enabling collaboration and obtaining a diverse portfolio of NBS-BB
spatially scattered across the pilots, thus constituting the fundamental premise of Task 4.2.
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5.3 The NBS-BB Framework: Path to upscaling

The main output of Task 4.2 is the portfolio of NBS-BB per pilot that will be a valuable input for
structured decision-making approaches in multi-criteria comparisons to evaluate and compare
single or joint performances of identified NBS-BB within a pilot or across other pilots. The structured
output tables as exemplified in Chapter 4.2.9 form the reference tables for selection of NBS with
overall effectiveness based on decision-makers’ criteria. Consequently, multi-criteria comparison
beyond Task 4.2 by decision-makers at the REST-COAST pilots can include;

e parceling out large-scale restoration target to Coastal Units in accordance with our
participative downscaling approach,

e identifying criteria for each Coastal Unit based on existing biophysical and socio-economic
characteristics,

e identifying criteria for each Coastal Unit based on improvements in 5 ESS and BDV,
e assigning weights to each criteria based on the relative importance of each criterion,
e assessing performance of each NBS-BB by using the structured output tables,

e normalizing performance scores (refer to literature for techniques) to eliminate different
units and scales in the criteria,

e calculating overall performance scores for each NBS-BB after normalization,
e ranking NBS based on overall performance scores to identify most effective solutions,

e analyzing joint performances for multiple NBS implementations.

It is important to mention that we provide here a simple illustration of the potential of Task 4.2
output in a multi-criteria comparison for effective restoration upscaling. Especially, in the ongoing
and proceeding tasks of WP4, this output will be used in accordance with specific design and
development in each task. In alignment with our cooperation with simultaneously progressing tasks
within WP4, the pilots have already been incorporating the Task 4.2 output. Accordingly, the
portfolio of NBS-BB contributes to the Vision-Strategy-Mission tables of pilots, which will then
inform the development of adaptation pathways in Task 4.3. In the meantime, geospatial data we
have developed in accordance with the framework will feed the Quick Scan Tool of Task 4.4.
Ultimately, spatial portfolio of NBS-BB per pilot will be instrumental for closing the ‘implementation
gap’ through finding synergies and trade-offs among these NBS-BB in adaptation upscaling plans of
the pilots as the overall output of WP4. As we have mentioned, the NBS-BB Framework and
corresponding pilot output are continuous co-development processes by design. Thus, enriching
and expanding the geospatial data aligned with the framework can support upscaling restoration at
the pilots but also scaling out the REST-COAST approach beyond the scope of the project.

5.4  The NBS-BB Framework Implementations: Power of collaboration

It is essential to ensure diverse and balanced participation of science-policy-society pillars in long-
term success of large-scale restoration (Pérez et al., 2024). Small-scale pilots are important as proof
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of concepts for success of NBS. Yet, pilots are prone to bias among science (Schoonees et al., 2019;
Tiggeloven et al., 2022; Vuik et al., 2019), policy (Pérez et al., 2024; Riisager-Simonsen et al., 2022;
van Loon-Steensma & Goldsworthy, 2022) and society (Baptist et al., 2021; Seddon, 2022). Thus,
challenges to upscaling start with small-scale pilot lock-in, where pilots can focus too much on
spatially isolated compartments at the marine-coast interface ignoring connectivity along coastline
and land-to-sea. We identify this fact as one of the crucial factors of ‘implementation gap’, which
needs to be bridged in ‘demonstrating large-scale restoration’ as aimed in the REST-COAST project.

Accordingly, we designed the NBS-BB Framework as a co-development process involving varying
partners at 9 REST-COAST pilots. Moreover, we emphasize the biophysical, socio-economic, ESS and
BDV aspects equally in the framework using the IPO model. This implies participation of diverse
disciplines and expertise, e.g. coastal hydro-morpho-geologists, coastal engineers and modelers,
landscape architects etc. concerning biophysical parameters; sociologists, landscape artists,
environmental managers, local governments, economists, industry, farmers etc. concerning socio-
economic parameters; ecologists, environmental scientists, conservation NGOs, geographers etc.
concerning ESS and BDV. Hence, we aim to ensure balanced participation, which we identify as
essential for moving from small-scale pilots to restoration upscaling, thus bridging the
‘implementation gap’.

Therefore, the collaboration, interaction and knowledge flux among different tasks and work
packages is extremely crucial for our task but also for the overall success of the REST-COAST project
as well. Despite the challenges due to distant collaboration and individual workloads, our
collaboration has successfully flourished so far owing to the great enthusiasm, the willingness to
share, and the mutual respect of the involved partners in Task 4.2. Annual General Assemblies and
conference collaborations, where we have had the opportunity to meet in person and discuss our
development, have further clinched this collaboration. Besides, joint meeting of two EU Green Deal
projects, REST-COAST and WaterLANDS, proved very promising for complementary collaborations,
especially considering the balanced participation aspect of restoration upscaling.

We should nevertheless mention the inevitable challenges of keeping the balance at different
progress phases. One of these challenges is related to tasks that are preceding but simultaneously
progressing. This becomes apparent especially for the preceding tasks of Task 4.2, which had to
continue their progress while requiring Task 4.2 output. Although it is extremely challenging to plan
in advance these processes in detail for such big projects like REST-COAST, there might still be
options to explore to overcome these challenges in the future projects. Another very important
challenge has revealed itself as a recurring theme in bilateral pilot implementation (Chapter 3),
which we identify as incomprehensive implementation of the framework in identification of the
socio-economic parameters when moving from theory to practice. Thus, we have observed that
natural sciences outweigh social sciences in terms of balance, mainly due to the natural sciences
background of Task 4.2 partners. We identify this inherent complexities of participation as one of
the most valuable key learnings in Task 4.2. Therefore, we further perform a stakeholder analysis of
the bilateral pilot workshops as a complementary product to the portfolio of NBS-BB.
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5.5 The NBS-BB Framework Implementations: Stakeholder analysis

Bilateral pilot workshops were very instrumental in obtaining our preliminary sets of NBS-BB per
pilot as well as in demonstrating the NBS-BB Framework implementation for moving from theory to
practice. Complementary to this main output, we had very valuable observations and experiences
from these workshops as a result of geographical and institutional diversities. Thus, we performed
a simple stakeholders analysis focusing on the key learnings per pilot as in Table 16. Inspecting this
table , we can deduct some general conclusions concerning the participative design and
implementation of the NBS-BB Framework:

e Participative processes demand time and effort of both facilitators and participants. This is
especially more challenging as far as the transdisciplinary approaches concerned, where
diverse disciplines and local stakeholders come together.

e However, mobilizing partners under the umbrella of a project is much more feasible as we
experienced in our task under REST-COAST roof. So, ensuring balance and diversity of
participation in advance during the planning stage is essential. Especially considering the
social sciences as becomes apparent in the pilot implementations of our framework.

e Diversity of geographies matters: We see locality of approaches to participation concerning
bureaucracy, legislation, perception, jurisdiction, competition etc. It is important to
acknowledge and even anticipate these differences for flexibility and adaptability of
participation.

e We recognize the importance and effectiveness of Implicit Participation especially when
restricted in time and resources. Moreover, we identify two ends of the spectrum, both
valuable and informing, when Implicit Participation is reflected to the pilot implementation
by our partners: Collective decision-making by multi-stakeholders vs. Authority of
institutions constrained by jurisdiction.

e Implementation of our framework is more comprehensive and effective when the
relationship between participating bodies is built on synergy and cooperation rather than
accountability and supervision.

e large consortiums like REST-COAST should be able to anticipate barriers and hurdles to
collaboration from increasing regional and global conflicts as they become part of the daily
life.

Task 4.2 completes its mission within the REST-COAST project with this deliverable document
according to the initial project planning. Nevertheless, we consider both the NBS-BB Framework and
the output portfolio from the implementation of the framework as transient metabolites of a
continuous co-development process due to their implicit participative nature. So, these products
will inform upscaling efforts in the consecutive tasks in the REST-COAST but also hold potential to
adaptively grow by ensuring balanced participation aligned with the future coastal adaptation. Thus,
the stakeholder analysis in Table 16 is a valuable complementary output to reinforce our key
learnings in contributing to the adaptive capacities while demonstrating restoration upscaling in the
REST-COAST project.
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Table 16 — Important agents for the implementation of the NBS-BB Framework in the pilots (Based on the Task 4.2 bilateral pilot workshops)

Pilot Site  Stakeholder(s)" Function Involvement Level Key Learnings

PROVV is very important in funding and decision making for the restoration
actions in the lagoon. The Venice Lagoon is the only pilot with no direct REST-
COAST funding of the actual restoration. Although PROVV is an important

Venice 1 - . Observe and partner of the REST-COAST, its involvement in the workshop was mainly to
Lagoon PROVV Administration .

(1) Learn obser.ve qnd Iearn.about the _framework. From the persp.ecfclve of Task 4.%,
contribution of this partner in the workshop was very limited due to this
accepted role. But introducing the framework to PROVV is promising for
future collaboration in extending the framework to other water bodies.

We carried out the co-development of the framework and the actual pilot
implementation completely with our REST-COAST partners, as they were
extremely active, enthusiastic and involved in Task 4.2. However, the Foros
Foros Bay pilot is fundamentally distinct from the other pilots concerning the
Bay NP™ - - participative processes due to:
(BG) e Challenges in involving local stakeholders resulting from strong

bureaucracy and formality in EU project mechanisms,
e Stakeholders’ negative perception of restoration when exposed to
explorative processes rather than concrete data and results.

2017-2032 Plan de Gestion is a strategic document for the management plan
of the stakeholder organization in the Arcachon Bay. All the restoration
actions and activities are framed, planned and executed according to this
document in the bay. This includes the REST-COAST pilot site and our

Arcachon partners’ activities in this site. Thus, there is a clear accountability and
Knowledge and

Bay MPA? Site Manager £ ise Shari supervision relationship between our partners and the site management.
(FR) Xpertise Sharing Open communication and shared restoration ambitions contributed
positively to the implementation of the framework. Yet, site manager views
the whole basin holistically with many other restoration actions in addition
to the REST-COAST pilot. This holds the potential to expand the framework
to the whole Arcachon Bay.
Ebro The framework is internally applied with participation of Albirem and
Delta NP - - Eurecat. No direct stakeholder involvement and perspective in the
(SP) implementation of the NBS-BB Framework in the pilot.
BAW, engineering research institute, is one of the important stakeholders
Wadden active in restoration efforts in the German part of the Wadden Sea. They
. Observe and . .
Sea BAW Researcher Learn were invited by our partners to the workshop mainly to observe and learn
(DE) about REST-COAST. This assumed role of Observe and Learn, which was

explicitly declared in the beginning of the workshop, hindered their
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contribution to the implementation of the framework. This hints at the strong
bureaucracy and legislation in Germany when actively involving potential
competitor in a EU project in which they are not affiliated to. Although we
missed the opportunity for diverse perspectives in our workshop, we
revealed another key learning for participative studies involving Germany.

There is no direct involvement of stakeholders in our meeting and field trip
with our partner, the Province of Groningen. However, we can assume
implicit involvement of diverse stakeholder perspectives, e.g.local people,

Wadden farmers, municipalities, environmental NGOs, water boards, the Ministry of
Sea IP™ - - Infrastructure and Water Management etc.,, because our partners are
(NL) actively involved in many nature restoration actions with multi-stakeholder

involvement. Given the time and resource restrictions in executing our task,
this kind of proxy involvement proves extremely valuable especially for the
key socio-economic parameters in the framework.

Inclusion of the key stakeholder from SPA played an integral role for the
comprehensive implementation of the framework in the lagoon. The
relationship and interaction between the stakeholder and our partners is
built on synergies and cooperation. They complement each other both place-
based and expertise-based in accordance with our framework such that:

Sicily e ma—, Past and ongoing restoration actions by SPA in two lagoons both inform
Lagoon SPA* Site Manager . . and informed by the REST-COAST activities on the coastal area,
Expertise Sharing . . . . .

(IT) Expertise of our partners in hydro-morpho-ecological modelling (linked
to the biophysical parameters) with a focus on improved ecosystem
services (linked to ESS).

e Expertise of SPA in restoration of habitats and conservation of
endangered species (linked to BDV) with wide experience in
management and conflicts (linked to the socio-economic parameters).

There was no direct involvement of stakeholders in the framework

implementation, which was completely carried out by our partner in the

lagoon. However, concerning the financial and juristic accountability to the

Vistula Maritime Office and other stakeholders in the lagoon and on the coastal area,
Lagoon P - - our partner has strong collaboration and expertise, which was reflected back
(PL) in the implementation of the framework. Given the time and resource

restrictions especially for this pilot with late involvement in our task, this kind
of proxy perspectives prove extremely valuable on the account of key socio-
economic parameters in the framework.
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The framework was internally applied by our partner in the pilot site. No
direct stakeholder involvement in the implementation. However, TDV, as our
key partner and co-manager of the pilot site, has wide and acknowledged
knowledge and expertise in nature restoration and conservation. This implies
et " a great potential for proxy involvement and implicit participation of diverse
Delta IP - - . . . . . .

stakeholders, especially from the social sciences perspectives. This potential

53 could have been more effectively realized unless;
e The late involvement of TDV in Task 4.2 as explained in Chapter 3.3,
e The restricted time and resources for overloaded work force with
responsibilities in diverse tasks and work packages.

The framework was internally applied by our partner in the pilot site. No

direct stakeholder involvement in the implementation. The pilot site is

relatively small with clear restoration targets framed by the national park

authority and with sharp boundaries between the national park and the

fisheries. So, the pilot site holds potential for holistic implementation of the

Nahal framework given the proxy involvement of diverse stakeholders and

Dalia P - - expertise by two involved REST-COAST partners. Yet, we can reveal out some

(IR) key learnings that hinder potential for more effective and comprehensive
collaboration;

e late involvement of our partners in Task 4.2 as explained in Chapter 3.3,

e Restricted time and resources for overloaded work force with

responsibilities in diverse tasks and work packages,

e Regional and global conflicts with adverse impacts on collaboration.

* Stakeholders analyzed in this table are not involved in REST-COAST but invited by our pilot partners as requested in advance of the pilot implementation.

** NP: No Participation, IP: Implicit Participation

1 Provveditorato Interregionale per il Veneto, Trentino Alto Adige, Friuli Venezia Giulia (PROVV, Venice Water Authority) - Ministry of Infrastructure and Transport (Ministero delle
Infrastrutture e dei Trasporti), http://provveditoratovenezia.mit.gov.it/

2 Parc Naturel Marin du Bassin d’Arcachon, https://parc-marin-bassin-arcachon.fr/

3 Die Bundesanstalt fiir Wasserbau, https://www.baw.de/en/home/home.html

4 Stiftung Pro Artenvielfalt (Foundation Pro Biodiversity), https://www.stiftung-pro-artenvielfalt.org/en/index.php
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6. Conclusions

In Task 4.2, we co-developed the NBS-BB Framework with partners from 9 REST-COAST pilots.
Starting with a theoretical underpinning of NBS as building blocks, we constructed the framework,
which adopts a participatory downscaling approach to Coastal Units to resolve the inherent spatial
and temporal complexities and uncertainties of coastal landscapes. We developed novel tools and
methods to enable effective participatory implementation of the framework when moving from
theory to practice. The resulting NBS-BB Framework contends as a promising gadget to support
decision-makers and implementors in choosing the most efficient ensemble of NBS-BB at landscape
scale. The co-development process in Task 4.2 yields important insights into closing the
‘implementation gap’ in favor of effective large-scale restoration:

e Challenges of upscaling: dedicated collaboration and participative inclusion are essential, yet
resource-intensive in bridging the gap between small-scale pilots and large-scale long-term
coastal restoration using NBS.

e The NBS-BB Framework stimulates a holistic view on the coastal landscape by systemic
participatory downscaling of the coastal landscape into Coastal Units.

e The IPO model as the foundation of the framework provides a compartmental perspective
on designing interaction among Coastal Units, biophysical/socio-economic/habitats/species
characteristics and diverse REST-COAST work packages.

e The NBS-BB Framework embraces well-balanced participation and cooperation among
science, policy and society aspects, as required for successful large-scale restoration.

e Successful collaboration and participation requires willingness to share and co-produce in
mutual respect. Large and well-managed consortiums like REST-COAST are essential as
enablers of this collaboration, which can extend beyond the project.

e Main output of Task 4.2 is a portfolio of spatially distributed NBS-BB per pilot, which will be
instrumental for closing the ‘implementation gap’ through finding synergies and trade-offs
among these NBS-BB in adaptation upscaling plans of the pilots.

e The NBS-BB Framework is continuous co-development processes by design supported by the
novel tools developed for implementation of the framework. Accordingly, the framework
can continue to support scaling up in the REST-COAST pilots as well as scaling out the REST-
COAST approach beyond the project globally.
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