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Preface

The REST-COAST project (Large-scale RESToration of COASTal ecosystems through rivers to sea connectivity)
is a Horizon 2020 research initiative funded by the European Commission under Grant Agreement No.
101037097. Its overarching aim is to restore coastal ecosystems across Europe by advancing science-based
approaches to hazard mitigation and resilience, with a strong emphasis on nature-based solutions (NbS) and
the sustainable delivery of ecosystem services (ESS).

To meet this objective, the project adopts a multidisciplinary approach that combines modelling, monitoring,
restoration, governance, and finance. Scientific development is tightly linked to practical implementation
through a network of pilot sites representing diverse coastal typologies and pressures. These sites serve as
laboratories for testing and validating coupled hydro-morpho-eco models capable of simulating the role of
natural ecosystems in reducing risks such as coastal flooding, erosion, and saline intrusion.

This deliverable, D2.1, documents the modelling work conducted under Task 2.1, focusing on present-day
storm conditions. It presents the model configurations, validation procedures, and simulation outcomes used
to evaluate the risk reduction potential of NbS across seven pilot sites. The work includes detailed analysis
of hydrodynamic and morphodynamic processes, sediment transport, and vegetation interactions, as well as
the derivation of site-specific ESS indicators. The models are tailored to local physical settings and restoration
goals, and have been validated against real storm events using field and remote sensing data.

D2.1 provides a robust technical foundation for assessing the effectiveness and operational relevance of
ecosystem-based approaches to coastal risk management. The methods and results presented here
contribute to the broader REST-COAST objective of supporting adaptive, transferable, and evidence-based
coastal restoration strategies throughout Europe.

Summary

Deliverable D2.1 presents the modelling frameworks developed and applied across seven REST-COAST pilot
sites to evaluate the role of nature-based solutions (NbS) in reducing multi-hazard risks under present-day
storm conditions. The work focuses on coastal hazards such as erosion, flooding, salinisation, and hydro-
saline imbalances, and on the delivery of key ecosystem services (ESS) including sediment retention, wave
attenuation, water quality improvement, and habitat support.

The coupled hydro-morpho-eco models developed within Work Package 2 integrate circulation, wave
dynamics, sediment transport, and vegetation effects using tools such as COAWST, Delft3D, SHYFEM,
TELEMAC, XBeach, and SCHISM. These models have been calibrated and validated with site-specific field
data, including discharge measurements, sediment fluxes, topographic and bathymetric surveys, and
extreme storm observations. Each pilot has adapted the modelling strategy to its geomorphological context,
restoration stage, and technical objectives.

In the Ebro Delta, the model chain combines riverine and coastal processes to assess sediment fluxes and
NbS performance during recent high-energy storms. In the Wadden Sea, multi-partner models quantify the
contribution of seagrass and saltmarshes to wave and current attenuation, with robust validation under
storm conditions. The Venice Lagoon models explore the effects of submerged vegetation and wetlands on
storm surge and circulation, offering insights for NbS planning in interaction with the MOSE barrier system.
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In the Rhone Delta, coupled hydro-saline and morphodynamic simulations evaluate overwash, breaching,
and salinity regulation in restored lagoons. The Arcachon Bay team has implemented a vegetation-sensitive
morphodynamic model to assess the protective function of seagrass meadows under wave forcing. In Sicily,
SWAN-XBeach simulations quantify the impact of dune vegetation and Posidonia oceanica meadows on wave
energy reduction. In the Vistula Lagoon, hydrodynamic models assess the stability and by-effects of a newly
constructed artificial island as a hard-structure NbS in a physically constrained lagoon system.

Across all pilots, the models have been used to test NbS versus no-NbS configurations, allowing a clear
guantification of their contributions to hazard mitigation. ESS indicators were derived for each site, including
wave height reduction, sediment trapping, water level changes, and habitat feedbacks. The outcomes
confirm that ecosystem-based approaches can play a substantial role in enhancing coastal resilience,
provided they are adapted to local physical conditions and restoration potential.

This deliverable provides a consolidated, validated reference for the operational use of coupled modelling in
support of risk reduction and coastal restoration, offering transferable methodologies that are grounded in
site-specific evidence.
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MFC: Monitoring Forecasting Centre (MED MFC)
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MSL: Mean Sea Level

MST: Milestone

MWL: Mean Water Level
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NASA: National Aeronautics and Space Administration
NBS: Nature-Based Solutions

10



D2.1 Good Practice Criteria for Multi-Hazard Forecasting and Application Limits.

NbS: Nature-based Solutions

NN: NetworkNature

NOAA: National Oceanic and Atmospheric Administration
NTU: Nephelometric Turbidity Unit

NATURA 2000: Network of protected Areas covering Europe's.
NEMO: Nucleus for European Modelling of the Ocean
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PSI: Positive Streamwise Invariant

R2: Coefficient of Determination (used in model validation)
RAMSAR: Convention on Wetlands of International Importance
RCE: Reduction of Coastal Erosion

RCP: Representative Concentration Pathways

RCPs: Representative Concentration Pathways (RCPSs)

RCP4: RCP scenario

RCP8: RCP scenario

REF: Reference configuration without NbS

REF_MOSE: Reference configuration with MOSE closed

REST: Restoration configuration with NbS

REST-COAST: Large scale RESToration of COASTal ecosystems through rivers to sea connectivity Project
REST_MOSE: Restoration configuration with MOSE closed

RFR: Reduction of Flood Risk

RMSE: Root Mean Square Error

ROMS: Regional Ocean Modeling System

SAIH: Ebro Automatic Hydrological Information System

SAW: ECMWF's Wave Model

SCHISM: Semi-implicit Cross-scale Hydroscience Integrated System Model
SED3D: 3D Sediment Transport Model (within SCHISM framework)
SHYFEM: Sistema Idrodinamico Finito ad Elevata Risoluzione
SHOM: Service Hydrographique et Océanographique de la Marine
SHOWEX: Formulations from Ardhuin et al., 2003

SIBA: Syndicat Intercommunal du Bassin d’Arcachon

SLR: Sea level rise

SPM: Suspended Particulate Matter

SS: Storm surge

SSP: Socioeconomic Pathways

SSP2: SPP2 scenario

SSP5: SPP5 scenario
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TOMAWAV: Software for sea state modelling on unstructured grids over oceans and coastal seas
TP: Total precipitation

TR: Return period

TVD: Total Variation Diminishing
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WP2: Work Package 2

WP4: Work Package 3

WP6: Work Package 4

WSS: Willmott Skill Score
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