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HOW TO ADAPT WITH EWS (SUPPORTING RESTORATION)
○ Knowledge based short-term decisions

Simulated storm water levels for Venice lagoon: 
present (reference) vs transplanted seagrass 
(ESS) & differences (hydrodynamic risks ↓)

Breach simulations (Ebro ∆) under storms: embryo 
dunes vs classic nourishment (breaching ↓)

ADD INFO: Furlan, E., Derepasko, D., Torresan, S. et al. (2022). ESS 
at risk from coastal inundation, Int. Env. Ass. & Manag. 18(6)

ADD INFO: Sanchez-Artus, X., Subbiah, B., Gracia, V….and Sánchez-
Arcilla, A (2024). Evaluating barrier beach protection. Coastal Eng. 191
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Present/future/difference in simulated water 
velocities (Wadden Sea) with/out seagrass beds: 
optimal buffers (erosion ↓) in high Hs areas

Present (reference), mid-future (2050) & long-
future (2100) hypoxia events, simulated for 
Venice lg.: seasons (l), summer (r) + errors

HOW TO ADAPT WITH CWS (SUPPORTING RESTORATION)
○ Knowledge based long-term adaptation



NEW SYSTEMIC RESTORATION: River-Coast Synergies/Tradeoffs
○ Maintained connectivity + dynamics (coastal roughness): Ebro system

Controlled river pulses

Beach restoration 

Barrier beach resto

Lagoon restoration

Coastal 
Restoration 

Platform 
(Maintenance)

Monitored dynamics (water/sediment/nutrient fluxes + habitats)

MITECO Costas Tarragona 2022

ADD INFO: Sánchez-Arcilla, A., Garrote, L., Gracia, V., ... & Iglesias, A. (2025). Trade-offs and synergies in river-coastal 
restoration for the Ebro delta. Nature Conservation, 59, 101-137. https://doi.org/10.3897/ natureconservation.59.142061



SYSTEMIC RESTORATION: River pulses for solid transport (Ebro ∆)
○ Connectivity with synergies/tradeoffs in water/sed/nutrients (problem origin)

River controlled pulses
◦ Discharge released from Flix
◦ Peak flow downstream
◦ Flood wave travel times (58 km → 8 km/h)
◦ Peak attenuation in downstream travel

Monitoring
◦ Permanent observation networks
◦ Doppler v profiles 2 sections
◦ SSC 7 sections in bridges along Ebro River
◦ Images from drones + Sentinel 2

Ebro Delta

Reservoir 
system

Lower Ebro 
river

Flix

Ascó

Tortosa

1,380 m3/s 13:15 h

1,200 m3/s 8.30-13:30 h

720 m3/s 20:30 h



SYSTEMIC RESTORATION: River pulses for Qsolid (ACA, Ebro ∆)
○ Potential solid transport: subsidence & coastal erosion (problem origin)

Suspended sediment samples downstream of
reservoirs during controlled floods (May 2025)

Surface sediment samples & cores (Flix reservoir)

Digital Terrain Model for ∆ bathymetry (2007-2025) in
Flix: loss of 0.01 hm3/year, with visible dredged area

Satellite + UAV
- Bathymetry
- Trajectories
(river mouth/est.)



NEW ADAPTATION-THROUGH-RESTORATION PLANS
○ Embryo dunes + ridge/runnel + natural sand recycling (NbS)

ADD INFO: Sánchez-Arcilla, A., Garrote, L., Gracia, V., ... & Iglesias, A. (2025). Trade-offs and synergies in river-coastal 
restoration for the Ebro delta. Nature Conservation, 59, 101-137. https://doi.org/10.3897/ natureconservation.59.142061



NEW ADAPTATION-TH-RESTORATION PLANS: NbS building blocks 
○ Constructed seagrass beds + marshes + bird island (Sicily lagoons)

Saltmarshes restoration

Bird island building Hydraulic connectivity management

ADD INFO: Marino, M., Baptist, M.J., Alkharoubi, A.I.K. et al. Nature-based Solutions as Building Blocks for coastal flood risk 
reduction: model-based ecosystem service assessment. Sci Rep 15, 12070 (2025). https://doi.org/10.1038/s41598-025-95230-4



Green dikes & morphodynamic control
(Wadden Sea, NL & DE)

Saltmarsh restoration
(Venice lagoon, IT)

Constructed island for BDV/ESS 
(Vistula lagoon, PL)

Lagoon resto./private funds
(Sicily lagoon, IT)

Realignment & flux control
(Rhone delta, FR)

Salicornia restoration
(Foros bay, BL)

Seagrass restoration
(Arcachon bay, FR)

Managed basin & flux control
(Nahal dalia, IL)

Coast roughness & connectivity
(Ebro river-delta, ES)

COORDINATED SCIENCE: ADAPTATION-TH-RESTORATION
REST COAST provides demos of hands-on restoration for ESS & BDV

ADD INFO: Sánchez-Arcilla, A., Cáceres, I., Le Roux, X., Hinkel, J., Schuerch, M., ... & Torresan, S. (2022). Barriers and 
enablers for upscaling coastal restoration. Nature-Based Solutions, 2, 100032. https://doi.org/10.1016/j.nbsj.2022.100032

https://doi.org/10.1016/j.nbsj.2022.100032


COORDINATED SCIENCE: ADAPTATION-TH-RESTORATION
Climate coastal hotspots: supporting EU Nature Restoration Law & Green Deal

4 twinned GD projects

Joint river-coast production:
○ resto techniques/data
○ business plans/markets
○ governance shift
○ engagement tools

Joint Policy Brief (2025)

ADD INFO: E. Hart, A. Sánchez-Arcilla, C. Richards, C. Bullock, D. Hering, E. Schatzdorfer, F. Ferrara, G. …P. Noukas, 
L. Palomo, C. Warin, V. Beaz (2025). Supporting National Restoration Plans: Insights from EU Green Deal Projects



COORDINATED SCIENCE : ADAPTATION-TH-RESTORATION
Adaptation-through-restoration plans to curb implementation deficit

Coastal Restoration
BARRIERS

Coastal Restoration
ENABLERS

Techniques

Finance

Governance
Policies

Coastal Restoration Platforms

Restoration Contracts (9 Pilots )

Decarbonised Coastal 
Adaptation

Coastal Blue C
Mitigation
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• Triad system (CP – RP – TP)
• 6 Network Pilots

CORE PILOTS (CP)

Mar Chica lagoon
Magdalena estuary
Inhambane bay

REPLICATING PILOTS (RP) TRANSFER PILOTS (TP)

Ebro delta
Danube delta
Aveiro ria

Mar Menor
Venice lagoon
Weser estuary

NEXT FUTURE: RETHINKING COASTAL SCAPES FOR RESILIENCE
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SOURCE: Genua-Olmedo, A., Verutes, G. M., Teixeira, H., Sousa, A. I., & Lillebø, A. I. (2023). A spatial vulnerability assessment 
for a coastal socio-ecological N 2000 site. Front. in Marine Sc. 10, 1086135. https://doi.org/10.3389/fmars.2023.1086135 

RESILIENCE FROM RESTORATION
○ Complex governance
○ Interacting systems
○ Overlapping programs
○ Different plans/aims

Nutrients, eutrophication, missed WFD status, complex S-E interactions, climate pressures

RETHINKING COASTAL SCAPES: WESSER Est (C) → AVEIRO Lg (R)

https://doi.org/10.3389/fmars.2023.1086135
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Critically important seagrass & mangroves
Inhambane Bay Community Conservtn. Network

Source: Sallaum Lines & Marine 

Conservation Institute Partner to Support 

Inhambane Bay Community Conservation 

Network in Mozambique » Marine 

Conservation Institute

SOURCE: Gota, P., & Ekblom, A. (2025). Locally protected forests: status, character 
and challenges (Inhambane P., S Mozambique. Biodiversity and Conservation, 34(9)

EchosounderArduino shield

Tilt current meter

DIY observations
Transferable equipment

RETHINKING COASTAL SCAPES: INHAMBANE Bay (Mozambique, T)​

https://marine-conservation.org/on-the-tide/sallaum-lines-mci-partner-to-support-ibccn-mozambique/


Sicily Lg March 2023

NEXT FUTURE: Restoration Agreements (Rest-Coast legacy)
○ From CO-RE-PLATs + project outcomes (tailored for the 9 Pilots)

- Aims (present and target states)

- Participating stakeholders

- Adaptation-through-restoration plans

- Co-designed solutions

- Funding & Business plans 

- Monitoring + maintenance (EWS + CWS + metrics)

- Governance & policies for upscaling (briefs) 

SOURCE: Dietrich, M., Sánchez-Arcilla Jr, A., Sánchez-Artús, X., Gracia, V., Caiola, N., Dabalà, C., ... & Sánchez-Arcilla Sr, A. (2025). 
Coastal Restoration Agreements Under Climate Change: Barriers/Enablers. Water, 17(21), 3154. https://doi.org/10.3390/w17213154

https://doi.org/10.3390/w17213154


@RESTCOAST_H2020 rest-coast.eu REST-COAST project

This project receives funding from the European Union’s Horizon 2020 Research and Innovation action under grant agreement No 101037097. 

Thank you!

Constructing local geodiversity 
( Ebro delta, MITECO Costas Tarragona)
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