Characterizing flood risk reduction from
coral reef engineering designs across
scales

science for a changing world




Regional scale >10 km

Hybrid coral reef restoration can be a cost-effective
nature-based solution to provide protection to
vulnerable coastal populations
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Colonyscale:0.1m-10m

*Time-averaged values of the maximum shear stress
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Project scale 10 m — 10 km - Hybrid Reef Layout design
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XBeach NH model was calibrated with CFD results
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Hybrid Reef Layout design

Boundary Test a: 1WO0 2W1
conditions Finding an optimal spacing ' '
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Finding an optimal spacing
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Higher waves = higher performance, but there are peaks of lower
performance under certain periods
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Hybrid Reef Layout design

Boundary Test b:
conditions Understanding the impact of

structure-segmentation
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Hybrid Reef Layout design

Boundary Test c:
conditions Understanding the impact o

structure-shifting
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Shifting the structures can help to extend the alongshore protection and
decrease vorticity
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Discussion & Conclusion

e The wave energy reduction performance of the restoration layout highly depends on the
wave climate. Overall, performance tends to increase with increasing wave heights;
however, specific wave periods can generate a peak in wave energy transmission,
lowering its performance.

e Two rows of hybrid structures spaced by two times their width gave the lowest
transmission coefficient and more contained low-performance peaks.

e Segmenting the offshore structure gives the highest performance over all the
segmentation strategies; however, it focuses the wave energy dissipation and leads to
complex current patterns, which can have environmental and safety caveats.

e Shifting of the structure helps reduce vorticity and defocus the energy dissipation to have
a higher performance in a larger area.
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Thank you!

Questions?

Camila Gaido L. — cgaido@ucsc.edu
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EcoLoGy HYDRODYNAMICS

REGIONAL SCALE 10-100 km

Ecosystem functioning Shelf and slope topography
Habitat quality Water level variations
Environmental stressors tides

Seascape context ec_idies

Connectivity wind-stress

Climate vulnerability Coastal currents

Island wakes
Mesoscale eddies
Upwelling and internal waves

REEFSCAPE SCALE 10 m-10 km

Reef function Reef geometry
Depth Water level variations
Geomorphology set up and run up
Habitat availability Cross-reef wave transformation
quality shoaling
Coral species reflection
zonations by habitat breaking
interactions frictional dissipation
Species diversity Wave-driven circulation

Wind-driven currents
Fronts, jets, and buoyant plumes
10m

COLONY SCALE 0.1m-10m

@, Microhabitat quality Bottom roughness and complexity
. Coral colony dynamics Boundary layers

survival Flow through and around colonies
growth Turbulent mixing

breakage Wave forces on reef structure
morphology

genetic diversity

interactions

0.1m
Spatial scale

ENGINEERING

Risk assessment
Restoration location in region
size and composition
design longevity
Extreme events frequency
intensity
Conditions and load on structures
Projections of future climate conditions

Restoration location on reef
configuration and spacing
size and grouping

Green, gray, or hybrid infrastructure
design
materials,
durability

Planted coral species

outplant sizes

siting in microhabitats
Breakage stress
Materials to attach to substrate
Engineered colony forms

Reef restoration at multiple scales

Viehman et al. (2023) Coral restoration for coastal
resilience: Integrating ecology,
hydrodynamics, and engineering at multiple scales.
Ecosphere
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Quantifying the US coral reefs flood protection benefits
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Trade off: Cost reduction vs Performance
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(i) Offshore row (ii) Onshore structure (iii) Both structures
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Structure shifting
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