
OUR 
STARTING 
POINT

● The Bay and shoreline are diverse and dynamic
● There is no one-size-fits-all approach for adaptation
● Natural infrastructure (such as beaches and wetlands), in 

conjunction with levees, can lessen flood risk 
● Natural infrastructure provide other benefits, such as 

habitat, recreation, carbon sequestration, aesthetics

RICHMOND



3 steps
1. Plan using nature’s boundaries rather than traditional 

boundaries
2. Identify adaptation measures that could work well in a 

given place, and use nature as much as you can
3. Bring stakeholders together to envision a resilient future 

RICHMOND



STEP 1. 
Plan using nature’s boundaries 



Source: Google EarthPort of Redwood City, Bair Island, Redwood Shores, Foster City



examples of diverse shorelines BING maps

Source: Google EarthBelvedere and Angel Island



Source: Google EarthCoyote Creek and Santa Clara Valley
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North Shoreview, San Mateo Source: Google Earth



Belmont Slough, Foster City Source: Google Earth



San Carlos and Hwy 101 Source: Google Earth



Old Bayshore Highway and Burlingame Lagoon Source: Google Earth



Yosemite-Visitacion
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What is the right scale?
Operational Landscape Units 

Areas with shared geophysical 
and land use characteristics 
suited for particular sets of 

adaptation strategies.

For use as a tool for planning 
processes
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STEP 2. Identify adaptation measures that 
could work well in a given place that 

address near-term sea level rise issues



Source: ESA

Hayward Shoreline



Source: Mark Taylor

Hayward Shoreline



San Jose/Coyote Creek



Vulnerability and current conditions

• Land use Mapping based on Association of 
Bay Area Government datasets

• Vulnerability Mapping from SeaChange 
SMC
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Pairing Problems with Measures

Example problem Cause Example measure

Wave overtopping or erosion of 
levee with wide foreshore

Large waves reach levee Marsh, fine beach, horizontal levee

Combined flooding Loss of floodplain Retention basins, setback levee

Loss of marsh area Wave erosion of scarp Coarse beach, oyster reef



Beaches and wetlands in conjunction with levees can lessen flood risk

• Tidal wetlands can reduce waves and reduce currents:
• reduce direct wave attack limiting damages or need for armor
• reduce wave run-up on levees limiting overtopping
• reduce erosion of levees increasing their reliability during events

• Provide protection of levees from wave erosion during high tides 
or moderate storms, reducing maintenance needs.



Nature based measures (examples)
• Oyster reefs 
• Beaches
• Marshes
• Horizontal levees/Migration zone 
• Polder management
• Submerged vegetation restoration
• Mudflat augmentation
• Creek management
• Green stormwater infrastructure

Adaptation measures

Regulatory, Financial, Policy tools
• Easements
• Land elevation
• Policy changes
• Zoning changes or overlays
• Buyouts
• Transfer of Development Rights
• Building retrofits



Low-crested oyster reef creation
Submerged vegetation restoration
Mudflat augmentation
Marsh restoration
Cobble beach creation
Sand beach creation
Shell hash beach creation
Polder management
Horizontal levee construction
Migration space preparation

Low-crested oyster reef

● What it is:
○ Offshore subtidal structures 

made of rock or concrete

● What it does:
○ Provides oyster habitat
○ Attenuate waves
○ Water quality benefits
 

Oyster Reefs, San Rafael

Source: Kathy Boyer



Low-crested oyster reef creation
Submerged vegetation restoration
Mudflat augmentation
Marsh restoration
Cobble beach creation
Sand beach creation
Shell hash beach creation
Polder management
Horizontal levee construction
Migration space preparation

Low-crested oyster reef

● How we mapped it:
○ Subtidal Goals describe depth, turbidity, 

salinity requirements, historical 
distribution

○ Limited suitability in San Mateo County



Coarse Beaches

● What it is:
○ Beaches of 

coarse sediment 
in front of levee

● What it does:
○ Attenuate waves
○ Habitat benefits

Shell hash beach ridge, Outer Bair Island

Source: Peter Baye



Coarse Beaches
Coarse beach widths and suitable locations, in-progress

Min: ~15 m
Average: ~18 m
Max: ~21 m



Foster City Levee System

Source: City of Foster City Source: City of Foster City

● Raise the height of the levee
● Resilient to 2050 sea level rise and 

adaptable to 2100 sea level using 
offshore features.

● Adaptively build offshore 
breakwater and beach forms.

3.5 ft

Source: City of Foster City



Low-crested oyster reef creation
Submerged vegetation restoration
Mudflat augmentation
Marsh restoration
Cobble beach creation
Sand beach creation
Shell hash beach creation
Polder management
Horizontal levee construction
Migration space preparation

Marsh restoration

● What it is:
○ Restoring tidal action and adding 

sediment to formerly separated or 
low-lying Baylands to create tidal marsh 

● What it does:
○ Attenuates waves
○ Keeps pace with SLR
○ Habitat for endangered species
○ Recreation, aesthetics, water quality

 

East Bay shoreline
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Low-crested oyster reef creation
Submerged vegetation restoration
Mudflat augmentation
Marsh restoration
Cobble beach creation
Sand beach creation
Shell hash beach creation
Polder management
Horizontal levee construction
Migration space preparation

Marsh restoration

Width needed 
for attenuation 
(dotted, 
brighter)

Developed

Potential marsh at least wide enough for wave attenuation

Width needed for wave attenuation function alone

How we mapped it:
● Mapped elevations within tidal range 

that would support marsh vegetation 
● Calculated width necessary to knock 

down waves to 1 foot to lessen storm 
damage.



● What it does:
○ Attenuates waves
○ Keeps pace with SLR
○ Habitat for endangered species
○ Recreation, aesthetics, water quality

 

Source: HT Harvey

Horizontal Levee

● What it is:
○ Gentle slopes 

constructed between a 
levee and a marsh to 
provide upland 
closer to the Bay.

 



Horizontal levees
How we mapped it:
● For each OLU determined crest 

height based on 1% Total Water 
Level.

● Based on height, determined 
width assuming slope of 1:30.

● Mapped horizontal levee 
opportunities where potential 
marsh habitats exist in front.



SAFER Bay Project

Source: San Francisquito Creek JPA



Nature based measures (examples)
• Oyster reefs 
• Beaches
• Marshes
• Horizontal levees/Migration zone 
• Polder management
• Submerged vegetation restoration
• Mudflat augmentation
• Creek management/Floodplains
• Green stormwater infrastructure

Adaptation measures

Regulatory, Financial, Policy tools
• Easements
• Land elevation
• Policy changes
• Zoning changes or overlays
• Buyouts
• Transfer of Development Rights
• Building retrofits









STEP 3. Bring stakeholders together to 
envision a resilient future



Our task today
1. Review the Guiding Principles

2. Review the vulnerabilities, land uses, and opportunities in your OLU
a. Map packets on table

3. Discuss to the following questions
a. What are some of your key priorities, goals, challenges around coastal 

flooding?
b. Which ecosystem services are of most value to you?
c. Which adaptation strategies are most appealing to you within your OLU and 

why?


