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• An update on the Waterboard funded 
Adaptation Atlas

• Applications of the Adaptation Atlas and 
Operational Landscape Units that are underway 

• Plans for Phase 2 of the project

Outline



As sea levels continue to rise, SF Bay communities will need to    
adapt in order to build social and ecological resilience



• The Bay and shoreline are heterogeneous and dynamic

• There is no one-size-fits-all approach for SLR adaptation

• We can make our shoreline and communities more 
resilient by working with people and nature and at the 
right scale to implement sea-level rise solutions. 

• Where are nature-based strategies most appropriate?

In this urbanized estuary



examples of diverse shorelines BING maps









Traditional 

● 9 counties

● 101 cities

● Multiple special districts

● Regulatory jurisdictions

● Frontline communities in 
low-lying areas

Jurisdictions



Physical processes that govern 
the shoreline happen at the Bay 
scale.

Too large and complex for 
individual projects.



Sea-level rise
will not stop at 
city boundaries.



Addressing this 

• Dividing up the Bay into manageable 
units that respond to the physical 
and ecological processes 

• Mapping suitability for  nature-
based adaptation measures 

• Integrating across the land-water 
divide, and connecting bayside 
measures with landside measures

challenge by:



STEP 1

Plan using 
nature’s 
boundaries
(instead of traditional 
boundaries)

STEP 2

Identify 
adaptation 
measures that 
could work well 
in a given place 
(and use nature as much 
as you can)

STEP 3

Use when 
bringing 
stakeholders 
together to 
envision a 
resilient future 



Nature’s 
Boundaries
Operational Landscape 
Units 
Areas with shared geophysical and land 
use characteristics suited for a particular 
suite of nature-based measures

● Bigger than a project
● Bigger than a City
● Smaller than a County 



Geomorphic Unit 

Headlands & small valleys1

Alluvial fans & plains2

Wide alluvial valleys3

Types



SAN PABLO BAY

CENTRAL BAY



Data inputs

● Defined by geomorphic 
units & bathymetry

● Characterized by 
○ Physical and ecological 

factors

○ Built environment 
patterns

○ Key vulnerabilities



Shoreline characteristics 
Tidal range Wind-wave heights Shoreline composition



Baylands
Historical baylands Elevation capitalModern baylands



Housing density



Housing density Job density



Vulnerability
Depth to groundwater

SLR + Bay shore inventory 
+ FEMA 500-yr flood zone Infrastructure



STEP 1

Plan using 
nature’s
boundaries
(instead of traditional 
boundaries)

STEP 2

Identify 
adaptation 
measures that 
could work well 
in a given place 
(and use nature as much 
as you can)

STEP 3

Use when 
bringing 
stakeholders 
together to 
envision a 
resilient future 
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7.12 ft NAVD - King Tide, 2019
Crab Cove Alameda

Photo: King Tides Initiative



Regulatory, financial, policy tools

• Zoning and overlay zones

• Setbacks, buffers, and clustering

• Building codes and building retrofits

• Rebuilding and redevelopment 
restrictions

• Conservation easements

• Tax incentives and special assessments

• Geologic Hazard Abatement District

• Transfer of Development Rights

• Buyouts

Adaptation measures
Nature-based measures

• Nearshore reefs

• Submerged aquatic vegetation     
(eelgrass)

• Beaches (sand, cobble, shell)

• Tidal marshes

• Polder management

• Ecotone levees

• Migration space preparation

• Creek-to-bayland reconnections 

• Green stormwater infrastructure



Marsh restoration

Methods:
● Identify areas currently at the right elevation to 

potentially support tidal marshes using z* ( ~MSL 
and ~HAT)

● Assess width of marsh needed to knock 100-year 
waves down to ~1 ft (0.3 m)

South Bay Salt Pond Restoration Project, 2013



Migration Space

Methods:
● Identify areas that are 

above tidal range now, but 
will be within tidal range in 
the future (areas where 
wetlands could migrate)

○ Protected 

○ Unprotected



Submerged 
vegetation 
restoration

Nearshore 
reefs

Submerged 
aquatic 
vegetation 
(eelgrass)

Beaches

Polder 
management

Tidal 
marshes

Ecotone 
levees

Migration space 
preparation



Suitability
of nature-based
measures



When the water crosses over 

● What is the landscape like in the ‘dry land’ 
part of the OLU?

● What are the land uses that may be 

potentially inundated?

● What is the ‘menu’ of available structural, 
policy, financial, and regulatory 
measures?

(the horizontal levee)









Place-Types 
Index
Five factors in characterizing land uses as 

place-types:

● Intersection density

● Permeability

● Housing unit density

● Job density

● Land use mix

Open space categories additionally classified 

using CPAD, NLCD



Open space

Suburban edge

Urban neighborhoods

Office parks and commercial

Secondary job centers

Dense mixed use



Regulatory, financial, policy tools

• Zoning and overlay zones

• Setbacks, buffers, and clustering

• Building codes and building retrofits

• Rebuilding and development 
restrictions

• Conservation easements

• Tax incentives and special assessments

• Geologic Hazard Abatement District

• Transfer of Development Rights

• Buyouts

Adaptation measures
Nature-based measures

• Nearshore reefs

• Submerged aquatic vegetation     
(eelgrass)

• Beaches (sand, cobble, shell)

• Tidal marshes

• Polder management

• Ecotone levees

• Migration space preparation

• Creek-to-bayland reconnections 

• Green stormwater infrastructure



draft

Acquiring migration 
space

Easements, buyouts in 
open/ protected areas

Elevating roadways

Polder management

Marsh Restoration

Migration Space

Creek connections



GHAD

Transfer of development 
rights

Elevating roadways 

Horizontal Levees

Beaches

Eel grass

draft



Easements, buyouts 
in open/ protected 
areas

Not intensifying 
development, 
elevating roads, 
buildings, re-zoning

Oyster reefs

Horizontal Levees

Beaches

Eelgrass

Creek connections

draft





STEP 1

Plan using 
nature’s 
boundaries
(instead of traditional 
boundaries)

STEP 2

Identify 
adaptation 
measures that 
could work well 
in a given place 
(and use nature as much 
as you can)

STEP 3

Use when 
bringing 
stakeholders 
together to 
envision a 
resilient future 



• BCDC using OLUs as their unit of 

analysis for ART Bay Area

• MTC staff using OLUs to build 

scenarios for Horizons (precursor to 

Plan Bay Area 2050)

• San Mateo and Marin Counties using 

OLUs to gather stakeholders, begin 

adaptation planning

• Local cities doing adaptation planning

• National networks: “Coastal 

Collaborative” with Jamaica Bay

Who is using this? Coming April 2019!



• BCDC using OLUs as their unit 

of analysis for ART Bay Area

• Analyzing 4 asset classes by 

OLUs

• Summarizing ecosystem 

services by OLU and regionally

• Using as a framework as they 

transition to adaptation 

planning

ART Bay Area



• Challenge of transitioning from vulnerability assessments 
to adaptation solutions

• Lots of interest in nature-based options, where are they 
appropriate?

• Goal: Develop a framework process and set of tools to 
support the transition from vulnerability assessment to 
adaptation strategies at a useful scale

Marin Adaptation 
Framework

*With funding from Marin Community Foundation



STEP 1

Assess 
vulnerability
what assets are 
vulnerable & where; 
what is the source 
of vulnerability

STEP 2

Identify 
adaptation 
measures 
that could work 
well in a given 

place and use 

nature as much 
as you can

STEP 3

Envision 
desired 
future(s)
what are desired 
outcomes? 
Develop 
visions/themes

FRAMEWORK Planning within nature’s boundaries

STEP 4

Develop 
adaptation 
strategies
Strategy = a 
combination of 
“measures”; 
Develop for 
each desired 
future or theme

STEP 5

Evaluate 
and 
prioritize 
assess benefits 
and tradeoffs 
among 
strategies



(What are desired outcomes? Articulate visions/themes for the future)

STEP 3 Envision desired futures

• A “strategy” combines adaptation measures 
within an OLU



Combining measures into 
a strategy



(What are desired outcomes? Articulate visions/themes for the future)

STEP 3 Envision desired futures

• A “strategy” combines adaptation measures 
within an OLU

• A distinguishing goal/theme and criteria are 
needed to develop strategies

• Strategy themes should be developed with 
stakeholders



(What are desired outcomes? Articulate visions/themes for the future)

STEP 3 Envision desired futures

• Strategy 1: Hold the line

• Strategy 2: Buffer with public open space

• Strategy 3: Maximize habitat



Subtidal

Mudflat

Marsh

Beaches

Example 
Theme #1
“Hold the line”

STEP 3

• Build up existing 
defenses

• Employ nature-based 
adaptation options 
bayward of existing 
first line of defense

STEP 4

Novato OLU Example Strategy #1:



Example 
Theme #2: 
“Buffer w/ public 
open space”

STEP 3

STEP 4

Novato OLU Example Strategy #2

• Existing people and 
infrastructure remain 
protected in place

• Retreat first line of 
defense only on 
public open space

• Retreat allows more 
space for additional 
nature-based options 



Example 
Theme #3: 
“Maximize
habitat”

STEP 3

STEP 4

Novato OLU Example Strategy #3

• Maximize 
opportunities for 
habitat enhancement

• Existing 
people/homes remain 
in place

• Key infrastructure 
may need to be re-
aligned/ re-designed



Timing 
Matters

Restore in 
2030

Restore in 2050

Low marsh

Mudflat

Marshes develop

Mudflats develop

Subtidal
Mudflat
Low Marsh
Mid Marsh
High Marsh
Upland

How might 
objectives 
change with SLR?

Point Blue



Adaptation pathways



• Higher values mean 
“more benefit”

• Compare total 
benefits of strategies, 
while still seeing the 
tradeoffs

• Can weight certain 
benefits more than 
others

• Supports an informed 
choice

• May lead to developing 
alternative strategies

RECREATIONLEAST FILL
(low cost 

construction)

0

BIODIVERSITY 
SUPPORT

LOWEST 
MAINTENANCE

STEP 5
1

Strategy #1
Strategy #2

Evaluate and Prioritize Strategies

Point Blue



1. Filling science data gaps
• Sediment supply and demand

• Mudflat shape/evolution

• Links to water quality data (contingencies)

• Development of phased approaches

2. Refinement of adaptation measures

• Watershed connections, stormwater

• Detail on beaches (orientation, grainsize etc.)

• Upland transition zone connectivity

Next steps // RB2 Phase 2



3. Links to Policies

• Nutrients Management Strategy

• Integration with infrastructure ie. POTWs

• SFEP WQIF grant

• Supporting Waterboard climate change 
policies

Next Steps // RB2 Phase 2 



Contact:                        Julieb@sfei.org

THANK YOU

Thanks to our team: Jeremy Lowe, Katie McKnight, Sam Safran, Letitia Grenier, SFEI
Laura Tam, Sarah Jo Szambelan, SPUR

For more info: adaptationatlas.sfei.org

Funded by:
SF Bay Regional 
Water  Quality 
Control Board

mailto:Julieb@sfei.org

