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What We Do

TRANSLATION

SCIENCE IMPLEMENTATION

Science: Draw on cutting-edge science from across disciplines
Translation: Turn science into usable local guidance, visions, tools

Implementation: Facilitate integrated actions via partnerships and planning
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Goals Projects
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TIDAL MARSH
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. MEASURING THE IMPACT

of the Baylands Goals

LARGEST RESTORATION PROJECT
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WRITTEN INTO POLICY
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SEDIMENT SUPPLY




THE FUTURE OF MARSHES
DEPENDS ON

Courtesy Stralberg et al. 2011
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WHATIWECAN DO

EM HARITAT GOALS

Coastal Conservancy blm




BAYLANDS
GOALS 2015

« Science synthesis

« Effect of future change, especially climate and
sediment supply, on the Baylands

» Goal is healthy ecosystem, providing a resilient
shore for people and wildlife

« Recommendations and landscape visions for
the next century
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COLLABORATIVE PROCESS

ND MANAGERS, REGULATORS




STEERING
COMMITTEE

Coastal Conservancy
Delta Conservancy
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COMPLETE SYSTEMS




MEANS

RESTORING

NOT JUST
PLACES

TIDAL OVERBANK
DEPOSITION

NAVE EROSION of
MARSH SCARP

COURTESY PETER BAYE

ALLUVIAL FAN

DEPOSITION

WAVE DEPOSITION
of BARRIER BEACH
STREAM DELTA

DEPOSITION




HISTORICAL
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}5; San Francisco Bay Restoration Authority




Shoreline Adaptation Atlas



capture

Carbon sequestration

ADAPTATION PLANNING
USING NATURE’S BOUNDARIES

SAN FRANCISCO BAY SHORELINE ADAPTATION ATLAS
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Julle Beagle, SFEI and Laura Tam, SPUR
Jeremy Lowe, Katie McKnlght Sam Safran, Letitia Grenier, SFEI
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Sea level rise is happening




Adapting to sea level rise will require big changes

Photo by Shira Bezalel,
SFEI
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How these changes collectively adapt the shoreline
will determine the fate and health of the Bay

Photo by Craig Howell, CC BY
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A science-based framework is essential to
|dent|fy effectlve adaptatlon strategles....

CCBY20

...that are approprlate for thelr partlcular settlngs
and that take advantage of natural processes. SFE|



This project helps with fillin

SAN FRANCISCO BAY SHORELINE
Adaptation Atlas
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In this urbanized
estuary...

- The Bay and shoreline are
heterogeneous and dynamic

SFEI



SFEI

Courtesy of Google Earth
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In this urbanized
estuary...

The Bay and shoreline are
heterogeneous and dynamic

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

SFEI



Courtesy of Google Earth




Traditional
jurisdictions

9 counties

101 cities

Multiple special districts
Regulatory jurisdictions

Frontline communities in
low-lying areas




will not stop at
city boundaries.
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Addressing this
challenge by:

- 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

Courtesy of Google Earth

SFEI



Plan using
nature’s

boundaries
(instead of traditional
boundaries)

Identify
adaptation
measures that

could work well

in a given place

(and use nature as much
as you can)

Use when
bringing
stakeholders
together to
envision a
resilient future

SFEI



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

SFEI

®
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Faults &
Topography
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Geomorphic types

o Headlands & small valleys
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Geomorphic types

o Headlands & small valleys
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Holocene Bay Mud

Fine-grained Holocene Alluvium

Coarse-grained Holocene Alluvium

Late Pleistocene Alluvium

Holocene beach and dune sand
B Franciscan Assemblage

Great Valley Sequence

Merritt Sands




Geomorphic unit

types

o Headlands & small valleys
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9 Alluvial fans & plains
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Area of analysis

e Back boundary
o Baylands + 5 m SLR + transition
zone with SLR

e Side boundaries
o Drainage divides, tidal sheds,
sewer sheds

OLUs upland boundary
I 500w ficead-idth bt

5m SLR scanmnin

Bay anl baylands




Data inputs

e Defined by geomorphic
units & bathymetry

& wlilE
L S Jﬁ’\'hlécal

e Characterized by
o Physical and ecological
factors

Built environment
patterns

Key vulnerabilities

OLU DELINEATION
BOUNDARIES

SFEI



Shoreline characteristics

Tidal range Wind-wave heights

Shoreline composition
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Baylands

Historical baylands

Modern baylands

Elevation capital
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Housing density Job density
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Vulnerability

Depth to groundwater
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Plan using
nature’s

boundaries
(instead of traditional
boundaries)

Identify
adaptation
measures that

could work well

in a given place
(and use nature as much
as you can)

Use when
bringing
stakeholders
together to
envision a
resilient future

SFEI



Photo: ESA




Wave overtopping
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Pairing problems with

nature-based measures

PROBLEM (for example)

Wave overtopping or erosion
of levee with wide foreshore

Combined flooding

Loss of marsh area

Subsided areas behind levee

CAUSE

- Large waves reach levee

- Loss of floodplain

- Wave erosion of scarp

- Diking and draining of
. marshes

EXAMPLE MEASURE

Marsh, fine beach, horizontal
levee

Retention basins, setback
levee

Coarse beach, oyster reef

Reconnect to creeks, warping

SFEI



What are the benefits
of nature-based

adaptation?

Multiple benefits
« Clean water
« Flood risk management
- Food web and wildlife

« Recreation and scenery
« Costs less
- More adaptable over time

SFEI



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

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

SFEI



What is in the report
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Substrate Types Examples of Existing Beaches

Beaches in S.F. Bay

San Francisco Bay had an estimated 27 miles
of beaches along its shoreline in the 1800s.

Beaches act as a natural defense against sea
level rise by knocking down waves and
protecting infrastructure near the shoreline
from erosion.
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Arambaru beach enhancement
project
Peter Baye, Roger Leventhal
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Living shorelines: oyster reefs

Giant Marsh Living Shorelines Project
Marilyn Latta

........

Coastal storm-surge barriers:
tidal marsh & horizontal levee
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Relative elevations

Compares absolute elevation of
land with local water levels &
tidal range:

Z - MSL MHHW = 1
= MSL =0
MHHW - MSL MLLW = -1

zZ* =

Elevation range {supratidal)

ARG ZeE { above 200 cm SLR zone
Migration space / Transition zone { within 200 cm SLR zone

Elevation range (tidal, z¥)

1.02 t0 1.38 (-MHHW tc ~-HAT)
Tidal marsh zone 0.75 to 1.02 (- MHW to - MHHW)
-014 te 0.75 (-MSL to -MHW)

Unvegetated tidal flat zone - -1.00 to -0.14 (MLLW to -MSL)
1.00 to -2.00 (MLLW to 2x MLLW)

Subtidal zone -2.00 to -4.00 {2x MLLW to 4x MLLW)
= -4.00 {=4x MLLW)



Marsh restoration
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Methods: ®
e Identify areas currently at the right elevation to
potentially support tidal marshes using z* ( "MSL and
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Combining measures

; hignway
rip rap :

beneficial reuse @
of sediment

€ COARSE BEACH

9 NEARSHORE REEF

SUBMERGED
AQUATIC VEGETATION

storm oarm
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Combining measures =

(® MIGRATION SPACE
PREPARATION

€) CREEK-TO-BAYLAND
RECONNECTION

@) VEGETATED MARSH

MUDFLAT
AUGMENTATION

mudflat

subtidal
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Adaptation pathways

SEA LEVEL RISE
Oft it 2ft 3ft 4ft

KEY

Threshold
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Declelon pokt
Lead time required
to implement

Timing of actions
Realign levees and/or adjust land use to be effective

Conceptual phasing of measures triggered by sea-level rise, rather than a chronological timeline (adapted from
Goals Project 2015).
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Plan using
nature’s

boundaries

(instead of traditional
boundaries)

Identify
adaptation
measures that

could work well

in a given place
(and use nature as much
as you can)

Use when
bringing
stakeholders
together to
envision a
resilient future

SFEI



How can this be used?

- As a toolkit to bring together stakeholders
around a given shoreline unit

- Aresource to assist environmental review
and permitting (Bay Conservation
Development Commission, Regional Water
Board)

- Guidance for developers and project
applicants

- Local, regional planners, and communities
creating adaptation plans and policies




Who is using this?

- Bay Conservation Development

Comm.|55|on for their vulnerability SAN FRANCISCO BAY SHORELINE
analysis Adaptation Atlas
. San Mateo and Marin Counties to Woaorking with Nature to Plan for Sea Level Rise

Using Operational Landscape Units

gather stakeholders, begin adaptation
planning, create scenarios of future
shorelines

- Local cities for adaptation planning

i SFE] &ofomase
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THANK YOU

Goals Projects Contact
® Daylandsgoals.org e |etitia@sfel.org
Adaptation Atlas

e sfei.org/adaptationatlas



http://baylandsgoals.org/
https://www.sfei.org/adaptationatlas

When the water crosses over
(the horizontal levee)

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

e What are the land uses that may be
potentially inundated?

e What is the ‘menu’ of available structural,

policy, financial, and regulatory
measures?
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Courtesy of Google Earth







Place-types
index

Five factors in characterizing land uses as
place-types:

e Intersection density
e Permeability

e Housing unit density
e Job density

e Land use mix

Open space categories additionally classified
using CPAD, NLCD

SPUR Place Types in OLUs

=k

Cultivated
- Parks & Protected
Rural & Open Space
Suburban Edae .
Cul de Sac Suburbs ﬂ‘ T
Small Lot Strectear Suburbs
Urban Meighborhoods ’
Wan Mess & Russian Hill - .H 3
- Dense Mixed Use r
- San Francisco CEBD
Industiral & Infrastructure
[ office Parks & Commercial Carridors -
- Secondary Job Canters
- Major Job Centers
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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

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

SFEI



Regulatory, financial, & policy tools

* We convened landscape

architects, building engineers,

and urban designers to vet
suitable flood control
strategies by place-type

 We used this information to
suggest planning and policy
measures for specific OLUs
based on their land use mix,
and the sequence of place-
types in a transect from the
shoreline landwards

ﬁﬁlﬁng codes and huildiag retrofits
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Next Steps

- Continuing to improve the science and
fill data gaps

- Get data online in an interactive map

- Working with communities across the
Bay to help apply and translate this
work
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