
Tidal Wetlands and Climate Adaptation
Moving to Actionable “Smart” Assessment

Stuart Siegel, PhD, PWS
San Francisco Bay National Estuarine Research Reserve

Department of Earth and Climate Sciences, SFSU
Siegel Environmental

siegel@sfsu.edu

California Adaptation Forum

September 8, 2016, Long Beach, CA

Siegel, Sep 2016, 1



Old Model: ~Everything ~Everywhere

New Model: What We Need Where We Need It

Courtesy of Susanne Moser / Point Blue
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Efficacy of Past and Future Tidal Marsh Restoration 
and Conservation Investments

Source: BEHGU 2015

1850: 
~130,000 ac

2016: 
~35,000 ac

Source: 
SFBJV and SFEI 2016

Tidal Marsh 1

Restored Baylands 2

Planned Restoration, 
Enhancement
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Sea Level Rise and Sediment Supply Drop

Schile et al. 2014
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Shoreline Vulnerability 
in SF Bay: Storms, SLR

Source: BCDC Source: Joe Klocek (BCDC ART)

Within Current 100-Year Floodplain:
• 344,000: Total number of residents
• $42 billion: Total value of assets
• $10.4 billion: Total estimated 

economic damage by hypothetical 
mega-storm, includes property 
damage and transportation delay 
and blackout losses

Source: Bay Area Council 2015
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Wave Attenuation = Target
Tidal marshes are effective attenuators

Attenuation = f(width, elevation, vegetation height 
and density)

Source: 
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Green is the New Grey: 
Living Shorelines

Source: 
The Bay Institute 2013

Drawn by Peter Baye

X Economic “luxury”
 Economic necessity

Typical current setting 
= levee with bay edge
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Tidal Marsh

Flood Control

Living 
Shoreline

Moving Forward in an Adaptive World:
Significant Recent Policy Advances
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Old Model: Myriad of Permits Require

Monitoring (Almost) Everything at Every Project

McAteer-Petris Act

Fish and Game Code

California Endangered Species Act

National Historic Preservation Act

Migratory Bird Treaty Act

California Environmental Quality Act

Delta Reform Act

Clean Water Act Section 402
Clean Water Act Section 404

Title 23
33 USC Section 408

State Leases and Encroachment

Federal Navigation

State Agencies: BCDC, RWQCB, CDFW, DSC, SLC, SHPO, CVFPB, Caltrans
Federal Agencies: USFWS, NMFS, USACE, USEPA, USCG
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New Model: What We Need Where We Need It

Management Decisions Drive Information Needs
• Natural resources: maintain and increase fish and wildlife pop.
• Ecosystem services provision – adaptation 

Needs evolve as climate change pressures emerge and we 
understand the fruits of our labor

Actionable Information = Coin of the New Realm
• All that is needed, but…
• Only what is needed (which evolves)

Everything else = optional

Site-Scale Adaptive 
Management

Corrective measures

Regional Scale Adaptive Management
Responsiveness to a Changing 

Environment, Effects of Our Actions
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New Model in Action

• Sample “universe” = region, 
not each site

• Each natural marsh and 
restored marsh is a possible
sample site for one or more 
metrics

• Metrics:

 Core compliance

 Necessary site adaptive 
management

 LESSONS LEARNED

• Citizen science as much as 
feasible

• Stratify the sample universe

Tidal Marsh 1

Restored Baylands 2

Planned Restoration, 
Enhancement
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Stratified Sample 
Universe

Stratify in Data Collection and 
Analysis:

• Salinity

• Sediment supply

• Vulnerabilities

• Likelihood/suitability for living 
shoreline projects

• Land uses

• Diked baylands restoration 
opportunities

• Disadvantaged communities

Tidal Marsh 1

Restored Baylands 2

Planned Restoration, 
Enhancement
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The Time to Act is Now
We are planning and taking action: success requires focus

Courtesy of Susanne Moser / Point Blue
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Guidance & 
Funding

Community 
of Practice

Information 
Science

Ground-Based 
Science

Regulation &
Permits

SFB JV

SFEP

SFEI NERR

BCDC/
RWQCB

Land
Managers

Comprehensive Conservation and Management Plan 
Action 2 ‘Owners’ For Regional Tidal Wetland 

Monitoring
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Let’s Buck the Trend. Thank you!

Courtesy of Susanne Moser / Point Blue
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