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San Francisco Estuary Institute (SFEI)

Deliver scientific information to a 
wide range of stakeholders in 

dynamic, expressive, and cogent 
ways

Develop innovative, long-range, 
nature-based strategies to improve 
the health of our shorelines, cities, 

and rural areas

Anticipates and meets the water 
water quality data needs of 

policy-makers, resource managers, 
and the public



Habitat Mapping of the Past - Heads-Up Digitizing

● Slow and costly

● Inconsistent in accuracy & precision
○ Possible differences among techniques 

or an array of mapping analysts

○ Change detection over time problematic 
and impractical

● Majority of NWI and NHD 

● Shifting to more automated & 
semi-automated approaches



Automated Habitat Mapping - Approaches
● Simplified/Modeled (Functional Extent)

○ Riparian Zone Estimator Tool (RipZET)
○ Relative Tidal Elevation

● Image Analysis
○ Pixel-Based Image Analysis
○ Object-Based Image Analysis (OBIA)
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Image from Government of British Columbia (www2.gov.bc.ca)
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https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/forest-inventory/forest-cover-inventories/forest-disturbance-monitoring


● Simplified/Modeled (Functional Extent)
○ Riparian Zone Estimator Tool (RipZET)
○ Relative Tidal Elevation

● Image Analysis
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○ Object-Based Image Analysis

■ Machine Learning
● San Diego
● Russian River
● Vernal Pools

■ Rule Set
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Baylands Ecosystem Habitat Goals (1999)/Update (2015)

Restore 60,000 acres 
of tidal marsh to reach 

100,000 acres

—>



Historical Baylands (c. 1800) Modern Baylands (c. 1998) Modern Baylands (c. 2009)











Baylands Change Basemap/Shoreline Resilience Framework

● Track change over time in an efficient and effective way
○ Not only by habitat acreages

○ Provide target metrics that can be monitored over time to track shoreline resilience

○ Detect/Identify early warning signs of habitat loss/degradation

● Inform design/approach to adaptive management
○ Determine whether and how adaptation efforts are actually improving resilience

○ Having practical and quantitative metrics based on the ecosystem services managers hope to 
maintain will allow them to weigh the pros and cons of adaptation actions



Relative Tidal Elevation - Modeled Functional Extent

Estimate 
Historical Extent 

& 

Potential 
Restoration 
Opportunities



Why Relative?



Marsh Vulnerability in the San Francisco Bay-Delta Estuary







Relative Tidal Elevation Examples



Uncertainty in Relative Tidal Elevation
● Vegetation Bias
● Tidal Datums
● Sea-Level Rise
● Sedimentation
● Subsidence
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Tidal Datum Comparison

AECOM ComparisonNOAA VDatum



Tidal Datum Comparison

AECOM AdjustedNOAA VDatum



VDatum vs. AECOM-Corrected

NOAA VDatum (Z* 1.4) Adjusted (Z* 1.4)



Current National Tidal Datum Epoch (NTDE)



The National Tidal Datum Epoch: 

Changes in Mean Sea Level and Mean 

Tide Level from 1983-2001 and 

2002-2020 (NOAA, NOS, CO-OPS)



SF Bay USGS (2001-2019)



How to tell which is best?

● Vegetation will provide clues

Image Credit: SFEI



Baylands Change Basemap Pilot Sites 

China Camp

Rush 
Ranch

Coyote 
Creek

San 
Francisquito



Example Workflow 
Test area shown in RGB and after an 

initial test classification.

Input layers 

NDVI NDWI DEM

Canny edge 
detection 

aggregation
+ + =

Segmentation & 
object aggregation



eCognitioneCognition Developer 





Level of Detail



Bay-Scale Implementation
● Take rule set and apply to entire Bay

● Leverage Oracle cloud-computing 
resources



Wetland Regional Monitoring Program (WRMP)
● This regional (level 1) dataset will enhance the value and support other 

related sub-region (level 2) and site-specific (level 3) WRMP monitoring 
efforts

● On-the ground knowledge and data will help inform and feed into better 
products/methods for future mapping efforts

○ Tide Gauges
○ Elevation Improvements
○ Vegetation Studies





Shoreline Resilience 
Framework

● Define critical attributes & metrics to maintain 
given ecosystem services as sea-levels rise

○ Wildlife support
○ Carbon sequestration
○ Water Quality
○ Flood Attenuation

Goals

● Establishing Where & Why to take action

● Inform discussions of the use of NBS to 
increase resilience of ecosystem services to 
sea-level rise and adaptive management

● Help prioritize where to restore additional 
habitat or add sediment to existing marshes



Working from Framework documents

Flood Attenuation

         In progress!



Elements of Shoreline Resilience for Wildlife Support

1. Connectivity within the complete marsh 
(upland to subtidal)

2. Connectivity among marshes

3. Diversity/complexity of channel 
networks

4. Topographic complexity

5. Diversity/complexity of salinity patterns

6. Redundancy

7. Spatial scale

8. Time scale



Mapping at Marsh 
Management Scale



Proportion of marsh at high elevation in tidal range
Topographic complexity



Marsh Equilibrium Model (MEM)

● Morris et al 2002; 2021



Wave height reduction across coastal habitats

Adapted from Narayan et al. 2016



Connectivity



Questions?
alexb@sfei.org


