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Objectives:

■ Detect landscape change over time
○ WRMP Indicator 1

■ Consistent and Repeatable
○ Avoid Heads-Up Digitizing
○ Limit Interpretation Error

■ Track/Assess Restoration Goals

Baylands Habitat Map
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Baylands Habitat Map 2020
● 18+ Classes

● Sub-Meter Resolution

● Aim to Re-Map every 3-5 years

● Built via Computer Algorithm

● Extent is Possible Tidal Influence
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A few challenges to mapping bayland habitats



Bay Edge

Here?Or Here?



Tidal Channels

Where does 
it end?

Top of Bank?



Upland Edge

Transition?

Tree Cover/Shadows?



Hydrologic 
Connectivity

What’s the difference?



NAIP Mosaic

Mid-Tide

Low-Tide



Difference in Image Analysis Techniques

● Object Based Image Analysis (OBIA)
○ Workflow

■ Segmentation
■ Classification
■ Iterate/Grow/Merge

Image from Government of British Columbia (www2.gov.bc.ca)

https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/forest-inventory/forest-cover-inventories/forest-disturbance-monitoring


eCognitionTrimble eCognition Developer 



Example Workflow



Multi-Resolution 
Segmentation:
R, G, B, NIR

Scale: 25
Shape: 0.1
Compactness: 0.9



Assign Class:
Water: NDWI > 0.2

Underprediction



Assign Class:
Water: NDWI > 0.1

Overprediction



Assign Class:
Water: NDWI > 0.15

Alright, but need to 
do better!



What is relative tidal elevation? A Modeled Functional Extent



Relative Tidal Elevation Examples



Relative Tidal Elevation Examples



Relative Tidal Elevation Examples



Why Relative?
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Let’s See the Map!
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Level of Detail
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Baylands Habitat Map 2020
• Data Access

• SFEI Data Center (Download)
• EcoAtlas (Web Viewing)

• Habitat Key
• Detailed descriptions for each 

classification
• Methods Documentation

• Accuracy Assessment
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• Discussion of WRMP Habitat 
Type Classification System 
development

• Detailed descriptions of each 
classification
• Illustrative photos (on the 

ground and remote 
sensing)

• Critical for change over time 
and repeat mapping efforts

Habitat Key
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Baylands Habitat Map 2024

• Regional LiDAR
• Summer 2025
• Additional Products

• Vegetation Height
• Intensity

• Collaborative Cost-Sharing

• Future Improvements
• Restored Areas

• Elevation Data
• Biofilm

• Tidal Ponds/Pannes
ElevationHeight RangeIntensity
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Relationship to WRMP

• Expert input from WRMP TAC and Geospatial Workgroup
• Foundational Dataset for WRMP Indicators & Other Metrics
• Ongoing iterative process: two-way data exchange

• Tide Gauges - Relative Tidal Elevation
• Vegetation Surveys - Ground Truthing



What this means for the region!?!

Assess Progress Toward 
Bay Restoration Goals

Metrics & Indicators

Identify Opportunities 
& Priority Areas

Jurisdictional & 
Regulatory Needs

Resilience Planning
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How the Map can be Used
• Understand how Bay tidal marshes are doing

• Progress toward restoration goals
• Support for specific functions and processes
• Change over time

• Identify where actions can have the most impact
• Support field-based monitoring and research 



How are Bay tidal marshes doing? 

*DRAFT numbers* How much tidal marsh is 
there in the Bay?



  

Tidal Marsh (non-restored)

Restored Tidal Marsh - 
(breached) 

Evolving into Tidal Marsh - 
(breached) 

“In-progress” Restoration 
(planning phase)

How much tidal marsh 
is there in the Bay?
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Pond A6 Sonoma Baylands

How are Bay marshes are doing? 

How are sites changing over time?
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Additional Map-based Metrics
• Marsh elevation
• Percent vegetated
• Wildlife support metrics
• Flood attenuation
• Shoreline change
• … and more

How are Bay tidal marshes doing? 

Example: Marsh Connectivity for 
Wildlife Movement 



Overview & Vision of units and nested 
hierarchy

San Francisco Bay

Subembayment

Operational Landscape Unit

Wetland Management Unit*

Analysis Unit

Subembayment in 
San Francisco Bay

Operational Landscape 
Unit in Subembayment

Wetland Management Unit in 
Operational Landscape Unit

Analysis Unit in
Wetland Management Unit

Map-based Metrics Analyzed at Multiple Scales (WRMP)



Sub-Embayments

Operational Landscape 
Units

Analysis Units

South Bay Belmont-Redwood

Map-based Metrics Analyzed at Multiple Scales (WRMP)

Whole Bay
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Track Change Over Time

• Repeat mapping every 3 - 5 years
• Maps and metrics will change over 

time due to restoration and SLR



Ravenswood Larger Tidal Marsh Patch

Metrics as Restoration Performance Measures (SFBRA)
Restoration contributes to the size, shape, and connectivity of tidal marsh patches



● Baylands Resilience Framework is an early 
application of the 2020 BHM

● Designed to measure the resilience of baylands 
ecosystem services to sea-level rise

● Metrics inform adaptation and restoration actions 
(e.g. beneficial use of dredged sediment through 
USACE’s Regional Dredged Material 
Management Plan)

Planning: Where can actions have the greatest impact?



Marsh elevation

22% 
below 
MHW

2% 
below 
MHW

5% 
below 
MHW



Distance to shallow water placement location



Planning: Coordinate Regional Actions 

BCDC’s Regional Shoreline Adaptation 
Plan (RSAP) Mapping Platform uses 
the 2020 BHM map for coordinated 
regional adaptation planning 



Support Monitoring and Research: CRAM example

“Sample draw” to determine 
survey locations

New mapping will help with: 

Orienting and navigating 
in the field

Assessing metrics of 
wetland condition



Summary

● Mapping approach uses advanced automated techniques to make 
the mapping more repeatable 

● Updated mapping is a valuable resource for restoration planning, 
management and monitoring

● BHM 2020 is available for viewing and download 
○ Download from Project Webpage: 

https://www.sfei.org/projects/baylands-change-basemap
○ View on EcoAtlas: http://sfei.li/ecoatlas-bhm
○ BHM 2020 Factsheet: 

https://www.sfei.org/documents/baylands-habitat-map-2020-m
apping-progress-towards-habitat-restoration-goals 

   

https://www.sfei.org/projects/baylands-change-basemap
http://sfei.li/ecoatlas-bhm
https://www.sfei.org/documents/baylands-habitat-map-2020-mapping-progress-towards-habitat-restoration-goals
https://www.sfei.org/documents/baylands-habitat-map-2020-mapping-progress-towards-habitat-restoration-goals
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THANKS!

• [picture]

•  Alex Braud, SFEI
•  April Robinson, SFEI
•  Brian Fulfrost, Fulfrost & Assoc.  
•  Caitlin Crain, SFEI  
•  Christina Toms, SFBRWQCB
•  Cristina Grosso, SFEI  
•  Donna Ball, SFEI
•  Dylan Chapple, DSC
•  Iryna Drynova, UC Berkeley
•  Jeremy Lowe, SFEI
•  Josh Collins, SFEI (emeritus)
•  Julie Beagle, USACE
•  Karen Thorne, USGS
•  Kass Green, Kass Green & Assoc.
•  Kevin Buffington, USGS
•  Mike Vasey, SFBNERR (emeritus)
•  Pete Kauhanen, SFEI
•  Sam Veloz, Point Blue 
•  Sree Gopal, OPC
•  Stuart Siegel, SFBNERR  
•  Todd Hallenbeck, BCDC

WRMP Geospatial 
Workgroup

Photo credit: Pete Kauhanen, SFEI
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QUESTIONS?

• [picture]

Photo credit: Pete Kauhanen, SFEI

Alex Braud, SFEI
alexb@sfei.org

April Robinson, SFEI  
april@sfei.org

Cristina Grosso, SFEI
cristina@sfei.org
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