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Objectives:

m Detect landscape change over time
o WRMP Indicator 1

m Consistent and Repeatable
o Avoid Heads-Up Digitizing

o Limit Interpretation Error

m [rack/Assess Restoration Goals
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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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Difference in Image Analysis Techniques

e Object Based Image Analysis (OBIA)

o  Workflow
m Segmentation
m Classification
m lterate/Grow/Merge

pixel based object based


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

LEERE
NDVI_SAVI_PCA1
NDVI_SAVI_PCA2

Fill_ZStar_Index
NDVI_Transform
EVI_Transform
NDW!I_Transform
Hue




Example Workflow




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

Scale: 25
Shape: 0.1
Compactness: 0.9




main

Assign Class:
Water: NDWI > 0.2

Green — NIR
Green + NIR

NDWI =

Underprediction




Assign Class:
Water: NDWI > 0.1

Overprediction

main




Assign Class:
Water: NDWI > 0.15

Alright, but need to
do better!




What is relative tidal elevation? A Modeled Functional Extent

.....................................................................................

- modeled future
SLR MHHW with 2 m SLR
4 prey (not based on 2)

-------------------------------------------------------------------------------------

MHHW (mean higher high water)

7*=1=MHHW

MSL (mean sea-level) . . : S =0-MSL
MLLW (mean lower low water) ; el%[\)/gﬁ)(;({lln;;t]ege v » mudflats
£ suitable for.. 7"=-1=MLLW

tidal range

subtidal
habitat

types
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Relative Tidal Elevation Examples




Relative Tidal Elevation Examples
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Let's See the Map!
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Shallow Subtidal

Tidal Flat

Tidal Pond/Panne

Intertidal Channel
High Marsh

Low Marsh

Managed Marsh

Other Open Water

Levee
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Shallow Subtidal
Tidal Flat

Tidal Pond/Panne
Intertidal Channel
High Marsh

Low Marsh

Muted Tidal Marsh
Managed Marsh
Other Open Water
Levee

Developed/Urban

Non-Aquatic Diked Bayland
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Baylands Habitat Map 2020

- Data Access
« SFEI Data Center (Download)
» EcoAtlas (Web Viewing)

» Habitat Key
 Detailed descriptions for each

ylands Habitat Map
AN

am.  SF ESTUARY
SZ; Wetlands Regional
\\/ Monitoring Program

classification
* Methods Documentation

B Shallow Subtidal
Deep Subtidal Boamadite <
Tidal Flat )

B Tidal Pond/Panne

» Accuracy Assessment s
High Marsh
Low Marsh
Muted Marsh

Bl Beach

Bl Dune
Levee

mm Other Open Water

B Managed Marsh

SF ESTUARY B Other Marsh
WRMP S~ gleegtil::gls Developed/Urban
\ o Bl Low-Intensity Agriculture
Monitoring B Hi h-lntensity Agriculture
\‘/ Program |ty Y A8

B Non-Aquatic Diked Bayland



111 Dotted pattern indicates unnatural type

Estuarine and Marine

Deep Subtidal

Shallow Subtidal

Tidal Flat

Tidal Pond/Panne

Intertidal Channel

Tidal Marsh - High Marsh

Tidal Marsh - Low Marsh

Beach

Other Marsh - Muted Tidal Marsh
Other Marsh - Managed Marsh
Other Marsh - Undetermined Other Marsh

Dune

: Other Open Water - Muted

o5 Other Open Water - Managed

Other Open Water - Undetermined




::: Dotted pattern indicates unnatural type
Estuarine and Marine

Deep Subtidal

Shallow Subtidal

Tidal Flat

Tidal Pond/Panne

Intertidal Channel

Tidal Marsh - High Marsh

Tidal Marsh - Low Marsh

Beach

Other Marsh - Muted Tidal Marsh

'H EEETETE

Other Marsh - Managed Marsh
Other Marsh - Undetermined Other Marsh

Dune

Other Open Water - Muted

2

03 Other Open Water - Managed

Other Open Water - Undetermined

HILLS o ) :
BRVIIL=-0R China Camp

State Park



EOQAl-laS ABOUT CONTACT DATA PROJECT TRACKER REGIONS ~ WEB SERVICES/API PARTNERS

Statewide - Map | Projects = Groups | Dashboards

Layers ~ Legends ~ Basemap ~ Overlays ~ 4 Show Tools

Existing Aquatic Resources (CARI) X
Info on these data
Select Source Symbology
[Baylands Habitat Map via
| Rivers and Streams
s Transparency
= 2
3
No streams data in this dataset o
2
Lakes and Wetlands )
Transparency At this location X
L ———— a
’0 BHM Wetlands
. Not of this source symbology
s Class: Tidal Marsh - High Marsh
Dotted pattern indicates unnatural type 7 ! =
£SS..
Estuarine and Marine CARI Class:
Tidal Marsh
!T B Deep Subtical Type:
- 28t AR 5 2 Estuarine Saline Natural Intertidal Emergent
R, Salinity Modifier: Saline
% More..
) Dataset:
: Baylands Habitat Map 2020 v1
- Organization:
U San Francisco Estuary Institute (SFEI)
- Source Data:
%:, NAIP 2020, DEM compilation (2010-2021)
P,
21 Estimated Source Year:
» ~mn
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Habitat Key

Monitoring

* Discussion of WRMP Habitat
Type Classification System
development

» Detailed descriptions of each
classification

* lllustrative photos (on the
ground and remote
sensing)

« Critical for change over time
and repeat mapping efforts

SF ESTUARY
Wetlands
Regional

PO/ Monitoring

\‘/ Program

Program

Baylands Habitat Map 2020
Classification Key

April 2024
Version 1.0




.
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 ' .

Infehsity

" e { L

m SF ESTUARY
WRMP Wetlands
JRMP A Regional
PO/ Monitoring
\‘/ Program



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!?!
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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

* |dentify where actions can have the most impact

« Support field-based monitoring and research




How are Bay tidal marshes doing?

00000 — — - ]
ACRES *DRAFT numbers* How much tidal marsh is

there in the Bay?

TIDAL MARSH HABITAT GOAL:
100,000 acres

0 Mo //J

ca.1800 1998 2009 ' 2020

TIDAL MARSH LEGEND

100,000----
Tidal marsh l not including restoration

. g‘.ﬁ mapped using older approach
szchato s " mapped in 2020 as marsh

Developing marsh  evolving into marsh




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)

Baylands Habitat <"
Map -

water @ tidal marsh
upland tidal flat
agriculture @ levees

/

’ ’ e / C planned restoration
e /
4 .

@ completed or in-progress
restoration

R

The Baylands Haibitat Map and
Project Tracker combine into
five simple classes

/“\»-L
Tidal Marsh Extent & - _d o ‘\\

Restoration Progress

@ tidal marsh (non-restored)
restored tidal marsh

e \4 / © developing tidal marsh
\/

> planned tidal marsh
restoration

other




How are Bay marshes are doing?

How are sites changing over time?

BAARI 2009
BHM 2020

Pond A6



How are Bay tidal marshes doing?

Additional Map-based Metrics B
Example: Marsh Connectivity for

 Marsh elevation Wildlife Movement
* Percent vegetated
Wildlife support metrics
Flood attenuation
Shoreline change
... and more




Map-based Metrics Analyzed at Multiple Scales (WRMP)

San Francisco Bay

Analysis Unit in
Wetland Management Unit

p

Subembayment

Subembayment in
San Francisco Bay

Operational Landscape Unit

Wetland Management Unit*

Wetland Management Unit in
Operational Landscape Unit

Operational Landscape
Unit in Subembayment

Analysis Unit

SF ESTUARY
Wetlands
Regional
Monitoring

Program



Map-based Metrics Analyzed at Multiple Scales (WRMP)

Sub-Embayments

20000

15000

10000

5000

0
Suisun Bay  SanPablo Central Bay LowerSouth South Bay
Bay Bay

*

Whole Bay

Operational Landscape
Units

2500
2000
1500
1000

500

0
Belmont-  Alameda Sanlorenzo SanMateo Colma -San
Redwood Creek Bruno

South Bay

o

[ Muted Open Water
Acreage

[ Muted Tidal Marsh
Acreage

[ Tidal Pond/Panne
Acreage

B Muted Tidal Marsh
Acreage

[l Low Marsh Acreage

B High Marsh Acreage

B Intertidal Channel
Acreage

Analysis Units

23210010
23240010
23280010

Belmont-Redwood



Track Change Over Time

* Repeat mapping every 3 - 5 years

Seel

- Maps and metrics will change over ' SRR
time due to restoration and SLR ~

WRMP Wetlands
Lo Regional

Monitoring

N
\‘/ Program



Metrics as Restoration Performance Measures (SFBRA)

Restoration contributes to the size, shape, and connectivity of tidal marsh patches

Ravenswood Larger Tidal Marsh Patch

L TN

SF ESTUARY

WRMP Wetlands
Lo o Regional
Monitoring

O~
\‘/ Program



Planning: Where can actions have the greatest impact?

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

BAVLANDS e Designed to measure the resilience of baylands

a RESILIENCE ecosystem services to sea-level rise
-

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

WRMP Wetlands
JRMP A Regional
PO/ Monitoring

\‘/ Program



Marsh elevation

Baylands Resilience Metrics
> Units
v Wildlife Support Metrics

> [0 A1.1 Transition zone connectivity

> [0 A1.2 Mudflat connectivity

> [0 A2.1 Patch connectivity

> [0 A3.1 Patch size and compactness
v A4.1 Marsh elevation

Percent of marsh area below
Mean High Water (lower percent
associated with marsh
resilience)

Elevation skewness (negative
[0 values associated with marsh
resilience)

> [0 A4.2 Marsh pannes and UVWR

A4.3 Marsh islands, mounds, and
natural levees

AS5.1 Redundancy of complete
marshes

> [0 Aé.1Tidal connectivity
> [0 A7.1Rate of vertical accretion
> [0 Flood Attenuation Metrics

> [0 Placement Feasibility Metrics

Companion Report

@ Baylands Resilience Framework

Program

Units

Analysis Units

D

Operational Landscape Units (OLUs)

Wildlife Support Metrics
A4.1 Marsh elevation

Percent of marsh area below Mean High
Water (lower percent associated with
marsh resilience)

Percent below MHW elevation
w59 100
w2758
1426

Area (Acres)
- ~
n °

; g
o

Emeryvillw Crescent - West

Area (Acres)

Emeryville Crescent - East

2%
below
MHW

Pl
=)

Area (Acres)
w
°

East Bay Crescent OLU 2




Distance to shallow water pl

Baylands Re & = &
> Units
> [0 Wildlife Support Metrics
> [0 Flood Attenuation Metrics
v Placement Feasibility Metrics

> [OJ C1Volume
> O C2Distance

C3 Distance (shallow water
placement)

Distance from analysis unit to
potential shallow water placement
location (ft)

Potential Shallow Water

Placement Zone
> [0 C4Site considerations

> [O Foundational Layers

Companion Report

@® Baylands Resilience Framework

Units

Analysis Units

)

Operational Landscape Units (OLUs)

Placement Feasibility Metrics
C3 Distance (shallow water placement)
Distance from analysis unit to potential
shallow water placement location (ft)

Distance from analysis unit to shallow
water placement location (ft)

. 11,000 - 25,000
I 4800 10,000
I 3.900-6,700
I 18003800

h 35-1.700

Potential Shallow Water Placement Zone

500 m
1,000 ft

acement location

Ly
e
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7t Maxar, Earthstar Geograbhi
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andthe'GIS User Commigh!
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World Imagery
(Firefly)

. o Streets SN

i
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e © Full Extent
© Richardson

@ Corte Madera

@ SanRafael

@ Galiinas
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© Petaluma
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Planning: Coordinate Regional Actions

SAP Mapping Platform
T/ j"f:i 5 X Subregional Plan Assistant

\‘X Jurisdiction Type: oW «

BCDC'’s Regional Shoreline Adaptation : o s, st~
Plan (RSAP) Mapping Platform uses e : '
the 2020 BHM map for coordinated
regional adaptation planning

SF ESTUARY
Wetlands

Regional
Monitoring
Program




Support Monitoring and Research: CRAM example

New mapping will help with:

“‘Sample draw” to determine Orienting and navigating Assessing metrics of
survey locations in the field wetland condition

i

JRMP A Regional

PO/ Monitoring
\‘/ Program




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

o 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-qgoals



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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QUESTIONS?

SF ESTUARY
Wetlands
Regional
Monitoring
Program

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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The Baylands Habitat Map 2020

Mapping progress towards habitat restoration goals -

The Baylands Habitat Map 2020 (BHM 2020) was co-
created by the Wetland Regional Monitoring Program’s
(WRMP) Geospatial Workgroup and San Francisco Estuary
Institute (SFEI), and funded by the USEPA Water Quality
Improvement Fund.

BHM 2020 is the first complete map of San Francisco Bay
wetland and aquatic habitats produced since 2009 (BAARI
2009; sfei.org/baari). It provides updated mapping of tidal
habitats and diked baylands, expanding our understanding
of the full impact of recent habitat change and restoration.

This effort marks a major advancement for tracking habitat
change in the Bay. The mapping team used cutting-edge
automated approaches—laying the groundwork for

consistent mapping and change detection for years to come.

18 Habitat Classes are mapped across the Bay and Suisun

. Shallow Subtidal Managed Marsh

Deep Subtidal Undetermined Other Marsh

Tidal Flat Other Open Water

Intertidal Channel High-Intensity Agriculture

8]
@
@
. Tidal Pond/Panne . Low-Intensity Agriculture
&
®
]

What can we learn? MARSH LOSS FROM SLR

Corte Madera Marsh « The BHM shows
where marsh Is being lost due to erosion
and SLR. At Marta’s Marsh in Corte Madera,
areas of tidal marsh are shrinking due to
levee breakage and subsequent erosion. As
rates of sea level rise accelerate, being able
to track these areas of marsh loss will become
increasingly important.

Sonoma Baylands « sl :
Updated mapping shows : \
the evolution of oider tidal :

marsh restoration projects.
These projects may take
many years to evolve

Into mature marshes. At
the Sonoma Baylands,

the BHM shows this
evolution from previously
unvegetated tidal flat

Into semi-vegetated tidal
marsh.

What changed? EVOLVING MARSHES

and tidal marsh vegetation
established at this site.

High Marsh ) Developed/Urban g
-
Low Marsh Non-Aquatic Diked Bayland 5
& Pond A6 + The BHm
. Beach Levee = captures new tidal marsh
5| restoration projects that
Muted Tidal Marsh Dune € had not been completed at
% the time of the last Baywide
ﬂm‘ SF ESTUARY &, Mapping (BAARI 2009).
£
WRMP Wetlands SFEI AUTHORS: Alex Braud - Pete Ksuhanen - Cristing Grosso S Z°"dd‘|fd“l °'2': et
Regional e EPQ WRMP Geospatial Workgroup § i h“ ¥
N Monitoring A4 ) DESIGN: Cate Jaffe « Ruth Askevold + Alex Braud _5 update shows

\‘/ Program

Protectior

SFEI Publication #1186 - April 2024

redits: Basem, ESRI




DETAIL FROM CHINA CAMP STATE PARK

Tl DAL MARSH LOSS OVER TlME Schemalic llustrating how different relative elevation ranges are suitable for differen

habitat types, and can be used 1o support mapping

e Nghe g waer : 1

tidal marsh

tidal flats

1
|

deep sublidal

\N\:‘\-‘w,,‘
Circa 2020 ; {\ 4
“ . o
By leveraging advancements PN MOKE
in automated mapping, this 2 INFORMATION:

effort enables regular cost- e N s
effective updates and change = D

ﬂ]imlﬂmlm‘ SF ESTUARY 5 % ” cristina@sfei.org
WRwp >\ Wetlands detection analysis... o sexbesie org
— Regional

PO/ Monitoring

\‘/ Program

SFEI Publication #1186 . April 2024



