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Habitat Mapping of the Past - Heads-Up Digitizing

e Slow and costly

e Inconsistent in accuracy & precision
o Possible differences among techniques
or an array of mapping analysts

o Change detection over time problematic
and impractical

e Majority of NWI and NHD

e Shifting to more automated &
semi-automated approaches




Automated Habitat Mapping - Approaches

e Simplified/Modeled (Functional Extent)
o Riparian Zone Estimator Tool (RipZET)
o Relative Tidal Elevation
e Image Analysis
o Pixel-Based Image Analysis
o Object-Based Image Analysis (OBIA)
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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
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Baylands Ecosystem Habitat Goals (1999)/Update (2015)
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Historical Baylands (c. 1800) Modern Baylands (c. 1998) Modern Baylands (c. 2009)




Novato

casco
1 v

Pergiuma
River

HAMI
FIELI

San Rafael

Tolay Creek

st T .‘

Sonoma
Creek

Nopa River LONG'TERM
RATES OF SHORELINE CHANGE

\
%, ca.1855-1993

Hydraulic mining during the Gold Rush caused large pulses
of sediment to be delivered to San Pablo Bay. As the rate
of basin infilling outpaced sea level rise and the erosional
pressure of waves, vertical accretion and outward expansion
resulted in growth of marsh area and a dramatic change
in the San Pablo Bay shoreline (Gilbert 1917, Atwater et
al. 1979, Schwimmer and Pizzuto 2000, Fagherazzi et al.
2008). Overall, 62% of the San Pablo Bay shoreline was
found to have advanced between ca. 1855-1993. Marshes
southwest of Mare Island and on the west side of the Bay
expanded by as much as 1600 m into the Bay. This period
also saw rapid population growth and development of local
SAN watersheds, resulting in increased local sediment supply to
- the Bay (McKee et al. 2006). The creek deltas of Gallinas
PABLO Cmez Creek, Sonoma Creek, Petaluma River, and San Pablo Creek
BAY prograded by as much as 1-5 m/yr between ca. 1855 and
1993. At the same time, widespread reclamation of the
marshlands cut off sediment delivery to existing marshes
and levees tried to hold the shoreline in place (Dedrick and
Chu 1993). Within this overall trend of marsh expansion
(and reclamation), modest erosion (on the order of 1-3 m/
yr) was documented on headlands such as Point Pinole and
ye the protrusion near the mouth of Tolay Creek. Less than 2%
s of the mapped shoreline was found to have eroded over this
’ time period. It should be noted that much of the change in
this time period took place in the decades around the tumn
of the 20th century, so rates were even higher at times (and
often relatively stable in the latter half of the 20th century).
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Tributary sediment supply at
head of tide: The total net tribu-
tary sediment supply into SF Bay
between 2010 and 2050 under a
wetter climate future (CESM1-BGC
8.5 is approximately 80 ML About
40% of this estimate is based on

sediment from Delta tributaries and

60% from Bay tributaries.

Sediment transport downstream

of head of tide: As sediment

travels out of the watershed and into I -
tidal reaches, sediment supply to the ~ Erosion from flood '
control channels ?

baylands decreases as a result of
in-channel sedimentation and depo-
sition in the Bay’s deep channels.

the Pacific Ocean, the magnitude of
which is unknown.

Sediment deposition onto
baylands habitats: Existing
bayland habitats (ca. 2009) will need
approximately 105 Mt of sediment to

keep pace with 1.9 ft of SLR by 2050.

If all tidal marsh restoration projects
are underway during this time period,
an additional 119 Mt of sediment will
be needed to meet bayland habitat
demands. More data is needed to de-
terming the amount of sediment from
Bay and Delta tributaries that would
be deposited onto bayland habitats.
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Pathway 2: Tributaries to marshes, mudlfats, and erodible sediment pool (ESP)

v

Pathway 3: ESP to mudflats & deep Bay

Pathway 4: Mudflats to marshes

Sediment deposited during tidal
slough overtopping 4b

Sediment flows
out of tributaries
tly’onto‘marsh

s'where direct

Upland
sediment
sources




Baylands Change Basemap/Shoreline Resilience Framework

e Track change over time in an efficient and effective way
o Not only by habitat acreages

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

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

e Inform design/approach to adaptive management

O Determine whether and how adaptation efforts are actually improving resilience

o 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
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Marsh Vulnerability in the San Francisco Bay-Delta Estuary

Core Project Team

Oregon State
e Christopher Janousek (OSU) Unjversity
¢ Kevin Buffington (USGS)

e Karen Thorne (USGS)
Bruce Du '*./ |
. gger (OSU) o~ !

science for a changing world
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The figures at right show the relative abundance and tidal distribution of
select common wetland plant species in saline (Petaluma) and brackish
water marshes (Suisun).

Occurrences of individual species (green violins) and all species com-
bined (grey violins) have been scaled to a unitless measure of elevation,
z*, for each wetland area, where z* = 0 is the local mean tide level and z*
= 1 is local mean higher high water. The widths of the violins are propor-
tional to how commonly a species occurred in the dataset at that eleva-
tion.

ayvation (z%)

Standard Tidal Ele
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Plant Resilience to Inundation
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Uncertainty in Relative Tidal Elevation
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IMPROVING LIDAR-DERIVED ELEVATION WITH LEAN

HiGH TIDE

LIDAR-DERIVED ELEVATION

Lidar, which stands for Light Detection and Ranging, uses pulsed lasers to measure distances to the Earth. These
pulses are used to create detailed maps of the shape of the ground surface, even penetrating tree canopies.

In most environments the resulting map is accurate. However in dense vegetation, such as the far left marsh
habitat above, the laser pulse is unable to penetrate the canopy, resulting in an overestimation of the ground
elevation (red dot & line above).
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LEAN-CORRECTED ELEVATION

By applying a simple correction, a more accurate estimate of the ground surface can be determined

(blue line above). LEAN, which stands for Lidar Elevation Adjustment with NDVI, uses ground-truthed elevation
data (GPS) and vegetation indices from high resolution remote sensing to correct the Lidar bias resulting from
vegetation interference. Improving the accuracy of Lidar elevations in vegetated wetlands will greatly improve
the accuracy of sea-level rise models.



NOAA VDatum Comparison
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NOAA VDatum Adjusted




ted (Z2* 1.4)

Adjus

NOAA VDatum (Z* 1.4)




Meters

Current National Tidal Datum Epoch (NTDE)

0.60

0.45

0.30

0.15

0.00

-0.15
-0.30
-0.45

-0.60 '} ; ; : - : - - : : ; : ; ; ; : : -
1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

9414290 San Francisco, California

1.96 +/- 0.17 mm/yr

— Linear Relative Sea Level Trend R o 3N
| |—Upper 95% Confidence Interval (| 5Vj_
— Lower 95% Confidence Interval —— e — —

__Monthly mean sea level with the I
— average seasonal cycleremoved||- — — = — — = — — = — — — — — — - — — - — & &= = = — -~ - - - - — -
' I
_____________ S A | S A R D S R D A R D R O SRR e M SEETr § B
' 1 )
I (LAY
l I | i [l - } -'.“'H'I!-. e f. | 1 : _‘..J-lv]:!ill.-m[
m T N
1 | | i 1
B | A .L _ - L 18 ,» J RN | | L I t‘ b 1 . - - — — — -
et - T ’ i’ n
g ‘ \f | I
BN L G 10 RO NN O R DN ? _______________________ L e - - — — — — —
: I____1
A'Ppare ht Datum Shift




Mean Sea Level (MSL)

MSL Difference 2002-2020 minus 1983-
2001 (cm)

* >10cm
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* <-10 cm

The National Tidal Datum Epoch:
Changes in Mean Sea Level and Mean
Tide Level from 1983-2001 and
2002-2020 (NOAA, NOS, CO-OPS)
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SF Bay USGS (2001-2019)



How to tell which is best?

e \egetation will provide clues
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Test area shown in RGB and after an
initial test classification.

Input layers

Canny edge
detection
aggregation

Segmentation &
object aggregation
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Bay-Scale Implementation

Take rule set and apply to entire Bay

Leverage Oracle cloud-computing
resources

Subregion *
Select one or more spatial subregions or subembayments.

MINTEZUMA

Delta

Broad Slough

i

Bay . _-

= Subembayment boundaries
— OLU boundaries
----- OLU bayward boundaries

SAN
LORENZO

BELMONT -
Figure 2.1. The study area includes
the watersheds and baytand habitats Ll
located within San Francisco Bay,
from the Golden Gate to Broad
Slough. Subembayments are based
on Operational Landscape Unit (OLU) SANTA CLARA
boundaries and USGS sediment flux VALLEY
‘monitoring locations.



Wetland Regional Monitoring Program (WRMP)

e 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

e On-the ground knowledge and data will help inform and feed into better
products/methods for future mapping efforts
o Tide Gauges
o Elevation Improvements
o Vegetation Studies




Unique geophysical, biological, and cultural aspects of
a landscape that determine potential constraints and

opportunities for resilience

Physical, biological, and chemical drivers, events, and

processes that create and sustain landscapes over time

'LANDSCAPE RESILIENGE
FRAMEWORK

enable movement of materials and organisms

Richness in the variety, distribution, and spatial
seseeesP  configuration of landscape features that provide arange of

options for species

Multiple similar or overlapping elements or functions within
seeeeseed 3 landscape that promote diversity and provide insurance

against loss

The spatial extent and time frame at which landscapes
SAN FRANCISCO ESTUARY INSTITUTE : :
'AQUATIC SCIENCE CENTER §£E! operate that allows species, processes, and functions to

persist

The individuals, communities, and institutions that shape

and steward landscapes




Shoreline Resilience Principles Conceptual Model Mapping Effort

Shoreline Resilience Y |.- o o

drivers of | Wave climate Bay sediment supply ‘ Freshwater flows

change l l Sy I
F ra m ewo r k Suspended sediment concentration Tidal range I:Li;;ﬁ?:éy
e Define critical attributes & metrics to maintain R oo e l l\
and function
given ecosystem services as sea-levels rise
o) Wildlife support Wave energy Marsh erodibility FSETEE‘E'E;?;; (Organi-cac’c]:;?:lcatti;gg
Carbon sequestration

O
o  Water Quality
O

H Marsh edge change Vertical change
F I o Od Atte nu atl on © Process Mudflat response (erosion and (accretion and Vegetation shifts Upland transgression
progradation) drowning)

Goals

e Establishing Where & Why to take action

e [nform discussions of the use of NBS to

increase resilience of ecosystem services to Eﬂ'ﬁ”f”
sea-level rise and adaptive management v
e Help prioritize where to restore additional g

diversity/complexity,
redundancy, and scale

habitat or add sediment to existing marshes




Working from Framework documents

Shoreline Resilience Framework for San Francisco Bay Shoreline Resilience Framework for San Francisco Bay
Wildlife Support Flood Attenuation
January 2023

In progress!
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Elements of Shoreline Resilience for Wildlife Support

1. Connectivity within the complete marsh . Cometo
(U pland tO SUbt|da|) \ transit?onzuno
Connectivity among marshes W S (

A\ waters 4a. tiu::;::mn

3. Diversity/complexity of channel : a4

networks o
Connection 5. Barriers to
Topographic complexity \\ ..':5;"::1?.'s
Diversity/complexity of salinity patterns 3 om0
communities

Redundancy

Spatial scale

0 N O U B

Time scale



Mapping at Marsh
Management Scale
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Topographic complexity
Proportion of marsh at high elevation in tidal range

Distribution of Elevation Values Within Existing Tidal Marsh

City of Petaluma - South Haystack -'I'ldal marsh above MHW elevation
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Marsh Equilibrium Model (MEM)

e Morris etal 2002; 2021
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Wave height reduction across coastal habitats

Wave reduction

Wave reduction by bottom and drag friction by "lai sh SEC"’ P Wave reduction by depth change .
_______________________________________________________ P bt i hiuhe g et e ig b A
incident wave height
. . I transmitted wave
4 transmitted wave height after marsh still water level height after mudflat
A
water depth

vegetation height & roughnessI

water depth

width of marsh

width of mudflat

Adapted from Narayan et al. 2016



Connectivity

Existing and Planned Connectivity < Existing and Planned Connectivity
Salt Marsh Harvest Mouse ’ Ridgway’s Rail

Patch Importance to Landscape Connectivity Patch Importance to Landscape Connectivity

Least Least




Questions?

alexb@sfei.org



