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Gravitational Changes Related to Ice Loss 
Isostatic Rebound  
Tectonics 
 
“The total vertical land motion from all of these 
geological processes and human activities can be 
estimated from Global Positioning System (GPS) 
measurements, which show that much of the 
coast is rising about 1.5–3.0 mm per year north of 
Cape Mendocino. The coast south of Cape 
Mendocino is sinking at an average rate of about 1 
mm per year, although GPS measured rates vary 
widely (-3.7–0.6 mm per year).”   NRC 2012 



Sea-Level Rise for the Coasts of California, Oregon, 

and Washington: Past, Present, and Future 2012 
http://www.nap.edu/catalog.php?record_id=13389 



NRC 2012 





The Broad Context – Synthesis of Existing Accretion Data 
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[Photo by Louisiana Governor's Office of Homeland Security and 
Emergency Preparedness] 
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Coastal Ecosystem 
Response to Climate 

Change (CERCC) 

Goal: 
Model and Predict in Spatially and 
Temporally Explicit Manner Fates of 
California Coastal Marshes Over the 
21st Century 
 
Data Collection: 

• Elevation 
• Bathymetry 
• Hydrology 
• Vegetation 
• Water Monitoring 
• Sediment Sampling and Coring 



Water Monitoring 

• We deployed water level data loggers (Model 
3001, 0.01% FS resolution, Solinst Canada Ltd., 
Georgetown, Ontario) at all sites for 
continuous monitoring 

• Loggers were placed at the mouth and upper 
reaches of second-order channels (tidal 
creeks) to capture the local tidal cycle, 
inundation patterns and salinity.  

Local Tidal Data for San Pablo Bay marsh 
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Bathymetry 
• Our bathymetric data was collected 

using a shallow-water echo-
sounding system comprised of an 
acoustic profiler and a Leica RX1200 
Real Time Kinematic (RTK) Global 
Positioning System (GPS) rover unit 

• Bathymetry was conducted at all 
sites totaling 572 hectares of 
adjacent mudflats and channels 

 



Elevation 
• We conducted surveys with a 

Leica Real Time Kinematic GPS 
(± 2 cm x, y, z, accuracy) 

• Surveyed along transects every 
12.5m; transects separated by 
50 m 

• Created Digital Elevation 
Models 

 
Site Hectares

Elevation 

Measurements 

(n)

Mean 

Elevation

Maximum 

Elevation

Minimum 

Elevation

Elevation 

Range

Mean 

releative 

to MHW

Humboldt 169 3020 1.77 2.82 0.58 2.24 0.32

Bolinas 87 1832 1.58 3.42 1.12 2.3 0.03

San Pablo Bay 1410 1725 1.95 4.99 -0.17 5.16 0.11

Morro Bay 188 3115 1.63 3.05 0.5 2.55 0.25

Pt. Mugu 112 1924 1.73 2.76 1.04 1.72 0.35

Seal Beach 266 4757 1.34 3.56 0.31 3.25 0.01

Newport 61 1234 1.53 1.53 0.68 0.85 0.17

Tijuana Slough 374 5832 2.22 5.32 0.99 4.33 0.21



Vegetation 
• Quantify plant species abundance 

and distribution relative to 
elevation and tidal ranges 

 

• recorded vegetation data within a 
0.25 m2 quadrat  at every fourth 
(25%) elevation point.  We 
measured height (mean and 
maximum, measured within 0.05 
m) and visually estimated percent 
cover for each species within each 
quadrat.  

Elevation of Plant species relative 
to MHW in Humboldt Bay 



Sediment 

Suspended Sediment Measurement 

 

Surace Elevation Tables (SETs) 

• SETs are used to determine changes in marsh surface elevation, contributions of 
surface and subsurface processes, and subsidence.  Vertical accretion is measured 
from cores of marker horizons.  

• Estimate sediment flux measurements to determine spatial patterns of suspended 
sediment concentrations in a spatially-explicit, 3-D accretion model.  





Wetland Accretion Rate 
Model for Ecosystem 

Resilience (WARMER) 
• Predict salt marsh 

elevation response to sea-
level rise by explicitly 
modeling the primary 
above and belowground 
processes 

• Use elevation, vegetation. 
Water, sediment sampling 
and core data for model 
parameterization and 
calibration 

Swanson et al. 2013, Estuaries and Coasts 



THANKS! 



Water Monitoring 
• Build Tidal Datum Models 

 

• Compare Sites to assess 
vulnerability 

Bolinas Lagoon 

Low Tide High Tide 
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