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Key ideasKey ideas
• Estuaries generate variability by interaction of g y y

physical drivers and “geometry as filter” at the 
land-water-air interface.

• Geometry filters drivers at a variety of time scalesGeometry filters drivers at a variety of time scales
• Natural tidal creek systems have more complex 

land-water-air interfaces.
•• More complex geometry begets more variable More complex geometry begets more variable 

scalar gradient response.scalar gradient response.
• The “why does variability matter?” corollary:• The why does variability matter?  corollary: 

Native plants/fishes evolved in a more variable Native plants/fishes evolved in a more variable 
environment.environment.
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What do we mean by “variability?”What do we mean by variability?

• Concentration gradients in space and timeConcentration gradients in space and time 
(“Outcomes”).

• Space and time: must consider scale• Space and time: must consider scale 
because drivers oscillate and episode at 
different scalesdifferent scales
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What do we mean by “variability?”What do we mean by variability?
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Monthly Average Salinity DRIVERS:y g y
1. Delta Outflow
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3. ENSO Status



What do we mean by “variability?”What do we mean by variability?

• Drivers of variability in time (dC/dt):Drivers of variability in time (dC/dt):

14-day Average Salinity DRIVERS:y g y
1. Spring-Neap
2. Delta Outflow
3. Semi-drnl Tide



What do we mean by “variability?”What do we mean by variability?

• Drivers of variability in time (dC/dt):Drivers of variability in time (dC/dt):

Daily Average Salinity DRIVERS:y g y
1. Semi-drnl tide
2. Delta outflow
3. Wind
4. Bar. pressure



What do we mean by “variability?”What do we mean by variability?

• Drivers of variability in time (dC/dt):Drivers of variability in time (dC/dt):

Hourly Average Salinity DRIVERS:y g y
1. Wind
2. Semi-drnl Tide
3. Outflow
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• Drivers of variability in space (dC/dx)Drivers of variability in space (dC/dx)
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What do we mean by “variability?”What do we mean by variability?

• Drivers of variability in space (dC/dx)Drivers of variability in space (dC/dx)
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Scaling down, geometry really matters
• Hydro-geomorphology
• Connectivity across scalesy
• Ratio of tide excursion-to-channel bifurcation
• Hypsography

Modified, ~Natural,
& Complex,

& Simple & Complex
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Different Physiography and Land-Water Interface
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Consider some variability drivers on 
First Mallard temperatureFirst Mallard temperature
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Variability Drivers:  Diel heating/cooling 
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Variability Drivers:  Mixed semi-diurnal tidal
tasymmetry 
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Variability Drivers:  Tide strength 
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Variability Drivers:  335 yr HT Precession 

Over-bank elevation
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Geometry filter:  geomorphic thresholds 
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Geometry filter:  slough connectivity and
tid l itidal excursion 
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Connectivity lost: 
Tidal creeks systems are now “Lakes”Tidal creeks systems are now Lakes  

There are
many others

Suisun MarshSuisun Marsh

many others...



Key ideas
• Estuaries generate variability by interaction 

of physical drivers and “geometry as filter” 
at the land-water-air interfaceat the land-water-air interface.

• Geometry filters drivers at all time scales
• Natural tidal creek systems have more y

complex land-water-air interfaces
•• More complex geometry begets more More complex geometry begets more 

ariable gradient responseariable gradient responsevariable gradient response.variable gradient response.
• The “why does variability matter?” corollary: 

Native plants/fishes evolved in aNative plants/fishes evolved in a 
more variable environment.
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