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Emphasis on physical processes 

1. Tidal energy drives estuary processes 

 2. Tidal range 

 3. Tidal currents 

 4. Shear stress, sediment transport 

 5. Bathymetry 

…restoration success… 
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•      Elevation and velocity (~ rate of work done) 

• Sun/moon & centripetal force bulge oceans 

• Tide = Earth rotation through the bulge 2x/day 
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1. Tidal energy 

• Tidal energy dissipation determines tidal range 

• Tidal range ~ habitat, but 

•  Habitat  

    dissipates  

    tidal energy 

 Restoration limits opportunities for restoration 

 

-- the rub: 

MHHW 

MLLW 
~ intertidal  
habitat area 



1. Tidal energy 
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Golden 
Gate 

Energy  
Flux 

(MW) 
 
 
 

Golden Gate     P=  p g        (Q ) (h ) dt  
 T 0 

T 

t t 

A finite amount—like a “budget” 

Thanks to John DeGeorge 

Flux 
IN 

Flux 
OUT 

180 

Average flux = 180 MW = dissipation 
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2. Tidal range 

Shake a large 
triangular blanket… 

Shake here 
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2. Tidal range 
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2. Tidal range 
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2. Tidal range 
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2. Tidal range 

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 20 40 60 80 100 120 140 160 180

W
at

e
r 

Su
rf

ac
e

 E
le

va
ti

o
n

 (m
)

Base Condition

Late Long Term

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120 140 160 180

H
e

ig
h

t 
re

la
tv

ie
 t

o
 m

e
an

 W
SE

 (
m

)

Distance from Golden Gate (km)

Courtesy RMA 



12 

2. Tidal range 
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2. Tidal range 
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2. Tidal range 
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2. Tidal range 

Now consider  
large-scale  
restoration 

Suisun Marsh 
Restoration 



Finite energy  
dissipated over  
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2. Tidal range 

  

Water Surface Elevation at S-21 Sunrise Club in Suisun Marsh 

November 1998 - November 2000

-3

-2

-1

0

1

2

3

4

5

6

11/1/98 1/30/99 4/30/99 7/29/99 10/27/99 1/25/00 4/24/00 7/23/00 10/21/00

St
ag

e 
(ft

, N
GV

D)

Sunrise Club flooded

Breach site (ebb tide) 

 Sunrise Club Flooded 

Sunrise Club (280 acres) 

ST
A

G
E 

(f
t,

 N
G

V
D

) 



-1

-0.5

0

0.5

1

1.5

2

0 50 100 150 200

2. Tidal range 

MHHW 

MSL 

MLLW G
o

ld
en

 G
at

e 

Sa
cr

am
e

n
to

 

Su
is

u
n

 M
ar

sh
 

Kilometers from Golden Gate 

  



2. Tidal range 

  

6,900 ac 
8,300 ac 

6,800 ac 

Large-scale restoration: 
 What is the effect of location? 

Nurse Sl. Complex 
Egbert tract 

Suisun Islands 



2. Tidal range 

  

6,900 ac 
8,300 ac 

6,800 ac 

Compare apples to apples: 
 - equalize tidal prism 
 - differences due to location only  

Nurse Sl. Complex 
Egbert tract 

Suisun Islands 
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3. Tidal currents 

• Tidal currents ~ tidal range  

MHHW 

MLLW 
~ intertidal  
habitat area 



3. Tidal currents 

• Tidal currents ~ tidal range 

• Overall, expect lower tidal current velocity 

 

 

 

 

MHHW 

MLLW 

~ intertidal  
habitat area 



3. Tidal currents 

•   
But,  
currents  
can increase  
a lot near  
restorations 

Faster 
Currents 

No 
Change 

Slower 
Currents 

Distributary channels 

~7000 acre 
restoration 



4. Bed shear stress 

More 
Shear stress 

No change 

Less 
Shear stress 

Distributary channels 

~7000 acre 
restoration 



4. Bed shear stress 

  
Big increase… 

--Scour? 

Big decrease…  
--Deposit? 

More 
Shear stress 

No change 

Less 
Shear stress 



4. Bed shear stress 

Restorations will 

change bathymetry-- 

 

which will change 

restorations… 
Blacklock 
restoration 



5. Scalar Transport 
Small breaches 

Large breaches 

Base 
Breached 

Lots of breaches 
In Suisun Marsh 

Salinity response  
at Chipps Island 
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5. Scalar Transport 
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5. Scalar Transport 
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• Connections matter 
• Effects are  

 - complex 
 - system-wide 
 - change with time 
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Things to know 

• Tidal energy is a primary but finite system driver 
• Restorations put estuary out of balance--transient 
• Connections matter 
• Effects are  

 - complex 
 - system-wide 
 - change with time 
• Effects on tidal range are nearly additive 
• Modeling must consider bathymetry change 
• Restoration effects and are affected by restoration  

 

 

Effects affect the effects 



Implications for Science and Mgmt 

• Restoration design, scale, and sequence matters 

• Invest in restoring elevation and physical 
processes   

• The estuary won’t stand still while we monitor 
progress 

• Large-scale restoration requires continuous 
adaptive analysis and synthesis to properly 
inform management decisions 

 



Thank you  

• Steve Culberson 
• Jon Burau 
• Curt Schmutte 
• John DeGeorge 
• Brad Tom 
• Ed Gross 
• Mark Stacy 
• The cool people and the Delta Science Program 
• Mom 
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5. Scalar Transport Water Surface Elevation at S-21 Sunrise Club in Suisun Marsh 

November 1998 - November 2000
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3. Tidal currents 

  More  
tidal range 

More tidal           More fluvial 

Less  
tidal range 

u’ 
<u> 

Ratio of tidal (u’) to fluvial (<u>) flow  


