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Why a planning tide?Why a planning tide?

Replace Replace ““1919--yr mean yr mean 
tidetide””
Increase realismIncrease realism
Need cNeed complete recordomplete record
Astronomical Astronomical maymay not not 
be adequatebe adequate
2 estimators: stage and 2 estimators: stage and 
EC must be coupledEC must be coupled
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ThanksThanks

Dr. Richard Denton, CCWDDr. Richard Denton, CCWD
GG--Model and discussions of tidesModel and discussions of tides

BijayaBijaya ShresthaShrestha & & ParvizParviz NaderNader--TehraniTehrani
Investigation of realistic planning tidesInvestigation of realistic planning tides



What is a good tidal boundary?What is a good tidal boundary?

Salinity/EC and water surface Salinity/EC and water surface 
Independent from interior systemIndependent from interior system
Where the action isnWhere the action isn’’tt
Data availableData available
You have to consider the modelYou have to consider the model

Martinez is a compromise between 1D (better Martinez is a compromise between 1D (better 
upstream) and independence from interior (better upstream) and independence from interior (better 
downstream)downstream)



What Causes Tides?What Causes Tides?

Gravity and centrifugal forceGravity and centrifugal force
Radiation and pressureRadiation and pressure

Ocean responseOcean response
Estuary responseEstuary response



SpringSpring--Neap CycleNeap Cycle

Sum (Sum (““beatingbeating””) of lunar and solar ) of lunar and solar 
NOT same as filling and drainingNOT same as filling and draining

One month pattern (springOne month pattern (spring--neapneap--
springspring--neap)neap)
Affects transport and mixingAffects transport and mixing

Full
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Earth Spring
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Spring/Neap TidesSpring/Neap Tides

-3

-2

-1

0

1

2

3

4

5

11/20 11/24 11/28 12/2 12/6 12/10 12/14 12/18 12/22 12/26 12/30

St
ag

e 
(ft

)

Neap Neap Neap



Where does that Where does that ““19 years19 years”” come come 
from anyway?from anyway?

Lunar node

Sun

Moon

Equator



Equilibrium/Harmonic TideEquilibrium/Harmonic Tide
Equilibrium: Ocean at equilibrium with forcingEquilibrium: Ocean at equilibrium with forcing
Spherical harmonic forcing (Ugly)Spherical harmonic forcing (Ugly)

Decompose into cosine harmonicsDecompose into cosine harmonics

Harmonic tide: Take the forcing frequencies, but Harmonic tide: Take the forcing frequencies, but 
allow different proportionsallow different proportions

Empirical fit, no fluid dynamicsEmpirical fit, no fluid dynamics
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Constituent GroupsConstituent Groups
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Astronomical Tide Captures A LotAstronomical Tide Captures A Lot



Alternative: Alternative: ““Linear SystemLinear System””
approachapproach

What is a linear system?What is a linear system?
Works on (lags, amplifies) each constituent Works on (lags, amplifies) each constituent 
frequency separatelyfrequency separately
DoesnDoesn’’t create new frequenciest create new frequencies
L t f f ili r pl ( i r )Lots of familiar examples (e g moving average)

Linear 
filter/modelSF Tide

Martinez 
Tide



Residual TideResidual Tide

SeasonsSeasons……solar radiationsolar radiation
Overtides/shallow water frequenciesOvertides/shallow water frequencies
14 day/monthly cycles14 day/monthly cycles

Unreliable and hard to predictUnreliable and hard to predict
ConfoundedConfounded

Pressure, springPressure, spring--neap, wind, upstream hydrograph, neap, wind, upstream hydrograph, 
occupation of the upper part of the tidal prism are all occupation of the upper part of the tidal prism are all 
correlatedcorrelated
Spurious conclusions are very easy to come to!Spurious conclusions are very easy to come to!



Other Tidal ComponentsOther Tidal Components

Overtides/ shallow water frictionOvertides/ shallow water friction
Seasonal trendsSeasonal trends
Barometric, nonBarometric, non--linear and irregular forcing (e.g. filling linear and irregular forcing (e.g. filling 
and draining of Delta)and draining of Delta)

Unreliable and hard to predictUnreliable and hard to predict
ConfoundedConfounded

Pressure, springPressure, spring--neap, wind, upstream hydrograph, occupation of the neap, wind, upstream hydrograph, occupation of the 
upper part of the tidal prism are all correlatedupper part of the tidal prism are all correlated
Spurious conclusions are very easy to come to!Spurious conclusions are very easy to come to!
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Nearby FrequenciesNearby Frequencies
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Combining Close FrequenciesCombining Close Frequencies

LooksLooks like dominant (amplitude) frequencylike dominant (amplitude) frequency
Modulated at low frequencyModulated at low frequency
NOAA node adjustments adjust small clusters NOAA node adjustments adjust small clusters 
to main constituentsto main constituents

Sum of weak 24-hour and strong 25-hour semi-
diurnal constituents
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Shallow WaterShallow Water
““QuadraticQuadratic”” friction:friction:

Produces new frequencies:Produces new frequencies:
friction Q Q∝

cos(u)cos(v) = ½[ cos(u+v) + cos(u-v) ]
cos(u+v) = cos(u)cos(v) - sin(u) sin(v)



SpringSpring--Neap & FillNeap & Fill--DrainDrain
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Jersey Point Stage
Filtered Stage
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Filtered Tide at 3 StationsFiltered Tide at 3 Stations

San Francisco
Martinez
Middle R

Fe
et



The Planning Tide: What We HaveThe Planning Tide: What We Have

San Francisco data since early 1900s, few gapsSan Francisco data since early 1900s, few gaps
Good astronomic models for San Francisco. Good astronomic models for San Francisco. 
Realistic astronomic models for Martinez.Realistic astronomic models for Martinez.
Martinez longMartinez long--period residual looks like San period residual looks like San 
FranciscoFrancisco



Planning Tide MethodologyPlanning Tide Methodology

Use Martinez astronomical model for diurnal Use Martinez astronomical model for diurnal 
and semiand semi--diurnal constituentsdiurnal constituents
LowLow--passed San Francisco data for longpassed San Francisco data for long--period period 
constituents (simple lagged model)constituents (simple lagged model)
Ignore shallow water frequenciesIgnore shallow water frequencies
Alternative: Martinez is a filtration of SFAlternative: Martinez is a filtration of SF
Alternative: Alternative: AstroAstro model of Martinez, call it a model of Martinez, call it a 
dayday



Shortcomings/Questions of The Stage Shortcomings/Questions of The Stage 
ModelModel

Is the long period tide exogenous to the Delta Is the long period tide exogenous to the Delta 
and study?and study?

Ocean barometric events and storms (inflow) relatedOcean barometric events and storms (inflow) related
Very large outflow may affect propagation of tideVery large outflow may affect propagation of tide

Are shallow water frequencies important?Are shallow water frequencies important?
Does it make a difference in current modelsDoes it make a difference in current models
If not, should it?If not, should it?

Could we simplifyCould we simplify



EC ModelEC Model

The model is empiricalThe model is empirical--conceptualconceptual
Loosely based on GLoosely based on G--model derivationmodel derivation
Requirement: flow and EC be phased rightRequirement: flow and EC be phased right



Salt flux: flow and ECSalt flux: flow and EC
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Jersey Point
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Disaggregated model for ECDisaggregated model for EC

Basic idea: estimate a profile, move it back and Basic idea: estimate a profile, move it back and 
forth harmonicallyforth harmonically

EC Profile
Observer at 
Martinez



The hitch: EC is not sinusoidalThe hitch: EC is not sinusoidal



EC ModelEC Model

““GG--likelike”” model to estimate EC model to estimate EC 
profile profile 
Harmonic stage + transfer Harmonic stage + transfer 
function for displacementfunction for displacement
Estimation is not trivialEstimation is not trivial

Least squares is inappropriate, Least squares is inappropriate, 
and leads to huge errorsand leads to huge errors
Generalized Estimating Generalized Estimating 
Equations (see 2001 Annual Equations (see 2001 Annual 
Report)Report)
Profile displacement is an Profile displacement is an 
embedded assumptionembedded assumption

Observer
(Martinez)

t0 t1

X
distance

EC
t2



Longitudinal 
distance

EC
s0

sb

Exponential spatial profile from GExponential spatial profile from G--
model derivationmodel derivation

Don’t 
blame 

Richard!!



Now the shape of the tidal Now the shape of the tidal 
fluctuation is rightfluctuation is right

Observer
(Martinez)

t0 t1

X
distance

EC
t2



DisplacementDisplacement

Assume advection of profile is harmonicAssume advection of profile is harmonic
Same frequencies as stage and flowSame frequencies as stage and flow……soso……
Assume that displacement is the result of a Assume that displacement is the result of a 
linear system acting on stagelinear system acting on stage
Estimate systemEstimate system



Transfer Function for DisplacementTransfer Function for Displacement
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Putting it togetherPutting it together

Linear
Filter

Stage x'(t) x

G(t)
x0

+ Nonlinear
Profile

NDO

Salinity

b.

Linear
Filter

x'(t)Stage

a.



EC Model PerformanceEC Model Performance



EC Model PerformanceEC Model Performance

LowLow--medium relative error (medium relative error (rmsrms error during a error during a 
validation period was 2828validation period was 2828µµmhos/cm)mhos/cm)
Residuals fairly uncorrelated in short term, some long Residuals fairly uncorrelated in short term, some long 
term correlationterm correlation
Hard to catch quirks of ECHard to catch quirks of EC








