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Abstract
The purpose of this analysis is to develop a dispersive mixing parameterization method
and specific dispersion coefficients used to predict salinity in a one-dimensional tidallyaveraged transport model. Longitudinal dispersive mixing is parameterized based on the
analysis of three-dimensional simulations spanning a range of freshwater inflows in the
San Francisco Estuary. The three-dimensional simulation results were analyzed at 28
cross-sections in the San Francisco Estuary to calculate salt fluxes, salinity gradients and
other information required for the parameterization method. This method represents the
spatial variability of dispersion and includes dependence on horizontal Richardson
Number, Delta outflow and other environmental variability. These parameterizations are
incorporated into a tidally-averaged one-dimensional model for predicting salinity in
Central San Francisco Bay, San Pablo Bay, Suisun Bay and the Sacramento-San Joaquin
Delta. This simplified model was developed for the Delta Risk Management Strategy
(DRMS) project, funded by the California Department of Water Resources, in order to
simulate thousands of levee failure scenarios. The dispersion coefficients are currently
applied in the simplified model to represent all dispersive transport in most of the model
domain. The resulting simplified model accurately predicts observed monthly-averaged
salinity through the San Francisco Estuary for a 15 year simulation period.
Introduction
Numerical modeling is a tool for predictive analysis of hypothetical scenarios, such as
might be applied in a risk analysis study. One limitation to this approach, however, is the
computational cost of typical three-dimensional models which resolve complex flow
patterns at the tidal time scale. In this paper we describe the analysis of the output from
such a three-dimensional model, run over a range of river flow conditions, in order to
parameterize the dispersion mechanisms in a one-dimensional tidally-averaged salt
transport model.
This work was performed as part of the development of the Water Analysis Module
(WAM) for the Delta Risk Management Strategy (DRMS). The WAM calculates the
water-quality consequences of levee breach events. The hydrodynamics/water quality
submodel of the WAM is responsible for calculating the salinity distribution in the San
Francisco Estuary over time. Because the full risk analysis requires evaluation of
thousands of discrete levee breach sequences, the WAM provides very rapid calculation
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of consequences related to any given breach sequence. The WAM contains a tidallyaveraged transport model that parameterizes the effect of all dispersive transport
processes with dispersion coefficients. The present dispersion analysis was used to
estimate dispersion coefficients for the WAM.
The main effects of levee breach events on transport processes in the Bay are expected to
be caused by shifts in the location and strength of salinity gradients and changes in tidal
currents. Therefore, the parameterization of dispersive transport accounts for the
variability of the strength of gravitational circulation with salinity gradients and tidal
current speed. The present parameterization method does not address changes to tidal
dispersion that may result from altered Delta geometry resulting from levee failures.
Ongoing particle tracking work with the RMA2 model may address these additional
changes in tidal dispersion (WAM Technical Memo, 2006).
Analysis of Dispersion Processes
The “salt balance” equation (Fischer et al. 1979) is a simplified but useful description of
salt transport:
QS = - KA dS/dx,

(1)

where Q is the tidal-averaged flow, S is tidal and cross-sectional averaged salinity, K is
the dispersion coefficient, A is the cross-sectional area, and x is the longitudinal position.
The salt balance equation applies to the longitudinal salinity distribution and tidallyaveraged steady state conditions. As discussed in more detail below, we use periodic
tides and constant freshwater flow to produce a tidally-averaged steady state salinity
field. Once these conditions are reached, Equation 1 is used to estimate dispersion
coefficients.
The strengths of dispersion mechanisms vary in space and time. In order to accurately
parameterize dispersive transport in the WAM, the analysis technique is designed to
capture much of this variability. The spatial variability is accounted for by performing
analysis of fluxes at the 28 cross-sections shown in Figure 1. At each cross-section and
for each flow scenario, Q, S and A are calculated for tidally-averaged steady state
conditions. The salinity gradient (dS/dx) is estimated along the centerline of the estuary
shown in Figure 1. Because the WAM is intended to predict monthly time scale
variability, it is not necessary to estimate how dispersion coefficients vary with tidal
amplitude in the spring-neap cycle. However, it is important to capture some of the
variability of dispersion coefficients with Delta outflow.
Salt Flux Analysis Estimating the portion of the total dispersion coefficient associated
with gravitational circulation and other individual processes requires detailed analysis of
simulation results. The salt flux associated with individual physical processes can be
estimated at any cross-section by an analysis method outlined in Fischer et al. (1979).
First the longitudinal velocity (u) and salinity (s) are decomposed into several
components
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u(x,y,z,t) = Ua(x) + Uc(x,t) + us(x,y,z)+ u’(x,y,z,t)

(3)

where x is the longitudinal position of a cross-section, y is the lateral distance within a
cross-section, z is the vertical location and t is time. The velocity components are the
cross-sectional and tidally-averaged velocity (Ua), the deviation of the cross-sectional
average from the cross-sectional and tidally-averaged velocity (Uc), the deviation of the
tidally-averaged velocity from the cross-sectional and tidally-averaged velocity (us) and
the remaining variability (u’). The salinity decomposition terms are analogous to the
velocity terms and the capital letters refer to depth-averaged quantities. The last two
terms of each decomposition are further decomposed into lateral and vertical variability:
us(x,y,z) = Ut(x,y) + uv(x,y,z)

(4)

u’(x,y,z,t) = Ut’(x,y,t) + uv’(x,y,z,t)

(5)

The cross-sectional area is decomposed into tidal cycle average and variation from this
average,
A(x,t) = Aa(x) + Ac(x,t).

(6)

The salt flux through a cross-section at any moment in time is
Flux(x,t) = [u(x,y,z,t) s(x,y,z,t)]A(x,t),

(7)

where A is the cross-sectional area and the square brackets represent a cross-sectional
average. This compact notation implies integration over the cross-sectional area. The
average salt flux during a tidal cycle is determined by averaging over the tidal cycle:
Flux(x) = <[u(x,y,z,t) s(x,y,z,t)]A(x,t)>,

(8)

where the angle brackets represent a tidal cycle average. This notation follows Fischer et
al. (1979) closely except that square brackets are used instead of an overbar to represent
cross-sectional averages. Next the decomposed velocity, salinity and area are substituted
into Equation 8. Many product terms are zero or negligible (Dyer 1973). Keeping all
terms that are expected to be significant in any part of the San Francisco Estuary results
in the equation
Flux(x) = Aa Ua Sa + Sa <Ac Uc> + Aa <Uc Sc> + Ua<Ac Sc> + <Ac Uc Sc>
+ Aa [Ut St] + Aa [uv uv] + <[U’tS’t ](Aa + Ac)> + <[u’vs’v ](Aa + Ac)>
+ <[ Ut S’t]( Aa + Ac)> + <[ uv s’v]( Aa + Ac)>
+ <[ U’t St]( Aa + Ac)> + <[ u’v sv]( Aa + Ac)>
(9)
Many terms in this equation are associated with one or more physical processes. The
largest difference between this analysis and most analyses of this type available in the
literature are that many terms are retained here that are usually neglected. Particularly
when field data are employed, many of these terms cannot be estimated meaningfully due
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to inadequate spatial resolution. The most important terms for the analysis of transport in
the San Francisco Estuary are:
• Aa Ua Sa + Sa <Ac Uc> – advective salt flux (QS in the salt balance equation)
• Aa [uv sv] – gravitational circulation
• <[u’vs’v ] (Aa + Ac)> - the primary term associated with unsteady vertical shear
• Aa <Uc Sc> - the primary term associated with tidal dispersion
The salt flux at each cross-sectional location shown in Figure 1 is analyzed for several
flow scenarios. The salt flux associated with each mechanism is calculated for each crosssection and each scenario. The overall dispersion coefficient for each section and flow
scenario is then partitioned into 3 components:
1) Kgc – the dispersion coefficient associated with gravitational circulation
2) Kus – the dispersion coefficient associated with unsteady vertical shear
3) K2D – the dispersion coefficient represented with all other processes
Though K2D can reasonably be referred to as a dispersion coefficient for “twodimensional” processes, the interpretation of Equation 9, and definition of dispersion
components does NOT imply that these physical processes are independent and that their
effects are additive. In reality, the circulation in the San Francisco Estuary is three-

Figure 1. Cross-sections (dark grey lines) and centerline transect (white line) used in salt
flux analysis. Black circles indicate distance from Golden Gate at 5 km intervals.
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Bathymetric contours are shown at 2.5 m vertical increments with 200 m horizontal
resolution.
dimensional and physical processes interact in a complex and nonlinear manner. In other
words, while the salt flux analysis is mathematically precise, the interpretation of the
analysis is not precise. Some terms in the salt flux analysis are associated with one or
more physical process while other terms while others have less clear physical
interpretations. Furthermore, while these physical processes are conceptually distinct they
are all simplified conceptual representations that are a useful but limited attempt to
understand or “untangle” the complex physics that result in dispersive transport in
estuaries
Gravitational Circulation Previous studies have indicated that the strength of
gravitational circulation increases with a non-dimensional parameter termed the
horizontal Richardson number, Rix (Stacey et al. 2001):
Rix = g (dρ/dx) H2/u*2,

(10)

where g is gravity, ρ is density, x is longitudinal position, H is water column depth and u*
is friction velocity. Dispersion resulting from gravitational circulation is found to increase
strongly with increased Rix (Monismith, 2002). When the “critical Richardson number” is
reached, conditions of periodic stratification transition to persistent stratification, leading
to dramatically increased salt transport (Monismith et al. 2002). Monismith et al. (2002)
used a “water column” model to estimate that the dispersion coefficient associated with
gravitational circulation varied according to the relationship K/u*H = a Rix2.This finding
was consistent with a previous analytical relationship derived by Hansen & Rattray
(1965) though the constant “a” determined by Monismith et al. (2002) was 4 orders of
magnitude larger.
The salt flux analysis results in one value of calculated Kgc and Rix at each cross-section
and flow scenario that can be used to develop a relationship between Rix and Kgc.
Previous modeling and analytical efforts assumed uniform bathymetry in both the
longitudinal and lateral directions to derive the relationship Kgc/u*H = a Rix2. In the San
Francisco Estuary, depth, velocity and salinity vary both in the lateral and longitudinal
directions. This complicates the analysis in two ways. First, it is not clear if crosssectional average values or channel centerline (“thalweg”) values are more appropriate to
use in calculating Rix. This analysis uses u*, H and dρ/dx predicted along the channel
centerline because gravitational circulation occurs primarily in the deepest part of crosssections. The second issue is longitudinal variability of bathymetry. Some distance is
required to allow development of strong gravitational circulation, so sills along the axis
of the estuary can limit the development of gravitational circulation. Because longitudinal
bathymetric variability is substantial, the relationship used by Monismith et al. (2002) has
been generalized to the form Kgc/U*H = a Rixb and the coefficients “a” and “b” are
determined by a best fit approach. This generalization is somewhat arbitrary but appears
to be useful because this form of equation describes the variability of the estimated Kgc
well at most cross-sections.
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Hydrodynamic Model
The TRIM3D model (Casulli & Cattani 1994) chosen for this study has been applied
extensively to the San Francisco Estuary in both research and consulting efforts. All
details and properties of this state-of-the-art three-dimensional model are welldocumented in peer reviewed literature (Casulli 1990; Cheng et al. 1993; Casulli &
Cattani 1994; Gross et al. 2006).
Governing Equations. The TRIM3D model solves the Reynolds-averaged Navier-Stokes
equations. The model can be applied to non-hydrostatic flows, but the flow in the San
Francisco Estuary was assumed to be hydrostatic. A three-dimensional advection
diffusion equation is solved for salinity.
The turbulence closure model is the generic length-scale (GLS) equation, with parameters
chosen to yield the gen closure proposed by Umlauf and Burchard (2003). The Kantha
and Clayson quasi-equilibrium stability functions (Kantha and Clayson 1994) are used.
All parameter values used are identical to those used by Warner et al. (2005), except for
the minimum vertical eddy diffusivity and eddy viscosity, which are set to be 10-4 m2/s.
Numerical Method. The three-dimensional TRIM3D model uses a semi-implicit finitedifference method to solve the three-dimensional shallow water equations on a staggered
grid (Casulli & Cattani 1994). The central feature of the TRIM3D method is a highly
efficient semi-implicit solution that is proven to be stable even at a large computational
time step (Casulli 1990). A highly efficient and mass conserving scalar transport method
is used (Gross et al. 1999).
Model Input
Bathymetry. The model domain for the San Francisco Estuary simulations includes the
region from south San Francisco Bay through Suisun Bay in the north, a portion of the
Sacramento-San Joaquin Delta, and a portion of the coastal ocean extending to
approximately 22 km west of the Golden Gate (Figure 2).
A Cartesian grid with horizontal resolution of 200 meters and vertical resolution of 1
meter was developed, resulting in a total of 569,602 active grid cells. The model grid
includes two major approximations. First, a portion of the coastal ocean is not included to
save computational time. Second, because the complex geometry of the Sacramento-San
Joaquin Delta can not be adequately resolved on the Cartesian grid, and is not of primary
interest for the current purposes of the model, the central and eastern portions of the Delta
are represented by a “false delta” consisting of two rectangles (shown in Figure 2) that
were sized to allow approximately correct tidal flow past Rio Vista and Jersey Point
compared with ultrasonic velocity meter (UVM) flow data (Oltmann 1998) collected by
the USGS.
Boundary Conditions. The dispersion analysis method described in Section 3 requires
that the tidally-averaged salinity field reaches steady state conditions. If model scenarios
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used realistic tidal forcing, variable Net Delta Outflow (NDO: daily summation of river
inflows, precipitation, agricultural use, and water project exports) and incorporated wind
and other forcing, tidally-averaged steady state conditions would not be reached because
the model would be continuously responding to variations in forcing. Therefore
simplified forcing is used in the scenario simulations to allow the predicted salinity to
reach tidally-averaged steady state conditions. The WAM predicts monthly-averaged
salinity. Therefore estimating variability of dispersion coefficients with tidal amplitude is
beyond the scope of the analysis.
Six scenarios were simulated with TRIM3D. All scenarios used an idealized tide based
on the M2 and K1 harmonic constituents reported by NOAA at the Point Reyes station
(station 9415020). The M2 period was modified to 12.0 hours so that exactly 2 M2 cycles
occur per K1 cycle (day). All other harmonic constituents and non-tidal forcing at the
seaward boundary were neglected. The only difference between the scenarios is the Net
Delta Outflow used, ranging from 55 m3/s to 2810 m3s. This range of flows extends from
typical summer flows during a critically dry year to high NDO associated with peak
winter flows. A constant oceanic salinity boundary condition was used.

Figure 2. Bathymetry on the 200 meter resolution TRIM3D model grid.
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Scenario Simulation Results
Each scenario simulation was run for several months until tidally-averaged steady state
salinity conditions were achieved. When the tidally-averaged salinity is constant in time
the tidally-averaged salt flux past all cross-sections is approximately zero. The tidallyaveraged salinity conditions have approximately reached steady state for by the end of
each scenario simulation (Figure 3). The approximately steady tidally-averaged salinity
values indicate that the net advective flux (from Net Delta Outflow) of salt in the seaward
direction balances the dispersive flux of salt in the landward direction (Equation 1) and
the net flux is minimal. The net flux is less than one percent of the advective flux at
nearly all sections and scenarios used in this analysis. The tidally-averaged salinity
profile along the axis of the estuary is shown for each scenario in Figure 4.
As expected the degree of salt intrusion increases with decreased Net Delta Outflow.
Salinity gradients move seaward and stratification increases with increased Net Delta
Outflow. The medium and high flow scenario results show strong stratification in San
Pablo Bay and Carquinez Strait and limited “flushing” of salt from these regions. These
results suggest strong gravitational circulation in these regions and are consistent with the
findings of Burau et al (1998) and Monismith et al. (2002).

Figure 3. Tidally-averaged depth-averaged salinity (psu) at Martinez (section 14, Fig. 1)
for all flow scenarios.
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Figure 4. Tidally-averaged salinity (psu) along the centerline transect from Golden Gate
to Sacramento-San Joaquin Delta. Net Delta Outflow is indicated for each panel.
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Analysis
To estimate the tidally-averaged longitudinal salinity gradient, the predicted salinity
along the axis of the estuary is depth-averaged for each scenario at tidally-averaged
steady state conditions. The longitudinal salinity gradient (Figure 5) is determined by a
linear fit to the depth-averaged and tidally-averaged salinity over roughly one tidal
excursion (12 km) . Note that the salinity gradient necessarily approaches zero when
salinity approaches zero in the landward reaches of the domain. The salinity gradients
were used along with the estimated tidally-averaged cross-sectional area, salinity and
flow at each cross section and scenario to determine the dispersion coefficients using
Equation 1 (Figure 6a). Dispersion coefficients were not calculated in regions with
tidally-averaged salinity gradients of less than 0.05 psu per km, horizontal Richardson
number of less than 0.1, or instantaneous salinity less than 0.4 psu during any portion of
the tidal cycle.
The estimated dispersion coefficients associated with gravitational circulation (Kgc) are
shown in Figure 6b. These dispersion coefficient components are even more variable
with both flow and location than the overall dispersion coefficients. The dispersion
coefficients associated with gravitational circulation drop substantially in Suisun Bay,
starting at 55 km from the Golden Gate, and account for most of the drop in the overall
dispersion coefficients in this region. These results are consistent with the findings of
Burau et al. (1998) in the Entrapment Zone Study. The interpretation in that study was
that the reduced depth at the Benicia shoal reduced the strength of gravitational

Figure 5. Estimated depth-averaged salinity gradient for all flow scenarios. The
horizontal scale is distance along the axis of the estuary from the Golden Gate.
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circulation, which is consistent with the horizontal Richardson number being a predictive
parameter (Monismith et al. 2002). Note that dispersion coefficients associated with
gravitational circulation increase with flow in Central San Francisco Bay and San Pablo
Bay but decrease with increased flow in Suisun Bay and the western Delta. This is
consistent with Figure 5 which shows that longitudinal salinity gradients increase with
flow in Central San Francisco Bay and San Pablo Bay but decrease with increased flow
in Suisun Bay and the western Delta as salt is flushed from those regions by the increased
flow.
The dispersion coefficients associated with unsteady vertical shear (Kus) are shown in
Figure 6c. Many of the spatial trends and variability with flow are similar for the
unsteady vertical shear component and the gravitational circulation component. This is
not surprising because both components are expected to increase with increased

Figure 6. (a) Estimated total dispersion coefficients, K, and dispersion coefficients
associated with (b) gravitational circulation, Kgc, (c) “unsteady shear,” Kus, and (d) all
tidal dispersion, K2D, for all flow scenarios. The horizontal scale is distance along the
axis of the estuary from the Golden Gate.
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stratification. While the unsteady vertical shear component is smaller than the
gravitational circulation component in Central San Francisco Bay and San Pablo Bay, it
is of similar magnitude as the gravitational circulation component in Suisun Bay and the
western Delta. Some of the dispersion associated with unsteady vertical shear component
is associated with the SIPS mechanism (Simpson et al. 1990) which is known to be active
in portions of Suisun Bay (Stacey et al. 2001).
The dispersion coefficients associated with all other processes (K2D), which are
dominated by tidal dispersion, are shown in Figure 6d. The tidal dispersion coefficient
varies less both spatially and with flow than the other components of dispersion. Since
this component of the dispersion coefficient is not expected to have strong variation with
stratification, the less pronounced variability with flow was expected.
Next each cross-section is examined individually to evaluate the variability of the
gravitational circulation dispersion component with horizontal Richardson number. The
horizontal Richardson estimates were calculated along the axis of the estuary. The root
mean square (RMS) depth-averaged velocity is shown in Figure 7. The RMS velocity
varies from roughly 0.3 m/s to 1 m/s along the transect. This velocity is used in the
estimate of friction velocity for calculation of horizontal Richardson number. The
assumed coefficient of drag was 0.0025. The WAM will use RMS depth-averaged
velocity to calculate horizontal Richardson number. For this reason the same approach
was followed here, instead of saving the friction velocity calculated internally in the
TRIM3D model. The tidally-averaged and depth-averaged salinity gradients shown in
Figure 5 and the channel invert (“thalweg”) depth along the centerline transect were also
used to calculate the horizontal Richardson numbers.

Figure 7. Estimated root mean square depth-averaged velocity for all flow scenarios. The
horizontal scale is distance along the axis of the estuary from the Golden Gate.
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An example of the variability of Kgc with horizontal Richardson number is provided for
section 9 located less than one km west of the entrance of Carquinez Straight (Figure 8).
The equation used describes the variability in dispersion coefficients accurately (r2 =
0.998) and the exponent (1.9) calculated at this location was similar to the exponent
found by Monismith et al. (2002). The full set of curve fit results is presented in Table 1.
The high r2 values at most sections suggest that the form of fitting equation used
generally captures the variability of Kgc with horizontal Richardson number. The
exponent is close to 2.0 at many cross-sections, but both the exponent and proportionality
constant vary substantially, probably largely as a result of longitudinal and lateral
variability in bathymetry away from the thalweg of each cross-section, where several
variables used in the curve fit were calculated.
Table 1 Results of parameterization analysis for use in WAM. The a and b values are the
curve fit parameters for the equation Kgc/u*H = a Rixb.
Section
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

a
12
125
1969
4248
699
1343
26844
1467
627
236
94
2
24
232
41
207
306
55
3121
171
229
85
128
91
4
13
152
645

b
0.33
2.00
1.91
2.93
1.43
0.98
6.97
2.16
1.90
1.67
2.78
3.17
1.40
1.69
2.23
1.83
2.42
2.34
4.48
2.85
2.07
1.51
2.07
2.36
2.22
1.51
3.44
4.20

2

r
0.89
1.00
0.99
1.00
0.99
0.95
1.00
1.00
1.00
0.98
1.00
1.00
0.96
0.98
0.99
0.99
0.86
0.73
0.76
0.81
0.97
0.62
0.45
0.83
0.99
0.97
0.97
1.00

Max Kgc
142
328
1346
1126
2564
750
736
523
807
815
564
471
166
168
157
66
32
26
35
34
48
34
63
34
27
12
16
30
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Min Kgc
60
29
38
100
174
99
14
22
45
47
86
59
60
53
51
26
15
12
13
17
30
28
43
21
16
6
8
9

Figure 8. Estimated dimensionless dispersion coefficients for gravitational circulation at
section 9, extending from Rodeo to Mare Island, as a function of horizontal Richardson
number with corresponding best fit equation and r2 value.
Discussion and Conclusions
The dispersion analysis presented in this report was tailored to the needs of the DRMS
project. The method used for the calculation of dispersion coefficients is well established
in many previous applications employing observed salinity (e.g. Fischer et al. 1979). The
method to distinguish fluxes from different physical processes is also well-established.
The novel aspects of the analysis include using simplified forcing to reach a precise
tidally-averaged steady state salinity field and the generalized equation used to curve fit
the dispersion coefficient associated with gravitational circulation. The final results of the
analysis are consistent with the conceptual model of transport developed through many
field studies (e.g. Burau et al. 1998). The conceptual model is that gravitational
circulation is the most important transport mechanism in San Pablo Bay and Carquinez
Strait and that the importance of gravitational circulation decreases sharply at the Benicia
shoal due to limited depth. In Suisun Bay, due to complex bathymetry as well as less
pronounced gravitational circulation, tidal dispersion processes are the dominant
transport processes. In addition, the strong increase in the gravitational circulation
component of dispersion with increased horizontal Richardson number, previously noted
by Monismith et al. (2002), was also found in this analysis.
Though the approach is likely to be adequate for the DRMS project, several limitations
result in uncertainties in the dispersion estimates. Some of this uncertainty is associated
with the three-dimensional model predictions while additional uncertainty is associated
with the analysis method. The primary source of uncertainty in the prediction results from
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the spatial resolution 200 meters which is inadequate to represent bathymetric variability
in some portions of the estuary.
Additional uncertainty is associated with the simplified forcing used in the scenario
simulations. These approximations include:
• Tidal forcing is dominant relative to wind forcing and other environmental
forcing (e.g., ocean variability).
• The average dispersion over a spring-neap tidal cycle is similar to the dispersion
for the periodic tides used in the simulations. .
Substantial uncertainty is also associated with the analysis technique. Sources of
uncertainty include the following:
• The salinity gradient is estimated based on centerline (“thalweg”) salinity as an
approximation of cross-sectionally averaged salinity.
• The depth value and friction velocity used to calculate horizontal Richardson
number are taken from the channel thalweg. Relevant previous uses of horizontal
Richardson number assumed uniform depth.
• The depth and friction velocity used in each Richardson number estimate are from
a single point longitudinally. In contrast, substantial gravitational circulation must
develop over a longitudinal extent and, therefore, is affected by longitudinal
variability in bathymetry.
• The model cross-sections are not perfectly aligned normal to flow.
• Advective and dispersive fluxes typically balance to within a 1% difference
indicating steady-state conditions are nearly, but not precisely, achieved.
Overall the WAM predicts salinity accurately (WAM Technical Memo, 2006) for historic
conditions suggesting that the parameterization approach is adequately accurate despite
several approximations and other sources of uncertainty. However, errors for Delta levee
failure scenarios could be substantially larger than errors for historic conditions because
the approach here considered a limited range of conditions. Major changes to the estuary
are likely to create hydrodynamic conditions outside the range of conditions considered
in the dispersion analysis described here. Ongoing work with the UnTRIM model (e.g.,
MacWilliams et al., 2007) is likely to improve accuracy due to a larger domain extending
through the Delta, and improved representation of bathymetric features.
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