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Model Components



TRIM-UnTRIM Literature
Numerical Model Verification

• TRIM3D
– Casulli (1990)
– Casulli and Cheng (1992)
– Casulli and Cattani (1994)
– Gross et al. (1998)
– Gross et al. (2002)

• UnTRIM
– Casulli (1998)
– Casulli (1999)
– Casulli and Walters (2000)
– Casulli and Zanolli (2002)
– Casulli and Zanolli (2005)
– Brugnano and Casulli (2007)
– Casulli (2009)
– Casulli and Stelling (2010)

SF Bay-Delta Validation
• TRIM2D/3D

– Casulli and Cheng (1992)
– Cheng et al. (1993) 
– Cheng and Casulli (1996)
– SFPORTS: Cheng and Smith (1998)
– Gross (1998)
– Gross et al. (1999)
– 2-D Delta: Monsen (2000)
– Cargill: Gross & Schaaf & Wheeler (2003)
– ECM: Gross et al. (2006)
– Fish-X2: Gross, MacWilliams & Kimmerer

(2009)

• UnTRIM
– Cheng and Casulli (2002)
– Hamilton ATF: MacWilliams & Cheng (2005)
– ICHE: MacWilliams and Cheng (2006)
– DRMS: MacWilliams et al. (2007a)
– IAHR: MacWilliams et al. (2007b)
– POD: MacWilliams et al. (2008)
– USACE: MacWilliams et al. (2009)
– BDCP: MacWilliams & Gross(2010)



• TRIM3D Fish-X2: 2004-2005
Entrapment Zone Salinity Comparisons

TRIM3D: Fish-X2

Gross, MacWilliams and Kimmerer, 2009
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TRIM3D: Fish-X2

Entrapment Zone Salinity Comparisons

UnTRIM: USACE

• TRIM3D Fish-X2: 2004-2005

• UnTRIM USACE: 2009-2010
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TRIM3D: Fish-X2

UnTRIM: USACE
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Entrapment Zone Salinity Comparisons

O
bs

er
ve

d
P

re
di

ct
ed



(From Lippert, 2009)

UnTRIM2009 1D river stretch 
with terraced topography sub-grid

UnTRIM2004 river stretch with 5 cells 
across channel cross-section 

UnTRIM2 2009 Sub-Grid Bathymetry



UnTRIM Bay-Delta Model UnTRIM Subgrid Bay-Delta



UnTRIM Bay-Delta Model
Full Bay-Delta Model Domain

129,949 2D cells (1.2M 3D cells)
dt = 90 s, dz = 1m

Model Speed
30 x Real Time
1 year in 12 days

UnTRIM Subgrid Bay-Delta
Full Bay-Delta Model Domain

8,902 2D cells  (87,000 3D cells) 
dt = 300 s, dz = 1m

Model Speed
3D: 787 x Real Time
2.2 years/day
2D: 4,879 x Real Time
13.4 years/day

Benchmarks on Dell Precision T7500 Workstation
• 2 Xeon W5580 3.20 GHz Nehalem Processors
• 4.0 GB of RAM, Windows XP Professional x64



UnTRIM Bay-Delta Model
Full Bay-Delta Model Domain

129,949 2D cells (1.2M 3D cells)
dt = 90 s, dz = 1m

Model Speed
30 x Real Time
1 year in 12 days

UnTRIM Subgrid Bay-Delta
Full Bay-Delta Model Domain

8,902 2D cells  (87,000 3D cells) 
dt = 300 s, dz = 1m

Model Speed
3D: 787 x Real Time
2.2 years/day
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What is X2?

X2 is defined as the position 
of the 2 psu bottom salinity 
value, measured along the 
axis of the estuary in km from 
the Golden Gate

Jassby et al. (1995)



• Operationally X2 (CX2) is calculated from observed 
surface EC at Martinez, Port Chicago, Mallard Island and 
Collinsville using the equation (Applies only for 56<X2<81):

– wEC is the daily-average EC in mmhos/cm of the westerly station
– eEC is the daily-average EC in mmhos/cm of the easterly station
– wkm is the km from the Golden Gate of the westerly station
– ekm is the km from the Golden Gate of the easterly station

• Assumes bed salinity is 2 psu (3.80 mmhos/cm) when 
surface EC is 2.64 mmhos/cm (1.36 psu).
– Assumes 0.64 psu stratification

• Jassby et al., 1995 and Monismith et al., 2002 assumed 
that the bed salinity was 2.0 psu when the surface salinity 
was equal to 1.76 psu (3.36 mmhos/cm)
– Assumes 0.24 psu stratification

Surface Salinity vs. Bed Salinity



Surface Salinity vs. Bed Salinity

From MacWilliams, Gross and Kimmerer (2005)

Analysis of CX2 Stratification 
Assumptions from Predicted:
Assumes 0.64 psu stratification

Assumption of 0.64 psu stratification 
(2.64 mmhos/cm surface EC) 
tends to over predict X2 relative to X2 
calculated from PREDICTED bed salinity 

Assumption of 0.24 psu stratification 
(3.37 mmhos/cm surface EC) 
tends to under predict X2 relative to X2 
calculated from OBSERVED bed salinity 

Less than 0.24 PSU stratification

More than 0.24 PSU stratification

Analysis of Jassby Stratification 
Assumptions from Observations:
Assumes 0.24 psu stratification
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Modeling X2
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Effect of Sea Level Rise on X2



Low Salinity Zone (LSZ) Habitat Area
• Calculated from predicted daily-

average depth-averaged 
salinity in each grid cell.

• Total area of habitat for salinity 
between 1 and 6 psu for each 
day (or 0.5 to 6 psu).



Low Salinity Zone (LSZ) Habitat Area
• Calculated from predicted daily-

average depth-averaged 
salinity in each grid cell.

• Total area of habitat for salinity 
between 1 and 6 psu for each 
day (or 0.5 to 6 psu).

Data from 548 days



• Calculated from predicted daily-
average depth-averaged 
salinity in each grid cell.

• Total area of habitat for salinity 
between 1 and 6 psu for each 
day (or 0.5 to 6 psu).

Figures from Herbold (2012)

Low Salinity Zone (LSZ) Habitat Area



Low Salinity Zone (LSZ): X2=74



Low Salinity Zone (LSZ): X2=81



Low Salinity Zone (LSZ): X2=85



Low Salinity Zone (LSZ): X2=90



Modeling Estuarine Habitat
• X2 is a useful “operational” metric because it can 

easily be estimated based on either outflow or 
observed surface salinity.
– Uncertainty inherent in estimating X2

• Models can be used to:
– Evaluate potential impacts of management decisions on 

habitat quality and quantity. 
– Forecast or hindcast habitat conditions (LSZ, X2) under 

future (SLR, Marsh restoration scenarios, levee failure) or 
historic (pre-POD, pre-SWP/CVP) conditions.

– Quantify linkages between X2 or LSZ and ecologically 
significant indicators.

– Help design monitoring or data collection programs.
– guide decision making in real-time.
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Conclusions
• 3-D Bay-Delta Models are significantly faster and more 

accurate than those available only a few years ago.
– High-resolution: 1 year 3-D simulations ~12-14 days
– Coarser Resolution with Subgrid: 1 year 3-D simulations < 12 hours!

• High resolution and coarser resolution 3-D models allow for 
choice between detailed hydrodynamics or speed.
– Accurate 3-D simulations of 10-30 year periods now feasible.

• Approaches available for evaluation of estuarine habitat:
– Hindcasting and Forecasting (could be implemented for real time)
– X2 Calculation

• From bed salinity and/or surface salinity

– Low Salinity Zone Analysis
• Area, Depth, Bed Salinity, Daily Range, Area/Depth Slices, Marsh Connectivity
• Can evaluate how specific management actions affect LSZ (rather than X2)
• Use LSZ modeling to design sampling programs, or to help interpret trawl data

– Temperature, Sediment, Particle Tracking Models


