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1. INTRODUCTION

To answer management questions about nutrient related water quality in San Francisco Bay,
hydrodynamic and biogeochemical models have been developed. This report outlines the
development of both of these models. Section 2 is the description and validation of the
hydrodynamic model, previously completed in December 2017 for the San Francisco Bay Interim
Model Validation Report, but included here for completeness. Section 3 of this report covers the
description and validation the biogeochemical model.

2. HYDRODYNAMIC M ODEL

2.1. SUMMARY

As part of the Nutrient Management Strategy, a coupled hydrodynamic-biogeochemical model of
San Francisco Bay is being developed. The process-based, numerical model will be used to inform
nutrient management decisions, by:

• improving quantitative understanding of processes that shape current conditions,

• forecasting ecosystem response under future scenarios, and

• evaluating potential effectiveness of management actions.

This report describes the model in its present con�guration and the status of its validation. Model
development is necessarily an iterative process, with early stages focused on re�ning the model's
representation of hydrodynamics and transport, and later stages of the effort including increasingly
complex representations of biogeochemistry. Present validation efforts focus on assessing model
skill with respect to hydrodynamics, salinity and transport. The �nal report will additionally
consider model validation of water quality and biogeochemical processes.
The model inputs include tides, direct precipitation, evaporation, stormwater runoff, wastewater
discharges, Delta out�ow and wind. From these inputs, the model calculates water levels, salinity,
currents and the force of the currents on the bed throughout the Bay. Simulations cover the period
October 2012 through September 2013 (water year 2013).
A wide range of observations collected throughout the Bay are used to assess the model's predictive
skill. Comparisons between observed and modeled data include tidal water levels, depth-averaged
velocities and salinity from both shipboard and moored sensors.
Water levels are reproduced well from South Bay up to San Pablo Bay. Tidal comparisons upstream
of Carquinez Strait show that the model generally overpredicts water levels, likely due to the
truncated upstream Delta. Velocities are modeled similarly well in open areas of the Bay
downstream of Carquinez Strait. Velocities upstream of Carquinez Strait likewise belie the lack of a
resolved Delta.
Salinity is compared to monthly USGS transects along the channels of the Bay. Overall skill in
predicting salinity is good, with a small bias fresh in the summer likely due to the absence of
evaporation. Comparisons to transect data are augmented by moored, time-series data at three
sites. These comparisons show that in the dry season the model exhibits a bias towards being too
fresh, but wet season events are captured very well.
The hydrodynamic model in its current state has suf�cient skill in representing transport in South
Bay to support water quality studies with a South Bay focus. Velocities and water levels upstream of
San Pablo Bay suffer from proximity to the Delta boundary condition. This may lead to unrealistic
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transport in Suisun Bay, and has been part of the motivation for Suisun and Delta-speci�c modeling
efforts which include the Delta. Further work is needed to achieve similar �delity for exchange with
the coastal ocean and transport in North Bay.
The remainder of this report provides details on the con�guration of the model, analysis of its skill,
and discussion of potential causes for model–data disagreements.

2.2. MODEL SETUP

The San Francisco Bay hydrodynamic model is built on D-Flow Flexible Mesh (DFM). DFM is part of
the Deltares suite of models which also includes D-Water Quality , the platform chosen for the
biogeochemical phase of the NMS modeling project. DFM is a �nite-volume, three-dimensional,
unstructured hydrodynamic model Martyr-Koller et al 20171. The unstructured nature of the grid
allows for ef�cient and �exible resolution of �ow features ranging from small perimeter sloughs and
ponds up to a regional representation of the coastal ocean. This range of features is resolved
without explicit seams or nesting boundaries as would be required for a structured grid model
applied to the same area.
The original model setup was developed by Silvia Pubben and Mick van der Wegen, (Pubben, 2017),
as a continuation of prior modeling efforts stemming from the USGS CASCaDE and San Francisco
Bay-Delta Community Model projects.
We set up the model to simulate Water Year 2013 (WY2013), which spans October 30, 2012 to
September 30th, 2013. The simulation begins two months earlier on August 1, 2012 to allow the
model to spin up. WY2013 was chosen based on overlap with important recent data collection
efforts (i.e. ADCP deployments), and the desire to avoid the more anomalous drought conditions of
later years.
The model has been run on a Linux workstation utilizing 16 Intel Xeon E5-2680 2.40 GHz cores,
communicating over MPI. The full 426 day run takes 7.0 days of wall-clock time, for a simulation
speed of 61 times faster than realtime. DFM was compiled from SVN revision 52184 of the source
code and GCC 5.4.0.

2.3. MODEL DOMAIN AND GRID

The model domain covers San Francisco Bay, including portions of Coyote Creek and Guadalupe
River at the southernmost extent of the Bay, and extending north to the Sacramento and San
Joaquin Rivers at Rio Vista and Jersey Point, respectively. A separate but related model includes a
complete Delta, however the computational expense of that model currently limits its utility to
studies with a North Bay focus, while the present model is optimized for South Bay applications.
The domain extends into the Paci�c Ocean, about 20km west of Point Reyes in the north and 40km
west of Half Moon Bay in the south, roughly encompassing the San Francisco Bight. The horizontal
grid resolution varies from 20 m in select sloughs of Lower South Bay, to over 2 km at Point Reyes.
Nominal grid resolution in South Bay is 250 m, and 350–500 m in North Bay, for a total of 49,996
cells in the horizontal. The three-dimensional model utilizes a sigma coordinate in the vertical,
such that all areas have 10 layers in the vertical, with the layer thicknesses varying in accordance
with the overall depth.
Bathymetry for the model has been compiled from a combination of digital elevation models
(DEMs):

1https://doi.org/10.1016/j.ecss.2017.04.024
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