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Timeline of NMS modeling

2016 20222019 2025

NMS Modeling Launched
Hydrodynamic modeling focus, 

biogeochemical modeling 
development

Goal: Chronic conditions

Core Model Development
5-year Modeling Work Plan: 2019 -2024 

2022 
HAB

NMS HAB Modeling
Tracer model 
development

Goal: Diagnostic focus 
on modeling the Aug 
2022 HAB

2023 2024 2026 202720212020

Permit - Related Modeling
Assess the effects of different 
nutrient reduction strategies 
leading up to the HAB

Result: 40% reduction in 
nutrients

Feb 2023
MAG #1

Initial Model Application & Synthesis:
Source Apportionment and Permit Modeling

Model Refinements

Model 
Application:

Future 
Scenarios

and 
Conceptual 

Model 
Development

Aug 2026
MAG #2

Model Assessment and Refinements
Convened the Model Advisory Group 
(MAG) in 2023 and 2026

Goal: Conduct peer review and further 
develop and refine the model 



Three groups of SF Bay 
models used in the NMS

Hydrodynamic 
Model

Tracer 
Model

Biogeochemical
Model



The hydrodynamic model simulates 
physical processes in the Bay and is the 
backbone of all other models

Hydrodynamic Model

King, et al. 2026

The hydro model is a 
highly calibrated and 
validated model of 
salt, temperature, 
water levels, and 

velocity from 2013 to 
2023



Hydrodynamic Model

King, et al. 2026

10,000 kg d - 1 DIN

The hydro model is a 
highly calibrated and 
validated model of 
salt, temperature, 
water levels, and 

velocity from 2013 to 
2023

Velocity Validation

The hydrodynamic model simulates 
physical processes in the Bay and is the 
backbone of all other models



The tracer model is a idealized nutrient 
model that can be used as a rapid way to 
assess management scenarios

Tracer Model

Allen, et al. 2026

DIN (𝜇𝜇M)

Aug 1, 2021

One  t race r for e ach  
m od e le d  s ource :
● POTW
● Re fine rie s
● Oce an
● De lt a

Example question:
How d o m anage m e n t  

s ce na rios  im p ac t  
conce n t ra t ions  
ac ros s  t he  Bay?



load = 26677 kg day-1

Aug 1, 2021

Final effluent limit Experiment: 20% ↑ LSB/SB

Dissolved Inorganic Nitrogen (𝜇𝜇M)

load = 26677 kg day-1

The tracer model is a idealized nutrient 
model that can be used as a rapid way to 
assess management scenarios



load = 26677 kg day-1

Aug 1, 2021

Exp greater  – FEL greater

Final effluent limit Experiment: 20% ↑ LSB/SB

Dissolved Inorganic Nitrogen (𝜇𝜇M)

load = 26677 kg day-1

The tracer model is a idealized nutrient 
model that can be used as a rapid way to 
assess management scenarios



The biogeochemical model is a complex 
ecosystem model that can be used to diagnose 
nutrient cycling, transport, and losses in the Bay

Biogeochemical Model

Moscoso, et al. 2026

Our recent focus 
was calibrating 

the BGC model in 
2021, and we are 

working to extend 
bgc to 2023 - 2025

`

Mon itor in g Cru ise s     biweekly/monthly
USGS/SFEI-NMS/UCSC

Water Quality Moorings             15min

RED: SFEI/NMS;  ORANGE: USGS

New since xxxx

2021

2021
2021

2025

20252024

2026

Sen3 ch l a lgorithm
Kude la  e t a l 2024

Sen3 turb id ity

da ily, 300x300m
2018-pre sent

Wa te r  Qu a lity Ma pp in g
shallow -to-deep 

southern  surveys
6x/year (2021-2026,…)

northern  surveys
3x/year (2025, 2026,…)



The biogeochemical model is a complex 
ecosystem model that can be used to diagnose 
nutrient cycling, transport, and losses in the Bay

Biogeochemical Model

Moscoso, et al. 2026

The inclusion of 
remote sensing 

turbidity and sediment 
denitrification helped 

capture seasonal 
patterns of nitrogen in 

the Bay



Thank you!
Check out the pdf links to reports on this slide

Hydrodynamic Model Tracer Model Biogeochemical Model

King, et al. 2026 Allen, et al. 2026 Moscoso, et al. 2026

https://www.sfei.org/documents/sfei-san-francisco-bay-hydrodynamic-model-performance-water-level-velocity-salinity-and
https://docs.google.com/document/d/1z_kbbPpunSqNjZy4ZTp02eNMWWgXJQu3jB7PseUzAOA/edit?tab=t.0
https://www.sfei.org/documents/open-bay-biogeochemical-modeling-progress-report-model-advisory-group-san-francisco-bay
https://www.sfei.org/documents/sfei-san-francisco-bay-hydrodynamic-model-performance-water-level-velocity-salinity-and
https://docs.google.com/document/d/1z_kbbPpunSqNjZy4ZTp02eNMWWgXJQu3jB7PseUzAOA/edit?tab=t.0
https://www.sfei.org/documents/open-bay-biogeochemical-modeling-progress-report-model-advisory-group-san-francisco-bay


Additional Slides



#025e7369

#1e7f99ff

#025e73ff

#59882869

#79ad3fff

#598828ff #f5a949ff #000000ff

#383838ff#f8bc70ff

#f2a71b68 #ccccccff

Main slide colors

Main 
text 
color

Typography:

Work Sans
H1: 36pt bold

H2: 22pt reg
Paragraph: 18 pt

● Bulle t : 18p t
○ Sub - b u lle t : 15 p t

Color Pa le t t e
Style 
Guide

Phot o c re d it : 11 p t



2016 2022 2023 2024 2025 2026 2027 2028

Spring 2022 
Intro MAG#1

Feb 2023
MAG #1

HAB Modeling
Diagnostic

HAB Modeling: Diagnostic + 
‘basic’ 2022 HAB event 

5-year Modeling Workplan: 2019 -2024

Aug 2022 
HAB event

Shift to Permit -Related 
Modeling: 

- v0.75: Jun 2023-Nov 2023
- finalize write -up:May2024

Oct 2024 
Permit:

40% 
Redux

Revisiting and 
Updating Science Plan

Fall 2022 
Intro 

MAG#2

● Return  to Hydrodynam ic and  BGC 

● Targe ting MAG recom m endations

● Shifting in itia l focus to  m ore  recent 
years, riche r da tase ts: ca lib ra tion , 
pe rform ance  (2021, 2022, 2023) 

DIN source  
Apportionm ent, v1

● Launch  SFB NMS m ode ling
○ hiring
○ hydrodynam ics
○ biogeochem  deve lopm ent

● 2017-2018:  expand, 2-3 sta ff
● Work focus on  m ode ling ‘typica l conditions’: ch ron ic, 

m anagem ent options, long-te rm  changes, source  
apportionm ent

Aug 2026
MAG # 2

m ulti-year 
m ode ling 

p lan : 
under dev.

m ulti-year m ode ling workplan : 
fina lize  & pursue

quantify ra te s, sem i-em pirica l:
obse rva tions, m ode ls

Source  Apportionm ent:
v2-v3: te st, apply

● cont’d  priority m ode l deve lopm ent  
○ curren t d irections
○ updated  MAG recom m endations

● continued  review & advising

Model Applications: e .g., 
N-cycling, space /tim e  varying loss/exports, 

factors regula ting productivity, 
upda te  conceptua l m ode ls

HAB m ode ling, cont’d : e .g.,  
2022 processes (publish), 

2022 vs. 2023, othe r scenarios

HAB m ode ling workplan : 
deve lop  & pursue

Env’ Change  workplan : 
deve lop  & pursue

Feb  2026
MAG # 3

Jun  2027
MAG # 4



The biogeochemical model is a complex 
ecosystem model that can be used to diagnose 
nutrient cycling, transport, and losses in the Bay

Biogeochemical Model

Moscoso, et al. 2026

Our recent focus 
was calibrating 

the BGC model in 
2021, and we are 

working to extend 
bgc to 2023 - 2025

Phytoplankton blooms

Settling 
Organic 
Matter

Denitrification

Nitrogen 
Loss

Remote sensing 
turbidity (Merhab)
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