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A.  Grant Number:    NA18NOS4780174 
 
B. Amount of Grant:   
 
C. Project Title: National Competitive Harmful Algal Bloom Programs: The Ecology and 
Oceanography of Harmful Algal Blooms (ECOHAB) and Prevention, Control and Mitigation of 
Harmful Algal Blooms Program (PCMHAB) 
 
D.  Grantee Organization:  University of California Los Angeles 
 
E.  Award Period: From: 6/1/2018 To: 5/31/2021 
 
F.  Period Covered by this Report:  From: 06/01/2018 To: 02/28/2019 
 
G.  Summary of Progress and Expenditures to Date: 
 
1. Work Accomplishments: (as related to project objectives and schedule for completion) 
 
a. Provide a brief summary of progress, including results obtained to date, and their relationship to 
the general goals of the grant; and 
 
Overview 
 
This project is a multi-institutional research project between UCLA, UCSC, SCCWRP, UCSD, 
and UW. This is the progress report for the period from June 1, 2018 to February 28, 2019. The 
aim of the project is to develop an integrated modeling system, carefully validated against 
available observations, to investigate the natural and human drivers of Pseudo-nitzschia (PN) 
Harmful Algal Blooms (HABs) in the southern California Current System (CCS). The approach 
builds upon the development of a similar modeling system (ROMS-BEC) used to investigate the 
physical circulation and biogeochemical cycles (specifically, ocean acidification and hypoxia) 
along the US West Coast. 
The project goals are briefly summarized as: (1) development of an end-to-end predictive capacity 
for the prediction of the PN-derived toxin, domoic acid (DA), in the southern CCS, evaluated 
against observations; (2) use of the integrated model to investigate the relative importance of 
anthropogenic inputs and other drivers on the frequency and severity of PN HAB events in the 
southern CCS; and (3) transmission of the findings to coastal zone managers to help marine 
resource management and pollution control. 
During year 1 of this project, we spun up technical activities, focused on: 1) project administration 
and coordination, 2) compiling data and conducting a synthesis that would support discussions of 
mechanistic modeling approach, 3) continuing the leveraged modeling activities that form the 
foundations for key applications of this work, including investigation of anthropogenic nutrient 
impacts on productivity, and 4) initial outreach to key partners and managers that are the targeted 



end-users for this work. Given this successful kick-off, we report that the project is on track to 
develop and implement a regional model with an end-to-end predictive capability for PN/DA 
HABs in the CCS, based on a mechanistic representation of HAB drivers, including natural 
variability and local anthropogenic inputs.  
 
Modeling Activities 
 
Overview: The goals of this project component are to: (1) Expand the ecosystem model 
component of ROMS-BEC to include a previously developed mechanistic representation of PN 
and DA cycling; (2) Use the 3D model to conduct and evaluate high-resolution “hindcast” 
simulations of PN and DA distribution throughout the southern CCS, consistent with the 
observational record; (3) Conduct simulations with and without anthropogenic nutrient loadings 
to explicitly address their role on HAB development. 
Progress was made for tasks (2) and (3), which are based on: development and analysis of the 
southern CCS ROMS-BEC ecosystem model, validation against observations, implementation of 
anthropogenic forcings in the Southern California Bight (SCB), and analysis of their effects on 
phytoplankton and ecosystem. Specific accomplishments are further summarized below 
(“Accomplishments”).  
Discussions between the collaborators have also begun about the details of the implementation of 
the PN and DA functional groups within the existing ROMS-BEC configuration. A search for the 
postdoc to work on this component was conducted in the fall, but unfortunately the chosen 
candidate elected to take another position. The search for staff support for this component of the 
work will continue next quarter. We anticipate beginning to adapt the 0-dimensional model of PN 
and DA cycle into the ROMS-BEC framework, so that it will be available by the time the position 
is filled. 

Accomplishments: Implementation and validation of the explicit PN/DA module requires prior 
ROMS-BEC simulations with a realistic representation of phytoplankton and ecosystem 
dynamics. While we adopt a model system that has been used for previous work on ocean physics 
and biogeochemistry (namely, acidification and hypoxia), no detailed validation of lower trophic 
levels (phytoplankton biomass, size structure and productivity) has been conducted at the regional 
scales required for this project. Thus, we devoted the first phase of the project to further 
development and analysis of the 3D simulations with ROMS-BEC, focusing on the representation 
of phytoplankton and its response to anthropogenic inputs. This phase of the work lays the base 
for the implementation, validation and analysis of PN/DA HAB responses. 
The main modeling activities undertaken during the past period are summarized in the following, 
and are leveraged with funding from sources external to ECOHAB funding (UCLA Lead PI 
McWilliams, NOAA Grant No. NA15NOS4780186 and OPC Grants to UCLA and SCCWRP).   
● We finished validation and documentation of the 4km U.S. West Coast 1995-2013 

reanalysis in two papers (physics and biogeochemistry) to be considered for publication in 
Progress in Oceanography. The manuscript on the biogeochemical state of the CCS, 
“Biogeochemical variability in the California Current System”, includes validation and 
analysis of phytoplankton primary production, biomass, chlorophyll concentration and 
their spatial distribution. The numerical solution described in the paper are used as drivers 
of the nested, smaller scale simulations employed for this project.  

● We conducted a detailed analysis of the N cycle and ecosystem structure for the 1km 
southern CCS 1997-2007 reanalysis, and prepared a manuscript detailing the findings 
(“Submesoscale currents modulate the seasonal cycle of nutrients and productivity in the 
California Current System”). The manuscript is in the latest stages of polishing before 
submission to Global Biogeochemical Cycles. The work highlights the impact of small-



scale circulation (few km or less, that is, beginning to represent the ocean’s sub-
mesoscale) on nutrient dynamics and ecosystem processes. The finding of a substantial 
role for sub-mesoscale dynamics for nutrient transport and ecosystem forms the basis of 
the decision to conduct anthropogenic nutrient input simulations at 300m resolution for 
selected domains in the Southern California Bight (SCB) and the San Francisco/Monterey 
Coast (SF/MC), detailed below. 

● We completed hindcast simulations for the period 1997-2007 of an analogous 1km grid for 
the northern CCS, extending from the SF bay to Vancouver Island, and started a joint 
analysis of this solution and the southern CCS 1km hindcast, with a focus on O2 and C 
cycles, with inclusion of lower-trophic level ecosystem dynamics. Assessing the realism of 
these solutions is an essential component of the project because they form the first step of 
the PN/DA model implementation, and they are used to drive the more regional 300m 
grids used for assessing the impact of anthropogenic nutrient inputs on ecosystem and 
HABs. 

● We completed a 3-year hindcast simulation for the period 1997-1999 at 300m resolution in 
the Southern California Bight, driven by the 1km southern CCS solution, without 
anthropogenic nutrient inputs. 

● We conducted a data synthesis of terrestrial and atmospheric forcing of nutrients and 
carbon for the years 1997 to 2015 from a variety of terrestrial sources (e.g. marine outfalls 
from water treatment plants, rivers, atmospheric deposition, air-sea gas exchange) for 
inclusion in the ROMS-BEC simulations. The addition of these inputs into the input deck 
to force the 300-m simulations in the SCB has been completed, and the methodology is 
being documented in a manuscript in preparation for Earth System Science Data 
(“Terrestrial and atmospheric forcing for regional physical biogeochemical modeling”). 
An analogous synthesis of terrestrial and atmospheric forcing data is ongoing for the 
central CCS (SF/MC).  

● We synthesized and started analyzing a database of hydrographic, nutrient and chlorophyll 
observations in the SCB from existing databases, including local timeseries (Santa Monica 
Bay Observatory mooring, San Pedro Ocean Time Series Mooring, CalCOFI cruises, etc.), 
monitoring programs, and satellite retrievals (GlobColour products). This database is 
essential for validation of the representation of phytoplankton distribution, variability, and 
response to pollution in the regional simulations. 

● We initiated one year of simulation of the SCB with the 300m resolution ROMS-BEC 
configuration including terrestrial and atmospheric forcing, which includes anthropogenic 
inputs.  

● We started analysis of the 300m SCB solution with and without terrestrial and atmospheric 
forcing. Because 98% of the terrestrial nutrient sources to the SCB are from ocean outfalls 
(Howard et al. 2014), we know that the anthropogenic nutrients are the primary drivers of 
differences in between these two simulations. Preliminary analysis suggests a significant 
impact of these anthropogenic nutrients on nutrient concentrations and primary 
productivity at the local scale, i.e. the coastal band extending several tens of km offshore 
along the S. Monica Bay, S. Pedro Bay, and other impacted regions (Figure 1). 
Comparison with observations also indicates that anthropogenic inputs are essential to 
capture the right magnitude and spatial patterns of phytoplankton blooms along the coast, 
laying the ground for the PN/DA HAB model implementation. This is a particularly 
promising basis from which to build our mechanistic PN model.  

 
 
 



	
Figure 1. Impact of anthropogenic nutrient inputs on phytoplankton in the Southern California 
Bight. (a) Satellite observations of surface chlorophyll. (b) in situ measurements of chlorophyll (0-10 m 
depth). (c) Model simulation at 300m resolution with anthropogenic nutrient inputs. (d) Model simulation 
at 300m resolution without anthropogenic nutrient inputs. All panels are for the early upwelling season 
(April-June). Model simulations are for year 1997. 

Observational Data Collection and Analysis 
	
For the first year of the project, UCSC was tasked with collating available data for model 
evaluation from existing field sampling. We focused on historical data spanning ~32-38°N from 
2002-present, including several NOAA Fisheries coastwide survey cruises, data from previous 
NOAA ECOHAB and MERHAB programs, and data from the ongoing timeseries stations 
maintained as part of the California Harmful Algal Bloom Monitoring and Alert Program (Cal-
HABMAP) supported by the Southern California Coastal Ocean Observing System (SCCOOS) 
and Central and Northern California Ocean Observing System (CeNCOOS). The most complete 
relevant datasets were for particulate domoic acid, since many of the programs measure toxin but 
don’t always include cell counts. However, when available, we collated all other variables 
including cell counts, nutrients, temperature, and salinity. A total of 4507 observations with 
particulate DA were obtained (Figure 2-3).  
A recent analysis (Smith et al. 2018) focusing primarily on Southern California, but also including 
the Cal-HABMAP sites and additional data from California Department of Fish and Wildlife, 
identified a habitat envelope for both Pseudo-nitzschia and domoic acid with an upper limit of 
~19°C for presence of toxin. Our much larger dataset is entirely consistent with that analysis, 
suggesting that temperature plays a strong controlling factor (either directly, or as a proxy for 
more general environmental conditions) in California waters.  
 



	
Figure 2. Observations of particulate domoic acid in the central and southern California Current. (a) 
location of surface measurements. (b) Particulate domoic acid in surface waters (logarithmic scale). (c) 
relationship between temperature, salinity and particulate domoic acid. 

Analysis of the relationship between particulate DA and nutrients (N, Si) were less conclusive 
when using the full dataset. Analysis was conducted using Conditional Probability, in which the 
environmental driver (nutrients) is used to estimate probability of exceeding some threshold for 
the predicted factor (toxicity). Temperature alone explained about 40% of the probability of pDA 
greater than 500 ng/L (the threshold used in the C-HARM model) while nutrients only explained 
~10% when used as a predictor. This is consistent with the “full models” developed for DA that 
suggest improved skill with inclusion of macronutrient levels and ratios. These models are not 
implemented operationally as part of the C-HARM model suite due to restrictions on real-time 
nutrient retrieval. While perhaps not surprising, this reinforces the need for a coupled biological-
physical model since no single easily measured environmental variable does a good job of 
predicting toxicity. The interaction between macronutrients, trace metal limitation or stress, and 
changes in carbonate chemistry are all easily interrogated once the 3D coupled model is 
configured and will facilitate a more mechanistic representation of HAB probability. 
 
Outreach and Science Translation Activities 
 
This year, outreach activities were focused on initial in-person or webinar briefings on project 
goals, work elements and schedule for key partners who represent targeted end-users for this 
information:  
● California Ocean Protection Council (potential client to invest in HAB forecasting models 

and marine HAB science).  
● Southern California Bight OAH Modeling Stakeholder Workgroup and SCCWRP 

Commission Members. These groups collectively are comprised of scientists, technical 
and executive agency staff of the regulated community (POTW, stormwater), the water 
quality regulators (EPA and Water Boards), fisheries and marine resources agency 
(CDFW and OPC) staff, and environmental NGOs. They represent who would be 
instrumental in triggering a management action if a finding of a positive impact of 

(a)

(b)

(c)



anthropogenic nutrient inputs occurred.  
● Bight Regional Monitoring Program -- HAB study.  

 
b. Provide a brief summary of work to be performed during the next year of support, if changed 
from the original proposal; and indication of any current problems or unusual developments that 
may lead to deviation of research directions or delay of progress toward achieving project 
objectives. 
Modeling work to be conducted during the next period, consistently with the project description 
document. 
● Expand the BEC module to include a PN functional group modeled after diatoms and lab 

measurements. 
● Expand the BEC module to include explicit particulate DA components. 
● Implement the source and sinks for DA in the BEC module based on the empirical 0D 

model parameterization. 
● Run preliminary 3D simulations of PN and DA production in the Southern California 

domain for a selected year. 
● Validate the preliminary model simulations of nutrients, phytoplankton, PN, and DA 

against available observations. 
● Perform sensitivity studies aimed at tuning and refining the PN and DA representation in 

the 3D model. 
● Adapt model parameterizations as needed. 
● Start hindcast model simulations to reconstruct historical HABs for the Southern CCS. 
● Analysis of the conditions leading to natural HABs, including material budgets (nutrients, 

PN biomass, particulate DA), temperature effects, and transport of seed populations. 
● Analyze long-term changes in material budgets and their relationship to anthropogenic 

inputs and climate trends. 
● Outreach with West Coast advisors and stakeholders to explore spatial and temporal scales 

relevant to evaluate effects of anthropogenic inputs. Discuss potential modeling scenarios, 
given preliminary modeling results to date. 

● Preparation of the forcing files and extension of the 4km and 1km CCS simulations to 
recent years (up to 2016). 
 

It is expected that once we have preliminary output from the coupled model runs for HABs, we 
will begin to post these results on a project-specific page hosted by SCCOOS. This will be a site 
for the PIs to consult as well as a pipeline to feed relevant and vetted information to the SCCOOS-
supported, monthly CA HAB Bulletin that interprets model results (e.g. C-HARM) for 
stakeholders based on relationships with monitoring data and relevant food web impacts. 
 
2. Applications: 
This section should describe specifically the outputs and management outcomes achieved. 
Outputs are defined as products (e.g. publications, models) or activities that lead to outcomes 
(changes in user knowledge or action). In cases where proposed management outcomes are not 
fully achieved, indicate the progress made during the reporting period.  
Also, indicate expected outputs and management outcomes for the next year of support. 

a. Outputs 



i. New fundamental or applied knowledge 
ii. Scientific publications 

Deutsch, C., H. Frenzel, J.C. McWilliams, L. Renault, F. Kessouri, E. Howard, J.-H.  Liang, and 
D. Bianchi, 2019: Biogeochemical variability in the California Current System. Prog. In 
Oceanography, nearly ready for submission. 
Howard, E., J.L. Penn, H. Frenzel, F. Kessouri, M. Sutula, D. Bianchi, J.C. McWilliams, and C. 
Deutsch, 2019a: Fish habitat compression by temperature dependent hypoxia in the California 
Current System. Proc. Nat. Acad. Sci., nearly ready for submission. 

Kessouri F., J.C. McWilliams, D. Bianchi, L. Renault, C. Deutsch, and H. Frenzel, 2019a: 
Submesoscale currents modulate the seasonal cycle of nutrients and productivity in the California 
Current System, nearly ready for submission. 
Kessouri. F., L. Renault, J.C. McWilliams, and D. Bianchi, 2019b: Ocean mesoscale eddies and 
wind feedback impacts the biological productivity of the California Current System, in 
preparation. 

Sutula, M., Kessouri F., McLaughlin K., Sengupta, A., Nezlin N., Ho, M., Bianchi, D., 
McWilliams, J.  2019. Terrestrial and atmospheric forcing for regional physical biogeochemical 
modeling. In Prep For Submission to Earth Systems Science Data. 
Galbraith, Le Mézo, P., Bianchi, D., and Kroodsma D., 2019 Growth limitation of marine fish due 
to low iron availability in the open ocean. In revision for Frontiers in Marine Science. 
Lotze, H., Tittensor D., Bryndum-Buchholz A., Eddy T., Cheung W., Galbraith E.,  …, Bianchi, 
D. 2019. Global ensemble projections reveal trophic amplification of ocean biomass declines with 
climate change. In Review for Proc. Nat. Acad. Sci. 

Thompson, AR, ID Schroeder, SJ Bograd, EL Hazen, MG Jacox, A Leising, N Mantua, BK 
Wells, R Kudela, C Anderson, J Largier, J Fisher, E Bjorkstedt, RR Robertson, FP Chavez, M 
Kahru, R Goericke, S McClatchie, CE Peabody, TR Baumgartner, BE Lavaniegos, J Gomez-
Valdes, RD Brodeur, EA Daly, CA Morgan, TD Auth, B Burke, J Field, K Sakuma, ED Weber, 
W Watson, J Coates, R Schoenbaum, L Rogers-Bennett. 2018. State of the California Current 
2017-2018: Still not quite normal in the north and getting interesting in the south.  CalCOFI Rep., 
Vol. 59  
Anderson,CR, E Berdalet, RM Kudela, C Cusack, J Silke, E O’Rourke, D Dugan, M McCammon, 
J Newton, SK Moore, K Paige, S Ruberg, JR Morrison, B Kirkpatrick, K Hubbard, and J Morell. 
2019. Scaling up from regional case studies to a global harmful algal bloom observing system. in 
review after revision at Frontiers in Marine Science. 
iii. Patents 

iv. New methods and technology 
v. New or advanced tools (e.g. models, biomarkers) 

vi. Workshops 
Organization of a session for the 25th Biennial Coastal and Estuarine Research Federation 
Conference (11/2019), “Ocean acidification in a multiple climate change stressor context: science 
based tools for management.” Kessouri F., D. Bianchi, R. Feely, E. Turner, N. Bednarsek, M. 
Sutula. 
vii. Presentations  

Kessouri, F.; Sutula, M.; McWilliams, J.; Bianchi, D.; Bednarsek, N.; McLaughlin, K.; Howard, 



E.; Deutsch, C.; Feely, R.; Weisberg, S.: Ocean modeling supports management conversation on 
the impact of local pollution sources on acidification and deoxygenation in the Southern 
California Bight. ASLO 2019 Aquatic Sciences Meeting. 
Sutula, M.; Kessouri, F.; McWilliams, J.; Bianchi, D.; Renault, L.; Frenzel, H.; Deutsch, C.: 
Seasonal modulation of nutrient cycles and phytoplankton biomass by submesoscale circulation in 
the California Current System. ASLO 2019 Aquatic Sciences Meeting. 

Kudela, RM., K Hayashi, M Peacock, C Gibble, A Boyer, C Anderson, D Senn, J Cloern.  2018. 
Persistent domoic acid in the California Current food web: an emerging threat? 18th International 
Conference on Harmful Algae, Nantes, France, 21-26 October 2018.  
Anderson, CR and RM Kudela. 2018. One model to help them all? Challenges facing harmful 
algal bloom prediction in the coastal zone. Conference on Harmful Algae, Nantes, France, 21-26 
October 2018.  

Anderson, CR, H Ruhl, J Newton. 2019. Connecting stakeholders to ecosystem change with 
ecological forecast models in the California Current System. American Society for Limnology and 
Oceanography Aquatic Sciences Meeting, San Juan, Puerto Rico, 25 Feb - 1 Mar 2019. 
Ruiz-Cooley, I, CR Anderson, RM Kudela. 2019. 15N from amino acids reveal different routes of 
domoic acid transfer in Monterey Bay during an extreme toxic event. American Society for 
Limnology and Oceanography Aquatic Sciences Meeting, San Juan, Puerto Rico, 25 Feb - 1 Mar 
2019. 
viii. Outreach activities/products (e.g. website, newsletter articles) 

b. Management outcomes – I. Management application or adoption of: 
i. New fundamental or applied knowledge 

ii. New or improved skills 
iii. Information from publications, workshops, presentations, outreach products 

iv. New or improved methods or technology. 
v. New or advanced tools 

c. Management outcomes - II. Societal condition improved due to management action resulting 
from output (examples: improved water quality, lower frequency of harmful algal blooms, 
reduced hypoxic zone area, and improved sustainability of fisheries).  
d. Partnerships established with other federal, state, or agencies, or other research institutions 
(other than those already described in the original proposal). 
3. Expenditures: 

a. Describe expenditures scheduled for this period. 
UCLA: funds for UCLA were allocated in Year 1 for salary and fringe ($45,968), publications 
($4,000), administrative services ($1,397), domestic travel ($1700), subawards(145,092) and 56% 
indirect costs ($75,346). 

UCSC: funds were allocated in Year 1 for salary and fringe ($27,286), Supplies ($4500), domestic 
travel ($1,000), and foreign travel ($4,000), with graduate student tuition/fees ($19,870) and 
indirect costs ($19,864).  
UCSD: funds were allocated in Year 1 for salary and fringe ($8,022), supplies ($2,960), 
administrative services ($1,765), domestic travel ($3,795), and 18% indirect costs ($2,978) for a 
total of $19,520. 



SCCWRP: funds for SCCWRP were allocated in Year 1 for salary and fringe ($4,864), 
publications, domestic travel ($2,900), and indirect costs ($4,197), for a total of 11,961. 

UW: funds for UW were allocated in Year 1 for salary and fringe ($24,007), and 54.5% indirect 
costs ($13,084). 

b. Describe actual expenditures this period. 
UCLA: As of the report due date, no expenditures have been made. 

UCSC: as of the report due date, the graduate student stipend and fees have been allocated 
($25,322). Expected expenditures for supplies and domestic travel are anticipated to spend the 
majority of Year 1 funds during this budget interval.  
UCSD: as of the report due date, no expenditures have been made. 

UW: as of the report due date, no expenditures have been made. 
SCCWRP: as of the report due date, no expenditures have been made. 

c. Explain special problems that led to differences between scheduled and actual expenditures, etc. 
UCLA: Funds were allocated in Year 1 to support 7 months of postdoc salary at UCLA. We 
conducted a search for the UCLA postdoc in the fall, but unfortunately the chosen candidate 
elected to take another position. We are currently continuing the search, and anticipate filling the 
position at the beginning of the next reporting period. 
UCSC: transfer of the funds from UCLA to UCSC occurred very late in the first year (March 
2019) so spending in Year was delayed. We expect this will catch up in the first part of Year 2 
now that the funds are available.  

UCSD: transfer of the funds from UCLA to UCSC occurred very late in the first year (March 
2019) so spending in Year was delayed. We expect this will catch up in the first part of Year 2 
now that the funds are available.  
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_________________________________________________________March 28, 2019 
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