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a. Provide a brief summary of progress, including results obtained to date, and their relationship
to the general goals of the grant;

This is the progress report for the period from March 1, 2020 to February 28, 2021. This research
project is a multi-institutional effort between UCLA, UCSC, SCCWRP, UCSD, and UW. The main
objective of the project is to develop an integrated modeling system validated against available
observations, to investigate the natural and anthropogenic drivers of Pseudo-nitzschia (PN) Harmful
Algal Blooms (HABs) in the southern California Current System (CCS). Our approach builds upon
the development of a similar modeling system (ROMS-BEC) used to investigate the physical
circulation and biogeochemical cycles (in particular, ocean acidification and hypoxia) along the US
West Coast.

The specific project goals can be summarized as follows: (1) develop 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) apply and use our integrated model to investigate the relative
importance of anthropogenic inputs and other potential drivers on the frequency and severity of PN
HAB events in the southern CCS; and (3) provide our findings to coastal zone managers to improve
marine resource management and pollution control.



The main activities conducted during the reporting period are listed in the following: (1) analysis
and synthesis of PN/DA observations to determine environmental PN/DA HAB drivers and form
the basis of the model validation data. (2) Optimization and analysis of the zero-dimensional (0-D)
mechanistic model of PN/DA production based on phytoplankton physiology and nutrient ratios,
against laboratory culture data (batch and chemostat experiments). (3) Preliminary implementation
and analysis of a realistic version of the 0-D model for selected station in the California Current,
and forcings extracted from the three-dimensional (3-D) ROMS-BEC model. (4) Continued
investigation of the effects of anthropogenic inputs as well as management translation of our science
by achieving the following key milestones: (a) publication of ROMS-BEC model validation that
shows exceptional model performance in predicting key anthropogenically enhanced gradients in
carbon, nitrogen and oxygen; (b) management acceptance of ROMS-BEC by executive managers
of the State Water Board and Ocean Protection Council for investigation of anthropogenic nutrient
impacts on productivity in the Southern California Bight (SCB), that form the foundation for key
application of this work; (c) agreement with these managers that HAB risk could be considered as
a 3" line of evidence in assessing impacts of anthropogenic nutrient discharges on “beneficial uses”
of the SCB.

We report that the project is on track to 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 three-dimensional (3-D) ROMS-BEC model to conduct and evaluate high-
resolution “hindcast” simulations of PN and DA production throughout the southern CCS,
consistent with the observational record; (3) Conduct simulations with and without anthropogenic
nutrient loadings to explicitly address their role in risk of HAB development. Progress has been
made at UCLA on Task (1-2): in fall 2019, a postdoc was hired in Bianchi’s group to work on the
development of the PN mechanistic model. To date, a PN/DA model encapsulating the role of
nutrient ratios on DA production has been developed and tested against laboratory observations, as
detailed in the Accomplishments section below. In preparation for 3-D simulations, the 0-D model
is currently being applied under realistic conditions for selected locations in the California Current,
and compared with a new compilation of nutrients and DA observations. Progress has also been
made at UCLA and SCCWRP on Tasks 2-3, mostly leveraging ongoing modeling work, as detailed
in the Accomplishments.

Mechanistic Model Accomplishments

PN/DA mechanistic model development can be broken down into two components: the first run in
0-D environment for development and tuning purposes, and the second to be run within the 3-D
BEC/ROM parametrizations. For the reporting period, we focused on the 0-D implementation to
(1) reproduce laboratory observations; (2) begin testing more realistic implementations for the
California Current, forced by ROMS-BEC output. Accordingly, the main modeling activities
undertaken during the past period are:

e We finished developing the mechanistic 0-D model to investigate the dynamics of DA
production based on nutrient limitation (i.e., nitrogen vs silicon, phosphorous, and iron). The
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Figure 1. Schematic of the 0-D model setup. The Biological Module allow to specify different
equations and parameterizations for nutrient cycles, phytoplankton growth, and DA
production. Different options are highlighted. The Experiment Module allows to specify a
physical set up for the model, to reproduce batch and chemostat experiments, or a realistic
oceanic implementation (mixed layer case).

model runs the following “biological modules”: (1) Terseleer: the more complex model
developed by Terseleer et al. (2013, Harmful Algae), which reproduces batch culture data and
serves as a comparison for our simplified model; (2) BEC-PN/DA: a model adapted to the
phytoplankton formulation of the BEC, including a simple parameterization for DA production
based on nutrient limitation factors, ready to be translated to the 3-D ROMS-BEC modeling
system.

We finished development of three complementary 0-D model “physical setups” to experiment
with: (1) Batch setup to reproduce batch culture data; (2) Chemostat setup to reproduce
laboratory chemostat data, and (3) Mixed Layer setup to reproduce nutrient and phytoplankton
dynamics in the mixed layer with realistic cycles of light, horizontal and vertical transport, and
other environmental drivers extracted from the 3-D ROMS-BEC simulations. A schematic of
the model set up, including biological and physical options is shown in Figure 1.

We run a series of 0-D model simulations to reproduce the chemostat culture setup for PN/DA
from 42 experiments by Kudela’s lab. We used this data to develop an optimization procedure
to constrain uncertain model parameters, and best reproduce observations.

We compared results with different parameter sets from multiple optimizations (i.e., varying the
cost function definition, or the number of parameters optimized for) to ensure that the model is
reproducing the correct dynamics of PN growth and DA production and accumulation. These
analyses include (see Figure 2):

o Comparison of final chlorophyll concentration (Figure 2a)

o Comparison of final nutrient concentrations (Figure 2b)

o Comparison of final dissolved and particulate DA concentration (Figure 2c)
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Figure 2. Results from 36 chemostat experiments with the 0-D model, as compared to
observations (each dot corresponds to a different chemostat setup), showing (a)
chlorophyll, (b) nutrients, (c) DA concentration, (d) DA production as a function of Si
limitation, (e) chlorophyll concentration as a function of dilution, and (f) DA production
per unit of biomass production as a function of Si limitation. In (a-c) the x-axis shows
observation, the y-axis the model. In (d-f) model is shown in red, and observations in
black. Si-limited experiments are shown by filled symbols, N-limited by empty symbols.

o Relationships between biomass vs. dilution rate (Figure 2¢)
o Relationship between nutrient limitation factors and DA production (Figure 2d,f).

These comparisons show that the model can: (1) reproduce final chemostat nutrients, PN
chlorophyll, and DA (both particulate and dissolved) concentrations; (2) reproduce the correct
dynamics of PN nutrient uptake and growth; (3) reproduce the correct dynamics of DA
production and accumulation, and its sensitivity to N/Si nutrient ratios.

We begun documenting this first set of results (model implementation and optimization vs.
laboratory cultures) in a fist manuscript for the project, that is now about 70% complete.

We have implemented the 0-D model for multiple stations along the CCS, using forcings (i.e.,
nutrient inputs, temperature and solar radiation) from the ROMS-BEC simulations (see Figure
3). The goal of these simulations is to test the PN/DA formulation under more realistic physical
biogeochemical conditions representative of the California Current. We have developed a
method to extract nutrient fluxes, temperature and light for the mixed layer (ML) in selected
sub-domains from 3-D ROMS-BEC simulations, to force the 0-D model under realistic
conditions. Results suggest that this 0-D ML formulation closely reproduces the original 3-D
model results, while allowing much great speed and flexibility for model testing. We plan to use
this 0-D ML implementation for a selected set of sub-regions along the California Current to
translate the 0-D model results to the 3-D ROMS-BEC, in particular exploring the sensitivity of
the model parameters against in sifu measurements.
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Figure 3. Comparison between the 0-D model run under the mixed layer setup (red
line), the fully 3-D ROMS-BEC model (black line), and observations (green line) for (a)
nitrate, and (b) chlorophyll in the Monterey Bay region (region shown in Figure 4). 0-
D and 3-D model show generally good agreement, differences with observations can be
partly attributed to observational sampling bias that favors coastal waters.

To constrain the 0-D ML model implementation and to provide an observational comparison
for upcoming 3-D ROMS-BEC simulations, we also continued assembling a coast-wide dataset
of nutrients (NO3-, PO4*, Si), chlorophyll, and DA observations in collaboration with Kudela’s
group and J. Smith at SCCWRP. The current number of measurements for nutrients and
particulate DA is shown in Figure 4. We are using this dataset to: (1) select the focus regions
for model analysis (both 0-D and 3-D) based on data availability; (2) provide sub-regional
timeseries and climatologies of observations to compare with the 1-D and 3-D model, helping
identifying strength and biases in the model formulation, and constraining parameters; (3) allow
observational investigations of the drivers of PN/DA blooms, for example by analyzing their
spatial variability and in situ correlations with chlorophyll, nutrients, temperature, etc.

Comparison of the observed nutrient dis underway, focusing on Si and PO4+* cycles. Previous
model validation was carried out at large scale and for the SCB, however it focused on NO3"
and chlorophyll. Since limitation by nutrients other than NO3" (in particular Si) is considered an
important trigger for DA production, we are now evaluating the accuracy of the ROMS-BEC
model in reproducing these nutrients. A preliminary analysis suggests that while ROMS-BEC
is particularly accurate for NOj3', dissolved Si and PO4* are somewhat biased towards values
higher than observations by few mmol m. This bias may be important when ruining the PN/DA
module, and thus we are working to identify the culprit of the bias, and exploring options to
either (1) reduce the bias in ROMS-BEC, e.g., by correcting boundary conditions or tuning
parameters such as the Si:N ratio for uptake by diatoms; (2) tuning the PN/DA parameterization
so that it accounts for the ROMS-BEC bias.
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Figure 4. Observational compilation for the California Current used for model validation and
calibration, showing (a) nitrate and (b) DA. Colors show the number of individual
measurements over 20x20 km grid points. The two insets show examples of climatologies
obtained from these observations for the Monterey Region (red square).

Ongoing work related to the modeling component of the project includes:

e Revision of the main paper detailing the impacts of anthropogenic nutrients on the SCB
biogeochemistry and ecosystem, including a discussion of the implications for HABs. The paper
has now been accepted for publication (Kessouri et al. 2021, PNAS, In Press). It has been listed
as publication 980 from ECOHAB.

e Revision of the validation paper for the SCB, focusing on describing the ability of the model to
capture the cycles of N, phytoplankton, O, and C system in the region, under the effect of
anthropogenic inputs. The paper accepted for publication, and will be listed as contribution from
ECOHAB.

Investigations of Anthropogenic Impacts on Coastal Productivity and HABs.

3-D simulations with ROMS-BEC will focus on PN-DA HABs in two sub-regions of the southern
California Current that are heavily affected by terrestrial anthropogenic nutrient inputs: the Southern
California Bight (SCB) and the San Francisco /Monterey Coast (SFMC). Within each of these two
regions, investigation of the impact of anthropogenic pollution effects on OAH has proceeded
through two stages:

e Stage 1: documentation of the effects of local pollution sources on shelf biogeochemistry, plus
additional validation focused on spatial gradients that result from this anthropogenic forcing;

e Stage 2: scientific investigations that could support regulatory or management decisions,
including source attribution studies and development and agreement on the approach to interpret
“significant impact” on acidification and deoxygenation.

Ongoing investigation of local pollution impact in the SCB have been prioritized over that in the



SFMC because of the significant advance investment made by SCB stakeholders to collect data that
supports model validation through the Bight Regional Monitoring Program.

Here we report progress using the 300-m ROMS-BEC model simulations of coastal anthropogenic
inputs, and their effects on the biogeochemistry and ecosystem in the SCB and the validation of
these anthropogenic gradients; these activities represent a leverage of ~$400K from the OPC
funding to SCCWRP and UCLA, with an additional $300K match of SCCWRP internal funding.

In a brief summary of methods, work on Stage 1 occurred via simulations conducted at a 300 m
resolution in which we compared: (1) ocean forcing only (CTRL), and (2) the combined effect of
ocean forcing, plus the inclusion of POTW ocean outfalls, rivers, atmospheric deposition of
nutrients (ANTH). Ocean boundary conditions to the SCB domain were forced using the 1-km
resolution model solutions; POTW outfall, rivers and atmospheric deposition time series data
constituted land-based and atmospheric boundary forcings in the second model simulation. POTW
outfalls represent > 90% of total N loads to SCB nearshore coastal water, therefore, while Stage 2
source attribution studies are underway, the difference between ANTH and CTRL is largely
attributable to anthropogenic nutrients.

These simulations were used to complete the Stage 1 validation and preliminary anthropogenic
effects assessment, which collectively represent a major milestone in our efforts to investigate the
effects of anthropogenic inputs in the SCB as well as management translation of our science. In
particular:

e We completed and published the model validation for the 1997-2000 period that shows
exceptional model performance in predicting key anthropogenically-enhanced gradients in
phytoplankton, primary production and biogeochemical properties in the SCB for the ANTH
simulation (Kessouri et al., in press for Journal of Advances in Modeling Earth Systems).

e We completed and published a demonstration that enhanced coastal nutrient export from human
activities of 23-million people in the SCB led to significant increases in the photosynthesis and
biomass of phytoplankton, and increased oxygen loss and acidification of the water column.
These changes are likely to compress habitat for a variety of marine organisms, with cascading
ecological effects, and implications for marine resources and water quality management
(Kessouri et al., in press for Proceedings of the National Academy of Sciences).

e We used the ANTH simulation for the SCB to shows that anthropogenic nutrient inputs drive a
shift in phytoplankton biomass towards diatoms, with implications for PN-related HABs. This
finding supports an emerging hypothesis that anthropogenically-enhanced nutrient inputs may
exacerbate the magnitude and frequency of harmful algal blooms in the SCB. In this region, PN
blooms are associated with upwelling of cold, nutrient-rich waters, occurring from late winter
to summer. A marked difference exists between northern and southern waters in the SCB, with
maximum concentrations of DA in shellfish tissue observed from late spring to fall north of Los
Angeles, and from winter to spring south of'it. A series of PN blooms observed in coastal waters
near Palos Verdes, Newport Beach, and San Diego were not associated with upwelling events,
and no evidence of relationship between nutrients and rainfall was found. The timing and
location of these blooms are consistent with the results from our ANTH simulation, where
eutrophication hotspots are largely driven by subsurface anthropogenic nitrogen sources, and
tend to initiate earlier than wind-driven upwelling. Planned simulations with ROMS-BEC will
focus on the mechanistic linkage between anthropogenic nutrient inputs and the prevalence of
PN HABs in the region.
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Figure 5. Left: growth vs. temperature for three strains of P. multiseries. Right: the
same three strains grown at 24°C with varying light levels. Error bars represent
standard deviation of three replicates.

e We begun extension of the 300 m ROMS-BEC simulations (both CTRL and ANTH cases) to
more recent years (2000 to 2016) for which a wealth of nutrient, chlorophyll, PN and DA
observations are available, which are essential to provide a robust comparison with the model’s
results.

e To carry out these new ANTH simulations, we assembled reconstructions of freshwater flow,
N, P, silica, and organic C representing natural and anthropogenic sources to drive model
simulations for the period from 2000 to 2016, for both the SCB and SFMC regions. These data
have been compiled for: 1) WWTP ocean outfalls, 2) riverine discharges, 3) atmospheric dry
and wet deposition and 4) atmospheric CO2 air-sea exchange. We compiled spatially and
temporally explicit time series data of flow and constituent concentrations compiled for a period
of over 20 years for 75 rivers, 23 coastal wastewater treatment plants, and 18 wastewater inland
treatment plants discharging into the Southern California Bight. A portion of these data were
not previously readily available to the public until now. Data gaps were addressed through
expert analysis. Constituent fluxes include nitrogen (N), phosphorus (P), carbon (C), iron (Fe),
silica (Si), and carbonate system parameters (alkalinity and pH).

e We continued development of the SFMC 300m ROMS-BEC configuration, and have now
developed a physics-only solution that includes freshwater forcings from the Golden Gate Strait
and regional river inputs. This configuration will form the basis of a parallel model validation
and assessment of the impacts of terrestrial nutrients on the ecosystem, biogeochemistry and
HABSs in the SFMC region, similar to the work completed in the SCB.

Observational Data Collection and Analysis

As documented in previous reports, we have been collecting and synthesizing large datasets on
Pseudo-nitzschia abundance and toxicity for the California Current. These data are being used to
parameterize and validate the model (see above). During this reporting period we have continued
to add to this dataset, although field observations have been greatly reduced due to COVID. Despite
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Figure 6. Left: Results of a Cumulative Probability analysis for DA vs. temperature from
field data. Right: the probability was applied to existing C-HARM model output for
matchups from the 2015 DA event spanning southern California to Washington. The model
increased accuracy to 83% (+12%) and decreased false positive to 17% (-3%), particularly
in southern California where the probabilistic model suggested the water was too warm
for accumulation of DA.

the challenges with field and laboratory analysis we have also acquired three strains of P. multiseries
from the Pacific Northwest (NWFSC-713, NWFSC-714, NWFSC-715) and have been calculating
growth vs. temperature responses (as well as growth vs. irradiance) to broaden the number of lab-
based measurements. This is crtical given the small number of fully characterized datasets for
Pseudo-nitzschia and therefore the difficulty in evaluating species and strain variability.

Culture work. The plots in Figure 5 provide a summary of the laboratory experiments relevant
to this project. Growth vs. temperature (left) is consistent with published literature and provide
increased confidence in using a standard relationship for the model. We also tested sensitivity
to light levels, since Kudela et al. (Harmful Algae 2020) suggested that discrepancies in
published growth rates may be attributable to differing light levels. The plot (right) shows that
growth could indeed be enhanced substantially with higher irradiance, but that continuing to
increase irradiance suppresses growth. Cellular DA quotas (not shown) were comparable for
low and medium light levels (100-200 pmol photons m-2 s!), but were suppressed for the high
light treatment, with quotas of ~9, 6, and 0.4 pg cell! respectively.

Field data. The compilation of field data was described in the previous report and is not
presented again since we have primarily continued to add to the database. Using those data we
have explored the importance of temperature for controlling DA production. As noted by Smith
et al. (Harmful Algae 2018), there appears to be an upper limit of ~20°C beyond which DA is
not detectable in the field. Using the large dataset, we applied a cumulative probability analysis
to presence of DA as a function of temperature (Figure 6). This “envelope” was then applied to
a hindcast of the 2015 DA event, comparing field observations to the C-HARM model.
Applying this habitat envelope approach improved the C-HARM results,

Future climate projections of DA. Using the combination of lab and field data, we have begun
exploring the predicted spatial extent of DA in the California Current under variable climate.
Preliminary results have been presented at several meetings, and suggest that warming will
move Pseudo-nitzschia and DA northward. Observational data (Trainer et al. 2021) suggest that
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Figure 7. MURSST and Domoic Acid for September-November before (2002-2013) and after
(2014-2019) the shift to warmer waters in northern California, showing a correspondence between

warmer conditions and formation of a new DA hotspot. https://www.frontiersin.org/articles/
10.3389/fclim.2020.571836.

we are already seeing the consequences of this, with emergence of a new ‘“hot spot”
corresponding to a shift in temperature in northern California (Figure 7).

Outreach and Science Translation Activities

Stakeholder Interactions and Community Modeling Forum. SCCWRP lead the outreach and
decision support component of the project. Ultimately, the goal of this component is to facilitate the
translation and utilization of model results by scientists, water quality and natural resources
managers. As part of a broad effort to facilitate acceptance and adoption of ROMS-BEC model
results, we used a Community Modeling Forum that brings scientists and managers together to
empower managers and their scientific advisors to use model outputs to take management actions.
This organized community of modelers, observational researchers, and managers served to: (1)
provide a vehicle for dialogue on management goals and scenarios, (2) encourage discussion on the
use of model outputs to illustrate outcomes of management options to reach those goals, (3)
facilitate discussion about the level of validation needed to use models to support management
decisions, and (4) coordinate modeling products among different technical specialists. We used this
Modeling Forum to inform conceptual approach, educate and get early buy-in on the modeling tools
and their use for anthropogenic impact assessments. The Modeling Forum was focused on
validation and the preliminary impact assessment in the SCB.

Executive water quality managers at a state and local level, including regulators (EPA Region 9,
State and three South Coast Water Boards), the four major POTW Sanitation Districts, and County
Stormwater Managers, regional scientists, environmental non-profits and federal and state fisheries
science and managers were convened in SCB OAH Modeling Stakeholder Advisory Group (SAG)
at the project outset to provide advice on the translation of project findings to management
applications, principally focused around local pollution assessment. With SCCWRP’s CTAG, a
subcommittee was formed, focused on validation. That Committee met over 4 times over a 6-month
period to specify the key variables and analyses, the anthropogenically impacted gradients and
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approaches that should be used to validate ROMS-BEC for application to nutrient management.
The results of the validation were presented to the SAG and CTAG was provided an opportunity to
comment on the validation and effects assessment manuscripts. The CTAG Subcommittee lead
concluded that the Team had addressed the validation specifications to the Subcommittee’s
satisfaction. The SAG/Subcommittee continues to have interest in getting an understanding of
approaches to uncertainty. To address this need, a second workshop has been scheduled for Spring
2021.

These outreach and management translation efforts resulted in important project outcomes,
summarized around the three topical areas below:

e ROMS-BEC has achieved OPC and State Water Board management acceptance, with several
innovative new applications pending, including linkage between anthropogenic nutrient inputs
and HABs.

e Investigations of local pollution impact in the SCB have advanced to a second stage, garnering
the attention and commitment of the State Water Board to act upon the findings, including
consideration of new water quality criteria; and

e ROMS-BEC is recognized as a key tool to advance science and investigations of biological
assessments.

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.

The work for next year will follow the timeline detailed in the project description. For the
mechanistic modeling component, the following tasks will be addressed at UCLA:

e Complete the sensitivity tests with the 0-D model to explore: (1) the sensitivity to the choice of
selected parameters; (2) the sensitivity of the model to environmental drivers known to affect
PN growth and DA production.

e Complete the first manuscript detailing the 0-D model implementation, optimization and results.

e Complete a series of 0-D simulations with the realistic ML implementation of the model in
selected data-rich regions along the southern California Current, to tests and adapt
parameterizations in preparation for the 3-D runs with ROMS-BEC.

e Complete the translation of the 0-D code to ROMS-BEC.

e Run and analyze a preliminary set of 3-D simulations with ROMS-BEC and compare them to
the observational DA compilation.

e Investigate the effects of terrestrial nutrient inputs in the SCB for the period 2012-2017,
including increased risk of HABs, in order to establish a “causal linkage” between pollution and
HABs which, if demonstrated, could result in a variety of potential Water Board policy
decisions. Specific tasks include:

o Evaluating the relative contribution of various sources and pathways of point and
non-point anthropogenic sources to coastal eutrophication and HAB risk;

o Investigating the relative contribution of large-scale climatic variability versus

11



anthropogenic land-based nutrient inputs;

o Investigating the effects of different nutrients management actions and wastewater
recycling.

Complete the baseline ANTH simulation with the 300 m ROMS-BEC configuration for the
SFMC region.

Perform a validation of the SFMC simulation against in situ observations.

Investigate the relative effect of anthropogenic nutrient discharges on coastal phytoplankton
biomass, productivity and biogeochemistry in the SFMC.

For the observational data collection and analysis component, the following tasks will be addressed
at UCSC/SCCWRP:

Merge the Kudela et al. and Smith et al. (2018) datasets to generate a unified database; explore
the drivers of toxicity using glm (or similar) statistical models to guide the numerical model
development.

Transition from using CMIP5 global model predictions to downscaled versions for the
California Current, which will provide higher spatial resolution and improved fidelity for (e.g.)
coastal upwelling processes.

Continue to add to the field observational datasets.

Document N-uptake parameters for the P. multiseries cultures to broaden the number of species
and strains that have been characterized, and use these data to guide the model development.
We are currently running a long-term adaptation/evolution experiment to see if growing the
cultures at 15° and 24° (near the thermal optimum) will result in measurable shifts in
temperature reaction norms. This requires ~500-1000 generations at the warmer temperature,
which we will achieve approximately in summer 2021.

For the outreach and science translation activities component, the following tasks will be addressed
at SCCWRP/SCCOOS:

We will continue our engagement with regional stakeholders by organizing and holding
additional workshops with the SAG to showcase model results. The first of these workshops has
been scheduled for Spring 2021.

We have worked on establishing relevant connections at local and state agencies to ascertain the
scales of information required for fisheries and marine resource management decisions and
policy making, leveraging a series of workshops from another project (IOOS Coastal and Ocean
Modeling Testbed; PIs Christopher Edwards and Clarissa Anderson). It is expected that as we
generate fields from the BEC-PN/DA 3-D configuration this year, we will begin to assemble
exposition of these into a project page on the SCCOOS website that blends the CA HAB Bulletin
and project results into a synthesis that we can share with our stakeholder community for direct
feedback. This activity is expected for the upcoming year as other HAB observational projects
also get underway at SCCOOS and CeNCOOS with direct relevance to this project
(ECOHAB19 and PCMHAB20).

2. Applications:

This section should describe specifically the outputs and management outcomes achieved. Outputs
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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.

As we generate output from the ROMS-BEC 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. Results from a complementary project (Co-PI
Anderson) - ECOHAB19: Oceanographic and Cellular Controls on Domoic Acid Production in the
Central and Southern California Current — will directly impact this study in terms of helping to
better parameterize the 0D domoic acid model relative to observed environmental triggers of
domoic-acid-producing genes (daba and dabc). A second complementary project is underway (PI
Anderson) — Ocean Protection Council-funded Implementation of an early HAB Warning System
for California — is establishing a real-time network of Imaging Flow Cytobots at 10 pier and mooring
sites in California, supplemented by offshore cruise sampling throughout the year. Plankton
community data at high temporal resolution will capture bloom initiation and help us link conditions
favorable for Pseudo-nitzschia growth to the ROMS-BEC state variable parameterizations, as well
as validation.

a. Outputs
i. New fundamental or applied knowledge
ii. Scientific publications

e Kessouri, F., Bianchi, D., Renault, L., McWilliams, J. C., Frenzel, H., & Deutsch, C.
A. (2020). Submesoscale currents modulate the seasonal cycle of nutrients and productivity in
the California Current System. Global Biogeochemical Cycles, 34,¢2020GB006578. https://
doi.org/10.1029/2020GB006578.

e Kessouri, F., McLaughlin, K., Sutula, M., Bianchi, D., Ho, M., McWilliams, J. C., Renault,
L., Molemaker, J., Deutsch, C. A., Leinweber, A. Configuration and validation of an oceanic
physical and biogeochemical model to investigate coastal eutrophication: case study in
the Southern California Bight. Earth Space Sci. Open Arch. In press for Journal of Advances in
Modeling Earth Systems. doi: https://doi.org/10.1002/essoar.10504012.3

e Kessouri F., J.C. McWilliams, D. Bianchi, M. Sutula, L. Renault, C. Deutsch, R.A. Feely, K.
Mclaughlin, M. Ho, E. Howard, N. Bednarsek, P. Damien, J. Molemaker, S.B. Weisberg.
Coastal eutrophication is linked to a cascade of effects on acidification, deoxygenation, and
ecology in a major oceanic upwelling system. In press for Proceedings of the National Academy
of Sciences.

e Sutula, M., Ho, M., Sengupta, A., Kessouri, F., McLaughlin, K., McCune, K., & Bianchi, D.
(2021). Dataset of terrestrial fluxes of freshwater, nutrients, carbon, and iron to the Southern
California Bight, U.S.4. Data in Brief, 106802. doi: https://doi.org/10.1016/j.dib.2021.106802

e Deutsch, C., H. Frenzel, J.C. McWilliams, L. Renault, F. Kessouri, E. Howard, J.-H. Liang, and
D. Bianchi, 2021: Biogeochemical variability in the California Current System. In press for
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Prog. In Oceanography.

Renault L., J.C. McWilliams, A. Jousse, C. Deutsch, H. Frenzel, F. Kessouri and R. Chen.
Revisiting the California Current System using uncoupled oceanic and atmospheric models. In
press for Prog. In Oceanography.

Trainer, V.L., Kudela, R.M., Hunter, M.V., Adams, N.G. and McCabe, R.M., 2020. Climate
extreme seeds a new domoic acid hotspot on the US west coast. Frontiers in Climate, 2, p.23.

Trainer, V.L., Moore, S.K., Hallegraeff, G., Kudela, R.M., Clement, A., Mardones, J.I. and
Cochlan, W.P., 2020. Pelagic harmful algal blooms and climate change: Lessons from nature’s
experiments with extremes. Harmful Algae, 91, p.101591.

1i1. Patents

iv. New methods and technology

v. New or advanced tools (e.g. models, biomarkers)

Kessouri, F., McLaughlin, K., Sutula, M., Ho, M., McWilliams, J. C., & Bianchi, D. (2020).
Collection of situ monitoring data in the Southern California Bight 1950-2017 for model
validation. Zenodo. doi: https://doi.org/10.5281/zenodo.3988574 (dataset)

vi. Workshops

Vii.

Kessouri F., and M. Sutula. Investigations of the Effects of Human Inputs on Acidification and
Deoxygenation in the SCB. NOAA OAP webinar, March 17, 2020
Accepted session for the Coastal and Estuarine Research Federation (CERF) 2021 biennial
meeting. Title: Ocean models at the service of sustainable solutions. Lead Convener: Faycal
Kessouri; Co-conveners: Daniele Bianchi and Samantha Siedlecki.

Presentations

Kudela, RM. 2020. Connecting domoic acid events to temperature: What does the future hold?
Restore America’s Estuaries 2020 National Coastal and Estuarine Virtual Summit, September
2020.

Kudela, RM. 2020. Forecasting the future of a changing ocean: What are the consequences?
University of California Santa Cruz Kraw Lecture Series, November 18 2020
(https://www.youtube.com/watch?v=GZ5n1ql6zFI).

Kudela, RM. 2020. A new domoic acid hotspot in northern California linked to climate.
CalCOFI Conference 2020 (virtual), December 2020.

viii. Outreach activities/products (e.g., website, newsletter articles)

b. Management outcomes — [. 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
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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).

Kudela has been collaborating with the “Future Seas” NOAA project to access the downscaled
climate models for the California Current.

3. Expenditures:
a. Describe expenditures scheduled for this period.

UCLA: Funds for UCLA were allocated in Year 3 for Salary & Fringe $70,105; Travel $1.500;
Other Cost (supply and Misc) $4,573; 56% In direct cost $41,136

UCSC: Funds were allocated in Year 3 for salary and fringe ($23,664), supplies ($8,500),

domestic travel ($1,000), international travel ($2500), with graduate student tuition/fees ($23,543)
and indirect costs ($19,259), for a total of $78,466.

UCSD: Funds for UCLA were allocated in Year 3 for $37,547 for a total of $57,067
b. Describe actual expenditures for this period.

UCLA: Funds have been spent on Salary & Fringe $79,462; Travel $2,200; Other Cost (supply
and Misc.) $1,053; 56% In direct cost $55,846 for a total of $155,571

UCSC: Funds have been spent on salaries and fringe ($7,838), travel $1370), and student tuition
($6085), for a total of $19,523.

UCSD: Funds have been spent on: Salaries, Fringe Benefits, and MPL Lab Support, for a total of
$1,041.

UW: No expenditures to report during the reporting period.

SCCWRP: Funds have been spent on personnel and nothing in other categories, for a total of $11,233.
c. Explain special problems that led to differences between scheduled and actual expenditures, etc.
UCLA: A postdoc for the project was recruited and hired in September 2019. We are now on track
to spend the fund in each category. We will request a no-cost extension for an additional year to
continue the project.

UCSC: UCSC received funds from UCLA late, and we have been out of sync with the scheduled
expenditures since the beginning of the project. However, we are on track to spend out the funds in

each category. Shutdowns due to COVID and wildfires have slowed down our spending since
students were not available and field activities were curtailed.
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UW: The funding for this grant always arrived after the period of performance for the year, so it
was never authorized by UW’s accounting department to use it. Despite several emails between
UW and UCLA, UW never got a carryforward approval to use the funds after the award period.
UW records show that in July of 2020, the money was returned to UCLA and the award was closed.
UW Co-PI Deutsch has accepted another position at Princeton University starting on July 1, 2021.

Prepared by:

March 30, 2021
Daniele Bianchi Date
Signature of Principal Investigator
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