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This report covers activities related to Sea Grant award R/OPCCONT-12 A, number 10-010, for the project “Forecasts and Projections of Environmental and Anthropogenic Impacts on Harmful Algal Blooms in Coastal Ecosystems”. The report outcomes are listed under the relevant tasks.

Purpose/Goals/Objectives We have developed 8 specific goals:

1) Apply existing empirical habitat models for the phytoplankton group Pseudo-nitzschia, the causative agent of amnesic shellfish poisoning, and its toxin, domoic acid, to predict the probability of bloom occurrence in California, initially focusing on two areas: the Santa Barbara Channel, and Monterey Bay;

2) Derive the environmental variables forcing each model using a combination of satellite remote sensing and mechanistic 3-D modeling, in near-real time;

3) Validate environmental parameters and verify target bloom predictions and the ensuing toxicity in sentinel seafood species;

4) Create gridded historical hindcasts of bloom probabilities for the two regions;

5) Expand these habitat models to the rest of the state of California;

6) Develop a web site to present and distribute HAB probability nowcasts / forecasts;

7) Construct and implement a robust predictive system that employs the models, results, and web site developed during the previous five objectives to demonstrate the ability to provide nowcasts and forecasts of spatially explicit HAB probabilities from associated environmental conditions;

8) Conduct similar modeling efforts for PSP prediction, with the recognition that we are not as advanced in terms of existing predictive capability for PSP.

Summary of Work/Tasks/Activities The tasks for Year 1 (2010-2011) were to begin running the Monterey Bay and SBC models semi-operationally, to continue validation and refinement of these models, to hindcast these two regions using CDPH and Cal-PReEMPT data for validation, and to begin working with CeNCOOS, SCCOOS, and targeted end users on the website design and forecasting tools (Objectives 1, 3, 4, 6, 7). An overarching requirement for this project is to continue collecting robust field data.  As outlined in the proposal, we will focus on Objective 8 beginning in Year 1 and continuing throughout the project, to bring the PSP data sets and monitoring up to the same level as DA and red tide monitoring.

Year 2 objectives (2011-2012) continued the work from Year 1, but focused on improving the models by coupling to the ROMS numerical model (Objective 2), which will facilitate application to new regions, initially focusing on Southern California (Objective 5). Year 2 is also targeted as the timeframe for having a beta-version of the website and web-based tools available for testing by non-project members.

During this project period (2013-14), we continued to work on Tasks 1- 6, but focused on Tasks 7 and 8. We have also been working on a transition plan for the modeling effort as described below.

Two different but related projects were accomplished using the Sea Grant Harmful Algal Bloom funding. The first was creation of scripts to automatically take data from several of the Webb Research HAB equipped gliders and generate near-real time plots of their data (Task 2).   These scripts move data from the receiving computer to the processing computer.  The data for a given deployment were then aggregated and plots of the data are generated.  These plots were then made available through the CeNCOOS website.  Finally these data were written to an IOOS compliant NetCDF file for future distribution by the National Glider Network.  This code was used during the September 2013 MBARI CANON experiment, when both of these gliders were deployed.   Several questions unrelated to the data processing scripts but related to data quality are still being examined.

Additionally code was created to process spectral satellite data in conjunction with Yi Chao’s 3km ROMS model data to generate probability maps of Pseudo-nitzschia, particulate domoic acid, and cellular domoic acid using Clarissa Anderson’s models (Tasks 1, 5).  A script was written to automatically process the MODIS Aqua satellite data using the NASA SeaDAS software.  The resulting L2 files were then converted to NetCDF file to be aggregated for use by DINEOF.   DINEOF was run on the several spectral bands that Clarissa’s model uses.  The filled in data, along with Yi Chao’s ROMS model temperature and salinity, were then used to compute output from Clarissa’s model.  Images for these runs were then generated. The images generated are currently undergoing evaluation. All scripts/code are available by request.

Task 4: As part of the model development we have begun to create extracted time-series for specific locations. Our first test of this capability is focused on the Santa Barbara Channel location where Santa Barbara Mariculture is located. An example showing the probability of particulate domoic acid is shown.
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We are currently working with Axiom Design (the CeNCOOS data management and web design partner) to implement an ability to extract model results (chlorophyll, temperature, salinity, probability of Pseudo-nitzschia, particulate domoic acid, and cell quotas) for any grid point within the model (i.e. all of coastal California).

Task 6:  We redesigned the HAB pages for the CeNCOOS website and have been working on developing content that will be linked across all of the sites, thus promoting establishment of a State-wide, unified effort. This was recently completed and is included in the new CeNCOOS website (www.cencoos.org). Directly related to our objectives, the models implemented in Tasks 2, 5 are now available online, although at the moment we maintain restricted access while testing and validation is underway. The model output is available as mapped images at:

http://www.cencoos.org/sections/conditions/blooms/pd_plots/
http://www.cencoos.org/sections/conditions/blooms/pn_plots/
http://www.cencoos.org/sections/conditions/blooms/pc_plots/
Task 7: We have been heavily focusing on this task in an effort to transition the modeling from a research to operational framework. As reported previously, we developed a workflow at CeNCOOS that provides automated satellite data ingestion, including the statistical reconstruction to remove clouds. These data are then used as inputs for the statistical models. This has been in “testing” phase and we are now transitioning to operational use. Results from this effort will be presented at the Ocean Sciences Meeting this month (February 2014) in Hawaii.

We also received funding from NASA to develop a research-to-operations path (the figure below is excerpted from the proposal:

10/1/13-9/30/14
Merging Satellite and Numerical Model Data in the California Current to Create Continuous Imagery and Forecasts of Harmful Algal Blooms, NASA, $189,683. PI: C. Anderson (Kudela is co-I)

Funds for an additional 4 years are available after a down-selection process.
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Figure 2. Diagrammatic workflow of Stage 1 to Stage 2 components. Top panel highlighted in blue represents the Stage 1 Feasibility Study in this proposal, and red boxes in the bottom panel describe deliverables for a Stage 2 operational scenario. Dark green polygons in Stage 1 are data interpolation and chlorophyll algorithm routines that create project-specific datasets (light green) from available (grey) observations (i.e. NASA remote-sensing data, in situ sampling). Crowdsourced data, also in light green, is expanded in this proposal beyond Cal-HABMAP to include JellyWatch and TempBreak citizen sighting data and a marine mammal stranding component to the JellyWatch web application. At each step, data layers are ingested in an Integrated Forecast Framework for application of guidelines and rules using the analysis tool to be developed as part of the Stage 1 study proposed here.

Task 8: There were unusually high levels of PSP toxins in Monterey Bay during 2013. We took advantage of this to collect relevant ecological and ecophysiological data for the development of a statistical modeling approach. This is being pursued by Regina Radan, Sea Grant Trainee.
Transition to an operational system: While UCSC continues the project with a no-cost extension, MBARI/CeNCOOS is working closely with Kudela and Anderson to develop an operational capability. This is described in this report (i.e. the automated generation of model output) and is continuing with additional funding through NASA and CeNCOOS (NOAA). We consider this a successful completion of the proposal goals as outlined in the Sea Grant/OPC proposal. 
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