
Developing a HAB Early Warning System for California 

Raphael Kudela, Kasia Kenitz, Clarissa Anderson

Modeling, Observations, Prediction



WC-COMT Stakeholder Workshop – Priority Themes

Broad participation of end-users and technical practitioners from the entire West Coast 
+++ 38 Participants +++ Across Five Major End-User Sectors

Observational Impacts
in Data Assimilation

Fisheries Habitat Harmful Algal BloomsOcean Acidification & Hypoxia



Weekly measurements:
• HAB spp. (8-9 taxa)
• Chl-a, Temp, Salinity, 

Nutrients
• Domoic Acid + SPATT 

toxins
• Weekly alerts to 

HABMAP  
listserv

• Monthly QC’d data now 
served via ERDDAP 

• Synthesis with models: 
CA HAB Bulletin

• 10 academic institutions
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HARMFUL ALGAL BLOOM MONITORING & ALERT PROGRAM
Grass-roots origin in 2008; now fully supported by SCCOOS + CeNCOOS

Limitations: Only provides a weekly snapshots of a highly dynamic system; $$$ prohibitive to do daily 
monitoring; toxins and nutrients not even close to real-time; users want forewarning!



CA IFCB Network

● Close to having 9 IFCBs running in real-
time, most at stations with full hydrological 
sampling suites 

● OPC funding phasing out by 2024

● O&M now covered via IOOS/NCCOS 
support to SCCOOS and CeNCOOS (US 
HABON Pilot Projects) – funds Melissa 
Carter & Kasia Kenitz to coordinate 
operations and data analysis for entire 
team

CA IFCB Network
➢ Ocean Protection Council Proposition 1 Infrastructure Project 

➢ Transitioned to NHABON funds from IOOS and NCCOS

Left: IFCBs being built in McLane labs. Middle: OPC 
signage on Scripps Pier. Right: IFCB deployed on 
Scripps Pier in all its glory 



Regional Expansion
➢ National HAB Observing Network 

Implementation & Pilot Projects
➢ Work with regional pilots to assimilate data 

content, models, forecasts, and other 
products into the HAB DAC

National HAB Observing Network - Community of Practice
NOAA IOOS and NCCOS funding us to establish a CA IFCB Network

pilot project for national capacity development

● Co-Chairs: Quay Dortch, Clarissa Anderson
● NHABON quarterly Webinar Series
● Applications/ nominations for the Steering 

Committee of the National HAB Observing 
Network Community of Practice just went in



CA IFCB Network—Progress

CA IFCB Network
➢ Ocean Protection Council Proposition 1 Infrastructure Project 

➢ Transitioned to NHABON funds from IOOS and NCCOS

Kudela, Anderson, Ruhl, 2021, Oceanography



CA IFCB Data Management – instrument to dashboard

PCMHAB 2020: CA IFCB Network Data Management
Axiom Data Science (i.e. Shane St. Savage) working with SCCOOS and each team to push data 

to the real-time Dashboard and to Axiom servers
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HAB Data Assembly Center (DAC) Development

PCMHAB 2020: Harmful Algal Bloom Community Technology Accelerator
NOAA NCCOS funding us to establish a national 

HAB Data Assembly Center that uses the CA & GoM IFCB Networks as a prototype

WHOI, PI Brosnahan, MERHAB

HABhub



UCSC Image Database

Total of 1,003,334 manual annotations:
➔ 97 genus/species classes
➔ Several “super groups”
➔ Ash, cysts, detritus, etc.

Fischer et al. L&O 65: 2125-2141, 2020

Random Forest Model built with ~112,000 images
• 24 group/genus/species classes
• > 90% of total biomass
• Includes major HAB groups
• ~ 80% accurate

65M images at SCW, 1.85M images in SFB



PCMHAB 2020: Harmful Algal Bloom Community Technology Accelerator
NOAA NCCOS funding us to establish a national 

HAB Data Assembly Center that uses the CA & GoM IFCB Networks as a prototype

Del Mar IFCB (“Nelly”)
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PCMHAB 2020: Harmful Algal Bloom Community Technology Accelerator
NOAA NCCOS funding us to establish a national 

HAB Data Assembly Center that uses the CA & GoM IFCB Networks as a prototype

IFCB Network annotation effort

Ø Standardized annotation and classification 
workflow across all sites

Ø Image database available for sites without 
taxonomic expertise

Ø Centralized automated classification of plankton 
images for the network



• Web-based (Python, Docker, PostGres)
• Designed to support community annotation
• Backward compatible with MATLAB (WHOI) toolboxes



IFCB Network Image Annotation









Thank you 

kudela@ucsc.edu
kkenitz@ucsd.edu

clrander@ucsd.edu


