NASA DEVELOP National Program
Massachusetts – Boston
[image: ]
Fall 2022 Project Summary



Gulf of Maine Water Resources
Assessing the Use of NASA Earth Observations for Identifying Harmful Algal Blooms of Pseudo-nitzschia in the Gulf of Maine

Project Team
Project Team:
Suhani Dalal (Project Lead)
Lily Gray 
Jane Zugarek
Yixuan Li 
 
Advisors & Mentors:
Dr. Cedric Fichot (Boston University)
Dr. Michael Brosnahan (Woods Hole Oceanographic Institution)
Dr. Dave Ralston (Woods Hole Oceanographic Institution)

Fellow:
Tyler Pantle (Science Systems & Applications, Inc., Massachusetts – Boston)

Team Contact: Suhani Dalal, suhanidalal8@gmail.com
Partner Contact: Michael Brosnahan, mbrosnahan@whoi.edu

Project Overview
Project Synopsis: 
The Gulf of Maine Water Resources project tested the feasibility of using Earth observations, in conjunction with in-situ data, to identify and map known Pseudo-nitzschia blooms. The team, in collaboration with several New England-based coastal partners, developed a method of tracking diatom-specific harmful algal blooms using satellite data. The end products, which utilized absorption by phytoplankton (aph433) and normalized fluorescence line height measurements, supported agencies in their management of crucial water resources and the protection of human health. 

Abstract:
The Gulf of Maine has a history of harmful algal blooms (HABs) that have been increasing in frequency and intensity in recent years, raising concerns in the community. Specifically, the Pseudo-nitzschia genus possesses harmful toxins that can induce food-borne illnesses and infect humans through ambient water. We observed in-situ data from known 2016 and 2020 Pseudo-nitzschia blooms as case studies to test the feasibility of using satellite data to track bloom events. We worked in partnership with the Woods Hole Oceanographic Institution (WHOI), Battelle Environmental Division, and the National Oceanic and Atmospheric Administration (NOAA) Stellwagen Bank National Marine Sanctuary. In order to map the frequency and distribution of Pseudo-nitzschia bloom events, we used satellite data from the Aqua Moderate Resolution Imaging Spectroradiometer (MODIS) and Sentinel-3 Ocean and Land Color Instrument (OLCI). We utilized Earth observation data to calculate normalized fluorescence line height (nFLH) and absorption by phytoplankton (aph443) to validate in-situ observations in order to analyze ocean color differences and distinguish diatomic algal particles from other organic and inorganic particles. The end products included weekly and monthly time-series maps for the 2016 and 2020 blooms, in-situ data and satellite imagery statistical analyses and visualizations, and algorithmic diatom distinction time-series.
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National Application Area Addressed: Water Resources
Study Location: Gulf of Maine, ME, MA, NH
Study Period: August-December 2016; August-December 2020

Community Concerns:
· The Pseudo-nitzschia genus produces the neurotoxin domoic acid. This neurotoxin accumulates in shellfish, which, when consumed by humans, can cause domoic acid poisoning. 
· Marine habitats are threatened by toxic algal blooms through direct exposure to these neurotoxins. 
· Fishing contributes to the primary income of many communities on the coast of the Gulf of Maine. In this way, harmful algal blooms that contaminate fish and shellfish hurt the local economy.

Project Objectives:
· Generate time series maps of the spatial extent and duration of known Pseudo-nitzschia blooms and attempt to identify unknown events using SeaDAS, a NASA software package
· Calculate nFLH and aph(443) of blooms using imagery from Aqua MODIS, and Sentinel-3 OLCI
· Cross-validate remotely sensed bloom parameter data with in-situ data provided by WHOI from their data dashboard, HABhub, obtained by Imaging FlowCytobots (IFCB)
· Assess the feasibility of using Earth observations to identify and map HAB events in the Gulf of Maine with genus specificity.

Partner Overview
Partner Organization(s):
	Organization
	Contact (Name, Position/Title)
	Partner Type

	Woods Hole Oceanographic Institution
	Dave Ralston, Associate Scientist; Michael Brosnahan, Assistant Scientist
	End User

	Battelle, Environmental Division
	Scott Libby, Senior Research Scientist
	End User

	NOAA, Stellwagen Bank National Marine Sanctuary
	Ben Haskell, Deputy Superintendent; Liam Waters, Research Associate
	End User



Decision-Making Practices & Policies: 
WHOI conducts a wide range of oceanographic research to manage critical marine resources and advance knowledge of the global ocean and its fundamental importance to other planetary systems. One of WHOI’s current interdisciplinary projects is monitoring HABs with various sensors and technology and developing an interactive web application for public use—the HABhub. In collaboration with NOAA, the HABhub provides the public with an open-source data portal for region-scale integration and real time sharing of phytoplankton data, historic shellfish toxicity, sensor observations, and visualizations of the NOAA forecast model products throughout the New England coast. Additionally, NOAA oversees the Stellwagen Bank National Marine Sanctuary, which aims to conserve, protect, and enhance the biological diversity, ecological integrity, and cultural legacy of the sanctuary while facilitating compatible use. The Environmental Division of Battelle, an independent applied science and technology organization, is contracted by the Massachusetts Water Resources Authority (MWRA) to monitor and assess potential impacts associated with the HABs and the discharge of municipal wastewater effluent into Massachusetts Bay. 



Earth Observations & End Products Overview
Earth Observations:
	Platform & Sensor
	Parameters
	Use

	Aqua MODIS
	Surface Reflectance
	Moderate-resolution images were generated for known Pseudo-nitzschia blooms. Derived data were used to calculate the nFLH.

	Sentinel-3 OLCI
	Surface Reflectance
	High-spectral data were observed for known Pseudo-nitzschia blooms to calculate the nFLH and derive aph(433) measurement.



Ancillary Datasets:
· WHOI Harmful Algal Bloom Hub (HABhub) – In-situ open-source data portal for regional integration and historic real time sharing of phytoplankton monitoring, shellfish toxicity and closures, sensor data collected by IFCBs

Software & Scripting:
· SeaDAS 8.2.0 – Processing, displaying, analyzing, and quality control of ocean color data
· Python 3.10.7 – Validation, data plotting, and computing algal bloom indexes
· Matlab 2022a – Image processing of ocean color data
· R 4.1 – Diatom analysis, image processing 
· ArcGIS Pro 3.0.1 – Raster manipulation and map production

End Product(s):
	End Product
	Earth Observations Used 
	Partner Benefit & Use
	Software Release Category

	Pseudo-nitzschia Timeseries Maps
	Aqua MODIS
Sentinel-3 OLCI
	These maps will provide partners with visualizations of specific Pseudo-nitzschia bloom events and relevant remotely sensed measurements (aph and nFLH) to incorporate into web-based applications and support future analyses.
	N/A

	Statistical Analysis
	Aqua MODIS
Sentinel-3 OLCI
	Statistical analyses will provide partners with graphs of in-situ data and remote sensing products to visualize patterns and relationships between ground data and satellite data.
	N/A

	Diatom Analysis
	Sentinel-3 OLCI
	This analysis will allow partners to test if reflectance values obtained from satellite sensors are caused by a dominantly diatom algal bloom, which will further understanding about the presence and migration of blooms. 
	N/A



Product Benefit to End User: 
The end results of this project will provide the partners with Pseudo-nitzschia timeseries maps that project the bloom spatial extent and duration. These maps will enable partners to note regions of potential economic and health impacts for future environmental and human health monitoring and management. The diatom distinction analysis confirms the presence of a diatom-based algal blooms, eliminating reflectance caused by ocean detritus, and will thus allow partners to more accurately track blooms using remote sensing images. The calculated nFLH and aph443, optical indicators of the blooms, will provide partners with quantitative information to better monitor and characterize the Pseudo-nitzschia genus. End products using Earth observations can be incorporated with WHOI’s HABhub to expand public resources for other agencies and communities. These tools will broaden the scope of satellite imagery in relation to Pseudo-nitzschia and general HAB identification in the Gulf of Maine and strengthen interpretations of bloom data. 
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