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1. Introduction
Albemarle-Pamlico Sound (APS) is a lagoonal estuarine complex located on the northeastern coast
of North Carolina.
• Second largest estuary in the US and serves as a critical ecosystem for a ~90% of commercially
utilized fisheries species in North Carolina and as an important resource for stakeholders.
• Increasingly threatened by the resurgence of harmful algal blooms (HABs).
• Cyanobacterial HABs (CHABS) were observed in the Chowan River and Albemarle Sound,
including Dolichospermum and Microcystins, which may produce cyanotoxins causing illness in
humans, pets, and livestock.1
• Spatial distribution of HABs is susceptible to physical processes rather than local growth and is
strongly correlated with upstream HAB intensity and river discharge rates. 2, 3
• North Carolina Department of Environmental Quality (NCDEQ) is monitoring water quality data
in the APS, especially around the Chowan River.
• National Oceanic and Atmospheric Administration (NOAA) National Centers for Coastal Ocean
Science (NCCOS) monitor CHAB occurrence via satellite imagery .

2. Research Goal
Our research goal is to develop a short-term HAB forecast system for the APS through a
combination of NOAA NCCOS satellite imagery, a Lagrangian particle tracking model, a numerical
hydrodynamic model, and in situ observations to mitigate HAB frequency and risks to stakeholders

3. Methods
Step 1: Implement hydrodynamic model for 2019
Build a model representing physical processes in APS, including circulation and vertical
stratification under the influence of winds at a synoptic time scale, water exchange with
the Atlantic Ocean, and fluvial input from key watershed sources.
SCHISM: Semi-implicit Cross-scale Hydroscience Integrated System Model developed
by Joseph Zhang et al. in VIMS (2011)

Calibration of the hydrodynamic model through SCHISM is currently in
progress. During this step, model outputs are compared to observations of
temperature, salinity, current and elevation via statistical and visual analysis.
The model inputs and mesh grid will be adjusted at each stage and tested
through multiple model experiments to build an accurate, realistic
representation the hydrodynamics of APS.

• Finite-element, unstructured mesh, with grid resolutions from river mouth (70 m) to
coastal ocean (~4 km)
• Atmospheric forcings including wind, air pressure, temperature, precipitation,
humidity, and longwave/shortwave fluxes
• Elevation and velocity boundary conditions
Step 2: 3D Model Calibration
Use in-situ measurements of temperature, salinity, current and elevation in key areas of
APS and the adjacent coastal ocean previously sampled by NOAA, UNCW, UNCIMS,
NCDA, SWCD/ECU, etc., to validate model experiment output, and calibrate model
inputs. Integrate satellite imagery, satellite derived sea surface temperature (SST) and
sea level elevation data to produce realistic current and diffusivity outputs.

Figure 3. Sea level elevation comparison for 2019. Blue represents in-situ
data from NOAA NDBC stations and black represents extracted model output
data at the correlating station points in the model grid.

• Neuse River Estuary (NRE) Modeling and Monitoring Project (ModMon) Stations
are sampled by the University of North Carolina (UNC) Institute of Marine Science
(IMS) Paerl Lab on a bi-weekly basis throughout the year.

Figure 2. Left) Satellite image and Right) Cyanobacterial index in APS from
Sentinel-3 on 2022-04-20 (source: NOAA NCCOS ABMS).
Step 3: Implement Lagrangian particle-tracking model
Initialize from satellite images obtained from NOAA NCCOS Algal Bloom Monitoring
System (ABMS) Ocean Land Color Imagers (OLCI) imagery.
• Determine particle distribution by a satellite-derived cyanobacterial index4 converted
to cyanobacterial chlorophyll concentration; Each particle will represent a specific
chlorophyll mass (1010 mg/particle).
• Calibrate distribution against satellite imagery, in situ observations and depth
profiles.
Figure 1. Bathymetry of APS and NOAA NDBC Station locations.

4. Results

Step 4: Apply the statistical model to predict HAB events in APS.

Figure 4. ModMon in-situ data compared with model outputs for 2019.
Orange represents data from ModMon stations in NRE and blue represents
extracted model output at the correlating station points in the model grid.
Top) Salinity; Bottom) Temperature.

5. Outcomes and Conclusions
This study will generate an open-source hydrodynamic model covering the APS
area which will be used to understand the influence of physical processes and
environmental factors on HAB transport and distribution.
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