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Human waste contains significant amounts of biologically available nitrogen and phosphorus, and sewage 
and seepage from septic systems can release significant amounts of nitrogen and phosphorus into the  
environment. Agricultural fertilizers typically contain mostly nitrogen, phosphorus, and potassium, and  
run-off from over-fertilized fields can also cause increases in available nitrogen and phosphorus.

Combined with Global Warming (warmer water temperatures), excess nitrogen and phosphorus in  
bodies of water can lead to Harmful Algal Blooms (HABs) —also known as cyanobacterial HABs (CyanoHABs), 
where the population of one or more species of toxic plankton experiences a population boom. For example, 
warming temperatures in Lake Erie have contributed to extensive blooms of the cyanobacteria Microcystis 
aeruginosa that last into the early winter months.1 In the past several years, such blooms have been found 
more often and in more places across the United States. 

According to the US Centers for Disease Control and Prevention, these blooms can harm people, animals, 
and the environment when they:2

  Produce toxins

  Become too dense

  Deplete the oxygen in the water

  Release harmful gases

Harmful algae and cyanobacteria are a 
One Health  issue and can affect  
ecosystems in many ways.3 

  Carbon:  Combines with Oxygen and  
 Hydrogen to create Carbohydrates   
 (Sugars, Starches, Cellulose) and   
 Hydrocarbons (Fats and Oils).

  Hydrogen and Oxygen: In    
 Carbohydrates and Hydrocarbons   
 as above, as well as in Dihydrogen   
 Monoxide (H2O), essential to life.

  Nitrogen: Ammonia (NH3), Amino Acids,  
 Protein. Abundant in the atmosphere as  
 

 
 N2, but often the limiting factor in   
 growth of living things (Nitrate fertilizer).

  Sulphur: Essential to all life, but not   
 generally a limiting reagent

  Phosphorous: Essential to all cells; part 
 of the phosopho-lipid bilayer that 
 makes up cell membranes.

An excess of N and P in an ecosystem can lead to 
“blooms” of otherwise less abundant organisms.

ELEMENTS NECESSARY FOR LIFE 
CHONSP: Carbon Hydrogen Oxygen Nitrogen Sulphur Phosphorous

Figure 1. Coastal Ocean Vision's boat on Santuit Pond in Mashpee, MA
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The Culprit
Cyanobacteria or Blue-Green Algae are not actually  
bacteria nor algae. All plants have chloroplasts, which 
seem to be descended from cyanobacteria, ancient  
organisms. The evolution of cyanobacteria changed 
Earth’s early atmosphere from Reducing (no Oxygen) to 
Oxidizing. They may have been the first organisms that 
successfully performed photosynthesis. One species,  
Prochlorococcus, is the most plentiful species on Earth (in 
the ocean) and produces 20% of Earth’s oxygen. However, 
several species (Dolichospermum, Woronichia, and  
Microcystis) produce toxins that can harm people and 
animals such as fish and birds.

CONTRIBUTING TO THE SOLUTION
Cyanobacteria have different photosynthetic pigments 
than “normal” algae, and since different pigments can 
have different spectra and hyperspectral imaging (HSI) 
can distinguish different spectra in different pixels;  
potentially, HSI can be used to identify and quantify  
Harmful Algal Blooms. Prompt identification can  
improve efficacy of mitigation strategies. Headwall is 
working with experts to get “ground truth” to test this 
detection method.

BACKGROUND & TECHNOLOGY
Santuit Pond is a location in Mashpee, Massachusetts 
that has been impacted by HABs for many years.4 Water 
quality is being monitored by several state, tribal, and local 
government agencies, academia, as well as by companies 
such as Coastal Ocean Vision and Headwall. Coastal Ocean 
Vision also maintains a number of HABStat sensors at 
fixed locations in the pond.

Headwall’s technique of capturing full spectral data  
(hundreds of wavelengths) at each pixel from a  

lightweight UAV (unmanned aerial vehicle) is  
well documented.5 Combined with precise GPS  
coordinates and timestamps and available LiDAR (Light 
Detection And Ranging), a hyperspectral dataset was 
captured by a Headwall Nano-Hyperspec® VNIR sensor 
payload along with very precise elevation information 
below the flight path of the DJI Matrice 300 UAV over 
Santuit Pond in Mashpee, Massachusetts.

Simultaneous with the UAV flight Headwall partner 
Coastal Ocean Visions operated a proprietary  
HABStat Raman Imaging Flow Cytometer in the water 
from a small boat. The HABStat system uses high-speed 
Raman Spectroscopy and strobed imaging to acquire 
Raman spectra and cell images simultaneously. The  
Raman spectra represent a molecular fingerprint of a 
cell along with quantification of pigmentation such as  
chlorophyll and phycocyanin, as well as toxin if present. 
Deep Learning AI combines the spectral and imaging 
data to classify cells to species in real time.

THE MISSION
A remote-sensing mission was undertaken by Headwall 
and Coastal Ocean Vision for June, August, and  
November of 2022. The Headwall team flew its off-the-
shelf ‘turnkey’ Nano-Hyperspec® VNIR sensor with LiDAR 
on a DJI Matrice 300 UAV. The payload package weighs 
less than 4 lbs, keeping total take-off weight well below 
the FAA’s Part 107 Small Unmanned Aircraft Rule. The  
Coastal Ocean Vision team operated a powered  
watercraft with a HABStat deployed in the water beside 
the hull.

The drone flew a pre-programmed ‘lawnmower’ pattern 
over the same area of Santuit Pond upon which the boat 
navigated. The teams spent a few hours on June 21,  

Figure 2. Harmful algal blooms on the surface of the pond

Figure 3. Coastal Ocean Vision researchers studying Santuit Pond
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August 15 and November 11, 2022 capturing data and  
documenting the mission. In November the Mashpee  
Department of Natural Resources Harbormaster staff 
graciously assisted with a marine patrol boat and captain 
when the original boat was temporarily unavailable. All 
other aspects of the mission went smoothly. 

SIMULTANEOUS DATA CAPTURE
The benefit of flying the drone while the boat  
navigated the pond was obtaining so-called ‘ground truth’ 
data. Ground truth is information that is known to be 
true. Measurements from the flow-cytometry system in 
the water were compared with the simultaneous remote 
measurements from the drone via HSI. Since both  
systems utilized very precisely timed GPS systems,  
instances when the drone was directly over the boat were 
noted and confirmed looking at the 3D LiDAR point cloud 
and the spectra of the boat itself!

RESULTS
CyanoHABS were at a low level in June when we  
conducted our first mission but started increasing  
rapidly in early July and reached intensive bloom  
conditions by mid-August during our second mission. The 
water was pea-soup green with a Sechi disk reading of  
< 5cm. Suddenly on August 28 the bloom crashed over an 
8-hour period. This phenomena was noted by HABStats 
on the dock. Large 2-mm Chytrids were attaching to the  
Dolichospermum strands possibly causing them to sink 
out of the water column.

As shown here (Fig. 5) each LiDAR point has a location and 
a timestamp. Coloring the point cloud by time allows  
determination of exact Latitude, Longitude and Time of 
each boat image in the Hyperspectral data. This allowed 

precise correlation between local Hyperspectral  
classification and measurements from HABStats.

Figure 6 is an RGB (conventional 
color) image from a Reflectance  
Image overlaid on Google Maps. 
Note the lighter and darker areas in 
the image. These are due to  
intermittent clouds changing the 
downwelling illumination. These 
intensity variations will affect the 
classification analysis. 

Here you see a Full-Spectrum  
Reflectance orthomosaic classified 
with three HAB classes and two tree 
classes, generated from the data 
(Fig. 7). HAB classes are based on 
variations in apparent density of 
HAB in the RGB images.  
Illumination Variations due to 

clouds produce classification artifacts along flight lines.

Figure 4. Customer Success Engineer and FAA-Certified Drone Pilot 
Charles Kepler flying the drone holding the Nano-Hyperspec VNIR sensor

Figure 5. Boat Locations in LiDAR Time Data

Figure 6. Part of Santuit 
Pond Study Area

Figure 7. Initial Classification from August 15, 2022
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Note the Reference Spectra shown (Fig. 7) and the June 
RGB and False-Color Classified orthomosaic images (Fig. 
8). The green vascular plant Elodea choked the surface of 
the pond in many locations. It was so thick that it stalled 
the boat engine many times. Low levels of cyanoHABs 
fringed the pond around the coastline that was  
dominated by Woronichia and classified as HAB2.

In contrast, the August Classification image (Fig. 10) shows 
greatly increased presence of HABs. The November  
classification images show very little indication of  
cyanoHABs in the center of the pond but two HAB groups 
are seen scattered along the coastline on both east and 
west coasts. HABStats on the dock showed moderate  
levels of Aphanizomenon and Microcystis which was  
classified as HAB1 and HAB2.

As of the writing of this application note, presentations 
have been made at the AGU Annual Meeting in Chicago 
in December 20226  and an NAHEP Training-Workshop on 
Airborne Hyperspectral Remote Sensing for Agriculture in 
New Delhi in January 20237. Headwall and Coastal Ocean 
Vision will continue this project in 2023.

 1 Record-setting algal bloom in Lake Erie caused by agricultural and  
meteorological trends consistent with expected future conditions, A.M. 
Michalak, et al., PNAS, v110, No. 16, https://doi.org/10.1073/pnas.1216006110
 2 https://www.cdc.gov/habs/environment.html, Harmful Algal Bloom 
(HAB)-Associated Illness webpage
 3 https://www.cdc.gov/onehealth/index.html, One Health is a collaborative, 
multisectoral, and transdisciplinary approach—working at the local,  
regional, national, and global levels—with the goal of achieving optimal 
health outcomes recognizing the interconnection between people,  
animals, plants, and their shared environment.
 4 https://www.mashpeema.gov/natural-resources/watershed-based- 
solutions-increase-resilience-harmful-algal-blooms-santuit-pond-0
5 Hyperspec 101: Introduction to Hyperspectral Imaging video, https://www.
headwallphotonics.com/knowledge-center/video/mp4/hyperspectral-intro; 
Application Note: Hyperspectral Imaging Explained, https://www. 
headwallphotonics.com/knowledge-center/tech/pdf/hyperspectral- 
imaging-explained
 6 INV23A-06 - Community and Commercial Monitoring of Cyanobacterial 
Blooms in Drinking and Recreational Bodies of Water by Air and on the 
Surface, C. Roberts, Headwall Photonics; S. Gallager, Coastal Ocean Vision, 
https://agu.confex.com/agu/fm22/meetingapp.cgi/Paper/1206851
 7 Airborne Imaging spectroscopy Beyond the Crop Field: Dr Carson  
Roberts, Ph.D., Headwall Photonics; National Agricultural Higher Education 
Project (NAHEP) sponsored Training/Workshop on Airborne Hyperspectral 
Remote Sensing for Agriculture hosted by the Centre for Advanced  
Agricultural Science and Technology (CAAST), Division of Agricultural  
Physics ICAR-Indian Agricultural Research Institute, New Delhi,  
https://www.headwallphotonics.com/blog/nahep-2023

Figure 9. Santuit Pond, June Classification

Figure 8. Reference Spectra Expanded

Figure 10. Santuit Pond, August Classification


