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Harmful Algal Blooms (HABs)

Uncontrolled growth of algae that negatively impact 
aquatic ecosystems

- Runoff from agriculture, storm systems, poor 
water circulation, and extreme weather events

High concentrations of algae can:

- Suppress oxygen supply to organisms 

- Release toxins into ecosystem

- Prevent surrounding recreational and economic 
aquaculture 
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What causes HABs?



What is Harmful Algal Bloom? 

• “Harmful algal blooms, or HABs, occur when colonies of algae 
— simple plants that live in the sea and freshwater — grow out 
of control and produce toxic or harmful effects on people, fish, 
shellfish, marine mammals and birds. The human illnesses 
caused by HABs, though rare, can be debilitating or even fatal.”
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HABs Detection
Field Studies

- Expensive

- Time consuming laboratory analysis

- Detection of toxin concentrations through in situ sampling 

- Labor intensive 

Satellite Sensing

- Extensive coverage of waterbody

- Tracks spatiotemporal algal distribution 

- Not yet well studied

- Everything is at the research level, not the applied level

https://www.satimagingcorp.com/satellite-sensors/other-satellite-sensors/sentinel-2a/



Why Satellite based monitoring?

• The intensity of HAB
• Geographic distribution.
• Temporal pattern of blooms
• Access to lakes not currently 

monitored



The most commonly measured qualitative parameters of water 
by means of remote sensing



(Mondal, 2018)

Electromagnetic Radiation Spectrum
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Yang, H.; Kong, J.; Hu, H.; Du, Y.; Gao, M.; Chen, F. A Review of Remote Sensing for Water Quality Retrieval: 
Progress and Challenges. Remote Sens. 2022, 14, 1770. https://doi.org/10.3390/rs14081770

Applications of Remote Sensing for Lakes
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Chl-a

Spectral band positioning of Landsat7/on



List of the more commonly used spaceborne sensors in water quality 
assessments.
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Cloud Coverage
- Cloud masks
- Causes even less data for 

consideration
- Shadows 

Spatial-temporal changes to 
concentration of HABs

Image resolutions 

Optical or atmospheric 
disturbances of water 

- Sedimentation 
- Colored dissolved organic 

matter (CDOM)

Imaging Factors to Consider

https://www.un-spider.org/links-and-resources/data-sources/daotm-
HABs#:~:text=Surface%20Algal%20Bloom%20Index%20(SABI)&text=It%20is%20an%20empirical%20band,of%20the%20water%20column%20bloom).



Landsat Missions



SENTINEL -1
• single C-band synthetic aperture radar instrument operating

at a centre frequency of 5.405 GHz.

• 12 day repeat cycle at Equator with one satellite, 175 
orbits/cycle. 6-day both satellites

• Potential use: TSS, solid particle detection. 



Sentinel-2 



Chlorophyll-a Detection Using LandSat 8
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Boucher, J., Weathers, K.C., Norouzi, H. and Steele, B. (2018), Assessing the 
effectiveness of Landsat 8 chlorophyll a retrieval algorithms for regional 
freshwater monitoring. Ecol Appl, 28: 1044-1054. 
https://doi.org/10.1002/eap.1708

https://doi.org/10.1002/eap.1708


Lake Hopatcong. June, 2019
HABs Monitoring Using Sentinel-2

M. Azarderakhsh, V. Hernandez and J. Mendoza, "Monitoring Chlorophyll-A Concentration in New Jersey Lakes Using Remote Sensing and Ground Observations," 2021 IEEE 
International Geoscience and Remote Sensing Symposium IGARSS, 2021, pp. 6833-6835, doi: 10.1109/IGARSS47720.2021.9554391. 17



Lake Hopatcong. July, 2019
HABs Monitoring Using Sentinel-2

M. Azarderakhsh, V. Hernandez and J. Mendoza, "Monitoring Chlorophyll-A Concentration in New Jersey Lakes Using Remote Sensing and Ground Observations," 2021 IEEE 
International Geoscience and Remote Sensing Symposium IGARSS, 2021, pp. 6833-6835, doi: 10.1109/IGARSS47720.2021.9554391. 18



Lake Hopatcong. July, 2020
HABs Monitoring Using Sentinel-2

M. Azarderakhsh, V. Hernandez and J. Mendoza, "Monitoring Chlorophyll-A Concentration in New Jersey Lakes Using Remote Sensing and Ground Observations," 2021 IEEE 
International Geoscience and Remote Sensing Symposium IGARSS, 2021, pp. 6833-6835, doi: 10.1109/IGARSS47720.2021.9554391. 19



Lake Hopatcong. September, 2019
HABs Monitoring Using Sentinel-2

M. Azarderakhsh, V. Hernandez and J. Mendoza, "Monitoring Chlorophyll-A Concentration in New Jersey Lakes Using Remote Sensing and Ground Observations," 2021 IEEE 
International Geoscience and Remote Sensing Symposium IGARSS, 2021, pp. 6833-6835, doi: 10.1109/IGARSS47720.2021.9554391. 20



HABs Monitoring – Spectral Analysis

M. Azarderakhsh, V. Hernandez and J. Mendoza, "Monitoring Chlorophyll-A Concentration in New Jersey Lakes Using Remote Sensing and Ground Observations," 2021 IEEE 
International Geoscience and Remote Sensing Symposium IGARSS, 2021, pp. 6833-6835, doi: 10.1109/IGARSS47720.2021.9554391. 21



HABs Monitoring – Spectral Analysis

M. Azarderakhsh, V. Hernandez and J. Mendoza, "Monitoring Chlorophyll-A Concentration in New Jersey Lakes Using Remote Sensing and Ground Observations," 2021 IEEE 
International Geoscience and Remote Sensing Symposium IGARSS, 2021, pp. 6833-6835, doi: 10.1109/IGARSS47720.2021.9554391. 22



Lake Color change 

• Bear pond, 
Adirondack State 
Park 

(Credit: Curt Stager)



CDOM Difference between 2020 and 2000

Bear Pond
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Comparison with AEAP sampling lake results

Landsat 7- CDOM difference 
2000-2020



Estimated CDOM distribution for ALTM lakes 
from Landsat 5 

Slope of trend for estimated CDOM 
Olamenson et al, 2016 Equation for Landsat 7 is applied on L5
CDOM= 20.3-10.*(b2/b3)- 2.4*(b3/b4)

Band Color 

B1 Blue

B2 Green

B3 Red

B4 NIR



In-Situ data 
• ALTM 
• USGS 
• EPA
• …. 



Trend Analysis

y = 0.0002x - 2.8517
R² = 0.2832

y = 0.0002x - 2.6317
R² = 0.0348
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Online Workshops/ Sources

• Fundamentals of Remote Sensing
Register here: 
https://register.gotowebinar.com/register/5234086994456486488

• Create account on Google Earth Engine
• Watch useful youtube tutorials : Water Quality Monitoring using 

Remote sensing in Google Earth Engine. 
https://www.youtube.com/live/DLxHS9BgadE?feature=share
This Video shows some common algorithms used in water quality monitoring.

https://register.gotowebinar.com/register/5234086994456486488
https://www.youtube.com/live/DLxHS9BgadE?feature=share


A UAV based assessment of the distribution of submerged 
aquatic vegetation in the Upper Hudson River, NY
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