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Machine learning techniques were used to develop an algorithm of
chlorophyll a concentrations based on satellite spectral signatures and in-
situ water quality data of the Halifax River located on Florida’s east coast.
Chlorophyll a concentrations can be used to estimate the abundance of
microalgae in the water column which can form harmful algal blooms
(HABs) that disrupt coastal communities. Accurately measuring
chlorophyll density from satellites will provide high spatial resolution on
algae bloom formation and patterns which can aid managers in
identifying causes, locating trouble spots, and better informing the public
of bloom activity.
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Machine Learning Applied for Environmental Preservation

Algae are an important part of many aquatic ecosystems across the
globe, but in recent years unprecedented amounts of algae have been
taking over waters throughout the world in super blooms or HABs¹.
There are many negative effects caused by HABs, such as:
o Light Attenuation

 Leads to massive loss of submerged aquatic vegetation such
as seagrass beds and macroalgae²

o Eutrophication
 Decaying matter contributes more nutrients to water, leading

to more algae growth³
 Produces hypoxia or anoxia of water which leads to fish kills⁴

(Fig. 1)
o Toxins

 Many HABs produce toxins, including hepatotoxins and
neurotoxins⁴
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Water quality testing is necessary to keep track of the many variables that
influence HABs. St Johns River Water Management District, the City of
Daytona Beach and Volusia County Environmental Management District
test water quality in the Halifax River using monthly or quarterly sampling
at 19 stations (Fig. 4a). Variable measured include chlorophyll a, salinity,
temperature, dissolved oxygen, nutrients, among others.

Satellite data was collected from Sentinel 2, which is the European Space
Agency’s (ESA) set of two satellites. Sentinel 2 has a temporal resolution of
about 5 days, meaning it captures images of the earth about every 5 days,
which has a higher temporal resolution than the in-situ water quality
sampling.

The Sentinel 2 spectrophotometer captures reflected energy in 13
wavelengths, or Bands. Chlorophyll a reflects energy around 650, 700, and
750 nm.⁹ Data from Sentinel 2 at the same geographic points, and within
10 days, of the in-situ water quality sampling, was extracted with the
Sentinel Application Platform (SNAP) (Fig. 4B).
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The initial attempt at utilizing 3 bands (4,5,6) from Sentinel 2 produced
14% error from the maximum value when predicting in-situ chlorophyll a
concentrations after 200 training epochs (Figure 6).

Machine learning is the idea that a system can learn, by analyzing data
and recognizing patterns. First the system is given a set of data to learn,
called training, and then the system is tested with a set of data the
program was not given. The program can learn to classify information by
organizing data into specific classes, categories, or groups, or by giving a
specific output for an individual piece or set of data in a process called
regression. Advanced neural networks are a component of machine
learning which can be used to compare nonlinear relationships in HAB
data.
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More advanced neural networks have several neuron layers that vary in
the amount of neurons for each layer (Fig. 3). There can be many hidden
layers between the input and output layers.

[1] Paerl, Hans W., and Valerie J. Paul. "Climate change: links to global expansion of harmful 
cyanobacteria." Water research46.5 (2012): 1349-1363.
[2] Rey, Jorge R. and Rutledge, C. Roxanne . “Seagrass Beds of the Indian River Lagoon.” 
https://edis.ifas.ufl.edu/in189
[3] Glibert, Patricia M., et al. "Modeling of HABs and eutrophication: status, advances, 
challenges." Journal of marine systems 83.3-4 (2010): 262-275.
[4] Morris, J.Glenn. “HARMFUL ALGAL BLOOMS: An Emerging Public Health Problem with 
Possible Links to Human Stress on the Environment.” Annual Review of Energy & the 
Environment, vol. 24, no. 1, Nov. 1999, p. 367.
[5] Sugar, Karissa. MyNews13. mnn.com/earth-matters/climate-weather/blogs/floridas-mass-
fish-kill-nightmare-behold
[6] Burgmer, Christoph. “Artificial Neuron Model.” Published on 14 July, 2005. 
commons.wikimedia.org/wiki/File:ArtificialNeuronModel_english.png
[7] Magne Fauske, Kjell. “Example: Neural network.” Published 7 December, 2006. 
texample.net/tikz/examples/neural-network/
[8] Sellner, Kevin G., Gregory J. Doucette, and Gary J. Kirkpatrick. "Harmful algal blooms: 
causes, impacts and detection." Journal of Industrial Microbiology and Biotechnology 30.7 
(2003): 383-406.
[9] Kamerosky, Andrew, Hyun Cho, and Lori Morris. "Monitoring of the 2011 super algal bloom 
in Indian River Lagoon, FL, USA, using [10] MERIS." Remote Sensing 7, no. 2 (2015): 1441-1460.
TensorFlow. www.tensorflow.org

Fig 5. In situ chlorophyll a data collected in the Halifax was normalized to visualize
with three example spectral bands from Sentinel 2

Application of Machine Learning to Algal Blooms

Fig. 1.  Example of a fish kill during Aureoumbra lagunensis algal bloom 
in Indian River Lagoon, 2016.⁵ Algal blooms are formed when water conditions favor a particular species

to outcompete others.³ These conditions are unique to each algal species
and can be related to salinity, temperature, or nutrients which vary
spatially in coastal lagoons.⁸ Data on HABs can be collected through in-situ
collections which provide a high quality of variables; however the labor-
intensive sampling only provides data at a fixed location with a low
frequency of sampling events. Satellite imagery, such as Sentinel 2, can
provide a frequent (5 days) and high spatial coverage of chlorophyll a, but
the resolution is limited to 10-60 m.

Training an ANN to utilize the frequent and higher spatial coverage of
satellite imagery to predict chlorophyll a concentrations similar to in-situ
measurements, can identify which locations (inputs) are favorable for algal
bloom formation (output) and aid managers in forecasting or preventing
future blooms.

An Artificial Neural Network (ANN) is a mathematical model that mimics
the neural network of a human brain. A real human neuron has dendrites
where signals are inputs, a cell nucleus, and an axon leading to the
synapse where a signal is output to the next neuron.

An artificial neuron can have many variables as inputs, which are then
weighted, put into a transfer function, an activation function, and give an
output (Fig. 2).

Fig. 2.  Map of artificial neuron.⁶

Fig. 3.  Map of advanced neural network.⁷

Fig. 4.  Map of in-situ water quality sampling in the Halifax River , FL (A) and a 
map of the data points extracted from Sentinel 2 data which relate to the in-situ 
sampling (B)

A B

Bands, 4, 5, and 6 from Sentinel 2 were input into a Back Propagation
Neural Network downloaded from TensorFlow¹⁰ to predict chlorophyll a
concentration from the in-situ data as a target. Figure 5 represents the in-
situ chlorophyll a data and three representative bands from Sentinel 2
which were used in the ANN.
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Fig. 6.  Output of ANN 
for Sentinel 2 bands 4, 
5,6 predicting in-situ 
chlorophyll a 
concentrations. 

Future work will focus on preprocessing the Sentinel 2 data for to remove
confounding factors using standard methods.⁹ This will improve accuracy
of the chlorophyll value from the satellite data which will improve training
of the ANN. Increasing accuracy of the ANN will allow for rapid analysis of
high spatial and temporal resolution chlorophyll a data from satellites to
understand, map and predict HABs.

Ten data points from the in-situ water quality data were excluded from the
ANN training program to use as test data on the accuracy of the ANN to
predict in-situ chlorophyll a concentrations. The in-situ measurements were
compared to the values computed by the ANN using a linear regression
(Fig. 7). No significant difference was found between the actual in-situ
chlorophyll a measurements and the ANN output (p>0.05).

y = -1.3679x + 0.4706
R² = 0.0149

p>0.05
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Fig. 7.  Comparison of 
normalized in-situ 
chlorophyll a to ANN 
computed chlorophyll 
a.
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