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Harmful algal blooms (HABS)
are a common threat to marine
and human health.

Existing automated detection

tools focus on ocean and coastal
areas. But blooms in smaller
inland water bodies are still
monitored manually, which is
very time intensive.

Image source: NASA Landsat Image Gallery

Lake St. Clair

Algae bloom


https://landsat.visibleearth.nasa.gov/view.php?id=86327
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machine learning to detect Y
cyanobacteria levels, one type -
of HAB.
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CyFi can help decision makers b e P i .
protect the public by flagging : .
the highest-risk areas in lakes, SV 3
reservoirs, and rivers quickly LB P R S R ®
and easily.
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https://landsat.visibleearth.nasa.gov/view.php?id=86327

CyFi uses high-resolution Sentinel-2 satellite
imagery (10-30m) to focus on smaller water
bodies with rapidly changing blooms.

Sentinel-3 is used by most existing tools, but
its resolution of 300-500m is often too coarse
for small, inland water bodies.
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date latitude longitude

2023-06-27 41.287577 -80.424543

Golden Run
Wildlife Area

2023-07-10 35.650000 -78.682816 </3Iark -

Harrys Lakeside
Bait Shop

Temporarily closed

2023-08-31 35.705416 -79.164659
2023-09-22 37564318 -101.335575

Generate estimates for many points at once with a CyFi searches for and downloads publicly available
simple CSV of dates and locations! satellite imagery around each point, which is passed
into @ machine learning model.




Predicted
cyanobacteria Severity
density (cells/ml) level
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Sample information

date latitude longitude density_cells_per_ml severity
sample_id
89e12¢14b5a131b82e9738932a7fa9¢c8 2023-06-27 41.287577 -80.424543 57,433 moderate
087d604d9d8568761513d26a47¢94bc8 2023-07-10 35.650000 -78.682816 83,609 moderate
a0517780fa24874ebf166aefa17a0c1b 2023-08-31 35.705416 -79.164659 5,733 low
cde656c081bfe8fa99c7c8b20ff547f7 2023-09-22 37564318 -101.335575 3,684,003 high
vty Density range
Cyanobacteria estimates are saved out as a CSV that can be plugged (cells/mL)
into any existing decision-making process.
Low 0 - 20,000
For each point, the model provides a severity level based on World
. o . o Moderate 20,000 - 100,000
Health Organization (WHO) guidelines and an estimated density in
cells per mL for detailed analysis. High Over 100,000




Simply run one $ cyfi predict list_of_points.csv

line of code to
generate

- SUCCESS | Loaded 5 sample points (unique combinations of date, latitude, and longitude) for prediction
predlctlons SUCCESS | Downloaded satellite imagery
SUCCESS | Cyanobacteria estimates for 4 sample points saved to preds.csv




Or estimate

cyanobacteria for
a single point
rather than
providing a file

$ cyfi predict-point --lat 35.6 --lon -78.7 --date 2023-09-25

SUCCESS | Estimate generated:

date 2023-09-25
latitude 35.6
longitude -78.7
density_cells_per_ml 22,836

severity moderate



CyFi estimates

sample_id 4 date 4 latitude 4 longitude 4 density_cells_per_ml A severity a

6belf8ed407e0ec7ab0c9a42394d9d44 2023-08-24  38.32629 =119.21121 7957 low

c485b9c41484d4dob82b8580a215a43c¢ 2023-08-23  34.24757 -117.2664 9234 low

3935648294a71be0197814c37de2£9a8 2023-08-23  38.466885 =123:01219 16141 low

389fee8dbcab759£0588dc842396c6b6 2023-08-22 37.7726963 -119.08373 17313 low
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Sentinel-2 Imagery Details on the selected sample

Launch the CyFi
Explorer to view

= Estimated cyanobacteria density (cells/ml)

16141

cyanobacteria
estimates alongside
Sentinel-2 imagery!

Estimated severity level

low

Location

(-123.01219, 38.466885)

Sampling date

2023-08-23

Satellite imagery date

2023-08-12




CyFi was trained and evaluated using in-situ measurements
of cyanobacteria density from across the U.S.
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Train set: 8,979 observations
Test set: 4,035 observations



CyFiis most accurate at low and high cyanobacteria densities

Low severity

Better allocate ground sampling resources
by deprioritizing water bodies where
blooms are likely absent

High severity

Support public health interventions by
flagging water bodies where severe blooms

are likely present



CyFi performs at least as well as
Sentinel-3 based tools

Bloom detection accuracy

B True positives
True negatives
72%
66%

CyFi CyAN

A true positive (bloom presence) is where
cyanobacteria density > 10,000 cells/mL.
Uses a dataset of 756 ground measurement
observations from across the U.S.

And has 10x greater coverage of lakes across
the U.S. thanks to Sentinel-2 imagery!

Water bodies detected by Sentinel-2 across the U.S.
Source: Global Water Bodies Product



https://collections.sentinel-hub.com/water-bodies/
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Ve s M &nd oromaccerner | CyFi: Cyanobacteria Finder

start using CyFi
machine learning to estimate cyanobacteria levels in small,
t O d a V, g O t O . inland water bodies. Cyanobacteria is a type of harmful algal

bloom (HAB), which can produce toxins that are poisonous to
humans and their pets, and can threaten marine ecosystems.

About the model

The goal of CyFi is to help water quality managers better
allocate resources for in situ sampling, and make more
informed decisions around public health warnings for critical

resources like lakes and reservoirs.
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Ultimately, more accurate and more timely detection of algal X - = -yl
blooms helps keep both the human and marine life that rely 3

on these water bodies safe and healthy.
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y estimates for points on a lake with a cyanobacteria bloom.

mage Gallery

Quickstart

Install
Install CyFi with pip:

pip install cyfi
For detailed instructions for those installing python for the first time, see the Installation docs.

Generate batch predictions

Generate batch predictions at the command line with cyfi predict.

First, specify your sample points in a csv with the following columns:



https://cyfi.drivendata.org/

