Monitoring Water Quality of Inland Lakes using Remote Sensing
Part 2. Cyanobacteria Assessment Network (CyAN)

Blake Schaeffer (U.S. EPA) and Bridget Seegers (NASA), with Special Guest Daniel Sobota (OR DEQ)
July 20, 2023




Review of Part 1

« Described state-of-the-art, high spatial and spectral resolution observations from
Landsat 8, Sentinel-2, and Sentinel-3 for water quality remote sensing.

« Described selected, open source, in situ measurements of water quality
parameters including from USGS Water Dashboard and Lake Water Quality Portal,
National Harmonized Chlorophyll Data, UNEP GEMStat, and GLORIA.

« Reviewed algorithm development requirements for remote sensing of water
quality parameters.

« Explored and downloaded GLORIA in situ measurements of chlorophyll-a
concentration, 1SS, and Secchi Depth for Lake Erie.

« Searched and identified optical surface reflectance data from Landsat 8 and
Sentinel-2 collocated with in situ measurements for Lake Erie using GEE.

NASA ARSET — Monitoring Water Quality of Inland Lakes using Remote Sensing 2 .



Training Outline

Part 1

Overview of
Remote Sensing
Observations to

Assess Water

Quality

July 18, 2023

Paﬂ2

Cyunobac’rerla ;
Assessmen’r 8
Nefwork (CyAN);“

Algal bloom

.Ip\

\
"‘ )

Homework

A July20 2023 :

Part 3
Assess Water
Quality using

Satellite and In Situ
Observations

SEN-26 52023

Opens July 25 — Due August 8 — Posted on Training Webpage

NASA ARSET — Monitoring Water Quality of Inland Lakes using Remote Sensing

A certificate of completion will be awarded to those who attend all live sessions and complete
the homework assignment(s) before the given due date.




How to Ask Questions

» Please put your questions in the Questions box and we will address them at the
end of the webinar.

« Feel free to enter your questions as we go. We will try 1o get to all of the questions
during the Q&A session after the webinar.

 The remainder of the questions will be answered in the Q&A document, which will
be posted to the training website about a week after the training.
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Earth’s Water ~8,000,000,000

Fresh Water

Houston, TX

~2,400,000
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Part 2 - Trainers

Blake Schaeffer Bridget Seegers Daniel Sobota
Research Scientist Research Scientist Senior Water Quality Specialist
US EPA NASA OR DEQ
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Cyanobacteria Assessment Network

44, True Color - # | Cyanobacteria Index

cyano)

NASA ARSET — Monitoring Water Quality of Inland Lakes using Remote Sensing




AR S
45°N- P R
= A
.=t S : R : '
i i :
‘,; .- .J . Ma . ¢
._1._‘:',‘ i N .

40°N- B e I
# N Y

r ¥ r ; h
| A" .
[ . " /
L . R .
Fg I “ CaLT T e
AN . - P A 4
= 35 N » . ' d " 5 o : by
< N i
—

30°N- N BRI P | R
. . 'w P ' . ‘
W@;E ST A SN et )
1 - N ° ,.’,'. Ak '}i.;" ‘ ’ '%
S ‘ E'\ Lo | 4@:
25°N+ ' ‘a)
0 250 500 1,000 Km \ R
ul 84°W 82°W 80°W

I
120°W

I
110°W

]
100°W

I I
90°"W 80°W

Longitude

High Detection

Low Detection

Non-detect

Qaflag [N

78°50'W
NASA ARSET — Monitoring Water Quality of Inland Lakes using Remote Sensing

78°40'W




Utah Lake

(Rick Egan/The Salt Lake Tribune)
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Satellite Estimates of Cyanobacteria in Oregon Lakes and Reservoirs

Reporting Period: June 5, 2023 - June 11, 2023

Introduction

This report provides an update to estimates of cyanobacteria abundance derived from satellite imagery for 49 large Oregon waterbodies. Updates are scheduled to occur weekly from March to October each year. Estimates derive
from the Cyanobacteria Assessment Network (CyAN) project. Three levels illustrate cyanobacteria abundance (cells/mL): Low: <20,000, Moderate: 20,000-100,000, and High: >100,000. The levels correspond to the World Health
Organization (WHO) exposure guideline values (WHQO, 2003). For more information on Harmful Algal Blooms in Oregon, please visit websites from the Oregon DEQ and the Oregon Health Authority.

All data presented in this report are provisional and subject to change. Estimates of cyanobacteria from satellite imagery do not imply the presence of cyanotoxins or other water quality impairments and do not have regulatory
implications. Visit the Oregon Health Authority to learn about recreational use and drinking water advisories related to cyanobacteria blooms. Additional assessments with imagery from the Sentinel 2 Satellites, local
visual assessment, and/or water quality sampling are needed to provide additional information on potential human health and environmental effects of cyanobacteria. Please note that estimates of cyanobacteria abundance
presented in this report may be skewed by cloud cover, ice cover, sun glint, water surface roughness, dry lake beds, algal mats, and shoreline effects.

Highlighted Waterbodies

Waterbodies with high cyanobacteria abundance (>100,000 cells/mL) based on the average of daily maximum estimates during the 7-day reporting period (7DADM).
Reporting Period: June 5, 2023 - June 11, 2023

.
Search: | , L I/ —
' N |:| Waterbody with high cyanobacleria abundance

+
e
TDADM Days of — Kennewick  walla walla
Waterbody_GMNISID* Basin (cells/mL) Data J 7
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Maps and time series plot of CYINcDICIENa eStMates For e3ch of the 49 resolvadie waterbodies JCCording 1o the methads outlined in the CyAN Project.
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NASA Cyanobacteria Assessment Network
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https://oceancolor.gsfc.nasa.gov/about/projects/cyan/
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Version 5 of CyAN data were released on May 22, 2023 - Click here for details.

Introduction

Cyanobacteria Assessment Network (CyAN) @ is a multi-agency project among EPA, the National

Aeronautics and Space Administration (NASA), the National Oceanic and Atmospheric Administration

(NOAA), and the United States Geological Survey (USGS) to support the environmental management and

public use of U.S. lakes and estuaries by providing a capability of detecting and quantifying cyanobacteria I
algal blooms. This effort has resulted in the production of satellite remote sensing products using the
cyanobacteria index (CI) algorithm to estimate cyanobacteria concentrations (CI_cyano) in lakes across
the contiguous United States (CONUS) and Alaska. Vel sion 3DAtADEAlIS

File Search Tool >
The CI data products available are GeoTIFF dailies and a 7-day maximum value composites from Direct Data Download >
different ESA sensors: MERIS (2002-2012) and OLCI on Sentinel-3A (2016-present) and OLCI on (Level 2 & 3)
Sentinel-3B (2018-present).

Data produced for CONUS and Alaska is delivered in tiles referred to as the column number followed by

https://oceancolor.gsfc.nasa.gov/about/projects/cyan/
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CyAN App Demo
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CyAN Web-App Demo

SEPA bacteria Assessment
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https://cfpub.epa.gov/roe/indicator.cfm?i=95
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Report on Environment Demo

Cyanobacteria in Lakes

Exhibit 1. Weekly
occurrence of

| cyanobacteriain U.S. lakes,
‘| 2008-2011 and 2017-2021

Exhibit 2. Area
covered by

cyanobacteria in U.S. lakes,
2008-2011 and 2017-2021

Exhibit 3. Frequency
of cyanobacteria
detections in U.S. lakes,
2008-2011 and 2017-2021

Exhibit 1. Weekly occurrence of cyanobacteria in U.S. lakes,
2008-2011 and 2017-2021
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Per-House Annual Benefits

UMIVERSITY OF WISCOMSIN-MADIZOMN
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Northeast
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I Week/Year Reduction $14,606,248
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=
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Zhang et al. 2022. Ecological Economics
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Lakes at Risk of Toxic Cyanobacteria

Risk of Microcystin >0.2 pg/L

MERIS Lake Imagery %

(
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Field
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Handler et al. 2023. Science of the Total Environment
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Summary

« Clcyano satellite images available daily and weekly
— Annual potential avoided costs ~$5.7 million/year

- Training, Software (open-source, GIS, Android, web-based)

— NASA Website

— SeaDAS
— ArcMAP and ArcPRO RS Tools

— Android Mobile and Web Applications

 Metrics
— Frequency, Extent, Magnitude, Occurrence

— Report on the Environment and EnviroAtlas

)

o
O
)
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art 2: Cyanobacteria Assessment Network (CyAN)
Summary




Resources

e US EPA Cyanobacteria Assessment Network
e NASA Cvanobacteria Assessment Network
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Contact Information

Trainers:

 Blake Schaeffer
— Schaeffer.blake@epa.gov

« Bridget Seegers
— Bridget.n.Seegers@nasa.gov

« Daniel Sobota
— Daniel.sobota@deqg.oregon.gov
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ARSET Website

Follow us on Twitter!
— @NASAARSET

ARSET YouTube

Visit our Sister Programes:
& DEVELOP
@ SERVIR



https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/user/NASAgovVideo/playlists
https://appliedsciences.nasa.gov/what-we-do/capacity-building/develop
https://www.nasa.gov/mission_pages/servir/index.html

Looking Ahead to Part 3

Part 3 will focus on:

« Developing stafistical algorithms in GEE to obtain chlorophyll-a concentration,
total suspended sediments, and water clarity from the Sentinel-2 and in situ data
identified for Lake Erie in Part 1.

« Explore variability of the water quality parameters.
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Homework and Certificates

« Homework:
— One homework assignment
— Opens on July 25, 2023
— Access from the training webpage
— Answers must be submitted via Google Forms
— Due by August 8, 2023

— There will be hands-on exercises in all sessions. You will be instructed to submit results of
these exercises to a Google Drive folder.

 Certificate of Completion:
— Aftend all three live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You will receive a certificate via email approximately two months after completion of
the course.
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Questions and Answers

« Please put your questions in the Questions box
« We will try to get to all of the questions during the Q&A session

« Any remaining questions will be answered in the Q&A document, which will be
posted to the fraining website about a week after the fraining.
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