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PROBLEM

Harmful and/or nuisance algal and
cyanobacterial blooms cause water-quality and
ecological problems including health risks, such
as acute and chronic toxicity, anoxia,
taste-and-odor problems, and fish kills.

Current ground monitoring/data collection and
analysis of water samples are often
geographically limited and have a minimum of
several days before results are available.
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SCIENCE OBJE

The USGS, in collaboration with North Texas water-supply
reservoir managers, developed a reservoir monitoring
system that incorporates imagery from ESA Sentinel-2
powered by Google Earth Engine.

Detection and concentration estimation of Chlorophyll-a, a
surrogate for algae and cyanobacteria, was calibrated for
ten reservoirs based on field data collected in 2020.

The web app has been developed to help monitor
algae and cyanobacteria in near real-time and to study
temporal trends at the regional scale.
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https://www.esa.int/ESA_Multimedia/Images/2011/11/Sentinel-2

NATIONAL COLLf\BORATION

Funding was provided by USGS Water
Mission Area and north Texas reservoir
managers.

“In Fiscal Years 2019 through 2022,
Congress provided the USGS

with
additional resources to assess HABs. The
NWQP is currently funding 24 projects in
15 geographic areas that advance
real-time monitoring, remote sensing, and
use of molecular techniques to identity
and predict the occurrence of HABs and
the toxins they produce.”

https://www.usgs.gov/mission-areas/water-resources/science/harmful-algal-bloo
m-hab-cooperative-matching-funds-projects?qt-science_center_objects=0#qt-scie
nce_center_objects
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https://www.usgs.gov/water-resources/national-water-quality-program
https://www.usgs.gov/water-resources/national-water-quality-program
https://www.usgs.gov/water-resources/national-water-quality-program

science for a changing world



GEOCOMPUTATIO

Google Earth Engine

v’ Delivering cloud hosted analysis ready satellite imagery to a high-performance
geoprocessing platform

v’ Planetary-scale geospatial analysis accelerating scientific discovery (Gorelick et
al., 2017).

v/ Facilitating a paradigm shift in the field of remote sensing and geospatial
analysis from change detection to earth observation monitoring (Woodcock et
al., 2020).
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https://en.wikipedia.org/wiki/Earthrise#/media/File:NASA-Apollo8-Dec24-Earthrise.jpg

CHALLENGES OF NEAR REAL-TIME
MONITORING.

Signal interference
from our
rambunctious
planet:

x Clouds and

cloud shadows;
x An estimated
average of 47% of
MODIS overpasses
per month observed
cloud presence for

Study area (Wilson et
., 2016).

-USGS

science for a changing world

(

<
Aug 4, 2020
08/04/2020 |




MONITORING .+

Signal interference Gl wr
from our rambunctious TR e LA
planet: g .l G

Nevad

x Glint on the water SO U
surface roughness L R
from high wind and A =T b 2

b e o S : ol @ _
>un angle. | : g: J,\aﬁiggz‘?; # “ ” :.‘ v bckwall

. '3 ',- " » i L ;P:“n

e L o'
v ,w:. at - S o',

~USGS 4‘., I'+ 5 Pé&f‘//S/oNAL,,/NbeMA T/O/\F bt '+ +. |

science for a changing world : ¢ AN oY i W

-n. .;\
o




EXPLANATION
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CHLOROPHYLL-
ALGORITH Ms""

King, et al., 2022 (in
review) collected 17
Chlorophyll-a spectral
indices from the
literature that were
evaluated against in

situ Chl-a e e e
concentrations. R
% USGS King et al., 2022; Probability to
exceed 10 ug/L Chlorophyll-a
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https://www.mdpi.com/2072-4292/9/6/538
https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/98JC02160
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https://doi.org/10.1016/j.rse.2012.11.001
https://reader.elsevier.com/reader/sd/pii/S0034425712000843?token=FF3EF05E12290E7EFD1BFD43905D5F9DE70FD49B9EB9FE4A5CE7638989183234CC120E02FCD69377FDBF7D0BB2B179EA
https://doi.org/10.1016/j.rse.2016.03.002
https://doi.org/10.1016/j.rse.2016.03.002
https://doi.org/10.1016/j.rse.2016.03.002
https://doi.org/10.3390/rs8080640
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2. ATMOSPHERIC CORRECTIONS
(@) Physical principles
The photons reaching the sensor of a satellite outside the Earth’s atmosphere arrive from the
incident solar radiation by a variety o luding scattering in the atmosphere, scattering

within the sea, reflexion at the s d multiple combination

Tested index performance across 3
atmosphere corrections: e T S L T P
v Sen2cor surface reflectance (Main-korne, 2017) [
v ACOLITE aquatic reflectance (vanhellemont,
2019)

v MAIN aquatic reflectance (page, 2019)

Ficune 1, Optical pathways,
I

S USGS : . : . ‘I Atmosphere correction, Robinson, 1983
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https://www.jstor.org/stable/pdf/37367.pdf?refreqid=excelsior%3A783c44a887f137909f0434dd4042d1ec

CHLOROPHYL
ALGORITHMS

Consistent process applied for comparison of satellite matchups with in-situ

samples:

v cloud filtering

v cloud masking

v water masking

v’ In situ chlorophyll-a samples within 2 days of a suitable satellite acquisition.

$

X Match-ups reviewed for glint, clouds, & shadows near sample sites.
X |Images reviewed to verify positive blue band reflectance values at sample sites.

The chlorophyll-a spectral index value was retrieved using a 50 m diameter mean
reducer at each sample site from January 2020 through November 2020.
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v Moses 3 Band
outperformed other
indices across all three
atmosphere corrections
(Moses, et al., 2012),
Sen2cor surface
reflectance achieved the

to;( gerfoymance.
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v Moses 3 Band was combination
designed for Chl-a R N—— performed better at
retrieval in turbid o EDHdonce MM (330) inlet sites compared to

Prediction Interval

waters. % o open-water sites.

USGS Chlorophyll-a estimation (ug/L)
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https://reader.elsevier.com/reader/sd/pii/S0034425712000843?token=FF3EF05E12290E7EFD1BFD43905D5F9DE70FD49B9EB9FE4A5CE7638989183234CC120E02FCD69377FDBF7D0BB2B179EA

SPECTRAL ALGORITHM PERFORI\/IAN

Hyperspectral reflectance for open-water (RHP) and inlet (RHT, RH2) sﬁes*m"Vf *
compared to the Moses 3 Bands and field data.

v Dominant Taxa at RHP:
Cyanobacteria
(Cyanophyta)
Lake Ray Hubbard, August 6, 2022
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NEAR REAL-TIME
MONITORING

Google Earth Engine
web application
estimates Chlorophyll-a
concentrations using
new Sentinel-2 imagery @&
as they are ingested
into GEE from the ESA. &

Satellite
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AQUATIC CHLOROPHYLL-a
RESERVOIR MONITOR

Chlorophyll-a detection and concentration estimation for Sentinel-2
overpasses, 2018-present. The estimation was calibrated for

ten reservoirs based on field data collected in 2020:

Lakes Fork, Grapevine, Jim Chapman, Lavon, Lewisville,

Palestine, Ray Hubbard, Ray Roberts, Tawakoni, and Texoma.

See Stengel, 2022 <in review> for methodology.

Chlorophyll-a estimation (ug/L)
|
0

Time-series chart

Select geometry to extract mean Chlorophyll-a estimation (ug/L),
and use the date-slider to investigate the time-series values.
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