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Water Clarity




Water Clarity

Defined by how we
measure clarity in
the field...
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Satellite remote sensing adds coverage

Mainstem cruise stations Satellite red reflectance
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Conflicting Opinions

You should use satellite datal A Yoy can’t use satellite data for
Great coverage! Long time series! the Bay, it’'s optically complex!

Freely available!
/—\




Conflicting Opinions

You should use satellite datal =8 You can’t use satellite data for
Great coverage! Long time series! the Bay, it's optically complex!

Freely e > 1 component blocks out light:

CDOM, phytoplankton, and sediments all make the
water appear greener and/or browner from space
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Conflicting Opinions




Which products to choose”?
What does it all mean”
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Remote Sensing Reflectance (Rrs)
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Remote Sensing Reflectance (Rrs)
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Remote Sensing Reflectance (Rrs)
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Remote Sensing Reflectance (Rrs)
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Remote Sensing Reflectance (Rrs)

0.100 Sediments and -
detritus scatter light
(“brighter” water)
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Remote Sensing Reflectance (Rrs)
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Remote Sensing Reflectance (Rrs)
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Remote Sensing Reflectance (Rrs)
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Satellite missions for water clarity

I czcs 1978 - 1986
I scawiFs 1997 - 2010

MODIS-Terra 2000 - [
[ woDIs-Aqua zovz - I ]
I VIERIS 2002 - 2012
B HiCO 2010 - 2014
[ * VIIRS 2012 - D ]

Sentinel (Multiple) 2014 - |GG
N Landsats March 1984 —January 2013

l Landsat6 October 1993

Landsat 7 April 1999 -
[ % Landsat8 February 2013 -GGG ]

Landsat 9 2020

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

B Ocean color mission by NASA/NOAA/ESA

* ' ' .
BN USGS mission primarily for land applications [ Shown in fO”OWIﬂg slides ]




Satellite missions for water clarity: 3 example sensors

Atmospheric correction: NASA SeaDAS
Level-2 images (ready for science, but not spatially binned to a map projection)
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0.015
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37.5 - o With SeaWiFS
» combined, can go
back to 1997
37.4
0.01
373 T%
S €
= e
E . 1
~ 372} = s »  Cons:
©  « Has been studied “to
10,005 death” for Chesapeake
37.1F Bay in the past
» Low spatial resolution,
could not analyze
37 - tributaries or small
creeks
36.9 | | L | 0

-77 -769 -76.8 -76.7 -766 -765 -764 -763 -762 -76.1 -76
Longitude



VIIRS-SNPP 03-DEC-2019 17:54:59 UTC
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Landsat-OLI 25-NOV-2019 15:40:59 UTC
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Satellite missions for water clarity: 3 example sensors

Atmospheric correction: NASA SeaDAS
Level-2 images (ready for science, but not spatially binned to a map projection)

MODIS VIIRS Landsat

1 km spatial resolution — shown 675 m spatial resolution — shown 30 m spatial resolution
(500m and 250 m for some bands, (375 m for I-bands, not shown) Overpass every 16 days
not shown) Daily overpass
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Example: Long-term trends
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Figure 1. MODIS-Aqua
frue color composite
image of the Chesapeake
Bay and Mid-Atlantic
Bight collected November
11, 2020.
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—xample: Long-term trends

MODIS-Aqua 2003-2020
Daily overpass

250-m spatial resolution pixels in the red band
500-m and 1-km resolution in other bands




Example: Long-term trends

Merged atmospheric correction method used to retain data
during high-turbidity conditions

Example: September 2011 (Lots of storms)

Near-Infrared Atmospheric Correction Merging Method
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Up to 2x more scenes used in monthly composite 26



MODIS-Agua spatial resolutions
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Validation
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Single Bands Trend Results
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Band Ratio Trend Results

Red-to-green ratios

Red-to-blue ratios

Green-to-blue ratios
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What do these trends suggest?

Variable

Red-band Rrs

Related in situ
measurements

Suspended solids,
Turbidity

Trends

Decreasing in upper Bay, no trend in
lower Bay

Red-to-green ratio

O
.
O

Suspended solids,
Turbidity

Decreasing in mainstem Bay \

Red-to-blue ratios

Light attenuation,
Suspended solids,
Turbidity

Decreasing in mainstem Bay \

Green-to-blue ratios O

Chlorophyll, CDOM

Increasing in mainstem Bay ﬁ
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What do these trends suggest”?

Variable

Red-banc

Suggest Improving water clarity
IN mainstem and lower Bay

@ed—to—green ratios

Suspended solids,
Turbidity

Decreasing in mainstem Bay \ )

Red-to-blue ratios

[ ]
O
[ ]
O

\

Light attenuation,
Suspended solids,
Turbidity

Decreasing in mainstem Bay \
/

(Gréeen-to-bIue ratios

~Cnloropnyl, CDOM

.j

Ncreasmg m mamnstem Bay j
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What do these trends suggest?

Variable

Related in situ

Trends

Red-band Rrs O

measurements

Suspended solids,
Turbidity

Decreasing in upper Bay, no trend in
lower Bay

Red-to-green rg

Red-to-blue rat

y =

phytoplankton to reflectance

[Hidallaliavi
2

Suggest Increasing contribution of

[Green-to-blue ratios O

Chlorophyll, CDOM

Increasing in mainstem Bay ﬁ

}
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Suggest Improving water clarity et
IN mainstem and lower Bay

Interpretations of long-term change

In situ data 1999-2019
shows water becoming
clearer in terms of Kd, TSS

Chesapeake Bay Surface TSS: -~
1999-2019 change e By g
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Data are from MDDNR and VADEQ. ¥
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Rebecca Murphy

Disclaimer:
http://www.chesapeakebay.net/terms

Map created by RM, 10/21/2020
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What do these trends suggest?
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—xample: Florida “Virtual Buoy System”

https://optics.marine.usf.edu/projects/vios.html

Optical Engineering 53(5), 051402 (May 2014)

Satellite-based virtual buoy system to monitor coastal

water quality

Chuanmin Hu

Brian B. Barnes

Brock Murch

University of South Florida
College of Marine Science
140 Seventh Avenue, South
St. Petersburg, Florida 33701
E-mail: huc@usf.edu

Paul Carlson

Florida Fish and Wildlife Conservation
Commission

100 Eighth Avenue, SE

St. Petersburg, Florida 33701

Abstract. There is a pressing need to assess coastal and estuarine water
quality state and anomaly events to facilitate coastal management,
but such a need is hindered by lack of resources to conduct frequent
ship-based or buoy-based measurements. Here, we established a virtual
buoy system (VBS) to facilitate satellite data visualization and interpreta-
tion of water quality assessment. The VBS is based on a virtual antenna
system (VAS) that obtains low-level satellite data and generates
higher-level data products using both National Aeronautics and Space
Administration standard algorithms and regionally customized algorithms
in near real time. The VB stations are predefined and carefully chosen
to cover water quality gradients in estuaries and coastal waters, where
multiyear time series at monthly and weekly intervals are extracted for
the following parameters: sea surface temperature (°C), chlorophyll-a con-
centration (mgm=3), turbidity (NTU), diffuse light attenuation at 490 nm
[K 4(490), m~'] or secchi disk depth (m), absorption coefficient of colored
dissolved organic matter (m~'), and bottom available light (%). The time-
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—xample: Florida “Virt

ual

Buoy System”

https://optics.marine.usf.edu/projects/vios.html
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Click on a point

Software loads a
time series of
satellite data from
that location
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https://optics.marine.usf.edu/projects/vbs.html

. ' G\ /! -+ I )
Example: Florida “Virtual Buoy System
https://optics.marine.us‘.edu/proiects/vbs. ntm|
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Writte n at | eﬂ y The graphs show mean monthly

water clarity data between 2002 and
the present, and mean weekly water 0.0

'-t h f clarity data in the past two years.
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o
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-lorida methods may not work for the Bay

Florida coastal waters 5}7 Chesapeake Bay

More rivers and more
diverse river inputs

More sediment inputs
Large watershed with
mountains and wetlands
“Incubator”

Sink, not source, of
sediments to/from ocean

* Fewer rivers

« Karst geology

« Groundwater inputs

« Carbonate sands

« Everglades/cypress

o (Generally clearer
waters

Average Flow in cubic feet per second (cfs):

1,000 2,500 10,000 50,000 250,000 650,000 \f‘.'.\\am\




-lorida methods may not work for the Bay

Florida coastal waters Chesapeake Bay

* More rivers and more
diverse river inputs

* More sediment inputs

« Large watershed with
mountains and wetlands

* “Incubator”

« Sink, not source, of
sediments to/from ocean

* Fewer rivers

« Karst geology

« Groundwater inputs

« Carbonate sands

« Everglades/cypress

» Generally clearer
waters

Average Flow in cubic feet per second (cfs):

1,000 2,500 10,000 50,000 250,000 650,000 \/“_.\‘\am\

o AMAS
*““ - \5:\“'\ A1
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The “4-H” Resolution Compromise
Satellite Comparison for bloom applications

Example: Goal here is

Chl-a fluorescence (red Satellite Spatial Temporal Key Spectral
and rlear-lnfra red) to MERIS 2002-12 300 m 2 day 10 (5 on red edge)
monitor phytoplankton OLClsentinet=n 2016 oK good good
b I OO m S . e I Y A I S RS
MODIS high res ferra ~ 250/500 m 1-2 day 4 (1red, 1 NIR)
1999; Aqua 2002 oK good marginal

Applies somewhat to
water clarity as well. MODIS low res

1-2 day 7-8 (2 in red edge)
good marginal

Sentinel-2 (2015) 20m 10 day (5 day with 2" 5(1red; 2NIR, 1in red edge)
satellite, launch in 2017)
good Potential with 2 potential

Clouds take out 1/2 to 2/3 of imagery
Some sunglint is not a problem for our algorithms Powerpoint Slide by Richard Stumpf, 2017

Minimum resolution, 3 pixels across (2 mixed land/water)
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Future satellite missions for water clarity

1km spatial res.
~Daily overpass
Hyperspectral
Polarization
“SeaWiFS-like”

NASA’s Surface Blology
and Geology (SBG) ™3
Targeted Obse rvable,k

~100m spatial res.
~Dally overpass
Hyperspectral

; : T R, T TPPRL
Shannon Zareh, Ben Poulter, Anthony,_ eeman, Davud . <& 5 G I_aﬂdsat—llke
Schimel, David Bearden, Jonathon C e, David Thompsof 1 , & A7
Elizabeth Middleton, KevlnTurple Cha Mlller Nancy Gleg

| am involved in: PACE Science and Apphcahons Team
PACE Early Adopters 43




A note on “Water Clarity”

-> Use the best measurement for the
specific research or management
needs/goals.

Applying this to satellite data...

—2>VALIDATE with the measurement
that is ultimately most needed.

Visual

» predators
as / ﬁ Human
perceptions
Secchl\ m
depth Property

values

SAV,
Q — phytoplankton,
~ macrophytes
Light
attenuation
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Summary

Advantages Disadvantages
* Synoptic coverage « Clarity in the Bay is
« Already in orbit, low complicated in situ,

cost, freely available things like Kd, Secchi are
* High temporal, spatial decoupled

resolution « Optically complex, Chl-a
« Estimates possible looks like CDOM

* |Lower accuracy
Ask me about: Bibliography of water clarity algorithms for Chesapeake Bay
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Extra slides
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In situ K, (PAR) (i’)

Chesapeake Bay K4(PAR) skill of MODIS-Aqua
retrievals 2002-2007 compared to in situ CBP

measurements. Adapted from Wang et al. (2009).

N s K4(PAR)

< 1999 2000
39.5 o '-
38.5 : - ‘.c ¥
38 LN.
37.5 By X
S
37

-76.5 -76 -75.5
Number of in situ K (PAR) CBP
observations 1984-2019 at 42

stations. N = 12,022 observations
between 1984 and 2019.
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Even In situ data has its issues with
defining what is “clarity”

* Make sure to validate over multiple tides, seasons, dry/wet years
to be sure the algorithm works for the answer you want.
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