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Northern GoM estuarine-shelf system

*Understanding estuarine-coastal-ocean bio-geochemical
processes 1s essential to improve
ecarbon budgets
swater quality monitoring

Coll of Merico



nGoM Hot Spot of Extreme events
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*Hurricanes are increasingly being recognized
as important episodic drivers in coastal ocean
biogeochemical cycling

2005 (5 hurricanes); 2020 (8 hurricanes)
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*Hurricane Harvey Aug. 25 29 2017 °Hurr1cane M1chael Oct 10 2018

Optical proxies for biogeochemical variables from ocean color (OC)
* CDOM absorption— Dissolved Organic Carbon (DOC)
» Backscattering coefficient— SPM, POC
* Phytoplankton absorption— biomass /taxonomy/size class



Outline

*Empirical OC algorithms — shelf & estuaries

*Tuning of the Quasi-analytical algorithm (QAA) as QAA-V for the
optically complex and turbid estuarine waters and application

*Adaptive atmospheric correction

*Adaptive QAA (standard QAA + QAA-V) optimized for the
estuarine-ocean continuum and application



Empirical ocean color algorithms for shelf waters

Suspended particulate matter (SPM) algorithm
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Empirical algorithms for estuaries
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CDOM/DOC trends in Barataria Bay
using Landsat/MODIS (1985-2012)
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Long-term trends in DOC concentrations in Barataria Bay using
Landsat/MODIS data and linkages to LULC change
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Apalachicola Bay: Seasonal CDOM/DOC
stocks and fluxes using VIIRS & NCOM

Joshi et al. 2017, Remote Sens. Environ.
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Hurricane Harvey impact on Galveston Bay

carbon distribution & fluxes HARVEY RAINFALL TOTALS AND TRACK v
Lo «

*Hurricane Harvey (25-29 Aug, 2017) dumped record
rainfall in the Houston and surrounding region (>52”)

‘ \ ‘R‘M p.m.: Category 4] B ‘05155
\ ;"\iA_u'.’zs. 1 p.m.: Category 3 I
o . e Aug. 24, 7 p.m.; Category 1 "';‘ '
*Critical to monitor short- and long-term response of = =

water quality constituents — NASA Rapid Response

Challenges:
*Estuarine waters are optically complex and limitations of
standard ocean color algorithms including semi-analytical

Sediment

* apply/tune semi-analytic algorithm such as QAA  (Lee
et al. 2002)

NASA imagery on 31
August 2017



Data for tuning the QAA and carbon flux studies

*Field surveys conducted in Galveston Bay,
Apalachicola Bay and Barataria Bay

=

*Surface water samples were collected for absorption
(CDOM, phytoplankton, non-algal particles), DOC,
phytoplankton pigments, and SPM concentrations

*Bio-optical package comprising a suite of instruments
including: CTD, Wetlabs eco-triplet (chlorophyll, CDOM
fluorescence, and backscattering at 532 nm), ACS

*Remote sensing reflectance R, (GER 1500 512iHR
spectroradiometer)

*Synthetic data from Hydrolight simulation

*'NOMAD dataset

I-situ Estuanine Detaset Ovnapvele Lighe
N &0 Lwer



Tuning of the QAA for turbid estuaries as (QAA-V); 2 major changes

(1) The coefficients g,and g; of a SAA quadratic relationship were updated to
obtain u from the R,

I —— Lee et al. (1999)
R p—— Lee et al. (2002) &
— . e e (Gordon e al. (1988) &

Hydrolight simulations

(N = 561 spectra)
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Tuning the QAA (Lee et al. 2002) for estuarine waters (QAA-V)

N T e (2) a threshold-based empirical model was
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Joshi & D’Sa 2018-Biogeosciences



Validation of QAA-V and performance comparison to QAA-v6
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Application: QAA-V in Galveston Bay

VIIRS Remote Sensing Reflectance Rrs

(downloaded from NASA OC site) .
VIIRS Rrs (atmospheric correction) = :
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Optical property (backscattering coefficient) to SPM
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major factors influencing
-River discharge

-wind forcing
-re-suspension

-shelf transport

Trinity River at Romayor , Texas (74 river miles)
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SPM dynamics following Hurricane Harvey
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Coastal ocean optical-geochemical response to Hurricane Harvey

From: D’Sa, Joshi

and Liu 2018-GRL
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POC dynamics following Hurricane Harvey in Galveston Bay

August 31 September 2

SPM = 103.07 xbpp532 + 0.24

POC* = 725.60xSPM—0-701

where POC* = POC/SPM.

Warnken & Santschi 2004-
Sci. Total Environ.
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CDOM/DOC dynamics following Hurricane Harvey
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Volume, DOC, POC fluxes linked to Hurricane Harvey
D’Sa, Joshi and Liu 2018-GRL

i P | . AP | AP | BRI SR B S 1

—_ Near surface currents

EZ 3 (f) SCe924 emve (~50 cms’)

= = ; o Ebb

D=

o 1-

S 3

© B 0 1

e

0()0 1 ]

. ® N (g) . ¢ Volume flux at Bolivar Road Pass{ 1.0
€ & | Flux in (SIR-W+SJR-E+TR) dischange
"’E p.QQ &2 TOC flux (x10° kg day ) “ 0.5
= ,1000 BN DOC flux (x10"kg day ™) s ]

5 01 + 0.0
2 ] {.0.5
= ,5000 | Hurricane | Flux out f

S gggg 1.1.0

‘Q’Aug-15 Aug-22 Aug-29 Sep-05 Sep-12 Sep-19 Sep-26 Oct-03 Oct-10 Oct-17 Oct-24 Oct-31

Top: water level and surface currents at Galveston Bay entrance
Bottom: TR+SJR discharge; +volume flux at entrance; DOC & POC fluxes

Over 10 days during/following hurricane, ~25x10° kg C (TOC) and ~314x10°
kg of SPM were rapidly exported from GB to shelf



Atmospheric correction (ATCOR) in estuarine-shelf waters

Lr (1) =Larm(4) + Lsurr (1) + 6, Ly (4)

Rrs =L,,(1)/Ea(2).

30°40°N

*We use ATCOR algorithms readily available in NASA’s
SeaDAS software that are variants of the basic Gordon and
Wang (1994) that assumes black pixel; these variants make
adjustment to the non-negligible NIR radiance

30°N

28°20N

28°40' N

*[terative NIR (Bailey et al 2010; BFW10):

works well in productive shelf and open ocean

*MUMM NIR scheme (Ruddick et al. 2000; R0O0)

good for moderately turbid sediment-rich waters

*SWIR approach (Wang and Shi 2007; WSO05)
Works well in highly turbid waters

91'W 90°W 89°W

— Galveston Bay
v

*To utilize the strengths of three well know NIR and SWIR
correction algorithms we propose a methodology for a pixel-by-
pixel selection of correction algorithms based on spectral
criteria of different water types and for further blending two

QAAs: QAA-vS and QAA-V for the MODIS-Aqua




Adaptive atmospheric correction algorithms (AD-ATCOR; MODIS-Aqua)

Rrafd? > Rrads)
A
Rrsfas > RrassS

b
) (d)

s« RnullT « Rreddd

et &
Blue water F - Maxifrs) =
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Fig. 4. Different water types @ a MODIS-Aqua scene (December 13, 2002) collected over the oGoM. (a) Res spoctra over the groen watee (b) Ry spectna
over the blue water. (¢) Rrs specura over the brown water. (d) Rrs spectma corespoading 20 @e baght hlee waters Miely due o coocolithophores. Colored
lines ropeesent an average of all spectra

From: Joshi & D’Sa 2020-1EEE TGRS



Adaptive atmospheric correction algorithms (AD-ATCOR; MODIS-Aqua)

From: Joshi & D’Sa 2020-IEEE TGRS

*The process begins with the BFW10-corrected image and the
pixels will be replaced with the corresponding pixels in the R0O0O
and WSO05-corrected images based on the spectral criteria

SeaDAS 7.5.1 (NASA, OBPG)

MODIS L1B |
P e ——
4—6’"‘/ v \”
Image-1 g Image-3
BFWI10 WSO05
(Balley et. al., 2010) (Wang & Shi, 2005)

ey U ——
Adaptive selection of ocean reflectance correction algorithm (AD-ATCOR) ——
For each pixel in Image-] MATLAB
STEP-1 :
IF CONDITION = 1: (Rrs667 > Rrs443) =] Turbsd waters | == b
IF CONDITION ~ 2: (Rrs645 > Rrs555)] (Rrs667 = NaN)|(Rrs748 = NaN) - Highly turbid waters

=3 Use PIXEL ;maoe-1 (WS05)

Rrs678 —~ Rrsbb7
IF CONDITION - 3 (Optional): [(max(Rrs(}.)) - (RrsS3l|Rrs488))&(- o e )s 006] -+ | Bright waters

]

Rrs(d); where A = 412 443 469 488,531, 547 555,645,667, 678, 748 859 and 869 nm




Performance of AD-ATCOR

Joshi & D’Sa 2020-IEEE TGRS

BFW

MUMM

SWIR

Fig. 7. Maps showing pixel-by-pixel application of three correction algo-
rithms, BFW10 (blue), ROO (green), and WSO05 (red), in heterogeneous
waters of nGoM during (a) normal condition (May 6, 2017), (b) MR flood
(April 13, 2008), (¢c) MR drought (October 19, 2012), and (d) passage of a
cold front (February 26, 2016). A polygon (cyan color) shows bright water
pixels likely due to Coccolithophores (condition-3 in Fig. 2).



Adaptive QAA (AD-QAA: QAA-V or QAA-vS)
Joshi & D’Sa2020-IEEE TGRS
Limitations of QAA-V — optimized for estuaries

Limitations of QAA-vS — works well in ocean/coastal waters

Rrs(3); where A = 412, 443 469,488,531, 547,555, 645, 667,678, 748, 859 and B69 nm

Adaptive selection of Quasi-Analytical Algorithm (AD-QAA)

STEP.2- = Rrs(A) [
STEP-2: rrs(l) = = re—— MATLAB
STEP-3: Py = 10g10 ("=27) (QAA-V; Joshi & D'Sa, 2018)

logIO( "‘“""‘-“',,.;,.-) (QAA-vS; Lee et al., 2002)
rrs m)

55545 xrms6Tox

STEP-4: u(l) - —“ol“’ o:-:,-m(l)j
= !

g = 0.0788 & g, = 0.2379 if p, < 0.25 (Joshi & D'Sa, 2018)
g, = 0.0895 & g, = 0.1247 if p, 2 025 (Lee et.al., 2002)

STEP'S: ch 3
py < 0.25: Benw 555 = 1000 -1800%p+ASE0X5") (QAA-V)
py = 0.25 & p, < 0.65: B 555 = 10(0375-2674xp+08130%) (OAA.V)
B ITB~TATERPy T e - “(Pys)~ w(pys)?
o, = 0.65 & p, < 0.75: A 585 = L " 1(QAAV & QAAYS)
py 2 075: e 555 = 10 :«—z.mm“-o.mxp"')(QM.VSJ
3 2 (Btnw 555 +84 555)XuS55
STEP-6: bbepw 555 = s bb,, 555
STEP-7: Ny = —0.566 - 1.395 x log10 (bby,,555) if p, < 0.25 (D'Sa et.al., 2007)
s = 2% (1-12x e(°7F55) ifp, > 0.25 (Lee et.al, 2002)
STEP-8: bbe(A) = bby(A) + bbyyy 555 X (sss
. 1-u(d)
STEP-9: ay(d) = bb, () x (=22




Adaptive QAA (AD-QAA: QAA-V & QAA-vS)

Normal

-0.75 -0.25 0.25 0.75 1 .25

Fig. 9. MODIS-Aqua Rho (p) maps showing pixel-by-pixel application
(AD-QAA) of two QAAs algorithms, QAA-V and QAA-v5, using p
thresholds (step-5 in Fig. 2) in heterogeneous waters of nGoM during
four conditions. (a) Normal condition (May 6, 2017). (b) MR flood
(April 13, 2008). (c) MR drought (October 19, 2012). (d) Passage of a cold
front (February 26, 2016).

From: Joshi & D’Sa 2020
IEEE TGRS



AD-QAA: total absorption coefficients

Joshi & D’Sa 2020-IEEE TGRS
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AD-QAA: backscattering coefficients




Application: Hurricane Michael impact (Oct 10, 2018) using MODIS Aqua
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POC and DOC maps in Apalachicola Bay
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Chemo-optical analysis

MODIS-ALIB
Adaptive atmospheric
correction
(SeaDAS +MATLAB¥)
Rrs555 & Rrs667
(sr)
Power-law
A 100 4 B g ~ ]
model ! La 412=716X (0,532)
Field da {
Power-law i ") 10 4 [R'=083;N=33 .
model = 1 |
by,532 | (Field data) | ay,,412 24,412 c 1]
(m) @) | () 5 3
© {
0.1 4 &
{ 2,412 = 8.60 X (Rrs555/Rrs667) " ™
Po;oc;-:law a,412 P el i Lol i fr i@ O o
. m! 01 1 10 0.01 1
(Field data) o od( : ) Rrs555/Rrs667 b,,532 (m P)
(Fig. 5d) {DOAE OGO c . . D
. (Field data) 50 - :
(Fig. 5¢) DOC =1.86 +0.62 Xa 412 i P
. ~ 40 1R?=0.96;N =80
POC maps DOC maps % ol o
(gm?) (mg L) 2301 2
Fig. 7 Fig. 6 - b
8 a ®e
10 | 0.1 POC = 3.722 X (b,,532)°*"'
0 | R=084:N=33 (50uien))
0 10 20 30 40 50 o001 0.01 0.1
ag412 (m’) bbp532(m")

D’Sa et al. 2019-Frontiers Marine Science



Hurricane Michael: DOC and POC distribution and fluxes D’Sa et al. 2019-FMS

October 4 October 13

October 4 . October 13 _ 4

Fluxes of DOC and POC

NCOM hydrodynamic model

*Average flux of organic carbon exported between 5-21 Oct were much greater
for DOC (0.86x106 kg C d-1) than POC (0.21x106 kg C d-1)



Summary

 Estuarine-ocean continuum in nGoM include highly turbid and optically
complex to clear oligotrophic waters within a satellite scene. Adaptive
atmospheric correction and QAA offer advantage in processing ocean color
— recent study (Liu et al. 2021 — RSE) used adaptive QAA for Sentinel-3
OLCI to retrieve phytoplankton absorption; further used to retrieve
phytoplankton size structure

*Optical proxies (absorption and scattering coefficients) of biogeochemical
variables derived using adaptive QAA could support water quality
monitoring and biogeochemical modeling in the coastal ocean

 Obtaining field optical/biogeochemical data critical in characterizing the
various estuarine systems

« With increase in TCs, flooding, storm surges, in nGoM there is need for
collaborative efforts to address coastal impacts associated with these
episodic events



