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Applications in estuarine,
coastal and shelf zones

» Sediment dynamics

= Suspended sediment concentration (SSC)

= Annual/seasonal/diurnal variation (surface)

= \/ertical variation (SPM transportation model combined)
= High spatial and temporal resolution
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World: the total amount of sediment entering the sea is 18-24 billion tons/year.

China coasts: accounting for 10% of the total amount of sediment entering the sea
in the world.

From Yellow River and the Yangtze River, account for about 80% of the total
amount of sediment entering the sea in China.

In the figure, sediment discharge was going to decrease from 1957 to 2007.
Yangtze River Estuary: 100 million tons/year in recent years.
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Sediment load(10°t/a)

Water discharge and sediment load from the three rivers since the 1950s



Suspended Sediment  FhevsA
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Background: SSC in the Yangtze

GOCI| R: 745nm, G: 660nm, B: 555nm

SPM > 1000 mg/l SPM ~ 20 mg/I
SPM ~150 mgl/l SPM ~ 5 mg/l | & _
2-3 orders of magnitude River discharge ~ 20-30,000 m”*3/s

| WA\



Challenge
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Calibration & Validation

ecalibrating the SERT model using
n situ measurements from 17 cruise
campaigns between 2004 and 2012

The recalibrated SERT applied to

ODIS, MERIS, GOCI, FY-3/MERSI

\
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0.0001 R T Sensors Centralbands “ B APD (%) RMSE(sr) R2(%)
0001 001 01 L TFY(Es0) 550nm 0.0467 35.24350 20.2353 0.0057 75.77
SPM (109 mg ) MODIS(1km) 551nm 0.0471 34.9441 20.2754 0.0057 75.83
GocI 555nm 0.0488 33.7132 20.5207 0.0059 75.95
MERIS 560nm 0.0509 32.2256 20.8517 0.0062 76.18
FY(1km) 565nm 0.0532 30.5814 21.1969 0.0064 76.31
MERIS 620nm 0.0711 13.688 26.7349 0.0081 78.22
MODIS(250) 645nm 0.0747 12.4377 27.1824 0.0082 79.12
FY(250) 650nm 0.0754 12.0454 27.4604 0.0082 79.31
GOCI 660nm 0.0771 11.0158 29.2043 0.0084 79.22
MERIS 665nm 0.0779 10.7085 29.9945 0.0085 79.05
MODIS(1km) 667nm 0.0779 10.6286 30.2303 0.0085 79.08
MODIS(1km) 678nm 0.0793 10.3241 29.5631 0.0085 79.58
GocI 680nm 0.0797 10.2475 29.2608 0.0085 79.85
MERIS 681nm 0.0798 10.2189 29,1862 0.0084 79.89
FY(1km) 685nm 0.0801 10.1105 28.9331 0.0084 80.04
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MERIS 760nm 0.0946 2.8887 39.6762 0.0057 89.10
FY(1km) 765nm 0.0978 2.8182 39.2072 0.0057 89.58
MERIS 779nm 0.0999 2.9285 39.1730 0.0059 89.45
MODIS(250) 858nm 0.1038 1.8042 44.2173 0.0048 91.23
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Calibration & Validation
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Seasonal variation

(Shen et al 2013,
CSR)

SSC(gl)

MERIS-derived SPM seasonal composite products from 2003 to 2010




Seasonal variation
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GOCI-derived SSC
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Multi-sensor medium spatial-
resolution data for SSC

120°E 121°E 122°E

123°E 124°E 125*E 120°E 121°E 122°E 123°E 124°E 125°E
— -, . ’ T - S

>

N 32°N

MERIS
VS.
GOCI |

31°N

32°N

30°N

31°N

GOCI9/10/2011 [ 30°N
(02:28UT ! 29°N

| -1
MO, O 5

coco o = o —_ — o
.
Envisat/MERIS-derived SPM concentration GOCI-derived SPM concentration I Ia n G O n g _2/W I S
120°E 121°E 122°E 123°E 124°E 125°E
2 120°E 121°E 122°E 123°E 124°E 125°E 120°E 121°E 122°E 123°E 124°E 125°E

/ 34°N

34°N

MODIS

33°N
vs. GOCI
S.
32°N 320N [ 32°N
31°N

31°N 310N

30°N [ i3y Terra MODIS 30°N > GOCI5/4/2011 H30°N
(S h en et - % RPN 5/:/2011 (02120 UTC i _ (05:28UTC)
i SPM(gl-!
al. 201 4) NEE A | TN (gl

coo o o — — coe o o o =3 e g
og— w w oo o w g™ = = . S = b
a  Terra MODIS-derived SPM concentration c. Aqua/MODIS-derived SPM concentration d. GOCI-derived SPM concentration



Multi-sensor high spatial-resolution
data for SSC
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Fusion of high spatial and temporal
resolution data for SSC
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Applications in estuarine,
coastal and shelf zones

= Phytoplankton dynamics

= Chlorophyll-a concentration

= Harmful Algal Blooms (macro- and micro-algae)
= Phytoplankton size class

= Phytoplankton species




Phytoplankton

» Phytoplankton is the base of several aquatic food webs.

» Phytoplankton is responsible for most of the transfer of carbon dioxide from
the atmosphere to the ocean, and then fixing carbon into organic material,
known as primary production.

Chl-a as
a proxy

Chlorophyll Concentration Sea Surface Temperature
(mg/m) %
[

01 03 11 3 1 3 10 3060 -2 35

July 2002



Chlorophyll-a (Chla)

Challenge: sediment-rich waters

2013F4378tREVE12:28

OC2: Ocean Chla algorithm in YOC: algorithm for Chla retrieval in the
SeaDAS (O'Reilly et al. 1998) YS and ECS (Siswanto et al., 2011)
Ch]aOCZ — eU + 1061+€2*R+€3*R2+€41R3u Ch]'ﬂ _ 10{{}342—2511 ]_.Ogm{R]—ﬂ.z'?? Lﬂgi][ﬂ'j)
R = 30910(—?5(::2))« R — (Rf5443) (Rfsuz)_l'mz
rs(352) Rrssss / \ Rrssg0 '

eo =-0.0929, e1 =0.2974, e; = -2.2429, .
es = 0.8358, e = —0.0077} Bands: 412, 442, 490, 555 nm




Chlorophyll-a (Chla)

» Synthetic chlorophyll index (SCI) proposed for Chla retrieval in sediment-rich
productive turbid waters, for minimizing the sediment (Shen et al., 2010 IJRS).
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MERIS-derived Chla by the SCI algorithm
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» Green tides: Ulva prolifera

Rec A (00,0, Ap) = wLi x*(00, 0, Ap)/(Fox X cosby)
— A\r A\ (609 9: A(]ﬁ)?
J (@) MODIS R
FAl = Rienir — ReenNir', e 2

!
RieniR' = Ricrep + (ReeswiR — RieRED)

Bands: 645, 859, 1240 nm | e
Approximate location and ™ R \ \ :
distribution of U. prolifera > N
identified from MODIS FAI i . o 2
imagery from April 2000 to ¥ W

May 2009. e PO

Algae bloom - macroalgae

Floating Algae Index (FAI) (Hu et al., 2010).
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Algae bloom - macroalgae

= Brown tides: Sargassum horneri
Alternative Floating Algae Index (AFAI) (Qi et al., 2017).

AFAl = Ric. 12 — Rec 1o.
ch;, 12 — th:, Al + (ch, A3 th:, Al ) ()-2 — )-1)/()-3 — )-1 )-;
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= w | e (e) Reflectance spectra of Ulva (Hu et al., 2015).
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(a) MODIS AFAI image on 18 May 2017.



Algae bloom - microalgae
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Algae bloom - microalgae

» Red tides: Prorocentrum donghaiense
In the ECS using GOCI (Lou and Hu, 2014).
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Algae bloom - microalgae

P.donghaiense
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Phytoplankton size classes

a) Micro

PSCs over 1998-2009 derived from SeaWiFS (a) Microplankton (>20um), (b)
and (c) Picoplankton (<2 um), Hirata et al. (201




Phytoplankton size class

GOCI-derived Phytoplankton Size Classes (PSCs) diurnal
variation, based on Abundance-based approach (HPLC pigments

vs. PSCs) (Sun & Shen et al. 2018 JGR)
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Phytoplankton species
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Applications in estuarine,
coastal and shelf zones

= Optical and Thermal joint data




Optical & Thermal data for coastal oceans

Water mass

Front
Eddy

Upwelling

Imate

Change

Oceanic front detection in Chl
and SST satellite imagery in
Gulf of Maine and Georges 3
Bank. (Belkin & O’Reilly, 2009). #
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Optical & Thermal data for Eddy vs. Chla
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Fig. 6. Maps of the SST in degrees C and of the chlorophyll-a (CHL) concentration in mg/m? retrieved from MODIS data. Upper maps: at 1445 UTC on 5 November 2011. Lower maps:
at 1435 UTC on 7 November 2011. The arrows point to the SST and CHL signatures of the small-scale eddy.



Optical & Thermal data for Fronts
(SST vs. Chla)
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Optical & Thermal data for Fronts vs.
phytoplankton microfossil

®» [ronts partitioned phytoplankton microfossils into assemblage types of
diatoms, dinoflagellates and Silicoflagellates in the BS, YS, ECS

(Liu et al., 2018 GE&B)
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Applications in estuarine,
coastal and shelf zones

What else can we explore further using Remote
Sensing technology for applications? (trend of 3-H)

Hyperspectral

GaoFen-5, EnMap (Germany), HyspIRI(US), .....
» High-spatial resolution

GaoFen-1/2/6, Sentinel-2A/2B, ....
» High-temporal resolution

GOCI-1/2, Geo-CAPE?, OCAPI?......




Thank you for
your attention!

fshen@sklec.ecnu.edu.cn




