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Sensor Characteristics

e Spatial Resolution

e Spectral Resolution

* Signhal-to-Noise Ratio

 Temporal Resolution



Spatial Resolution

What is the dominant spatial
scale of variability of
optically discernible

biophysical features in
coastal and inland waters?
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510 m Resolution
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750 m Resolution

16 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal



990 m Resolution
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Sub-pixel Coefficient of Variation

30 m True Color 90 m 240 m

750 m
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Spatial Variation Study

Along-track data of IOPs and AOPs from in-water, ship-
board, airborne, and spaceborne platforms

DatalTrack
| \
R et - - - i
N/ S
Observations Segment n: no. of segments

k: no. of observations in a segment
(Defined by GSD)

Sub-pixel Variation, ¢V, = % S+ L) %]
=1 - !

Bias correction

& (Sokal, R. R. and J. F. Rohlf. 1995.
min = 1000 m Biometry: The Principles and Practice

of Statistics in Biological Research)

2 % [Sl Imegian S GSD
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Spatial Sampling e

Platform Instruments Location Parameters Analyzed Transe;t Length Interval (m)
( m) SImed GSD niin
In-water ac-s Long Island Sound (LIS) a,(450), ¢,(650) LIS: 158 2.8 10
Savannah-New York (SN) a,(489), ¢,(649) SN: 396.8 141 300
Shipboard ac-s
San Diego Coast (SD) a,(488), ¢,(650) SD: 400 185 400
CV: 120 54 150
MAB: 595 60 150
Virginia Coast (VC),
: Mid-Atlantic Bight
Lid b,,(532), K,,,(532
1eat (MAB), Georges Bank & p(332), Kyys(332)
Gulf of Maine (GBM) GBM: 439 43 100
Airborne
San Francisco Bay (SFB) R, g, R;s 6. Rys r» Ris 51 SFB: 74 16.5 40
AVIRIS M A A-MB1: 60 16.2 40
onterey Bay
R, g Ry Ry g R
(A-MB1, A-MB2) ro B> sG> Trs R> Thrs_BIG A-MB2: 36 16.1 40
Monterey Bay
CASI (C-MB) R, 8. Ris 6o Ris - Ris 516 C-MB: 63.5 1.55 5
HICO Chesapeake Bay (CB) R, 5, R 6 Ris »> Ris /G CB: 102 97 200
Spaceborne - - - -

Landsat-8 Baltic Sea (BS) R, 8. Ris 6o Ris - Ris 516 BS: 175 30 60




Transition GSD (GSD,)
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For Details: Moses, W. J., Ackleson, S.
G., Hair, J. W., Hostetler, C. A. and
Miller, W. D. (2016). Spatial scales of
optical variability in the coastal ocean:
Implications for remote sensing and in
situ sampling, Journal of Geophysical
Research: Oceans, 121(6): 4194-4208,
doi: 10.1002/2016JC011767.
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CV vs. GSD
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Platform & Transect Parameter GSD, (m) 18
Instrument LL Method SP Method
_ [2,(450)].1s 250 150
In-water; ac-s Long Island Sound [C.(650)], < 40 100
T Savannah — New York [a,(450)]sn, [€,(650)]sy None None
San Diego Coast [2,(450)]5p, [€,(650)]5p None None
N [b,(532)]yc 350 300
Virginia Coast [K,(532)]vc 350 500
: . - . [0,(532)]\as 300 450
Airborne; lidar Mid-Atlantic Bight [K (532 ns 600 450
Georges Bank and [0,(532)]cem 200 350
Gulf of Maine [Kys(532)]cam 200* 200*
[Rrs_B]SFB’ [Rrs_B/G]SFB 75 150
San Francisco Bay [Res clsrs 100 150
[Rys rlses 100 200
Alrbome, AVIRIS Monterey Bay 1 [RI’S_B]A-MB].’ [RTS_G]A-MBl’ [RI’S_R]A-MB]. 100 200
[Rrs B/G]A-MBl 75 150
[Rrs_B]A-MBZ 75 100
Monterey Bay 2 [Res cla-ms2 None None
[Rrs R]A-MBZ’ [Rrs B/G]A-MBZ 75 100
[Rrs_B]C-MB 75 100
: [Ris clems None 150
Airborne; CASI Monterey Ba o
I=E [Rrs_R]C—MB 200 150
[Ris siclc-mp None None
Spaceborne; HICO Chesapeake Bay [Res slca: [Res clea: [Res rlea NI NI
[Rs micles 300 400
Spaceborne; Landsat-8 Baltic Sea [Ris glss: [Rrs clss: [Rrs rles [Rrs siclas None None
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Results

(for coastal waters)

—

* Average GSD,(LL): 173 m [ 200 m

* Average GSD,(SP): 217 m _— \

* GSD, generally smaller for regions closer to
the shore (dominated by scattering processes)

Does not imply that 200 m is sufficient; it simply
means that beyond 200 m there is a significant
loss in the ability to capture spatial variability




Impact of the pixel size on the estimation of the water-leaving
reflectance

m Cédric Jamet and Hubert Loisel |%°

Lonclusion and Perspectives

Rationale

- Simulated datased: ne impact of pixel size on estimation of TOPs
- High spatial resolutien only necessary for coostal waters highly
influenced by river discharge.

+ Ocean color remote sensers have dif ferent spatial resalutions
+ Remote-sensing reflectance Rrs: men-linear fuaction of the TOPs

+ How pixel size impacts the retrieval of Rrs?

+ Which bis-eptical medel is the less sensitive to sub-pixel
variability?

+ What is the high frequency of Rrs and IOFs?

- Spatiel resalution of 200 meters enaugh far visualizing most of th
stal chi

- Use of €V (Moses et al., 2016)

Spatial resolution of ~200 m
for capturing most changes in
coastal Rrs

- MERTS FR: 300 m over English Channel and French Guiana
- Landsat L&/CLL:30 m aver English Channel and Vietnam
processed with Acelite software

- Linear dvemglng of the spatiel resolution

Simulation of sub-pixel of 250 m over a pixel of 1000
meters along the coasts of French Guiana on June 22
2016

Field measurements ever a pixel and sub-pixel

- Eastern English Channel:1%/01/16; 11/02/16:14/03/16; 18/03/16;

OL/04/16; 19/04/16; 03/06/16; 26/05/16 - Salinity

- French Guiana: 21-22/06/2016 - Temperafure
- Continwous measurements of @ and bb using a bot-wing - Flue chl
[WETLABS ac-g or YSF green/red and - af486)
-WETLABR bb-%) « ZTD + Fluo chlaraphyll - by £532)

e Tt wre ol o Al Tbre: quesi etk Tical gt e Acknowladgments
ot sersing prad. 2x2., 20 20841 Thig work hag been supporled sy L l:urJFtsun 544:; Agercy laruegh The 25 4 h
. epracessig pre ect (ARG 003 DZE,
PRy e e Mo § wrcessed by ACRL-ST orel '|Lu i JI‘ 1 BI5 COOL dale purlal n ke (e of

e Ealicitier furded by £MS2, 1sing Sha ERT
Lordsaid sete aeve been sewrlooded o the U
ick B cant far prow st tha tables far the ar of 4

ang Araau Cauvir for the irsin usirg the bat-wing
1lhy foo pravidieg e cads o average. tae satellite doire.

MERT: FR data,
sgite.

A pul ul darpig, Furute Sus. -
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Spectral Resolution

What spectral resolution is

required to resolve spectral

features in complex inland
and coastal waters?



METHODS

Fmpirical variograms. 30/, ¢
(correlated) with “distance™ ac

y(R)

Where:
s spectral dist

Tn a nutshell: We measure the
by distance A. each average(h’
the variance measured at difl
meaning data structure is no I
range describes the distance al
represents the uncertainty. or

w s @ >
Distance (nm),

Gaussian fit > ¢

) _______noor
In this analysis, we are
variogram, but rather thi
dy(h)idx. This emphasiz
shows the location of t
words, below this point,
of spectral resolution inc

DATA COLL

Hyperspectral data were colle
environment (filter pad absor
envircmments fabove water rer

FILTER PAD ABSORPTIO
Four cultures (scc Resulls) wo
filtered onto GI.T filters

spectrophotomeler equipped
0.3125, 0,625, 1.00, and 5.0
absorbance values are normali;

REMOTE SENSING REFL]
Above-water remote sensing 1
were  laken  using  Analy
Spectroradiomerers. These ins
using un-calibrated radiance o
reflectance (o). relative o refl
plaque is a 10% grey card wi
and is assumed to be a semi-
computed as

Rus(

Tor this analysis, Ry is normalized to maximum values and compared. Cmpirical
variograms were individually caleulated for cach scemario, and resulls were
averaged according to water-type.

Ryan Vandermeulen, Antonio Mannino, and Aimee Neeley

Wnat are e scaies or specual variaoiiy ¢ - S L > e -F. TEDTE Y O TS e]: KR BN ABESORE ]

A MINIMUM of 5 nm spectral resolution 1s required to

resuive variahilitr yeross mixed spectrum

Certain spectral regions may benefit from enhanced
spectral subsampling (e.g. fluorescence channel)

Results show that even most sensitive regions of the

spectrum are resolved at ~4 nm, but does not account
for capturing the location of shifting peaks.

At 5 nm spectral resolution. SNR may be ultimate
limiting factor for distinguishing fine scale peaks

present ocean color sensors.

Determining the Optimal Spectral Sampling Frequency for Various Water Types F;;\CE

n
Waksagh o

spectrum of four distinet cultures (top) and the
«esponding dy(hydh MAX (below), indicating the

stal resolution at which the most information is
tined. Results show most features are resolved al -6 nm.

TER OLIGOTROPHIC WATER
M BAHAMAS

i H

8 H

] T

i H

]

H H

k)

from open Four spectra obtained from very
ream US clear oligotrophic  walers in  the
and  the DBahamas {top) and the
h o MAX comresponding  dy(hydh  MAX
primization (bottom).  Spectral  optimization
varianee is shows that 60-90% ol the variance is

areas  that resolved, with some arcas that
7 require 3 nm or less Lo resolve (475
and 335 nm).

IONS

of § nm spectral lution is required to
ility across mixed spectrum

ral regions may benefit from enhanced
mpling (¢.g. fluorcscence channel)

that cven most sensitive ns of the
resolved at ~+ mm, but does not account

weiral resolution, SNR may be ultimate
rfor distinguishing finc scale peaks

unding fram NASA PACE imission, NOAA JPSS
wn for Coastal and River Dominated Ecosystems

e L S e e e e nim resolution), with the possibility of subsampling pre-defined regions Ruferences:

Types (PLTs) from space. which will require more at a higher spectral resolution, if deemed relevant. This trade study f a8 I G .

speetral bands and liner speetral resolution than aims to determine the optimal sampling frequency for OCL. Duan, ILT el al. (2009 “F peak shift o g 10
high chlorophyll cancentrations in inland water. ™ Guang pu 29: 1614




Signal-to-Noise Ratio (SNR)

Trade-off amongst

¢* Spatial Resolution
** Spectral Resolution
*** SNR
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SNR
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What does ASNR =~ 150 mean for
retrievals?

A single case study

— Add noise to Rrs spectrum at SNR = 700 and 850

— Estimate chl-a for both cases and compare to the
estimate from noiseless Rrs spectrum to
determine the uncertainty due to noise, Uy

— Effects of SNR on atmospheric correction not
considered here
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Impact of spatial aggregation on R (blue)
Pahlevan et al. (2017)

0.01
1/sr
0.008
0.006
10.004

0.002

0,
0
)i(} 1/sr

Spatial averaging can only
qualitatively improve the product
quality.

Even after spatial averaging, the
OLI-derived products are of higher
quality (due to its better SNRs).

Pahlevan, N., Sarkar, S., Franz, B. A., He, J. “Sentinel-2 MultiSpectral Instrument (MSI) data
processing for aquatic science applications: Demonstrations and preliminary validations”.

Submitted to Remote Sensing of Environment

16 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal
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Signal-to-Noise Ratio (SNR)

 Atmospheric correction is a major
contributor of uncertainties in retrievals

QLAGU m

Journal of Geophysical Research: Oceans

RESEARCH ARTICLE Requirement of minimal signal-to-noise ratios of ocean color
10.1002/2016)C012558 sensors and uncertainties of ocean color products

Key Points: Lin Qi, Zhongping Lee, Chuanmin Hu, and Menghua Wang

“...once SNR(NIR) is above 600:1, an SNR(vis) better
than 400:1 will not make a significant reduction In
product uncertainties...”

16 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal
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Temporal Resolution

TSS concentration iIn Sacramento-San
Joaquin River — from SPOT Take 5 Data

Christiana Ade et al. (see poster)

4 O" . 20 5. total suspended Isolids (TSS) cum*:rI time
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Synergistic Use of Satellite Data
Lake Kinneret (Israel) HicO Image 11 Mar 2013

* .

Phycocyanin

Oli)?ycoerythrin\-/\l G o .
/ AVaN The presence of phycoerythrin and
phycocyanin was confirmed by lab

Rrs (sr'l)

0.01 +

analysis of water samples

0.005 T T T T T ]
400 450 500 550 600 650 700 750

Wavelength (nm)
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