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SWVIERNS a key parameter for remote
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s \WILR monitors ocean water quality
(nutrition) from satellite observations
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Wwavelength, at most
10% of the radiance
measured by satellite
sensor typically
comes from ocean.

® Accurate atmospheric
correction Is an
Important
prerequisite for
reliable retrievals of
water-leaving
radiances.

Radiance (mW/cm?um Sr)

(http://www.physics.miami.edu/~chris/envr_optics.html)
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ﬁ.‘%;e,m IES Operation Ocean Color Aloprthm)
el ased LpenpA Deco V)

el _g_al Assumptlon (BPA) at NIR
(er rf eaving radiance=0) used is invalid
ror astal regions.
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There remains a large uncertainty in doing
= ‘accurate atmospheric correction of aerosol
contribution unless BPA holds.
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| SWER'At NIR andlits Effect on.
R ALIIOSIRENC Correction; oft Oceany@olor Imagery
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(Chen, Stamnes, Yan, 1998) .- | (Li, Stamnes, 2007)

e The Contribution of NIR WLR can be around 1% of the total TOA
radiance as ICHI T = Ema/m3 which mav occur over coastal reaions.



(Courtesy for Wei Li)

* A small uncertainty in

retrieved aerosol
properties in NIR
results in a large
uncertainty retrieved
aerosol properties In
visible region.

A small uncertainty in
the atmospheric
correction may lead to
a big error in the
Inferred chlorophyill
concentration.
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Decoupled/CoupIed -
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Coupled RTM L| and Stamnes 2007

taua_S65 ¢ 59201133.L7.
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IMENEIONE] FetHEVaIST ol Water-leaving

[el dmnrf become a very challenging

PEISHE O\ Jer coastal regions, as the

felel atlve transfer process IS

j—ﬁecoupled between atmosphere and
“ocean there.

How to Solve this prebiem? -

'|I|



A rgnd tlve transfer modeling
Jm, e coupled atmosphere-ocean
siem IS highly required
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\ Radietive TransferMethodology,
eolIpled Atmoesphere-Ocean, Systen: s

s "':'J Reflection (Sriell's Vaw)
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reicl]zli rJ\ Shigelplsyie e85 between
cumoJ ere and surface media Is decoupled.
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o O cean| surface is set to be a bottom
c'c ndary and Its reflectance Is calculated
1- using MOREL bi-optical model for Case-|

- water (open ocean) (1988).
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Weonsiderations for Enfianced JESD
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JCean plo-
-:‘fépifTEaJ;‘model
e~ Oceanic
~ particle and

concentration

(chlorophyll,

sediment,

CDM, air

bubble...)

Existing
JCSDA-
CRTM

OUTPUTS

\Water-leaving
radiance
Optical
parameters of
oceanic
particles such
as chlorophyill

Radiance
distribution vs.
polar angle
under water,
etc.



Jouliess one: we have developed a
relel uvehv mature radiative transfer
meﬁe o[ogy In the coupled atmosphere-
SOCEAN ystem




tlngﬁiﬁl.atlve Transfer Modeling in Coupled

iesphere-Ocean System CAO:=DPISORIE-

= The Discrete-ordmate method was introduced by Concept
Chandrasekhar in 1940’s

A methodology of Discrete-ORdinate
Transfer (DISORT) m the atmosphere was developed
By K. Stamnes, et. al. (1981)

at quadrature
polar angles

DISORT in the atmosphere was upgraded at arbitrary
to arbitrary polar angles using Iteration of Source-function )
By K. Stamnes, et. al. (1982)

l

DISORT was extended to the coupled atmosphere-ocean | at quadra ture
system (CAO-DISORT) by Z. Jin and K. Stamnes (1994) polar angles

CAO-DISORT was upgraded at afbltl‘ar}f
to arbitrary polar angles by B. Yan and K. Stamnes (2003) polar angles

polar angles




dEpendency. oft Radiances in Coupled

Atimosphere-Ocean Systen —

0% (a) TOA (865 nm)  w?r—— (b) O*

e M{j it il = Water-leaving
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oo o e Bl TOA radiance.
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(B. Yan and K. Stamnes, 2003)



: we have studied how to
C pt|cal parameters of a specific
model containing multiple

nts



SREview off Aerosoell Models
applicable for Ocean Color Eiglds

ges of Aerosol Models (RURAL, URBAN, MARITIME, TROPOSPHERE)
"; r different Relative Humidity (RH), e.g., RH = 50, 70, 90, 99%.

Aerosol Model Size Distribution Parameters
(RH =70 -- 80 %) Tvpe
Ni I'i O;

RURAL 0.900873 0.03 .35 Mixture of water-soluble
0.000125 0.5 0.4 and dust-like aerosol
URBAN 0.900875 0.03 0.4 Rural aerosol mixture with
0.000125 0.5 0.4 soot-like aerosols

MARITIME |
Continental Origin 1. 0.03 0.35 Rural aerosol nuxture
Oceanic Ongin 1. 03 04 Sea salt solution 1n water
TROPOSPHEERIC 1. 0.03 0.35 Fural aerosol mixture

N, (logr—logr, )
¥ R I n(r e
Mode Size Distribution (r)= Zilﬂﬂﬂ}r‘ﬂ m] xp[— EJ:' ]

(Shettle and Fenn, 1979)




AlcUlabeRs ol Aerosol Optical Parameters:
| Two Approaches —

SC approach (1979, Shettle and Fenn):

MC approach (more realistic):
(Tsay and Stephens, 1990;Dalmeida, et.al., 1991)

A multi-components of the aerosol model 1s combined into
an effective, single-particle component (SC) with

e . Each type of particle 1s allowed to grow and change its refractive
an average refractive index, and an average water activity.

index independently with increased humidity.

RH .
Mie ‘
O O . O _, Opteal

RH parameters
= O O - O 1, and size .
— O RH Weighted

T An effective _ © . —» Optical /
- A three-components i n, and size ‘ parameters
aerosol Z;l:c:(?lmponen A two-componerts 1 and size

= aeroscl

|

The optical properties are computed separately for each

J $o,

in this approach, the evolution of the particle size and the
refractive index with increasing humidity 1s computed for
this effective particle.

component, and those of the mixture are obtained by proper
averaging over the different components.



o mp2sens of AerosolfOptical Properties
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V- Using Two Approaches
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Figure 1: Comparison of SSALB. Asymmetry factor G. and optical depth 1(7) for the Fig.2 TOA reflectance deviation for Tropospheric
Tropospheric agrosol mode compuied using the MC approach (solid curves) and SC

approach {dotted cunves) al 443 and 865 1m0, aerosols

® |t is Important to how to treat the light scattering

by aeresols containing multiple particle components
B. Yan and K. Stamnes, 2001
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Jelogress three: some preliminary studies
flely/e ow made in producing proper bio-
oplical” nodels for coastal regions based
,106 *‘;th'e measurements of oceanic

P :rtlcle optical parameters.



Al A) =, (A + @, (A + a_gz, (A)

b(A) =0, ,(A)+b_(A)
(A) = e (ANCHL]™=

_r_1 i

Ye~ S(A—Ay

o (A)=a )

Pt i ] Pt 1 {""I

_.I::|

b (A) =5, (A A AG)
where

e > wavelength (Ao = 443 nan)
[C‘I—IL] : chlorophvll concentration
(.A) : phytoplankton absorption

r_'-'l"'

fo ) A7) combined absorption for

Fate pit] {
Color Dissolved Organic Matter
(CI»OMN) and detritas

total particle backscattering

(W. Li and K. Stamnes, 2007)
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Immary and Conclusiopsy
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e

S CEDLCRINVIcapabilityaneeds;tobeienhanced.
OIAAtET=1eaving radiance calculation in couplea
Al rffJQJﬁ ere ocean system (CAO-CRTM).

- r\ oru ¢ structure of JCSDA-CRTM in couplead
£t Sphere @cean system has been proposed.

2 Wit 0 e lAvestigations are needed on various bio-
= "6]@t|cal models applicable for global ocean areas.

= ‘More investigations are needed of ocean
roeughness effect on CAO-CRTM.

l
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\ Ve Water-Leaving Radiance. ..
V,_ﬁ seilellite Assimilation Development Elouss

e oo U

i : Ocean
Bio-optical Modeling
Models M Rﬁgggﬁﬁss’
Aerosol “oupling

RT process

Models at interface

Retrievals
New

- Algorithm for

~—— L, and [CHL]

(W.Li and K. Stamnes,
2007)

Applications:
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aier-l.eaving Radiance .
aied to Ocean Bio-Optical Medel™ s

parameter bio-optical model Water-leaving radiance (490 nm)

w '::-'J-] + a =i '::"J-] —+ L ["?- ]

LAY H @, CAD
4_}[CHL] =gy

D wavelength (Ao = 443 nan)
[[: HI.] : chlorophwll concentration
., (A) 0 phytoplankton absorption
& AD 1 combined absorption for

Color IDissolved Organic Matrter
(CTONDY and detritas

"F;"p-'-' LAY - total particle backscattering —

.000 0.002 0.004 0.006

- [CHL] TOA radiance (490 nm)

101800
950,00
B
850,00
800,00
75000
70000
650,00
600,00
55000
500,00
450,00
28

(W. Li and K. Stamnes, 2007)
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= Splnnlng Enhanced Visible and InfraRed
Imager (SEVIRI) (12 channels from 0.6 to
13.4 um)
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