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Topics

»The Eddington approximation calculation of radiation
flux in atmosphere-ocean system

» Development of algorithm for simultaneous retrieval of
aerosol optical thickness (AOT) and chlorophyll
concentration (Chl-a) in atmosphere-ocean system



Background

Observed globally averaged combined land and ocean
surface temperature anomaly 1850-2012
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Radiative transfer is one of the
most significant processes in A-O
system, it plays a critical role in
the climate research and remote
sensing
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The Eddington approximation of radiation flux in A-O system
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» TOA: no diffused radiance
"y ! Diffuse RT equation

from outer space

Boundary

» Just Above Ocean surface
Energy Conservation

FJH ()= 27 1Ly (0)+ B, (9)udp

~A{L(DF L)

Nakajima and Tanaka’s rough ocean surface model

R*(u,u',¢—¢')=ﬁG(v,v')p(un)r@osﬂ,m)

n

Shi and Nakajima, JQSRT, 2015



The Eddington approximation of radiation flux in A-O system
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Simultaneous retrieval of AOT and Chl-a in A-O system

Method: Maximum a posteriori (MAP) + Levenberg-Marquardt (LM) method

1: MAP (Rodger, 2000) y : measurement vector (Radiance ..)

> Basic formula: Y= F(X,b()+8) ( ) x :state vector (AOT ..)
Ply|x)P(x e :error vector
» Bayes’ theory: P(x|y)= P( ) F(x,b): Forward model
> Maximum P(x|y) is defined Y P(x) : a priori probability function
ximum P(x|y) i — o " |
by minizing Cost function @ P(x|y) : a posteriori probability function

Juar () =y =FOI'S, [y -F®)1+[x-x,1'S,' [x - x,]
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2: Levenberg-Marquardt method (Levenberg, 1944, Marquardt, 1963, Press et al., 1995)

» Solution is achieved by newton iteration Sombined with simplified L-M method
X, =X, +[(K?S;K,. +<1+y)s;)+2kak} -[K?S;(.v—f)—S;(x—xa)—Zn(HkHDlxb)}
k k

3: Parameters setting

» State Vector (X): AOT of fine, sea salt and yellow sand, volume soot fraction in fine
(Retrieved parameters) particle, wind speed, chlorophyll concentration (Sediment, CDOM)
» Apriori values (Xa): SPRINTARS model, NCEP data R

» Forward model F(x,b): Pstar3 RT model with a comprehensive bio-optical ocean module



Simultaneous retrieval of AOT and Chl-a in A-O system

Comprehensive Bio-optical ocean module

<> New Sea water optical properties considering the influence of Temperature an Salinity
<> New Chlorophyll Inherent Optical Properties dataset

< Different calculation method of phase function

<> CASE 2 water including sediment and Color Dissolved Organic Matter (CDOM)
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Simultaneous retrieval of AOT and Chl-a in A-O system

Using GOSAT/CAI data (380nm, 678nm, 870nm, 1620nm)
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Simultaneous retrieval of AOT and Chl-a in A-O system

DATA: CAI—20120313
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Simultaneous retrieval of AOT and Chl-a in A-O system

Using MODIS/Aqua data

(412, 442, 487, 554, 670, 746, 867, 1620nm)
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MODIS Products
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Future work

» Application and improvement of the Eddington
approximation in radiation flux estimation using
satellite data

»Validation of retrieval algorithm using HIMAWARI-8
data

» Development of acceleration scheme for the retrieval
algorithm



