Simultaneous retrieval of aerosol optical thickness and chlorophyll concentration EORC
from multi-wavelength measurement over East China Sea

Chong Shi', Teruyuki Nakajima? , Makiko Hashimoto® A51B-0027
AGU Fall Meeting, San Francisco, December 2016

Japan Aerospace Exploration Agency

Bio-optical ocean module More Results

Validation (GOSAT/CAI)

. . . . . . . AOT@550nm Chl-a

A flexible inversion algorithm is proposed for simultaneously retrieving aerosol optical <New Sea water optical properties con51der1.ng the influence of Temperature an Salinity " @) ; ®)

thickness (AOT) and surface chlorophyll a (Chl) concentration from multi-wavelength < New Chlorophyll Inh§rent Optlcal Properties dz.ltaset | ;TANSO'CAI 4 bands (380, 674, 870, 1600nm) Soa | o 6

observation over the ocean. In this algorithm, forward radiation calculation 1s performed by < CASE 2 water including sediment and Color Dissolved Organic Matter (CDOM) CASE 2 Module £ | SE= G Figure 8. Similar to Fig. 7

. . . . ; ® ‘ . . . .
module. Then, a full-physical nonlinear optimization approximation approach is used to Absornt; S e a (TS e (T T (eSS (4 0 AOT@550nm 100 - 5 2 01 | °g USC SEAPRISM site

retrieve AOT and Chl. For AOT retrieval, a global three-dimensional spectral radiation sorption |4, (5,4 =8, (S AR Y5 (A F =8 W s(4) _ @ g(b) [ Zzmemn 501 of | e B

transport aecrosol model (SPRINTARS) 1s used as the priori constraint to increase the retrieval Scattering bW(T,S,)L):%’r ﬁw(90°,T,S,/l)f+gW 206 J oo PCEEERAEA A

accuracy of aerosol. To investigate the algorithm’s availability, the retrieval experiment is Sled e - BLr " % 00 o 02 03 04 001 0.1 o

. ; ’ . . Phase function g (y,7.,5,4)=B,(90",7,5,2)(1+———cos’y) 3 0.4 o 10 | Gegeocho Station AERONET AERONET(ma m™)

conducted using simulated radiance data to demonstrate that the relative errors in " — I+o 2 . ; } Lom: 124.593

simultaneously determining AOT and Chl can be mostly controlled to within 10% using Absorption (1) = ADCAI] Zo2 | n | L0£é3 04n MODIS Ima ge

multi-wavelength and angle covering in and out of sunglint. Furthermore, the inversion Scattering b (A)=0.347[ChI]""™[A/660] 1" ° ' -2 o~ MODIS MYDO8_D3 AOT 40N Simultaneous Retrieved AOT

i i ' i Chlorophyll . . . oo " - e = n1ODIS
results are assessed using the actual satellite obs§rvat10n da.ta obtained from Cloud and phay Phase function Fournier—Forland phase function _— _— monts

Aerosol Imager (CAI)/Greenhouse gas Observation SATellite (GOSAT) and MODerate , S b (SS0N 2SSOV S ! 19 0T . . 60%

resolution Imaging Spectroradiometer (MODIS)/Aqua instruments through comparison to Sed; Scattering a(4) = 6,(550)(4/550) 5 i . . gm

Aerosol Robotic Network (AERONET) aerosol and ocean color (OC) products over East il Phase function Fournier—Forland phase function 5 - Ieodo Station Z

China Sea. Both the retrieved AOT and Chl compare favorably to the reported AERONET CDOM Absorption a( A,[Chl]) = a( A,[Chi])exp(=S(A—4,)) §o4 o 10 | ° < Lon: 125.182 2N o 32N 20% J

values, particularly when using the CASE 2 ocean module 1n turbid water, even when the é : Lat:32.123 SN2 1238 126E 129 132¢ SNTTIZ0E 123 1268 129 132 il

retrieval is performed in the presence of high aerosol loading and sun glint. Finally, the CAI - - - E02 |8 05 01015 0.2 0.25 0.3 0.5 0.4 0.45 0.5 0.55 0.6 00 A o) 00090100

and MODIS images are used to jointly retrieve the spatial distribution of AOT and Chl in 0 ptl m Izatl on m Eth Od 00 PCLLITTITTITTTTITTTTT] oy ST . 4oN 201 MYDOS.DY Fine 20 40N —ioneous Retrieved Fre 07 s0% ——

comparison to the MODIS AOT and OC products. Method: MAP + I M method 0 02 04 06 08 O AERONET(mgm¥) s o ] o, Thisstudy
> M AP. (Maximum a posteriori) cost function: Figure 4. Comparison of satellite simultaneously retrieved AOT and Chl (mg m~) from CAI 36N - 36N - Z30%
_— _ with AERONET observations at the Gageocho (a: 550 nm-AOT, b: Chl) and Ieodo (c: 550 nm- 4N 24N 520%
Bac kg roun d J(x)=ly-FI' S,/ [y-Fx)l+[x-x 'S/ [x—x ] AOT, d: Chl) sites using CASE 2 water module. The simultaneous retrieved results of AOT . . -

» Newton iteration combined with Levenberg-Marquardt method and Chl are shown n same color. 30N (?ZOE e SN, JJJJJJJJ

» Aerosols are considered to exert considerable effects on global and regional climate B KISTK 414 78" -1 K TS - - T PR b e aoT e
change. Besides, It is also important to retrieve the optical properties of aerosols to X =X+ [( S K +(1+4)8, )] [ i Ve (y— (Xz')) Y (Xz' B Xa)] CAI 1l mage o JoDIS S ifsci}io'120’150'180'214(;':4o'2;:;100”':;2’SRsetrieved —_ w0 —
improve the remote sensing of ocean color. y: measurement vector (Radiance...); F(x): forward RT model Simultanesou Retrieved AOT Simultanesou Retrieved Chi-o 38N_Jls.;,"1 1 38N_="; VA o Thisstudy

, , , x: state vector (AOT, Chl-a...) ; X, : apriori state vector (AOT, Chl-a... N | | | I | _ I‘ _ Tl E

> In the conventional ocean color remote sensing algorithms, the atmosphere and ocean ( .) ’ , a p. o ( . . ) SN2 v | 28N >N SN , S 20%
systems are decoupled in two independent steps of atmospheric correction procedures to S, : measurement error covariance matrix ~ S_: priori variance-covariance matrix . . 34N 34N e -
remove the influence of atmosphere and retrieval of the surface chlorophyll a (Chl) - Satellite Observation 32N " T 32N 1 1 1{ [ J J F 1
concentration State vector (X) Apl‘lOl‘l value (Xa) ‘l' 34N - 34N - | SONTTI0E 123F 126 129F 132 SNTTIR0E 125 1268 129 132 " g;;;%iz—ﬁni)S:SjSES 45.0

AQOT _fine particle SPRINTARS Model NCEP Data/ | | Cloud detection —>| Quit | e — | | N———
. . . ' ) ' . . _ SPRINTARS % 39N 30N - . 05 1 1.5 2 2.5 3 35 4 45 5 55 6 (unitt mg m—3) . o .

» Another method using .the d1.rect inversion algorithm, that 1s smmltaneous retrieval of | AOT seasalt SPRINTARS Model Modul — Figure 9. Comparison of MODIS products Figure 10. Statistic of histograms
atmospheric and oceanic optical parameters, may be also a feasible way of complementing AOT dust/yellow sand SPRINTARS Model Aprior Sliate Vector 120E 123E 126E 129E 120E 123 1266 129E (a)Total AOT (c) Fine AOT (e) Chl of the frequency values of total
the prevailing schemes using the radiative transfer model to minimize the simulation = o _ ~S—— [ <[ with retrieved results using this alsorithm AOT (top), fine AOT (middle) and
output and measured reflectance e R scheme with new . e (OolIoEEnaantieenan (b)Total AOT (d) Fine AOT (f) Chl Chl (below)

fine particle IO'OPUCE module Figure 5. Spatial distribution of simultaneous retrieved total aerosol optical thickness (a) and
: hlorophyll concentration (b) using CAI imagery on 13 March 2012 over East China Sea
Wind speed NCEP data MAP optimizati ¢
Research Objective S

Chl-a MODIS annual !

average value in 2009 Convergence || Usptg?;e v a I id a ti on ( M o D I S / Aq Uua ) » A flexible full-physical retrieval algorithm was developed to simultaneously determine

Criterion

@ To develop a comprehensive bio-optical ocean module and coupled into a radiative transfer Sediment 1.0 (g/m?) vy Vector AQOT and Chl based on multi-wavelength measurements with one-step.
model in the atmosphere-ocean system (CASE 1II ocean ) < N out >8 bands (412, 442, 487, 554, 670, 746, 867, 1620nm) » The current algorithm uses an accurate radiative transfer model to simulate the forward
CDOM 0.1 (m) v j Qui S>CASE1/2 m(; dule, R radiation process in the atmosphere-ocean system based on an updated bio-optical module.
@ To develop a flexible inversion algorithm to simultaneously retrieve the atmospheric and (CASE II ocean ) Succeed » The inversion results are assessed using CAI/GOSAT and MODIS instruments through

comparison to AERONET aerosol and ocean color (OC) products. Both the retrieved
results compare favorably to the reported AERONET values, particularly when using the

oceanic optical parameters.

Figure 2: Flow chart of CASE 1 module CASE 2 module

' ' 0 Chl- : .
retrieval algorithm 08 | o 100 e a 08 sl 100 | o CASE 2 ocean module in turbid water.
RT M O d el - - E i | . [@ () » Development of an acceleration algorithm using look-up-table or network method is also a
206 06 | i
SImLI|atIOI1 I‘ESLI“'.S £ N, -l Ko art of our future work.
0 b )/
%04 10 204 | 10 |
» Radiative Transfer Scheme: Pstar3 (Ota et al., 2010) Observations: Wavelengths: 380, 490, 550, 670, 765, 865 nm 8 0, £ | |
Angles: Nadir, Sunglint, Backscattering 02 202 |
0.4 0.4 ¢ > @ I Ph.D. Earth Observation Research Center, Japan Aerospace Exploration Agency, Tsukuba, Japan,
Accuracy Validation 0.3 03 | 08 | 100 — 0 100 - 2 Professor, Director. Earth Observation Research Center, Japan Aerospace Exploration Agency, Tsukuba,
Atmosphere Ocean S 02 . Figure 3. Simulation of 5 () o (d) of - (c) - (d) Japan, nakajima.teruyuki@jaxa.jp
a 20 ———————————————— R S > : : 206 | 206 | i 3 Ph.D. Earth Observation Research Center, Japan Aerospace Exploration Agency, Tsukuba, Japan,
20 4 o wd [ 1 T Emwont ) | B mwon g | 1 omeon gt 5 simultaneous retrieval of £ A 205 | | : bservation p p p gency p
010 | - £ o041 . 0.1 - = ° | hashimoto.makiko@jaxa.jp
, ol 2 Pstar 3 y = 0.8983x + 0.0152 y = 0.990x + 0.005 AOQTs for fine, sea salt, and 2 04 > A o | 0 | g jaxa.]|
151 & ! ¢ ] R’ = 0,9619 R?= 0,996 : 0 : e | T
0, [ /] 1 1144E-1 3.533E-2 2.03E-3 0 ‘ ‘ ‘ 0 ‘ ‘ ‘ dust particles at 550 nm, and c £ | 0 -
S I {] 5 4379E-2 1233E-2 751E-4 LD, P O M e Y g . 202 : o M daiin REfe rences
s el Ja 379E- 23E- SIE- Input Values Input Values chlorophyll a concentration EX 1 o £02
) 002 | : ;] 10 1.503E-2 3.709E-3 2.50E-4 0.4 10 A
| Dust i with iput values. The blue EERN R f L . . . .
0.00 g Nl Standard Values ) us g Chl-a ¥ dp h 1 10% 0.0 0 02 o4 o6 os 0.1 o1 1 " 0.0 © 0 et o us 04 o1 1 0 Nakajima, T., and M. Tanaka (1986), Matrix formulations for the transfer of solar radiation in a plane-parallel
05T o0 | ~ - | | 14£0.02E-1 3.55:0.08F-2 7 0920073 ;:; %3 Ines denote the values 0 AERONET AERONET(mg m)  AERONET ' AERONET(mg m?) scattering atmosphere, Journal of Quantitative Spectroscopy and Radiative Transfer, 35(1), 13-21.
om | N, - 5 o o p— 2 02 ° smaller or larger than the Ota, Y., A. Higurashi, T. Nakajima, and T. Yokota (2010), Matrix formulations of radiative transfer including
i P . ¥ H 4 . . ] . . . . . . . B . .
S o oo e el BT L 1820.025 3 630.08E.3 ) 19500764 3 input values. Figure 6. As 1n Fig. 4, but for retrieval using Figure 7. Similar to Fig. 6 but for the p.ol?mzatlon effect in a coupled atmosphere—ocean system, Journal of Quantitative Spectroscopy and
VI, dagroes VA, deges 01 J-osrameoo| 2 J = 0.8956x + 0.2884 MODIS Aqua data and CASE 1 module. The , " ‘ Radiative Transfer, 111(6), 878-894.
Figure 1 : The normalized Stokes vector elements for Table 1: C . £ Pstar with standard vl . | _ Re=09196 N _ Re=oom triangle means the observation is covered in retrieval using CASE 2 ocean module Shi, C., T. Nakajima, and M Hashimoto .(2016), Simultaneous retrieval of aerosol thlcal thickness and
the aerosol scattering in the reflected light ainihe. ) :er:rlfa];rcl)zon V(;ith sa arlf) th Oi 2;111 aslfl : f;i 6:16:8 o o1 02 03 oa o 2 4 o s 1 sunglint region. chlorophyll concentration from multi - Wavelength measurement over East China Sea, Journal of
(line-SCIATRAN, circles-Pstar, crosses-MYSTIC) y g nput Values nput Values (mg/m3) Geophysical Research: Atmospheres, doi1:10.1002/2016JD025790.
(Kokhanovsky et al., 2010) Zhang, X., L. Hu, and M.-X. He (2009), Scattering by pure seawater: Effect of salinity, Optics Express, 17(7),

5698-5710, doi1:10.1364/0e.17.005698.



