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Intfroduction

Significance in aerosol monitoring from space

Cfm:\(,-m-‘,

Uncertainty factors in modeling for global —=
warmmg prediction (IPCC ARS, 2013) - .
Uncertainty in direct radiative forcing : £0.5 W/m? 9
(IPCC AR5, 2013) ——
« Black Carbon (BC) has the third largest radiative —
forcing after CO, and CH, . 3
 Indirect effect is difficult to estimate yet s o —

Radiative Forcin g relative to 1750 (W m?)

IPCC AR5 SPM (2013)

Air pollution is a cause of Health Hazards

* Fine particulate matter "PM2.5" continues to spread worldwide, and about 7
million people die every year from lung cancer and respiratory diseases.
(WHO, 2018)

« Transboundary air pollution, related to health hazards

* To prevent health hazards and global worming, various international efforts are
being made.
- The Paris Agreement, Climate Clean Air Coalition (CCAC), Sustainable
Development Goals (SDGSs).



GOSAT-2/TANCO-CAI-2

GOSAT-2 (Greenhouse Gases Observing Satellite 2) m .
e « Successor to GOSAT (2009~)
el ©  Launched on October 29, 2018.
R -y, . - Polar-orbiting, 6 day cycle
ST  Local EQ crossing time: 13:00+0:15
BCO L N « Two sensors:
P LI Sk - ' - FTS-2: For Green house gases
LA ES 4 Launched R Smmei - CAI-2 : For Cloud and Aerosol (Imager)

Ty

GOSAT-2/CAI-2 specification

« Two UV bands : 340nm and 380nm with
IFOV 460m

 Forward and Backward viewing to avoid Sun
glint region

Cloud and Aerosol Imager - 2 (TANSO-CAI-2)

Observed image of CAI-2 each band on Nov. 26, 2018

BAND 1 BAND 2 BAND 3 BAND 4 BAND 5
o i Ao R 3 3 ™~

Items Specifications

BAND 6 BAND 7 BAND 8 BAND 9 BAND 10

Band 1 2 3 4 5 6 7 8 9 10

Center wavelength
[nm]

Line of sight [deg] +20 -20
IFOV [km] 0.46 1 0.46 1
Swath [km] 920

339 441 672 865 | 1630 | 377 | 546 672 865 | 1630

Red: New channels and changed parts from CAI




Absorptive aerosol signals in two UV bands of CAI-2

Stubble burning in Indo-Gangetic Plam - 340 380nm

CAI-2 RGB composite
w [FOV 460m
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Northeastern India

UV absorption
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RT model: Rstar (T. Nakajima)

(a) AOT(fine), Sulfate=100%, Soot=0% . (b) AOT(fine), Sulfate =90%, Soot=10%
#0m (new band in CAI-2) _Sulfate+Soot/BC
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Wavelengths (um) 340nm {new band in CAI-2)
strong UV absorption M.Hashimoto@JAXA




What is GOSAT-2/TANCO-CAI-2 target?

O Cloud detection for Green house gas retrieval
using FTS-2

[0 Monitoring Air pollution

Target:

» Aerosol optical thickness(AOT)
« Angstrém exponent(AE)

* BC volume ratio

« Estimation of PM2.5.

— Need to know aerosols in urban area, which is
a source region of air pollution such as PM2.5



Development of aerosol retrieval algorithm

Multi-Wavelength and Multi-Pixel Method (MWPM)

e Problems: pixel-by-pixel retrieval methods in urban areas: AOT retrieval is
difficult in bright surface fields, SSA is also difficult in dark surfaces.
e MWPM: Advantage in the simultaneous estimation of AOT and SSA

over land (Hashimoto & Nakajima, JGR’17) simultaneous equations
difference in the
Smooth aerosol R=R +R ~A +7[c @P©)-c, -4, ] | surfacereflectance
Aerosol layer R R2=Ra’2+Rg,2zAg’Z+1:-[c1-wP(®)—c2-Ag’2] R:f(u)+e
a . =0 (Independent of AOT*)
R: Reflectance, Z,: AOT, Ww,:SSA, YA 3
P,(Q): Phase function, A={A,i=LN, .} @@
Rg U= {t550 fine 550 W{Ag}l}x | d
Various surface albedo T §%
OOptimal Estimation theory: MAP(Rodgers, 2000)&Smoothing condition
MAP method (Rodgers, 2000) Smoothlng condition

Costfunction ¢ =g, + 8y, = (R~ () S (R fw)+(u-u,)'s"(u-u )+ Ey (1, + D)
-1 ©: smoothing parameter
U.,.=ut |LKZS;E + S;l) b ngHk:| -{K_ZS;(R B @) B S;l(u B ”a) B ng (Hku +Dzub)’j

M.Hashimoto@JAXA



Comparison between PBP and MWPM

In Beijing

Pixel-By-Pixel (PBP) Multi-pixel (MWPM)

B PTECMEPEN. 0 B [TH € BY [T H LN

RTINS EERTIL

k

velrts

R X
.

pixel-by-pixel, ¥=0 (Left MWPM anal
The noise between pixels is reduced.

« AOT, PBP: 0.751(0.065), MWPM: 0.634 (0.027), AERONET : 0.649

() : RMSE calculated by the nearest nine pixels.

 Multi-pixel method is good for aerosol retrieval over Urban region



Aerosol retrieval over land using GOSAT/CAI

GOSAT/CAI: 380, 674, 869, 1600nm

July to December in 2009 Over urban region

' !Slope! 0. 86732 I «— Total AOT
8 _,,,,,,,,,,Q,f,fse,,t:Q,QﬁQSZ,Z ,,,,,,,, 1 .
= | Fine + Coarse
gL e .
= Ry RMSE=0.077
S4r Q&> 7 | cf.CAI-2criteria
PN » o | |(RMS_AOT@550n
- m < 0.1)
0 | | | |

0 0.2 0.4 0.6 0.8 1
AOT500 (AERONET, SKYNET)

Monthly mean AOT (fin
D

| October, 2009

60E 70E 80E 90E 100E

Monthly mean aerosol properties

o Oct., 2009

M.Hashimoto@JAXA



Forest Fire Smoke Case of GOSAT/CAI

 September 22, 2015
e Smoke from forest fires

(Smoke is distinguished from

clouds by 380nm)
e 1.5km X 1.5km

Aerosol optical thickness
(AOT)(Aerosol amount) ..,
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a N
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(Original data provided by JAXA/NIES/MOE) September 22", 2015
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Dry aerosol




Preliminary results of aerosol properties by CAI-2

CAI-2 FWD or BWD data. February 10 - 15, 2019. Global Aerosol over ocean

AOT (fine particle) Angstrom exponent

e o - Pt

(Lo -~ Ry - S SR -~

I g I [ 2
01 0.14 0.8 022 026 0.3 034 038 042 046 05 _ 05 06 07 08 098 1 11 12 1.3 1.4 15

* High fine aerosols arour?d the Gulfoqumeg, Aerosol over Land. Now preparing
Bay of Bengal and Arabian Sea and East China.

* The fine aerosol over ocean is a kind of
continent-derived aerosol.

 Asyou can see the Angstrom exponent result,
fine aerosols, which is corresponding to PM2.5
dominate in the Arabian Sea and Bay of Bengal.

f 2019/02/09
AFOLJI.'Ld Paris Path44 framel4d AQT

High

by Google

Low

(By Shi@JAXA, Hashimoto@JAXA, Nakajima@JAXA, Tamaru@RESTEC, Kataoka@RESTEC)



Aerosol monitoring in JAXA

ONE of our goal.

* Produce synergistic global aerosol data set
— using JAXA Polar-orbiting and geostationary satellites

Provided in near real time

* Collaborate with Modeling group, NIES, MRI, Kyushu Univ. etc.

Current and Upcoming Aerosol Monitoring Satellite

- Upcoming Aeroso/ Monitoring Satellites —
' ,‘.- Hlmwan 8 (201 GOSATZ/CAIZ R
"" EET RN

EarthCAREy"MSI (2017) ] ‘%n
(JEY ]3) (2018) . 4 o o, (2019)
3 ﬂ}' MOE,NIES ,’ _—

S m— com. C/S,Gfl Rieah

Vertical

(2017 ” ISS-CALET/CIRC
ALOS-2 (2014) - (2016)
\$ prop 2055 = Polar-orbiting

GPM/DPR (2014) EOS-Terra/ASTER (1999) §

NASA/JAXA METI, JSS ,‘.(

Vo

» 2 ‘g { 1

- !‘(‘!“
GCOM-W1 (2012) GOSAT (2009)
Shizuku in A-Train Ibkuki JAXA / MOE,NIES

Target sensors

Geostationary:
Himawari-8/AHI, GOES-R,
Meteosat

Polar-orbiting:

Aqua, Terra/MODIS, GCOM-
C/SGLI,

EarthCARE/MSI

11




Aerosol monitoring using LEO and GEO: Himawari-8

Himwari-8/AHI| characteristics

|

High temporal
resolutions

:

Aerosol
retrieval

IFOV
CH [A(nm)| (m)
1 471
5 510 1000
3 639 | 500
4 857 | 1000
5 1610
6 2257
7 3885
8 6243
9 | 6941
10 | 7347
11 | 8592 2000
12 | 9637
13 | 10407
14 | 11240
15 | 12381
16 | 13311

Himawari-8 Full disk observation

16 bands in Visible-Infrared
10 minutes interval

Himawari Real-time@NICT
https://himawari8.nict.go.jp

12



Retrieval Results (Himawar-8/AHI)

16 JST 27 Apr. 2018 : continental air pollutant transported to Kyusyu

L2 AOT (every 10 min) 4 Quality controlled

o L3 merged AOT (every hour)
(a) L2 T . eToe
126 127 128 129 130 131 (C|0Ud screenlng) AOT 127 128 129 130 131
oy W | using difference in (&5 Y AN | "
. spatiotemporal . %
" o .| variability between i
har . TR \\ aerosol and cloud
' s ; 0. 0.81
Py -t o = Rl TR RS R e L SRR I ‘

...............................................................................................

- 4“"“"

- .
o ol s

126 127 128 129 130 131 126 127 128 129 130 131

Yoshida et al., 2018 Kikuchi et al., 2018

e The high and nearly continuous AOT over land and ocean are estimated
* High AOT caused by local noise or insufficient cloud screening was

eliminated and interpolated smoothly in L3
13



Validation (AHI vs AERONET)

Frequency distributions
: 1 year, all AERONET site

L2 Ver.020 2017/5 — 2018/4
AOT : H8/AHI L2 vs AERONET

5.0 SRR AL L R L L L
- BIAS = 0.011 P
45 ? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
: RMSE 0.368 L ParE
4.0 _‘r """ 0: 665 """""""""""" 5 """"" """"" """ :‘:J"‘ﬁ"""";'r"’j """ ’;
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* AHI AOT is generally
consistent with AERONET

Time variation

Baeksa in Korea

_ .+ AERONET

- AHI (L2,L3)
= | . ( i
O ! | , ;
< Poi -

-
{ | -

.o

g

s § -

- s ¥

0.0 L e " - 1 i i j i S i j ;
15—May 22—May 259 —May O05—Jun 12=Jdun
| 1 | | 1

5/15‘/(}1 B 2016 2016 2016 36/112

L2: snapshot retrievals every 10 min
L3: cloud screening data using 1hour data

* AHI AOT successfully represent the
time variation of AERONET

M. Yoshida@JAXA



MRI Aerosol Assimilation

A case of yellow sand day (April 16, 2015)

Model Simulated AOT
Retrieved AOT from Himawari-8 Data assimilation: OFF
e v A S

WOE 0 M0E 120 13 e I

0.5 1..0 15
Data assimilation: ON
By assimilating Himawari-8 AOT, TN 1
overestimated and underestimated
AOT over inland China (A) and south
part of Japan (B) are improved,
respectively.

— Improve a prediction accuracy of * e e e e i
aerosols, such as yellow sand and 0.5 1.0 1.5
PM2.5.

Yumimoto@Kysyu Univ.



JAXA Himawari Monitor

[ http://www.eorc.jaxa.jp/ptree/index.html ]
JAXA Hrmawarl Monitor _—
User Re |strat|onI e . .
R o o 21 e - — - | Himawari-8/AHI
oy =R ¢ oo um o ] ]
e el e T T ) , S ° Aerosol optical thickness

« Aerosol Angstrom exponent
* Day time SST

* Night time SST

etc.

[https://gportal.jaxa.jp/ ]

Other Japanese satellite data

Aerosol :
e GCOM-C

EORC °© Datacan be achieved with simple user registration 16



Summery and Future work

[0 GOSAT-2 was launched on October 29, 2018

0 GOSAT-2/CAI-2 is a sensor for Cloud and Aerosol
—>0ne of CAIl-2 goal is Monitoring air pollution, that is, retrieve
aerosol properties and estimate PM2.5 concentration and BC

volume ratio.
—> Now Preparing to provide aerosol optical properties

0 Provide Himawari-8 Aerosol data to assimulate and predict air

pollution.
— Provide aerosol data from GCOM-C, GOSAT-2, and

EarthCare as a futurwork.



Thank you for your attention!



Retrieval Results (GCOM-C/SGLI)

29 Jan. 2019 Thailand (school closed due to air pollution at Bangkok)

GC1SG1_201901

i’;‘;j;’;gzmgmz{‘gipgr@soonm AE_land 1 OCAE@SOO-%gOHm
— g =i ==
y -4V S 4 High AE l
High AOT — fine particles| .
. * - 1 W WY G s N\, .
D R R P PN Lot o 0.68 a 1
i 3 1.8
8 5
0.4 2 osl
ol Lhfi N OWSET [ B U v . s s P
sGL [ High pol
ha z N Iy polarization i radiance
10D 105 gradiance  “| — fine particles

* The high AOT and AE (i.e. fine particles)
are estimated corresponding to local air
pollution report

* Estimated AOT and AE are consistent
with SGLI polarization observation

M. Yoshida@JAXA and T. M. Nagao@University of Tokyo



Retrieval Results (H8/AHI)

02UTC, 19 May 2016
Aerosol originated from wildfires at a proximity to Lake Baikal in Russia

RGB AOT@500nm AE@400-600nm

140 15 160 140 15 160

* The high AOT and AE (fine particles) are estimated over land and
ocean, corresponding to aerosol transport from the continent
* nearly continuous AOT over land and ocean
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GOSAT-2/CAI-2

B GOSAT-2/CAl-2 Aerosol

2019/02/10
/02/ 2015/02/09 2019425108 ~158 _(6BM) FOv b HEIZOYL BUMNIE)
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I: . ’ { -
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Flow chart of aerosol retrieval using CAl / CAI-2

e EEEEmEm—— 1
i 1 1
Satellltfe I d St?rt D MWPM I
observation : : :
| Observation Rmess |
¢ 1 Initial condition*a priori 1
- | Atmospheric condition |
Ancillary | Surface reflectance : I |
; : RO & 10, Ag®, SF°
data derl\latlon : Radiance fo: initia?condirion FOf\Vﬂrd model :
|
v : ( Loop 1 :
Su n gl i nt M ask : do iloop=;, loopmanx :
. . I 1
Vlew SeIeCtlon I Jacogizit]ai?:rion * FDI’\VE[I'CI mOdEI I
1 1
| I I I
: T Aghtl SFke1& vk Agk SF le--—- Inversion :
Cloud Mask | I |
: Rikt) (z t"‘*‘. Agd'_"‘ SE":I l«--+-Forward model :
retrieved of next radiance Cal.
) ) 1 1
Loop for Subdomain region | €< Convergence Neural Network
1 |
[ ———— 1 ] :
) ! AOT, oceanic Lo L acceleration
Ancillary L arameter ' : :
|
data | parar | 4 | )
i retrieval | | d End D I
gy P p———— . 1 1
B o o o S N N S S S N S S . ol




Algorithm acceleration: Neural Network

 0Old version : Distortion BP method (Takenaka+, JGR’1
* New version (NNN; Takenaka+, 2019. EXAM, Active
Learning )

« JAXAJSS2 ( SORA-MA) Training data generation from
model-> calculation time @JSS2 : 1~3 sec/time (land).

16~18sec/time(ocean) (7 bands of CAI2
simultaneous)
* Training data number RT model (Rstar 7) : 577M
 Acceleration from NN : 6.0E-04 sec/time ( 7 bands of
CAI2 simultaneous)

0.01

0.001 |
1 10 100 epochs

1) Comparison between Rstar7 and NN
1 T

CH1
CH2
CH3 . -
CH &
5
CH 6
CH7

Neural Network

Each CH (= band)
RMS is 1;.OE-O4 order

RT model

0.0005

0.00045 [

0.0003

Ju
Active Learning + NNN) ihiﬁﬂ

0.00025 L
10 100 1000

Epoch

H.Takenaka @JAXA



GOSAT-21L2 T 7 A Y IILT7I)ILTY X L(MWPM)

(% MWPiE (Multi-wavelength and -pixel method)

o L= f(u) te R: Measur.em.ent
R = R + R A 4T [C CUP(@) c, A ] f(_u) - Radiation model

u : Aerosol parameters

=0 (Independent of AOT*) e : Errors
(R: Reflectancef, : AQF, :SSAQ) : Phase function )

R = |:Rbandl’ band2? ’RbandN T [ 550, fine ! 550 coarse’ W{A } ] )" ={}\‘i’i= 1’Nband}

-

+» Retrieval from GOSAT/CAI 4 bands July to December, 2009. VS AERONET
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GOSAT-2 12 T7 OV )L 7L T Y X L(MWPM)EFRF]

200978 ~128: GOSAT/CAITZ 7 A%/ JLAOT VS AERONET/SKYNET AOT
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Aerosol retrieval using CAl measurements over land

SSA/BCOLLE: : bR LZETHREER (2009F78~128)

XSFCIFLEETE R LD T, SSATLLER
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O X LFEFEDH(AOT, PM2 5)
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Simultaneous Retrieval of Aerosol and Oceanic parameters

e Shi & Nakajima (ACP’18)

e Shi et al. (ACP’19): w MWPM

Flow char of retrieval

Satellite
Observation | algorithm (SIRAW)
v
Quit Cloud detection
v
NCEP Data/ Apriori
SPRINTARS/ Values Vicarious
MODIS Chl vi; calibration
Optimization coeff:f:lents
Estimation
Convergence Usptg?ete AERONET
Criterion [ ] AOT, nL,,
~ 1: Vector
| Quit Fﬂ{ P EX |
Y)
Retrieved
Stated Vector
- Coupled
v RT model
AOT, nL,,

e Forward radiation simulation (1,Q,U)
conducted by a coupled A-O RT model
(Pstar: Ota et al., JQSRT, 2010)

e Improved Pstar with CASE2 water
module

Turbid A& >~/
Murky O Coupled AO RT

» Retrieved parameters are derived by the
optimization estimation approach.

-1

%, = %+ (KISTK + @+ )87 | [KIS7 (v- Feo) -7 (x, - x, )

X: Retrieved parameters (8)
atmosphere: AOT_fine, AOT_seasalt, AOT_dust,
soot fraction
: wind speed, Chl, sediment, CDOM

C. Shi@JAXA
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Aerosol retrieval using CAl measurements over ocean

AOT_Fine AOT_Coarse
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Asian Dust Monitoring (2012/04/27)
Retrieved AO'I"_Fine MP 40N MODIS L2 AOT_Fine
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Simultaneous retrieval

AOT_Total
bl 7T/ Retrieval based on the
08 | GOSAT/TANSO-CAI
0.6 (]
- T O Multi-pixel method
0.4 2
] /}g X  Single-pixel method
02 | X ] .
X 1 —  Apriorivalues
0.0 .

00 02 04 06 08 1.0
AERONET

Aerosol retrieval over turbid waters

Retrieved AOT_Total SP/W_SWIR
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Retrieved AOT_Total MP/W_SWIR
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High turbid over the East China Sea

124E

-1

%, =3+ (KIS7K, +1+9)87) | [ KIS (v - Feo)-87(x, - x, )]

X: Retrieved parameters (8)
atmosphere: AOT_fine, AOT_seasalt, AOT_dust,
soot fraction

: wind speed, Chl, sediment, COOM
C. Shi@JAXA



