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Long-term changes in aerosols

« Aerosols have a significant impact on the climate change.
« Radiative forcing depends on the aerosol composition.

« Aerosol composition has been changing over time.

« |tis essential to observe long-term changes in aerosol
composition.

This study

« MODIS provides the columnar optical properties. CALIOP
observes the vertical profiles.

« We developed a synergistic method to retrieve aerosol
composition from CALIOP and MODIS observations.

 Long-term trends of aerosol composition from 2007 to 2021
are investigated.
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Figure 4. Annual means of AOD (lower lines) and SSA (upper lines) at 0.75 pm at the 14 sites (colored
lines). The bold lines are the averages among the sites, calculated when data were available from at least

10 sites.
Kudo et al. 2012, JGR
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CALIOP and MORIS observations ;%964 Lesa

CALIPSO/CALIOP Version 4
« Attenuated backscatter coefficients at 532 and 1064 nm.

« Total (Volume) depolarization ratio at 532 nm.

« Vertical Feature Mask (layer classification information of clear air, tropospheric and stratospheric aerosols) for
eliminating the cloud-contaminated data.

Aqua/MODIS Collection 6 CALIPSO el
« Radiances at band 1 (620-670 nm) and 2 (841-876 nm).
« Cloud mask to remove the cloud-contaminated data.

« Surface albedo (MCD43C3) for the forward calculation of MODIS.
Matched-up data set

e Clear-sky matched-up data set was created for the retrieval.

A-Train

« Horizontal resolution along the track is 1 km.
e Vertical resolution is 120 m for the altitudes from -0.5 to 20.2 km, and 180 m for the altitudes from 20.2 to 30.1 km.

« Cloud-free MODIS data at the nearest pixel within a 10-km range from the near-nadir measurements of CALIOP was
selected.
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Aerosol compositign -

Assuming that aerosols consist of four components, which have different sizes and light-

absorbing characteristics.

Component Shape

Depolarization
ratio (532nm)

Water-soluble External mixture of Sulfate, Sphere

(WS) Nitrate, Organic, others. 0.0
(Hess 1999)

Light-absorbing  Internal mixture Sphere

(LA) of BC and WS. 0.0

Core-G hell : .
ST

(Kahnert 2013)

Dust (DS) Desert dust Voronoi aggregate
(Ishimoto 2010)
0.49

Sea-salt (SS) Salt in seawater Sphere

0.0

Radius (um) SSA Refractive index Hygroscopic growth
(532nm)

~0.10um ~0.96 Hess 1998 Hess 1998

~0.10 um ~0.44 WS: Hess 1998 Only for WS of shell
BC: Chang 1990 Hess 1998

~2.0um ~0.91 Asian dust -
(Aoki 2005)

~2.0um 1.00 Hess 1998 Hess 1998

Aoki 2005, https://doi.org/10.2151/jmsj.83A.315

Hess 1998, https://doi.org/10.1175/15200477(1998)079<0831:0POAAC>2.0.CO;2
Ishimoto 2010, ttps://doi.org/10.1016/j.jqsrt.2010.06.018

Kahnert 2013, https://doi.org/10.1364/0E.21.007974
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CALIOP-MODIS rgttieval

State vector x
— B Dry volume concentrations of WS, LA, DS, SS
B Dry median radii of fine (WS, LA) and coarse (DS) particles

! !

Forward models y(x) A priori constraints y,(x)

B Aerosol optical property B Smoothness of vertical profiles of WS, LA, DS, SS
lteration by Gauss- m CALIOP observations B Similarity of vertical profiles of WS and LA
Newton method and a m MODIS observations B AOD 4, < AODyyg
line search with Armijo B A priori distributions of fine (WS, LA) and coarse (DS) median radii
rule
(Kudo 2016) l
Observations y°Ps
X1 = X+ ad < Objective function < B CALIOP observations
l m MODIS observations
Aerosol optical property
B Lognormal size distribution. ——  Convergence 1 7 1
B Median radii of WS and LA is same. flx) = E(}’Obs - J’(x)) w2t (}’Obs - J’(x)) + Eya(x)T(Wﬁ)‘lya(x)
B Median radius of SS is estimated by the parameterization using l
ocean surface wind speed (Erickson 1988) L
W Hygroscopic gr(ovvth depe?ding on relative humidity for WS, Shell Optimized x B Smoothness of vertical profile
of LA, and SS (Hess 1998 l _ , _ , ,
B WS, LA, DS over land. WS, LA, DS, SS over ocean. o ya.(x) =i (Vdry(zl_l.)) 2ln (Vdry(zl)) i (Vdry(zlﬂ))
CALIOP Output m Similarity of vertical profiles of WS, LA
ITA(ISISfSr equation m AOD, SSA, etc. of total aerosols .ya(x) =In (Vdry,LA(Zi)/Vdry,LA(ZHl)) —In (Vdry,WS(Zi)/Vdry,WS(ZHl))
et e Tra < Tws
m Vector RTM, PSTAR (Ota 2010) u /CAODD%“%SX“”CUO” coefficients of WS, Ya(®) = —In(1 = 714 /Tyrs)
, ) B A priori values of median radii
Kudo 2016, https://doi.org/10.5194/amt-9-3223-2016 priortvat | ! a priori
Erickson 1988, https://doi.org/10.1029/JC093iC11p14079 Ya(®) = In(Tinc/coarse) = In (i bacoarse)

Ota 2010, https://doi.org/10.1016/].jgsrt.2009.11.021
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Result in 2010
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Comparison with NASA products

Comparison with CALIPSO and MODIS L3 products Comparison with AERONET
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- ' . AOD 532nm AOD 1064nm
0.6 101 0.2 ' 1o 5
105 g: IO.16 g Sos
O 6 0.12 508 =/ 2
o
0.2 §I 0.08 5 |° S,
0.1 2 0.04 Sos4 - S =1.080x-0.010
0 1 e~ | |, ol
60S 30S EQ 30N 60N
0.00. 0.2 0.4 0.6 0.8 1.0 12 1.4 D'%.O 0.2 0.4 0.6 0.8 1.0 12
(c) CALIPSO Standard, AOD at 532nm (d) CALIPSO Standard, EC at 532nm (km™) FERONET RERONET
MEAN+STD = 0.113+0.161 100 (c) SSA at 532nm 0.90 (d) AF at 532nm
T oS N m 0.6 18 0.2 SSA 532nm sl Asymmetry factor 532nm
60N 0.5 8 0.16 0.95 o gji)ggg;+o.4ss
30N 0.4 g o 1 2 go-go );;2:26%33;1-0.741 Qo,o o} 5 © E 0.80
EQ 0.3 2 e g T ] 50-75
30S 0.2 3 2 §,DB5 ® § 0.70
60S 0.1 % 0.04 I oo
s T et ot N S 0 0 0 © © 0.60
180 120w 60W 0 60E 120E 180 60S 30S EQ 30N 60N 075 oss
(e) MODIS Stondard, AOD at 550nm 90°N e = 07870 075 080 AElgg;ET 050 085 Too 850 o055 060 a.ﬁsAEs.‘;:IETOJS 0.80 0.85 090
MEAN+STD = 0.164+0.145 60°N ] o
. : /’. ; . 0.6 " o ° .}'}3 o ©° 0 0.40 - (e-) FMR 4.0 (f) CMR
60N RN 0.5 o Ve \Asy ... Fine median ,
30N 0.4 . Ps. = radius -
30°s | o £ 030 E 30
EQ 0.3 = ﬁfo‘olgi)sﬂo‘lﬂ =
60°S @025 = T 25
30S 0.2 Coincidence criteria: s e , S B ] .
sos : h 0.1 ° i 2 hours 180° 120°W 60°W o°wW 60°E 120°E 180° § § g
= ————3 Hp + Within a 40-km radius of an AERONET site g0 it R
180 120W 60W O 60E 120E 180 ¢« =+ 100m of an AERONET site elevation gn.m gl.o R#=0.054
— 00 s Coarse median radius -
ESA-JAXA Pre-Launch EarthCARE Science and Validation WOkahOp | 13 — 17 November 2023 | ESA'ESRIN, Frascati [RomE], I %950 005 010 015 020 025 030 035 o040 %o 05 10 15 20 25 30 35 40

AERONET (um) AERONET (am)



Long-term trend i@ 2007-2021

(a) CALIOP—MODIS, AOD at 532nm
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(d) Trend of AOD of LA at 532nm (1/decade)
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SAA (South Atlantic Anomaly) is an area where Earth’s inner Van Allen radiation belt comes closest to Earth’s surface. This exposes satellites to higher-than-usual
levels of ionizing radiation. Since 2016, the influences to CALIOP measurements has been remarkable. Therefore, the data for SAA region after 2017 was not used.
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(a) CALIOP—MODIS, AOD at 532nm
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Historical changegin Japan

We are investigating various long-
term data in Japan.

Broad band Optical Depth
derived from transmittance
observed by Pyrheliometer (JMA
Web page).

- AOD (750nm) from
Pyrheliometer and pyranometer
(Direct and diffuse radiation)
(Kudo 2010).

AOD, SSA, etc., from SKYNET
and AD-Net (Kudo 2016)

. SSA, etc., from CALIOP-
MODIS (Kudo 2023).

SPM (Ministry of Environment)

(Earth system model,
Yukimoto 2019)

Increase due to high
economic growth

Decrease due to severe
environmental regulations
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Summary and Fuigrg plan

CA |_ | O P - I\/l O D | S EarthCARE Satellite

Sun-Synchronous Orbit (SS0O)
Orbit Height approx. 393km

« CALIOP-MODIS synergistic retrieval method was developed. The results are e s,
consistent with other products and studies. PR s i

94GHz (W-band) Doppler F

EarthCARE - d‘.;“:/
roadband Radiometer idar
« We are developing an application to ATLID and MSI onboard EarthCARE. ATLID "“"°"‘°“"’°'W"’°“:"n%i’;‘.’.:::::iim/ g;n;j:’;;g:egggau
is a HSRL at 355 nm. Lidar ratio derived from HSRL is related to SSA. We expect coss (M|
. . . Multi-Spectal Imager
that the retrieval of SSA and LA is improved. Tehablo e ok Mo Scasen 9
AOS AOS-Sky (us red;
. . . . . . . = Si‘ngle»frequen.cy Doppler Racar [Auggi,-glzg:t'igonall
« We will develop an application to the combination of multi-angle polarimeter e ot RN Backscater Lidr £

aﬂd ||dar Of AOS‘Sky e— N ”;"‘,.l\flicrowav; ‘i.—(:meter ]

I FIR Imaging Rédiometey 4

0.6 0.3
05 0.25 ‘ il ant <
o . PMM [Japan led] 3 y
——BOD (JMA Radiation) 0.4 02 = I Ku Wide Swath Doppler Ra ; ;
o W ° & ‘ ‘ S e /
—-AOD at 750nm (JMA Radiation) Q 0 15 @ [l Microwave Radiometer, Agietitg- - €1 B
AOD at 550nm (MRI-ESM2) 8 E Y1 HAWCsat canada led]
< E { 1/Aer080k & Water Vapor Limb Imager
(%]

~—AOD at 532nm (SKNET+AD-Net) ~ 0.2 \\ ‘\P\"‘\r 0.1
AOD at 532nm (CALIOP-MODIS) B .
—-SPM 0.1 M o ?

0 EarthCARE & AOS

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

AOS will fly in two orbits: Polar & Inclined

ESA-JAXA Pre-Launch EarthCARE Science and Validation Workshop | 13 — 17 November 2023 | ESA-ESRIN, Frascati (Rome), Italy



