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EarthCARE -
(Earth Clouds, Aerosolsf@nd Radiation Explorer) %*4 @esa

v Joint Japanese (JAXA)-European (ESA) satellite mission

v Improve the understanding of cloud-aerosol-radiation interactions

v Four sensors:
ATLID (Atmospheric Lidar: 355nm HSRL with dep. Measurement function)
MSI (Multi-spectral imager: 0.66, 0.865, 1.61, 2.2, 8.8, 10.8, 12.0 um)
CPR (Cloud Profiling Radar: 94GHz)
BBR (Broad-band radiometer: SW (0.2-4um), Total (0.2-50um)

=> Observe Global / 3D distribution of clouds and aerosols and Radiation
=> Provide information on Cloud and Aerosol effects on atmospheric radiation

Cloud and precipitation

e Optical / Microphysical / Radiative properties : Extinction, Size distribution, Single scattering albedo, etc...
e Particle type: Water, Ice, Mixed, snow, drizzle, etc...

Aerosols
e Optical / Microphysical / Radiative properties
e Particle type: CALIOP / AERONET / EARLINET: Biomass burning, Marine, Smoke, etc...
e Component: Aerosol transport model / NIES: Dust, Sea-salt, black carbon, Water soluble, etc...
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JAXA L2 ATLID & ATLIR=MSI algorithm flows %%4 Qesa
"
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Application to Joint-Sim
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Application to Joint-Simulator data (FM)

Applying the threshold method developed based on the Kyushu University method Algorithm flow
[Okamoto et al. 2008,2010, Hagihara et al. 2010]
L e ‘Research Products
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AExtinction, ABackscatter, ADepolarization ~ 30% or less (excluding edge area)
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Method
Optimization by using Gauss-Newton method with
Biconjugate gradient method [Kudo et al. 2016]

A priori constrains
- Vertical and Horizontal smoothness
- A priori value for lidar ratio with lagrange
multiplier depending on the extinction
coefficient.

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



Algorithm flow
v Retrieve PBLH using Wavelet Covariance Transform (WCT) m mm
v Bias =-0.01 km, RMSE = 0.34 km

Particle extinction (AH=10km)
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Application to Joint-Sim&lato'r data (TM/aerosol)
3

Py

Cluster analysis to AERONET

Cluster analysis is the task of grouping a set of objects Clustering example

in such a way that objects in the same group (cluster) (Fuzzy c-means method)

are more similar to each other than to those in other 2 P

groups. s Clusier 2 140
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2 o oo The algorithm performance is being investigated.

Particle dep
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Research Products

-- Aerosol retrieval using(CALIOP+MODIS --

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)
W Aerosol optical property B Smoothness of vertical profiles of WS, LA, DS, SS
) B CALIOP observations B Similarity of vertical profiles of WS and LA
Iteration by Gauss- B MODIS observations B AOD_ s < AODys

Newton method and a

line search with Armijo l B A priori distributions of fine (WS, LA) and coarse (DS) median radii
rule
(Kudo 2016) l .
Observations y°?¢
Xpy1 = X+ ad Objective function +— B CALIOP observations
l m MODIS observations
Aerosol optical property I
m Lognormal size distribution. Convergence

m Median radii of WS and LA is same. F) = =(3°05 — y(x)) (W21 (905 — p(x)) + =y, (X)T (W2)-1y,(x)
® Median radius of SS is estimated by the parameterization using l 2( ) ( ) 2

ocean surface wind speed (Erickson 1988) Optimi l
imized x
m Hygroscopic growth depending on relative humidity for WS, Shell P

Algorithm flow

Supﬂ'mlm A"LII) I.'b
(0. l")

OC(MMM

mF
n (L]
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| |

of LA, and SS (Hess 1998) l

m WS, LA, DS over land. WS, LA, DS, SS over ocean. B Smoothness of vertical profile

OUtpLIt ya_ (I) =In (Vdry (Zi-l)) —2In (Vdry (Zi)) + In (Va‘ry(zi-v-l))
CA[_JOP ) B AQOD, SSA, etc. of total aerosols W Similarity of vertical profiles of WS, LA
W Lidar equation B AOD and extinction coefficients of WS, Y, (x) = 1“(Vamm(Zs)/Vary,LA(Zs+1)) — i (Vdry.ws(ZE)/Vdry,WS(Zi+1))
MODIS LA, DS, SS W1, <y
m Vector RTM, PSTAR (Ota 2010) Yo(x) = —In(1 — 7,4 /Ty5)

B A priori values of median radii

yﬂ(x) = ln(rfine,'warse) In ( ;ﬂ:fer;::n;rse)

Retrieved parameters
v Extinction coefficients for water-soluble, Sea-salt, Dust, Light-absorbing particle
v Columnar-mean fine-mode and coarse-mode radii

Details are in
Kudo et al. AMT, 2023
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Research Products

-- Long term tref@@ 1 2007-2021--

Remarkably decreasing trend of AOD was found in East and West Asia,

Means
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which is consistent with the other studies (e.g., Pollutant emission data and dust observation date by meteorological observation).

Linear trend (1/decade)

*Green contour
indicates
statistically
significant trend
determined by t-
test.
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We have developed aerosol and cloud retrieval algorithms using the EarthCARE satellite onboard lidar and imager.

1) Apply the algorithm to Joint-simulator and evaluating its overall performance.

2) Feature mask
Introduce the threshold method based on the Kyushu University method
(discrimination of noise, atmospheric molecules, aerosols, and clouds).

3) Particle optical properties (POP product)
Retrieve extinction/backscatter/dep by Maximum Likelihood Estimation (MLE).

4) Aerosol type identification (target mask)
Develop the threshold values and models using ground-based lidar + passive sensor data.

The algorithm performance is under investigation.

5) Aerosol component analysis (CALIOP/MODIS analysis)
- Long-term data analysis from 2007 to 2021 was conducted, and we found the remarkable trend in East Asia and
West Asia.
- Data assimilation experiments using the NICAM-Chem model are underway.
=> These studies can be extended to EarthCARE data.
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