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OUTLINE

« Highlights linked to synergetic analyses of
A-Train.

» lllustration of major inputs with regard to
model needs.

e Gaps/Needs.
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A-TRAIN

RELEVANT INSTRUMENTS FOR AEROSOL STUDIES USED IN THIS PRESENTATION:
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ILLUSTRATION: Aerosol Direct Radiative Etfect

Non-Absorbing aerosols @ Increase
of the local planetary albedo =
cooling effect

Perturbation of the albedo of a
scene (A Q) by a thin aerosol layer
vs. the surface albedo p . (per unit
of AQT)
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Aerosol Direct Radiative Eftect

s (CILOUD-FREE SKY:

— « Accurate » aerosol retrievals from passive
iINstruments are limited to observations over ocean.

— Difficult at global scale over land (bright surfaces)
using passive observations (heed assumptions
regarding aerosol models and/or surface
properties)

o CIOXIDYY SKY:
— Active sensors are more suitable

— Current passive methods are limited and require
constraints on aerosol models
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Aerosol Direct Radiative Effect (cloud-free sky)

OVER OCEAN

AQD 550nm (MODIS/PARASOL/A(PARA-MOD)
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Aerosol Direct Radiative Effect (cloud-free sky)

PARASOL: the space—borne instrument most

suitable for enhanced aerosolfsurface :
e Dubovik et al., 2011, 2014
PARASOL daily coverage image,
March 3, 2013 . ;,; = .. /
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« Concept of multi-pixel retrieval
« Surface+aerosols are retrieved
UT The same hme iy COLUMNAR AEROSOL Surface reflectance
« Detailed aerosol informations e fine & coarse R BPDF
(size distribution, absorption, | ﬁhﬁ E /\_Z\ ‘\/ g
chemical composition, aerosol || —— _ e
height)
« Retrieval use practically no
information about surface and

type of aerosol. @D cores & @




Aerosol Direct Radiative Effect (cloud-free sky)

LRI g 8 /6 Derimian et al., ACP, 2016
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Aerosol Sources: Enhancement of Models

Chen, Dubovik et al.,

The results of inversion of =

In prepardation.

2 week |September/

October 2008). Average AQDs: upper panel -

FARASOL AOD'S retrieved by GRASF; middle panel -
predicted by GEQS-CHEM; lower panel -

obftained

from GEOS-CHEM using corrected Dust, BC and OC

emissions.
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DU & CC Emissions (kg)
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The right part compares default GEOS-
CHEM emissions denoted as "Prior™ with
refrieved denoted as “Posternar.

Prior GC

Dust

F’Dsteriur GC

Yy 2

“Posterior” aerosol distnbution of AOD based on corrected emission agrees much befter with “Prior” aerosol
distribufion of AQD based on sourced used in GEOS-CHEM by default. It is clear from the figure that default
GEOS-CHEM emissions strongly underestimated BC and OC emissions and overestimated dust emissions.
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Aerosol Sources: Enhancement of Models

Chen, Dubovik et al., in preparation.
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Aerosol Direct Radiative Effect

Current methods to retrieve aerosol properties above clouds

Input parameters Refrieved parameters
CALIOP Operational method Attenuated backscatter AOT
(Winker et al., 2009; Young and profile at 532 and 1064 nm

Vaughan, 2009)
CALIOP Depolarization method Layerintegrated attenuated  AOCT and angstrém

[Hu et al., 2007) backscatter profile, exponent

depolarization rafio at 532

nm
CALICP Color ratio method Layer integrated attenuated  AOT and angstrém
(Chand et al., 2008) backscatter, color rafio exponent
OM] Reflectance at 388 nm, AOT and COT
(Torres et al., 2012) measured UVA] (cerosol models assumed)
MODIS color ratio Reflectance at 470 and 860  ACT, COT
(Jethva et al., 2013) nm (cerosol models assumed)
MODIS Reflectance at 470, 530, 460, AOT, COT and r
(Meyer et al., 2015) 860, 1240 and 2100 nm (aerosol models assumed)

Need to use passive sensors for getting a better spatial coverage than active sensors but with
(from Peers, 2015 no assumptions regarding the aerosol model.
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Aerosol Direct Radiative Effect (cloudy sky)

Waquet et al., JAS, 2009, AMT, 2013
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* Polarized radiances are mostly
sensitive to scattering processes.
« Cloud + fine mode aerosol (r; =

0.1 #m): Additional polarization at side
scattering angle

Peers et al., ACP, 2015

> the scattering AOT Is set

AOT = AOT,__,, + AOT__ (k)

AT, e sgmne = 0.18
[l
COTm 3™, .
- increqsing k =
4 increasing of the
"""" - aerosol absorpfion
[H | - ._|::|:
Xl e i ..|. "

Radamnca (355 i)

Radiances at 490 and 865 nm can be
interpreted as a coupled COT and
absorption AQT since the scattering
optical thickness of aerosol and their size
are known.
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Aerosol Direct Radiative Effect (cloudy sky)

PARASOL methods to retrieve aerosol properties above clouds

« Liquid clouds with no cimus = POLDER polanzed and »  AOQT,
above total radiances, COT, CTH, | = Size/AE (several
» COT>3 [Cloud polarized cloud phase; angstrom exponents)
radiances don't depend on = I, .Cloud phase, cloud = S5A {DFESEFIH}" over
COT) mask (from MODIS); ocedan)
=  Ozone, water vapor » Comected MODIS COT
confent [meteorological
reandlysis)
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Aerosol Direct Radiative Effect (cloudy sky)

Waquet et al., GRL, 2013

o S . T —

; f.0
ACOT=ACCOT-COT

Aerosol and cloud refrieved properties for aerosols above clouds scenes with POLDER/
PARASOL (June to August 2008)
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Aerosol Direct Radiative Effect (cloudy sky)

Forward teration Method — TansmissienMethed —— Comiparison/Validation: CALIOP Depolarization Ratio

% CALIOP LIDAR % Method

Approach :
f:::-"" o | o |'n.ir | T=expi-t) » Opaque cloud as target (COT23) : lidar beam completely
: | attenuated
o = 5= Vdar ratie’ = Estimates AQT from the transmission [using the Beer-Lambert law
................................................. cifter mﬂ|ecu|grﬁgg5 CD”EC“DHS:‘
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Deaconu, Waguet, et al., in preparafion
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Aerosol Direct Radiative Effe

ct (cloudy sky)

Comparison with CALIOP : Regional analysis

6 months: May->0October 2008

Deaconu, Waquet, et al., in preparation

Morth Atlantic - coast of Namibia —
biomass burning events: R2=0.99
South Atlantic - coast of Sahara —
dust events: R2=0.81
Sea of Okhotsk (Asia) — mixture
events: R2=0.150
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Aerosol Direct Radiative Effect (cloudy sky)

AeroCom Direct Radiative Effect of Aerosols — August-September (W.m)
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Aerosol Direct Radiative Effect (cloudy sky)
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HaOdGEM: Rlg- = 1.85-0.71x1
August-September 2006 Macyon = 5.4 %

(Peers et al., GRL, 2014)
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Aerosol Direct Radiative Effect (cloudy sky)

R [ ﬂ.,-—----"'"HL;}' (Peers et al., in preparafion)

[Feers et al., ACP, 2015)
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SUMMARY

A-TRAIN: state of the art of aerosol remote sensing

-~ The Afternoon Constellation provides near-coincident, co-located observations for instruments on
different spacecrafts. Technical challenge to control the satellite’s relative motion within the
Afternoon Constellation.

~ « Total-column » aerosol optical properties (over ocean, land, clouds) are retrieved from passive
multiangle, multispectral, and polarized imagers associated to development of new algorithms
[relevant for Direct and semi-direct aerosol radiative effect).

— Active instruments provide aerosol and cloud detailed vertical structure and are critical for
understanding and documenting cloud-aerosol interaction (What happens fo aerosol in the vicinity
of clouds?)

- Intercomparisons provide a robust way to test for unantficipated retrieval error or to understand the
limits of a specific scheme/or instrument.

— New algoritnms can consider several measurements (Level #1 data) in a single inversion
[synergetic active-passive retrievals).

GAPS/NEEDS

—~ There are enhancement of aerosol and cloud measuring capabilities of several single sensors
(EUMETSAT Post_EPS, EarthCare, NPOESS).

— Lack of satellite constellation in Sun-synchronous orbits beyond A-frain era when we need co-
located observations as provided by the A-train.



