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Methodology

(Zhang et al. AMT 2014)

(DRE),., = J:J:DRE(TC,TG)p(TC,Ta)dTC dt, p(z..7,)joint PDF between AOT and COT
Assuming random overlap between AOT and COT

(DRE) = j:j:[DRE(rc,r) .)dz.]p(z,)dz, p(z.) PDF of COT p(z,) PDF of AOT

CALIOP profile for a grid box 2hang et al. 2014 AMT .

COD-CTP joint histogram
__Highcloud

Aerosol layer
bottom height

Low cIoud

Advantages:
« Efficient (no need for pixel-level collocation) * Flexible (applicable to other datasets)
 Account for COT and AOT variation within grid « Facilitate uncertainty analysis
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Input Aerosol Scattering Properties

CALIOP dust PSD (Omar et al. 2009 JAOT)
+ OBS dust refractive index (Colarco et al. 2014 JGR)
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Seasonal Variation
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Inter-annual Variation:
SE Atlantic Smoke Region

-20 -10 0 0 - -10 0 0 - -10 0

0
TOA SW DRE W/m2 TOA SW DRE W/m2 TOA SW DRE W/m2

Zhang et al. ACP in preparation
I SSSSEEEEHEHHHHBEL



Inter-annual Variation:
North Atlantic Dust Transport Region
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Uncertainty Analysis

e Sensitivity to aerosol model

e Potential CALIOP retrieval bias

ity %

* Aerosol layer thickness uncertainty




Uncertainty Analysis |
Sensitivity to smoke aerosol model

CALIOP smoke PSD +
refractive index (Omar et al. 2009 JAOT)
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Uncertainty Analysis |
Sensitivity to smoke aerosol model
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Uncertainty Analysis Il
Aerosol layer thickness uncertainty

532 nm Total Attenuated Backscatter, km™sr' UTC: 2007-08-02 13:25:37.9 to 2007-08-02 13:39:06.5 Version: 3.01 Nominal Daytime 1064 nm Attenuated Backscatter, km" sr' UTC: 2007-08-02 13:25:37.9 to 2007-08-02 13:39:06.5 Versio| 1 Nominal Daytime
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Recent studies suggest CALIOP underestimates ACA AOT
mainly because CALIOP cannot detect the “true” bottom of aerosol layer

A-train Inter-sensor ACAOD Comparison

BLUE - CALIOP STD 532 ’ 'hA ‘ : upper |imit assessment

BLACK - CALIOP STD 1064 TO 500
GREEN - OMI
RED - MODIS &

N

Nﬁ“(\c‘.vr‘r\jﬁ\ - f,»AI\‘LI(N'3 CR : < o g 22 , “ true top

CALIOP bottom

AOD [500 nm]

true bottom

SO e, S
-15

o 0‘ o /
Latiude [Degl 02 0 02 04 06 08 1 12 14 cloud top

OO0

Jethva et al. 2014 GRL i
Liu et al. 2014 ACPD h (CALIOP)— h,

h.(cloud)— h,
SIS

AOT,. = AOT,,;,p



Uncertainty Analysis Il

Aerosol layer thickness uncertainty
= At (Full column AQT) L. CDRE (Operatlonal AOT)




summary

 An efficient, accurate and flexible method to derive the SW ACA DRE
has been developed and applied to 6 years of CALIOP and MODIS
observations.

» Positive (warming) TOA DRE of above-cloud smoke over SE Atlantic
region and negative (cooling) TOA DRE of above-cloud dust over North
Atlantic dust transport region and Arabian Sea.

* Above-cloud smoke DRE strongly dependent on smoke bulk scattering
properties.

« Uncertainty in CALIOP aerosol layer thickness retrieval has significant
impact on ACA DRE, but negligible impact on DRE efficiency.

« Other uncertainties, including CALIOP daytime noises and cloud diurnal
cycle, are also found to have impacts on ACA DRE




Ongoing Research

Comprehensive uncertainty analysis and
comparison with results based on other ACA
retrieval data sets.

Investigating the factors influencing the inter-
annual variation of ACA DRE.

Investigating the impact of cloud diurnal variation
on ACA DRE.

Working towards all-sky aerosol direct effects.




Cloud diurnal variation important for all-sky DRE
Min and Zhang 2014 JQSRT
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Methodology

(Zhang et al. AMT 2014)

DRE look-up-table

<DRE>ACA = jomjom[DRE(Tc,Ta)p(Tc)ch:Ip(T

Below-aerosol COT | Above-cloud AOT
PDF ‘ PDF



Methodology

COT correction

Zhang et al. AMT 2014
Pure Cloud

MYD021KM.A2008217.1325.005.2008219125658.hdf
Aqua MODIS Truecolor Scene

Cloud w/ ACA

Cloud Reflectance

Adjusted
COD

Biased
COD

Cloud Optical Depth

Table 2. Regional and seasonal mean values of instantaneous DRE
and RFE based on the pixel-level computation and the new method.

DRE [Wm~2] RFE [Wm™2

Bias adjusted ~ AOD™!]

(unadjusted) Bias adjusted
(unadjusted)

Pixel computation 6.6 (5.92) 56.0 (50.3)
New method 6.4 (5.77) 53.8.(502)




Uncertainty Analysis |ll:
CALIOP daytime retrieval noises

5 2

Above-cloud dust
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CALIOP Séems to “see” v
thinner dust and thicker smoke
during nighttime than daytime




Uncertainty Analysis Il

CALIOP daytime retrieval noises
; (ACAdust)/N(ClOUd) (ACAsmoke)/N(C|OUd)

52 ey A

CALIOP seems to “see”
less dust and more smoke over cloud
during nighttime than daytime




Uncertainty Analysis |ll:
CALIOP daytime retrieval noises
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Cloud Diurnal Cycle uncertainty
Aqua LIUId Cloud COT erral_.quwd»Cloud COT
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Aqua COT is about 20% thinner than Terra
over smoke region due to the strong MBL
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Cloud Diurnal Cycle uncertainty

Aqgqua COT (thinner) Terra COT (thicker)
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Cloud Diurnal Cycle uncertainty

Min and Zhang 2014 JQSRT
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