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e Data for this analysis was collected during the NASA ORACLES Cloud Retrievals « RSP cloud droplet size retrievals
(ObseRvations of Aerosols above ClLouds and their intEractionS) in 0z ——————————————————————————— |Js@ the angular variations in the
September 2016 and August 2017 - 1 polarized reflectance of the cloud

* The RSP was aboard the P-3 aircraft flying at a range of altitudes <77 bow, not their magnitude. This Is
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§3 during ORACLES in 2016 and 2017 and also on the high-altitude ER-2 § not affected by aerosols and so Is 0.2f 0.10r
"2 aircraft during ORACLES in 2016 5 0 v oo 1esomn . fIxed In the aerosol/cloud optical
1 * Here we focus on observations close to 8S from Ascension Island % _ —— =50 depth retrieval (Alexandrov et al. . Acrosols Make Scene Darker | "~ ¢ o5
: along tracks heading to the East. This allows us to contrast the cloud " wmtom | 2012). RSP cloud optical , Aerosols Make Scene Brighter
4t 4t conditions from 20160929 during the ER-2 transit from Walvis Bay to é_osi T H“m .: thickness/liquid water path Icﬂnca,om,camepm e
Recife, (9S) that passed over Ascension Island, with the transits from e e e e w0 e @gstimates use  the  absolute -0z b i . o a0 0 s
Figure 1. HSRL2 532 nm backscatter observations during transit flight from Ascencion Island : : log(cloud optical depth) Cloud Optical Thickness
O a Toms or 20170891 _Ascensmn to Sao_:l'ome on 20170809 and 20170821 (88) Aerosol-Cloud Retrievals magnitude of the total radiance . The critical albedo can alternatively be regarded as a critical cloud

. observations and are used only as
> | a’fitst guess in the aeros -cloud

reliipye

optical depth above which the TOA reflectance is decreased by
aerosols (left figure above).
 The critical optical depth in this case Is 6.6. In the right figure we
show this critical optical depth on the cloud optical thickness

« During August, September and October of each year smoke from biomass et S T SRR o .- B 20160929
burning on the African continent is transported west over the the semi- Y TR
permanent Namibian stratocumulus deck.

« The NASA ObseRvations of Aerosols above CLouds and their
iIntEractionS (ORACLES) suborbital mission is making observations of
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of cloud _condensatlon nuclel i f  The data shown here is along constant latitude lines (85/9S) from
(CCN) that increases the number - | .04 . . L

: : : Ascension (14E) to the Greenwich meridian.
of cloud drops (Twomey 1977). acz | ; : ‘ . . . . .

» The smoke particles absorb light o ) T T T e e O T e T T e e » The cloud regime in 2017 is generally in a cooling regime because the
and can  therefore  also S oo am View Angle View Angle cloud optical depths are low, whereas the majority of clouds in 2016
significantly affect the radiation -o0s cony « The 5%/95% values of the HSRL2 532 nm backscatter integrated are in a regime where aerosols will warm the atmosphere.
field above the cloud. o ] from the plane to cloud/surface are used to define the aerosol layer Future Work

* Depending on how strongly the - - thickness. « Compare optical depths and intensive lidar variables with HSRL2
smoke particles absorb and how e T e e » First guess for aerosol optical depth (AOD) and size uses table look instrument.
bright the clouds are the smoke Fig. 2. The radiance of the Barth-atmosphere system minus the srface ra up applied only to polarized reflectance observations. « Compare aerosol sizes and ssa with In situ observations.
g‘?yht make tT_e =cene priar Settering albodo o are indicated To £ach lin. The selay sénith ancle o |terative Levenberg-Marquardt retrieval is used to retrieve a best « Evaluate impact of aerosols on CDNC estimates from RSP

is 40°, the wavelength is 610 nm, and v = . . . .
(chrmelag) ((aooclgr?c):eptozzalle dartheer g el estimate of aerosol optical depth, complex refractive index and cloud Collaboration
L | Ny optical thickness using the polarized reflectance and the Degree of « 4STAR and SSFR observations have already been used to evaluate

Linear Polarization.

Resgaich Objective
rﬁlf‘?@f@r?ﬁﬂ%%@@ﬁé%’ﬂ%?‘sﬂ%ﬁé-on RSP retrievals of cloud optical depth
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* The ORACLES domain is dominated by low-lying stratus clouds,
although the macroscopic structure in 20170821 is very different to that
iIn 20160929.

Q)
o
=

o)
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on the Glory satellite (2011) (Cairns et al.,
1999)
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« The key determinant as to whether smoke above clouds will make

° AIong track scanning - 152 viewing angles : : : : : : Alexandrov, M.D., B. Cairns, C. Emde, A.S. Ackerman, and B. van Diedenhoven, 2012: Accuracy
er scene (+60°)'14 mrad field of view - them b”ghter’ O'_’ darker IS_‘ the Smgle Scattering Al_b_edo (8_8a’ which Is assessments of cloud droplet size retrievals from polarized reflectance measurements by the
P - ! the fraction of light that is scattered at each collision with a smoke research ~ scanning  polarimeter. ~ Remote  Sens.  Environ, 125,  92-111,

» Polarimetric and full intensity e particle). - dOi110-1016/J-fse-2012-87-012- | (1999). Th o | it
: . _ _ airns, B., L. D. Travis, and E. E. Russell (1 , The Research Scanning Polarimeter: Calibration
meaSUfementS In the visible and shortwave |  Here we show the retrievals of SSA for a sample of locations above and ground-based measurements, Proc. SPIE Int. Soc. Opt. Eng., 3754, 186-196.
Infrared over 9 bands: 410, 470, 555, 670, « Panel above shows effect of clouds and aerosols on polarized reflectance. the smoke plumes that were shown in Fig. 1, together with their Fraser, R. S. and Kaufman, Y. J.: The relative importance of aerosol scattering and absorption in
- - - C . : remote sensing, IEEE J. Geosci. Remote, GE-23, 525-633, 1985.
864, 960, 1593, 1880, 2263 nm _aft shows (small) effect of cloud optlca_l thlck_ness (mcreases from 5 to 20). uncertainties. The optical depths of these samples vary from 0.12 Knobelspiesse, K. B. Cairns. J. Redemann, RW. Bergstrom. and A. Stohl, 2011: Simultaneous
* Measures aerosol: OT, R4, Vs R.L., Right shows (large) effect of aerosol optical thickness (AQOT) (increases from (black) to 0.66 (blue). retrieval of aerosol and cloud properties during the MILAGRO field campaign. Atmos. Chem.

i _ i O to 0.4). Polarized reflectance can therefore be used in retrievals without ' AN i Phys., 11, 6245-6263, doi:10.5194/acp-11-6245-2011.
single-scattering albedo, morphology ) * As part of the retrieval process the column absorption is computed and B Tvomey, . (1977). The influence of pollution on the shortwave albedo of clouds. Journal of the

« Measures cloud: OT, R., V.., CTH, cloud Including the cloud optical thickness (e.g. Knobelspiesse et al. 2011). th_e radiative effect is evaluat_ed by calculating the radiation fiald atmospheric sciences, 34(7), 1149-1152
without aerosols, once the retrieval has converged. The albedo with Contact: brian.cairns@nasa.gov

phase, ice asymmetry parameter, CDNC _ _
aerosols Is then subtracted from that with aerosols.
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