Passive remote sensing of non-spherical dust particles and aerosol vertical profiles:

A e A N Y [ Y

Ne WSk Jun Wang* , with many collborators?
LUniversity of Nebraska-Lincoln, Lincoln, NE, 4see in the reference section

respectively in surface—2 km and 2—4 km
(solid lines); (2) same (50% of total) AOT In
surface—2 km and 2—4 km (dotted lines).

Viotivation uay ot Non-spherical Aerosol Phase Function wi
Many progresses have been made in the last decade on the passive remote sensing of aerosols Results : : : Concepj[ A ; TR {
over both ocean and land; they include retrieval of fine vs. coarse-mode aerosols and non- ST T T T Figure 3. Skylight zeqlth [_)OLP near O,-A Geostatlonary satel!lte Views the_atmosphere_wnh same viewing geometry as the sc_)Iar angle change§ from sun rise or
absorbing vs. absorbing aerosol from multispectral and multiangle satellite observations. i band at the surface (pink lines), 2 km above sun se_t, offering unique obser_vatlons at multiple scatterlr_lg angles for the same region, and thus a unique o_pportunlty
Future satellite missions on air quality should build upon this past success and continue to | the surface (green), and 4 km above surface to re_trlle\;e aerosol microphysics (such as the phase function, shape, and/or relative abudence of non-spherical dust
explore opportunity for advancement. To brainstorm ideas for preparing the GEO-CAPE 5, (blue). Results at solar zenith angle of 58" particles).
mission, this poster shows two preliminary studies respectively on the retrievals of aerosol R are shown for two cases that assume the
vertical profile and non-spherical aerosol particles, the two challenges in the today’s passive EIN; same (dustlike) aerosol properties for total An Example
remote sensing and thereby the opportunities for GEO-CAPE. : AOT = 0.08 but with different vertical Study the impact of non-spherical dust aerosol phase function on the retrieval of aerosol optical thickness form GOES
: SRR _ : _ ; Z ot distributions: (1) 70% and 30% of total AOT satellite during the Puerto Rico Dust Experiment (Wang et al., 2003Db).
(1) Aerosol vertical profile is critical for mapping particulate matter air quality from space. S 201 distributed fively i fa08_9 Kk d
While limited studies showed the potential of using reflectance at UV spectrum to retrieve 5 S e ot |v.e ol aceo kel (b) Spherical retrieval errors (c) Different phase functions
the profile of absorbing aerosols, virtually all the passive remote sensing sensors today "o w o por o o 2-4 km (solid lines); (2) same (50% of total) g LB apagum """"""""""""""" ] sk W Gesine L
demonstrated zero capability to retrieve aerosol vertical profile and aerosol optical i Surface} 70% AT Suriace | S0% AOT AOT In surface-2 km and 2—-4 km (dotted S of o Roossvel Rosd ; g 0 - R
thickness simultaneously at the visible spectrum of the atmospheric window. Here, a s omeo omes  omo  oms lines). Noted that the dot lines and solid lines = | | : s |
preliminary study is presented of using polarization at O,-A band (0.760-0.765um) to e are indistinguishable at surface and 4 km. < i R
retrieve vertical profile of both absorbing and non-absorbing aerosols. o of 2k — 4k AOT to total AOT Figure 4. Skylight zenith DOLP near O,-A % : g s
0 0.1 02 03 04 05 06 07 08 09 1.0 : y Eme 5 0.1 . N
(2) Non-spherical aerosol particles such as dust have very different phase function as of o T T T T T band at the surface (pink lines), 2 km above 2 s 1F P e g
spherical particles, and hence make it difficult for satellite remote sensing to accurately T e I ke the surface (green), and 4 km above surface % £ f |
characterize the air pollution and ocean color in the U.S. coastal regions that are g 40F surtace J dustike surfoce J 4usbiike - (blue). Results at solar zenith angle of 58 are ) : _ i [ | | S “:“—*' LLLL |
frequently affected by the dust particles from Saharan desert and Gobi Desert. Here, a g ! shown for two cases that assume the same 110 120 130 140 150 160 170 180 "0 30 60 90 120 150 180
method is presented of using the geostationary satellite observation at multiple scattering : KT (dustlike) aerosol properties for total AOT = Scattering Angle (deg) - GRS S Deet
angles to study the phase function of non-spherical particles. s 0.08 but with different vertical distributions: 1.5“1’..N.‘,’..‘Tﬁﬂl‘..‘.}.’f}.ﬁ".‘.‘..f?‘.l'.t..'.'ff.‘.r."?.l e rererems 1.ge_.’....fo.t.‘.'ff.'.'.‘.?.t.ffff.‘:‘?.'..‘.’.'.'.' O everererpeeeeeeee :
§ ; ~ (1) 70% and 30% of total AOT distributed g La Paguera E = [ O La Paguera i
; 1.0:_ o RooseVelt Road E _ 1_05_ o RooseVelt Road _

0.5F 0.5F

(GOES8 AOT — SP AOT)/SP AOT
(GOES8 AOT — SP AOT)/SP AOT

Theory (First Principal) and Model Validation 10§ S § Noted that the dot lines and solid lines are o e ,51_ 0.
The amount of upwelling radiation at the top of atmosphere at any gas absorption spectrum 10 09 08 07 06 05 04 03 02 01 O indistinguishable at surface and 4 km. e B s 000000 . )
generally depends on the vertical profile of that absorbing gas and the radiative interaction of that ' s E ; !
gas absorption with the scattering of cloud, aerosol, and molecules in the atmosphere. This Othac et iba R . N - ~1.0t ;
principal has been the basis for retrieval algorithms of various trace gases (such as O, and CO) ISR RS b R 110 120 130 140 150 160 170 180 148 =0 dag a0 320 466 IRG 180
: : : - : 1 ' ‘ ‘ a) July 31 - b Scattering Angle (deg) Scattering Angle (deg)
that are highly variable in the troposphere; but the atmospheric scattering are generally assumed y - N LA N A Figure 5. MERIS retrieved _ _ ; _ : : :
or specified in the algorithm. The method proposed here utilizes the same principle but from a - ’ : \% —wemans 4 gerosol altitude Za (derived from Figure 6. Retrieval errors as a function of scattering angles for using (b) spherical phase functions [Wang et al.,
different perspective; that is, to derive the vertical profile of aerosol scattering at the absorption .- ow T the ratio of reflectance in O, and 20036}]’ (@) nqn-spherlcal o functlon,_ NGE) 2 OMEOSIT, Pl fun_ctlon ore it o) spherlc_:al o ol
spectrum where the gas absorption profile is well known (or shows little spatiotemporal . 2 ? : out of O, band, left column) and spherical partlcles. (c) Shows the comparison of these thr_ee ph_ase functions. The synthetic phase function by Liu et
variation). O,-A absorption band fits this purpose nicely because: (a) the distribution of O, \,,,:,?_:__ i * its comparison with lidar a_I [2093]_|s a_lso §hown Inb fo_r _reference purposes. The inset In (c)_shows the average of measured_ aerosol yolume
profile has little spatiotemporal variation and can be well characterized with high accuracy; (b) + ;i'_j ) observations (at the side shown a size f:hstrlbutlon In dusty conditions (AO_T 7 0.2). The dotted lines m_(a), (c) an_d (d) show the p(_)SSlny maximum
aerosol scattering at O,-A band and its nearby spectrum belong to Mie scattering regime and this o il R I red diamond in the left). Adopted relative errors (=20%) from the uncertainties other than phase function. The different symbols in (b), (d) (e) denote
signal Is strong; (c) molecular (Rayleigh) scattering at O,-A band is virtually negligible. re wE wE I0E A from Dubuisson et al., 2009. two AERONET sites at Roosevelt Road (18.20N, 65.60W) and La Paguera (17.97N, 67.05W).
A vector radiative transfer model was used in conjunction with the line-by-line radiative transfer
model and the database of high-resolution transmission (HITRAN) molecular absorption to - -
simulate the four Stokes parameters of upwelling and downwelling radiation, from which the I mpl Ications to G EO'CAPE €S & ACkﬂOWledgement
SegreE oL lINEah Ralatizt DI DO, - FOTS DN IS COMPUTRH (ZeNa ERal, 000 GEO-CAPE and GOES-R synergy offers observations uniquely Recommendations & Nest Steps: References:
- - Figure 1: Degree of linear polarization collected from dual viewing angles and multiple scattering angles _ ; _ _
LT  (DOLP) as a function of scattering to - At currently early stage of GEO-CAPE mission concept development, it is Wilna’ JI\7I A L'“é (?O:'BAI\J C_Ir_lrrllstof}?her, J'fS' Re'dhE'.A' el
e OO o sulfate 1 le for light sinal d (1) characterize non-spherical dust particles that have that have necessary to conduct the feasibility analysis of some new and promising SHCTL DI N0 i 020) 1 eHCE B HON=RRhElBI N
- - Rayleigh \ angle tor light singly scattere ; . . : : ; ; : Ao : geostationary satellite retrievals of dust aerosols, Geophy.
S 60~ ~ respectively by dust-like aerosols (solid Important impacts on air quality, ocean color, and costal retrieval techniques in the literature to maximize the potential advancement of Res. Lett. 30, 2293. ’
£ b - : : ecosystems in the west and east coasts of U.S. GEO-CAPE for a better achievement of its mission goal.
5 40 line), sulfate aerosols (dotted line), and : : :
A ! , | : : (2) to derive the wind speed (and possibly stereo height) of Wang, J., S. A. Christopher, J. S. Reid, H. Maring, D.
~ ! p N - molecular (Rayleigh scattering, dashed _ P P y 9 : : : AT B HoIBaR TR A A rhstan PUB . Riieasll And &
R “_line). DOLP is calculated as P,,/P pollution plume. » GEO-CAPE should take the advantage of its observations at multiple S R Dl SR Rl R R
= ; E2 - - : K. Yang (2003a), GOES 8 retrieval of dust aerosol optical
3 where P.. and P.. follow the traditional - - - scattering angles to better retrieve the temporal evolution of the long-range b s g - -
o 11 12 _ N i) I h n e thickness over the Atlantic Ocean during PRIDE, J.
i;.’b denotatlon Of 44 Scatterlng phase G IR A__~*+ transport nOH-Sp EI’IC& USt pal’tIC es as we a.S tO etter C al’aCtel’IZE t e p ase GeophyS RES, 108, 8595
© matrix. b e T T o function of spherical particles from space. This potential can be further ;
| | | | | cinciie | coccy M. sunsise maximized by its synergy with GOES-R to obtain dual viewing angles for the Zeng, J., Q. Han, and J. Wang (2008), High-spectral
P 7 cattering angle (degree) § \ . N N A A same scene (figure on the left) for deriving wind speed (and possibly stereo {630|Ut]0l’|1 S'mt‘_“a}'o,” 1?f| poggia,tg%” ﬁg%'%'ight- sensitivity
o . . . | : _ _ /lﬂv‘ #l 4 height) of the pollution plume at the east and west cost of U.S. s e s ShT )
. : —__ HITRAN+LBLRTM+ERTM _ Figure _2- Comparlson (_)f the high-spectral S " @ > Evans, K. F.,, and G. L. Stephens (1991), A New Polarized
5 0l -~ LOVTRAN+ERTM : resolution skylight zenith DOLP from the « To characterize the vertical distribution of aerosols, GEO-CAPE should Atmospheric Radiative Transfer Model, J. Quant. Spectrosc.
s | measurements (red line) and the consider (under its budget constraints) an option to measure the reflectanceand ~ Radiat. Transfer, 46, 413-423. |
g i simulations with gas abso_rptlon based polarization at the O,-A absorption band. The estimate cost for adding this ‘Dubuisson, P,, R. Frouin, D. Dessailly, L. Duforét, J. F.
: - upon LOWTRAN_ (blue line) _and | capability to GEO-CAPE should be relatively low, if we consider that Léon, K. Voss, and D. Antoine (2009), Estimating the
£ : HITRAN (black line) respectively. ERTM POLDER/PARASOL having similar capability is a micro-satellite mission and altitude of aerosol plumes over the ocean from reflectance
S - denotes the vector radiative transfer MERIS already has channels of measuring the reflectance at the O,-A band. ratio measurements in the O2 A-band, Remote Sensing of
f%-: _' model by Evans and Stephens [1991]. - : - : - : - : - : | .. | _Environment, 113, 1899-1911. | | |
© : » The modeling infrastructure showed in this poster is now integrated with the Acknowledgement: J. Wang like to thank Kelly Chance,
ool | | | - GEOS-Chem to conduct the OSSE of aerosol vertical profile and non-spherical Daniel Jacob, Xiong Liu, Robert.Chatfield, Shobha

0.650 0.675 0700 0725 0.750 0.775 0.800

Kondragunta, and other collaborators for useful discussions.
Wavelength ?a.[,u:m] : : : : .
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