Quantification of the Global Dust Direct Radiative Effects using MODIS, CALIPSO
and other satellite observations

Qiangian Song!~ (cd11735@umbc.edu), Zhibo Zhang'-*, Hongbin Yu’, Jianyu Zheng!~

1. Physics Department, UMBC 2. JCET, UMBC 3. Climate and Radiation Branch, NASA Goddard

UMBC Space Flight Center
Dust optical properties Global Dust Direct Radiative Effect at TOA in 2007

2007 spring MODIS DAOD 2007 fall MODIS DAOD

. . , Dust optical properties 1s derived from the ‘optimal’ dust model developed in R ATt P Ea S = 8| FER R eued §
»Mineral dust aerosol is the most abundant aerosol component in terms of dry Song et al. 2018 P AL dvitui W S —( e G Sy ey N (e
. . 5 . . . . . . 30° pg Gz i d p il L G | B P
mass. These particles can interact with solar and terrestrial infrared radiation, . . C L. e e PSR 2 B I e - S B e 1
: : ; : - : o Dust Model: Fennec (SAL) particle size distribution, SW refractive index (RI) e e B T SR
thereby influencing Earth’s energy budget. This effect 1s called Direct Radiative o _ N mmmouem R e e e
Effect (DRE) from Colarco et al. 2014, LW refractive index from OPAC and dust shape eI Sl D S SoanTia| LI AEEtiE &
' o ol G s s .| IS TN SR e |
. L. N distribution from Kandler et al. 2009. See the figure of dust model below - ZARI | S ey | Zimiraues ) R ' S/
»There exists large uncertainty in estimating shortwave (SW) and LW DRE of 5 o e 2 S e | MR Ak
. . . . 1.0 , ' . 22 22 _ s o | =5l oo | [ R e s TN {E e = sere 0
dust due to its dependence on many factors (size, refractive index, shape, o FemecShL el [ o "Tw e e e
. . — ape Verde [pm? pm= _1gl 18l 0.51 00 025um<r<0.5um Surface Albedo, 2007 winter Lo Lo 1.0 . 1.0
surface and atmospheric properties). o8] 00 r>05m - s o
. & 14l & 1al 3 0.4} Y 30°N - 30:N _ 06 e 0.6
»Dust DRE is strongly sensitive to dust size. Finer dust particles tend to cool the 2ol j_j ¥ of 3o - - - " -
planet, whereas, coarser dust particles tend to warm the planet. L ol e o - [ ——... | O e et e A | 2
»Stokes gravitational settling overestimate the loss of large dust particles during C 2 o S e O e M T e
transport over North Atlantic. According to Stokes gravitational settling, no "V e i TG e e i = i =
. . o ] | ) N | | | s DA AW (4 o Tl o [ Comi 5] | 10
particle larger than 7um should be present at an altitude of 1.3km after 5 days 107 . % oIS e ST s e N T I e sy SR B e s i S y =
transport. Whereas, a large portion of dust particles with size larger than e e i 8 6
. . ° 708 i e S D-NP TR L e e ;g: | ;(:: i BT et S .
7um was measured after transport over Atlantic as shown in the left figure. The advantage of the ‘optimal’ dust model. R R e SO I T G T MRS et B
[Maring et al, 2003. Weinzierl et al, 2017 The figure onthe o o T creo]| | ot T cm ]| | T ] SR R - A o) B |- e e
>Recent Stlldy lndlcate that dUSt S1ZC 1S underes‘qmated 1n models (See the ﬁglll:e rlght ShOWS dUSt 30| AERNT' Colarco et a' coas ||| ':—'AEROET' C°'fC° et a:'-‘2°14> [ ':—'AERONET' Colarco et a:'-<2°14> _ R o e v . 901580ISO;WTOTZ:OLVL”D:E(ZOO?E:nfgjzzois:?w 9°f’8°°150°WDZIz‘;::t:;::{vx;&;°203§;Ef:{;fczﬁziz;ﬁs-‘>°°E18°°
in the middle), as a result, the SW cooling effect of dust aerosols is optical properties of ,. N s . ' |
overestimated and LW warming effect is underestimated. There 1s even a “" Bos -

3

10°S
30°S

4 dust models.

0.4}

possibility that dust aerosol 1s warming our planet (see the figure in the right).
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Dust Climatology data derived by using CALIOP observation of depolarization
profile. [Yu et al. 20135]

The figure below shows seasonal AOD distribution of trans-Atlantic dust
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