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Abstract AERONET (Aerosol Robotic Network) level 2.0 and CM_21 data in SACOL (Semi-Arid Climate and
Environment Observatory of Lanzhou University) for 2006—2012 were used to analyze optical properties and radiative
effects of aerosols over Northwest China. Meanwhile, the reason for the positive TOA (Top of Atmosphere) radiative
forcing was examined by using the SBDART (Santa Barbara DISORT Atmospheric Radiative Transfer). The annual
averages of BOA (Bottom of Atmosphere), TOA, and atmosphere radiative forcing are —59.43 W m %, —17.03 W m 2, and
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42.40 W m 2, respectively. The annual averages of AOD (aerosol optical depth, 550 nm) and « (angstrom exponent,
440—675 nm) are 0.37 and 0.91, respectively. a and AOD have opposite phases. The o value is within 0.0—0.2, which is
very small, when the AOD is within 0.3—2.2. The annual averages of SSA (single scattering albedo, 675 nm), g
(asymmetry factor, 675 nm) and the real part of the complex refractive index (675 nm) are 0.93, 0.68, 1.48, respectively.
The annual trend of the real part is consistent with that of AOD while that of the imaginary part is opposite to that of
AOD. Thereby the coarse-particle mode aerosols that have strong scattering effects dominate Northwest China. The
maximum atmospheric heating rate occurs in 0—2 km and decreases with height based on the simulations with and
without aerosol effects. The heating rates in the winter half year and summer half year are 2.6 K d”! and 0.6 K d”' on the
surface, respectively. In the four seasons, the heating rate is the largest in the winter, followed by that in the autumn and
spring, and smallest in the summer with values of 2.5 K d',14Kd", 1.2Kd", 02K d" on the surface in the winter,
autumn, spring, and summer, respectively. The absorption by aerosols is stronger in the autumn than in the spring.
Contributions of the surface albedo and SSA account for 22.5% and 77.5% of the positive radiative forcing at TOA,

41 %
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respectively.
Keywords
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AR 2 —-1.9~—0.1 W m * (IPCC, 2013),

PR R S R I AN E VERR OGS I R
Ab, B EkFIEAR (Chung et al., 2005; Magi, 2009).
e F AT VA . B KRB, b
R LRI 28 03 A [ AT JE T K8 1 A AL
S, YR Ml X IR I S5 (Asian
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(ACE-Asia)) (Huebert et al., 2003), V¥ K< ki
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VESZ 5 (Indian Ocean Experiment (INDOEX))
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T 3 PG A b1 DX R SIS O EOMLI S 58, 7393

Radiative forcing, SBDART (Santa Barbara DISORT Atmospheric Radiative Transfer), Surface albedo, SSA

2008 12010 @I, A T fif iz Hh X 1R
SRR T RS (Ge et al., 2011) .
Bietal. (2011) FIHKBHGAEETE (CIMEL) 4y
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SRFE R AR R, R R 0.4,
SE AR R 0.9, —Ryb A R RS,
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ST 5T G bbb DX A I e 27 P s S
8 (BRHa%E, 2013; 5KE#%, 2014a, 2014b; Bi et al.,
2014; Che et al., 2014; Gong et al., 2014), {HZ ¥ H
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Table 1 Statistics of SACOL (Semi-Arid Climate and
Environment Observatory of Lanzhou University) data
usage for period 2006-2012
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Fig. 1 Daily averages of global solar radiation from shortwave radiation radiometer (CM_21) measurements against corresponding AERONET (Aerosol

Robotic Network) simulation
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Fig. 2 (a) The annual trend of radiative forcing trend of bottom of atmosphere (BOA), top of the atmosphere (TOA), and atmosphere, (b) the annual variation

of AOD and a (angstrom exponent), (c) the relationships between AOD (aerosol optical depth) and « in four seasons averaged for 20062012
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1997). SSA HfH vT LA SRl S 7 AW i
P, T L e S I S VA HA 2 I AT
BEHERT (Gémez-Amo et al., 2010; o4,
2013).

2 H TOA HILIEFmGTomE, YA S
RE W, X S KRR g R e,
Al RESs 5 R MR OB BRI G S0 o 1K 14w S
SR I G A ST BRI 2R E L IR
MEMAE K, EHHR KRG, R R
X T MR AT S g D B R A R R ) R )

(Abdul-Razzak, 2012). WS T mh R
PR 1 el i WA U O N A N SN N S ED NN
H4hn (Hansen and Nazarenko, 2004; Haywood and
Shine, 1997),

SHTRIL 2 A TOA IE4RS 5 F B AL
2008 =, JMEF N 0.58 (JFF, K&, 2014b),
SSA £ 2 Hie/h, 0.89 NTFAEI4MH 0.91, dbfEkK
Z R X SEE I H SSA O 0.85~0.95, 24 SSA /N T
0.85 B}, TOA #sif9mid A1 (Ramanathan et al.,
2001b). EFXF 2008 B TE AU ARSI
SBDART # AR S 5iE , 20 HT IR 3R I8 DTk
I 1. BRI EAA (& AOD. SSA
M g), HRREHEM 0.56~0.60 21k, R 2. Hb
FRIBZAAS, #375] SSA M 0.87~0.91 451k, N
2.
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Table 2 The relationships of positive radiative forcing with SSA and surface albedo in experiment 1 and experiment 2 in

February 2008
R 1 R 2
RAATERGTORIE/ MGG/ ARSI BROGRS RAUSTIRST SR ARG AU S A/
HiE R HE  Wm? Wm? Wm? R Wm? Wm™? Wm™?
0.56 98.89 —82.74 181.63 0.87 136.75 —71.92 208.67
0.57 101.89 —80.69 182.58 0.88 127.07 —67.10 194.17
0.58 104.89 —78.65 183.54 0.89 118.92 —63.92 182.84
0.59 107.90 =76.59 184.49 0.90 109.50 —59.74 169.24
0.60 110.90 —74.55 185.45 0.91 99.72 —55.45 155.17
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