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Abstract. The aerosol optical properties and their associated
radiative effects are derived from sky-radiometer and surface
solar radiation data collected over the Semi-Arid Climate and
Environment Observatory of Lanzhou University (SACOL)
for the period of March to May (MAM) 2009. The result
shows that the seasonal mean aerosol optical depth (AOD)
at 500 nm in MAM is 0.40. The single scattering albedo
(SSA) at 500 nm in MAM at SACOL fluctuates significantly
ranging from 0.82 to 0.98. The averaged value of SSA there
for background aerosol is 0.90 in MAM, while it is smaller
(0.87) during the dust event outbreak period. The smaller
SSA can be interpreted as the result of larger particles dur-
ing dust events. The averaged asymmetry factor (ASY) at
500 nm during dust event period is 0.73, which is larger than
0.70 of background aerosols. The averaged shortwave radia-
tive effects of the aerosols during dust event period in MAM
are 0.68,−70.02 and 70.70 W m−2, respectively, at the top of
the atmosphere (TOA), surface and in the atmosphere. The
aerosols heat the atmosphere during dust event period by up
to about 2 K day−1 (daily averaged), which is 60 % larger
than the heating (1.25 K day−1) of background aerosols. The
significant heating effect in the atmosphere of the aerosols
during dust event is determined by larger AOD and smaller
SSA.

Correspondence to:Q. Fu
(qfu@atmos.washington.edu)

1 Introduction

Human activities may create a lot of aerosol particles
which are important variables in the Earth’s energy bud-
get. Aerosols influence the energy balance either by directly
absorbing and scattering the shortwave and absorbing and
emitting longwave radiation (direct effect) (Charlson et al.,
1992; Li and Kou, 1998; Che et al., 2005) or by affecting
the size distribution of cloud droplets (indirect effect) (Li,
1998; Ramanathan and Crutzen, 2003). Recently there are
many studies on the radiative effect of aerosols, as described
in the assessment report of the International Panel on Climate
Change (IPCC, 2007), but the quantitative effect of aerosols
on energy balance and climate system is still largely uncer-
tain (IPCC, 2007).

Recently, special attention has been dedicated to cloud
interactions with desert aerosol particles (Rosenfeld et al.,
2001; Bŕeon et al., 2002; DeMott et al., 2003; Kawamoto
and Nakajima, 2003; Huang et al., 2006a, b). However, the
knowledge of the effects of Asian dust aerosols on arid cli-
mate is still very limited due to the lack of observations.
Aerosols are generally believed to exert a cooling influ-
ence on the climate directly by scattering solar radiation and
through their indirect effects on clouds. However, the semi-
direct effect has the potential to offset this cooling by reduc-
ing low cloud cover and water path. Analysis of the satel-
lite observations indicates that, on average, the water path
of dusty clouds is considerably smaller than that from dust-
free clouds in the same frontal systems (Huang et al., 2006a,
b). The absorption or diabatic heating of Asian dust particles
can cause the evaporation of cloud droplets and reduce the
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cloud water path. The key mechanism may be related to the
dust aerosol warming effect through the absorption of solar
radiation.

To understand the radiative effect of aerosols, it’s critical
to know the optical and physical properties and their tempo-
ral and spatial variability. Many efforts have been devoted
to measure aerosol optical and physical properties (Holben
et al., 2001; Takemura et al., 2002; Dubovik et al., 2002;
Smirnov et al., 2002; Nakajima et al., 2003; Aoki and Fu-
jiyoshi, 2003; Kim et al., 2004; Eck et al., 2005). Uchiyama
et al. (2005) studied the characteristics of aeolian dust ob-
served by sky-radiometer at several sites including some in
source region. Li et al. (2007) examined continuous high-
quality measurements of aerosol at Xianghe station in China
during the period of September 2004 to September 2005.
Retrieving from sky-radiometer measured at Anmyeon, Ko-
rea, Sohn et al. (2007) pointed out that Asian dusts can
become more absorbing aerosols when mixed with pollu-
tants. Hayasaka et al. (2007) observed the vertical distribu-
tions and optical properties of nonspherical dust and spheri-
cal aerosol particles from March to May 2005 by Lidar and
sky-radiometer systems at Sapporo, Toyama, and Nagasaki,
Japan. Xia et al. (2007) studied aerosol optical properties
by a Sun photometer at Taihu, China. Che et al. (2008) com-
pared the optical properties derived from Sun photometer and
sky-radiometer at Beijing. Huang et al. (2008a) observed the
vertical distribution of aerosols in the free troposphere using
surface Micro-Pulse Lidar (MPL).

Semi-arid region over Northwest of China has been widely
affected by naturally occurring dust storms event especially
during the period of early spring to summer. Such event
causes not only the serious damage to agriculture, eco-
nomics, environment and human health in this region but
also a climatic impact on the global scale. Ge et al. (2010)
retrieved dust aerosol optical properties from Multi-filter
Rotating Shadowband Radiometer (MFRSR) and estimated
the dust aerosol direct radiative forcing over Northwestern
China during the 2008 China-US Joint Field Experiment. Bi
et al. (2010) analyzed the aerosol optical properties mea-
sured at Semi-Arid Climate and Environment Observatory
of Lanzhou University over Loess Plateau of Northwestern
China obtained through a CIMEL Sun photometer of the
ground-based Aerosol Robotic Network for the period of Au-
gust 2006-October 2008. However, there are some difference
between the results of Ge et al. (2010) and Bi et al. (2010).
This study will use another measurement (sky-radiometer)
to calculate and check the optical and radiative properties of
the dust aerosol at SACOL over Loess Plateau of Northwest
China.

Table 1. POM-01 sky-radiometer and CIMEL.

Instrument PREDE POM-01 CIMEL

Wavelength 315,
400,
500,
675,
870,
940,
and 1020 nm

440,
675,
870,
and 1020 nm

Field-of-view 1.2◦ 1.0◦

Calibration
method

Langley and
improved Langley
method

Langley method

2 Instrument and observational data

SACOL, located approximately 48 km from the center of
Lanzhou on the southern bank of the Yellow River in Gansu
province northwest China (35◦57′ N, 104◦08′ E, 1965.8 m
above sea level), is one of the reference sites of the inter-
national Coordinated Energy and Water Cycle Observations
Project (CEOP). The parent soil material is mainly the Qua-
ternary aeolian Loess with the main soil type of sierozem.
The terrain where the measurements were carried out was
flat and covered with short grass. Vegetation was usually
less than 15cm tall and covered less than 80 % of the sur-
face in summer and autumn. SACOL is located within tem-
perate continental climate zone, and the annual mean air
temperature is 6.7◦. The annual precipitation at SACOL is
about 381.8 mm, while the annual mean evaporation is about
1528.5 mm (Huang et al., 2008b).

POM-01 sky-radiometer has been installed on 15 March
2009 at SACOL to measure the optical properties of aerosols
in this region. It has been continuously running since then in
2009. A set of Kipp & Zonen CM21 pyranometer was also
installed to measure the global solar irradiance every 10s au-
tomatically at SACOL in March 2009, which is a high preci-
sion pyranometer with strictly selected domes. An automatic
sun and sky scanning radiometer (CIMEL Sun photometer)
was run at SACOL from August 2006, which will be use-
ful to perform inter-comparison of aerosol optical parameters
obtained from the two different instruments. The characteris-
tics of the POM-01 sky-radiometer and CIMEL are shown in
Table 1. On the calibration of these two instruments, sky-
radiometer can be calibrated by using not only traditional
Langley method but also Improved Langley method.

The sky-radiometer at SACOL was calibrated for the
sky radiance using an integrating sphere at Tsukuba Space
Center and for the direct solar irradiance using the Im-
proved Langley plot method (Campanelli, 2004). The pre-
cision of the in situ method has been estimated to be within
1–2.5 %, depending on the wavelength. The CIMEL Sun
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photometer measures the direct sun and diffuse sky radi-
ances within the spectral range 340–1020 nm (Holben et al.,
1998). The CIMEL Sun photometer located at SACOL is
calibrated at the pristine Mauna Loa Observatory (MLO; lat-
itude: 19◦53′ N, longitude: 155◦57′ W, elevation: 3400 m)
once per year.

In view of the advantage on the calibration of sky-
radiometer, this study will analyze the optical properties ob-
served by sky-radiometer and calculate the radiative effect
of the dust aerosols. But comparison of the aerosol optical
properties from the sky-radiometer and those from CIMEL
will first be performed.

In this study, the latest version of Skyrad package (Ver-
sion 4.2), which is developed by Nakajima et al. (1996), was
used to analyze the data measured by sky-radiometer. During
the analysis of sky-radiometer, we need the total amount of
ozone and the surface pressure to consider the ozone absorp-
tion and the Rayleigh scattering of the air molecules. Ac-
cording to TOMS data and the meteorological observation
data at SACOL, we set ozone as 0.3 cm and surface pressure
as 0.78 atm in this study. The pyranometer data was used
to remove cloudy data observed by sky-radiometer (Pradeep
and Takamura, 2009).

The comparison between the aerosol optical depths ob-
served by CIMEL Sun photometer and POM-01 sky-
radiometer is first carried out, which is based on the 703
clear-sky measurements from 27 days in March-April-May
(MAM). The detailed information of observational days is
shown in Table 2. The data can represent the daily and
monthly situation according to the measurement days in Ta-
ble 2. Figure 1 shows the plots of AOD values derived from
POM-01 and CIMEL at the two common wavelengths of
675 and 870 nm. Since there is no 500 nm channel for this
CIMEL in the study, we compared the AOD values derived
from POM-01 sky-radiometer and CIMEL at the two com-
mon wavelengths of 675 and 870 nm. High correlation coef-
ficient of about 0.99 between the AOD from the POM-01
and CIMEL confirms the high consistency of the two in-
struments. The relative difference in the AOD between the
POM-01 and CIMEL is about 3 %. Note that the observa-
tions shown in Fig. 1 exclude cloudy-sky measurements and
the following analysis will only consider the clear-sky obser-
vation.

3 Aerosol optical properties over Loess plateau

3.1 Optical depth

The daily mean AODs at 500 nm in March, April and May
are shown in Fig. 2a, b, and c, respectively. In March the
averaged AOD is the largest (0.90) on 21 March and smallest
(0.27) on 23 March 2009 (Fig. 2a). In April (Fig. 2b), the
averaged AOD is the largest (0.59) on 8 April and smallest

Table 2. The number of clear-sky days and measurements by sky-
radiometer in spring of 2009 and the retrieved averaged AOD and
adjusted SSA and ASY in MAM (unadjusted values are shown in
brackets).

Month Mar. Apr. May MAM

Days 11 9 7 27
Measurements 239 261 203 703
AOD (500 nm) 0.50 0.42 0.28 0.40
SSA (500 nm) 0.87 (0.89) 0.90 (0.92) 0.91(0.99) 0.89 (0.93)
ASY (500 nm) 0.73 (0.72) 0.72 (0.71) 0.69 (0.68) 0.71 (0.70)
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Fig. 1. AOD measured by POM-01 versus CIMEL in MAM at SACOL. 
 

 

Fig. 1. AOD measured by POM-01 versus CIMEL in MAM at
SACOL.

(0.26) is on 7 April 2009. The AOD is the largest (0.69) on
10 May and smallest (0.21) on 22 May (Fig. 2c).

Checking the observed solar irradiance, meteorological re-
port at SACOL, and retrieved AOD and Angstrom wave-
length exponent, we found that 19, 21, 23, 25, 29, 31 March
and 8 April 2009 are dusty days among the measurements in
this study. During these days, almost all the Angstrom expo-
nents are less than 0.5. The daily mean values of Angstrom
exponent on 19, 21, 23, 25, 29, and 31 March, and 8 April
are 0.47, 0.10, 0.32, 0.25, 0.40, 0.27, and 0.56, respectively.
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Fig. 2. Daily averaged AOD at 500 nm in March (a), April (b) and May (c). 
 5 Fig. 2. Daily averaged AOD at 500 nm in March(a), April (b) and

May (c).

In fact, according to the weather record, there are even more
heavy dust events which were not caught by POM-01 but
occurred on 23 April 2009, for example. As described by
Uchiyama et al. (2005), if it is cloudy or very heavy dust
storm, we cannot make the measurements. Thus the sky-
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Fig. 3. AOD frequency distributions at 500 nm in MAM 2009 at SACOL. 

Fig. 3. AOD frequency distributions at 500 nm in MAM 2009 at
SACOL.

radiometer might miss some very heavy dust events during
the observational period in spring at SACOL. In the follow-
ing, through the weather record and aerosol optical analysis
from CIMEL and sky-radiometer observation, we define the
observational days without obvious dust events as the clean
day as background atmosphere.

Table 2 shows that the overall (including background and
dusty days) monthly averaged AODs at 500 nm are 0.50, 0.42
and 0.28 in March, April and May, respectively. One can
find that the monthly mean AOD is the largest in March and
smallest in May, which agrees with the high frequency of
dust event in March over Loess Plateau. The overall sea-
sonal averaged AOD at 500 nm for spring is 0.40, which is
comparable to the result derived from CIMEL (0.415±0.23)
at SACOL (Bi et al., 2010).

For the background aerosols at SACOL, the monthly aver-
aged AODs are significant different (shown in Table 3). The
averaged AOD of background aerosols (0.42) at 500 nm in
MAM is much smaller than that during dust event (0.57).

Figure 3 gives the frequency distributions of AOD at
500 nm observed by sky-radiometer in MAM at SACOL. As
also shown in Fig. 2, the AOD at 500 nm in MAM fluctuates
with range from 0.2 to 1.0 during the measurement days. We
find that most of the AOD values (about 60 %) are in the
range from 0.2 to 0.4, in which the highest frequency of the
AOD values (about 30 %) is in the range from 0.3 to 0.4.

3.2 Single scattering albedo and asymmetry factor

During the observation days measured by POM-01, the daily
mean SSAs at 500 nm derived from sky-radiometer range
from 0.8 to 0.95, 0.83 to 0.95 and 0.98 to 0.99 in March,
April and May, respectively. The monthly mean SSA re-
trieved directly is the largest (0.99) for May and smallest
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Fig. 4. Difference among observed and calculated broadband (a) total, (b) direct and (c) 

diffuse radiative flux at the surface on a clean sky (7 April 2009). 
Fig. 4. Difference among observed and calculated broadband(a) total, (b) direct and(c) diffuse radiative flux at the surface on a clean sky
(7 April 2009).

Table 3. Averaged AOD, SSA, ASY and ARF of background and
dusty days in MAM (AOD is retrieved from sky-radiometer di-
rectly; SSA and ASY are adjusted values; ARF is calculated by
radiative transfer model with retrieved AOD and adjusted SSA and
ASY).

Background Dusty day

March April May MAM MAM

Days 5 8 7 20 7
AOD (500 nm) 0.50 0.42 0.33 0.42 0.57
SSA (500 nm) 0.88 0.89 0.92 0.90 0.87
ASY(500 nm) 0.70 0.72 0.68 0.7 0.73
ARFsrf −63.19 −55.77 −38.45 −52.47 −70.02
ARFtoa −13.35 −8.83 −7.78 −10.00 0.68
ARFatm 49.83 46.95 30.68 42.49 70.70

(0.89) in March at SACOL and the monthly mean ASY at
SACOL ranges from 0.68 to 0.72 in MAM

We will further examine the SSA and ASY using the ra-
diative closure experiments in Sect. 4.1 where we found that
there may be smaller than these retrieved values.

4 Radiative effect of dust aerosol

4.1 Comparison between the observed and simulated
radiative fluxes

Before calculating the aerosol radiative forcing (ARF), we
must determine the accuracy of the retrieved aerosol optical
properties from POM-01 sky-radiometer. Using SBDART
model (Ricchiazzi et al., 1998), we simulated the solar ra-
diation fluxes (total, direct and diffuse) at the surface us-
ing the retrieved aerosol optical properties including AOD,
SSA and ASY. According to the average humidity profile
derived from microwave radiometer at SACOL, we chose
atmospheric profile as sub-arctic winter atmosphere (water
vapor is 0.418 g cm−2) in simulation. The spectral varia-
tion of aerosol optical properties is set ranging from 0.305
to 2.8. The values of precipitable water content (PWC) are
taken from the observation of microwave radiometer (MWR)
at SACOL. Additionally, we considered that the effect of sur-
face albedo error on the aerosol optical property is small and
the surface albedo is set as 0.2 for all wavelengths in this
study.

To consider the uncertainty of the observation by CM21,
we investigated the temperature dependence of the response
of CM21 to radiation by examining the data for the 30-min
periods before sunrise and after sunset. The output of CM21
showed the maximum negative value about−2.0 W m−2.
After considering the uncertainty of CM21, we regard the
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Fig. 5. Daily averaged SSA (after being adjusted) at 500 nm in
March(a), April (b) and May(c).

radiative flux observed by CM21 as a reference. Comparing
the calculated broadband radiative fluxes with these observed
by pyranometer and pyrheliometer during the same days at
SACOL, the relative differences in the direct, total and dif-
fuse radiation are 1.2 %, 3.05 % and 12.56 %, respectively.
The good agreement between the calculated and observed
direct radiations indicates that the retrieved AOD are accu-
rate, which was also shown in the comparison with the AOD
by CIMEL (Fig. 1). The disagreement between the diffuse
fluxes indicates that the SSA derived from sky-radiometer
may have significant errors. To obtain the accurate ARF,
we must adjust SSA and ASY to make the calculated ra-
diative fluxes agree the observed ones. Basing on the so-
lar irradiance observed by CM21 (measurement error is con-
sidered), if the simulated values of diffuse irradiance were
larger than observed ones, we decrease SSAs and increase
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Fig. 6. Scattergrams of the observed and calculated solar irradiance at the surface after 

adjusting SSA and ASY. Fig. 6. Scattergrams of the observed and calculated solar irradiance
at the surface after adjusting SSA and ASY.

ASYs simultaneously until the relative difference between
observed and calculated diffuse flux could be less than about
3 %. Of course, for the days in which the difference between
observed and simulated diffuse fluxes is less than about 3 %,
we considered the SSAs and ASYs are reliable calculated the
ARF directly.

Figure 4 shows an example of radiative closure experi-
ment. In Fig. 4, result 1 is the calculated result using the
retrieved aerosol optical properties directly including AOD,
SSA and ASY; result 2 is the simulation after adjusting the
SSA at 500 nm from 0.92 to 0.82. We found that the values
of SSA observed by POM-01 are larger than the real values at
SACOL, i.e., the SSA retrieved from sky-radiometer maybe
underestimate the absorption of the aerosols over the Loess
Plateau in Northwest of the China.

The daily mean values of adjusted SSA at 500 nm are
shown in Fig. 5 ranging from 0.82 to 0.98 at 500 nm in MAM
at SACOL. The adjusted mean SSA at 500 nm is 0.89 in
MAM, while the unadjusted (shown in bracket in Table 2)
mean SSA is 0.93. The relative difference in the mean
SSA between adjusted and unadjusted value is about 4 % in
MAM. Compared with the SSA observed at the other obser-
vatory over the Loess Plateau (Ge et al., 2010), the values of
the SSA (adjusted) are larger in this study. The adjusted ASY
at 500 nm ranges from 0.65 to 0.74 in MAM (not shown in
figure).

As shown in Table 3, the background monthly mean SSA
is the larger (0.92) in May and April and smaller (0.88) in
March at SACOL. The averaged SSA of background is 0.90
in MAM at SACOL, while the mean value during dust events
is 0.87 which is slightly lower than the 0.89 of Dunhuang
(Kim et al., 2004). The smaller SSA can be manily inter-
preted as the result of larger particles during dust events (Fu
et al., 2009). The averaged ASY during dust period is much
larger than that of background aerosols, which is reflected by
large coarse and large fine mode volume in size distribution

Atmos. Chem. Phys., 11, 11455–11463, 2011 www.atmos-chem-phys.net/11/11455/2011/



Y. Liu et al.: Aerosol optical properties and radiative effect 11461

during dust day and background aerosols, respectively. Large
ASY during dust events indicates that the lager dust particles
lead to stronger forward scattering (Fu et al., 2009). Fig-
ure 6 shows the comparison of the observed solar irradiances
(direct and diffuse) and those calculated by radiative trans-
fer model using adjusted SSAs and ASYs, indicating a good
agreement.

Based on the calculated solar radiation at the TOA and
surface by using the adjusted SSAs and ASYs, we calcu-
late the aerosol shortwave radiative heating rate at SACOL
(not shown). The aerosols during dust event period have a
larger impact on the radiative energy budget than background
aerosols over Loess Plateau. The maximum 24-h averaged
radiative heating rate reaches 2 K day−1 on 21 March which
was a strong dusty day. The aerosols heat the atmosphere
(daily averaged) by up to about 2 K day−1 due to dust event,
which is 60 % larger than the heating (1.25 K day−1) of back-
ground aerosols.

4.2 Radiative forcing due to dust aerosol

The ARF at the surface is estimated as follows,

ARFSRF= F are(1−R) (1)

whereR is the surface reflectance, and

F are=

∫
[Fobs(t)−FSRF,Ray(t)]dt

24·3600
(2)

Fobs(t) is the observed solar irradiance at the surface (SRF)
and timet . FSRF,Ray(t) is the downward solar irradiance at
the surface and timet for aerosol-free atmosphere, which is
estimated by a radiative transfer calculation using the SB-
DART model. The integration term in Eq. (2) shows the
radiative effect of aerosol. Using Eqs. (1) and (2), we can
calculated the ARF (ARFCM21

SRF ) based on the global solar ir-
radiance observed by CM21 at SACOL and regard ARFCM21

SRF
as a reference to the simulated ARF by SBDART after con-
sidering the uncertainty of CM21.

Using the SBDART model, ARF at the surface
(ARFSBDART

SRF ) can be calculated as follows,

ARFSBDART
SRF = FN

SRF−FN
SRF,Ray (3)

whereFN
SRF andFN

SRF,Ray are the daily mean net solar radia-
tion at the surface with and without aerosols, respectively.

Figure 7 shows the comparison of the ARF calculated by
the radiative transfer model and that derived from the CM21
observation. ARFCM21

SRF and ARFSBDART
SRF shows a high corre-

lation with a mean bias of about 4.69 W m−2

ARF at the top of atmosphere and in the atmosphere
(ATM) could be calculated using the radiative transfer model
as follows

ARFTOA = FTOA
N

−FN
TOA,Ray

ARFATM = ARFTOA −ARFSRF (4)
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Fig. 7. Scattergrams of daily mean ARF calculated by CM21 observation and the 
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Fig. 7. Scattergrams of daily mean ARF calculated by CM21 ob-
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Fig. 8. Daily mean ARF at the surface (green), top of the atmo-
sphere (red) and in the atmosphere (blue) in MAM 2009 at SACOL.

whereFN
TOA andFN

TOA,Ray are daily mean net solar radiative
flux at the TOA with and without aerosols, respectively. Fig-
ure 8 shows the daily mean radiative forcing at the surface
(green), TOA (red) and in the atmosphere (blue) in MAM
2009.

Aerosols at SACOL have a strong negative radiative forc-
ing at the surface, ranging from−24.85 to−97.41 W m−2.
The negative forcing is the largest (−97.41 W m−2) on 21
March 2009, which corresponds with the largest value of
AOD in MAM 2009. The surface ARF at other site over loess
plateau of Northwest China (Ge et al., 2010) ranges from
−7.9 to−35.8 W m−2 from 25 April to 25 May, while the
averaged ARF at the surface in our study ranges from−24.85
to −70.26 W m−2 from April to May. The critical reason of
such difference is the larger optical depth in our study. Daily
averaged values of radiative forcing at the surface in May are
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smaller than that in March and April. Most of the ARF val-
ues at the TOA are negative, and the value of ARF fluctuates
from 15.51 to−42.8 W m−2. In general, the ARF in the at-
mosphere, which represents absorbed solar radiation within
the atmosphere, heats the atmosphere (Miller et al., 1998,
1999). In this study, aerosols have a heating effect in the
atmosphere especially during the dust event period, which
range from 12.49 to 97.24 W m−2.

We also calculated the daily-average surface aerosol ra-
diative forcing efficiency (ARFE), which is defined as the
diurnally-averaged ARF divided by the daily-average AOD.
For easy comparison to other work, we used the AOD at
500 nm to calculate the ARFE. The average surface ARFE
is −132.24 W m−2τ−1(τ is the AOD at 500 nm). The result
of Kim et al. (2005) shows that the values of ARFE due to
Asian dust can range from−55 to−106 W m−2τ−1, our re-
sult is about 25 W m−2τ−1 larger than the value at the larger
(in absolute value) end of this range.

As shown in Table 3, the heating effect in the atmo-
sphere (positive ARF, 70.70 W m−2) of the aerosols during
dust event period is much more significant than background
aerosol (ARF in the atmosphere is 42.49 W m−2) in MAM
2009, which is determined by the larger optical depth and
smaller SSA of the dust aerosols during dust event over Loess
Plateau in Northwest of the China.

5 Conclusions and summary

In this study, we investigated the aerosol optical proper-
ties and their associated radiative forcing retrieved from the
POM-01 sky-radiometer and surface solar radiation data col-
lected at the Semi-Arid Climate and Environment Observa-
tory of Lanzhou University (SACOL) in MAM 2009. The
aerosol radiative forcing was simulated by SBDART model.
The aerosol optical property was retrieved from the sky-
radiometer. SSA was obtained by matching the simulation
using radiative transfer model with observation. The aver-
aged SSA of background aerosols is 0.90 in MAM, while the
mean value due to dust events is 0.87.

The maximum 24-h averaged radiative heating rate
reaches about 2 K day−1 on 21 March which was a strong
dusty day. The aerosols heat the atmosphere (daily averaged)
by up to 2 K day−1 due to dust event, which is 60 % larger
than the heating (1.25 K day−1) of background aerosols.

The heating effect in the atmosphere (positive ARF,
70.70 W m−2) of the aerosols during dust event period is
much more significant than background aerosol (ARF in the
atmosphere is 42.49 W m−2) in MAM 2009. Dust aerosols
may heat the atmosphere strongly at SACOL.
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