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ABSTRACT

The column-integrated optical properties of aerosol ijiBgand Xianghe, two AErosol RObotic NETwork (AERONET)
sites situated on the North China Plain (NCP), are inveidjaased on Cimel sunphotometer measurements from October
2004 to June 2012. The outstanding feature found is thatedhsomal medians of aerosol optical depth (AOD) at the two
stations are in good agreement. The correlation coeffigiant the absolute differences between AOD at the two s&tion
are larger than 0.84 and less than 0.05, respectively. Ggatment in AOD at these two sites (one urban and the other
suburban; 70 km apart) indicates that aerosol pollutioméGreater Beijing area is regional in nature. However, we fin
significant differences in the absorptié«mgstr()m Exponent (AAE), the real and imaginary part of téfeactive index, and
thereby the single scattering albedo (SSA), and the differés seasonally dependent. The feature is found to be mam&-p
nent in fall when the fine-mode fraction (FMF) and fine-modedive radius are significantly different at the two statip
besides the parameters mentioned above. The SSA in Befjiograwavelengths shows lower values as compared to those
in Xianghe, although the difference is not significant in sorases. Significant differences in AAE and fine-mode effecti
radius indicate that there are differences in aerosol physind chemical properties in urban and suburban regiortkeon
NCP.
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1. Introduction aerosol on climate requires long-term accurate obsenatio

Aerosol plays an important role in climate change via itos]c aerosol key properties, especially in heavy polluted re-

radiative and microphysical effects (Li et al., 2007b). &ine ?I:OF?S’ i'?é’ggﬁjgrggzgmgigﬁg (l:lhip\zér;r:r?arl:lfﬂz’uirt];vxg
nual mean of aerosol optical depth (AOD) at 750 nm in China g- % y '

increased from 0.38 in 1960 to 0.47 in 1990 (Qiu and Yang" thg west b_y thg Talhang Mountains, and on the south by
) S e Jianghuai Plain (Xia et al., 2013a). From the southeast
2000; Luo et al., 2001), and visibility decreased by 35% from :
: D to the northeast, the plain fronts the Yellow Sea, the Shan-
the 1960s to the 1980s (Li et al., 2011). Itis widely suggist . : .
X . ong Peninsula, and the Bohai Sea. The NCP is one of the
that the regional climate changes that have occurred oeer . ; .
. . : maqst densely populated regions in China. Unprecedented
past half a century in China, such as the weakening of the Eas : .
. - . economic development and population growth on the NCP
Asian monsoon, the cooling in the Yangtze Delta region an :
. . . T have taken place over the past three decades, which has re-
Sichuan Basin, as well as the widespread dimming in easter ! A . i )
. . Sulted in a general decline in air quality (Xia et al., 2007; L
China, are closely related to an increase of aerosol loadi e 7 A
. . . o etal., 2011; Xia et al., 2013a). The region is often covered b
in China (Li et al., 2007b, 2011), although there is stilgar .
uncertainty concerning the effects of aerosol on regiofial ¢ thick layer of haze, and the annual mean AOD at 500 nm
y 9 9 s 0.82 (Xia et al., 2006; Li et al., 2007c). Aerosol compo-

mate changes. Be_cause of the large spafuotemporal Vma{slﬂion and sources over the NCP are very complex, including
of aerosol properties, further understanding of the effeft . . L
not only fine aerosol particles from human activities, babal

coarse dust particles transported from remote dust redlidons
* Corresponding author: FAN Xuehua et al., 2007c; Yu et al., 2007; Li et al., 2013, 2014).
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Fig. 1. Google Earth map of the NCP (34:511°N, 114-120E) and the two
AERONET stations [urban Beijing (39.98, 116.38 E) and suburban Xianghe
(39.75N, 116.92E)].

analysis methods have led to ground-based remote sengingent in Beijing were very close to those in Xianghe (Eck
being one of the best-suited methods for deriving reliabét al., 2005; Xia et al., 2005), indicating that aerosol goll
and persistent detailed data on aerosol properties in key tion over the NCP is regional in nature. The objective of
cations around the world (Xia et al., 2006). The AErosdahis paper is to extend this analysis to other seasons and to
RObotic NETwork (AERONET) is a well-known ground-investigate the potential spatial variation of more impaott
based aerosol-monitoring network that uses the Cimel Caerosol optical and physical properties based on AERONET
318 sunphotometer as its standard instrument. High-qualitata at these two sites. The paper is structured as follows:
and detailed analyses of aerosol optical properties fromemd@he sites, data and methodology are introduced in section
than 450 AERONET sites have yielded a complete chargt- Section 3 presents the time series of the monthly means
terization of aerosol optical properties for a wide range of the main parameters, including AOD at 675 nm, wa-
applications (Holben et al., 2001; Che et al., 2009; Eck &r vapor content (WV)Angstrbm exponent (AE) at 440-
al., 2010). In order to investigate the long-term changes &0 nm, single scattering albedo (SSA) at 675 nm, absorp-
atmospheric aerosol and their spatial variation at a regiotion Angstr'c)m exponent (AAE) at 440-870 nm, and fine
scale, two AERONET sites were established on the NCPnmode fraction (FMF) at 675 nm at the Beijing and Xianghe
April 2002 (Beijing) and in October 2004 (Xianghe). Analsites. The seasonal variation of aerosol optical proyzedie
ysis of data from these AERONET sites has shown a distir®¢ijing and Xianghe, as well as a detailed comparison of
seasonal and interannual variation of aerosol optical pragerosol properties at the two sites, are given in section 4.
erties (Xia et al., 2007) and the climatological aspects #ind finally, a discussion and conclusions are presented in
the optical properties of fine/coarse mode aerosol mixturgsction 5.
(Eck et al., 2010; Xia et al., 2013a). High aerosol load-
ing and strong absorption have been shown to reduce daily
mean surface solar radiation by30-40 W m? (Li et al., 2. Sites, data and methodology
2007c; Xia et al., 2007). The AERONET data have also been i
used to validate satellite retrievals (Mi et al., 2007; Fan &1 Sites

al., 2008, 2009; Guo et al., 2009) and ground-based lidar Beijing (39.98N, 116.38E), the capital of China, is a
retrievals (Nishizawa et al., 2010). AnaIyS|s of AERONEMmegacity with a population of over 20 million people. Bei-
data in spring 2001 showed that the AOD aknstrom ex- jing is surrounded by the Yanshan Mountains from the west
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to the northeast and has heavily industrialized areas fhem is invariant to changes in AOD for a given size distribution.

southwest to the east (Garland et al., 2009). The total ieehidiny AOD will be at the same point if the fine and coarse

population in Beijing increased to more than 5 million vehimodes stay the same. This space is sensitive to the balance

cles by the end of 2012. In recent years, automobile exhahstween the fine and coarse modes and is therefore ideal to

fumes in urban areas have been important contributors to séparate processes related to fine-sized aerosol from the ex

pollution in Beijing (Hao and Wang, 2005). tinction fraction (Gobbi et al., 2007). Cloud contaminatio
Xianghe (39.79N, 116.96E), with a population of will enhance the weight of the coarse mode, while hydration

310 000, a county of Hebei Province, is located between thl lead to a growth in both the fine-mode size and fine-mode

two megacities of Beijing and Tianjin. The site is surrouthderaction (FMF) of total AOD. All these aerosol propertiegar

by cropland, densely occupied residences and light industised for the comparison.

The demand for heating and associated combustion activi-

ties increases in winter, when coal-fueled boilers and-coal3. Wilcoxon rank sum test

burning stoves are used for households (Li et al., 2007a).

4 . . . The Wilcoxon rank sum test is a nonparametric test of the
During the spring season, strong winds occasmnallljgs‘|

. Il hypothesis that two populations are the same agaiest th
transport desert dust from Northwest China to Beijing an P Pop . 9
. . . . alternative that they are not the same (Wild and Seber, 1999)
Xianghe, which substantially affects aerosol propertied a . .
: : . . ~ .. _The test is performed based on observational samples from
results in regional air pollution (Eck et al., 2005; Xia et . ; . .
: —each of two populations, i.e., A withy observations and B
al., 2005). During the summer season, southeasterly win . .
; . .. WIth ng observations, respectively. The rankmaftng obser-
are dominant and aerosol properties at these two sites ar X
! ) . ~ vations of the combined sample were calculated and thereby
likely affected by anthropogenic aerosols in southernaesji
There are two crop residue burning seasons on the N
wheat straw and maize stalks are burned in fields in June
October, respectively (Xia et al., 2013b). In addition,jBej

and Xianghe are not only impacted by local pollution, b

cEalf’;l_ch observation has a rank. It is used to test the posgibilit
ofCT{hese four situations: the distribution of A is the same as
st in B, the distribution of A shifted to the right or left of
udtistribution B, and a shift in a particular direction is nat e

also by pollution from surrounding areas. For examole. & w ected with strong prior reason. The Wilcoxon test is valid
yp 9 ) P'e, or data from both normal and non-normal distributions. For

reported that regional sources could be crucial contrisuto non-normal distributions, the Wilcoxon test is more effitie
aerosol pollution in Beijing (Zhang et al., 2013). The neigi}han thet-test (Wild and éeber 1999)
boring provinces of Hebei, Shangdong and Tianjin Munici- The two-sided rank sum tést of th.e null hypothesis is ap-

pality all exert significant influence on gir quality in Begj, glied to the two independent samples (one from Beijing and
partly as a consequence of the prevailing S'OUth/SOUtmé'astoge from Xianghe) coming from distributions with equal me-

flow during the summer and the mountains to the north alalans, against the alternative that they do not have equal me
northwest. dians

2.2. AERONET data

Direct and diffuse spectral radiances are measured by __. . .
the Cimel CE318 sunphotometer, which are used to retriese 11Me series of monthly means of the main
aerosol physical and optical properties such as size loistri parameters
tion, single scattering albedo etc. based on the algorithm o
Dubovik and King (2000) and Dubovik et al. (2006). Version Figures 2a—f respectively show the time series of the
2 and level 2 AERONET data from October 2004 to Juri@onthly means of AOD at 675 nm, WV, AE at 440-870 nm,
2012 are used in this paper (http://aeronet.gsfc.nasf.go8SA at 675 nm, AAE at 440-870 nm, and FMF at 675 nm
Further details on the version 2 algorithm can be found far the Beijing and Xianghe sites. AOD values are higher
the works of Dubovik et al. (2006) and Eck et al. (2008). during the summer months at the two sites. Total column-

Aerosol optical and physical properties in the AERONETNtegrated water vapor and surface relative humidity (Rid) a
database include AOD, AE, refractive index, size distribumaximum in summer. This results in greater aerosol hygro-
tion, SSA, absorption AOD, and asymmetry factor. Furthescopic growth and greater optical extinction in summer (Eck
more, some other important parameters can be derived fretrél., 2005). The seasonal variation of SSA is similar td tha
these basic retrievals. For example, the AAE (defined as ®ieAOD, with higher values (generally greater than 0.90) dur
negative of the slope of a log-log plot of the aerosol absoring the summer months.
tion optical depth versus wavelength) provides an indicati ~ The AOD shows a weak decrease during the available ob-
of the dominance of carbonaceous particles or iron oxidess@rvation period at the two sites. It is notable that AOD is
dust (Bergstrom et al., 2007, 2010). The spectral diffegenower during 2009 than other years. A lower AOD in 2009 is
of the AE (o) wavelength pairs is a good indicator of fingalso found at other Chinese AERONET sites: Taihu, SACOL
mode effective radius (Gobbi et al., 2007; Xia et al., 20134Semi-Arid Climate environment Observatory of Lanzhou
AOD vs. &, VS. Qa40-870 nmSpace is plotted to be the frameUniversity) and Xinglong (Fan et al., 2013). In additiongth
work for analyzing aerosol properties, whedg is the AE decrease of AOD during 2009 can also be derived from Mod-
difference betweems40-675 nm and dg7s—g70nm This space erate Resolution Imaging Spectroradiometer (MODIS) AOD
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Fig. 2. Time series plots of monthly means of (a) aerosol opticatldésOD) at 675 nm, (b) water vapor (WV) content, (c)
Angstrom exponent (AE) at 440-870 nm, (d) single scatteaibedo (SSA) at 675 nm, (e) absorptidngstrom exponent
(AAE) at 440-870 nm, and (f) fine-mode fraction (FMF) at 675 foamthe Beijing and Xianghe sites.

time series around the Beijing site (Xia et al., 2013a). Thieg the available observation period.
Chinese government took actions to control atmospheric pol
lution before the Beijing Olympic Games, mainly targeting
the heavy pollution factories, transportation and coahing 4. Comparison of aerosol optical and physical
activities (Wang et al., 2010). From 20 July to 20 Septem-  properties at Beijing and Xianghe
ber 2008, Beijing conducted the strict Olympic traffic de-
mand management (TDM) of odd—even day vehicle opera- The seasonal distribution of AOD at 675 nm, AE
tion (Wang et al., 2009). The lower AOD from late 2008 thald440-870 nm), Water vapor (WV), and the AE difference be-
lasted through 2009 is likely associated with pollution -cotweenasao—675 nmandds7s—s70 nm(d«) are shown in box-and-
trol measures taken for the Beijing Olympic Games in 2008hisker plots in Fig. 3. Similarly, Fig. 4 shows the seasonal
and the economic recession from late 2008 to mid 2009 (Lstatistics of FMF at 675 nm, the fine mode effective radius
etal., 2013). (rf), and AAE (440-870 nm) at Beijing and Xianghe. In the
The SSA at 675 nm is found to increasey).029 over plot, the lower and upper limits of each box represent thh 25t
12 years at Beijing, which resembles previous results (Lyand 75th percentiles of the distribution. The central bacs a
pustin et al., 2011). The SSAs at 440, 870 and 1020 nm dlhe solid dots in each box are the medians and the geomet-
also found to increase from 2001 to 2013 at Beijing. Théc means, respectively. The ends of the whiskers indicate
SSA at 675 nm also increases0.021 from 2001 to 2011 at the spread of the distribution with the length being 1.5 8me
Xianghe. A possible reason for the reduction of the aerodbk difference between the 75th and 25th percentiles. The
absorption is the regulation of black carbon (BC) emissionglues beyond the limits of those lines are drawn as outliers
over Beijing. The Law on the Prevention and Control of Airepresented by plus signs. The box is shaded if the Wilcoxon
Pollution was passed in China from 2001 and measuremefagk sum test result is a rejection of the null hypothesibeat t
of improving air quality were enforced further for the 200$% significance level. In other words, the median values of
Summer Olympics from 2005. The BC reduced by 31% imerosol properties at the two sites are significantly dsffier
Beijing from 2005 to 2008 according to the long term meaat the 95% confidence level if they are shaded.
surements of chemical compositions (Lyapustin et al., 2011 The first interesting feature is that there is a distinct sea-
The reduction of total absorption is due to the BC reductfon sonal variation of these parameters. Quite similar sedsona
primary aerosols from local sources (Lyapustin et al., 301 Variation of AOD, AE and water vapor can be seen, which
The variation trends of other parameters are insignificant dresembles previous results (Xia et al., 2007; Li et al., 2007
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Fig. 3. Seasonal statistics and inter-comparison of aerosolamtipth (AOD) {675 nm), Water vapor content
(WV), Angstrbm exponent (AE)ds40-870 nmy), and AE differenceq (0440675 nm— O675-870 nm) at the Bei-
jing and Xianghe sites. The ends of the boxes, the ends of tiigkers, and the short line across each box
represent the 25th and 75th percentiles, the 5th and 95temées, and the median, respectively. The mean
is represented by the solid circles. The median values grifisantly different at the 95% level if they are
shaded.

Eck et al., 2010). Larger AODs are observed in spring a#®D at the two stations are significantly correlated. The
summer relative to fall and winter. The minimum AE is obeorrelation coefficients and the absolute differences eetw
served in spring as a consequence of occasional dust eve@D at the two stations are larger than 0.84 and less than
Correspondingly, the FMF shown in Fig. 4 reaches a mif-05, respectively. A good agreement in AOD at these two
imum in spring due to the impact of the coarse-mode dusites indicates that aerosol pollution in the Greater Bgiji
aerosol. The maximum WV is observed in summer, the raimyea is regional in nature. This feature occurs not only in
season when WV is approximately 2—10 times larger thapring (Eck et al., 2005; Xia et al., 2005), but also in other
that in other seasons. There are always some samples wihsons. This result clearly reveals that the aerosol-pollu
AOD larger than the median plus 1.5 times the difference boen is regional in nature, which is consistent with the re-
tween the 75th and 25th percentiles. This clearly indicatesults reported by Xia et al. (2013b). Correlation analy$is o
positively skewed distribution having a “long tail”, whiégh AERONET AODs at Beijing and Terra level 2.0 pixel AODs
pulled in the larger-AOD direction. The skewness of the rshow that a strong correlatioR ¢ 0.7) persists for large and
maining parameters is much less than that of AOD. The mistrongly anisotropic areas covering 17 000%imwinter to
imum &y (< 0) and the maximum FMF in summer indicatel00 000 kn? in fall. The zone with largeR generally ex-
the dominance of fine-mode aerosols. It has been pointed tartds in a southwesterly direction from the polluted areas t
that a combination of increasing AOD and negatdein- relatively clean areas in the northeast. WV at Xianghe is gen
dicates hygroscopic and/or coagulation growth from the agrally larger than that at Beijing. This is mostly becauss th
ing of fine-mode aerosols (Gobbi et al., 2007). The maxgtation is much closer to the Bohai Sea. AE at Xianghe is
mum of the effective radius of the fine-mode aerosols in sumlso significantly correlated to that at Beijing and the etar+
mer shown in Fig. 4 also proves the presence of hygroscopan coefficients range from 0.84 in summer to 0.93 in winter.
growth of fine-mode aerosols. The absolute differences of AE between the two sites are less
The outstanding feature is that the seasonal mediangtwdn 0.05 and the difference is significant only in fall. Al-
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though the correlation coefficients éf at the two stations 1 . .
are larger than 0.6&), at Xianghe is significantly smaller T TT -

than d, at Beijing in seasons except summer, ranging from ost ||
0.01 (winter) to 0.13 (spring). A significant difference het

mediand, between the two stations indicates that the effec- 0.6} |

MF675nm

tive radius of the fine-mode aerosols)(is quite different. l
This is supported by the analysismfretrieved from diffuse L 04y i
radiance measurements (refer to Fig. 4). A significant diffe | ' - :I: $$
ence inrs (~ 0.005 um) between the two stations is observed 02r | i B’E‘iiing S+

in all seasons except summer. Xianghe .
Seasonal FMFs at Xianghe are always larger than cor T
responding values at Beijing, although the differenceds si
nificant only in fall. The difference in FMF demonstrates 0.25} T + +
a different mixture of fine and coarse particles between the |1 AF £
two sites. AAE is widely employed to describe atmospheric 0.2t A $¥ % T
aerosol absorption for certain aerosol types (Yang et@D92 _
Bergstrom et al., 2010; Russell et al., 2010). In genegtht i 0.15} % % 1o
absorbing carbon (LAC) has an AAE near 1.0 while organic 1 I 1
carbon (OC), or organic matter (OM), and dust have large! o1l L1t x.e”'“% 1 1
AAEs (Russell etal., 2010; Chen and Bond, 2010). The meai + 1anghe
AAEs (440-870 nm) are 1.43 and 1.52 at Beijing and Xi- + Be'ijing I
anghe, respectively, close to the short-term mean AAE §1.47 5l i# Xianghe ++
+

r, (um)

at Xianghe during March 2005 reported by Yang et al. (2009). : =T +
Summer median AAEs at the two stations are close to eac
other; however, the median AAEs at Xianghe in the other T
seasons are significantly larger than those at Beijing aad th tEL -
difference ranges from 0.09 in winter to 0.21 in fall. The rel 15¢ \H: ]
atively smaller AAE at Beijing indicates either a higher BC E_'T‘ |
fraction or lower OM fraction relative to Xianghe. It has bee 1t 1 I L | 4:
previously shown that the BC volume percentage is higher ir I L, I I
Beijing during winter months compared to that at Xianghe MAM JJA SON DJF
(Koven and Fung, 2006).Seasonal statistics of SSA at 44( Season
675, 870, and 1020 nm are represented as box-and-whisker
plots in Fig. 5. SSA increases from spring to summer andrig. 4. As in Fig. 3, except for fine-mode fraction (FMF) at 675
then decreases to winter. The low absorption values in sumrm, absorptiolAngstrém exponent (AAE) (440870 nm), and
mer are also possibly related to water-soluble aerosol wittihe fine-mode effective radius].
high RH. Studies have shown that SSA in Beijing increases
with increasing RH (Roger et al., 2009; Li et al., 2013). Se#enger wavelengths is more significant in Beijing compared
sonal SSAs at Xianghe are always larger than their corte-Xianghe, such that the absorption difference between the
sponding values at Beijing. The differences at 440 (0.01®)o sites is more significant at longer wavelengths.
and 675 nm (0.017) are significant in fall. The differencesin Given the fact that refractive index is an important pa-
SSA at these two wavelengths in other seasons are not s@meter determining SSA, similar analysis is performed for
nificant. The surface wind speed (see online supplementéng real and imaginary part of the refractive index in Figs. 6
material) is lowest in fall, which is not favorable for aeobs and 7. The minimum real and imaginary parts of the refrac-
mixing. Thus, the local-scale aerosol pollution is dominative index in summer are likely associated with high RH and
in fall and the difference in aerosol absorption propetties resultant aerosol hygroscopic growth (Dubovik et al., 2002
tween the two sites is significant during the fall season.  which is in good accordance with the fact that the maximum
We can see significant differences in SSA at 870 nfine mode effective radius is observed in this season. There
(about 0.02) in seasons except summer. SSA at 1020 isrgenerally no significant difference in the imaginary part
at Xianghe is significantly larger than that at Beijing irat 440 and 675 nm, although the imaginary part at Xianghe
fall and winter. The spectral SSA (see online supplemeis-generally smaller than that at Beijing. At longer wave-
tary material) at Beijing and Xianghe shows its highes¢ngths (870 and 1020 nm), the difference in the imaginary
value at 675 nm, which is independent of season. Urbarart between the two stations is generally larger than that a
industrial aerosols composed of brown carbon contributeHorter wavelengths, and the difference is significant lin fa
both by vehicular traffic and heavy industry show the leShe real part at wavelengths 440 nm at Xianghe is sig-
absorption at 675 nm than at infrared wavelength (Bomdficantly smaller than that at Beijing in spring, indicain
and Bergstrom, 2006). The decreasing trend of SSA atlatively smaller scattering ability of aerosols at Xiaeg

AA E440—870nm
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Fig. 7. As in Fig. 3, except for the imaginary part of the refractindéx.
5. Discussion and conclusions The SSA differences at 440 and 675 nm between the two

es(i]tes are not significant, but the difference in SSA is signif

to investigate the temporal and spatial distribution obaet icant as Waveleng_th increases, suggestln_g that gogrse-mod
aerosol at the Beijing site is more absorptive. A similar-con

optical properties on the NCP. The fact that very close \&lué ™ .
of AOD are observed at the two sites on the NCP (one urbcf%HS'on was also drawn by Eck et al. (2010). It could be that

and the other suburban; 70 km apart) implies that aerosel po ¢ coating of coars_e—mode particles by :_:Ibsorbmg fme-m_ode
o : . . aerosols that contain BC, as observed in ACE-Asia (Asian
lution in the Greater Beijing area is regional in nature, athi

. : . Pacific Regional Aerosol Characterization Experiment){Ar
occurs not only in spring, but also in other seasons. Column-

. . L moto et al., 2006), results in lower SSA at Beijing. In addi-
integrated aerosol loadings are generally similar, butlse a . :

o . ! tion, some coarse-mode particles may not be dust, such as fly
see a significant difference in FMF (675 nm), the real an : o X

ash from coal combustion and/or emissions from briquette

Imaginary parts of the refractive index, and thereby SSA, el made of coal dust and silt mixtures on the NCP (Yang

the difference is seasonally dependent. This feature isdou i A
to be more prominentin fall when FMF, AAE (440—870 nrn)et al., 2009; Eck et al., 2010), resulting in the lower SSA at

. : L ijing.
r¢, the imaginary part of the refractive index at 870 and 105&)e . : .
nm, and SSA at four wavelengths are significantly different Beijing shows higher absorption than Xianghe for the 440

at the two stations. Fall is the harvest season on the N .Ol.J.gh 10.20 nm wavelengths,_a_llthough the dlffe_rence IS not
. : - _ significant in some cases. Significant differencesin AAE and
Farmers generally burn crop residues for the disposal of a

re . . )
cultural waste. The practice occurs in eastern agricultara qf indicate that there there are differences in aerosol physic

. . . . .and chemical properties between urban and suburban regions
gions (Xia et al., 2013b). The significant difference found Ion the NCP. It is therefore necessary for long-term obser-

aerosol optical and physical properties in fall is likelyecto vations of chemical properties to be used in future work to

significant emissions of smoke aerosols in fall in rural area ; . ) .
. o Investigate and confirm the aerosol absorption differemce b
and relatively stable weather in this season (not favorfaiole

- . . ; . ween the two sites. Detailed comparison of aerosol optical
mixing). Since open fires are characterized by high CQ‘/'\lcl")hysical and chemical properties requires further study.

ratios (Wang et al., 2002; Streets et al., 2003), as sup]borPe
by in situ measurements in March 2005 (Li et al., 2007a), si-
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