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Abstract

The seasonal variations in background aerosol optical depth (AOD) and aerosol type
are investigated over various ecosystems in China based upon three years’ worth of
meteorological data and data collected by the Chinese Sun Hazemeter Network. In
most parts of China, AODs are at a maximum in spring or summer and at a minimum
in autumn or winter. Minimum values (0.10~0.20) of annual mean AOD at 500 nm are
found in the Qinghai-Tibetan Plateau, which is located in the remote northeast corner of
China, the northern forest ecosystems and Hainan Island. Annual mean AOD ranges
from 0.25 to 0.30 over desert and oasis areas as well as the desertification grasslands
in northern China; the annual mean AOD over the Loess Plateau is moderately high
at 0.36. Regions where the highest density of agricultural and industrial activities are
located and where anthropogenic sulphate aerosol and soil aerosol emissions are con-
sistently high throughout the whole year (e.g. the central-eastern, southern and eastern
coastal regions of China) experience annual mean AODs ranging from 0.50~0.80. Re-
markable seasonal changes in the main types of aerosol over northern China (charac-
terized by the Angstrom exponent, a) are seen. Due to biomass and fossil fuel burning
from extensive agricultural practices in northern rural areas, concentrations of smoke
and soot aerosols rise dramatically during autumn and winter (high a), while the main
types of aerosol during spring and summer are dust and soil aerosols (low a). Over
southeast Asia, biomass burning during the spring leads to increases in smoke and
soot emissions. Over the Tibetan Plateau and Hainan Island where the atmosphere is
pristine, the main types of aerosol are dust and sea salt, respectively.

1 Introduction

China is situated in the eastern part of Asia, on the west coast of the Pacific Ocean. It
is the third largest country in the world, comprising about 6.7% of the world’s total land
area, and is home to 22% of the world’s human population. From arid deserts to trop-
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ical forests and from the Qinghai-Tibet Plateau to immense plains and the seashore,
China contains a variety of ecosystems. The vast Chinese mainland is one of the major
global aerosol sources. During the past few decades, China has become one of the
major players in the uncertainty of aerosol climate and radiation effects on the Earth
system, due to dramatic increases in large-scale farming, urbanization and industrial
activities (IPCC, 2001 and 2007; Huebert et al., 2003; Li, 2004; Seinfeld et al., 2004).
Substantially more coal and biomass burning events and dust storms occur in China,
adding more absorbing soot and organic aerosols into the Asian and Pacific atmo-
spheres (Lelieveld et al., 2001; Seinfeld et al., 2004; Streets et al., 2001, 2003, 2004,
2005).

Many aerosol-related investigations have been conducted by Chinese scientists (Luo
et al., 2000; Mao et al., 2002; Qiu et al., 2003), including the use of satellite data to
retrieve aerosol optical properties over China (Liu et al., 2003b; Zhang et al., 2003b;
Xiu et al., 2003). Kim et al. (2007) discussed seasonal variations of columnar aerosol
optical properties over eastern Asia determined from multi-year Moderate Resolution
Imaging Spectroradiometer (MODIS) and Light Detection and Ranging (LIDAR) data,
and Aerosol Robotic Network (AERONET) Sun/sky radiometer measurements. Al-
though there is a similar trend in the distribution of aerosol optical depths (AODS),
their quantitative comparability is poor, due to a lack of systemic ground-based net-
work measurements, as well as the large errors in the satellite retrievals (Liang et al.,
2006; Wang et al., 2007).

Under the aegis of the East Asian Study of Tropospheric Aerosols — an Interna-
tional Regional Experiment (EAST-AIRE) (Li et al., 2007), the Chinese Sun Hazemeter
Network (CSHNET) was successfully implemented to obtain the spatial and temporal
distributions of aerosol optical properties in China (Xin et al., 2006, 2007). This pa-
per uses long-term network data and synchronous meteorological data to elaborate
the seasonal variability of aerosol optical properties, size, composition and sources
throughout China. The work will reduce uncertainties of aerosol climate and radiation
effects over the Chinese continent.
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2 Data

The CSHNET is the first standard network established in China to measure aerosol op-
tical properties and their spatial and temporal variations throughout the country. A de-
scription of the network and the instruments deployed can be found in Xin et al. (2006,
2007). Figure 1 shows the locations of the sites in the CSHNET. Nineteen CERN (Chi-
nese Ecosystem Research Network) stations were installed in relatively remote areas
so that large-scale regional background conditions of some typical ecosystems could
be monitored. A calibration center is located at the Xianghe site (39.753° N, 116.961° E,
30 m above sea level) where annual calibrations of the hand-held hazemeters against
the CIMEL sunphotometer are performed. A new calibration center is located at the
Lhasa site (29.645° N, 91.033° E, 3.69 km above sea level) where Langley plot calibra-
tions are made in August or September of each year. Two calibration methods ensure
the accuracy of the hazemeters. Vaisala M520 automatic meteorological stations pro-
vide ground measurements of meteorological parameters, wind speed, temperature
and humidity, at the CERN sites.

A log-linear fitting was applied to AODs at three wavelengths (405 nm, 500 nm and
650 nm) (Kim et al., 2004) to estimate the Angstrom exponent (), a basic parameter
related to the aerosol size distribution. In general, a ranges from 0.0 to 2.0, with the
smaller a corresponding to larger aerosol particle sizes (Dubovik et al., 2002; Kim et
al., 2004). AOD, a, temperature (T) and relative humidity (RH) are averaged over a
day. The highest local wind speed (V) is the highest recorded of the hour-average
wind speed in the day.

3 Results and discussion

The annual and seasonal mean values of AOD and a are delineated in Table 1 for the
regional background sites. Figure 2 shows a marked seasonal cycle in the monthly-
averaged AOD at 500 nm and the monthly-averaged Angstrom exponent (a) from Au-
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gust 2004 to August 2007 in northeast China. The scatterplot of a as a function of AOD,
classified according to V,,,, shows that V., has no influence on the relationship be-
tween a and AOD. At the Shenyang site, 35 km south of Shenyang City, a suburban
agricultural site in northeast China, the annual mean and standard deviation of AOD
and a are 0.49+0.13 and 0.93+0.28, respectively. Remote sites, such as Sanjiang,
Hailun and Changbai Mt., have clean air so the annual mean AOD is low and ranges
from 0.18 to 0.22; the annual mean a ranges from 1.17 to 1.96 at these sites. The scat-
terplot of a as a function of T shows that a increases with decreasing T, which implies
a systematic seasonal shift in aerosol type. The aerosol particle size decreases from
autumn to winter, reflecting the agricultural practice of burning crop stalks in autumn
and the increase in fossil fuel and biomass burning for heating as the winter season
approaches (Cao et al., 2005). A ginseng plantation is located in the Changbai Mt.
region and burning grass is a traditional way to prepare the land for planting ginseng
during the fall (Yu et al., 1999). Meanwhile, a gradual increase in snow and ice cover
on the ground prevents soil erosion and thus restricts the emission of coarse-mode
mineral particles, which is also suggested by the low AOD loading during this season.
An opposite trend is observed from winter to spring and summer when AOD values
increased and a decreased. In spring and summer, the aerosols seem to be more of
a continental type due to regional dust transmission and local soil emission. The scat-
terplot of AOD as a function of RH illustrates that continental aerosols (0.5<a<1.5) are
hygroscopic in nature and that small smoke aerosols (a>1.5) and large dust aerosols
(a<0.5) are water-insoluble.

Figure 3 presents similar results as Fig. 2 but for the arid and semi-arid regions
of northern China, including Fukang (oasis), Ordos (sandy grasslands), Shapotou
(desert) and Ansai (arid agrarian land). The annual mean AOD and a show similar
seasonal variations and range from 0.27 to 0.37 and from 0.47 to 0.96, respectively.
AODs and atmospheric turbidity are larger over the desert (Sapotou) and arid agricul-
tural (Ansai) sites than at the two other sites. Because the sole source of aerosols in
the more desert-like region is natural dust emission, dust aerosols are more persistent
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at the Shapotou site (Gai et al., 2006; Xin et al., 2005). The scatterplot of a as a
function of AOD shows that when V,,,>10m/s, aerosol particles are generally bigger
than when V,,,,<10m/s, which implies that powerful winds blow local large dust par-
ticles into the atmosphere during the springtime in northern China (Xia et al., 2004).
The scatterplot of a as a function of T shows that a increases as T decreases when
AOD<0.5, which indicates the background presence of smoke aerosols in autumn and
winter due to biomass burning by the local farmers (Cao et al., 2005). For RH>60%,
the scatterplot of AOD as a function of RH shows the hygroscopicity of continental
aerosols (0.5<a<1.5) in these areas (Gai et al., 2006).

Figure 4 shows observations taken at two sites on the Tibetan Plateau. Haibei is
classified as an alpine meadow ecosystem and Lhasa is categorized as an alpine
shrub-grassland ecosystem; some level of livestock and agricultural activity takes place
in both regions. The annual mean AOD is 0.13+0.05 and 0.15+0.04 at the Haibei and
Lhasa sites, respectively; the annual mean «a is 0.82+0.51 and -0.15+0.25, respec-
tively. Both sites have very clean air with low and stable AODs throughout the year,
although the windy springtime weather can cause a mild increase in AOD. At Haibei, o
varies greatly over a narrow range of AOD, implying the presence of different types of
aerosols. There is an increase in small aerosol particles during the long winter due to
regional biomass burning. However, frequent cold air surges from Siberia often bring
clean air into the region, which washes away pollutants and causes the large day-to-
day variations in a. At Lhasa, without significant anthropogenic impact and pollution
emission, large continental/dust aerosol particles are simplex aerosol type, which is in
line with large residual soil particles on the plateau surface (Yang et al., 1994a; Liu et
al., 1997). The unusually low values of a may be subject to large uncertainties due to
the very low AOD values (Jeong et al., 2005). Because of the very narrow range of
AOD, the scatterplot of AOD as a function of RH cannot describe the hygroscopicity of
aerosol particles.

Figure 5 shows results from three forest ecosystems representing the range from
northern temperate forests to southern tropical forests. The Beijing Forest site is a
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warm temperate forest ecosystem in northern China. The annual mean AOD and
a at this site are 0.22+0.09 and 0.82+0.39, respectively. The seasonal variations of
AOD and a are similar to those from the other sites in northern/northeastern China and
their magnitudes fall somewhere between those from the northeastern ecosystem sites
(Sanjiang, Hailun and Changbai Mt.) and the northern desert sites (Shapotou and Or-
dos). During autumn and winter, fossil fuel and biomass burning generate smoke and
soot aerosols (Cao et al., 2005), which reduces the size of the dominant aerosol parti-
cles. During spring and summer, dust storm transportation (Zhou et al., 2004) and local
soil dust emission increase both AOD and the size of dominant aerosol particles. The
scatterplot shows «a as different functions of AOD when V,,,>5m/s and V,,<5m/s.
The scatterplot represents a local relationship between a and AOD when the local
wind is low (V,.x<5m/s). Whereas, when the local wind is high (V,,>5m/s), the
scatterplot shows that a not only rises up with low AOD but also drops down with high
AOD, which implies that smoke and dust aerosols are blew into the area from outside
regions rather than emitting from the local area. The scatterplot of a as a function of
T for AOD<0.2 shows that the aerosol loading from combustion processes increases
during the heating season in northern China. The scatterplot of AOD as a function of
RH for 0.5<a<1.5 shows the hygroscopicity of continental aerosols.

Dinghu Mountain, a subtropical evergreen forest ecosystem, is located along the
Pearl River Delta and is about 84 km away from Guangzhou in southeast China. This
area has a typical monsoon climate. The annual mean AOD and a are 0.66+0.21 and
1.00+0.41, respectively. The relatively high aerosol loading is the result of the rapid
development of regional industrialization (Wu, 2003; Li et al., 2004; Liu et al., 2003b).
Both northwesterly winds during the winter and southeasterly winds during the summer
can wash away local aerosol pollution (Liu et al., 2003a; Qi et al., 2000), so AODs
are low during these seasons. Southeasterly winds blow in large sea salt particles,
resulting in a decrease in a during the summer. The scatterplot of a as a function of
T also illustrates that sea salt is dominant during the summer. The scatterplot of AOD
as a function of RH shows that AOD increases as RH increases, which implies that
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aerosols are hygroscopic in this region (Wu, 2003).

The Xishuangbanna station is located in the tropical forests of Yunnan Province in
southwest China. The annual mean AOD and a are 0.45+0.17 and 1.34+0.39, re-
spectively. Figure 5 shows anomalous seasonal variations in AOD and aerosol type.
Dense foggy weather frequently occurs in the region, especially during autumn and
winter (Li et al., 1992; Huang et al., 2000), resulting in fewer measurements taken at
the site. Fog of a certain thickness can remove some amount of large hygroscopic
aerosols from the atmosphere, which leads to the decrease in AOD and the increase
in a. Suspended fog droplets are generally indistinguishable from haze droplets so the
presence of large fog droplets can lead to an increase in AOD and a decrease in a.
During the rainy season from May to October, a large amount of aerosol is removed
from the atmosphere which reduces AOD. During the dry spring season, AOD and a
are at their highest, which implies large emissions of smoke and soot due to biomass
burning which is most active in the region and the whole of southeast Asia during this
time (Wu et al., 2004; Tang et al., 2003; Liu et al., 1999).

Figure 6 shows the aerosol optical properties at Fengqiu, Taoyuan and Yanting, re-
spectively. The three stations are located in areas dominated by farmland in the east-
ern/central/southern parts of China. The annual mean AODs at Fengqiu, Taoyuan and
Yanting are 0.56+0.14, 0.69+0.17 and 0.79+0.17, respectively. AODs at these loca-
tions are much higher than in more remote areas because of industrial development
and human activities in this part of China (Luo et al., 2000). The annual mean a is
approximately equal to 1 with a standard deviation of ~0.16 for there stations. The re-
gional government has advocated and reinforced a policy for comprehensive utilization
of crop stalks, so that smoke aerosol emissions from biomass burning is minimized
(Wu et al., 2001; Guan et al., 2005). More mineral dust aerosols and anthropogenic
sulphate aerosols are emitted in eastern China, southern China and the Sichuan Basin
(Tian et al., 2005; Wu et al., 2002; Guan et al., 2005), due to intensive farming and in-
dustrial activities and the exposure of bare soil. The day-to-day variation of AOD is
large, and its seasonal dependence is irregular. During winter and spring, weather
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patterns instigating serious pollution events usually occur in Hunan Province (Xiong et
al., 2003; Zhang et al., 2003a) and over the Sichuan Basin (Liu et al., 2003b). The
scatterplot of AOD as a function of RH given in Fig. 6 shows that AODs increase with
increasing RH, implying that the abundant anthropogenic sulphate aerosols in the re-
gion are hygroscopic in nature (Zhang and Shi, 2002).

Figure 7 shows the seasonal variations of AOD and a along the east/south coast of
China. The annual mean AODs at the Jiaozhou Bay, Tai Lake and Sanya Bay sites
are 0.64+0.13, 0.45+0.09 and 0.23+0.10, respectively, and the annual mean a are
1.16+0.19, 0.80+0.24 and 0.39+0.38, respectively. AODs are high at Jiaozhou Bay be-
cause rapid industrial development and human activities increase aerosol emissions,
especially sulphate aerosols along the eastern coastal area and northern China (Luo
et al., 2000; Tian et al., 2005). Dust and continental pollution transport from spring
to summer contribute to large AODs with substantial standard deviations (Yang et al.,
1994b; Xiao et al., 1998; Sheng et al., 2005), while influxes of cold air and clean ocean
air alternately wash atmospheric pollution out of the atmosphere and decrease AODs
during the winter and fall seasons in the region. Aerosol pollution is also strong at Tai
Lake because the region is dotted with thousands of small privately-owned factories
emitting huge amounts of pollutants (Liu et al., 2003a; Zhang et al., 2003b). The small
seasonal variations in AOD and a show that regional aerosol emissions and aerosol
components are relatively stable. Local sources include soil, coal combustion, metal-
lurgical and automobile exhaust, and waste incineration (Xu et al., 2002; Zhou et al.,
2006). Large particles, such as soil dust and anthropogenic sulphate, are dominant. In
contrast to results from Jiaozhou Bay and Tai Lake, Sanya Bay is very clean and large
sea salt particles dominate (Wu, 1995; Wu et al., 1996). During spring, the transition
period from the monsoon season, some aerosols originate from Hainan Island so that
AOD and a rise. The scatterplot of AOD as a function of RH (a@<0.5) indicates that
aerosols along the east/south coast are hygroscopic in nature (Xiao et al., 1998).
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4 Conclusions

In this study, Chinese Sun Hazemeter Network (CSHNET) and meteorological data
were analyzed in order to discriminate the spatial and temporal contributions of aerosol
optical properties and aerosol types over different ecosystems in China. The annual
mean AOD at 500 nm averaged over the active anthropogenic regions, e.g. the cen-
tral/eastern, southern and eastern coastal areas, is 0.60, which is about 3 times the
regional background mean value over the relatively remote dry-clean regions in China
(mean AOD~0.23). Similar monthly and seasonal variations of AODs and aerosol
types were found among the measurements over northern and southern China.

(1) During spring, dust is the dominant aerosol over northern desert and desertified
regions. However, dust aerosols transported by dust storms result in an increase in
AOD and coarse particle size throughout eastern and southeastern China.

(2) During the humid summer season, hygroscopic sulphate aerosols increase AODs
and particle sizes over the central/eastern, southern and eastern coastal areas.

(3) During autumn and winter, relatively thick vegetation and ice-snow coverage limits
the emission of soil dust so that AOD decreases in northern China. The majority of
observation sites are under the influence of biomass and fossil fuel burning which
produce heavy loadings of fine-mode aerosols, smoke and soot.

(4) In the central/eastern, southern and eastern coastal areas, the amount of fine-
mode particles remains constant due to environmental regulations and economic mea-
sures reducing stalk combustion. Many sites show a mix of sulphate aerosols, mineral
aerosols, and smoke aerosols throughout the year.

(5) A small amount of dust and sea salt aerosols are detected over the Tibetan
Plateau and at Hainan Island. At the tropical rainforest site, the seasonal and monthly
variations of aerosol properties are complicated due to regional dense fog and strong
biomass burning in southeast Asia.
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Table 1. The annual and seasonal means and standard deviations of aerosol optical depth
(AOD) at 500 nm and Angstrom exponent (@) measured at the CSHNET regional background

sites.
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AOD
Y. Wang et al.

. y Annual mean Spring Summer Autumn Winter

Reglon or ecosystem The site name

AOD a AOD a AOD a AOD a AOD a

Sanjiang 021£009  1.28+0.61 027012 096+0.15 024:0.07 0.64+0.14 0204006 1.35:050 0.15:003 1.90+0.58

Hailun 0.18+0.05 1.9640.53 0.2040.05 1.84:028 0.19:0.04 1.3640.61 0.13+0.01 2.33:0.37 0.19:004  2.23+0.33

Northeastern China Changbai Mt.  0.22:0.09  1.1740.43 0.2640.09 0.87+021 0.30£0.07 0.84+0.28 0.1540.04 1.39:0.39 0.16£0.02  1.54+0.35

Shenyang 0.49:0.13  0.93+0.28 0534011  076:0.17 055:021 0.6940.27 0454007 1.15:024 0.45:006 1.0840.16

Fukang 029£0.11  0.96x0.28 0.25:003 078:020 025:003 082017 023006 121:024 042:0.14  1.01+0.27

Ordos 027£0.10  04740.37 0354008 021£0.14 031£0.13 0354041 0.2040.04 050£027 0.21:0.06 0.85+0.36

An arid region of north China  Shapotou 0.32+0.09  0.90+0.28 0.36+0.11  0.65+0.22 0.31+0.11  0.88+0.25 0.29+0.06  0.98+0.27 0.32+0.07  1.06+0.24

Ansai 0.36£0.11  0.86£0.60 0.47+0.09 0.42+026 0.33£0.06 021:0.24 0.31x0.08 1.08+029 0.32+0.11  1.5740.45

) Haibei 0.13:005 0824051 0174005 0.33:031 0.18+0.03 0624041 0.11£0.03 125:0.32 0.10:0.04  1.04+0.42

The Tibet Plateau Lhasa 0156004 -0.1540.25 0.1940.03 -0.18+028 0.17£0.02 -0.2140.32 0.1340.02 -0.16£021 0.12£0.02 -0.06+0.21

Bejjing Forest ~ 0.22+0.09  0.82:0.39 0.29+0.10  055:025 027+008 0.6240.24 0.1840.07 093:0.30 0.15:0.04  1.2040.41

Forest ecosystem Dinghu Mt. 0.66£021  1.0040.41 0.80+0.20 1.21:0.48 0.56+024 1314052 0.69+0.15 078+020 059+024  0.8640.25

Xishuangbanna 0.45:0.17  1.3440.39 0.6140.15  1.60:023 0.34:0.13 0914040 0374010 1.21:0.32 044:0.15 155+0.20

Fengdiu 056+0.14  1.0840.18 0.6240.09 0.92+0.19 071£0.10 1.0740.09 0504010 1.13:0.14 045:0.13  1.2240.13

Farmland ecosystem Taoyuan 0.69+0.17  1.0440.14 0704010 0.92+0.12 0.60£0.13  0.9440.06 0.7340.23 1.12£0.12 070£0.18  1.1440.11

Yanting 079£0.17  1.0240.15 093010 092+0.19 081£007 111011 067019 1.03:0.15 076£0.16 1.05+0.08

JiaozhouBay  0.64+0.13  1.16£0.19 070+0.08 1.05:0.19 0.79£0.08 1.05+0.18 0574012 1.31+0.15 053+0.07  1.20+0.11

Bay and lake ecosystem Lake Tai 045:0.09  0.80:0.24 043:0.08 077025 059+0.03 0.73+0.46 049+0.07 093011 039£0.09  0.88+0.19

Sanya Bay 023:0.10  0.39:0.38 0.26:0.06 0.61:028 022+0.09 -0.04:024 0204012 0.32:026 021:0.12  0.50+0.39
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Fig. 2. Seasonal variations in monthly-averaged aerosol optical depth (AOD) at 500 nm and
Angstrom exponent (a) (upper left plot), a as a function of AOD (upper right plot), daily-
averaged a as a function of temperature (T, lower left plot) and daily-averaged AOD as a
function of relative humidity (RH, lower right plot). Data are from Changbai Mountain (a
temperate forest ecosystem), Hailun (a farmland ecosystem in the Songnen Plain), Sanjiang
(a marsh/farmland ecosystem), Shenyang (a suburban farmland ecosystem) in northeastern
China.
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Fig. 3. Seasonal variations in monthly-averaged aerosol optical depth (AOD) at 500 nm and
Angstrom exponent (a) (upper left plot), a as a function of AOD (upper right plot), daily-
averaged a as a function of temperature (T, lower left plot) and daily-averaged AOD as a
function of relative humidity (RH, lower right plot). Data are from Fukang (an oasis ecosys-
tem in the transition zone extending from Tianshan Mountain to the Gurbantunggut Desert),
Ordos (a sandy grassland ecosystem in the temperate semi-arid grassland zone), Shapotou (a
desert ecosystem in the arid region of northern China), Ansai (an agricultural ecosystem in the
Loess Plateau) in an arid region of north China.
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Fig. 4. Seasonal variations in monthly-averaged aerosol optical depth (AOD) at 500 nm and
Angstrom exponent (a) (upper left plot), a as a function of AOD (upper right plot), daily-
averaged a as a function of temperature (T, lower left plot) and daily-averaged AOD as a
function of relative humidity (RH, lower right plot). Data are from Haibei (an alpine meadow
ecosystem) and Lhasa (an alpine shrub-grassland ecosystem) on the Tibet Plateau.

1]

8450


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/8/8431/2008/acpd-8-8431-2008-print.pdf
http://www.atmos-chem-phys-discuss.net/8/8431/2008/acpd-8-8431-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/

—=— Beijing Forest —e— Dinghu Mt. —*— Xi

—= — Beijing Forest —e— Dinghu Mt —4—

1. N
L0
£
8o |1 }
S os { )
0 \ T T o T T T
2004 2005 2006 2007 2004 2005 2006 2007
Year Year
3 Ve o Vo Sloms + V10w g VoS o Vo Sloms v V10w
% Beijing Forest v Dinghu M}. & Xishuangbanna
fz w0
2 PRSI -
?ov"ig‘ o ofx‘i 0% o
4 {wg ofve
vy TRy oY
31 .. EIREIRALMY A8
:3 o000 o
0 0
2 1 2
AOD(r,,) AOD(r,,.)
v AOD<02 o AOD:02-0.5 + AOD>0.5 2 v <05 © 0515 + a>l5
Beijing fo o forests Forests
CEN [
MR vo o
2 = x
M
his
A\od
31 ks
4 'gvv
0 ogo
30 20 -0 0 10 20 30 40 10 20 30 40 50 60 70 80 90 100
T(C) RH

Fig. 5. Seasonal variations in monthly-averaged aerosol optical depth (AOD) at 500 nm and
Angstrom exponent (@) (upper left plot), a as a function of AOD (upper right plot), daily-
averaged a as a function of temperature (T, lower left plot) and daily-averaged AOD as a
function of relative humidity (RH, lower right plot). Data are from the Beijing Forest (a warm
temperate forest ecosystem to the west of Beijing City), Dinghu Mountain (a subtropical ev-
ergreen forest ecosystem at the Pearl River Delta) and Xishuangbanna (a tropical rainforest
ecosystem in Yunnan Province).
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Fig. 6. Seasonal variations in monthly-averaged aerosol optical depth (AOD) at 500 nm and
Angstrom exponent (a) (upper left plot), @ as a function of AOD (upper right plot), daily-
averaged a as a function of temperature (T, lower left plot) and daily-averaged AOD as a
function of relative humidity (RH, lower right plot). Data are from Fenggiu (a farmland ecosys-
tem on the Huang-huai-hai Plain), Taoyuan (a subtropical farmland ecosystem) and Yanting (a
farmland ecosystem in the hilly region of the Sichuan Basin).
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Fig. 7. Seasonal variations in monthly-averaged aerosol optical depth (AOD) at 500 nm and
Angstrom exponent (a) (upper left plot), a as a function of AOD (upper right plot), daily-
averaged a as a function of temperature (T, lower left plot) and daily-averaged AOD as a
function of relative humidity (RH, lower right plot). Data are from Jiaozhou Bay (a marine
ecosystem on the west coast of the Yellow Sea) Lake Tai (a freshwater lake ecosystem at the
Yangtze River Delta) and Sanya Bay (a tropical marine ecosystem in the South China Sea).
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