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ABSTRACT P42 )Q

In recent years, the Chinese scientists have undertaken numerous researches on acrosol, and made
many achievements. This paper reviews the above rescarches on aerosols which mainly focus on the follow-
ing three aspects: the characteristics of aerosols, the effects on climate, and dust aerosol research, Present in-
ternational research plans in relation 1o asrosols are briefly introduced, The important fields and trends of
atmospheric aerosol researches in the near future are also pointed oul and discussed.
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1. Introduction

Aetosols are particle and / or droplets suspended in air, They are mainly from soil,
ocean, biomass cycle, volcano, and chemical processes in the atmosphere, etc. Aerosols in
general have the significant potential to influence the radiative transfer through the atmos-
phere and the atmospheric water cycle, thus influence the Earth’s climate directly and
indirectly, Although some aerosol particles may absorb thermal radiation and hence have
greenhouse effect, the major influence of aerosols is scattering the incoming solar radiation,
thereby increasing the planetary albede and cooling the Earth’s surface, Anthropogenic
aerosols acting as cloud condensation nuclei are believed to increase the number concentra-
tion of cloud droplets, and thereby influence the radiation balance, Researches show that the
increase of anthropogenic aerosols may partly compensate the warming effect of the in-
creasing greenhouse gases (Wang, 2000).

The increase of anthropogenic acrosols will reduce visibility of the atmosphere, hence af-
fects the navigation safety. Aerosols play an important role in many biogeochemical cycles,
by providing reaction sites and acting as carriers for many condensed and absorbed species.
Some of the aerosols have effects on the biosphere, including the health of human beings. The
rapid development of modern social production and social civilization underscores the further
study of bioaerosols, which can cause many respiratory diseases (Che, 1997).

In recent years, with the development of industry and agricultvre, 2 large amount of
anthropogenic aerosols are,emitted into the atmosphere, Besides, one—third of the world’s ar-
id and semi—arid lands lies in Asig, and the larpest deserts are in the northwest of China, In
spring, a large amount of dust particles are emitted into the atmosphere and transported
downstream thousands of miles away (Zhang et al., 2000a).
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Under the support of National Natural Science Foundation of China and several inter-
national joint research projects, Chinese scientists have been undertaking various researches
on aerosels in recent years, which are summarized in this paper,

2. Major achievements of aerosol research in China

2.1 Characterization of aerosols

The climate and environmental effects of aerosol depend on their physical (size, shape,
number), chemical (composition), and optical (refractive index) properties. Aerosol particles
have a short lifetime in the atmosphere and hence have large spatial and temporal variability,
Therefore, the physical, chemical and radiative properties of aerosols are variable and less
well characterized.

Chinese scientists have investigated the physical, chemical and radiative properties of
atmospheric aerosols and their temporal and spatial distributions,

2.1.1 Sources and distribution of aerosols in boundary layer

Based on the monitoring data collected at regional background statiens (Longfengshan
Mountzin, 44°44’N, 100°54’E and Lin‘an, 30°18’N, 119°44’E) and baseline station
(Waliguanshan Mountain, 36°17'N, 100°54E) in China, the temporal and spatial distribu-
tions of aerosols were analyzed. The preliminary conclusion was drawn as follows: the highest
values of mass concentration of acrosol were observed at Lin‘an, the middle at Longfengshan
Mountain and the lowest at Waliguanshan Mountain; the mass concentrations of aerosol
were higher in zutumn than in winter at all the three stations (Yang et al,, 1996),

The physical-chemical characteristics of desert aerosol in Heihe region are obsetved in
HeiHe integrated experiment, The diurnal variation of number concentration of acrosols and
its retationship with weather conditions are analyzed and discussed (Lei et al, 1993), Concen-
tration of desert aerosol is usually low under normal condition in which fine particles are pre-
dominant, striking increase of dust concentration particularly that of coarse particles, is ob-
served during blowing dust periods, which increases by more than 20 times than that on fine
days, and the number of particles with diameter of 2.0-10.0{m accounts for 96% of total
number of particles, much higher than that on clear days. The divrnal variation of concentra-
tion of background desert aeroso! is mainly controlled by air disperse dilution.

The aerosol concentraticns showed distinct seasonal and geographic variations de-
pending on the variation of East Asia monsoon system and the distance to the Asia continent
origin of aerosol (Liu et al,, 1999a). The atmospheric input of aeroscls to the East China Sea
was estimated. The input flux of crustal elements (mineral aerosol) account for 40% of the to-
tal input flux of crustal elements through the atmosphere and river into the Yellow Sea in the
spring (Liu et al,, 1999b). These results indicated that the natural and anthropogenic acrosols
over the Asian continent had great effects on the origin, composition and distribution of ma-
rine aerosol. The size distribution, diurnal variation, daily variation of atmospheric aerosols
have a good connection with relative humidity and Richardson number (Zhang et al., 2001).

For the study of marine aerosol, aeroso!l samples and two cascade impactor samples were
collected in the atmosphere over the western Taiwan Strait from 1991—1993 and analyzed by
atomic absorption spectrophotometry. Annual and seasonal variations of concentrations, size
distribution of the metals and impact factors are studied (Chen et al., 1998). The sources of
mental over Taiwan Strait were identified base on the above observation {Chen et al,, 1999).
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Yang et al. (1993) reported an investigation on the variability of marine aerosol over the
western Pacific Ocean. In the aimosphere over remoie marine areas, the concentrations of
trace elements are dominated by the production of sea—salt aerosol particles, while the others
are dominaled by the transport of weathered crustal material from the continents, It showed
that environmental contaminants have altered its composition even over remote regions.

The characteristics and sources of the aerosol in the North of China were studied by
Dong et al,(1998) using INAA and PIXE methods, The results indicated that particulate ioad-
ing over rural areas are much lower than that over urban areas. At rural site, the average
particulate mass concentrations in fine fraction was larger than that in coarse fraction, but at
urban site a reverse trend was observed. It means that the rural aerosols mainly come from
long—range transport of natural and anthropogenic pollutants, which transported from urban
to rural areas by wind,

During 1992 to 1994, a systematic observation of the physical, chemical and optical
properties of dust aerosol was carried out to investigate the meteorological conditions that af-
fected occurrence and intensity of dust storm and dust plume pathways (Parungo et al.,, 1995,
1996),

The mass distribution of total aerosol and the distribution of water—soluble chlorine, ni-
tric, sulphuric, sodium, ammouia, potassium, calcium and magnesium ions have been ana-
lyzed, over South China and the South China Sea(Wu, 1994,1995), The results show that the
concentrations of total aerosol and water—soluble composition at island stations are obvious-
Iy lower than that at seaboard stations and inland stations. Their size—distribution mostly ex-
hibits a tripeak distribution. The water—soluble sulphuric, chlorine, calcium and sodium ions
in aerosols are the most important jons composition islands and at seaboard stations. The
concentrations of water—soluble chlorine and sodium jons in acrosols at the island and sea-
board stations are obviously higher than that at inland stations of South China, but the con-
centration of ammonia is lower,

Recent researches on chemical composition of aerosols in Beijing using PIXE show that
fine mode aerosols increase more rapidly in the past decade which may be due to the contri-
bution of coal combustion and automobile exhaust {Zhang et al., 2000b), Lead(Pb) content in
aerosol is much higher than that at the beginning of the 1980s, and has a decreasing trend in
recent years because of using non—leaded gasoline.

2.1.2 Observation of vertical distribution of aerosol

The temporal and spatial characteristics of aerosol concentration, mixing ratio, and size
distribution for both troposphere and stratosphere are presented and analyzed by using bal-
loon soundings data during the summer and autumn of 1993 in the Xianghe Observation Sta-
tion (Shi, 1996). The observed profile of aerosol with radius larger than 0.2 ym showed three
maxima located at the ground, 5 km, and 10 km, with the number density of about 143, § and
1.1 particles/ cm®, respectively. The size distribution volume concentration of aerosols
showed bi—mode in the troposphere but the pattern disappears in the stratosphere. Observed
number density of aerosols was significantly higher than that in 1984, The concentrations and
size distribution of aerosols in troposphere and stratosphere and their relationship to local
meteorological condition is studied by balloon observation in Hefei (Zhou J. et al, 1996), The
Lidar was also used to observe the evolution of volcano cloud from Mt. Pinatubo in Heifei
and Beijing (Zhou et al,, 1993),
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2.1.3 Research on the optical characteristics of gerosols

An atmospheric aerosol radiative model that is suitable for climate model research over
China is developed (Mao, 1997), in which the spatial resolution is 1° % 1° and the temporal
resolution is 1 quarter. The model can be used to discuss the direct radiative effects of atmos-
pheric aerosols. Zhang and Shi (2000) established a data set of the plobal anthropogenic
sulfate and soot aerosols which can be used in chemical transport model and radiative forcing
and climate effects of acrosols,

The spectral optical depth of atmospheric aerosols and their long—term features in the
urban area of Beijing are deduced from the long—term direct solar radiation data and PIS
spectrometer (Li and Lu, 1996). The results show that aerosol optical depth are thick in
spring—summer, and thin in autumn—winter; Also, there is a tendency of year by year increase
of the aerosol aptical depth (AOD), and on the yearly averaged basis the AOD in 1994 has in-
creased by two thirds of third of that in 1977,

Aerosol optical depths over 10 sites in China during 1980—1994 have been retrieved from
radiation and visibility data measured at meteorological stations, Menthly and vyearly
changes of the opticzl depths have been analyzed, and the effects of two voleanic eruptions of
El Chichon in 1982 and Pinatubo in 1991 have been identified (Qiu, 1995; Qiu et al, 1997),
Another research retrieves the annual and monthly mean AOD at the wave length of 0.75 um
by using the daily direct solar radiation and sunshine duration data of 47 solar stations from
1961 to 1990. The results indicate that AOD had an obvious increasing trend over China from
1961 to 1990 (Luo et al,, 2000},

Wei and Qiu (1998) proposed a4 new method to retrieve the imaginary part of complex
refractive index of atmospheric aerosol from wide—band solar radiation, Analysis of sensitivi-
ty showed that wide—band solar radiation is very sensitive to the imaginary part, but it is not
sensitive or weakly sensitive to size distribution, real part, surface albedo and the amount of
water vapor and ozone. So it’s possible to retrieve the imaginary part from the wide—band ra-
diation, The numerical experiments show that this method has good precision.

Effects of aerosol pollution on solar ultraviolet radiation on the ground are studied,
which indicates that aerosol pollution in urban and rural area have decreased the annual
amounts of UV—B radiation at the earth’s surface by 45% and 10% respectively (Wang and
Shu, 1993),

2.2 Effects on climate

Aerosols influence climate in two ways, directly through scattering, absorbing solar, and
earth’s radiation and indirectly via their role as cloud condensation nuclei (CCN), by modi-
fying optical properties and lifetimes of clouds, With the development of science and technol-
ogy, industrial activities, especially emissions of S0, which result in the formation of
particulate sulfate (SOf" ), contribute substantially to tropospheric aerosol, especially to
submicrometer aerosol, which is effective in the scattering of short—wave radiation; this kind
of aerosols is distributed nonuniformly over the earth and has substantially increased in con-
centration since around 1850, There is an evidence that anthropogenic sulfate aeroscl
substantially increases local planetary albedo and is a significant perturbation to climate forc-
ing. Anthropogenic SO, emissions (primarily from fossil fuel combustion and metal smelting)
have increased rapidly over East Asia in recent years, which substantially exceed natural
emissions of sulfur containing gases to the atmosphere, On the basis of the emission data of
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industrial sulphur dioxide (SO,), the distribution of sulphate (SO; ) was simulated by a
three—dimensional regional model of sulfur deposition and transport (Huang et al., 1995),
The direct radiative forcing of SO3~ on the earth’s climate system has been calculated based
on the simuiated sulphate concentrations, The results indicate that increasing coneentration
of SOf_ caused by industrial SO, emission may be one of the principal factors which lead to
earth surface temperature decrease (Qian et al,, 1996, 1998).

A two—dimensional seasonal nonlinear energy balance model has been developed to sim-
ulate the climate forcing of aerosols. The simulated results showed that the ciimalte effect of
tropospheric aerosol presents strong regional features, The radiative forcing of stratospheric
aerosols has also been calculated. It was found that the radiative forcing caused by
stratospheric aerosols is related not only to its horizontal variation, but also to the surface
albedo. The surface temperature showed a great decrease in late 1992 due to the Pinatubo
aerosols, but the perturbation became very small in mid—1996 (Hu, 1998).

Using daily direct solar radiation and sunshine duration data, the annual and monthly
mean vatues of 0. 75 um agrosol optical depth in China are retrieved to analyze their geo-
graphical and temporal distribution, Then with the China Regional Model by adding aerosol
radiative effect, the aerosol direct radiative forcing and seasonal variation of climate response
1o this forcing in China are estimated by Zhou et al, (1998).

2.3 Dust aerosol research

Many large deserts and much semi—arid land are located in Asia, where dust outbreaks
are common and severe dusistorms occur frequently in the spring. Furthermore, the
anthropogenic pollution in the downstream region is known to be the worst, This background
provides an ideal opportunity and experiment platform to investigate the transport of natural
dust and anthropogenic aerosols and their effects on the climate and environment,

2.3.1 Causes and influence of dust starm

On 5 May 1993 a super severe duststorm, which was characterized by reducing the visi-
bility to < 250 m, occurred in northwestern China. This duststorm covered 1,1 x 10% km® and
brought severe property damage (Qian et al., 1996). For example, when the dust wall ap-
proached Jinchang City (102.5°E, 338,5°N), the visibility was diminished even to zero by the
dust: and the irradiance was reduced to near zero in the afternoon (Parungo, 1995; 1996).
Many researchers have studied the processes, disasters, weather system features, mass concen-
tration, chemical composition, ion concentrations of dust aerosol during this duststorm
(Qian, 1997; Wang, 1997; Yang, 1997). The characteristics of micrometeorology and radia-
tion of the strong dust storm on 5 May 1993 are analyzed by Hu (1997). The growth mecha-
nism of strong dust storm and dry squall line is also studied from characteristics of
micrometeorology, radiation and macro— and meso—scale weather processes,

2.3.2 Physical-chemical characters of dust aerosol

Many research works have been done on dust aerosols over China and the East China
Sea. During the periods of several international cooperative research programs, acrosol data
over Beijing, Qingdao, Xi‘an, Waliguanshan and the East China Sea were obtained and ana-
lyzed. Electron microscope analyses showed that the dust particles over China had distinct
irregular shapes and contained crustal elements (Zhou et al, 1996). The physical and chemical
characteristics of desert acrosols in the Heife region are also studied (Ren et al,, 1995). The in-
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ter—annual variation of spring time mineral aerosol in the surface air of Beijing was estimated
based on mineral aerosol and meteorological data by using of multiple linear regression ana-
lysis, which indicated that the mineral aerosol concenirations over Beijing showed a de-
creasing tendency between 1971 and 1995, but ihis tendency slowed down during the 1990s
(Liuetal,, 1998a),

In the spring 2000, dust storms occurred frequently in Beijing, which result in a bad effect
on atmospheric environment quality, Anmalysis on the chemical composition of
“2000 / 04 / 06" super dust storm shows that the pollution caused by dust storm is very seri
ous. In the dust storm period, the total concentration of 20 clements reached 1536
pe/ m which is 31,4 times that in the previous spring. Even after the dust storm, the concen-
tration of 20 elements reached 338.7 ug/ m’, which is 7 times as that in previous spring
(Zhang et al,, 2000a),

2.3.3 Transportation and effects of dust aerosol

Referenced the dust formation and transport models and based on the characteristics of
Asia dust, several models are developed to study the transportation of dust acrosol in Asia,

Huang (1998) developed a new model, which is suitable to apply for modeling and fore-
cast of yellow—sand transport for Nosth China with analysis of obsetved mobilization data of
meteorclogical stations in North China, Based on the model, a long~range transport model
for yellow—sand is developed and applied to East Asia, It considered the parameterization of
dry and wet deposition, the spectrum of yellow—sand and the micro—physical process in
detail, Comparison with observation data proves that the model has good ability to reappear
the process of the transport of yellow—sand, Liu et al. (1998b) made two case studies on a dust
storm occurring in April 1992 using MM4 (NCAR / PSU) combined with an aerosol trans-
poriation model, The simulations show that the strong wind produced by cold front of
Mongolian cyclone is the main force for dust lifting. Dust is transported to the upper layer
through the daytime vertical turbulent diffusion in planetary boundary layer and the upward
corrent in front zones, The horizontal transpertation of dust general occurs in two layers: In
lower layer (below 4 km), dust is moved by the cold front; and in upper layet (above 4 km),
dust is trznsported in the westerly belt, which is more efficient and faster than that in the low-
er layer. The modeled results agree well with the vertical structure of acrosols observed using
lidar by Qin and Sun (1994). Ji and Qing {1996) and Liand Lu (1998) have a similar research
work on duststorm process combing the Penn State / NCAR mesoscale (MM4) model and
dust transport model,

The impact of mineral aerosols on the particulate sulfate formation in East Asia in
March 1994 was studied using a three—dimensional regional—scale atmospheric chemustry
model (STEM-II model) coupled with the mineral dust process model. The results indicated
that the heterogeneous chemical processes on mineral aerosols account for a significant frac.
tion of the conversion of 8O, to sulfate during this period, to about 20%. These dust events
during the simutation period mainly affect the sulfate amounts over eastern China, closely
down-wind of dust source Tegions, where an increase of over 60% in sulfate is caused by
mineral dust (Xizo et al, 1996). The areas with maximum amounts sulfate dioxide and
particulate sulfate are located in eastern China. The sulfur emitted from the volcanoes in
Japan is responsible for 10% 1o 30% of the atmospheric sulfur in the local region during this
period. The sulfur transport is largely limited to the 2-6 km fevel of the atmosphere, with the
maximum flux occurting in the 30°N to 40°N band which is consistent with the region of max-
imum anthropogenic emissions (Xiao, 1998a, b).
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A comprehensive research on the sources, transport and deposition of Asian dust was
conducted based on observational data for dust—carried elements in aerosol particles in
desert, loess and inland regions of China {Zhang et al., 1993; Zhang and An, 1997). It shows
that major sources for Asian dust lie in northwestern and northern deserts in China. The
regional—scale transport of Asian dust is suggested to be dominated by the northwesterly sur-
face wind and mainly attributable t¢ non—dust storm processes, especially in interglacial peri-
od, Conversely, the global— transport dust is believed mainly to be the result of the desert dust
storm and highly associated with the upper—level westerly wind, The estimates of dry and wet
deposition of mineral dust indicate that dry deposition dominated the total atmospheric input
of mineral dust to the Chinese Loess Plateau, even under the interglacial climate condition,

In other research, the space transportalion routine of duststorm and sources of dust
aerosols from Northwest China are analyzed {Jin, 1994). Movements of solid particles in-
cluding creeping, salting for larger particles and suspending smaller ones were studied. It was
demonstrated that complex terrain and turbulence of lower atmosphere increased the dust
emission rate (Xuan, 1998},

Dust storms can increase the albedo of localized regions by 50% to over 100%, and this
is accompanied by a decrease in direct solar radiation as well as an increase in scattered radia-
tion (Zhou et al,, 1994).

2.4 Other researches
2.4.1 Bicaerosols

In recent vears, as a branch of aerosol science, bioaerosol research draws mere and more
attention, The term of bioaerosols is used to describe aerosols composed of particles of bio-
logical otigin. It may comprise microorganisms, such as the cells of bacteria, yeast, the spores
of actiomycetes, insect and mite microbial products, and plant fragments, Three factors which
are bioaerosols, the aerosol generation, airborne transmission, and inhalation, should be em-
phasized when studying the interactions between bioaerosols and humans (Che, 1997).

2.4.2 DMS GPC model in marine atmosphere

A dynamic model of atmospheric aerosol with a simplified dimethyl sulfide (DMS) chem-
ical module is developed to simulate the gas to particle processes conversion (GPC), from
DMS to cloud condensation nuclei (CCN) in the boundary layer of remote marine atmos-
phere (Zhao et al, 1997). The results show that about 5.6% sulfate is generated from DMS
oxidation by OH free radical condenses into particle phase that means DMS emitted {rom
oceanic phytoplankton can be a significant source of the non seas sulfate agrosol,

2.4.3 Nucleation scavenging of aerosols

The physical processes of the growth of cloud droplets by water vapor condensation and
the chemical processes of aerosols and gases in cloud droplets are coupled te study the
nucleation scavenging of aerosols, The results show that the nucleation scavenging of aerosols
can result in chemical inhomogeneities among cloud droplets, and the inhomogeneities can in-
fluence the chemical processes inside cloud droplets (Liu, 1994a, b).

2.4.4 Analysis technologies

With the progress of analysis technologies, individual particles of aerosol samples can be
analyzed now (Wang, 1996a, b: Zhang, 1996; Zhang et al, 1998). The biogenic feature of
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tracer *C makes it possible to use accelerator mass spectrometry (AMS) method to probe the
sources of aerosols (Shao et al, 1996). In addition, the integrating system of gas
chromatography, and mass spectrography, can be used to further investigaie the distributions
and sources of the toxic organic compounds in aerosol particles, such as Polynuclear Aromat-
ic Hydrocarbons (PAHs) (Zhu et al., 1998),

3. Problems and discussions

As mentioned above, Chinese scientists have undertaken amounts of studies on aerosols
and made great achievements for a long time, almost covering the whole properties and the
temporal and spatial distribution of aerosols in China and the vicinity of China Sea, Aerosols
have large variations in temporal and spatial distribution, the methods and approaches of
aerosol sampling, measuring, and analyzing are different and lack of comparability. There-
fore, how to get comprehensive and representative data sets concerning the real characteristics
of aerosols is still a problem,

Combining the technology of satellite remote sensing with surface observing in—situ may
provide an efficient way to inverse the parameters of aerosols on a regional scale, such as op-
tional depth, size distribution, and refractive indexes. And comprehensive researches on ARF
{aerosol radiative forcing) on climate system with focus on Asia dust aerosols are now under
planning,

Though extensive researches have been done concerning the dust aerosols from Sahara
desert, researches concerning the dust agrosols from the east of Asia are still very limited. The
formation mechanism of duststorm in Asia is not ¢lear yet. Comprehensive studies should be
carried out on the sources, characteristics, transportation, deposition and impacts on climate,
environment and ecology. As dust aeroesols can both scatter sunlight back to the space (lead-
ing to a cooling effect) and absorb solar and infrared radiation (leading to a warming effect),
there are a lot of uncertainties in the effects of climate changes caused by dust aerosols. Stud-
ying on the effects of dust aerosols on climate is a huge task and just at the beginning,

Asia—Pacific Regional Aerosol Characterization Experiment (ACE—Asia) program and
China—Japan joint research on dust are now starting in the spring 2001, These programs will
include the cross—combination of multi—disciplinary of atmospheric physics and
chemistry, photochemistry, environmental and ecological science, and so on. The combination
of multi—-methodelogies including field observation, theoretical analysis, and numerical and
laboratory simulations will be undertaking. Scientists from China and other countries will col-
laborate to undertake researches on aerosols and dust in Asia in the coming several years,
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