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Although the Tibetan Plateau is widely thought as a potential dust source to the atmosphere over East Asia, little is known 
about the temporal changes of Tibetan dust activities and Tibetan dust source strength. In this study, we address these two is-
sues by analyzing dust storm frequencies and aerosol index through remote sensing data and by means of numerical simulation. 
The findings indicate that monthly dust profiles over the Tibetan Plateau vary significantly with time. Near the surface, dust 
concentration increases from October, reaches its maximum in FebruaryMarch, and then decreases. In the middle to upper 
troposphere, dust concentration increases from January, reaches its maximum in MayJune, and decreases thereafter. Although 
Tibetan dust sources are important contributors to dust in the atmosphere over the Tibetan Plateau, their contribution to dust in 
the troposphere over eastern China is weaker. The contribution of Tibetan dust sources to dust in the atmosphere over the Ti-
betan Plateau decreases sharply with height, from 69% at the surface, 40% in the lower troposphere, and 5% in the middle 
troposphere. Furthermore, the contribution shows seasonal changes, with dust sources at the surface at approximately 80% 
between November and May and 45% between June and September; in the middle and upper troposphere, dust sources are 
between 21% from February to March and less than 5% in the other months. Overall, dust aerosols originating from the Tibet-
an Plateau contribute to less than 10% of dust in East Asia. 
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The direct and indirect effects of dust aerosols on climate 
change in East Asia are important to climate research [1–3]. 
Dust aerosols directly influence radiative balance by modi-
fying the reflection, scattering, and absorption of solar and 
terrestrial radiation [4]. Moreover, dust aerosols interact 
with clouds and indirectly influence precipitation and the 
meteorological processes that affect the occurrence and 
magnitude of storms in the middle troposphere [57]. In 
North East Asia, there are vast areas of deserts and sandy 

regions. Recently, modeling and observational studies have 
indicated that dust from East Asia can be transported more 
than once around the globe by the westerly winds and hence 
may potentially impact the global climate [7, 8]. As the 
amount of dust in the troposphere over East Asia is con-
trolled largely by local sources, it is important to estimate 
the relative importance of these sources.  

The Tibetan Plateau is considered an important source of 
Asian dust. On the plateau, there exists a vast tract of sand 
dunes and desert lands. For example, an area of approxi-
mately 2000 km2 of desert land (with moving sand dunes in 
winter) exists in the valleys of the Yarlung Zangbo River 
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and its tributaries, with an average altitude of approximately 
3600 m. Between the Gangdese and Kunlun Mountain are a 
series of near west-east glaciated mountains and a vast area 
of planation surface (Plateau Surface) on which there are 
many wind-blown sand dunes and lakes of various sizes. 
The aeolian surfaces occupy approximately 400 km2, most 
of which is moving sand dunes. Moreover, deserted mead-
ow and grassy soils occupy a much wider area than the sand 
dunes and include almost the entire source areas of the Yel-
low River and the Yangtze River. These areas provide am-
ple materials for dust storm occurrence [9]. 

The contribution of the Tibetan Plateau to dust aerosols 
in the troposphere over East Asia shows seasonal variations. 
Over the plateau, dust transport activities occur frequently 
in winter, spring, and summer [10–12], which implies that 
the Tibetan Plateau provides more dust to the atmosphere in 
these seasons than in autumn. Moreover, the relative im-
portance of Tibetan dust aerosols also varies with height. 
Huang et al. [13] detected summertime Tibetan dust plumes 
using the CALIPSO data (Cloud-Aerosol Lidar and Infrared 
Pathfinder Satellite Observations). They found that for low-
er layers (at altitudes from 3 to 5 km), the depolarization 
ratio for 64% of the pixels exceeded 20%. However, be-
tween 7 and 10 km, the depolarization ratio for 47% of the 
dust pixels was less than 10%. The larger depolarization 
ratio indicates the presence of highly concentrated desert 
dust; that is, the higher the dust concentration, the greater 
the volume depolarization ratio. These results suggest that 
there is more dust closer to the surface relative to the middle 
to upper troposphere over the Tibetan Plateau.  

Data regarding dust originating from the Tibetan Plateau 
are unfortunately scarce, and this lack of empirical data is 
the primary reason for the dearth of detailed investigations. 
Observational data suitable for dust research include mete-
orological and geological records as well as remote sensing 
data. The meteorological records involve current weather 
reports and visibility measurements [5, 13]; geological rec-
ords include ice cores, sea sediment records, and loess rec-
ords [10, 14]; remote sensing data are collected primarily by 
satellite-borne instruments, such as the Ozone Monitoring 
Instrument (OMI), CALIPSO, and Moderate Resolution 
Imaging Spectroradiometer [11, 15]. Weather stations and 
geological records are rare on the Tibetan Plateau, and their 
locations are sporadic. Therefore, few dust observations are 
available for the Tibetan Plateau, and these data cannot ad-
equately represent the dust activities in this region. Remote 
sensing data provide a good overview of dust distribution 
but cannot easily be used to quantify dust amount. Thus, 
observational data alone are insufficient to meet the re-
search needs.  

Dust models have been developed to simulate regional 
dust processes and to provide quantitative dust estimates. 
For example, Uno et al. [7] used a dust model combined 
with CALIPSO measurements to simulate the global 
transport of dust generated from the Taklimakan Desert 

during May 2007. Using the Northern Aerosol Regional 
Climate Model (NARCM), Zhao et al. [16] constructed the 
44-year (1960–2003) climatology of spring Asian dust 
emissions, loads, depositions, trans-Pacific transport routes, 
and budgets. The inter-annual variability in Asian dust and 
its climate connections have been analyzed [17]. Zhang et al. 
[18] highlighted the different contributions of various dust 
sources using the NARCM. In sum, estimating the contribu-
tion of the Tibetan Plateau to dust aerosol levels in the at-
mosphere over East Asia using dust modeling is interesting 
and important. In this study, an Integrated Wind Erosion 
Modeling System (IWEMS) will be employed to simulate 
dust processes on the Tibetan Plateau and its margin area. 
Based on the simulations, monthly changes in the amount of 
dust aerosols over the Tibetan Plateau and the contribution 
of the Tibetan Plateau to dust aerosols in the atmosphere 
over East Asia will be measured. This work will enhance 
our understanding of the Tibetan Plateau’s contribution to 
dust aerosols in the atmosphere over East Asia. 

1  Data and methods 

1.1  Data 

In this study, dust storm frequency (DSF) was used to re-
flect changes in the amount of dust aerosols at the near- 
surface. The frequency of dust storms is defined as the total 
number of days with dust storm occurrence. Because dust 
storms increase dust aerosols at the surface, the frequency 
of dust storms may reflect variations in the amount of dust 
aerosols at the surface with an in-phase relationship. The 
dust storm records are provided by the China Meteorology 
Administration and include information about station 
heights, start times and end times of dust storm events, wind 
speeds, and wind directions from 1954–2007. The DSF of 
the Tibetan Plateau was obtained by averaging the DSF of 
each station. To better represent the frequency of dust 
storms over the Tibetan Plateau, we selected stations whose 
heights are larger than or equal to 3000 m above sea level 
(a.s.l.) (The reason will be clarified in Section 2.3 for station 
selection). These selected stations are located in the middle 
and eastern regions of the Tibetan Plateau (Figure 1).  

In addition, the sum of the aerosol index (AI) derived by 
the Total Ozone Mapping Spectrometer (TOMS) was used 
to describe changes in the amount of dust aerosols in the 
middle to high troposphere over the Tibetan Plateau. The AI 
is obtained via the Internet (ftp://toms.gsfc.nasa.gov/pub/ 
version8/aerosol/) between the years 1979 and 2005. AI is 
widely used in dust aerosol research [11]. To retrieve the 
sum of the AI over the Tibetan Plateau, we first computed 
the daily sum of AI over the Tibetan Plateau, and then the 
daily AI sum was averaged for each month, which yielded a 
monthly AI sum over the Tibetan Plateau. Because there is 
a gap in the AI data between May 1993 and July 1996, the 
data are divided into two parts: before 1993 and after 1996. 
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These two time-windows cannot be concatenated. Therefore, 
we analyzed two time-windows of the monthly AI sum: 
from 1979 to 1992 and from 1997 to 2005.  

DSF could indirectly reflect the amount of dust aerosols 
in the middle to high troposphere because frequent dust 
storms could lift more dust aerosols into the troposphere. 
However, we used AI instead of DSF to reveal the changes 
in the amount of dust aerosols in the middle to high tropo-
sphere in this study because in addition to the Tibetan dust 
source, many remote dust sources also could transport dust 
aerosols into the middle to high troposphere over the Tibet-
an Plateau, such as the Taklimakan Desert, the Thar Desert, 
or the Arabian desert. Using the frequency of dust storms 
over the Tibetan Plateau or other dust sources to reflect the 
dust aerosol amount in the middle to high troposphere over 
the Tibetan Plateau is not sufficiently precise. 

Although the sum of AI could reveal the dust aerosol 
amount in the atmosphere over the Tibetan Plateau, there 
are some uncertainties involved with the AI data, including 
(1) the effect of clouds on aerosols, (2) the types of aerosols, 
and (3) the numerical relationship between AI and the 
amount of dust aerosols. First, clouds are common over the 
southern and southeastern regions of the Tibetan Plateau, 
especially during summertime. The existence of clouds may 
contaminate the retrieval of aerosols. However, in this  
study, the effect of clouds on the aerosols is minimized. AI 
values are positive for ultraviolent (UV) absorbing aerosols, 
near zero for clouds, and negative for scattering aerosols. 
The AI data used only include positive values and are 
therefore less contaminated by clouds [19]. Second, in addi-
tion to dust aerosols, black carbon and some UV absorbing 
aerosols also produce significant AI signals, especially with 
high concentrations or altitudes. However, dust aerosols are 
the main components of aerosols in the troposphere over the 
Tibetan Plateau [12]. The sum of AI over the Tibetan Plat-
eau may predominantly represent the amount of dust aero-
sols in the middle to high troposphere. Third, several studies 
have indicated that high AI is accompanied by high dust 
concentrations in the middle to high troposphere [19]. Thus, 
a positive correlation may occur between the AI and the 
amount of dust aerosols, although there is no precise nu-
merical relationship between them.  

1.2  Model description  

The IWEMS is widely employed in dust simulations in East 
Asia [20, 21]. Mao et al. [22, 23] has implemented this 
model to study northeastern Asian dust between 1982–2006, 
and based on these simulations, the authors analyzed the 
effects of the Arctic Oscillation on dust over East Asia. In 
this study, we used IWEMS to simulate aeolian dust pro-
cesses over the Tibetan Plateau and its margin area. The 
IWEMS consists of modeling, monitoring, database and 
data assimilation components. The modeling component 
comprises an atmospheric model and modules for land- 

surface processes and dust emission, transport and deposi-
tion. The atmospheric model–either global, regional or me-
so-scale-serves as a host for the other modules. The atmos-
pheric models have advanced numerics for atmospheric 
dynamics and physical processes, e.g. radiation, clouds, 
convection, and turbulent diffusion. A land-surface scheme 
simulates the energy, momentum and mass exchanges be-
tween atmosphere, soil and vegetation. For dust modeling, 
the land-surface scheme produces friction velocity and soil 
moisture as outputs. Given three dust emission mechanisms 
(aerodynamic entrainment, saltation bombardment, and ag-
gregates disintegration), the dust emission scheme obtains 
friction velocity and soil moisture from the land-surface 
scheme and other spatially distributed parameters from the 
geographical information system (GIS) database and calcu-
lates dust-emission rates for different particle size groups. 
To predict dust motion, the transport and deposition model 
obtains wind, turbulence and precipitation data from the 
atmospheric model and dust emission rate and particle-size 
information from the dust-emission model [24].  

In this study, the initial field and the boundary field of 
the atmospheric model, which is updated every six hours, is 
provided by the National Centers for Environmental Predic-
tion and National Center for Atmospheric Research (NCEP/ 
NCAR) Reanalysis dataset. Atmospheric changes over the 
Tibetan Plateau and its margins during the simulation are 
similar to real atmospheric changes. In addition, the land- 
surface data are required for land-surface, dust-emission and 
dust-deposition schemes in the IWEMS. The dust source is 
obtained through the Environmental and Ecological Science 
Data Center for West China, National Natural Science 
Foundation of China (http://westdc.westgis.ac.cn) [25]. The 
leaf area index (LAI) is provided by Boston University [26]. 
The vegetation cover (VC) is transferred from normalized 
deviation vegetation index (NDVI) [27], derived by Gutman 
and Ignatov [28]. The vegetation data, including LAI and 
VC, are updated each month.  

1.3  Methodology 

Two model experiments are conducted in this study: one 
using all dust sources, including the Tibetan dust sources 
(OBS), and the other using all dust sources without the Ti-
betan dust source (CTRL). All other input variables to the 
model, including soil characteristics and atmospheric 
boundary conditions, are equal in both experiments. The 
OBS simulates real-time dust weather processes, and varia-
tions in dust aerosols during simulation are caused by the 
contributions of all dust sources; in contrast, the CTRL only 
simulates dust aerosol changes that are caused by dust 
sources independent of the Tibetan dust source. The differ-
ence between these two experiments (i.e. OBS minus CTRL) 
reflects the influence of the Tibetan dust source on dust in 
the atmosphere over the East Asia.  

To highlight the contribution of the Tibetan dust source 
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to dust in the atmosphere over East Asia, we selected ex-
treme years and special dust sources for simulation. The 
selected years were 1972, 1974, 1976, 1979, and 1984. 
These years had frequent dust storms and may contribute to 
more dust in the atmosphere over East Asia (Figure 2). In 
each year, the twelve months starting from 1 January to 31 
December are simulated individually, and the initial dust 
concentration of 1 January in each year is set as zero. In 
addition, only the Tibetan dust sources with heights greater 
than 3000 m a.s.l. are considered. These sources could easi-
ly transport dust to the middle to high troposphere over the 
Tibetan Plateau and eastern China. 

To create a reasonable simulation, two points are consid-
ered in this study: (1) the contribution ratio other than the 
contribution amount is computed; and (2) vegetation change 
on the inter-annual timescale is not considered. Clearly, the 
simulations are rarely consistent with observations during 
modeling. The Tibetan Plateau has a vast area and diverse 
land surface conditions. However, there are relatively few 
observations of land surface collected, which are useful for 
accurate modeling. The lack of observational data makes it 
difficult for the IWEMS to accurately simulate dust pro-
cesses over the Tibetan Plateau and its margins. To better 
estimate the contribution of the Tibetan dust source to at-
mospheric dust, a contribution ratio other than the contribu-
tion amount is calculated. The difference of contribution 
amounts between observation and simulation is substantial-
ly larger than that of the contribution ratio between observa-
tion and simulation. In addition, to reduce the vegetation 
impact on dust emission, the vegetation change on the in-
ter-annual timescale is not taken into consideration. For a 
given month and a given grid point, vegetation data that 
were averaged over the years between 1982 and 2006 are 
implemented.  

2  Dust concentration changes in the atmos-
phere over the Tibetan Plateau 

2.1  Monthly changes derived by observations 

In this study, we used DSF and the sum of AI to represent 
dust concentrations in the atmosphere over the Tibetan 
Plateau. The DSF presents dust concentrations at the surface, 
and the sum of daily AI provides dust concentrations in the 
middle to high troposphere. As there is a gap in the AI data 
between May 1993 and July 1996, the AI data are divided 
into two periods: 1979–1992 and 1997- 2005. We calculat-
ed the monthly AI sum during these two periods inde-
pendently. To maintain consistency across datasets, monthly 
DSF were calculated twice for different periods. In addition, 
monthly DSF calculations during the period from 1961 to 
2007 were also calculated.  

Figure 3(a) shows the monthly changes in the Tibetan 
DSF. As seen in the figure, during different periods, the 
DSF shows similar monthly changes, increasing from Oc-
tober, reaching its peak during February to March, and then 
decreasing. The high DSF occurs in December and lasts 
until the following April. For instance, compared with the 
annual average of DSF of 7.0 days during 1961–2007, the 
DSF from December to the following April accounts for 5.5 
days, which is 82% of the annual average of DSF. In addi-
tion to the DSF, Figure 3(b) shows monthly changes in the 
AI sum over the Tibetan Plateau. During both periods, i.e. 
1979–1992 and 1997–2005, the monthly changes in the sum 
of AI show similar variation. The sum of AI increases from 
January and reaches its peak between April and June, after 
which it declines. Clearly, the sum of AI between April and 
June is higher compared to the other months. For instance, 
during 1979–1992, the sum of AI from April to June ac- 

 

 

Figure 1  Research area and location of dust storm stations. The shaded area is the dust source used in the dust simulation. The contour line is to enclose the 
region that has height ≥3000 m a.s.l. The rectangles represent stations over the Tibetan Plateau. 
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Figure 2  The annual variations in the frequency of dust storms over the 
Tibetan Plateau. The circles represent the simulation years, that is, 1972, 
1974, 1976, 1979, and 1984. 

counts for 38% of the sum of AI in a year. This monthly AI 
sum distribution is consistent with the results of Xia et al. 
[29], who found that the aerosol optical depth over the Ti-
betan Plateau is high during late spring and early summer 
and peaks during May and June. 

Based on the above analysis, one could conclude that the 
monthly distribution of DSF is not similar to that of the sum 
of AI. The DSF is high from February to March, but the  

sum of AI shows high values from April to June. The high 
DSF from February to March implies that near-surface dust 
concentration on the Tibetan Plateau is high during this pe-
riod. This finding also suggests that the contribution of the 
Tibetan dust source to dust in the atmosphere over East Asia 
is concentrated during February and March because high 
near-surface dust concentrations could cause considerable 
dust to be lifted from the surface to the middle to high trop-
osphere. Additionally, the large AI sum during April and 
June indicates that dust concentrations in the middle to high 
troposphere over the Tibetan Plateau are high during April 
and June. This inconsistency in the monthly distributions of 
DSF and AI sum implies that the Tibetan dust source con-
tributes less to dust in the atmosphere over the Tibetan 
Plateau between April and June. The high dust concentra-
tion over the Tibetan Plateau from April to June may be 
caused by a combination of dust sources, including the Thar 
Desert and the Taklimakan Desert. These dust sources could 
transport dust to the high troposphere over the Tibetan 
Plateau between May and June. 

2.2  Monthly changes derived by simulations 

Figure 4 shows the simulated monthly dust concentrations 
over the Tibetan Plateau. As seen in the figure, near-surface 
dust concentrations are high relative to concentrations in the 
high troposphere. The dust concentrations are 92, 16, and 5 

 

 

Figure 3  The dust storm frequency (a) and the total sum of aerosol index (b) over the Tibetan Plateau. The bar and solid line in (b) indicate the monthly 
sum of AI over the Tibetan Plateau and the Thar Desert, respectively. The extent of the Thar Desert is 70°–80°E and 20°–30°N. 
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Figure 4  The simulated dust concentration at surface (a), at 0.975 Sigma level (b), and at 0.850 Sigma level (c). Solid lines are ±1 standard error of mean 
about the mean dust concentration. 

μg m–3 for the surface, the 0.975 Sigma level (250 m above 
ground level), and the 0.850 Sigma level (1500 m above 
ground level), respectively. The monthly distributions of 
dust concentrations vary vertically over the Tibetan Plateau. 
At the surface, the dust concentration is high during winter 
and spring, peaking in November and remaining large until 
the next April; the average dust concentration from No-
vember to the following April is 153 μg m–3, but is only 36 
μg m–3 in other months. At the 0.850 Sigma level, dust con-
centrations appear to be high during late spring and early 
summer with a peak from April to July, when the dust con-
centrations average 11 μg m–3, relative to only 2 μg m–3 in 
the other months. At the level between the surface and the 
0.850 Sigma level, i.e. the 0.975 Sigma level, dust concen-
tration is affected by concentrations at the surface and at the 
0.850 Sigma level. Dust concentration is high from No-
vember to the following July, with an average of 21 μg m–3; 
in other months, it is low, with an average of 6.8 μg m–3. 

A comparison between Figure 3 and Figure 4 indicates 
that the simulations appear to be roughly consistent with 
observations. The simulated near-surface dust concentration 
over the Tibetan Plateau is high from November to the fol-
lowing April, during which time the DSF of the Tibetan 
Plateau is also high. Similarly, at the 0.850 Sigma level, the 
simulated dust concentration over the Tibetan Plateau is 
high from April to July, which is consistent with the high 
sum of AI from April to June. 

3  Contribution of the Tibetan dust source to 
dust in the atmosphere over the East Asia  

Both observational data and computational simulations 
suggest that near-surface dust concentrations over the Ti-
betan Plateau are high from November to the following 
April in each year. Therefore, we hypothesized that the con-
tribution of the Tibetan dust source to dust in the atmos-
phere over East Asia is concentrated in the months between 
November and April, particularly during February and 
March. In the current section, we will estimate the contribu-
tion of the Tibetan dust source to dust in the atmosphere 
over East Asia by analyzing the simulations.  

3.1  Contribution to dust in the atmosphere over the 
Tibetan Plateau 

We first examined the contribution ratio of the Tibetan dust 
source to dust in the atmosphere over the Tibetan Plateau. 
The contribution ratio is determined as follows: for a given 
level, the difference in dust concentration over the Tibetan 
Plateau is obtained between OBS and CTRL (OBS minus 
CTRL). Thereafter, the ratio of this difference to the dust 
concentration of OBS is computed, which is used to meas-
ure the contribution of the Tibetan dust source to dust in the 
atmosphere over the Tibetan Plateau at the given level. Fol-
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lowing this procedure, contribution ratios of the Tibetan 
dust source for different levels in the troposphere are com-
puted.  

Figure 5 shows contribution ratio of the Tibetan dust 
source to dust in the atmosphere over the Tibetan Plateau. 
As seen in the figure, when the height of the levels increases, 
the contribution ratio averaged among all months drops 
sharply. The contribution ratios are 69%, 40%, and 5% for 
the surface, the 0.975 Sigma level, and the 0.850 Sigma 
level, respectively. The average contribution ratio of 69% at 
the surface is supported by Zhang et al. [30]. Zhang et al. 
[30] collected aerosols at Wudaoliang station on the Tibetan 
Plateau from September 1993 to May 1994 and found that 
the Tibetan Plateau’s aerosol contribution accounts for 70% 
of the aerosols in the atmosphere. 

In addition to the average contribution ratio across all 
months, the monthly distribution of the contribution ratio 
varies. Near the surface, the monthly contribution ratio is 
high from October to May; during this period, the average 
contribution ratio is 80%, which is larger than the 45% 
found in other months. At the 0.975 Sigma level, the con-
tribution ratio peaks from November to April with an aver-
age of 72% and then decreases from May to September, 
during which its average is only 9%. At the 0.850 Sigma 
level, the contribution ratio is large from February to March; 
during this period, the average of contribution ratios is 21%, 
compared to less than 5% in other months.  

Based on the above analysis, two points can be conclud-
ed: (1) The Tibetan dust source contributes more to near- 
surface dust over the Tibetan Plateau, primarily the surface 
level and the 0.975 Sigma level, and (2) in the middle to 
high troposphere over the Tibetan Plateau, the contribution 
of the Tibetan dust source is much less pronounced, but the 
contribution of other potential dust sources is prominent. 
Even between February and March, when the Tibetan dust 
source contributes more atmospheric dust, other dust 
sources may provide nearly 80% of dust in the middle to 
high troposphere over the Tibetan Plateau. 

3.2  Contribution to dust in the atmosphere over the 
Eastern China 

Dust aerosol produced by the Tibetan dust source can drift 
to the middle to high troposphere over the Tibetan Plateau 
and thereafter move to eastern China via zonal winds and 
even as far as South Korea and Japan. Investigations on the 
contribution of the Tibetan dust source to dust in the tropo-
sphere over Eastern China are critical. As previously men-
tioned, from February to March, the Tibetan dust source 
contributes more to dust in the troposphere over the Tibetan 
Plateau; therefore, we primarily analyzed the contribution of 
the Tibetan dust source to dust in the troposphere over 
Eastern China during the months of February and March. It 
is worth noting that dust load (dust in atmospheric column),  

 

 

Figure 5  Contribution of dust source on the Tibetan Plateau to dust aerosols in the atmosphere over the Tibetan Plateau. (a) Surface level; (b) 0.975 Sigma 
level; (c) 0.85 Sigma level. 
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in lieu of other dust concentrations, is used to estimate the 
contribution ratio because during the process of dust trans-
portation from the Tibetan Plateau to eastern China, dust 
deposition and dust updraft occur. Dust concentrations at 
each level in the troposphere cannot fully represent the 
amount of dust in the troposphere over eastern Asia. There-
fore, we examined changes in dust in the atmospheric col-
umn to estimate the contribution of the Tibetan dust source. 
For a given grid point, we first calculated the difference of 
dust load between OBS and CTRL (OBS minus CTRL) and 
then computed a ratio of this difference to the dust load of 
OBS, which is considered to be the contribution ratio of the 
Tibetan dust source to dust in the troposphere.  

Figure 6 shows the spatial distribution of the contribution 
ratio of the Tibetan dust source to dust in the atmosphere 
over East Asia. The contribution of the Tibetan dust source 
is confined primarily to the Tibetan Plateau and eastern 
China. The contribution ratio over the Tibetan Plateau is 
larger and equal to 50% and is nearly 70% in the north and 
northwestern regions of the Tibetan Plateau. However, the 
contribution ratio over eastern China is less than 10%. 
Therefore, the contribution of the Tibetan dust sources pri-
marily occurs over the Tibetan Plateau and has only minor 
effects on the dust in the troposphere over eastern China. 

4  Discussion 

The above analyses show that dust concentrations in the 
middle to high troposphere over the Tibetan Plateau reach 
their peaks during May and June, and the peak of near-  
surface dust concentration on the Tibetan Plateau occurs 
during February and March. This finding implies that the 
Tibetan dust source contributes less to dust in the middle to 
high troposphere over the Tibetan Plateau during May and 
June. Moreover, with the exception of the Tibetan dust 
source, other potentially important dust sources may play a  

role in the amount of dust in the middle to high troposphere 
over the Tibetan Plateau during May and June. Some au-
thors have indicated that these potential dust sources include 
the Taklimakan Desert [13], the Thar Desert [31], and the 
Middle Asia and the Arabian deserts [32]. Dust drifts up-
ward from these dust sources and is transported to the slope 
and top of the Tibetan Plateau via zonal winds in the tropo-
sphere.  

To investigate which source contributes more to dust in 
the middle to high troposphere over the Tibetan Plateau 
from May to June, a composite analysis was applied on dust 
concentration in the middle troposphere between May and 
June and February and March (May to June minus February 
to March). Furthermore, horizontal wind anomalies associ-
ated with dust concentration anomalies were also analyzed. 
The horizontal wind is retrieved from the ECMWF reanaly-
sis data (EAR–40) from the years between 1958 and 2002. 

As shown in Figure 7, at the 0.850 sigma level, dust 
concentration anomalies are centered primarily over the 
Thar Desert, the Tibetan Plateau, and northeastern China. 
Compared to dust concentrations during February and 
March, dust concentrations during May and June are rela-
tively higher, with 5–10 g m–3 over the Thar Desert, 1 g 
m–3 over the Tibetan Plateau, and 1–2 g m–3 over north-
eastern China. Among these anomalies, the anomaly over 
the Thar Desert is prominent, implying that the Thar Desert 
may be an important dust source for dust in the middle to 
high troposphere over the Tibetan Plateau during summer. 
In addition, we examined the monthly distribution of dust 
aerosols in the troposphere over the Thar Desert. The sum 
of AI averaged over the Thar Desert (70°–80°E and 
20°–30°N) is computed monthly (Figure 2). Figure 2 shows 
that the AI sum over the Thar Desert increases after January, 
reaches its peak during April and June, and gradually de-
creases afterwards. The monthly distribution of the sum of 
AI over the Thar Desert is similar to that over the Tibetan 
Plateau. Therefore, the Thar Desert may contribute to the   

 

 

Figure 6  Contribution of dust source on the Tibetan Plateau to dust load over East Asia during February to March. Unit: %. 
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Figure 7  Composite difference of dust concentration (contour lines) at the 0.85 Sigma level and horizontal winds (vectors) averaged between 775 and 925 
hPa (May to June minus February to March). Shading areas represent the horizontal winds that are significant beyond the 99% confidence level. The maxi-
mum vector is equal to 6.20 m s–1. 

high amounts of dust in the middle to high troposphere over 
the Tibetan Plateau during May and June.  

In addition, we analyzed horizontal wind anomalies as-
sociated with dust concentration anomalies. A composite 
analysis of horizontal winds between May and June and 
February and March was analyzed. Sikka [33] indicated that 
dust weather events reach their maximum before monsoon 
onset, and dust is transported by southwestern winds. 
Therefore, we focused our analyses on the horizontal wind 
anomalies in the low troposphere. The mean wind field av-
eraged between 925 and 775 hPa represents the wind field 
in the low troposphere. As seen in Figure 7, compared to 
horizontal winds from February to March, a cyclonic anom-
aly of atmospheric circulation occurred over eastern India, 
which facilitated the transport of dust from the Thar Desert, 
which was transported to the middle and eastern part of the 
Tibetan Plateau. 

5  Conclusions 

In this study, dust storm frequency, the sum of AI derived 
from TOMS, and numerical simulation were used to reveal 
(1) the monthly distribution of dust concentrations in the 
troposphere over the Tibetan Plateau and (2) the contribu-
tion of the Tibetan dust source to dust in the atmosphere 
over East Asia. The monthly distribution of dust concentra-
tions varied over the Tibetan Plateau. Near the surface, dust 
concentration was high from November to April of the fol-
lowing year, reaching a peak in February and March. At the 
0.850 Sigma level, dust concentration was high between 
April and July, and its peak occurred in May and June. The 
dust concentration at the 0.975 Sigma level was affected by 
the surface level and the 0.850 Sigma level. The dust con-
centration at the 0.975 Sigma level was high from Novem-

ber to the following July. 
Although the Tibetan dust sources are important to dust 

in the atmosphere over the Tibetan Plateau, they only con-
tribute weakly to dust in the troposphere over eastern China. 
The contribution of the Tibetan dust sources to dust in the 
atmosphere over the Plateau decreases sharply with height, 
from 69% at the surface, 40% at the 0.975 sigma level, and 
5% at the 0.85 Sigma level. Furthermore, the contribution 
shows seasonal changes: at the surface, the contribution 
varies between 80% from November to May and 45% from 
June to September; at the 0.975 sigma level, the contribu-
tion varies between 72% from November to April and 9% 
from May to October; at the 0.850 sigma level, the contri-
bution varies between 21% from February to March and 
less than 5% in the other months. Overall, dust aerosols 
originating from the Tibetan Plateau contribute less than 
10% of dust in Eastern China. 

The Thar Desert may be an important source of dust in 
the troposphere over the Tibetan Plateau. The monthly dis-
tribution of the sum of AI over the Thar Desert is consistent 
with that over the Tibetan Plateau; it increases from January 
to May/June and then begins to decrease. During May/June, 
a cyclonic anomaly of atmospheric circulation occurs in the 
low troposphere over the Thar Desert, which could transport 
dust from the Thar Desert to the eastern Tibetan Plateau.  

It is worth noting that there are some uncertainties in this 
study. (1) The contribution of dust sources in the Chaidam 
Basin, which is located in the northeast region of the Tibet-
an Plateau, has not been considered. Zhang et al. [18] indi-
cated that the contribution of the Chaidam Basin to dust 
emission in East Asia is less than 5%; therefore, the contri-
bution of the dust source in the Chaidam Basin to dust in the 
atmosphere over the Tibetan Plateau is minimal. In addition, 
the Chaidam Basin is located in the northeast area of the 
Tibetan Plateau, and its dust can be easily transported away 
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from the Tibetan Plateau. Thus, the contribution of the dust 
source in the Chaidam Basin has a weak effect on our con-
clusion. (2) We have not considered background aerosols in 
our simulation, and a sample of only five years cannot pro-
vide an exact estimation. We will consider these factors in a 
future study. 
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