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Abstract. Aeolian dust transport and deposition are important geophysical processes which influence global bio-

geochemical cycles. Currently, reliable deposition data are scarce in central Asia. Located in the eastern part of central Asia, 

Xinjiang Province of northwestern China has long played a strategic role in cultural and economic trade between Asia and 15 

Europe. In this paper, we investigated the spatial distribution and temporal variation in dust deposition and ambient PM10 

(particulate matter ≤10 µm in aerodynamic diameter) concentration from 2000 to 2013 in Xinjiang Province. This variation 

was assessed using environmental monitoring records from 14 stations in the province. Over the 14 years, annual average 

dust deposition across stations in the province ranged from 255.7 to 421.4 t km-2. Annual dust deposition was greater in 

southern Xinjiang (663.6 t km-2) than northern (147.8 t km-2) and eastern Xinjiang (194.9 t km-2). Annual average PM10 20 

concentration across stations in the province varied from 100 to 156 µg m-3 and was 70, 115 and 239 µg m-3 in northern, 

eastern and southern Xinjiang, respectively. The highest annual dust deposition (1394.1 t km-2) and ambient PM10 

concentration (582 µg m-3) were observed in Hotan which is located in southern Xinjiang and at the southern boundary of the 

Taklamakan Desert. Dust deposition was more intense during the spring and summer than other seasons. PM10 was the main 

air pollutant that significantly influenced regional air quality. Annual average ambient PM10 concentration increased 25 

logarithmically with dust deposition (R2≥0.88). The arid climate likely influenced the high dust deposition and PM10 

concentration in the region. While the annual average dust storm frequency remained unchanged from 2000 to 2013, there 

was a positive relationship between dust storm days and dust deposition and PM10 concentration across stations. This study 

suggests that sand storms are a major factor affecting the temporal variability and spatial distribution of dust deposition in 

central Asia. 30 
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1 Introduction 

Airborne dust generated by aeolian activity is an environmental concern in central Asia (Huang et al., 2011). Historically, 

aeolian activity and airborne dust influenced civilization along the ancient Silk Road which connected Asia and Europe 

(Zhang, 1984; Dong et al., 2012; Groll et al., 2013). Today, airborne dust is recognized as a factor affecting global radiation 

and warming (Stanhill, 2005; Carslaw et al., 2013; IPCC, 2013; Huang, et al., 2014) and air quality in distant lands (Tsoar 5 

and Pye, 1987; Xu et al., 2007; Uno et al., 2009; Li et al., 2012). Deposition of airborne dust also plays a significant role in 

soil formation and biological diversity in arid and semi-arid regions (Simonson, 1995). An understanding of atmospheric 

dust sources, emissions, and deposition is therefore essential to improve regional air quality. 

Dust in the atmosphere and its subsequent deposition are vital indicators of aeolian activity and environmental quality. Pye 

(1987) indicated that reliable dust deposition data are lacking around the world. Annual dust deposition ranges from 10 to 10 

200 t km-2 on continents and one to two orders of magnitude lower over oceans (Pye, 1987). Observations of dust deposition 

have been made over deserts with an enhanced awareness of its significance. Table 1 lists observations of dust deposition in 

desert regions and other regions of the world prone to aeolian activity. High dust deposition occurs in Asia, with an annual 

deposition of 8365 t km-2 in the Aral Sea Basin (Wake and Mayewski, 1994; Groll et al., 2013). Shao (2011) estimated that 

over 2000 megatons of dust is emitted from the Earth’s surface into the atmosphere annually. Recent investigations suggest 15 

that dust deposition during one dust storm can be 10 to 25 times higher than the annual average (Liu et al., 2004; Goudie, 

2014). 

Located in the eastern part of central Asia, Xinjiang Province of northwestern China has long played a strategic role in 

cultural and economic trade between Asia and Europe. Xinjiang Province experiences severe sand and dust storms and is 

highly susceptible to desertification (Chen, 2010). Xinjiang Province is one of two major source regions of atmospheric dust 20 

in China, the other region being western Inner Mongolia (Xuan, 1999; Xuan et al., 2000). Long-range transport of dust from 

the region strongly affects air quality in eastern Asia (Derbyshire et al., 1998; Uno et al., 2009). In fact, dust from the region 

can be transported across the Pacific Ocean and thus impact air quality in North America (Husar et al., 2001; Osada et al., 

2014). Indeed, particulate matter associated with dust transport can severely deteriorate air quality (Sharratt and Lauer, 2006; 

Shoemaker et al., 2013). Over the past decades, many observations have been made of processes that govern dust emissions, 25 

transport, and deposition in Asia (Shao, 2011; Groll et al., 2013). Little is known, however, concerning dust deposition and 

concentrations in Xinjiang Province. In fact, temporal and spatial variations in dust deposition and concentration have not 

been characterized despite the importance of dust transport from the region. To improve our understanding of the fate and 

transport of airborne dust in central Asia, there is a need for continuous and long-term records of dust deposition and 

concentration. The purpose of this study is to characterize the spatiotemporal distribution of dust deposition and particulate 30 

matter concentration in Xinjiang Province that spans the 21st century. This characterization will strengthen our 

comprehension on aerosol transport in central Asia and provide aerosol data for modelling dust transport in global 

desertification regions. 
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2 Methods 

2.1 Study area 

Xinjiang Province is located in northwest China and is the largest inland province which covers an area of more than 1.6 

million km2 (Fig. 1). The Taklamakan and Gurbantunggut Deserts are located in the province. The Taklamakan Desert, 

located in the southern region, is the world’s largest shifting-sand dune desert. The Gurbantunggut Desert, located in the 5 

northern region, is the largest fixed-dune desert in China. The province is in part characterized by extreme aridity and 

aeolian desertification. The average annual precipitation varies from more than 700 mm in high-altitude forests and 

mountains to less than 50 mm in the deserts. Annual potential evaporation can exceed 2000 mm in desert regions (Chen, 

2010). Sand and dust storms occur throughout the year, but are most common in spring. In this study, the province was 

divided by latitude and longitude into three regions, those being northern Xinjiang, eastern Xinjiang and southern Xinjiang 10 

(Table 2). 

2.2 Experimental Data 

Dust deposition and PM10 concentration were measured at environmental monitoring stations maintained by the Xinjiang 

Environmental Protection Administration, a division of the Ministry of Environmental Protection (MEP) in China. Data 

collected at 14 stations (Fig. 1 and Table 2) were used in this study and represent a spatial distribution within this region.  15 

Dust deposition was determined by the gravimetric method and documented at monthly intervals. Glass cylinders were used 

to monitor dust deposition. Three cylinders (replicates) were installed to monitor dust deposition at each station. The 

cylinders (0.15 m in diameter, 0.3 m tall, and open at the top) were partly filled with an ethylene glycol (C2H6O2) – water 

solution prior to deployment. The solution enabled trapping of dust in a liquid media at temperatures below 0°C and also 

minimized evaporation from the cylinder. Cylinders were mounted vertically on a tower at approximate 10 m above ground. 20 

The mass of dust collected by the cylinders was determined after washing the contents out of the cylinders and oven-drying 

the contents at 105 . Dust deposition rate was ℃ calculated as the mass of dust per unit area per unit time and expressed in 

units of t km-2 mon-1 (MEP, 1994). Monthly and yearly dust deposition data were available through the MEP for the 14 

stations from 2000-2013. 

Ambient PM10 concentration was measured with high volume samplers designed to collect particulate matter by filtration. 25 

The samplers were installed at 1.5 m above the ground and equipped with fiberglass filters for trapping PM10. PM10 

concentration was determined based upon gravimetric filter analysis and flow rate of each sampler. Daily PM10 concentration 

data were obtained by the arithmetic mean of four samplers with the sampling time being >18 h for each sampler. PM10 was 

expressed in µg m-3 (MEP, 2011). Annual PM10 data were available through the MEP for the 14 stations (Xinjiang Statistical 

Bureau, 2014). 30 

Daily meteorological data, including surface wind speed and direction and dust days, were collected from the China 

Meteorological Administration. A dust day was defined by visibility according to World Meteorological Organization 
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protocol; days in which visibility was <10 km at any observation time throughout the day constituted a dust day. The World 

Meteorological Organization further classifies dust days as dust-in-suspension, blowing dust, and dust storms (Shao and 

Dong, 2006). Dust-in-suspension constitutes days in which dust is not emitted at the station at the time of observation and 

visibility is <10 km, blowing dust constitutes days in which dust or sand is emitted at the station and visibility is 1-10 km, 

and dust storms constitutes days in which dust or sand is emitted at the station and visibility is <1 km. Observations of 5 

visibility and wind characteristics at each station were taken at 3 hour intervals throughout the day. 

Daily air pollution index (API) data were obtained from air quality monitoring statistics published by the MEP 

(http://datacenter.mep.gov.cn). These data were used to illustrate the impact of airborne dust versus other air pollutants on air 

quality. The API is calculated according to the daily concentration of three main air pollutants (U.S. EPA, 2006; Wang et al., 

2013), namely PM10, SO2 and NO2.  The API is calculated as: 10 

API=max(APIi),                                                                                                                                                                          (1) 

API API APIL
C CL

C CL APIL,                                                                                                                                        (2) 

Where APIi is the index for pollutant i (i.e., PM10, SO2, and NO2), APIu and APIL are the upper and lower limits of the index 

for a specific category of air quality (i.e. excellent, slight, moderate, moderately severe, and severe), Ci is the observed 

concentration of pollutant, and Cu and CL are the upper and lower limits of the pollutant for a specific category of air quality.  15 

Information regarding the determination of the API index can be obtained from the MEP (MEP, 2012a, 2012b). Based on the 

API, air quality was classified as: excellent with an API of 0 to 50, slight pollution with an API of 50 to 100, moderate 

pollution with an API of 100 to 200, moderately severe pollution with an API of 200 to 300, and severe pollution with an 

API of 300 to 500. For the purpose of this study, we used only API data collected in 2010 since annual deposition and PM10 

concentration appeared to typify that which occurred between 2000 and 2013 in eastern, northern, and southern Xinjiang 20 

Province.  

Temporal trends in dust deposition, PM10 concentration and dust days were evaluated by testing the significance of the slope 

estimate using a t test at a probability level (P-value) of 0.05. 

3 Results and discussion 

3.1 Dust deposition 25 

Detailed information on dust deposition during 2000-2013 was obtained from 14 environmental monitoring stations (Table 

2). Annual average dust deposition across all stations in Xinjiang Province was 301.9 t km-2. The highest annual deposition 

occurred in Hotan and Kashgar in southern Xinjiang while the lowest deposition occurred in Karamay in northern Xinjiang. 

Based upon spatial characteristics in annual dust deposition, deposition increased from north to south across the province 

(Fig. 2). The annual average dust deposition was 147.8, 194.9 and 663.6 t km-2 in northern, eastern and southern Xinjiang, 30 

respectively. Although dust deposition was relatively low (<150 t km-2) for the majority of stations in northern Xinjiang 
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Province, dust deposition was at least 50% higher for stations within the industrial belt on the northern slope of the Tianshan 

Mountains. This industrial belt includes Changji and Urumqi. High dust deposition in the industrial belt was due to industry, 

coal burning and vehicle exhaust. 

Figures 3 and 4 depicted the temporal variation in dust deposition from 2000-2013. The highest annual deposition occurred 

in 2012 in southern Xinjiang, 2002 and 2012 in eastern Xinjiang, and 2001 in northern Xinjiang. Over the 14 year period, 5 

dust deposition varied with time across Xinjiang Province. The slope estimate of the relation between average dust 

deposition and year (-6.4±0.1 t km-2 yr-1) was significant at P=0.05. This trend was most apparent in northern Xinjiang (slope 

estimate was -5.6±0.1 t km-2 yr-1) and least apparent in southern Xinjiang (slope estimate was -1.9±0.1 t km-2 yr-1). High dust 

deposition occurred in spring in eastern and northern Xinjiang and in spring and summer in southern Xinjiang (Fig. 4). Dust 

deposition peaked in April in eastern and northern Xinjiang and in May in southern Xinjiang. This corresponds to the onset 10 

of wind erosion caused by intensifying zonal flow and rising air temperatures before the arrival of the summer monsoon 

(Song et al., 2016). The maximum monthly average dust deposition was 97.5 t km-2 in southern Xinjiang, which was 6.9 and 

8 times more than the deposition in northern and eastern Xinjiang, respectively. 

3.2 PM10 concentration 

The annual average PM10 concentration in Xinjiang was 125 µg m-3 based upon data collected at 14 stations from 2000-2013. 15 

Ten stations (71 percent) in our study had an annual average PM10 concentration above the People’s Republic of China Class 

II residential standard of 70 µg m-3. The highest annual average PM10 concentration (582 µg m-3) occurred in Hotan in 

southern Xinjiang while the lowest average PM10 concentration (46 µg m-3) occurred in Tacheng in northern Xinjiang. The 

annual average PM10 concentration appeared to increase from northern to southern regions (Fig. 5). Annual average PM10 

concentration in Xinjiang ranged from 100 to 156 µg m-3 (Fig. 6) across years. The annual average PM10 concentration was 20 

70, 115 and 239 µg m-3 in northern, eastern and southern Xinjiang, respectively. The high annual concentration in southern 

Xinjiang is of the same magnitude as found in other desertification regions of the world such as South Asia, Middle East, 

and western Sahel desert (WHO, 2015). These high concentrations of suspended particulates, especially finer particulate, 

may influence the health of sensitive populations who are susceptible to respiratory illness (Goudie, 2014).  

Over the period of record (2000-2013), there was a trend for decreasing PM10 concentration in Xinjiang Province. The slope 25 

estimate of the relation between annual PM10 concentration and year (-4.2±0.1 µg m-3 yr-1) was significant at P=0.05. This 

trend was most apparent in southern Xinjiang (slope estimate was -11.8±0.1 µg m-3 yr-1). On the contrary, PM10 

concentration appeared to increase with time in eastern and northern Xinjiang (slope estimates were 1.3±0.1 µg m-3 yr-1 and 

3±0.1 µg m-3 yr-1, respectively). The slope estimate, however, was not statistically different from zero and indicated no 

apparent trend in PM10 concentration with time in northern Xinjiang.  A decrease in both dust deposition and PM10 30 

concentration over 2000 to 2013 suggests a positive relationship between dust deposition and PM10 concentration. This 

relationship is supported by data in Fig. 7. A logarithmic function fit the data better than a linear function, suggesting that 

changes in atmospheric PM10 concentration are smaller at higher rates of deposition. This trend could be due to deposition of 
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larger or more massive particles under more severe dust or sand storms. While PM10 concentration may rise under more 

severe wind erosion events, the limited supply of PM10 in sand (major soil type in the province) will likely suppress a rise in 

PM10 concentration in the atmosphere under more severe erosion events. Nevertheless, from 2000 to 2013, the decline in 

both dust deposition and PM10 concentration across Xinjiang could be due to less frequent or intense dust storms because 

dust deposition in major cities of northern China was found to be closely related to the frequency of sand and dust storms 5 

(Zhang et al., 2010).  

3.3 Influence of atmospheric dust deposition on local air quality 

Daily ambient air quality has been reported by MEP since 2000. Airborne dust is one of three pollutants influencing the API, 

thus the relative contribution of dust to the API was of interest. Accordingly, we made a comparative analysis to identify the 

impact of airborne dust on air quality in Urumqi and Kuytun in northern Xinjiang, Turpan and Hami in eastern Xinjiang, and 10 

Kashgar and Hotan in southern Xinjiang (Fig. 8). In 2010, there were 178, 176, 286, 346, 334, and 363 days in which PM10 

was the main constituent of the API in Kuytun, Urumqi, Turpan, Hami, Kashgar and Hotan, respectively (Fig. 8). The PM10 

constituent accounted for 48.7%, 48.2%, 78.4%, 94.8%, 91.5%, and 99.5% of the API in the respective above cities. These 

data suggest that particulate matter is the main air pollutant in Xinjiang. Severe PM10 pollution (API >300) occurred mainly 

in spring, which was closely associated with the seasonality of strong winds and dust storm activity (Li et al., 2004). Stations 15 

in southern Xinjiang (Kashgar and Hotan) had higher API’s caused by elevated PM10 concentrations throughout the year. 

This can be attributed to the violent and persistent eaolian activity around the Taklamakan Desert (Pi et al., 2014). 

Consequently, PM10 is an important pollutant which dominates ambient air quality in Xinjiang. 

3.4 Factors influencing dust deposition and PM10 concentration 

Many factors influence ambient particulate concentration and dust deposition, but weather appears to be a dominate factor in 20 

arid regions (Zhang et al., 1996; Zhang et al., 2010). The Eurasian atmospheric circulation greatly affects weather in central 

Asia (Kang, et al., 2013). Strong winds associated with this atmospheric circulation cause large amounts of dust to be 

emitted into the atmosphere. 

Spatial differences in dust deposition and PM10 concentration across Xinjiang Province may be due in part to differences in 

frequency of dust days in the region. Dust storms normally occurred in all seasons in southern Xinjiang. The magnitude of 25 

wind erosion and dust day frequency in southern Xinjiang is nearly twice as large as in northern and the eastern Xinjiang 

(Wang et al., 2006). Figure 9 displays the variation in dust day frequency in Xinjiang Province from 2000 to 2013. The data 

indicate that the annual average frequency of dust days fluctuated from 15 to 52 days. The frequency of dust days in the 

southern region ranged from 41 to 133 days while the frequency of dust days in eastern and northern regions ranged from 2-

45 days and 0-3 days, respectively, across years. The slope estimate of the relationship between dust days and years (0.11 30 

day yr-1) indicated no apparent trend for an increase or decrease in dust days from 2000 to 2013. Thus, despite no temporal 

trend in dust days, we observed a decline in dust deposition and PM10 concentration across years. This decline in dust 
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deposition or PM10 concentration could be due to a decrease in frequency of severe dust days versus frequency of dust days 

from 2000 to 2013 in the region. We are unaware of any previous study which has examined dust day severity in Xinjiang 

Province, thus we used data available through the China Meteorological Administration to assess trends in dust day severity. 

Dust days were characterized according to dust-in-suspension, blowing dust, and dust storm events. Although there was no 

trend in the frequency of blowing dust and dust storm events from 2000 to 2013, there was a trend for fewer dust-in-5 

suspension events from 2000 to 2013 (data not shown). Thus, there appeared to be a close association between frequency of 

dust-in-suspension events and PM10 concentration and dust deposition. Nevertheless, in examining the relationship between 

average annual dust days and dust deposition or PM10 concentration across stations, the frequency of dust days was closely 

related to dust deposition (R2=0.93) (Fig.10) and ambient PM10 concentration (R2=0.89) (Fig.11). There was a significant 

increase in dust deposition (7.91 t km-2 day-1) and PM10 concentration (2.06 µg m-3 day-1) associated with an increase in dust 10 

days. 

4 Conclusions 

The atmospheric environment of central Asia is severely affected by the airborne dust, thus this study was undertaken to 

quantify dust deposition and ambient PM10 concentration in the region. Data collected at 14 environmental monitoring 

stations from 2000-2013 in Xinjiang Province, China confirmed that annual average dust deposition ranged from 255.7 to 15 

421.4 t km-2. Annual average PM10 concentration varied from 100 to 156 µg m-3. The highest dust deposition was observed 

in Hotan in the southern Taklamakan Desert with 1394.1 t km-2, which is ten times that in China’s Loess Plateau (Liu et al., 

2004). The highest ambient PM10 concentration was also observed in Hotan with 582 µg m-3, which far exceeds the World 

Health Organization’s long-term exposure standard (WHO, 2014). These results suggest that dust source in central Asia 

affect regional air quality and is a potential contributor of global dust. 20 

The spatial distribution and temporal variability in dust deposition and ambient PM10 concentration showed significant 

variation and a trend for lower deposition and concentration with time. The inner-annual dynamic of dust deposition varied 

significantly with seasonality. Spring and summer had the highest dust deposition (1.3 times the average), followed by 

autumn and winter. The highest intensity of dust deposition was observed in May, followed by April, June and July. 

In dust source areas such as Xinjiang, China, windblown sand and dust affect air quality, especially during the spring season. 25 

The analysis of the data indicated no trend in frequency of dust days from 2000 to 2013. A positive relationship existed, 

however, between dust days and dust deposition as well as airborne PM10 concentration across stations. The effect of 

weather on dust deposition and ambient air quality cannot be expressed by a simple correlation and should not be 

extrapolated based on the currently limited evidence. This study provides information on the potential spatial-temporal dust 

deposition and ambient dust aerosol variation in central Asia. Although longer term datasets are needed to address trends 30 

over longer time periods, this work can aid in adjusting model parameters in simulating dry dust deposition or PM10 

concentration in desertification regions of central Asia. 

Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-512, 2016
Manuscript under review for journal Atmos. Chem. Phys.
Published: 23 June 2016
c© Author(s) 2016. CC-BY 3.0 License.



8 
 

Acknowledgements. This work was supported by the National Natural Science Foundation of China (No.41301655), the 

West Light Foundation of the Chinese Academy of Sciences (No.XBBS201104), and the Open Funds (No.LAPC-KF-2013-

17) of the State Key Laboratory of Atmospheric Boundary Layer and Atmospheric Chemistry, China. 

References 

Carslaw, K.S., Lee, L.A., Reddington, C.L., Pringle, K.J., Rap, A., Forster, P.M., Mann, G.W., Spracklen, D.V., Woodhouse, M.T., Regayre, L.A., and 5 
Pierce, JR.: Large contribution of natural aerosols to uncertainty in indirect forcing, Nature, 503(7474), 67-71, doi: 10.1038/nature12674, 2013. 

Cattle, S.R., McTainsh, G.H., and Elias, S.: Aeolian dust deposition rates, particle-sizes and contributions to soils along a transect in semi-arid New South 
Wales, Australia, Sedimentology, 56, 765-783, doi:10.1111/j.1365-3091.2008.00996.x, 2009. 

Chen, X.: Physical geography of arid land in China, Science Press, Beijing, 124-155, 2010. 
Derbyshire, E., Meng, X., and Kemp, R.A.: Provenance, transport and characteristics of modern aeolian dust in western Gansu Province, China, and 10 

interpretation of the quaternary loess record, Journal of Arid Environments, 39, 497-516, doi:10.1006/jare.1997.0369, 1998. 
Dong, Z., Lv, P., Qiang, G., Xia, X., Zhao, Y., and Mu G.: Research progress in China's Lop Nur, Earth-Science Reviews, 111(1-2), 142-153, 

doi:10.1016/j.earscirev.2011.11.003, 2012. 
Drees, L.R., Manu, A., and Wilding, L.P.: Characteristics of aeolian dusts in Niger, West Africa, Geoderma, 59, 213-233, doi:10.1016/0016-

7061(93)90070-2, 1993. 15 
Gile, L.H. and Grossman, R.B.: The desert project soil monograph: soils and landscapes of a desert region astride the Rio Grande Valley near Las Cruces, 

New Mexico, USDA-SCS, Washington D.C., 1979. 
Goudie, A.S.: Desert dust and human health disorders, Environmental International, 63, 101-113, doi:10.1016/j.envint.2013.10.011, 2014. 
Groll, M., Opp, Chr., and Aslanov, I.: Spatial and temporal distribution of the dust deposition in Central Asia – results from a long term monitoring program, 

Aeolian Research, 9, 49-62, doi:10.1016/j.aeolia.2012.08.002, 2013. 20 
Huang, J., Wang, T., Wang, W., Li, Z., and Yan, H.: Climate effects of dust aerosols over East Asian arid and semiarid regions, Journal of Geophysical 

Research(Atmospheres), 119, 11398-11416, doi:10.1002/2014JD021796, 2014. 
Huang, X., Oberhänsli, H., von Suchodoletz H., and Sorrel P.: Dust deposition in the Aral Sea: implications for changes in atmospheric circulation in central 

Asia during the past 2000 years, Quaternary Science Reviews, 30, 3661-3674, doi: 10.1016/j.quascirev.2011.09.011, 2011. 
Husar, R.B., Tratt, D.M., Schichtel, B.A., Falke, S.R., Li, F., Jaffe, D., Gasso, S., Gill, T., Laulainen, N.S., Lu, F., Reheis, M.C., Chun, Y., Westphal, D., 25 

Holben, B.N., Gueymard, C., McKendry, I., Kuring, N., Feldman, G.C., McClain, C., Frouin, R.J., Merrill, J., DuBois, D., Vignola, F., Murayama, T., 
Nickovic, S., Wilson, W.E., Sassen, K., Sugimoto, N., and Malm, W.C.: The Asian dust events of April 1998, J. Geophys. Res, 106(D16), 18317-18330, 
doi:10.1029/2000JD900788, 2001. 

IPCC Working Group I: Climate change-the physical science basis, Cambridge University Press, New York, 252-271, 2013. 
Kang, L., Ji, M., Huang, J., and Guan, X.: Impact of Eurasian atmospheric circulation on dust events in spring over northern China, Journal of desert 30 

research, 33(5), 1453-1460, doi:10.7522/j, 2013. 
Khalaf, F.and Al-Hashash, M.: Aeolian sedimentation in the north-western part of the Arabian Gulf, Journal of Arid Environments, 6, 319-332,1983. 
Li, F., Zhao, L., Zhang, H., Zhang, T., and Shirato, Y.: Wind erosion and airborne dust deposition in farmland during spring in the Horqin Sandy Land of 

eastern Inner Mongolia, China, Soil and Tillage Research, 75(2), 121-130, doi:10.1016/j.still.2003.08.001, 2004. 
Li, J., Wang, Z., Luo, G., Luo, G., Sun, Y., and Wang, Y.: Mixing of Asian mineral dust with anthropogenic pollutants over East Asia: a model case study 35 

of a super-dust storm in March 2010, Atmos. Chem. Phys., 12, 7591-7607, doi:10.5194/acp-12-7591-2012, 2012. 
Liu, L.Y., Shi, P.J., Gao, S.Y., Zou, X.Y., Erdon, H., Yan, P., Li, X.Y., Ta, W.Q., Wang, J.H., and Zhang, C.L.: Dustfall in China’s western loess plateau as 

influenced by dust storm and haze events, Atmospheric Environment, 38(12):1699-1703, doi:10.1016/j.atmosenv.2004.01.003, 2004. 
McTainsh, G.H. and Walker, P.H.: Nature and distribution of Harmattan dust, Zeitschrift Fur Geomorphologie, 26, 417-435, 1982. 
Menéndeza, I., Díaz-Hernándezb, J.L., and Mangasa, J.: Airborne dust accumulation and soil development in the North-East sector of Gran Canaria (Canary 40 

Islands, Spain), Journal of Arid Environments, 71(1), 57-81, doi:10.1016/j.jaridenv.2007.03.011, 2007. 
MEP (Ministry of Environmental Protection, China): Ambient Air Determination of Dustfall Gravimetric Method (GB/T 15265–1994), Standards Press of 

China, Beijing, 1994. 

Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-512, 2016
Manuscript under review for journal Atmos. Chem. Phys.
Published: 23 June 2016
c© Author(s) 2016. CC-BY 3.0 License.



9 
 

MEP (Ministry of Environmental Protection, China): Determination of atmospheric particles PM10 and PM2.5 in ambient air by gravimetric method (HJ 618-
2011), Standards Press of China, Beijing, 2011. 

MEP (Ministry of Environmental Protection, China): Ambient air quality standards (GB 3095-2012), Standards Press of China, Beijing, 2012a. 
MEP (Ministry of Environmental Protection, China): Technical Regulation on Ambient Air Quality Index (HJ 633-2012), Standards Press of China, Beijing, 

2012b. 5 
Modaihash, A.S.: Characteristics and composition of the falling dust sediments on Riyadh city, Saudi Arabia, Journal of Arid Environments, 36, 211-223, 

doi:10.1006/jare.1996.0225, 1997. 
O’Hara, S.L., Clarke, M.L., and Elatrash, M.S.: Field measurements of desert dust deposition in Libya, Atmospheric Environment, 40(21), 3881-3897, doi: 

10.1016/j.atmosenv.2006.02.020, 2006. 
Osada, K., Ura, S., Kagawa, M., Mikami, M., Tanaka, T.Y., Matoba, S., Aoki, K., Shinoda, M., Kurosaki, Y., Hayashi, M., Shimizu, A., and Uematsu, M.: 10 

Wet and dry deposition of mineral dust particles in Japan: factors related to temporal variation and spatial distribution, Atmos. Chem. Phys., 14, 1107-
1121, doi:10.5194/acp-14-1107-2014, 2014. 

Péwé, T.L.: Desert dust: origin, characteristics, and effect on man, Geological Society of America, 186, 1-10, doi: 10.1130/SPE186-p1, 1981. 
Pi, H., Feng, G., Sharratt, B., Li, X., and Zheng, Z.: Validation of SWEEP for Contrasting Agricultural Land Use Types in the Tarim Basin, Soil Science, 

179(9), 433-445, doi:10.1097/SS.0000000000000083, 2014. 15 
Pye, K.: Aeolian dust and dust deposits, Academic Press, London, 5-63, 1987. 
Saeid, H., Khademia, H., Angel, F., and Ahmad, L.: Characteristics of dust deposited along a transect between central Iran and the Zagros Mountains, 

CATENA, 88(1), 27-36, doi:10.1016/j.catena.2011.09.002, 2012. 
Shao, Y., and Dong, C.: A review on East Asian dust storm climate, modelling and monitoring, Global and Planetary Change, 52, 1-22, 

doi:10.1016/j.gloplacha.2006.02.011, 2006. 20 
Shao, Y., Wyrwoll, K., Chappell, A., Huang, J., Lin, Z., McTainsh, G., Mikami, M., Tanaka, T., Wang, X., and Yoon, S.: Dust cycle: an emerging core 

theme in Earth system science, Aeolian Research, 2(4), 181-204, doi:10.1016/j.aeolia.2011.02.001, 2011. 
Sharratt, B., and Lauer, D.: Particlate matter concentration and air quality affected by windblown dust in the Columbia Plateau, Journal of Environmental 

Quality, 35, 2011-2016, doi:10.2134/jeq2006.0212, 2006. 
Shoemaker, J.K., Schrag, D.P., Molina, M.J., and Rmanathan, V.: What role for short-lived climate pollutants in mitigation policy, Science, 342(6164), 25 

1323-1324, doi:10.1126/science.1240162, 2013. 
Simonson, R.: Airborne dust and its significance to soil, Geoderma, 65, 1-43, doi: 10.1016/0016-7061(94)00031-5, 1995. 
Song, H., Zhang, K., Piao, S., and Wan, S.: Spatial and temporal variations of spring dust emissions in northern China over the last 30 years, Atmospheric 

Environment, 126, 117-127, doi:10.1016/j.atmosenv.2015.11.052, 2016. 
Stanhill, G.: Global dimming: a new aspect of climate change, Weather, 60(1), 11-14, doi:10.1256/wea.210.03, 2005. 30 
Tsoar, H., and Pye, K.: Dust transport and the question of desert loess formation, Sedimentology, 34, 139-153, doi:10.1111/j.1365-3091.1987.tb00566.x, 

1987. 
Uno, I., Eguchi, K., and Yumimoto, K.: Asian dust transported one full circuit around the globe, Nature Geoscience, 2, 557-560, doi:10.1038/ngeo583, 2009. 
U.S. EPA: Guideline for reporting of daily air quality - the Air Quality Index (AQI), U.S. Environmental Protection Agency, Office of Air Quality Planning 

and Standards, Research Triangle Park, North Carolina, 2006. 35 
USDA: Dust deposition and weather, Weatherwise, 21(2), 65-70, doi:10.1080/00431672.1968.9932796, 1968. 
Wake, C.P.and Mayewski, P.A.: Modern aeolian dust deposition in central Asia, Tellus, 46B, 220-233, 1994. 
Wang, X., Oenema, O., Hoogmoed, W.B., Perdok, U.D., and Cai, D.: Dust storm erosion and its impact on soil carbon and nitrogen losses in northern China, 

CATENA, 66:3, 221-227, doi:10.1016/j.catena.2006.02.006, 2006. 
Wang, Y.M., Wang, J.H., Qi, Y., and Yan, C.Z.: China 1:100000 Desert (Sand land) Map, Environmental and Ecological Science Data Centre for West 40 

China (http://westdc.westgis.ac.cn), doi:10.3972/westdc.006.2013.db, 2005. 
Wang, L., Zhang, P., Tan, S., Zhao, X., Cheng, D., Wei, W., Su, J., and Pan, X.: Assessment of urban air quality in China using air pollution indices (APIs), 

Journal of the Air & Waste Management Association, 63(2), 170-178, doi:10.1080/10962247.2012.739583, 2013. 
WHO: Ambient (outdoor) air quality and health, available at: http://www.who.int/mediacentre/factsheets/fs313/en/, 2014. 
WHO: Ambient Air Pollution database, available at: http://gamapserver.who.int/mapLibrary/app/searchResults.aspx, 2015. 45 
Xuan, J.: Dust emission factors for environment of northern China, Atmospheric Environment, 33, 1767-1776, doi:10.1016/S1352-2310(98)00339-2, 1999. 
Xuan, J., Liu, G.L., and Du, K.: Dust emission inventory in northern China, Atmospheric Environment, 34, 4565-4570, doi:10.1016/S1352-2310(00)00203-

X, 2000. 

Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-512, 2016
Manuscript under review for journal Atmos. Chem. Phys.
Published: 23 June 2016
c© Author(s) 2016. CC-BY 3.0 License.



10 
 

Yaalon, D.H. and Ganor, E.: Rates of aeolian dust accretion in the Mediterranean and desert fringe environments of Israel, 9th International 
Sedimentological Congress, Nice, France, 2, 169-174, 1975. 

Xinjiang Statistical Bureau: Xinjiang Statistical Yearbook 2014, China Statistical Press, Beijing, 60-225, 2014. 
Xu, J., Hou, S., Qin, D., Kang, S.,, Ren, J.,  and Ming, J.:  Dust storm activity over the Tibetan Plateau recorded by a shallow ice core from the north slope 

of Mt. Qomolangma (Everest), Tibet-Himal region, Geophys. Res. Lett., 34, L17504, doi:10.1029/2007GL030853, 2007. 5 
Zhang, D.: Preliminary analysis on climatology of dust deposition in China history, Scientia Sinica (Chinese), 3, 278-288, 1984. 
Zhang, X.X., Shi, P.J., Liu, L.Y., Tang, Y., Cao, H.W., Zhang, X.N., Hu, X., Guo, L.L., Lue, Y.L., Qu, Z.Q., Jia, Z.J., and Yang, Y.Y.: Ambient TSP 

concentration and dustfall in major cities of China: spatial distribution and temporal variability, Atmospheric Environment, 44, 1641-1648, 
doi:10.1016/j.atmosenv.2010.01.035, 2010. 

Zhang, X.Y., Shen, Z.B., Zhang, G.Y., Chen, T., and Liu, H.: Remote mineral aerosols in westerlies and their contributions to the Chinese loess, Science in 10 
China Series D (Earth Science), 39 (2), 134-143, 1996. 

  

Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-512, 2016
Manuscript under review for journal Atmos. Chem. Phys.
Published: 23 June 2016
c© Author(s) 2016. CC-BY 3.0 License.



11 
 

Tables 

 

Table 1. Observations of dust deposition in desertification regions. 

Continent Location Period Dust deposition 

t km-2 yr-1 

Citation 

America Kansas, USA 1964-1966 53.5-62.1 USDA (1968) 

New Mexico, USA 1962-1972 9.3-125.8 Gile and Grossman (1979) 

Arizona, USA 1972-1973 54 Péwé (1981) 

Europe Spain 2002-2003 17-79 Menéndez et al. (2007) 

Africa Nigeria 1976-1979 137-181 McTainsh and Walker (1982) 

Niger 1985 164-212 Drees et al. (1993) 

Libya 2000-2001 420 O’Hara et al. (2006) 

Oceania Australia 2000-2001 5-100 Cattle et al. (2009) 

Asia Israel 1968-1973 57-217 Yaalon and Ganor (1975) 

Kuwait 1982 2600 Khalaf and Al-Hashash (1983) 

Saudi Arabia 1991-1992 4704 Modaihash (1997) 

Lanzhou, China 1988-1991 108 Derbyshire et al. (1998) 

Loess Plateau, China 2003-2004 133 Liu et al. (2004) 

Urumqi, China 1981-2004 284.5 Zhang et al. (2010) 

Iran 2008-2009 72-120 Saeid et al. (2012) 

Uzbekistan 2003-2010 8365 Groll et al. (2013) 
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Table 2. Dust deposition and PM10 concentrations at 14 stations in Xinjiang. 

No. Station Region* Latitude Longitude
Population** 

(million) 
Annual dust 

deposition (t km-2)

Annual PM10 

concentration (µg m-3) 

1 Urumqi NJ 43.832°N 87.616°E 2.26 

0.36 

0.62 

0.27 

0.29 

0.17 

0.53 

0.30 

0.48 

0.28 

0.57 

0.33 

0.57 

0.51 

229.4 

295.7 

107.7 

133 

81.1 

84.9 

142.7 

108.1 

209.8 

180.1 

231.8 

1394.1 

516.9 

511.5 

141 

2 Changji NJ 44.017°N 87.308°E 76 

3 Shihezi NJ 44.306°N 86.080°E 61 

4 Bole NJ 44.900°N 82.071°E 48 

5 Karamay NJ 45.580°N 84.889°E 54 

6 Tacheng NJ 46.691°N 82.952°E 39 

7 Yining NJ 43.912°N 81.329°E 78 

8 Kuytun NJ 44.426°N 84.903°E 66 

9 Hami EJ 42.818°N 93.514°E 84 

10 Turpan EJ 42.957°N 89.179°E 145 

11 Korla SJ 41.727°N 86.174°E 131 

12 Hotan SJ 37.113°N 79.922°E 352 

13 Kashgar SJ 39.471°N 75.989°E 236 

14 Aksu SJ 41.170°N 80.230°E 238 

* Xinjiang Province was classified into three regions: northern Xinjiang (NJ), eastern Xinjiang (EJ), and southern Xinjiang (SJ).  
**Population in 2013 as reported by the Xinjiang Statistical Bureau. 
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Figures 

 

 
Figure 1. Location of Xinjiang Province in China (gray area outlined on inset map). Dust deposition and concentrations were measured at stations signified 

by small triangles. Land use types are identified across the province according to Wang et al., 2005. 5 
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Figure 2. Annual average dust deposition (t km-2) reported at 14 stations in Xinjiang Province from 2000-2013. Land use types across the province are 

identified according to Wang et al. (2005).  
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Figure 3. Annual average dust deposition in Xinjiang Province from 2000 to 2013. Dust deposition in northern, eastern and southern Xinjiang is the average 

deposition at 8, 2 and 4 stations, respectively.  
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Figure 4. Monthly average dust deposition in Xinjiang Province from 2000-2013. Dust deposition in northern, eastern and southern Xinjiang is the average 

deposition at 8, 2 and 4 stations, respectively. 
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Figure 5. Annual average PM10 concentration (µg m-3) reported for 14 stations in Xinjiang Province from 2000-2013. Land use types are identified across 

the province according to Wang et al., 2005. 
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Figure 6. Annual average PM10 concentration in Xinjiang Province from 2000 to 2013.  
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Figure 7. Relationship between annual dust deposition and PM10 concentration in Xinjiang Province. Each point represents data averaged across 2000 to 

2013 at one station. 
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Figure 8. Daily air pollution index for Kuytun and Urumqi in northern Xinjiang, Hami and Turpan in eastern Xinjiang, and Kashgar and Hotan in southern 

Xinjiang in 2010. The main air pollutant contributing to the daily API is identified for each station. Not detected indicates excellent air quality (API<50). 
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Figure 9. Dust day frequency in Xinjiang Province from 2000 to 2013.  
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Figure 10. Relationship between annual dust deposition and dust day frequency in Xinjiang Province. Each point represents data averaged across 2000 to 

2013 at one station. 
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Figure 11. Relationship between PM10 concentration and dust day frequency in Xinjiang Province. Each point represents data averaged across 2000 to 2013 

at one station. 
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