Asian Dust Episode (4/16/2001)

Introduction

During the spring season, the desert regions in Mongolia and China, especially Gobi desert in Northwest China, are important sources of mineral aerosols over both Eastern Asia and the Northern Pacific Ocean [Zhang et al., 1993; Chen et al., 1997]. Recent work suggests that the frequency of dust storms in China has apparently increased since the 1950’s [Zhao, 2000, Zhuang et al., 2001].  Previous studies also suggest that aerosol particles emitted from the Northwest desert region of China may be transported to the remote Pacific Ocean, and may have a significant influence on the aerosol loadings and chemical speciation over large areas of Eastern Asia, the Northern Pacific and even as far away as North America [Duce et al., 1980; Uematsu et al., 1985; Zhang, et al., 1993; Zhou et al., 1996; Gao et al., 1997; Hacker, et al., 2001; McKendry et al., 2001; Zhang et al., 2001]. 

A large dust storm formed over the Gobi desert region in early April 2001, and transported to the western United States about 10 days later.  As shown in Figure 1, on April 16, 2001, 45 of the 68 WRAP IMPROVE monitoring sites were in 20% worst case days of the year 2001. Both fine soil and coarse mass had important contributions to the aerosol light extinction in most of the sites that made to the 20% worst case days, and they together contributed in average ~ 46% (S.D. 13%) to the aerosol light extinction. This confirms that dust transported from Asia may be the major reason for the large area regional haze on April 16, 2001.
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Figure 1. Aerosol patterns on April 16, 2001

Origin of the Asian Dust

The Asian dust was originated from the Gobi desert region of China around April 6. As shown in Figure 2, a strong low pressure system sitting in northeast Mongolia caused surface wind speeds to be as high as ~30 m/s [Xu et al., 2003], which lifted lots of desert dust particles up into the boundary layer. The upward air flow associated with low pressure system also helped to elevate the dust so that it can be transported over long distance. The origin of the Asian dust storm was also indicated by satellite image as shown in Figure 3. Daily filter samples collected in Zhengbetitai, which is at the edge of the Gobi desert, indicate that daily average PM2.5 mass concentrations were above 400 g/m3 on April 6 and April 8, and a peak hourly average aerosol scattering coefficient for PM2.5 was  ~2500 Mm-1 on April 8 [Xu et al., 2003].
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Figure 2. Sea level pressure over China on April 6, 2001 (NCEP/NCAR Reanalysis)
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Figure 3. SeaWiFS images of the dust storm

Transport of the Asian dust to the United States

Meteorology conditions are very important for the long-range transport of Asian dust to the North America. The common weather conditions are usually associated with the upper low pressure trough / cut-ff low and surface low pressure system (low formed by a strong cyclonic vortex) over northeast China and north Korea [Kim et al., 2002]. Under this weather conditions, Asian dust can move fast along the zonal wind distribution due to the jet streak [Kim et al., 2002]. As shown in Figure 4, dusts were found to reach the United States around the middle of April. Figure 5 is the 10 day backward trajectory start at April 16 in California. It clearly indicates the transport of air parcel from northwest China to the western United States. This suggests that under suitable weather conditions, it takes about 7-10 days for the Asian dust to reach the west coast of the United States. 
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Figure 4, SeaWiFS image of Asian dust reaching the western U.S. 
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Figure 5. 10 day backward trajectory start at CA on April 16, 2001

Influence of the Asian Dust to the Aerosol Properties in the United States

Satellite images suggest that Asian dust reached the west coast on about April 13-14. Figure 6 suggests that most of the sites were not significantly influenced by Asian dust on April 13, 2001. Figure 7 shows the ratio of fine soil concentrations on April 13 at each WRAP site to the 5 year average (1997-2001) fine soil concentrations on April at each site. It indicates that only 7 of the 68 sites have fine soil concentrations more than doubled compared with the 5 year April average. This suggests that it takes time for the Asian dust to deposit from the free troposphere to the boundary layer. The deposition process depends on the meteorological conditions.    
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Figure 6. Aerosol patterns on April 13, 2001
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Figure 7. Ratio of fine soil (FS) concentrations on April 13 to 5-year average FS concentrations

As shown in Figure 8, a synoptic-scale ridge began to develop since April 15 and became very strong on April 16. The development of this ridge caused the sinking of the air parcel and increased the deposition speed of the Asian dust particles, resulting in a large regional influence of Asian dust in the western United States as shown in Figure 1. 
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Figure 8. NCEP/NCAR reanalysis data for geopotential height at 700mb on April 15 and 16

As shown in Figure 1, on April 16, 2001, 45 of the 68 WRAP IMPROVE monitoring sites were in 20% worst case days of the year 2001. The average contribution of fine soil to PM2.5 is ~54% (with a standard deviation of 18%) for all WRAP sites on April 16, 2001. For the sites that were 20% worst case days, the average contribution of fine soil to PM2.5 is ~60% (with a standard deviation of 13%), and dusts (fine soil and coarse mass) contributed in average ~ 46% (S.D. 13%) to the aerosol light extinction. Figure 9 indicates that most (56) of the WRAP sites have fine soil concentrations more than twice of the 5 year averages, and 37 of them are more than 4 times higher than 5 year averages. As shown in Table 1, the average fine soil concentration on April 16 for all WRAP sites is 7.0 g/m3, which is about 4.7 times higher than 5 year April average value of 1.5 g/m3. For the 45 sites that were 20% worst case day on April 16, the fine soil concentrations are about 6 times higher than the average fine soil concentrations of April during the years of 1997-2001. The CM concentrations are about twice of the 5 year April average. At the same time, S and OC concentrations are only about 30% higher than 5-year average, and EC concentration is even 14% lower than average. Nitrate concentrations are about twice of the 5 year April average. Overall, as shown in Figure 10, the contributions of fine soil and coarse mass to aerosol light extinction increased from 7% and 15% to 21% and 20% for 5 year April average and April 16, respectively, while the contributions of the pollution components (i.e. Sulfate, Nitrate, OC and EC) all decreased. These facts suggest that dust particles come from the Asian dust is the major cause of this large regional haze on April 16. 

Table 1. Means and standard deviations (S.D.) of the concentrations (g/m3) of the major aerosol chemical components on April 16, 2001 and in April 1997-2001 for 68 WRAP sites

	
	S
	Nitrate
	OC
	EC
	Fine Soil
	CM

	
	Average
	S.D.
	Average
	S.D.
	Average
	S.D.
	Average
	S.D.
	Average
	S.D.
	Average
	S.D.

	4/16/2001
	0.33
	0.13
	0.54
	0.48
	0.84
	0.61
	0.11
	0.07
	7
	4.7
	11
	6.6

	5 Year Average
	0.26
	0.09
	0.34
	0.39
	0.7
	0.32
	0.14
	0.07
	1.5
	0.66
	5.1
	3
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Figure 9. Ratios of the aerosol chemical concentrations on April 16 to 5-year averages
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Figure 10. Contributions of the major aerosol components to light extinction for 5 year April average and April 16, 2001

Due to the reason that, during the spring season, local dust and dust transported from other parts of the world such as Africa also have significant contributions to the aerosol loading, it is very important to identify the signature of the Asian dust. Under the assumption that Asian dust is the dominant source of fine soil for these 37 sites where fine soil concentrations on April 16 are more than four times higher than the 5-year April average, the ratios of Al, Ca, Fe and Ti to Si are calculated. The means (and standard deviations) of Al/Si, Ca/Si, Fe/Si and Ti/Si are 0.51 (0.04), 0.30 (0.07), 0.31(0.03) and 0.026 (0.002), respectively. Figure 11 indicates that the Al/Si, Ca/Si and Fe/Si ratios are relatively constant, with the standard deviations less than 10% the averages. The variation of the Ca to Si ratios is relatively big, which may be due to the reason that Ca is more influenced by the local sources. The ratio of K to Fe is about 0.51 (S.D. 0.05), lower than the value of 0.6 for the local dust [IMPROVE website], but higher than the value reported for the African dust [VanCuren et al., 2002]. The average ratio of coarse mass to soil is 1.7 (S.D. 0.8), less than half of the average ratio of 3.8 (S.D. 1.9) based on 5 year April average data for all 68 WRAP sites, due to the deposition of coarse particles during the long-range transport of Asian dust. 

On the next sampling period – April 19, only about 10 sites were still in the 20% worst case days, with fine soil and coarse mass dominating the aerosol light extinction. Five day backward and forward trajectory analysis in South Dakota on April 19 suggest that the air was coming from southwest and moving towards northeast into Canada as shown in Figure 13.  
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Figure 11. Ratios of Al, Ca, Fe and Ti to Si on April 16, 2001 
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Figure 12. Aerosol patterns on April 19, 2001
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Figure 13. Five day backward and forward trajectory start at SD on April 19, 2001

Summary

Given suitable weather conditions, dust can be lifted from the dry surface of the Asian Gobi desert region and transported to the United States in about 7-10 days. It may cause haze in a large area and last several days depending on the regional and local weather conditions in the United States. The origin of the Asian dust usually associated with low pressure system in the Gobi desert region of Mongolia and northwest China, which result in high wind speed and vertical velocity. Once elevated to the troposphere, Asian dust can move fast along the zonal wind distribution due to the jet streak, which is usually associated with the upper low pressure trough / cut-ff low and surface low pressure system (low formed by a strong cyclonic vortex) over northeast China and north Korea. Under ridge of high pressure, large-scale deposition of dust from troposphere to the boundary layer may happen and result in elevated aerosol concentrations. On April 16, 2001 Asian dust episode, 45 of the 68 WRAP IMPROVE monitoring sites were in 20% worst case days of the year 2001. The average contribution of fine soil to PM2.5 is ~54% (with a standard deviation of 18%) for all 68 WRAP sites on April 16, 2001. The fine soil concentrations on April 16 were about 5 times higher than the 5 year (1997-2001) April averages. The contributions of fine soil and coarse mass to aerosol light extinction increased from 7% and 15% to 21% and 20% for 5 year April average and April 16, respectively, while the contributions of the pollution components (i.e. Sulfate, Nitrate, OC and EC) all decreased. This confirms the fact that dust particles come from the Asian dust is the major cause of this large regional haze on April 16. Although it is very difficult to quantitatively separate the influence of the Asian dust from the local dust and dust transported from other regions of the world (e.g. Africa), some signatures may be identified based on the ratios of the dust elements and the ratio of fine soil to coarse mass concentrations. This may help us to understand the importance of the Asian dust to the air quality and regional haze in the United States.  
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