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Analysis of Asian Dust Outbreaks and Correlation with
Meteorological Factors Using Erdene Dust Monitoring Tower
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Abstract This study analyzed the characteristics of the Asian dust source region and examined the correlation between
Asian dust outbreak and meteorological factors using data collected from a 20 m dust monitoring tower located in Dornogovi
Erdene, Mongolia from 2019 to 2021. During this period, the hourly average PM,, concentrations were about 3,522 ug/m? on
May 4 in 2019, 2,958 ug/m3 on October 20 in 2020, and 3,812 ;.lg/m3 on April 15 in 2021, recording the highest concentration
in the spring and fall seasons. However, according to the Asian dust monitoring tower observations, it was analyzed that the
Asian dust outbreak events of which the maximum hourly average PM;, concentration exceeding 200 pg/m? occurred every
month of the year. Through the correlation analysis between observed meteorological factors and PM;, concentration, it was
found that high-concentration dust events occurred when the critical friction velocity exceeds 0.6 m/s. It was found that the
dust concentration at this site was directly related to the wind speed exceeding the critical friction velocity during the winter
to early spring. However, it was not only related to the wind speed but also related to the Normalized Difference Vegetation
Index (NDVI) during the late spring to the late autumn due to the growth of vegetation. The Erdene dust monitoring tower
data can be used to validate the model parameters in the Asian Dust Aerosol Model (ADAM) and to improve the operational
ADAM forecasting performance in the Korea Meteorological Administration (KMA).
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Fig. 1. Geographical locations of (a) the dust monitoring towers and the landscapes of (b) Erdene.
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Fig. 2. The schematic representation of a dust monitoring tower at Erdene in Mongolia.
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Table 1. Instrument deployment at the Erdene tower.
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Sensor Model & Manufacture Measurement range Measurement height or depth
Data logger CR3000 (Campbell) 1.5m
Temperature and humidity HMP45A or C (Vaisala) -40~60°C, 0.8~100% 2,4,8,16m
Wind speed 03101 (Campbell) 0~60m/s 2,4,8,16m
Wind direction 03001 (Campbell) 0~360 deg 20m
Soil temperature 107 (Campbell) -35~50°C 5,20, 50 cm (depth)
Soil moisture CS615 (Campbell) 0~1v/v 5,20, 50 cm (depth)
Solar radiation LI200X (Li-Cor) 0~3,000 W/m? 2m (up, down)
Net radiation NR-Lite (Kipp and Zonen) -2,000~2,000 W/m? 2m
Ground heat flux HFP0O1SC (Campbell) -2,000~2,000 W/m? 25cm (depth)
Pressure PTB101 or PTB110 (Vaisala) 500~1,100 hPa 2m
Precipitation TE525 mm (Texas Electronics) 0.1 mm~inf Surface
Surface temperature IRTS (Apogee) -40~70°C 2m
Turbulent flux CSAT (Campbell) -30~30m/s 8m
Aerosol concentration (PM;) FH62C14 (Thermo) 0~5,000 ug/m3 3m
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Table 2. Maximum and minimum values for data quality
control.

Table 3. MYD13A1 pixel reliability.

Variable Max. Min. Rkaer;/k Summary QA Description
PM,, Conc. (ug/m?) <10 -1 Fill/No Data Not processed
Wind speed (m/s) >30 <0 0 Good data Use with confidence
Pressure (hPa) > 1,000 <800 1 Marginal data  Useful, but look at other QA information
u* (m/s) >2 <0 2 Snow/Ice Target covered with snow/ice
Temperature (°C) >70 <-50 3 Cloudy Target not visible, covered with cloud
Relative humidity (%) >100 <0
Soil temperature (°C) >70 <-50
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Fig. 3. Time series of the (a) 16-day averaged daily maximum concentration (red line) and hourly mean dust concentration
(blue bar) and (b) yellow dust duration time (red line) and frequency (blue bar) for a 16-day period.
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Fig. 6. Temporal variation of Normalized Difference Vegetation Index (NDVI) during 2019~2021.
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Fig. 8. Scatter plots of the friction velocity of (a) wind speed, (b) air temperature, (c) relative humidity, and (d) soil moisture.
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