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Characteristics of Asian Dust Observed over the Yellow Sea

during YES-AQ Campaign in March, 2021 based on Vessel and
Aircraft Measurement
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Abstract  The meteorological and aerosol characteristics of heavy dust during the 2021 YES-AQ campaign were analyzed.
The source region of Asian Dust were sufficiently warm and dry, which is a proper condition for dust particles to be well intruded
from the surface into the air above. Asian dust transported to the Shandong peninsula in China by the northwesterly, and then
flowed into the Korean peninsula by the westerly. When the fine-mode aerosol is dominated in the period before arrival of Asian
dust, scattering mass efficiency of PM;, was 5.3 m?/g and secondary pollutants such as sulfate, nitrate, and ammonium accountd
for 50% of the total PM;, mass concentration. During the heavy dust period, PM,, mass concentration was maintained at
676~1,384 ug/m? for about 24 hours from 21 KST on March 29, 2021 which is 25 times higher than the PM;, mass concentration
before the Asian dust arrived. The light absorption coefficient in the heavy dust period was 38.5+9.4 Mm™, which was higher
than in the period before the arrival of Asian dust (22.5 +10.2 Mm™") confirming the Asian dust was highly absorbing. The scatter-
ing Angstrom exponent and absorption Angstrém exponent were 0.29 and 2.64, respectively, which are similar to the values
reported around the Asian Dust source region. Although the concentration of fine particles did not increase during HD, it is pre-
sumed that the Asian Dust and fine particles were combined as the concentration of ions of anthropogenic pollutants increased
to 15 pg/m?. Aerosol physical and optical properties were observed at 0.5~5.0 km over the Yellow Sea using an aircraft during HD.
The coarse particle concentration and light scattering coefficient (545.7 Mm™) and the light absorption coefficient (23.1 Mm™")
were the highest at the altitude of 0.9 km (36.5°N, 124.4°E). The scattering Angstréom exponent (-0.067 + 0.13) and the absorption
Angstrom exponent (1.3~1.9) showed distinct characteristics of dust. The vertical lapse rate of the temperature from the aircraft
and the backward trajectory analysis declared that the air origins were different below and over the altitude of 1.8 km.
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Table 1. Instruments onboard the Gisang No.1 and the NARA.

120°E 125°E 135°E

Longitude

Fig. 1. The routes of the Gisang No.1 (vessel, red) and the
NARA (aircraft, blue) during 2021 YES-AQ campaign over the
Yellow Sea.

Platform Parameters/species Instrument/manufacturer
PM;, mass concentration FH62C14/Thermo Fisher Scientific
Aerosol size distribution (0.523~20 pm) Aerodynamic particle sizer (APS), TSI3321/TSI
Aerosol scattering coefficients (450, 550, 700 nm) Integrating nephelometer, TSI3563/TSI
Gisang No.1
ge;(c)), s:;gybss;) (;fjggo(; ggg,ffggg?;ss onm) Aethalometer, AE33/Aerosol d.o.o.
Water soluble ion components 2060 MARGA R/Metrohm Applikon
(Ca?*, Mg?*, NH,*, Na™, K*, NO5~, SO, CI") lon chromatography
Aerosol size distribution (0.25~32 pm) Sky-OPC, GRIMM 1.129/GRIMM
Aerosol scattering coefficients (450, 550, 700 nm) Integrating nephelometer, TSI3563/TSI
NARA

Aerosol absorption coefficients (467, 528, 652 nm)

Tricolor absorption photometer (TAP)/Brechtel

Refractory black carbon mass concentration

Single particle soot photometer (SP2-D)/DMT
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Fig. 2. 500 hPa and 850 hPa geopotential height and temperature on 26 and 27 March, 2021.
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Fig. 3. (a) Surface temperature anomaly and (b) total precipitation of Eastern Asia during March 21~27, 2021 (https://www.
cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring, accessed 30 March, 2021).
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(a) Backward trajectories ending at 2021-03-28 15H UTC (b)
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Fig. 5. 72-hr backward trajectories (Horizontal and vertical) started from (a) 00 KST on March 29 at the Gisang No.1 and (b) 15

KST on March 29 over the route of Gisang No.1 and NARA.
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Table 2. Categorization of the event period.

PM;q mass
Event Period concentration (pg/m3)
and PM, s/PM;,
BD 28 March, 66 +48
(before dust) 16~21KST 0.61+0.21
HD 28 March, 22 KST 998 + 242
(heavy dust) ~29 March, 22 KST 0.24+0.043
WD 29 March, 23 KST 109+95
(weak dust) ~30 March, 23 KST 0.22+0.080
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