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Abstract The Korea Meteorological Administration (KMA) is operating Asian Dust Aerosol Model 3 (ADAM3) to monitor
and forecast Asian dust events. An unusual Asian dust event of high concentrations in winter was observed from December
12 to 14, 2022 in South Korea. In this study, the characteristics of the Asian dust event were analyzed using various
observational data, and the performance analysis of ADAM3 coupled with the Unified Model, the operational weather
forecasting model at KMA, was conducted with satellite and surface PM concentrations observed during the Asian dust event
period. The lower 500 hPa geopotential height and higher 2 m air temperature compared to normal years (1991~2020) in the
source region were a proper condition for dust particles to be well intruded from the surface into the air above on December
11, 2022. Hourly mean PM;, concentration was observed at 2,714 ug m™> with a strong surface wind speed of 9m s™! or more
at Nomgon of the source region. Asian dust was transported to the Bohai bay in China by the northwesterly, and then flowed
into the Korean peninsula by the westerly on December 12, 2022, at 0730 KST. The hourly mean PM;, concentration observed
in Seoul at 11 KST on the 13th was 480 ug m™=, and the volume concentration of coarse particles from 2 to 6 um was
predominant. ADAM3 for each initial time simulated the spatial distribution of Asian dust generated from the Gobi Desert
and the Inner Mongolia Plateau and Asian dust moving to the Korean Peninsula similarly to GK2A RGB dust image. In the
comparison of observed and simulated PM;, concentrations, the start and end times of the dust events were similar. In the
source of Asian dust and in Korea, RMSE was 137.76 ug m™, 35.95 ug m™3, respectively, and MBE was -16.50 ug m~ and
-25.89 ug m, respectively. These results are expected to be used as basic data for accurate Asian dust forecasting when
similar cases of Asian dust will occur in the source region and South Korea.
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Atmospheric Composition and Climate; Simmons,
2010)2} NGAC (NEMS GFS Aerosol Component; Lu et
al., 2016)=, T=7178743 A271 8- AAM= 44
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Fig. 1. (a) The number of mean Asian dust days observed 13 observation stations in South Korea from 2003 to 2021 and (b)
the frequency of Asian dust in Winter by the dust intensity. The dust intensity is classified as very heavy Asian dust (PM;,>800
ug m3), heavy Asian dust (300 pg m=> < PM,;, <800 ug m~—), and light Asian dust (PM;,< 300 ug m™3).
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Table 1. The configuration of the ADAM3.

UM-ADAM3
Initial meteolorogical UM-GDAPS"
conditions
Horizontal resolution 25km

Num. of horizontal grids 340 (East~West) X

220 (North~South)

49 levels (up to 100 hPa)
Sigma vertical coordinate
Lambert conformal conic
3DVAR?

4(00, 06, 12,18 UTC)

168 hours (00, 12 UTC),
72 hours (06, 18 UTC)

Vertical resolution
Vertical coordinate

Map projection

Data assimilation
Number of operation/day
Forecast time

UM-GDAPS": Unified Model-Global Data Assimilation and Prediction System
3DVAR?: Three dimensional VARiational data assimilation

A gl FH5 51t

2.2 H=EX=

7147 0] AL A7) w o} QRS E-gto] Pt
o] wela} s o] §<1718S BAsksic 24
YU7]Z+= GTS (Global Telecommunication System)<
5o BITE §4 FWILLT AEAR S 07
S A7)of vebd Zlo 2 14 83 347 1A o
2 2= Zgo] 7hssitt U492 EE GK2A (Geosta-

Table 2. Information of the stations used for this study.

No. Name Latigude Longoitude Elevation
©) ) (m)
A Nomgon 42.841 105.131 1494.000
a Tongliao 122.370 43.600 178.500
b Erenhot 112.000 43.390 0.000
[« Siping 124.200 43.110 0.000
d Chifeng 118.930 42.270 0.000
e Wulatezhonggqi 108.520 41.570  1288.000
f Huimin 117.530 37.480 11.700
g Yushe 112.980 37.070 1041.400
1 Sokcho 128.565 38.251 18.060
2 Gwangdeoksan 127.433 38.117  1066.000
3 Baengnyeongdo 124.630 37.966 144.860
4 Chuncheon 127.736 37.903 76.470
5 Ganghwa 126.446 37.707 47.010
6 Daegwallyeong 128.718 37.677 772,570
7 Seoul 126.966 37.571 85.800
8 Ulleungdo 130.899 37.481 222.800
9 Kwanaksan 126.964 37.445 622.380
10 Suwon 126.985 37.272 34.060
" Yeongwol 128.457 37.181 240.600
12 Uljin 129.413 36.992 50.000
13 Cheonan 127.119 36.780 21.300
14 Gyegryelbi-do 125.560 36.625 103.560
15 Andong 128.707 36.573 140.100
16 Anmyeon-do 126.330 36.538 45.700
17 Chupungnyeong 127.995 36.220 244.730
18 Gunsan 126.761 36.005 23.200
19 Daegu 128.619 35.885 64.080
20 Jeonju 127.155 35.822 53.400
21 Ulsan 129.320 35.560 34.570
22 Gwangju 126.892 35.173 72.380
23 Jinju 128.040 35.164 30.210
24 Gudeoksan 129.000 35.119 518.460
25 Heuksando 125.451 34.687 76.490
26 Jindo 126.324 34.472 476.470
27 Gosan 126.163 33.294 74.290
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Fig. 2. ADAM3 domain (left) and geographical location of the employed stations. Detailed information of the dust monitor-
ing tower in Nomgon of Mongolia (green triangle; A) and KMA-CMA joint monitoring stations (blue squares; a~g) and KMA

(dark red circles; 1~27) are presented in Table 2.
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Fig. 3. Surface weather charts for Asian dust (left), where the red weather symbols represent the Asian dust observed at sur-
face synoptic observation stations, and GK2A dust RGB images (right), where pink color represents the Asian dust, at 1200 KST
on 11 (a, b), at 0000 and 2100 KST on 12 (c~f), and at 1200 KST on 13 December 2022.
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cipitation (c, f) anomalies for 5 to11 December 2022 (a~c) and 11 December 2022 (d~f). The climate period is from 1991 to
2020. Circles indicate the source region of the Asian dust.
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Table 3. The mean bias error (MBE) and root mean square error (RMSE) in Asian dust source region and South Korea, initial-

ized from different simulation starting time.

Asian dust source region

South Korea

Initial date MBE RMSE Initial date MBE RMSE
12/10 09 KST -1.84 134.69 12/11 09 KST -20.1 53.3
12/10 15 KST -12.94 141.94 12/11 15 KST -25.1 57.5
12/10 21 KST -12.70 142.43 12/11 21 KST -26.2 55.7
12/11 03 KST -16.65 140.73 12/12 00 KST -26.5 54.9
12/11 09 KST -20.12 137.38 12/12 09 KST -27.2 522
12/11 15KST -25.09 138.37 12/12 15 KST -29.5 533
12/11 21 KST -26.20 128.78 12/12 21 KST -266 50.7

Average -16.50 137.76 Average -25.89 35.95
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