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Abstract The Asian dust source region in the Asian Dust Aerosol model version 3 (ADAM3) has been updated using the
3-hourly reporting Global Telecommunication System observation data from 1997 to 2020 at the observation stations in the
Asian dust source region. The horizontal distribution of the total number of dust rise occurrence days from 1997 to 2020 has
been significantly increased (decreased) at the 99% confidence level and more (less) than 14 days is used as the renewed
(deleted) dust source regions. As a result, some areas of the Northern part of the Mongolia and northwest side of Gobi desert in
Mongolia (North east China and Loess plateau in North China) has been added (deleted) from Asian dust source region in
ADAMS3. Asian dust source regions of the ADAM3 were designed based on the re-delineation through this study. The modified
Asian dust source regions (EXP) were compared to the original ADAM3 (CTRL) through two Asian dust events which were
observed in Korea peninsula in April 2020 and March 2021. The experiments showed that modeled dust emission is somewhat
increased (reduced) by at or near the added (deleted) source regions. As a result, EXP reduced the mean absolute error and
positive bias by 1.46% and 4.6% compared to CTRL. This study is expected to be the basis for research to re-delineate the Asian
dust source region, consequently connecting to the improvement of dust emission modeling and forecasting in ADAM3.
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1. A =2 = Al ge27] REg-S do
d5o eSS TVHE o5 %Q(Honda et al.,
At Ao g dAskE tiEAQ @ FE2E 2017; Ichinose et al., 2006).
SRt Al SE Y, WEEX9e] H] ApE 7187l A= AR Qe g ARF o PM, B
)

F2 SIS (Park et al., 2021; Husar et al., 2001), A2 o, SAHREHE 2E5}9] (Shim et al.,
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Q1 AP 7} o] Fofiet, 42| SR E 2 of H gt
=9 2T wte] Yado] H7] o], 4R 2 H e
535l et i o] Pete= A Eebd 4 9l
t}(Tudor et al., 2013; Shuman, 1978).

7173748 Rt ol Bl FAASS f1sl -2
detg e Foto 99os FAEnY
(ADAM, Asian Dust Aerosol Model)2 7HE61o] 2007
HRE FAtof|Eo| E-85tal Ut} (Park et al., 2010;
Lee and Park, 2005). 121} SAHRGE ofu gt bjA|H
2|52 QIgH AF7} HIdsHA dAgeto] whet ghArel oF
A QERE AS5T & e 2] e o] hFE S
1, ofo] wet Ao} Qi) SatdlSo] BE S
S5 A A5G S Y (ADAM3, Asian Dust
Aerosol Model version I1I)-& 7HESFATh (Lim et al.,
2021; Ryoo et al., 2020a). ©] &L 0|4 H T =9]
CMAQ (Community Multiscale Air Quality Modeling
System)f| AP AL 2] F2 2-§5to] L E LS
™ (Park et al., 2010; Park and In, 2003), 2016d5-E]
FARE AT st S ffsl 7187 AEBAIER
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E (clay), ¥ HE (loam)2] H|-& @2} Gobi, Sand,
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FEIE TR0t 22 (Ryoo et al., 2020b; Park et
al., 2010; Park, 2002), mE]A] Ao AR ]
A IS 91R 4 0] S52 W AP o] o]
2o 2 A 5|0 T} (Park et al., 2010).

FATS] Bl Ao A vbe, AR L, e
o 7Vl ool 2A YFe T=Th(Guan et
al., 2017; Lim and Chun, 2006). Z|* A|7-2\d3}o] op
2 713WsHe A A7 e A ow Jlew 4
f&o] & PGS ulX]aL Qo] (Irwandi et al., 2023;
Jiang et al., 2017), GAPEAZ] of| A LA =7 ko] 7}
712} v wste] @Rl 1Tk (Li et al., 2022; Wu et al.,
2022; Park et al., 2021; Li et al., 2015; Hara et al., 2006).
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ofu]stA HEkaL Q1Th(Li et al., 2022; Guan et al., 2017;
Hara et al., 2006).
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AlE], = ststoprtdn] Eqfatetl a5 AlA o

2 7|12 ZF 7] A%t EYAE, En gL}
Y, Ay 59 A=E 551 Harmonized World Soil
Database v1.2 (HWSD)E ABAFSIATH (Wieder et al.,
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AZE FAPTAA 2 A 25}t (Park et al., 2010).
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Fig. 1. Schematic flowchart for updating and deleting of Asian dust source region in ADAM3 in this study.
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Fig. 2. (a) The spatial distribution of the surface soil types (Gobi, sand, loess, mixed, Tibet) in the Asian dust source region. (b)
soil ratio of sand, loam, and clay of the each soil type defined in the ADAM3. Please note that the soil ratio of Tibet is the same

in the mixed.

AP A gFo] BAIH R 99% o4} ZrAsHEA
A2 9% 149 DlRo 2 elo] H9lE A 7]
& FAA N A AASFATH I 1).

2 AFE Sl AEA F7HEE AR EGRE
5171 913l RHWSDOA AlE-5hs 2 (sand),
E (clay), PIAHE Gsilt) FHEE ©]-851%ch. ADAM3
AL AR O] EFFR (1 2(a))= 27l (sand),
AE (clay), FAE (loam) 9] H]-&-S o]g3}o] FEt
TH(1™ 2(b), Park and Lee, 2004). B2 EXFGF
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E (clay)2} FAE (loam)= 30%4] Z}A]5HH, Loess2]
AL FAE (loam)2] H]-E&E 55%, Ef (sand) 25%,
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sto] JEE (loam) 9] HlE&S FHL = AAT
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and Alonso-Azcarate, 2022). ADAM39] Wlx] EQF
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2 A= Bl H4lekE FAPTEAE ADAM3]
A85111, 7129 ADAM3 Z1}e} 1S Saf 1
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Fig. 3. The spatial distribution of the PM,, mass concentration observation stations in KMA-CMA joint monitoring stations
(blue dots) and KMA (red dots). The blue inverted triangle, square and diamond marks and red inverted triangle, square, dia-
mond and star marks indicate the observation sites described in this paper.
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Fig. 4. The spatial distribution of the updated Asian dust source region and (a)~(e) some examples of time series of Asian
dust genesis frequency which is significantly increased or decreased from 1997 to 2020 at the 99% confidence level (student’s

t-test).
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Fig. 5. The spatial distribution of (a) the updated and deleted Asian dust source region and (b) its surface soil types in the
ADAM3.The colors in (a) are same as in Fig. 1 but for final updated (light green) and deleted (gray).
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Fig. 8. Same as Fig. 6 but for from 12 UTC 27 March 2021 to 12 UTC 29 March 2021.
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Table 1. The comparison of root mean square error and mean bias error for CNTL and EXP for the Case 1 (00 UTC 19 April
2020 to 18 UTC 23 April 2020) and Case 2 (00 UTC 27 March 2021 to 18 UTC 31 March 2021) in China and Korea.

Case 1 Case 2
RMSE MBE RMSE MBE

CNTL EXP CNTL EXP CNTL EXP CNTL EXP

China 150.9 148.7 63.4 62.2 2333 2346 180.4 180.7
Korea 198.5 189.3 83.7 789 8.4 4.7 -22.7 =229
4.3 = e AFo 2R oF 208 A F=ARE ]85t
BolE Ao Bdol S4L e s A2 F

71’37 @4 ADAM3OIA ARESEAL Q= FAPEYE APTLA TS BHIS sk AP EAIE AR
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