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Abstract Asian dust is a seasonal meteorological phenomenon influencing most East Asia,
irregularly occurring during spring. Unusual heavy Asian dust event in winter was observed in
Seoul, Korea, with up to 1,044 ug m™ of hourly mean PMj, in 22~23 February 2015. Causes
of such infrequent event has been studied using both ground based and spaceborne observa-
tions, as well as numerical simulations including ECMWF ERA Interim reanalysis, NOAA
HYSPLIT backward trajectory analysis, and ADAM2-Haze simulation. Analysis showed that
southern Mongolia and northern China, one of the areas for dust origins, had been warm and
dry condition, i.e. no snow depth, soil temperature of ~0°C, and cumulative rainfall of 1 mm in
February, along with strong surface winds higher than critical wind speed of 6~7.5 m s™" during
20~21 February. While Jurihe, China, (42°23'56"N, 112°53'58"E) experienced 9,308 ug m™ of
hourly mean surface PM;, during the period, the Asian dust had affected the Korean Peninsula
within 24 hours traveling through strong north-westerly wind at ~2 km altitude. KMA issued
Asian dust alert from 1100 KST on 22nd to 2200 KST on 23rd since above 400 ug m~ of
hourly mean surface PMy. It is also important to note that, previously to arrival of the Asian
dust, the Korean Peninsula was affected by anthropogenic air pollutants (NO3, SO3~, and NH;)
originated from the megacities and large industrial areas in northeast China. In addition, this
study suggests using various data sets from modeling and observations as well as improving
predictability of the ADAM2-Haze model itself, in order to more accurately predict the occur-
rence and impacts of the Asian dust over the Korean peninsula.
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Fig. 1. The number of Asian dust (AD) observed cases
(violet: very heavy; green: heavy; red: light) in each year.
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Table 1. A history for development and operation of Asian dust forecast models.

Time Development descriptions
Feb. 2003 Development of ADAM" by Prof. Park at Seoul National University
Mar. 2006 Set up ADAM into super computer of KMA?
Mar. 2007 Work-site operations of RDAPS-ADAM?
Sep. 2010 Test operations of UM-ADAM”
Oct. 2010 Work-site operations of UM-ADAM2"
Dec. 2014 Semi work-site operations of ADAM2-Haze

DAsian Dust Aerosol Model.

PKorea Meteorological Administration.

YRDAPS-ADAM and UM-ADAM means the ADAM which are respectively used meteorological data from RDAPS
(Regional Data Assimilation and Prediction System) and UM (Unified Model).

YADAM2: a version updated from ADAM by considering monthly properties of NDVI (Normalized Difference Vegetation
Index) and synoptic observations (Park et al., 2010a).

Sh=71748ts] Bzl A|26W 235 (2016)



] -
o] dof JIAY woll B %o} ALF=E FAPE FA
g YeElA] Zom(Sun et al, 2003), FA} 2 s}
of iz JIFs FHHE FAwEs ALEH AN
go} a7|qte =z Qls) Hehe Aoz 19 o9
GAre] FeFdolA B Blojyitt. 20159 29 22~-23
d ghbeelA #EE A= 2011d 59 12~13Y A}
g o= A 3d7F A HASHA] Fokd Folu
T Ask AR, ALFEddE Bstal A=
o AL BTE 35417 Fekolu daE ol#H A
el At

2 Aol M= gkl A 45709 whol] AR
7b daE 20159 29 22-23Y oA yEx
Abe] €191 8 EAo] dis) Avngit). B3] B3
2o 2Ase] kel F# 54 2480 Chung
and Park, 1995; Chun et al., 2000), 3FA}of|Z1 o
ek A= 2 »d J4(Cho et al, 2007; Lee et al.,
2012y8 Sl SAF ARE 24T A Sl A
A= g, vdE A B RS AES =Y
dEdiE FHHeE FEeto] 20154 28 Ask
A AHIE AYE] EA ST A AbE 242 9
3l AAIZE 2% PM,, #5 B A 2ke] THLIDAR:
Light Detection And Ranging) #+ZAts, M|t o
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Fig. 2. A modeling domain of ADAM2-Haze and observation sites of surface PM;, (red dots: observation sites mentioned in

this paper).
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Fig. 3. Surface weather charts for Asian dust ((a), (c), (e), and (g)) and COMS/MI Al ((b), (d), (), and (h)) at 1500 KST on 20
Feb, at 1200 and 1800 KST on 21 Feb, and at 1800 KST on 22 Feb 2015.
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Table 2. Hourly average surface PM,, observations at Hami, Jurihe, Erenhot, Chifeng, and Tongliao sites in northeast part of
China in 20~22 Feb. 2015.

Site Hami Jurihe Erenhot Chifeng Tongliao
Time (KST) 20th  2lst 20th 21st 20th 21st 21st 22nd 21st 22nd
01h 50 301 53 117 58 63 86 ) 38 3,841%
02 h 42 273 61 101 62 236 62 - 35 4,416
03 h 57 193 58 195 66 234 56 - 32 3,667
04 h 52 267 62 198 70 181 49 - 28 3,530
05h 61 201 60 142 68 244 48 - 41 2,469
06 h 53 96 64 116 62 134 47 - 25 2,106
07 h 50 89 61 267 66 35 56 - 48 1,609
08 h 28 73 77 539 67 71 67 135 11 1,061
09 h 18 58 90 884 69 1,098 71 56 26 639
10h 37 142 99 827 69 2,186 51 48 23 441
11h 53 307 106 450 75 6,013 61 49 24 178
12h 48 290 138 3,306 47 5924 49 48 337 261
13h 37 132 143 3,113 36 6,194 45 46 17 274
14h 35 18 178 2,197 32 6,110 42 39 74 191
15h 176 80 150 5,230 79 6,469 272 39 39 186
16h 512 86 188 9,205 69 6,500 103 34 46 209
17h 691 78 253 9,308 29 4,473 109 29 59 256
18h 639 78 145 - 32 1,979 331 23 67 275
19h 507 64 144 - 40 1,092 376 22 62 168
20h 271 66 127 9,281 54 782 909 24 90 120
21h - 95 129 8,987 78 561 1,734 17 34 90
22h 171 120 137 5,340 61 456 1,691 14 129 86
23h 62 67 110 2,293 42 330 1,351 14 1,219 54
24h 542 82 141 1,859 39 198 - 12 2,650 47

YMissing or invalid data.
2PM,, presents in bold type when its 1 h-average is over 400 ug m™ during over 2 hour (warning criteria of Asian dust in Korea).
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Fig. 4. ECMWF ERA interim reanalysis charts for snow depth ((a) and (b)), soil temperature ((c) and (d)), and precipitations

((e) and (f)) in Feb 2015.
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faid 1288 e o 38 3738
e T2 mnar 100 1o 1aree (]

Merosol Subtype  UTC: 20150231 1B17:S81 to 20150321 1831268 Version: 230 Standard Nightime

T4
18

[ e )
2 12530 mn
-dust 3

Fig. 10. Trajectories of CALIPSO satellite (blue line: downward; green line: upward) and vertical distributions of CALIOP-
retrieved aerosol types (N/A: not applicable, 1: clean marine, 2: dust, 3: polluted continental, 4: clean continental, 5: polluted
dust, and 6: smoke) at (a) 0400 and (b) 1500 KST on 21 Feb and at (c) 0300 and (d) 1400 KST on 22 Feb 2015.

Atmosphere, Vol. 26, No. 2. (2016)



268 20159 2€ B=H IEE AL ALY AT

"
]

148

1 i L
for 24hour(C/day)

DF :\' ,‘ 2
850hPa Temperature Ch
Fig. 11. 850 hPa temperature changes for 24 hour of UM analysis at 0900 and 2100 KST on 22 ((a) and (b)) and 23 ((c) and
(d)) Feb 2015.

& o -
ange for 24hour(C/day) 850hPa Temperature Change for 24hour(C/day)

A AT AR 219 20l I HESIbe] b RESE AR B, CALIOP #ZelM 3

E, 2km T 0] 4EOE o|BAE PMy AL - AREHAISRAT 1 RIAE FAFoF 2km

S A3 1,788 pg m9l ©)2E AEER dZedy IEE el o)5d Ao AU 2km LE9)
gzo% o

(Fig. 9a] * 4 A%). T delo] FAT ulg 9 PFO= olFe & Pak= 1Y 03417 FF B
Vb ANREE) QEZo] AN WS P, o T ERIAYT, UFE % Lkm L= 3

AR ZHE AJ5E FAE 20m s o] BAF 7 & F2o] JEFE Fol(Fig. 10ce] HA <
o] ggo g oF 2km IL%EE we} Fig. 9bet 7Ho] A ) gl Rz A PM,, TS A5A A UHFig.
&35l FhkE R o]EsheE Ao ® Relslg]th. Figure 14). o]of 1km L% FZo| A=<l 9HNe] I
102 9F A= “goll ZAIE CALIPSO $149 °l& S e

AEE wgt #53t= CALIOPY 93] F4== 67 ole e Ax dezlshkes 2718 W ds/7t

A o] 2& (1. clean marine; 2. dust; 3. polluted Zo TR e 2 gj{R2e] AuRE B3
continental; 4. clean continental; 5. polluted dust; 6. WA Q1A 7| F9EF T A= UIVE 7Y
smoke)®] AXREE YeRH Zlolth 21U 044 B A 2O E AlEHE

1A B2 9 2 B3 BRAGY 2km ZE P AN 2 9RBSAE) P AREFe| SR

a ]
ol °F 2km FA R FAKFigs. 102t b] A Fof)  ZAE FHHoE BAF A 21d oA F= H

st=t717dsts] 7] A|26W 23 (2016)



269

@) Range-corrected backscatter signal (532nm) _
i [RITH i | F ] 5 y ; BTy T [l X I |
£ PR
=
E
2 ;
= J I 103
0.0 = 10+
02/19 02/20 02/21 02/23
®) Depolarization ratio
S
5.0 g g KA
N ; 0.32
5 0.24
E
g25 0.16
x
0.08
0.0 0.00

‘02/19 02/20 02/21

02/22 02/23

Fig. 12. Vertical profiles for (a) range-corrected backscatter signal and (b) depolarization ratio retrieved from Lidar at

Anmyondo in 19~24 Feb 2015 (based on KST).
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Fig. 13. A vertical profile for ADAM2-Haze modeled PM,, at Anmyondo in 20~23 Feb 2015.
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Dust-Haze Backward Trajectory
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Fig. 15. NOAA HYSPLIT 6 hour-interval backward trajectories for Asian dust observed at Baengnyeongdo site at (a) 0600 and
(b) 1200 KST on 22 Feb 2015.
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BWE, A B SFERI A% PM, BT Sk A9 B8 AFeE, S 0 F0) UE 9
S ASE AR B 1 AN BEG AR v 2 AFARR AASAL, B ATl B85 9]
A AL melg AS U - e ook &tk Aadelel e Tl mael o
o] tha B3Il Qo el ofF A= 2S4S PIAUCRA Pl et wrt FA B
LA} BYEE AYS A RIS 2B G v 9 cnol Aol + AL Aol

FelZmalo) o A A4 A4 2 A} - QT EGlZm s HYSPLIT 9714 24
92 53 YA LA, olsst P BUE

, = %‘HH dﬂk‘zt 2015 29 22~23Y o]g AU A
o v A= FEFS FAIE F A=E ﬁ16}~ 7% £ Tk A} JekS wh)e] obA o1l
A2 st Th E3 &5 FAL - AFEFTA S Eﬂj_oﬂ 713%‘%@@ TS WSS FHY 7 AU o]
gere= wEE 2 gdxe] 24 %E I 1PN 1 9} 7o Ade A= Au|d APS9F PILS-ICY]

st=t717dsts] 7] A|26W 23 (2016)



71

12 =2 3
o} 53t
A7 A

4
so off

t T} 784 ol2wA ARE T
wrh §2s] s}9Ath. Figures 16a%t b= 217 A&
A AIE oA #53E 4=F =271 FolsEet &
A ] 2RARER A PMy, =7t T8 Al
25k 22U 09A1FE  ISA7EA= 7ol oF 1 umel
ZARRA 7L STkl om, ol A% PMp T2
NO;, SO; 9} NH;¢l 29129l thrledEdz 74
H oz BN} o] AZF Ha X PM,
FE7F A 1,044 pg mP(23Y 04)E F7HRIeH
239 AA7EA AlLEke] 200 ug m© o)A AEE
A4 PM,°] #Z5 A tKFig. 16b). olw] 715+ A4
PM,, 5= Y74l o 4 umEdYAhelA H=
Uelgon e XA 2K(indicator)2 Y% Ca** 9l
FE7F S 34 ug mO(23Y 06A)7HA] B4 E o,
Abe] dEFe sl w2 Zog FERIFHAT. A
B A 2E JAte] 7] 9 AR wE F
BA8to 24 AAR 22-23Y S
FE A PM 2 A LA ZHE o)
AEE Ak o RS Tt

oﬂ:‘."én‘.o
)

)

o
X S dlo

X 1o

N

o 2
=

X
to

0% altd

of¥ g

S

N rlo

o\ ol

o

Of

—1@ >

1o K
L

ek

~ .
ol ofN 10 =
HF

&> o o ¥R O e bt S
Ll o 2
Iy P
tlo %

ol kd
Tezg
ok 1
g '
> ot

>
o 1o,
hins o
" oo
i gad

N
o S
= o
el

|
17 N
o ol
% el

o
re o

™
M g

tlo
N
32
)
pou)
|o
il
>,
Jafl
4,
ui

3l 20159 2€ A} ARElSF o] AR
Az FAL G

M 0 rg

L Lo O
a)

of
-

ro,
=
nj
C’W' Q_{
H
i)
e
)
fru
e
Y

Sl B 2 o) 4ol w4
ALl A, BEAY o

HU e
roh
2=
H
2

o @ o i O i BN N 2L R R off do

7ro] frEAolng AR A Aol kgl o]
A= Z1gAe] B B olF HEE w A B
871 JES & AU AR 20154 24
HAAQ TEE FAF Al e BAS S8 2
oA &get upe} o] FFwrt & A 4
AASAES} AEHRA AT ARE AT B
o] FHe FHHoR gstozN H} AlF ST
AL BT THE Ao AlERET

B AZgME 20119 59 12~13Y Ak o] F 45
NE whol| AlFE R BEEJ T, A EoA 14]7E
Hi AN PMy, 5=7F A3 1,044 pg mPo R H=
H 20159 29 22~-23Y ol ZE® AL
ol W EAS B FAF A BAS e 5
Eolrlel ti71&E A AAEE A 2 18353

)
ox
rlo

4o,

o)8E - AT

L 273

Ay

2, At 30849 tE ECMWF ERA Interim A &4
Zt&, NOAA HYSPLIT A% &4 A3 3 A=
EEElE dloj2Ed Ulgt 3319 AlFTt ARE A
Fole AL - AFEHdERd ] AxE FTHHL
2 AMgeh A - AFE e ERY S v)r]s)st
$2499 CMAQZ FAPZAEI] ADAM27} 4
B A0 R, 6A7F 7+ UM GDAPSEHH A=
717373 Foprlote] ARt miEEs &8st
do] 23 717k aE sk 20159 29 15~24Y
o] tisll a3tk

20153 2¢9 20~21Y A} TARI¢]
T BEREAY9L AgFEYz B3
0m, EY 7122 0°C 20|, AL
A9l 2015 29 FAAFHO] 1 mm H
A= Aol gl Hd 299 w3 &
2 AFE FAPL #YsE] fElskdh
2 AAFE6.0~7.5m s o)) 7FFo
g3 1A A PMy =7t #
m 7] BZEE 5 A3 A FEZEEH
7F BAEIATE AR ZHE A7) W9 %
Foll o8l oF 2km AETHA] GOz ket &
FE53EE A7I9E wel eRbEsbA] RkE Sl
HH 0 2 st oA Iei® AS5EHe 532 AL
I 2HE B 23U AA o]Fshs Ao vlsl,
B AL Al ASE Aol )bl ofgk gt
A% dFoR T FF 2 T FRA A
29 2021 LS AL S el mhE S
ols3sted 22U E] shitol JFS F7] AlAeiaith
ojuf FALE FHHE A7 AlEHES WEA oA
71 AW ]o} 7|9t Algo] tha okslE|o] A 7|qto]
ST S o5l 44 =gA FHTFOZH Shto
AAZE A= LS opr]Eldth Adlidte]l A7
of T A FHe SUIHY TS W
229 A EE A7|te] FEltez w239
LI37MA] SHtE= 2417 o) 1A A7 PM,
Tt 400 pg mUS P FR 5o 1FE FF
A7 @S T T3 WA ERE FALE o]FA
AL dget A7 e dEF7 S 53 U=
Al 2 OE ARG S SsiEA 1931 g7
L AEA(NO;, SO 9t NH))S Edtate] ahilheo) A
22~23% AFE A G w]o] A A4 PMy,
TEE 100 pg m™ 7HF TR Zo 2 wlebE I

2015 2 AL A9 o]l AZHE YA E B3
3 A EH e 2 7I4AY] 3 2 ols B
g} itz EE AL FAIE BT S-S
golslith L3t B =g} o] HEr =&
g 2 B EAES} A5HA A ARE AN
she Bl AHS THHoE BAToEHN HAA=R

b oroh w2 Ay

of
ik
b
)

o
X %5 F
rzi~"{
[e]
0,

4
(i) N oo N

- FUEZ i
o

o )

oy [ s

i e BJO

W l‘%ﬁr"“ QHU
(=

>g*m¢ﬂ

%

-

off
ol
0l

o

>
e, fF ol

22 © kd
%3 o o

A

X

Atmosphere, Vol. 26, No. 2. (2016)



274 201549 2¢ #=4 3

20159 29 22-234 ol#| A ¢
Al 7128474 & 45701 € H%ﬂ =+
T Al ik o2 9 oo
= 37 A9e qaa & 91 F 1,5007]e]l ©]
2 SH3AY X])\]' PM,, ZAge B2 ¢ 5= 3
A RS *‘%P EOWO} X4°ﬂ0ﬂ EHsﬂ 10 7L

} 010 JI}J' rd
—lN
lo
f
4y
AN
1o

:;51
o2 2015 2¥ AP A9 7E1—o] o]g;ﬂx% oi u}

W gukes] wEE Ao Ud ek A3 ¥

o dug /Y B 5 92 Ao= Aredh
#HAte| 2

B ATE FY71438 2 T139TA

N

1T
U

T-(NIMS-2016-3100)2] Loz 3=

2

REFERENCES

Arimoto, R., X. Y. Zhang, B. J. Huebert, C. H. Kang, D. L.
Savoie, J. M. Prospero, S. K. Sage, C. A. Schloesslin,
H. M. Khaing, and S. N. Oh, 2004: Chemical compo-
sition of atmospheric aerosols from Zhenbeitai, China,
and Gosan, South Korea, during ACE-Asia. J. Geophys.
Res., 109, doi:10.1029/2003JD004323.

, and Coauthors, 2006: Characterization of Asian
dust during ACE-Asia. Global. Planet. Change, 52,
23-56.

Byun, D. W,, and J. K. S. Ching, 1999: Science algorithms
of the EPA Models-3 Community Multi-scale Air
Quality (CMAQ) Modeling system. EPA/600/R-99/
030, 22 pp.

, and K. L. Schere, 2006: Review of the governing
equations, computational algorithm, and other com-
ponents of the Models-3 Community Multi-scale Air
Quality (CMAQ) Modeling system. Appl. Mech. Rev.,
59, 51-77.

Chen, Y.-S., P.-C. Sheen, E.-R. Chen, Y.-K. Liu, T.-N. Wu,
and C.-Y. Yang, 2004: Effects of Asian dust storm
events on daily mortality in Taipei, Taiwan. Environ.
Res., 95, 151-155.

Cho, C., Y. Chun, B. Ku, S.-U. Park, S.-S. Lee, and Y.-A.
Chung, 2007: Comparison of ADAM’s (Asian Dust
Aerosol Model) results with observed PM;, data.
Atmosphere, 17, 87-99 (in Korean with English abstract).

71448k 7] Al269 25 (2016)

B AL A AT

Chun, Y., J. Kim, K.-O. Boo, and N.-O. Kim, 2000: The
features associated with the Yellow sand phenome-
non observed in Korea in wintertime. J. KOSAE, 16,
487-497 (in Korean with English abstract).

, K.-O. Boo, J. Kim, S.-U. Park, and M. Lee, 2001:
Synopsis, transport, and physical characteristics of
Asian dust in Korea. J. Geophys. Res., 106, 18461-
18469.

Chung, K.-Y., and S.-U. Park, 1995: Characteristic synop-
tic features associated with the transport of Yellow
sand to Korea. Atmosphere, 31, 45-63 (in Korean with
English abstract).

Dee, D. P., and Coauthors, 2011: The ERA-Interim reanaly-
sis: configuration and performance of the data assimila-
tion system. Quart. J. Roy. Meteor. Soc., 137, 553-
597.

Kim, H.-D., G-S. Kang, D.-K. Lee, K.-W. Jin, S.-B. Seo,
H.-J. Oh, J.-H. Ryu, H. Lamber, 1. Laine, P. Meyer, P.
Coste, and J.-L. Duquesne, 2012: COMS, the new
eyes in the sky for geostationary remote sensing.
Remote Sens.-Advan. Tech. P, 235-268.

Kim, J., 2008: Transport routes and source regions of
Asian dust observed in Korea during the past 40
years (1965~2004). Atmos. Environ., 42, 4778-4789.

Kim, M., J. Kim, M. S. Wong, J. Yoon, J. Lee, D. Wu,
P. W. Chan, J. E. Nichol, C.-Y. Chung, and M.-L. Ou,
2014: Improvement of aerosol optical depth retrieval
over Hong Kong from a geostationary meteorologi-
cal satellite using critical reflectance with background
optical depth correction. Remote Sens. Environ., 142,
176-187.

Kim, S.-M., H. M. Kim, S.-W. Joo, H.-C. Shin, and D. J.
Won, 2011: Development of tools for calculating
forecast sensitivities to the initial condition in the
Korea Meteorological Administration (KMA) Uni-
fied Model (UM). Atmosphere, 21, 163-172 (in
Korean with English abstract).

Kim, S.-W., S.-C. Yoon, J. Kim, and S.-Y. Kim, 2007: Sea-
sonal and monthly variations of columnar aerosol
optical properties over east Asia determined from
multi-year MODIS, LIDAR, and AERONET Sun/sky
radiometer measurements. Atmos. Environ., 41, 1634-
1651.

Kwon, H.-J., S.-H. Cho, Y. Chun, F. Lagarde, and G. Per-
shagen, 2002: Effects of the Asian dust events on
daily mortality in Seoul, Korea. Environ. Res. Sec-
tion A4, 90, 1-5.

Lee, E.-H., S. Kim, J.-C. Ha, and Y. Chun, 2012: Perfor-
mance analysis of simulation of Asian dust observed
in 2010 by the all-season dust forecasting model,



3] A - o)

rlo

- XA

o

UM-ADAM?2. Atmosphere, 22, 245-257 (in Korean
with English abstract).

Lee, J., J. Kim, C. H. Song, J.-H. Ryu, Y.-H. Ahn, and
C. K. Song, 2010: Algorithm for retrieval of aerosol
optical properties over the ocean from the Geostation-
ary Ocean Color Imager. Remote Sens. Environ., 114,
1077-1088.

Lin, T.-H., 2001: Long-range transport of yellow sand to
Taiwan in Spring 2000: observed evidence and simu-
lation. Atmos. Environ., 35, 5873-5882.

Mori, 1., M. Nishikawa, T. Tanimura, and H. Quan, 2003:
Change in size distribution and chemical composi-
tion of kosa (Asian dust) aerosol during long-range
transport. Afmos. Environ., 37, 4253-4263.

Onishi, K., Y. Kurosaki, S. Otani, A. Yoshida, N. Sugimoto,
and Y. Kurozawa, 2012: Atmospheric transport route
determines components of Asian dust and health
effects in Japan. Atmos. Environ., 49, 94-102.

Orsini, D. A., Y. Ma, A. Sullivan, B. Sierau, K. Baumann,
and R. J. Weber, 2003: Refinements to the particle-
into-liquid sampler (PILS) for ground and airborne
measurements of water soluble aerosol composition.
Atmos. Environ., 37, 1243-1259.

Park, J. S., J. S. Han, and J. Y. Ahn, 2013: The research
trend of Asian Dust storm (AD) of Korea and recent
episode analysis. J. KOSAE, 29, 553-573 (in Korean
with English abstract).

Park, M. E., C. H. Song, R. S. Park, J. Lee, J. Kim, S. Lee,
J.-H. Woo, G. R. Carmichael, T. F. Eck, B. N. Hol-
ben, S.-S. Lee, C. K. Song, and Y. D. Hong, 2014:
New approach to monitor transboundary particulate
pollution over Northeast Asia. Atmos. Chem. Phys.,
14, 659-674.

Park, S.-U., 2015: Spatial distributions of aerosol loadings
and depositions in East Asia during the year 2010.
Atmos. Environ., 107, 244-254.

, A. Choe, E.-H. Lee, M.-S. Park, and X. Song,
2010a: The Asian dust aerosol model 2 (ADAM?2)
with the use of normalized difference vegetation data

>

%

7

2 - 0] 275
(NDVI) obtained from the spot4/vegetation data.
Theor. Appl. Climatol., 101, 191-208.

, M.-S. Park, and Y. Chun, 2010b: Asian dust
events observed by a 20-m monitoring tower in Mon-
golia during 2009. Atmos. Environ., 44, 4964-4972.

, J. H. Cho, and M.-S. Park, 2012: A simulation of
aerosols in Asia with the use of ADAM2 and CMAQ.
Advances in Fluid Mechanics and Heat & Mass
Transfer, P. Mastny et al. Eds., 258-263.

Prospero, J. M., 1999: Long-range transport of mineral dust
in the global atmosphere: Impact of African dust on
the environment of the southeastern United States.
Proc. Natl. Acad. Sci., 96, 3396-3403.

Remer, L. A., and Coauthors, 2008: Global aerosol clima-
tology from the MODIS satellite sensors. J. Geo-
phys. Res., 112, D14S07, doi:10.1029/2007JD009661.

Seinfeld, J. H., and Coauthors, 2004: ACE-ASIA: Regional
climatic and atmospheric chemical effects of Asian
dust and pollution. Bull. Am. Meteor. Soc., 85, 367-
380.

Sun, D., F. Chen, J. Bloemendal, and R. Su, 2003: Sea-
sonal variability of modern dust over the Loess Pla-
teau of China. J. Geophys. Res., 108, doi:10.1029/
2003JD003382.

Sun, J., M. Zhang, and T. Liu, 2001: Spatial and temporal
characteristics of dust storms in China and its sur-
rounding regions, 1960~1999: Relations to source area
and climate. J. Geophys. Res., 106, 10325-10333.

Winker, D. M., W. H. Hunt, and M. J. McGill, 2007: Ini-
tial performance assessment of CALIOP. Geophys,
Res. Lett., 34, .19803, doi:10.1029/2007gl030135.

Yu, X., T. Cheng, J. Chen, and Y. Liu, 2006: A compari-
son of dust properties between China continent and
Korea, Japan in East Asia. Afmos. Environ., 40, 5787-
5797.

Zhang, D. F., A. S. Zakey, X. J. Gao, F. Giorgi, and F.

Solmon, 2009: Simulation of dust aerosol and its

regional feedbacks over East Asia using a regional

climate model. Atmos. Chem. Phys., 9, 1095-1110.

Atmosphere, Vol. 26, No. 2. (2016)



	2015년 2월 관측된 고농도 황사 사례 연구
	Abstract
	1. 서론
	2. 자료 및 방법
	3. 사례 분석 및 결과
	4. 요약 및 제언
	REFERENCES


