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Abstract Korea has recently suffered from severe hazes, largely being long-range transported
from China but frequently mixed with domestic pollution. It is important to identify the origin of
the frequently-occurring hazes, which is however hard to clearly determine in a quantitative
term. In this regard, we suggest a possible classification procedure of various hazes into long-
range transported haze (LH), Yellow Sand (YS), and urban haze (UH), based on mass loading of
fine particles, time lag of PM mass concentrations between two sites aligned with dominant
wind direction, backward trajectory of air mass, and the mass ratio of PM2.5 to PM10. The
analysis sites are Seoul (SL) and Baengnyeongdo (BN), which are distant about 200 km from
each other in the west to east direction. Aerosol concentrations at BN are overall lower than
those of SL, indicative of BN being a background site for SL. We found distinct time lag of
PM2.5 and PM10 concentrations between BN and SL in case of both LH and YS, but the inten-
sity of YS being stronger than LH. Time scale (e-folding time scale) of LH appears to be longer
and more variable than Y'S, which implies that LH covers much larger spatial scale. In addition,
we found linear and significant correlations between 7, obtained from sunphotometer and 7.,
calculated from surface aerosol scattering coefficient for LH episodes, relative to few correla-
tion between those for YS, which might be associated with transported height of YS being much
higher than LH. Therefore surface PM concentrations for the YS period are thought to be not
representative for vertical integrated amount of aerosol loadings, probably by virtue of decou-
pled structure of aerosol vertical distribution. Improvement of various hazes classification based
on the current result would provide the public as well as researchers with more accurate infor-
mation of LH, UH, and Y, in terms of temporal scale, size, vertical distribution of aerosols, etc.
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H 4 ATHIPCC, 2014). ©] 5 olojZ 2ol 23+ A1
Aol A4S AT (haze)gt L EH|, & AEE
(relative humidity; RH)oA S2E mAS EW-29
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£ Jo and Kim (2010)¢] 7173 #& #
TE 8 BYIde 9y AZESAER]D PMIO,
PM2.5 F59t T XA PM % o)X (peak)7He] Al
ZF2ktime lag) 2 A &2 (backward trajectory
analysis) 53l AT ols AF, AN, EAIATFE
TFESIAE PM103}F PM2.S Te AEd UHE =
A0l A 2011ARE] 201397F Boray T8 TEOM
(Tapered Element Oscillating Microbalance)®. 2 &7 gt
No2F AFEEE ol &sIith tEe] Al E/E
Az 7157 WIS gR1s] 918t NOAAIA A
¥38F= HYSPLIT (Hybrid Single Particle Lagrangian
Integrated Trajectory) =2 7|9k &2 £ (backward
trajectory analysis)S T3t T/FE FAT s
AT, FAL BA] QR0 dojRE: AR E AR
7] 918}ed Anderson et al. (2003)°14 &3k 2] (1)
9] 217174 (autocorrelation; r)iE-AlS =343 T).
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Fig. 1. The analysis of domain and air quality monitoring stations of Baengnyeongdo (BN) and Seoul (SL).
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Fig. 2. Histograms of 5-minute average o, at Baeng-
nyeongdo (BN) and Seoul (SL) from 2011 to 2013. The
sample numbers of BN and SL are 250165 and 223233,
respectively.
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Fig. 3. The classification of long-range transported haze
(LH), yellow sand (YS) and domestic urban haze (UH).
Flow chart is classified to the various categories of heavy
haze events by making use of aerosol optical depth, PM2.5
(or PM10), and time lag difference of PM2.5 (or PM10)
increase time at both stations (BN, SL), backward trajectories,
and the ratio of PM2.5 to PM10 specifically in the quantitative
perspective.
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Table 1. Summary of PM10, PM2.5, oy, AOD, time-lag, ratio of PM2.5 vs. PM10 for the selected long-range transported haze

(LH), yellow sand (YS) and urban haze (UH) at Seoul.

PM10 (ug m™)

PM2.5 (ug m™)

Period Oy (Mm™) AOD Time-lag* Ratio
Ave. Max Ave. Max Ave. Max Ave. Max (hr) (PM2.5/PM10)

2012/01/11~15 50.7 139 35.1 98 164.7 612.8 032 149 6 0.78
2012/01/25~29 46.6 108 30.0 78 1393 4444 024 0.82 7 0.81

LH 2012/03/04~08 37.7 171 32.3 132 92.0 4934 NaN NaN 2 0.97
2012/05/02~06 441 184 25.7 101.8 92.9 466.1 0.32 0.76 7 0.70
2013/01/10~14 104.0 211 834 164 3423 7798 121 2.14 11 0.81
2011/04/30~05/04 154.2 450 48.3 103.7 919 256.7 0.79 1.60 12 0.29
2011/05/10~14 63.1 508 20.3 112.8 35.6 105.8 0.41 0.88 4 0.26

YS 2012/03/24~26 40.6 138 18.5 37 66.5 1649 0.28 1.03 2 0.17
2012/03/30~04/03 63.1 170 24.5 58 944 3123 049 0.75 5 0.20
2012/11/26~30 52.1 318 24.0 88 879 4233 034 0.92 4 0.25
2011/06/01~05 61.4 122 45.1 82.2 304.5 672 072 184 - 0.76

UH 2012/04/21~25 39.2 130 31.21 1133 1563 6652 098 1.75 - 0.93
2012/05/11~15 44 4 86 41.8 77.5 2384 6142 1.05 242 - > 1

*Time-lags of LH and UH are calculated using PM2.5, but for those of YS using PM10.
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Fig. 4. Time series of PM2.5 and PM10 concentrations at

BN and SL on Mar 4-8 for long-range transported haze

(LH), on Nov 26-30 for yellow sand (YS), and on Apr 21-25

urban haze (UH) in 2012.
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Fig. 5. Autocorrelation () of aerosol scattering coefficient
(o) at Seoul (SL) site for long-range transported haze (LH),
yellow sand (YS), and urban haze (UH). Dashed red line
indicates e-fold time scale.
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