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The Study of PM1, PM.s Mass Extinction Efficiency
Characteristics Using LIDAR Data

TaeGyeong Kim ®" - Sohee Joo (®? - Gahyeong Kim ®" - Youngmin Noh ®?°

Abstract: From 2015 to June 2020, the backscattering coefficients of 532 and 1064 nm measured using
LIDAR and the depolarization ratio at 532 nm were used to separate the backscattering coefficient at
532 nm as three types as PMio, PMas.10, PMas according to particle size. The mass extinction efficiency
(MEE) of three types was calculated using the mass concentration measured on the ground. The overall
mean values of the calculated MEE were 5.1 £2.5,1.7 £3.7,and 9.3 + 6.3 m?g in PMio, PM2s.10, and
PM. s, respectively. When the mass concentration of PMio and PM2.5 was low, higher than average MEE
was calculated, and it was confirmed that the MEE decreased as the mass concentration increased. When
the MEE was calculated for each type according to the mixing degree of Asian dust, PMa2s.10 was twice
at pollution aerosol as high as 2.1 + 2.8 m?/g, compare to pollution-dominated mixture, dust-dominated
mixture, and pure dustof 1.1 £1.8,1.4 +3.3,1.1 + 1.5 m*g, respectively. However, PM2s MEE showed
similar values irrespective of type: 9.4 £6.5,9.0+5.8,10.3 +7.5,and 9.1 + 9.0 m%g. The MEE of PM\o
was 5.6 +2.9,44+20,3.6+29, and 2.8 + 2.4 m?%g in pollution aerosol (PA), pollution-dominated
mixture (PDM), dust-dominated mixture (DDM), and pure dust (PD), respectively, and increased as the
dust ratio value decreased. Even if the same type according to the same mass concentration or Asian
dust mixture was shown, as the PM.,s/PM o ratio decreased, the MEE of PM,s.1o decreased and the MEE
of PM.s showed a tendency to increase.
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Table 1. The average value of PM1o, PM2s.10, PM25 mass extinction efficiency. Classified into good, moderate, poor, and
very bad grades according to the range of PMi mass concentrations. It is also displayed as an average value
divided into four types according to the PM2s/PMyo ratio at each stage

. Mass Extinction Efficiency
PM:;s Ratio* RD
PMio PMas.10 PM.s
Total 1.3+05 05+04 4.0+4.7 0.59+£0.26
x>0.8 1.6+04 0.8+0.3 19+04 0.17+0.07
x> 150 08>x>06 1704 06=05 2306 042£0.16
(Very bad)
0.6>x>04 14+04 0.7+04 22+09 0.40+0.23
04>x 1.5+0.5 05+04 73+55 0.77+0.18
Total 25+0.8 11+13 4.7+3.8 0.31+£0.22
x>0.8 22+0.7 21+26 26+0.8 0.20+0.13
150(2}3:5 80 08>x>06 2508 12512 34212 021£0.14
0.6>x>04 27408 1.0£0.8 45+1.7 031+0.17
04>x 24+09 0.5+0.5 9.5+6.1 0.59+0.24
Total 44+18 1.6+24 7.7+4.4 0.19+£0.16
x>0.8 42+18 46+62 48+19 0.13+£0.12
80>x>30
0.8>x>0.6 43+18 21+24 59+28 0.13+0.12
(Moderate)
0.6>x>04 45+1.7 1.1£13 84+36 021+0.14
04>x 41+1.6 0.7+0.8 13.5+6.3 0.37+0.19
Total 73+3.2 1.9+3.2 142+7.6 0.13+£0.15
x>0.8 8.6+4.6 65+7.6 10.0+£5.6 0.11+0.17
30=x 0.8>x>0.6 72+34 26+35 105+54 0.10+0.14
(Good)
0.6>x>04 72+3.1 14+2.1 145+6.8 0.14+0.14
04>x 70+£23 0.7+0.9 20+78 0.20+0.15
Total 51+25 1.7+3.7 93+6.3 0.18+£0.18
*PM,.s/PMo ratio
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Fig. 1. The average value of PM1, PM2s.10, PM25s mass
extinction efficiency and dust ratio (RD) separated
according to PMzs/PMo ratio.
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Table 2. The average value of PM1o, PM2s.10, PM25s mass extinction efficiency. Classified into pure dust (PD), dust-dominated
mixture (DDM), pollution-dominated mixture(PDM), and pollution aerosol (PA) according to the range of dust ratio
(RD). It is also displayed as an average value divided into four types according to the PM2s/PMo ratio at each
stage. The average value of PMi and PM2s mass concentration is also listed

. Mass Extinction Efficiency (m%g) Mass Concentration (ug/m?)
Type PMa s ratio
PMio PMas1o PMas PMio PMas
Total 2.8+24 1.1+15 9.1+9.0 78.1+£94.7 20.2 +14.7
x>0.8 - - - - -
PD 0.8>x>0.6 34+3.6 26+£35 44+46 302+153 212+11.6
0.6>x>04 23+£2.1 1.0£1.0 39+38 323+263 157+11.2
0.4>x 28+24 0.5£0.5 13.8+9.8 138.0+£114.8 220+17.6
Total 3.6+£2.9 14+33 10.3+7.5 76.9 +48.2 26.6+£22.1
x>038 6.7+£6.5 143+10.0 6.1+£7.1 56.4+31.5 47.7+26.8
DDM 0.8>x>0.6 48+45 34+£58 6.0£5.0 75.0+57.2 51.7+40.2
0.6>x>04 46+34 1.8£29 82+63 59.1+£37.5 28.6+184
0.4>x 30+1.6 0.5£0.5 121+7.6 85.1+484 204+12.5
Total 44+2.0 1.1+1.8 9.0+5.8 50.8+25.3 28.0+18.8
x>0.38 40+2.7 34+£53 47+3.0 63.4+30.2 54.3+£26.0
PDM 0.8>x>0.6 40+£2.0 1319 5.8+3.1 58.7+30.0 399+21.2
0.6>x>04 45£20 09+12 89+45 479+214 243+11.6
0.4>x 47+19 0.6+0.7 152+72 432+219 13.6+7.5
Total 5.6+2.9 21+28 94+6.5 40.7 +£20.6 255+153
x>0.38 54+3.6 5.1+64 63+43 45.0+25.1 38.6+21.6
PA 0.8>x>0.6 51+27 2427 7.1+£43 44.8 +20.7 30.5+14.6
0.6>x>04 6.0+£29 1417 11.4+64 357+175 187+155
0.4>x 6.6+2.8 1.0+1.1 19.6+9.1 31.7+£204 10.7+15.3
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Fig. 3. Box-and-Whisker Plot considering four types classified
as pure dust (PD), dust-dominated mixture (DDM),
pollution dominated mixture (PDM), and pollution
aerosol (PA) according to dust ratio. In each type,
itis divided into four types according to the ratio of
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