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Abstract Vertical distributions of aerosol mass concentrations over Seoul and Gangneung
from January to February 2015 were investigated using aerosol Mie-scattering lidars. Vertical
mass concentration of aerosol was calculated from the lidar data using KALION’s algorithm and
quantitatively compared with ground PM;, concentration to obtain objectivity of data. The back-
ward trajectories calculated using HYSPLIT (version 4) were clustered into 5 traces for Seoul
and 6 traces for Gangneung, and the observed aerosol vertical mass distribution was analyzed
for individual trajectories. Result from the analysis shows that, aerosol concentrations with in
the planetary boundary layer were highest when airflows into the measurement points origi-
nated in the Shandong Peninsula or the Inner Mongolia. In addition, the difference of aerosol
mass concentrations in the two regions below 1 km was about twice as large as that in the long
range transport from the Shandong Peninsula compared to the local emission. This result shows
that the air quality over Korea related to particulate matters are affected more by aerosol emis-
sions in the upstream source regions and the associated transboundary transports than local
emissions. This study also suggests that the use of local aerosol observations is critical for accu-
rate simulations of aerosol-cloud interactions.
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Table 1. Specifications of two lidars used in this study.
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Fig. 1. Locations of two lidars used in this study from
January to February 2015. East-west topography is shown as
shading in the bottom.
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Parameter Seoul Gangneung
Equipment type 2-wavelength polarization lidar 1-wavelength polarization lidar
Laser Nd:YAG Nd:YAG
Polarization - Linear polarized
Wavelength 532 nm, 1064 nm 532 nm

Pulse energy 20 m J @532 nm, 20 m J] @1064 nm 30 mJ @532 nm
Repetition rate 10 Hz 20 Hz

Telescope Cassegrain type Cassegrain type
Beam diameter 200 mm 200 mm

Focus length 2000 mm 2000 mm

Field of view 1 mrad <1.5 mrad
Vertical resolution 6 m >2.5m

Temporal resolution 15 min

10 min, 15 min (Adjustable)
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Fig. 2. Frequency distributions of the lidar ratio (a) and the mass extinction efficiency (b) in Seoul (SE, black bar) and

Gangneung (GN, white bar) from Jan. to Feb. 2015.
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Fig. 3. Scatter diagram of lidar-derived and ground-based PM,, mass concentrations at the same altitude in (a) Seoul (SE,
622 m) and (b) Gangneung (GN, 772 m).
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Fig. 4. Locations of the 2-day backward trajectories (a), altitudes arriving at 600 m for individual trajectories obtained from the
HYSPLIT 4 simulation (b) and vertical profiles of aerosol mass concentrations from the lidar at Seoul site (c). The Gray
shading in Fig. 4c is the average aerosol mass concentration for the total route.
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Table 2. Average aerosol mass concentrations of each air-mass pathway at Seoul site.
Categories A B C D E Total
. o 5.3 44 32 2.8 23
AWS, Wind speed at surface (622 m) [m s | (1.7) (1.6) (1.6) (0.9) (12) -
No.(/236) 8 38 29 11 29 115
Distance [km)] 1846 1168 571 667 318 )
Seoul Trajectory (Velocity [km hr']) 62) 39 19) 22) 11
cou
. 2268 1549 1084 615 1093
SE .
(SE) Altitude [km] (736) (465  (328)  (227)  (284)
5. 3193 3189 5761 7049 3527  39.93
Mean (Std. m~
Mass concentrations at G)lbem™T 1365 (1239) (348) (581) (881) (1823)
0.6~1.5 km from lidar Max/Min. [uig m™] 4745 4652 8435 9626 6351 6248
ax/n- (g 1061 /1271 /1726 /1815 /1128 /12.69

7 7A=0] 4847k A 9IAE ASH BE #Ao} nlo|zt
3 FH, Ce o3 UsZ, De T 64, B 5
= AQ1gell fIAIskaL SIvh(Fig. 4a). BFH HIAE
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Nol2E FEe AT FHHAAE A1ZH0000, 0600,
1200, 1800 UTC)S 7|52 + IN7HS Hslon,
HAs IEFHE 600m ALEFEH F AE(A-E)
Hit o2 E FxE(Fig 4c, INSD)7F &F 10pug m™
7} B 1500 m % (Slope = (dM/dH)* < 1, o714 M
2 Joj2E AYEL, HE L%, ©]8 PBL 1L%)Z
ALksidt, SR AES] Het o]FIEE Fals
o] PBL W9 do2F T T7i dujdez &
JES HHE C, D, E AE(60%)2F 212X 2 A,
B ZAZ(SF 40%)= ro] Ak WA, A% B
AR ol F&HEE 48A7F <t ZH2E Al 62 km, 39
kmol™, i o] FILEE 1.5kmE UETH A9 B
o] PBL W 917 ooj2F FEEZE w$ FA18H
(Fig. 4c), HT o2 55 o Rugm o2 F
AE27F 293 UHR] HRE F 7P @tk whE,
C, D, E AR9] o5&t 4847 Bt 7t A&
19km, 22km, 11kmZ A, B A= B3] =g A o]
B8, B+t ol =E C9 E= 9F 1km, D= 600 m
2 PBL WollA o]&3lith B doj2F s+ 4t
TAHORYH §9€ WD FZ)7t 7049 pg mP= 7}
4 =Y, U0 S UEFHC FE, 5761 ug m>),
a8 AJAAE A=, 3527 ug m™)e] &olAt.
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Fig. 5. Same as Fig. 4, except for the lidar at Gangneung site.

Table 3. Average aerosol mass concentrations of each air-mass pathway at Gangneung site.
Categories A B C D E F Total

. - 5.4 6.7 59 6.8 1.6 32
AWS, Wind speed at surface (772 m) [m s 1 (18) (4 2.2) 2.0) (12) 4 -

No.(/236) 14 27 2 14 50 10 137
Distance [km] 1712 1240 715 878 352 845 ]
Trajectory (Velocity [km he™'])  (57) (1) @4 (29 (12) (28)
Gangneung 2200 1754 1139 1029 1044 1064
GN ; ]
AN Altitude [km] (659) (491) (298) (301) (342) (255)
Mean (Std) [ugm™?] 2250 2930 4716 4075 2622 3028 3066
Mass concentrations at : (7.54) (1341) (23.07) (1541) (13.68) (9.64) (14.09)

0.6~1.8 km from lidar Max/Min, [yig m™] 37.54 5205 90.00 6738 52.69 4423 56.16
axAVIn. 1Hg /1218 /936 /1559 /1534 /915 /1449 /10.96

Fo g oFet NEFEME T AF, <30km hr') 2 Ot 3 SellA TS g ed RS shit
of o8] T AHEAD AR) B UEZ(C 4R)E LR FY9=e Ex70] Hrh(Lee et al, 2018). £
BH 3717 492 W 7P 2a, A 5EFE ALE AR HApdzel o8 ti7) sl 9ol
MF Ee 8%, >30km hrh)oll o8 HAlolzRE  JAHL 0|2 s LHFEH A EHite] AXHH
37178 F9€ w(A, B AR) olol2F 7t 7B A FE doj2F BEUF Yehd Zlor F=dt.

gttt gk ALE Jgide usAgeRE 3}

3 AZF HAF0] el ok ol F Adlelobas] 5. XiH| /2|77 Oo{ZE0 ME

S Aol FATA T FHolE o5 37| oix| Em

S ASole 47190l S1A3A Hik. oleiat 71t

Aol F3F B2 ool ANT Musiuas AN IRael mE Ags g A%
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Fig. 6. The difference of vertical aerosol mass concentrations for Seoul and Gangneung according to the local emission (a) and
the long range transport from the Shandong province (b). The shaded areas represent significance level of 0.05 according to a

Student’s t-test.
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