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Abstract : Descriptions are provided of the automated aerosol-type classification and mass

concentration calculation algorithm for real-time data processing and aerosol products in Korea Aerosol
Lidar Observation Network (KALION, http://www kalion kr). The KALION algorithm provides aerosol-
cloud classification and three aerosol types (clean continental, dust, and polluted continental/urban
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pollution aerosols). It also generates vertically resolved distributions of aerosol extinction coefficient and
mass concentration. An extinction-to-backscatter ratio (lidar ratio) of 63.31 sr and aerosol mass extinction
efficiency of 3.36 m? g! (1.39 m? g! for dust), determined from co-located sky radiometer and PMio mass
concentration measurements in Seoul from June 2006 to December 2015, are deployed in the algorithm.
To assess the robustness of the algorithm, we investigate the pollution and dust events in Seoul on 28-30
March, 2015. The aerosol-type identification, especially for dust particles, is agreed with the official Asian
dust report by Korean Meteorological Administration. The lidar-derived mass concentrations also well
match with PMio mass concentrations. Mean bias difference between PMio and lidar-derived mass
concentrations estimated from June 2006 to December 2015 in Seoul is about 3 pg m. Lidar ratio and
aerosol mass extinction efficiency for each aerosol types will be developed and implemented into the
KALION algorithm. More products, such as ice and water-droplet cloud discrimination, cloud base height,
and boundary layer height will be produced by the KALION algorithm.
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Fig. 1. An example of Mie-scattering lidar observation in Seoul (Seoul National University)
from 16 May to 19 May 2006: Time-height image of (a) total attenuated backscatter
(arbitrary unit) and (b) total depolarization ratio at 532 nm wavelength.
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Fig. 3. Flowchart of aerosol type classification and the retrieval process of aerosol extinction coefficient and mass concentration
in KALION.
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Fig. 4. Frequency distribution of lidar ratio (sr) at 532 nm
wavelength estimated from Mie-scattering lidar and
SKYNET sun/sky radiometer measurements in Seoul
(Seoul National University) from June 2006 to December
2015.
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Fig. 7. Comparison of lidar-derived aerosol mass concentration and ground-level
PM+1o mass concentration from 28 March 28 to 30 March 2015.
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Table 1. Rudimentary sensitivity test results for lidar-derived aerosol mass concentration (ug m) by 10% and 20% changes of lidar

ratio and aerosol mass extinction efficiency

Ground-level PMio Lidar-derived Aerosol
Mass Concentration Mass Concentration A A% L A
. . 81.8 87.0 96.0 99.9
Lidar Ratio 012 o1 (109%) | (52%) | (46%) | (8.9%)
Aerosol Mass ’ ’ 114.6 101.9 83.4 76.4
Extinction Efficiency (250%) | (11L1%) | (9.1%) | (-16.7%)
A% 2km o|slo]l LE0] A5t oo 2F W Table 1:> 2folth Ao} AFaita &9 Qa7 Agk
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Fig. 8. Comparison between lidar-derived aerosol mass concentration and ground-level PMio mass concentration. Aerosol mass
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mixing height. The mixing height is estimated by the method given in Kim et al. (2007).

-127-



Korean Journal of Remote Sensing, Vol.32, No.2, 2016

Yo

ol2E F3E AR a S 3t 2 Y
Aol LAt} A sko] 2-8-5h= Zlo] RS

Fig. 8 A& HefollA] W54 2} Z}E(zoo&i
6% — 20159 1292 o] gatol A& oo] 22 e
359k PMy E2 ] watel 18 ot oj7] A
ORAL 2|4 PMy 5% (2 A4 i L% 622 m)E A}
S51917]0l, 2olth A1 oo 2% AR 717t 4]
ERRE TE 1 kb B ool 2E AesE
(Fig,80)2} AW E BTN A S o7 3
T8 oo 2E A= (Fig. 8h)E 27t v| w3}
Fig, 8boll 9] Zo]t 24 AR ZRE BT AEE
Kim ef a(2007b)0] A A|3 WP 0 2 A3 et )=
549 W8 0] Wi gh8 1ol 2]t} 44 ool
& A s 7t A% PMy B35 Az o] vlsf 27 vet
WA, gholth Aot AFaata &S A7I7 B+t
U= Aot Aitstagol = HAp gho] 4] oF3tth
oF 3 g m). 0|0 KALION J2 9Fi12] Z o] 4= o]
% G ol gte] ool 2 A4S L A

=

32
+

anl

20159 3¥ -5 T oo 2 2holrt HIE S
A (Korea Aerosol Lidar Observation Network; KALION)

9] ghojt} W& FE A I A7 FES QJF 13
ot 112]&S 7fslgith KALION #2 ¢ae|&2 2t
o]q. 37 __Oi_,_t—] qu] TTH]'}L}- 70}59]_ 1%*/]\_%
5 24RE o] 4ol oo| 2ET 2 94 FulshT,

22 ofo]2E9] #3& (5 719) A7
]2 2 (clean continental acrosol), EH-Ak(dust aerosol) L]
1 24 A& (polluted continental /urban pollution aerosol)
ettt 2holt} A= 63.31 st} of o = E H At
A 336m’ g (A= 1.39 m? g 1) 7H2) A-g-5lof
o] 2% b0} A8 AT
20159 39 28U K 30 Atgof tfsl KALION 3%
darE|Eo] ot ool 2E 13 &, 5 A
Al 714478 9 FAF Hareh & AR shgl o, 2
o 1hE Afs et 7138 (@) PMo s = AR
obu e} AJZte] up2 W3l A= 2 AR sH T E

=
L

=2]
=

o

d
= =

ful

3}, 20061 6BE-E 2015 129714 oF 9.5 5¢ko] 2}
ot HEAF (ML TohERE A2H ofoj 2% Ak
B2 94 714 ke PMu 5 =94 oF 5 pg m™ el A
2 A28t
A2 KALIONOJ A 29 521 of o] 2% u]Algt 2fo]
Ths A2 o2 A|ZAbl A A2 2otk A A- 082
T/ Ele] glo] 7} gtolrhute} glo] A &at A1
7= 2po|7F ZA5E JTHAFA] W8-S Supplement
Table 1). A 3£ F-19] 415 7l E HAsH= FHE
A= (overlap correction factor) 3+ 2+ 2ot} EA] of
oA ge] 288 1 27} §lo] KALION #3& ¢are]&
=7 A9 eto|ot #E Aol AFsES GG
ol 2E MM L é%*% % J’EO]J] AOHH
AH&-8H= 2holot Aot
7], 74, i}ﬂ 2 24
KALION E% 1“4%

A2 ol g3fod ol 229 5 dﬂ@ l
ARSI, KALION 52 93] 50 483 of
E&ﬁﬂﬁéﬂiﬂ%qﬁﬂﬂﬂﬁi$%&%

ozi
E m]o

%Edﬂi = ool 2% 43, ool 25 a4,
ool % Aeks ) o|9]o] A FE F7hm AR
Aelolth. 2.4 7 %%%@%%@w@ﬁqgw°4

B RS, 24
base height) & T 8}= &1 2|5 7] is}e] *‘*17 ko
2 22T Ao itk TSt ool ZE RS AlE
spste] A AR FAdE of o 7] e A=A T} AL
AA7E 23 HF- 2 SAkpolluted dust) 2 A 9],
w8 ootk npAuto 2 of 7] 9] b = 9 A4 o
o|2E Aol & TS A= W7 AAT =l
2SS F7hel AAITEe =

A S0l S R Aol

& (water droplet cloud) 2

fol
)
Kl
il
=)
e
ofs
ol
rlr
1

9

shed) melo) 9l ‘3—4 G

25 9]0 mu} ME} ;q;Loﬂ HE3= AL E0E (sun

photometer), -

HkE AFo] JLE el
olE ENS gxﬂ 40%#0 %—’F‘ﬂ

AN LoolzE71%a
Y

7 =
= ZolH.

pl)

s

-128-



The KALION Automated Aerosol Type Classification and Mass Concentration Calculation Algorithm

AN

o] A= 71347 715 st A& U 57 A
2] 97 BHAF (KMIPA 2015-2011)"¢] A G 0 & S=3) 5]
AsyTh

Reference

Cattrall, C., J. Reagan, K. Thome, and O. Dubovik,
2005. Variability of aerosol and spectral lidar
and backscatter and extinction ratios key aerosol
types derived from selected Aerosol Robotic
Network locations, Journal of Geophysical
Research, 110(D10S11), doi:10.1029/2004JD005124.

Campbell, JR., D.L. Hlavka, E.J. Welton, C.J. Flynn,
D.D. Turner, J.D. Spinhirne, V.S. Scott, and 1.
H. Hwang, 2002. Full-time, Eye-Safe Cloud and
Aerosol Lidar Observation at Atmospheric
Radiation Measurement Program Sites:
Instrument and Data Processing, Journal of
Atmospheric Oceanic Technology, 19: 431-442.

Chen, W.-N., C.-W. Chiang, and J.-B. Nee, 2002. Lidar
ratio and depolarization ratio for cirrus clouds,
Applied Optics, 41(30): 6470-6476.

Fernald, F.K., 1984. Analysis of atmospheric lidar
observations: some comments, Applied Optics,
23(5): 652-653.

Kim, Y., Y.S. Ghim, C.H. Song, S.-C. Yoon, and J.S.
Han, 2007a. Seasonal characteristics of air
masses arriving at Gosan, Korea, using fine
particle measurements between November 2001
and August 2003, Journal of Geophysical
Research, 112(D07202), doi:10.1029/2005/D006946.

Kim, M.-H., H. Yeo, N. Sugimoto, H.-C. Lim, C.-K.
Lee, B.-H. Heo, Y.-S. Yu, B.-J. Sohn, S.-C.
Yoon, and S.-W. Kim, 2015. Estimation of
particle mass concentration from lidar
measurement, Atmosphere, 25(1): 169-177. (In
Korean with English abstract)

Kim, S.-W., S.-C. Yoon, J.-G. Won, and S.-C. Choi,
2007b. Ground-based

measurements of aerosol and ozone in an urban

remote sensing
area: A case study of mixing height evolution
and its effect on ground-level ozone
concentrations, Atmospheric Environment, 41:
7069-7081.

Kim, S.-W., S.-C. Yoon, J. Kim, J.-Y. Kang, and N.
Sugimoto, 2010a. Asian dust event observed in
Seoul, Korea, during 29-31 May 2008: Analysis
of transport and vertical distribution of dust
particles from lidar and surface measurements,
Science of the Total Environment, 408: 1707-1718.

Kim, S.-W., L-J. Choi, and S.-C. Yoon, 2010b. A multi-
year analysis of clear-sky aerosol optical
properties and direct radiative forcing at Gosan,
Korea (2001-2008), Atmospheric Research, 95:
279-287.

Klett, J.D., 1981. Stable analytical inversion solution
for processing lidar returns, Applied Optics,
20(2): 211-220.

Murayama, T., N. Sugimoto, I. Uno, K. Kinoshita, K.
Aoki, N. Hagiwara, Z. Liu, I. Matsui, T. Sakai,
T. Shibata, K. Arao, B.-J. Sohn, J.-G. Won, S.-
C. Yoon, T. Li, J. Zhou, H. Hu, M. Abo, K.
Iokibe, R. Koga, Y. Iwasaka, 2001. Ground-
based network observation of Asian dust events
of April 1998 in East Asia, Journal of Geophysical
Research, 106: 18345-18359.

Nemuc, A., J. Vasilescu, C. Talianu, L. Belegante, and
D. Nicolae, 2013. Assessment of aerosol’s mass
concentrations from measured linear particle
depolarization ratio (vertically resolved) and
simulations, Atmospheric Measurement Techniques,
6: 3243-3255.

Noh, YM., D. Miillera, D.H. Shin, H, Lee, J.S. Jung,
K.H. Lee, M. Cribb, Z. Li, and Y.J. Kim, 2009.
Optical and microphysical properties of severe
haze and smoke aerosol measured by integrated

remote sensing techniques in Gwangju, Korea,

-129-



Korean Journal of Remote Sensing, Vol.32, No.2, 2016

Atmospheric Environment, 43: 879-888. in East Asia: Present issues and future
Omar, A.H., D.M. Winker, C. Kittaka, M.A. Vaughan, directions, Asia-Pacific Journal of Atmospheric
Z. Liu, Y. Hu, C.R. Trepte, R.R. Rogers, R.A. Sciences, 50(1): 105-120.
Ferrare, K.-P. Lee, R.E. Kuehn, and C.A. Won, J.-G., S.-C. Yoon, and S.-W. Kim, 2004.
Hostetler, 2009. The CALIPSO automated Estimation of direct radiative forcing of Asian
aerosol classification and lidar ratio selection dust aerosols with sun/sky radiometer and lidar
algorithm, Journal of Atmospheric and Oceanic measurements at Gosan, Korea, Journal of the
Technology, 26: 1994-2014. Meteorological Society of Japan, 82(1): 115-130.

Park, RJ. and S.-W. Kim, 2014. Air quality modeling

-130-



The KALION Automated Aerosol Type Classification and Mass Concentration Calculation Algorithm

(193unoy uooy)Dd ‘(LOMSAUD (1/V)OAV %% :(Pporpojoyd ayoue[eay)(dV (LOrdmuoloyd) LN .
Bletrflcfr ¥ TiehEB2L #

(wu $901)AdV ) . (Pwr OgT) WU 907 . &R | D)
02~0 09 od (e 263 cT 000% ureisesse) G0 0¢ (FW (gT) WU geg OVAPN Rz Be
LNd . (P Og) wu 901 . Ll | #HE&D)
~ RI308SSE,
Z1~0 09 od pufe T 0008 ut 0 G 07 (o) mu 7gg DVAPN | o7 o
(P OF9) WU 7907 e ()
08~G'T 0ST | I0d SOW LN 07-¢0 0168 UIB.L50SSB)—)PIydg z0 01 (PWr HST) WU GG | DVAPN | o ioh i
(Pw () wu geg s =t
Q LI
01~0 06 ) oav LN 70 0008 ure.Sesse)) z'0 08 (Pw OgT) 658 OVAPN | Iafe Am Iouv
(Pwr O8T) W F90T i (2lw)
GI~0 07 od LN I 006 TBTUOIMEN z0 0% (PW OTT) WU ZEG | DVAPN | ik m _m
(P 0g) WU GGE T =1o
N adv UreISesse : (FW 00g) WU 7901 . frch ()
g1~0 09 od I ) 000% 1 0 §0 0% (cw 00g) wu ggg | OVAPN| =
(wu 907)AdV (w2 07) (Fw 0g) wu 901 . fri (fvm)
31~0 Gz 0d/0av (U e INd T 0003 UTBIBOSE) APTIIGPS T or (cwog muggg | OVAPN | gh o
(W F901)AdV (W2 0g) (pu 0g) wu 901 ) fele (E%)
S0 | % 0PIV e g | 0008 | urmsgesseygprupg | 0| (woguugge | VAN e | hs
~ (Od)0og (WU FYONAAY | oy o S VIO . (Fw 00g) WU F901 . S (=)
T~0 | davoe 0d/0av (wu gegimg | 900 0001 (W Og)ueruOpMaN ) or (cwog) wugge | VAN | oo S
adv . (P 00g) Wu 7901 : fel | (o)
~ ure3asse
gI~0 09 od I ) 0007 . 0 §'0 0% (cur o0g) wu gge | OVAPN | oo as
(W F90T)AdV (wo () (Pw Og) wu 907 . o, (fo®)
8I~0 Gz 0d/0av (U eI T 0003 TBIROSEE) APTIIPS T or (cwog muggg | VAN | gl 2l
(wr) EHN) |, (peau) (o) 6 BEE (peaw) | (2H) @E&E 24 e
arge | gok |V wlEFR ) ey | pree == Bief | 8wk | BEEOWEE | bok | 2| vep
e (lolR) & e
TIA &5 3= (6131012 NONYWERSSIA {31012 2S00 SR *+ 8lqeL uswejddng

-131-



