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Intercomparison of aerosol optical properties observed by lidar, Sun
photometer, and surface in situ measurements during Asian dust event in Tokyo
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Abstract: We made simultaneous observations with Mie-Raman lidar, Sun/sky radiometers and in situ optical
instruments, i.e., optical particle counter, integrating nephelometer at Etchujima campus, Tokyo University of Marine
Science and Technology during a heavy Asian dust event occurred during April 17-19, 2006. We derived how vertical
extension of Asian dust layer varies from over 32-hours continuous lidar observation, changing the operation mode with
daytime polarization lidar or nighttime Raman lidar. Asian dust layer (ADL) settled down to ground level around the
noon of April 18, which was well captured by the depolarization ratio and the optical particle counter. In that morning,
the planetary boundary layer (PBL) was strongly suppressed (up to ~0.5 km) probably due to capping inversion
between the PBL and the ADL, which confined local air pollutions in the shallow PBL. A reasonable agreement of

quantitative and qualitative aerosol properties is obtained among all the observations though the dust episode.

1. FC®IC

HREERFZB R G v > /782 (35.66'N, 139.80°E) TiX, ¥4F, ZHET v T4 X —I2 X 0 xHilE =
7 VO EFRIRBR AT o TETWBD[L, 2], 2 2 TIE 2006 4= 4 A 18-19 HIZEFEMICEN S - BH3 7
EWBRGEORE « T~ A X —BR, ADATIF A=K — B T3 8N A—F—IZ XD ER, H
FETCOFTT 4 INAR—FT 4 7 H 72— (0OPC) * SR T =1 A —F —(IN) RIS =R E 25
(PSAP) IZ L D=7 1 YV L DN ERE DA A B SOV TR R 5, R FZEI34 £ THITo TE TV A3,
4], —OOEWBRLEE BRM % L COEBOFRFIEC L > TR EEMICBRIL, FREICFERES =
EY—REZZR L LD & T 2RI RNV B Z OB TIILL TGRS X 9124 H 18 HOIEAFE
(CEER IR ICHEY TECTE D, EEERKT 280 & KRB O OO lsfE (BERE N O RKZINEL
2L D) ITEo T, MBPHRIZKEY T oG a6] & ik U TR, E7-, [FERZR I O TE
GUIO K IEH THIRERFEANICA LN TWE D [T SR TEB OB TR b o712 L bbb, K585 L LT,
AINTIE < BEWERXUEICE DL, EOWEIZHWZED LD — DO MBMP) R W Ok % — 2 Th -
77
2. BAIRE

FHMHERFZORNET ¥ JNEBOEZWET~ o TA X =V AT MOV TIRRIZFEIE L T 5 DT
<AL, 2] WHT A Z—(532 nm)iZ DWW CIRTgtE A CEEEEH O 2 > oZmEErFH L, KOOI~
A X =B O L & DI 3P R(355, 532, 1064 nm) DB Z1T> T\ D, T~ 74X —#BHNIX 17 B 19:11JST
~18 H 06:05JST & 18 H 18:55~21:42]JST IZfT>TH V|, AIFHF CIHEN R T o7, T4 X —NXEIN
TZEMEF DR EICIE, AW A T VF A—H—POM-01 (Prede) L 7' L —F 4 > 7% 7 % k A—4 —PGS-100
(Prede) 3 ax i S AUIEH LTz, il OMFNTIZIL skyrad.pack ver.4.2 ZfEfH L7-, %EDOUERR & O LR EIX
RGAFFEATIC T 2004 4E 2 H & 2007 4E 1-2 A2 701 4% N TEEEHR N RO ST\ 5, 2R UE L
B FEEREIZRKZ WS L, OPC KC-01D (Rion), FE/M AR 7 = 1w A —%—M903 (Radiance Research, EI{FKE
A =530 nm) }2 (O} PSAP (Radiance Research, A =565 nm)% [FRFIZENES 72, OPC 13 5 BEfE (0.3,0.5,1,2 XTS5
um PLE) 12530 T 10 434S 1L O RKF ORI -3 2 5isk Lz, M903 ORLIEIL COy AT L 0 FFEMIATIC
TN, 5 B EHOE RS D T E S FEEk S D, PSAP [ IWL B E % 0.5L/min. & L, #5720 Lid 1 B



(215 3 DRE 24T 2 T2,
3. #HillEg
3. 1 EBDORFMFE

Fig. 1 127 A 7 —(5320m)IC K 2 AL S Te T A X — 15500 (RICARIEEE . TE BRSO RF R ) B
Wik X 2 79, HBEREUIR ISR R D BB S 7 A 4 —tb% 35 st & L C Fernald O 515 CT—HRICFHE L=,
W E OB IREAEEE 2 25 2 & TR ETE 20, BUBIAATE 17 B 20 FFEE, SEDE OSE T RO
JEAIIR E 72D 1.5-75km IS0 L TW5D, F D% ARAICEEZ T 18 H 12 BREICH FICEL T\ 5,
i = TOEBOEBIZOWTITIRETTIRR D, 18 H 16 BREN O EE 10 km (UTIZBN - BEO T IL#
WEIE L B s =7 v Y VERK 6 km £ THOML TS, HEERED D ITEWEORED Y —7 13 18
H 3-5 BRICHEE 3.5 km FHEICHBLL TV D, 20O L X OWEBEREIL 0.7 km" IZEL TV 5, [RIFFCWEART
FEH R CHEICMRKRfEA & > T2, Fig. 2 ITBEMIREE O &5 o TR 72UV 18 H 02:01-04:241ST (23517
L7 TA LB GROT-ZT 10 VOISR LR E OE SN AR T, HEREO Y — 213 3.7
km fIET0.5km! 2z TH Y, £ 2 TO 355-532nm DA 7 2 b o— L 5L 0, %GR O A
T A v — MEEITAE L 1o TV D, KL HRIGHFEEL & IHBURI O B — 7 (I TR THI 30 % & 72> TV
5o TA X =TI IO 1.1-4.7 km O C 355 nm & OV 532 nm (22T, % 446.0£3.2sr, 37.8£6.7
st EIRVERAND T TTA FX—lRNEL o TS, ZiUIS T TOBNOMEN & —ET 5[1,2], /=, #HD
J& D v — 7 T THXHREL X 70 %22 TR Y . KEPETT 21250 T2 O®EROIRED EA L TnD
DONRBOBITZ, Fig. 3@QIC I8 HHHFDANA FIVFA—F— T —T 4T YT FA=F—KDOT
A F— (M1 LS &EEE 8.5 km E TOHBIRE D S ERY) 72 HROZTT v Y L ONFRE S ORFRY 2R
T, Flr. AL TIOFA—F—MmERDIEA VT A b —LBELRLTWS, KBIEEORBT AT
VT F hA—=E—=THIHN, HFHES L DOHBICBW TS T A X —HiE 35-40 st NZUTHDH Z L b»n
Do o AV T A M= LNEEN RN E 72D 14 FFERTHERAR TR OBV OFG N RED o EHESND.
3. 2 HERMOME~ADETRELERIERE

Fig. 1 KOV Fig. 2 6 H b5 X 912 18 B 12 BFEICEERD 2 M EIC [V 2 BT OB @ E OV KRS 5
S (<0. 5 km)N THUNBI A DIREEN 2> TW5, ZHIFRABOREETIHEHTLHHDO T, R
I LT REIE Y E DS D O T OWHEE - K > T A TN - REEBEZ R L TWD L EZHN5[6, 7],
FHCAN T VFA—=F =T =4 T 11 BHIOEFHRES L4 7 A hr— M RFTHICm K E A & >
TS 2 ENDBRERERTHIREGEANOM/INEL - OFGIIRE D722 LR 5, Fig. 3(b)ITHEE 210 m (2
BIFBIEDITETT A X = HROT-IHEARE & LT IN L OVPSAP 75 3R 6D 7= T BUR $ & BLHGEL 7 /L
R OB RN 273, Wi 11 BEICEBREIImREEZ & D, 04-05km™ L722> T35, —J7, HEK
LT ARRIX0TICFR-TRY, EHEAH2ICBEY TE 72 14 BELIEOIE ) BSHEREL T VX Rid 0.8 12 B2
STWD, TA X =D TIET A X —OREM, IN TIIFEHEE & OEGELA truncation DOff1IE. PSAP T
HEEDEW R EOMETR NG AN L ZOHEIX—HT 5, £/, EHO—RREXRKHEROT —#
DAOIE RS NO 1T AAE 2 & > TH 0  SPM B T4k 4 (ZHEIT L 19 BRI IE 100pg/m’ i 2 TV 5, Fig. 4(a)
IZIE OPC 22 B3 LU (B 0.3~0.5 pm) K OVKRKIF (B S um BLE) @, Fig. 4(b)IZIEEEE 150
m TORRIEAREE & H BT OMXNRE O R RRINZE 2/ 3, b BICFE Y €& 725ELIZ Z @ OPC |12
L BRIFE S um LA EORLFECHIBIT 5 2 & M Z[5], FHEP ARV I1X U b7 12 BRE D BN I3 LT
W5, Elo, 1LY 11 RFREICHU IR T B OB KA - DAL D DITFNTIR R T E 72 Fhf & — 8T 2, WLAEE
JE L OPCIZ L K8 S um LA EORIFEOEIME L S LTWD, Fio, FHRHEE & R SEfRig 3 bk
THEHZBWAOHBRRIZH 5 DIXB]ITHLNIZD LR L TH D,
4. FLH

2007 -4 A 17—18 HIZHIL CIT o 1o BB DT A X —, Yo7 4 M A—%— Hi ETORFHERIC L
LB S EW T v Y L ONFRE R ORGERN B2 G T 1 Y L OZEIHIZONW TR L7z, HAIZIE
I EDOENER PG O NI, W7 A X —IXEFHEL T 5 &R OBBIRICIER ITHZTH 50355, 7],
MEREEZMD ETHLAEITo 2 & ) b ofllgs & OB IIAH E Bbhd, £, YO X ) A X



N CEWBEED ZO0E, F0 & & OEALEOHE X CEE TEOBATIROMR I LD & Bbh b 0N R
N RE S B DO TEOBBEITEIE N, ZOBBFOMEETOTIOF Y o FOF—Z D5 1.2 km ASL
T 11 K/day DAL EF2FRD B, EARINIETT 2y L ThDH Z & &R LTWAH[6],

(a) TUMSAT/Tokyo, 17-18 April 2006 (b) TUMSAT/Tokyo, 17-18 April 2006
12 12
10 10
g 8—_ H. | :E" 8
: 2,
2 i 2
B _"q -
e % ...............
17.75 18.00 18.25 18.50 18.75 17.75 18.00 18.25 18.50 18.75
Local Time [Date] Local Time [Date]
0 10 20 30 0 10 20 30 40
Attenuated Backscatter [a.u.] Total Depolarization Ratio [%]
(C) TUMSAT/Tokyo, 17-18 April 2006
s
E 67
£+
2 ]
Fig. 1. Time-to-height indication of normalized
17.75 18.00 18.25 18.50 18.75 . . .
Loacl Time [Date] attenuated backscatter (a), total depolarization ratio (b),
‘:'__ and extinction coefficient (c) at 532 nm on 17-18 April
0.0 0.2 0.4 0.6 2006.
Extinction Coefficient [/km]
Backscatter-related AE Angstrom Exponent PDR (%) Mixing Ratio (g/kg)
-1 0 1 2 1 0 1 20 10 20 30 40 500 2 4 6 8 10
7 L DL B L L I Is 1 I L DL L
= = - , = - =
6 # == 355nm E C 355nm _: :_ _: :_ R —:
. . =——5320m 4 F 1 F 1 F —hRH ]
C . 1064nm7] [ 1 F 1 E ]
S| ===BAE o & 1 F 1 F -
Iy i I 1E 3
q) - - - - - - - -
T E 1 F 1 F 1 F ]
=3[0 1 1F 1 =
< r 1¢c 1¢c 1t .
28 Y ((onm ] F ER3 ER3 E
- 0201-0424LTH [ i1 F 1E :
L 1 1F 1 -
C S 1 F 1 E¢ 1 F ]
0 lll’llllllll n 1 l 1 l 1 1 l 1 l 1 llllllllll lllll
0 4 8 12x10'31 0 0.2 0.4 060 20 40 600 20 40 60 80 100

Backscatter Coeff. (km™'sr') Extinction Coeff. (km™)

Lidar Ratio (sr) Relative Humidity (%)

Fig. 2. Vertical Profiles of the mean aerosol optical properties derive from Raman lidar measurement of

02:01-04:24JST on 18 April 2006.
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Fig. 3. (a) Comparison of aerosol optical depths derived from lidar, skyradiometer and grating Sun photometer,

(b)

Comparison of surface extinction coefficients derived from lidar and in situ optical measurements.
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Fig. 4. (a) Time series of concentration of fine and large particles measured by OPC, (b) Time series of total

depolarization ratio and relative humidity near ground.

S5 Xk

[1] T. Murayama et al., Characterization of Asian dust and Siberian smoke with multi-wavelength Raman lidar over
Tokyo, Japan in spring 2003, Geophys. Res. Lett., 31,1.23103, doi:10.1029/2004GL021105.

[2] T. Murayama and M. Sekiguchi, Large wavelength dependence of the lidar ratio in Asian dust layers observed by
dual-wavelength Raman lidar, in Reviewed and Revised Papers Presented at the 23rd International Laser Radar
Conference, edited by C. Nagasawa and N. Sugimoto, pp.447-448, 2006.

[3] T. Murayama et al., Lidar network observation of Asian dust, in Advances in Laser Remote Sensing, edited by J.
Plelon, C. Loth and A. Dabas, pp.169-172, 2001.

[4] T. Murayama et al., An intercomparison of lidar-derived aerosol optical properties with airborne measurements near
Tokyo during ACE-Asia, J. Geophys. Res., 108(D23), 8651, doi:10.1029/2002JD003259, 2003.

[5] K. Arao et al., Yellow sand dust event on 13 April 2003 over western Kyushu, Japan, SOLA, 2, 100-103,
doi:10.2151/s01a.2006-026, 2006.

[6] N. Tsunematsu, T. Sakai, and T. Nagai, Strong capping inversion over Tokyo metropolitan area associated with
airborne Asian dust, Geophys. Res. Lett., 33, 1L19806, doi:10.1029/2006GL026645, 2006.

[7] /6K B, L=V —TRAERELENRT L - T4 =12k 227 0y VB, ESLRENEFT=2—2A,
Vol. 25, No.6, pp.7-9, 2007.





