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Abstract

The size and number concentration of tropospheric aerosols and stratospheric aerosols were
observed with balloon-borne particle counter (OPC) on May 1, 2003 and June 1, 2003 at Fukuoka,
Japan (33.55N,130.37E). Three wavelengths (1064nm, 532nm and 355nm) lidar observations
were carried out simultaneously. The aerosol layer detected by lidar in the height range between
surface to a few km height on both days showed high scattering ratio at the wavelength of 532
nm (3.5-5) and low depolarization ratio (<10%). Trajectory analysis showed the layer might be
anthropogenic pollutant from Korea peninsula or the coast of China continent. In the middle — high
troposphere, aeolian dust with relatively low scattering ratio (~1.2) and high depolarization
ratio (15-20%) were detected on both days. OPC observation showed that the size distributions of
aeolian dust were clearly bimodal. Comparison of the aerosol backscattering coefficients derived
from the OPC with those derived from the lidar both in the troposphere and stratosphere showed
good correspondence. The contributions of aeolian dust to backscattering coefficients at wavelength
of 532nm observed by lidar and to those estimated from the large mode of the size distribution
observed by OPC agreed with each other. This indicates the size of aeolian dust detected by lidar
might be 1.1-1.5pm in radius.
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KALT7 VIV, AE—RIBIZ & 5 REAFERH
BHEARICER - MBNCEELYS52LEZLNTY
b, &b, EINFEROE G 2 SRR X
DEXLITFONAHMNHBEICHKA I NS LS A b
X, HARE®ELREORT7 DTiEZT TR, NT
ARIET7T A A, F—a v R mENIAET S S
V=5 Y FARETHIFEFIAEVBETEHM S T
5. TNHIF, REALESBUS S~ DEEIZT TR L,
BECHEETRE TS V7 P v ORERE LTHEL
EEZLNTWS,

2000 4F LLRE R E N BEER R iy i 2 KT T T Mg
TOFA M RV N OFEABEFZTIIIEIML Tw
5. 2, ABENEBNC X AHAEOBEAELERT
H LM TRIHM E N Tw A [Kurosaki and Mikami,
2003]. 7z, THLZZARTAMDVRT VT DI

AT THAE L7 NIEIROGRYE & LI, AL
BRORPELHRT L, Z2ELATFA NPT AU A
ANEGE L2 EAEFERE SN TV S, W% S A M,
JEELREOKREBE LTHHINDL Z L2350 o T
505, EHTHZ L TZORTFOROKMLTET) &2
LML S, ZORKEHZIH L, Edhoko
mHLSE LR D R E T b [Rosenfeld,
2000; Sassen et al,, 2003; Takemura et al,, 2005].
WAE, A OFETLET V7B, AR RERE
WA N2 IRG S O PR R E A B L T %
720, KREFHYR T ORMMITSHEIMLT 5 2 L 257
HEINTWAE, W7 VT, AWk Ttk
BB CORKERBE OB 2 Yo § 2 i E IR & % 2
b, HEY A R NI OHERWEFEO IS &
3 72 KRR BRI B D BIGIFNT R0 50 TR 0 S e YR B
Eo T3,
ZHLEMAEREZT T, Feld, CHBREA

Table 1. The configuration of optical system of OPC
SEREWANFEHEGEE oo

G 780nm 70mW LD
#E R RENZEA 1 60° LA 1 88°
L & W 0.3,0.5,0.8,1.2, 2.0, 3.6,5.0, 7.0 (m=1.40+01)
WU TR 3.0 liter/min.
FHH IR [ 431 R 1680 (B EERI80mIT K IE)
IR ETROREE 100,000 &l /liter
A EHN R, &dm, AHHBE, R - R (GPSHEWIALIC & 5)
T — &g 400 MHz
e #dkg
Table 2. The configuration of lidar system
A Y-l T
L — - Nd : YAG laser (Continuum Powerlite 9020)
H 77 1064nm 400m]/pulse
532nm 250m]/pulse
355nm 150m]J/pulse
#M0EL  20pps
2 E B YalvihkrLrRoa—FUR
[} P& 35cm 50cm
B A 1 mrad 1 mrad
% 15 4F % VRN 1Fx ¥4

1064nm, 532nm ||, 355nm
532nm L, 607nm

7 — & s FYyNVEFIaRa—7 (Lecroy LT224)
200MHz. 8bit ADconverter
(4ch : 1064nm, 532nm ||, 532nm L, 355nm)
Tx b hT 7 —
(5¢h : 1064nm, 532nm ||, 532nm L, 355nm, 607nm)




FA4 =z 7av Yy FRRENTH S Wi E 7 a vy ostFREEIcowT (BA - i)

IREGRSE [R7 V7B 570 LV ORSERS
A7 b o—BE LT, 200345 H A5 2005 48
6 Bzl CEMTcZ7a Yy vy 5 (balloon-borne
optical particle counter BL'F OPC & #53) 12 & %%
i - KBE 7T o VR ES GBI T 7. Th
FC¢RP 11 M (2003 4F 5/1, 6/1, 8/23, 10/9, 12/23,
2004 4 3/14, 3/30, 4/2, 4/24, 2005 4 1/17,
6/21) EfL7z. ZDHIBLIWET A ¥ —I2 &L B[k
Bl % 10 HATH Z & k72, RFwLTIE, 2003 4F
S5H1IHE20034E6 H1 HD I 4 ¥ —& OPC O#H
ROV TEEI 2 3R, FRERAT L 7245 R ICDnw T
AR5,

A E

BN L7220PC L 54 ¥ —DiKk&E1 L2
IZ7RT.

OPC &, G2 FEA L — 4 — (780nm) % FH]
L, Jtlilizsf 60 B2, 464 88 oM HikELEl - 7
Oy Yy 7T Ch A [Iwasaki et al, 2007]. =780V
WY UL, FEF v YNNI AAET VT
YIRGWEEND T U VKIS L = xR
L, 74 bF A 4= FICX DB L2EEL R E 2
SR, MEGREAFHIT 5. WAL, BRIECHITE
L4 o7V VR OEMRAEE LCTPEL, 8ch (i
£ D > 03,05, 08, 1.2, 20, 36, 50, 70um) O L &\
WETHHL, RTERELFHIL TS, KoL
AEEIEIH4~5m/s THY, ZIdEESHRE 80
~ 100m A4 5 5.

FIA4 T =Y AT A, HEIIND: YAG L —¥—
ZMHA L, 1064nm, 532nm, 355nm @ 3 FRIIH L
TN Z1T o572, %2121, O 50cm & 35cm D
EEEFAL, 3WROBHIEAARE LWL T 5.
532nm 22V TIE, HH LAV =% —tombEmic
LT, AT & Ml 20 A2 ol CEH L 7=
W EAS 10km OFEETIE, ADI U N—=FICL5
75 a7 EH, B 10km 225 30km 2T TiE, 7+
[N AV N1 o FESUAE S 35% (WAl ARl 4/ Nt A g
OOV D% GELRE A E LT 5. 1064nm, 532nm
DT TV IVDE T HEARE % &, Hirono et.
al. (1985) O XEFEEFM L7z 72, 355nm i3,
S1=30 % X % L Fernald {# [Fernald, 1984] % H\»
THEM L7

TA T - /8T A —% & LT, 1064nm,
532nm, 355nm O #ELELLE R, 532nm T ORIGHRN FE 6,
OB AR o 2 L 72,

AL R1E, R= (BetBu) Br L EF SN, S &
PR T LTI NOBIERERETH 5.
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R1ZZ7aVVORBEERIIEB X ZHHT S
(Pinnick et al, 1976). ¥ 7z, fRGMHIHE 61X, 6 =
L/(Bi+ Bu) EEHFEEN, ZZTOLLE BuidSH
L7z U —¥ — OGN § 5 HH & PAT 20 0%
FHENRETH 5. S IINTOIFEKBELET. K
R DIRIEIRMEE Sair 12005 & KE L, Adachi et
al. (2001) OHEICL VHIEZITo72. SOftii, #%
GLARDSTIE O & 9 RN TF o 255512130 %
RY. e, A MRTFRKKF O IERN T
DYf, BWiEE R, BEEREFE o 1 1064nm &
532nm O 2FE RO T T 1 V) )7 #HELER B Bunoss,
Pusze & HWWT, a= — In (Bvioss/Bmsz2) /1n (1064/532)
TEREIN, =7 TV NEFBEAR B S A (4
BE) BT EWHIEDD & T, FELICEILHF
G4BT ORESO\ELET.

s A

OPC D@, R KA FE TR BIG
REF (22 BELARE) 1 fTbhiz. $7254 ¥ —3%iED,
FREDOR FICREL, WMEXIT-oTW5.

Figure 112200345 A 1 HIA4 ¥ =12 X D AIL
72 532nm O FKELIL & T 7 T VIV O R SR EE O I [
Zibz,R_R3. b H1HIE, 4% =@M 19 K28
G HEH AR 1550 TiTo 7. BRI S, H#k
5 2 km (2T THELI AT 3.5 FREE DA
BEuEISNShTws, =7 a vV omLwyE
X 10%FEETH A, 72, HEXFEETIEEE Skm
A5 9km (22 THUELIE 1.2 R TR R G B
(17%) % b2 #E L7 oY Vg & il LT
Wb, BREXRREICL S 21 BEoX SV v FEill
&, #EA»SEE 2km I TRED 40% 2
580%EFTHWMLTVEA, TREDEHVEE (5
E3~7km) TlX20% L TFEMLEBELTEY, &
FE 3km A5 7km CTEIHl S W mEMHEEOE WL
THYIVEEZ, FAMNETHLEHENTE .

Figure 2 {2 OPC Tl L 7z kT £ B &[5 B
LI, BEOHESMEZRT. KIKOMEKIE
23 11 43 (HARIKEZD) 1247, W 34.7km £ T
FEL 2 MRS, 12.3km & 16.4km (2
AL, ZREVRVWEECHRBEL 7 o v vidsl
WEhTwz, HEPSHEE2km FTORAENT
i, &EToOF v AN (r>0.15um ~ r>3.5um) T
mEORMEZBE L, 3km X0 Lo AESEET
X, BERBPNEESR, 7oy VHBEREDF ¥
VANTOEBICHAL, MNESADRL->TVES.
10km & O SV LTk, r>0.4um L) KE W
MK T OHREII2MICHWA LT 5. F72, 3t
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Fig. 1 Temporal and height cross section of (a)
scattering ratio and (b) aerosol depolarization
ratio at the wavelength of 532nm from 19:28
JST on 1 May, 2003 to 4:50 JST on 2 May,
2003.
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Fig. 3 Same as Figure 1 but for from 19:17 JST on 1
June, 2003 to 0:40 JST on 2 June, 2003.

B A 12.3km & 16.4km D H W72 T, r > 0.4um &
D H/INS VT v IV DRUINET THGR B OB A8l
WENTW, SAF—I12X ) ¥R MgaEll s
37km DHEHTIE, r>25um LY RKEVWF ¥~
AV T ORI FE D FEZE 2 BN S h 7.

Figure 3126 H1 HIZF 4 % —C#ifll L 72 532nm
DHEELIE & G BE 2 7R3, b 127> & & BE 3.5km
AT TEELEE o < RSB E o v (R:3 ~ 5,
§:5%) T 7 1 V)V AMBII Rk Ll S .
EHIZHEE 7Tkm 75 10km (2 TRIEHBEED S
VOB WG (R:12 R, 6:15%) Z#IL /-
21 IK§ 20 7320 © 22 R 40 IS THEE 7 ~ 8km 12
B SN-HELLOBVBIZIETH L. ZOREMT O
ZIVRVEETOLT BV LVORELBEELX, B5
DG RREDL K o T B,
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Fig. 2 Vertical distributions of (a) size-integrated
particle concentration for eight channels,
(b) temperature and relative humidity observed
by OPC on May 1, 2003.
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Fig. 4 Same as Figure 2 but for on 1 June, 2003.

6 H1HIX228 214512 OPC Dtk % 17 » 7=,
OPC Tl L 7ok T- R B 0 $/1E. 5045 % Figure 4 12
AT A S —=TEM SNl RGN E O RE
ML BuinER L Tw5b, 3.5km & DKW
TIRETOF ¥ Y A NVOR T EIREIBEML TV 5.
F 7 ROLREEE S E VEE 7Tkm 2 5 10km O 5 %
T, &RTF v AIVCTHEBEIZEML TW A,
D DIFRAE2.5um XD HREVRFRIRETO
MAARLNTNWS, T2, BEDP100%E < FEL T
WA EE 7.9km T, R 0.4um £ D RKE VR
BERRKICZ>TWA, 7-10km OB ER T, &
JEAME (20%LLT) REET D BRI o B 2sEi
NTWaZ2ERs, FAMBIIENTVWEZ EHD
A, FAME, BEORKEEELTHMONRTWS.
BEOEHVWEEBRTOPCRIA F—I12X Bl sh
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Backward trajectonies ending af 1400 UTC 91 May 03
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Fig. 5 Result of trajectory analysis for the air mass
detected by OPC sonde on May 1, 2003.
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Fig. 6 Same as Figure 5 but for on 1 June, 2003.

cEX, THLLFTAMNEKMBEE LTERIND
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I70OVILVEBOEFEZRERERICDONT

5H 1 HICHEE 2km LT O #ELIL O BB g =
7YV & H H T E TR S 7RG EE O v
JiE 5 A b R REE, BAERERNL 20, ML
22T 23 P IZTE E 15km & Skm % @# L 72 22531
% LT NOAA » HYSPLIT (2 & % 7 H [ o # )7
RN % 4T > 72 (Figure 5). BRBEATHN Sz
IT7aYNVIE, TR T E RS SRR L
T LEZICHE STV BHE» S TEBET
FARA =05 L, PEIGEIHBTD ¥R Ml
OWEAISYNOP HC X DI Twb. F X Mas
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Fig. 7 Size distribution of aerosol from the ground to
26km height obtained fitting with the result of
OPC on 1 May, 2003. Solid line shows integrated
particle number concentration. Dotted line
shows differential particle size distribution.
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Fig. 8 Comparison of the aerosol backscattering
coefficients derived from the OPC with those
derived from the lidar.

Rk L TR S N2 S 5205, 54 57— CBill
ENz 7 uVVEAREE X 10%RETH Y, ¥
A b ORI E 15-20% [Shimizu et al., 2004] 12k
N, PENR IR E, LR & o T
THEW U 22165 3B, B2 K55 7% A/
B CTHERL SN B E 0% <, WG 1L 10% DL
ToOHHEAEN T 5 [Shimizu et al, 2004]. —7,
OPC OFMITIZ, H EAS 2km DT, Mk
T EHRET L DICHRESHAL Tz, Zhbo
ZEND, REBNTEBIR S 2R E ORI
(10%HE) b OREOHWLT OV IVEIX, ¥ A
b &~ ER B S O R E A58 I T
ETVAMREMDSZAONA. ZOHIE, WASEXA
LAEDOFRTIIMBERKOWME D2 STz,

H T B 4-7km 12227 CBIll S 7z A Mg,
PO BEE R L2220 S KNk AL H 2 @ L,
PR T E Rz AR UCTHEME L EICHEEL W
5. BRMWPBREREE, O N A iR I NG
Mo4H25H, 26 HICTSET7HRETHERY A b
A= EN TS, Tz, XY TEM LS
EREHLTHEIRESZ WX I NAMICTEETY
FAMAPN=LOHERENTVE., £H) LT A
DIEAN R L 72J10% 57 2 b 2B S T 22 i) g
WEZOLNS.

6H1HI4%—%&OPC CHMlEN-ENLSH
Ji 3km OFLELILATE < RIGAE A (R:3 ~ 5,
8:5%) k& 7-10km TBM S 7AW % Y X b EED
2RI TR % 1T o 7245 £ % Figure 6
WCoRT. R, MR EZEZE 6 A1 H 23K, &E
2km & 7.5km &8 L2225 LT T2 5
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Fig. 9 Ratio of backscattering coefficient of aeolian to
total aerosol backscattering coefficient observed
by lidar, and ratio of backscattering coefficient
estimated from large mode of size distribution
observed by OPC to the total.

B 2km DZERIRIE, FLHETIZ N A A VB2 & 5
TEREB AT, B ERICEEL TV BllloKH
A EFCOREIOSHIHDIS kMDD SV 227 Y —
FEAT & FEFITB TV B, RERHEME G%LLT)
s, FEREEONFELD O NAEIREDOH LY
BIE L TWBREME DD 5.

72, EEE7.5km OZERILO TN I X AL,
7-10km CTHEIM X N 7zEk 5 A MiE, 4-5 HAjIZHED
- VipE L e@EmL, Sy MEEEI LEY
HE LT, HARRZEIZHFEL WA, SYNOP HUZ X
W, SHATOS5 H 27T HIZIZ ¥ — VEbEE TS A b A
F=2aDEMEINTnDE, T2, HHICY 2 I<Hh
WETHLFAPMA I —LNFELTBY, ZOFX
MR T I TIIRD B X 9 A SRS E TV
SPRINGAR [Takemura et al, 2000] TJ#HE ST
Wh, ZOX) REREE S ORET A MBS NT
WAIREED D 5.

Z1 4—& OPC TRONEABERBROLR

OPC o Bl#E R, I, EFrR 14070V )V
DFREFEMBEEL LTHRONL. ZORRITHL
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T, ZIORBEBRGATT 4 v 514 ¥ 7 &FW, K
oA k{372, Z ORLEG A 2 S35 5 )7 iELAR
¥ w54 % —?355nm, 532nm & 1064nm (2 BT 5
B LR BB, SR & i 2 1T o 7. & 2 TR
Br7oviLeKErET 7oy voBliilEREo iz
7R3, Figure 7121%, 5 H 1 HIZ OPC Tl L 7=kL
TBOREF EE 1 km B EY L, MRS 7 1
FA YT LREREZRLTWS, BIS b+ Bk
XTI OWNBIERS M TE S HBHTETWAZ L8
0%, BHMRBEOLREEER (3-12km) B E
PR (15-20km) CTHE AW T-% & A 72 238 &
N7-EEE Ty, ZInfiz/_RLTwab. F7220km
Dbk, B — ko T EINZRLTY
7z, HHEXE LA 7-10km & B & BT EF 12-19km T
RL72ZIA DR EVE— FOFHRFER, e
N 1.2um, 0.8um FETH Y, WEE TFIMTHOFY
FEDIT) BNV BARSWHERL T2, T4 v
TA YT BN ES S, TR0
JEFTEE 1.4 1K E L Mie BELEERIC X VEH L2
HHEREE 74 5 — TR O N HERE O K
% Figure 8 127”3, OPC S Lz 3kENE)
BAELR I, 94 5 — DR EFFEICI IR ERL
Twa. Ly, ERER T2 CBNEhTw 5 (F
TCEEE OB ) S, BRI o s (12.3
~ 16.4km) TIZEWVHFZL AN TWS. %Y A
N 2SI S N7 IEBRIERL T35 { FFAE T % B I D
WTIE, T7 RV VDERETH L Z L, ENDHE
HWo—ok LTEZOLNS. KT OBE, HE
B O THRIHEURBIINE S 55, KUK
FTo OPC % 58 L 72 T EELERELY, 54 ' —
DHELIDIREVHEZRL TSI 0D, EE
B IV 2 %28, ERENEFEMZ 1T 9 72012139
BRIE DKL 0 Z2 [ 72 53 A R0 JEERE O LA D &
BLTHHETAZEPLETHS. FF 12.3km 205
16.4km 3 @ B S AT Tl i B R v v 7o
7o, BUEEEFRBOBR I &) LTwiw,
COFEETO OPC 2 58 L7l fRf s 7
47 =12 X BB BEREOECOER & LTIk, ©
T a2V DZER A OARE— R LT u VIVRLT
DL JRITE) OFENHEZZSND.

BASHIZEESL R b OAFFHEICDONT

5H1HE6H1HIZ, HHEMEETYI NS E%E
FAPEBEL TV 2 MBI L-mERTS
A 7 =X DR SNIFRFEE, BES A FETT
%L, TooTuVHEOFESbEETNL LEZ
SNA. B L7 EE T A b ASEA ORICHNE %+
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t, AEY A EB LB E T oG L o R A
JWEST A NETFICHFLGT L ERET S L, Adachi et
al.(2000) ®J I & D KA RILHEHEEE 61 & (1-1/R)
DA % B\ TEGE S 2 b A OGN B & i E
THLIENTEDL, ZolExEfiv, 5H1HE6H
1 BB S N2JE%E Y A b ORBBIHEIR, Zh?
N14.6%E 19.9% L Sz, 512, Bllsn:
L7 OV VY2 HEOEA R GHEE L > 71
INEDONRIREN SR A ERET 5 &, Shimizu et
al. (2004) OFFEEXHTENFNROZT B IVDHE
THERBANOF G 2RO ZENTRETH L. T
TaYVHPEES AN (RGHEE 14.6% (5/1) &
19.9% (6/1)) &nNv 2z rsry rFr7a v (RG#E
MWES5%) O2fEoT TV IVOIEBIRED S %
HEREL, BHES A D 532nm OTT7 OV IVE
AR B~ OF G2 B8 L. #HE % Figure 9 12
AT, BREIZ OPC I X D18 -k (Figure
7) 1SR LT L 722 B BELER B R L TR R T
E— FOBHBERBEOEFGELZEL L, —/#IIRL
TWwab. WTFNOBHIH T ¥ A + 2K LB
T, 94 % —CHEM L% THEUREIC§ % 5 2
FDZ 5L OPC DM KA FE— FOHFGHRLDB
BIF—HLTWwW/A Zhix, 54 F¥—THRIH L%
A b OB ITEEAREAT OPC 12 X 0 5% 5 7z MAk:
TE— FORBEGFATET LN TEL I L2 EK
LCTw5., AR TE—FOE—FPRII5H1H,
6 H1H&EBIZ1L1-15um FEE TH Y, Matsuki et
al. (2003) ASLZeREBIANIC X Y &R L2 TRl L7
FAPMLTUYVLVOREISEBBIZ R LTV

xED

200345H1HE6H1IHDOPCE S A4 % —T
B L7 0V IVEIZOWT, #55Hm,
SYNOP #&: % FIV:C, WikiRik - AR OHE 21T -
7. WH&E SIZH EA S km OB T, PEG
IR SHE R & Bb 2 RGN E O < HGELE
WEV, BMNITOFGORKRE W7 OV )IVEE K
LCw/. F-BHxETIE5H 1 Hid3-7km, 6
A1HE7-10km IZEXF A P BbsrT TR YV
EAaBmHLTWwW/, 5 H1HIZTEREE - ET7I¢E
THERE 6 H1HIEMEDOy —VbETES 2
TR VBEREROF A METHR W LHEN S 7.
OPC & 54 #—CEH L= EEREO LRI,
BBUGRARBWHIGE LT 2720, WLHNE
DE\E R, B S BUE T EBEL km 120 T
A T —=DFERP L RANESL A EAZRLTW
7z 2, FEBRIER T CTH 5720 ONERFEDEN
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RAPI D ZEM 53T DA — VD3 & 4 EHH & LTE
Abhfz. F7z, BES A 2B LSERTOS
A ¥ —THh b N7 FERE & OPC TS b M 7ohiE 5y
fEolE»r5, 5HIHE6H1IHIZRHLZY X
MEDORCREE L, KREWE— FORESMM (E—
FP2E 11-L5um) %5 LTwab I &Rl

E
AWEEIE, CRFH A IRBER S [k X b D%
ARl & F OFBEEECET A% ] B X OCEE
AR R E A SRR IR [T V728
LHITONVORKRIEEEA V87 b OHiBhE )T
FEhis .
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