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Abstract: Balloon borne aerosol sonde observation and lidar observations
were preformed at Ny-Alesund, Norway in the winters of 2002/03 and 2007/
08. In the winter of 2002/03, the aerosol layers with the increment of depolar-
ization ratio were observed at the lower stratosphere below 15 km height by
lidar. The effective radius of stratospheric aerosol estimated from aerosol sonde
observations showed high values of 0.17-0.24 ym in radius in the height range.
The temperature in the height range was remarkably higher than the formation
temperature of polar stratospheric cloud (PSC). The depolarized aerosol layer
might be volcanic aerosol by the eruption of Mt. El Reventador. The average
value of effective radius of stratospheric aerosol in the height range of 10-25
km was estimated to be 0.12 gm. In the winter of 2007/08, PSC events were
frequently detected. Both solid and liquid PSC detected by lidar on January 9,
2008 showed that they experienced almost the same temperature history. They
might be affected by meso-scale temperature perturbations such as gravity
waves.
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LVEEKRE L., ZOEERT, =70V TRl SEE L7 u
VOV DI ELIRII R & WE (0.17-0.24 ym) %278 L7z, SIE I3 0% E B
ENFAERZRE LD bIFFICEL, BRI REwI Ens, T -
LARYY R —VKIEEO 7 a YV OTREMEDE WL & b7z, 2008 4 |
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i, FEAERUCEEZLEZRL, MEHEOEWITR S a7z, MAkEE
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D &5 BEREOECHITESIRIC L 2 EHEEOFBIC LY, NS WREETL
BB Te A REE B R L Tz,
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KL 7 a VI IVIZEERIC, H20WIEEROE U TN, KB & Bk BE 2 %
IV - 8L 2 2 210 & D RROBEINTICHE R RIZT 720 TR L, ZTORFERELTO
LERIGZBL TV VBBRBIC b RESEFETIRGEDTHS., 27 a Y Ve Z DR
BOSERE T, F e U TRETHTRE D & EBIGEIE N, BARmEY v v 70 b 2EE
B e Bk cHONRBEICKRH S EFEZ ohTw, BRTiE, LTRSS %2
WAREEDSHEE S 5 & & CHJERE L RBE OB TR { % D, KRRDMEESH R
HEZIC% 5, 512, BIHOFECH Y, KEBOKIROIET, ZiucHEs BimnEs T

DZETIE Ok, Mk fEEIZE (Polar Stratospheric Cloud, LR PSC E#39) OESIELE:
W& B MEE, WiAGETR 2 SRREREE OE - BB OMEERSELC TnE EFEZS
T3, BRI AR T ARG R OFRIRICE L, Ly b RKEENC
HESMEOKERRDE I DL T i, RWFEMTH L. Fi, BEEETY Y V8
WO FE BB 2RI EH 2 5N T3 PSC I, TFED 7 4 — )V RETHIR =N KRS
»o, BEOETIME REBREPLZ DRI FLICOVTRHIBEOMBIZESLTY
250D, [@EfE PSC DR TOKRE S, EFRA D =R LD TIEW F ISR S
BEW, ZON, [k PSC BEERRE 2RO LF 2 51T 5 B - BikafE o
WZDOWTY, KL<mghoTnin,
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DWTHISNIZT 27280, /v x—=—F VA IZBWT 1994 4F | LI, HEXE
W74 —BHlEIToT& ., £/, FA—BHELREKRC, =7aY vy r ik sh
PRI BRI S L T & 72, 2002/03 LW, kO 70 Yy v 7L D/NE
WHRET- 25T 2 C e TE AHMO T 0 YLy v T OB B 1T T2 RESCTIE, 2002/
BEXBOLT YN Y TIZE BNy 7 7 7Y v R 7a Y )V ORESMEHE, 8 X0
2007/08 F4ZFT A ¥ —12 & D BEl S N7 MR ERE I D CREfll 2 )i 3 5.
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2. i TE

AT 2 BEONFE 2 R O FRHEEEE 2 MM L7z, £hZEh, OPC & LPC LF5
3. OPCIE, MPFICHFEARL —F—2HHAL, FE0.15-1.8 yum ORTF% 5 BFETHKL
SRS 2 RTABGLE 7 v YV Y » 7 TH % (Hayashi et al, 1998), LPC 1%, 7B 7 —
H D He-Ne v —H — D HAREEH 3 % H2EF v > ov— & UTHIA L7 BGLE = 7 v Vv
V> FTHY (Kasai et al, 2003), 0.056 xm-0.15 ym OFF % 5 BT LEHRIT 2.,
OPC & LPC ORI DWW T, Hayashi et al (1998) & Kasai et al (2003) 12
BRENTWE, WFhoZ7uY vy v 7, RBITE L4@EEORBE T Vv, Fi
FRUSEE 75%) ORI L L CEHIIL TWw 5,

OPC DOFHHIRIE X, HEFEE — N IFE N 2 FamOR VBB = 7 0 V)L O FE kT
(0.1-0.6 gm) WZHIEL, # Y HEEECEE L PSC KT (0.5-5 pm) OFHHNC d L
Tw3, %7z, LPC OFHHITTREZ BRI, T —F 2 X VI aT— R OB
iz 5. PSC ORI TORRIEE =7 vV VAR, KILE KR OFRLF LRk
FHRR EOBMEEBET 27D ICERROEHREHFL ZENTES, BOBO, Bl
REDTIERD FAREIIH 4-5m/s TH Y, BRI 20 TH2L 2 L 2FHET S &,
ZNIZEESMERE 80-100 m 1KY T 5.

BURENCERA L7294 7 — ¥ A7 A3, EHIC Nd: YAG Vv —HF— 2L, K& 5 D%
THHELEE 35em ¥ 2 Sy bAR TV CEERETENLT 5. 532 mm O LIV —Y =D
TRIETHEN 0 U CATR S & TERLSY, 1064 nm OAT + FE O R4 % B T RSSO
L, 74 b AU NCEHAIL 7z, Bonle T —8 0o 27 Y VOB FEEREZ EH
3%, 1064nm, 532nm Q7 vV OEGHEELEBEOEHZ, Hirono er al (1985) O
RAGEEFIFE LT,

A4 Y — DI/ T A—% £ LT, 1064 nm, 532 nm OBELEL R, 532 nm TORIGHE
s, RUA Y7 A bua—AF 8 a 2HEHAL.

BEELEL R 1%, R=(Br+Bu)/Br LEZES N, Br & fu IR T 7 0V VOB ITEEL
RETHL, R—11E, =7 a Y VOBRBRGHICE B X ZHEI$ % (Pinnick et al., 1976).
F 7, REHEHEEE s 1%, 6=B/(BLtp) EEZESN, 2ITOD Lk BIIZEH LY —F—
DRFEHEN 3 % HIE & AT R OB TTBELRECH 5. s TR FOIEREE 2L L, 8
FUADSHERG D & 2 RERRL 20 & 72 A3 0 2R T, %72, F A MRTFRKRBF OB
BRI F OGS, BEERT. A V7 A b —ARE « 1% 1064 nm & 532 nm O 2 I
FEOX7a YV VEFBESRE Buross> Buss: & Ty @ =In(Buross/Bussz)/ In(1064/532) THE
g3, 7Y NVETTHELRE Sy 25 A~ (L R W 2 LW S IRED D £ T, #]
FLICFICHFEGT R FORE SOBELERT, a HPARE L E XL, HMRICT/NS ORLTF
MENZ ERRLT WS,
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31 WERATHIIN - LRF F—JLKILERS LWLWI7 OV I OKH

20031 H 18 H & 19 HiZfT- 7z OPC & LPC O#HFER 2 1 127797, 2002-2003 £
K23, BREBEOSEZ 11 AT~ AR 20 TIEFICERIZZ D, PSC ZHEFICH
B 7zEn S Twiz, LrL, 2003 4 1 A DI BB SR AL, 74 78l
I OPC-LPC Bl Td PSC BBl S e o Tz. [EROEESEFE L OPC, LPC Zh =
M 25km, 24 km TH o 7z, EREEEZ 7.5km TH Y, MHHERE L D EHOEE 7.5-25
km ZhF TNy 2 770y Ry VORISR ESAPBIIShTnE, ZOEE
W TOREZ, KET 70 ELLE B, i r>0.056 gm & r>0.075 pm O FHGLE D
AEAAIX 9.5 km fRTIC Y — 27 2FOH, Zh & D KEWRITOBIEE L, 14 km LI
E—27%F> T3, 0PC ORI TH % 0.15 um £ D K EWRFOEIRE X, 20 km
P EOEER TABICEA L Twa, —7F, LPC OHIEFEKD 0.056-0.15 xm DEHLEE D
B, ThIZEEE TRV,

X 21, OPC OFH & IZIZFEREZNC Z 1 & —CHEl s 7z 532 nm O =7 0 YV IVERTTEL
ELOREL, RGARIEEE, BXCEREOMESMEZTRL TW5, 20O BB ICHE B &
nTBY, 1064 nm OB FEESRBUTHIE T — 8 OBEPEP > 72720 T 2 TR L T

OPC and LPC Observations at Ny-Alesund (79N, 12E)
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Fig. 1. Vertical distributions of (a) size-integrated particle concentration, (b) temperature and

relative humidity observed by OPC on January 18, 2003 and LPC on January 19, 2003.
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Fig. 2. Vertical profiles of (a) aerosol backscattering coefficient at 532 nm, and (b) depolariza-

tion ratio, and (c) temperature observed by lidar at 1345-1645 UT on January 18, 2003.

v, 532 nm OB FEERENZ, BE 12km i — 2 2EE, BEOBEME &b ITERH,IC
WAL Tw s, (LENEE T, 10-15 km OEER CETORIN A 5 iz (FE 11.6 km
T 0.58%, i 13.6km T 0.55%). 31, 200341 H 10 H~27 HIZ»FTF74 ¥ —ic &
DEFSNTz, PR 532 nm TOBGELL & REHEEOMES M 2R L TWwb, 20034 1 H
18 FNCHERH & M7z fRGHEIY B D3I, 2002/03 ELZ= O BHHIEAR T, M6 L THEE 15 km
LT THElshTwz, 512, BIROB NPT £ 57 1| BRED 27 HiZix, I O
TOMGHHE XS S WML, XY EuEEE (17 km) F TROGHHEE OREINHMERH &
Tz, NOAA (National Oceanic and Atmospheric Administration) ¢ HYSPRIT %
7V (http://www.ready.noaa.gov/ready/open/hysplitd.html) = LT, T4 ¥ —#&iHIHA
R (2003 4E 1 H 10 H~27 H) O=—A VA ¥ FZEOEE 13km 12 H 2 225w LT
10 HE O REMRENT 2170, HEE D S O[O WA D FREMEIC D W THRES L 2.

H&F, 0000 UT & 1200 UT I2=—A VA > FZ2EEE 13 km 12 H 5 225Bc st L TiTo
7z, FOFRER, ZLOEGHWB=—F N Ay FECEET 28 X% 2-8 HE TOMIC, 1
WOIMADPSTAL TEIZ ERNGhotz, &z, ZD L XZEGHIEER L 2IRE b 205-
220K £ COMDOEWREEZRL Tz, fle LTH4 £ 512, 200341 H 15 H 1200
UT IZ=—A VA Y ERETEE 13km b o> e ZBE5HH L To, F 7Y =7 b —f#
DR EBEBEL Z N EFNRT. = — A VA v P2 ZEGHMBEREST 2 5 H X 0 bEfIS,
2SI ALE L, BOIREZEERL T, SE, EE 1S km LUF CEEIL 72106
HfEMEEDOE 7 a YV IVER, 11 A TA~1 AP ) TFHE L 72 PSC HRE kR
U, BRIEREFIESCREl S NIRRT ORREE D H 5, L Lo, ZERBLORER
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Fig. 3. Vertical profiles of (a) scattering ratio at 532 nm and (b) depolarization ratio observed
from January 10, 2003 to January 27, 2003.
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Fig. 4. Horizontal cross section of 2 weeks isentropic backward trajectory map for the airmass
arriving at the height of 13 km over Ny-Alesund at 1200 UT on January 15, 2003.
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Fig. 5. Temperature history of 2 weeks isentropic backward trajectory for the air mass arriving
at the height of 13 km over Ny-Alesund at 1200 UT on January 15, 2003.

L72RBDBIERE TR W 2 &5, BIROI» 6 EKIPTA L T2 REESNRE W 2 &, &
WOBNIDTF % o7z | AP IREREE OIS A ol 2 L% 6, FEERBRLF L35
WOH I & FHIT NI ATREME DS, 2002 45 11 H 3 HIWHEAK L7e =27 7 VDIV
5 R = KOS BB EA S L, 7 OEDS 11 H TFAI~12 Bk CRE, Hi
B O TEKREE CHEL T4 ¥ —BHF I L v E N Twa (Kulkarni et al, 2008;
Thomason et al., 2008; KT, 2002). K7 oY Loz KUK E L Tuiid,
TRCHEEE X WEZ RS, [RFTIC X RS RAIET TO 7 4 7 —8HITi&, 2002 4F
11 H 22 H, & 17 km LI RAEHREE O E fE > 7o 2 7 0 VUV ERBIHI S hTwiz,
191ED7 4 )V EY - EF by RAKIUEKORRZIE, KEBICEASRIZ T 0y v,
5-6 HMIE & TN £ Tt S LTz (Neuber er al, 1994), B2 »B T 4 5 —8iHl
ZHED 722003 4E 1 H 10 HiE, T« LRV Y R —)LKILDOEK» 5K 2 4 BFEEL TH»
205, 29 LIzKIUE= 7 a Y VIR A L, SEIOBEI TR L7 ATREE2 & 5.
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THRORE, BRI BOER A6, FHESBIHMEIC 7 4 v P LR TH S, 15km LD bK
WEEE TR, FE 0.6 um LI EORIRIC—DO DI A SN S, ThiZ, FERZNICT 45—
T H LR E ORMPBEH S L TE Y, Biffi TRz LSz - vy y F— K
FEO 7 oY VO BN D 5,

OPC, LPC OBHIFEEIL, BIE, BITE 14 070V VORFEREMEL LTES
N5, 749747 LTRLNIRESMCRL T, =7 a Y )VORITE 1.4+0i 2KE
L, S —#BEHEmCE O BABEURBEREL, 74 5 — OB & 0K %2175 72,
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Size distribution )
January 18,19, 2003 at Ny-Alesund
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Fig. 6. Aerosol size distributions from 7 km to 25 km height obtained by fitting the result of
OPC observation on January 18, 2003 and LPC on January 19, 2003. Solid lines show
integrated particle number concentration. Dotted lines show fitted log-normal distributions
from bimodal distributions.
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Backscattering Coeff. (/m*Sr)
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Fig. 7. Comparison of the aerosol backscattering coefficients derived from OPC and LPC
observations with those derived from the lidar.
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Fig. 8. The backscattering size distributions at the height of (a) 24 km and (b) 15 km, which

were derived by multiplying the log-normal size distribution fitted to the result of OPC
and LPC observation by the aerosol backscattering cross section.
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FF 1 lH7:0 o7 0y N ORAFHEBEE 220 CEH L, =7 9 Y VORI
T HBABERBOFS 2R3, B8 1R L ABELREE R c LTRSS 5 &,
Bl 710R L7z 15 km, 24 km TO OPC O#BGTEGELREIC 25, T2 TRLIEE 15
km 5 & U 24 km ORIEZE 24, OPC FHANZE D SIRE « (RIREHEEIHIEL Tw 5,
15 km TlE 0.05-0.4 gm DK E S CEF) 2RO L7 0 YA FEICHFS L T2 DIkt
LT, M 24km T 0.01-0.1 yum ORED T 7 0V VHFEICHGL T2, BOEEER
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T TERIEERIZ 0.13-0.06 pm £ THA L Tz, & 10-25 km O FEREREE THEE
L7220 13 0.12 um TH %, Russel et al (1996) 1, 1990 FERA D O#EBEIR in
situ BFAMBLHI, 25 N FEBRE & IR L, € by RKIUEKRETO Ny 7 757 R
7Y VOBEMERE T — FORESMMTRED D, 0171007 um EHEL Tz,
Bx oBHBHONEITH Y, KIEZ 7Yy v s Ln 7 a Y v ERH L7 10-15 km
DEERTIE, KEWARRER (0.17-024 gm) ZRL TWwiz, UL, RIEETEL
3 (B 10-25 km) THEE L 72 BREE R, ORISR & [AEE DR & & TH 5. Hayashi-
da and Horikawa (2001) <> Watanabe et al (2004), Deshler et al. (2006) 1%, fHiES°
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Fig. 9. Vertical profile of effective radius obtained from the log-normal distribution fitted to the
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obtained by rawin sonde observation from that by objective model NSEP (NCEP/
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JEfEAT > &, [ER PSC & ¥ PSC ORE LiREERE IO T 2R 2 80z, b 2 FEE O RE
DREN TS (Larsen et al, 1997; Shibata et al, 1999; Shiraishi et al, 2003). Shiraishi
et al. (2003) 1%, 1994-1997 FWZHT TCHD=—F VA TDHPSC D74 F—EHEz LY,
HEEDET IS PSC OBGELLLOBEMNZ /R U7z, Tyar FHEDEE T, RICHEE ORI
B 12 [EfR PSC ZHHEICHRIEL T3, L L, IBEDE T ISV PSC ORRHISEE
DIHEZ, Tieo HETRERE D b0 L 2WMSKIAICEET . 20 X 5 RfEiiE, %<

D7 4 — )V REBHTHREIN TS, F72, Shibata (1999) X Daneva and Shibata (1999)

i, B L7 PSC OXFEREDBRE IS T 2R 2 843, R PSC (NAT) &g PSC
(STS) DAERIR A 21 E L7z BOX €T )V CTHIITE % Z & #7x L7z, Shibata et al (1999)

X, 74 ¥ —THH L7z PSC O & 2 D PSC % & He 2SS OB E B FEMENT 5 5, IR
Hi U7z PSC OIREEIBHE &, BEELIEREHREE O Rk &« O, 13- & 0 & L7BAfR
ERZZEBEELWLERNTWS, —T, PSC ORI ORI I, Tyar &0 K
WIREZR | HMHD R T2 2 EBRER Z &0, IHBED X 52 Y A7 — )V HIE
DREFEFNC LY, Tie UTOREZFERT 2 2 EXLNELZ LIEHE N T w5 (Larsen et
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al, 1997; Carslaw et al, 1999).
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