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Characterization of polar stratospheric cloud (PSC) using ground-based
Fourier-transform infrared spectrometer (FTIR) at Syowa Station, Antarctica

Hideaki Nakajima!*, Kosuke Saeki?, Masanori Yabuki®* and Masataka Shiobara*
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Abstract: Polar stratospheric clouds (PSCs) play an important role in
ozone destruction via the occurrence of heterogeneous reactions on their
surface that convert reservoir species of active chlorine and bromine (e.g., HCI,
CIONO,, HBr, or BrONO,) into active Cl, or Br,. However, a lack of direct
measurements means that uncertainty remains regarding the characteristics,
types, mixtures, and nature of PSCs. To address this problem, we conducted,
for the first time, ground-based measurements of the features of PSCs using a
low-resolution Fourier-transform infrared (FTIR) spectrometer at Syowa
Station, Antarctica, in 2007. Many PSCs were observed between July and
August 2007. We succeeded in identifying the features of Ice (Type-II), NAD
and/or B-NAT (Type-la), and STS (Type-Ib) PSCs in the zenith sky infrared
spectra measured by FTIR.
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®TILH Bz, BEAIESMI T 2007 4F 7-8 Bz C, 5% < @ PSC 4 X
F2SMPL 7 =% ofEgR S lz, Zh o O HO FTIR RIMEE A~ 27 by
» 5, Ice (Type-), NAD L < I1X g-NAT (Type-la), U STS (Type-Ib)
PSC DFFENTRE I Tz,

1. FF A

W JEBZ  (Polar Stratospheric Cloud: PSC) 1%, 4 YV > JEREE c BEEE U CH#t & 72 5 @)
EELTWD ZENTEDWRETHOMER > TE 2, D% D, XFMIKD —78°C LIFIC
F THHIT 2 IHEEE I BT, T DMOGHT TR L 2%\ PSC SEJF I iR
T2, PSCICESEEERIA TOBELET D 2 EDNDPo T0DEH, T ORI
WBIL T, FRAHZZEDZ W (Lowe and MacKenzie, 2008), PSC DFFE FIZHB W T
&, AV UBERRET 2EEHOEFLRE L) V- N—DETEZ T3, HC,
CIONO,, HBr, BrONO, ¥ \»- 7-¥/E %3, PSC %Eifi Lo,

HCI(s)+CIONO,(g) — Cl,(g)+HNO,(s),
HCI(s)+HOCI(g) — Cl,(g)+H,0(s),
HBr(s) + BrONO,(g) — Br,(g) +HNO,(s),
HBr(s)+HOBr(g) — Br,(g)+H,O0(s),
W A=K X -5 T Cl, ® Br, 24T 5.

RS 17z Cl, % Br, 13, BICKBEBIBEEICR > T % &, 7 2 THRERRIC L -
THMED Cl, ClO, Br, BrO 2 &R 4L &8, MBERIEIC X 2 KB4V Ul L B
WL LD,

L2 L, PSC IXKHEA—T78°C LUIFREE L CIET T2, BE 15-25km & o 7o
FORIEEICIR > THRET 5720, RPERL EIC L 2 EBHEHHPKN#EET, ZORELS A
7, MR, AR, RIEOAR & o B I S M ST 2o T, FRT S,
HEmosDTA4 ¥ —E 12k E— by 7HHE (Iwasaka et al, 1993; Shibata et al,
1997), Rz 7aV VY > 7nE 2B (Hayashi er al, 1998), RUATHE
» 5 Ol (Hayashida et al, 2000; Saitoh et al, 2002) s X2 XV, ZOEMEIERLICHA
SPICEINDDODH 5.

—7, SETERITNV—TREEL T 2165 MEE 7V (Chemistry Climate Model:
CCM) 2 & 24V VB FHIE TV (WMO,2007) 12 X 5 &, FElE 223 2040-2065
FEE TIZA Y Y R—ADBITEO V)V E THEIET 5 L) FHINASETH 23, bkt
L TEETVEOIES D ENRERE L, W24 Y~ EIRKRHICEE 9 2 K i
grBosn TRy, ZOFERRO—D L LT, BOLAFREERIESEMTICHIET 2
PSC O « bR B L TR X K Ao T n 2 E3FE T s s, KO H
1Z, PSC OEFMEICEI T 28I e i Y £ — vy v ZBHIL 55T, Zh 2RI
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FV o=y FEENC X 24 Y UBEE L ERNICHR T S 2 L2 XD, HFE PSC 84 Vv
[EREIC 5 2 2 EBORE S EERNIITEL LS T30 TH S,

2. PSC OFHH

PSC &, KA —78°C LA TFIC & TIE T3 2 IR OB BEIC 45T 5. PSC IXHEkm» 5 0
BHICE D, KELZ2DF 4 T EEsRTw5b, D% D, Type-la, Type-Ib, S OF Type-II
TH 5. Type-la i3, WHBE=/KF» 5 % 2BEHEKT£F 2 5N TE Y, NAT (Nitric Acid
Trihydrate) EFEFIENL T W5, &8, NAT OHfHI1C, fEEE _—/KF1% NAD (Nitric Acid
Dyhydrate) 23FfET % £ H 2 65N Tw5, Type-lb I, SHI=RHR (Super-cooled
Ternary Solution) (IFIZNTEBY, il (H,SO,), HHEE (HNO,), 7K (H,O) »EkfEkE
DR ST B 2 HETRGINIBERLF EFEZ SN TWS, 2O PSC IFEKE%2 LT
W3 IZEMS, 745 —HEEC X 2 REMEE (Depolarization Ratio) 250 1ZifwZ &
RS B 5., 7z Type-ll 1%, R AKIUKEEL7oK (Ice) THY, RREESZETTIX
—8S° CHRELUTICE THEAL W EER LW EEZ SN T WS,

PSC OFRIMEEICBAL T, BB ORI ZHEL 2R T v >N —12Bn»T, &
E7%5 4 7D PSC ZHEHUENCAR L, 2 ONFHIRHEOTRE & 7% 2 B HREITE O ELHIE
INTE (Toon et al, 1994; Clapp et al, 1995; Norman et al, 1999; Norman et al.,
2002, ete.). IS DERIBITET —2 2V, b 5D PSC OFERIRIREFRE & R
PARELTRD, $ —EELEEZITS 2 L2 X > T, £ PSC OMBREA <Y bV 215
2ZEMTES, K1IZ, 2OXIICLTHES N PSC I & 2 IHBURBA Y bV %
Y.

7z, EBEO PSC OHi Lo OBIHIAEE LT, M2 1R d &5 2EBEfRE2H 2 5.
DD, BE 20 km 2L, ETE2km OFFIZ 0.55 ym OIEE T, K THHENES
MR0.1 E7%2 L 57 PSCIEEZRET 5. DR, Hi_Er 5 8E AT TR BEEH
L 725 & BRAIZR I AST L T < 2R981E, (1D KK S OFRIMERET, (2) PSC 225 DR
AEREE, (3) KEGD & DFRISEA PSC JEIZ & - T 1 [HEEL & Lz ko6, (A EL <, PSC
B2 & > CTHERBELS Wi FfIE, OU-oBnEz 5hs, 22T, BEaEa—NTH
% HSTAR %Z R\ T, 700-6400 cm= (1.6-14 ym) OWFEIRICBAL TExXE Ry A 7D
PSC Z{RE L, WESIMERE 0.2 cm™! CHEHMREF B 2T o iR 2K 3 10Rd. 2Dk,
KEGRIEMA £ LTI 80 EAREL T3, 3 D 700-3000 cm (3 312 AR 3 5k
HY72 I, 3000 cm~t DA R KBGO BELS HB S I & 2> Tw b 2 engn b, &
7z, 800-1000 cm~* {J3/L & 2400 cm ™ & D FREEMI T, PSC D F A 712 X > THK 2 ih
BENMEOLNTWE Z EMNSPD, ZHEAICE D &, Hi b SHE EHORIBE A~
ZMVEBHIT S Z L2k 5T, FZ2D PSC DY A 7 GHE, VR, WS, 74
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7T#a, BEE) ¥R 2 REE TR T 5D TH S, Z OFEEICHE > 7B & K
W% & 512, 2007 FEOFERIAMNIE (LUT, FEFIEEH) o TiTo 7.
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Fig. 1. Calculated extinction coefficients of several types of Polar Stratospheric Cloud (PSC),

based on Mie scattering using complex refractive indices from laboratory measurements.
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Fig. 2. Geometry of zenith sky PSC observation.
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Fig. 3. Result of radiative transfer calculation by assuming several types of PSC.

3. HEAIEHIC 350 2 B
3.1. Micro-Pulse Lidar (¥ 2 0/5)ILA54 4% —) IZ&% PSC &l

FEAI3EH (69.0°S, 39.6°E) 121d, FHREIZES PSC O##l %2 HEY & LT, 2001 1 Micro-
Pulse Lidar (BAF, MPL) 233 & 417z (Shiobara et al, 2003), MPL iZ 523 nm, 5 xJ
D Nd: YLF V—¥F—%2HEIC, EFE20cm DA /vy 4 TERERGE 7 5 b ¥ A 4 —
R E2ZHBEFICANTEEEERAD T 4 ¥ — Y AT AThH 5. SREHEREL 30 m, FRISfE
REIX 1 9 CTh 5. MPL I FIHRBEOZEENCA W ST & 7223, MBI T»s &
XTI REB D PSC HEIHIATEETH % (Shibata et al, 2003), F7z, 2007 41 Ficix %
NE TKRIED S 45 BRI AN AT CREI 21T > T e D 28, RE X #iE L CKIEA
mERET2 X5 cdyg%® LT, SNLEOWERTTo .

2007 ££1%, 7 A _LA1H o IEFIEH 2212 PSC 23SEiNiE®, MPL 7— %12 PSC DT
BHlS G D 72, K412, ZOETE I PSC AL 2007 45 8 H 28 H ORERIE:H -
220 PSC OKEF 277, B 15-17 km, B 18-20 km, F O 21 km AT I8 50 PSC
[EotERES NS, 5B, £ 1 BRABOHK C £ 1, BHEIBNOEE#OD On/Off 12 & 2+

°C OEJRDOZALICHES MPL OBERMEDOZE(LICE 28D TH S, %72, 0500-1400 UT 12
H 2 2 BoaEsE, St BETh 270, KEOBEDE X 0 XFrci#Ey PSC JEOE
HRTETDBRWI LEERT, BB, ZOMDH T —AT7 —VIREEA 7 —NV TOHHE—
FRHIE L 72BGLY 77 VERE 2R T, HIEDL S AkmBEEE TCOBEIRALS AT —VT Y
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Range-corrected backscatter signal [arbitrary unif]

12
Time { 28/8/2007 )

4 2007 4E 8 H 28 HOMEFIEHIC BT 5~ 4 7 0,V A F 4 5 — (MPL) I X 2 BKER, #
T—AT—VIE, Ny 7 AF Yy Y —AFEHREDOERAT — )V TOMMNMEZ RS,
Fig. 4. Micro-pulse lidar (MPL) data collected at Syowa Station on 28 August 2007. Color scale
shows the arbitrary backscatter signal strength.

FLTW3, K52, 2007 4E7-8 Hic b C o, H#l EZEH KN T PSC OBIHIZTIEET
Hole T XNTOHD MPLERIT —% 29, Mo ofa0rb 80,7 H4-5,8-12, 28 H~
8 H2H, 8 A 28-29 HicEM FZ212 T PSC ODFFENHERTE %5, £/:—H4T, TH 13 H,
8 H8-10H, 8 A 2526 HiE, HH LZZIIHENTW2IZb b 5T, PSC DIFELHER
TEW», IhiE, BRE#E» DV —y 4 >V FEENC L D, H EZEOEE I
LTWBZERHSMhER ST, DF D, PSC DEFEENHER SN T WA, itk
7273 PSC fIflliRE CTH 2 —78°C LLETh -7z T L BHESE S iz, 2007 £ 9 H LB, I3
ket FZe 0GR ER L, MPL TPSC 28l 2 Z i3k ko,

612, 2007 4£9 H 1-9 HO MPL 7—% %759, 9 A 3-5 HZ»F ¢, M 12 km {138
WHWEOEPRZ S, M7, SH4HOA Y Y YTtk 24V ViREH EKED
T8 ERT KD 2, 2 OETO 8 A 30 H & 2 LLETOD 2007 £E 4-8 A2 TfT->
e R2EOFYV VU TICL BT =5 bR TRLTH S, K8 12id, 9H 5 HOE
FEHIOWRAT 330 K (FFE 12.0 km (2HHY) > & OB A TRBMEEN OFE R 2 /RS, Zho DN
DO 12HIE, 9 A 3-5 Hih i TRIBEAEMfHLIIC 7y ¥ v VEREMER L, Z
DOFER, BIFREE S WE O 8 km fE2 5 12 km LI TREAL TWwiz, 72, K8 »

5435 LB, BHIH 2 Hil & FEERIHOZSIES 7 a v ¥ > S ESEICA» o T 8.5
km {35 2> 5 12 km PLRICKEER FMAZBEICH S BT S, 22 230K 205 190K PUF
FCHHENS Z L TCirrus(BE) 2RESE TR I EHBHALY, 5T, 22TO
BORERL Y VORI NHFN LD THY,PSC L IZRL 2R ThH2HEHI AL /2.



799

MEAIEHZ 817 2 FTIR %2 FHvwiz PSC OEHEETE

sdpp uvap (Apivd) wo ;007 ISn3ny pup qnp ur pajdajjod vivp TdW S S
H— 4 —L TdN QHX T Qe 20FFNENO H 8-L 35 L00T S [F

B e et
e s et e




=
=1

s AR « RIRIES - SEIRIE

800

L00T 40quidydos -] porad ayi 1of vivp TdW 9 S
B — L TdN QHXEIS A TN H 6-1 H 6 35 L00T 9 [F

VI 1., Vl .;




MEFIEERIC 3510 2 FTIR % V72 PSC DR ESHI 801

sy070830.b04

sy070830.b04
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Syowa Station Ozonesonde Data Syowa Station Ozonesonde Data
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20000 1 20000} 4§ .
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7 BRI S O 2007 o4V VY TERBITHE S e A Y VA E (a) KUK (b) O
B, BWERRIE 8 H 30 H, BIKEAOAIX I H 4 H, HFEHIZZnUETOBHNI X %
ExERT.

Fig. 7. (a) Ozone partial pressure and (b) temperature profiles for 4 September (filled circles)

and 30 August (thick line), and previous measurements (thin lines) for 2007 obtained by
ozonesondes from Syowa Station.

Backward trajectory in Sep 5th 2007
13000
1250 M Temperature
B == Altitude 20
11500
20
e %
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oo w0
glm N " E‘
IRAVARRWAY
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8 2007 4£9 H 5 HIFFIEM E22EA7 330 K (BT 12.0 km) 1B 2225800, 15 HRE O
ROLHER T REERD (a) MR Y (b) FEME L TOZRESILO SR - mEZ b,
Fig. 8. (a) Fifteen-day backward trajectory analysis and (b) temperature-altitude history of an
airmass observed over Syowa Station (%) at 330 K (12.0 km) potential temperature
surface. Each square indicates an interval of 1 day.
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3.2. FTIR IZ& % PSC £l

55 48 X HAFA B HIBC (2006 4E 12 H~2008 ££ 3 H; LAT, H~KE) <& b, WA
HHZ BT, (ESRAE 7 — V) TR EE (FTIR) % V72 PSC OB Tb iz,
FAWs72 FTIR 1%, R A Y« 7 —#:810 Equinox 55s ¥ 4 7 FTIR TH 5. 2D FTIR I,
RASRAE 0.2 cm™!, MHEICHHEEZBHOY > R4 vF 54 7 MCT KU InSb #iH
R UHIRO DTGS SR AH L TWw3, E—ARX 7Y v ¥ —Ii% KBr LU CaF, » &
L7243, PSC OBBENCIE 4 pm X D RERANC b EBWFEDH 5 KBr 2 Hn7z,

Z @ FTIR %, 2007 4 5 H I\ EAIE O BUHIBIC 3E L 72 (K 9) ., $hiE ESABIHID 72 9,
FTIR O ASIDRGIZ 45 EHEE2%E L, KT RKEEZ@L THE L 28Rl Tx 2
koL, 2T, BEMEHIC PSC BEN 2 LZFRD 5 H TAIZ, FTIR 2w 7-8H
ZBAB L7z, MPL F— 2 IR ez & 512, 7 A B o & 1ZIEHIEM_F221c PSC 2HNIA
, 8 HTH) £ Tlrisc I BRI 2212 PSC 2sHER L 72, 410 12, 2007 4E 2 H~2008 4
1 HET, 5 48 XEEAIHMF O FTIR OBHIH—& 2R3 . ZDOROHT, Equinox 555
TEHIZ{T> 7 HE2 P I TRL, 85I ZDHI PSC B LZEcHNIHEZREWI LV —T
7~ L7z. Equinox 55s FTIR %3 PSC O TH 2 7-8 H ZHulaz, PSC HE L
%< %o e 11 A TR 21T o 7o, BRI IR ICBIE 217 > 7203, 11 H BRI
ZEH S OB & 175 HI T2 O H I b Bl 21T > 72, &5t 1 4£/8 T, Equinox 55s
FTIR TiZ 55 HA DT —% #HG L7z, 2D 5 5, PSC IS /D3 13 HETh - 7z,

— RN, IR & BHEBEEEI 2 < 7 b vizid 2 e O HIRREE O W REREME

X9 IBAIEH - BHHBRICRE SNz, RA Y« 7uh —#8 Equinox 558 ¥ 4 7°D FTIR, 43¢
A DTN RRIE S N7z 45 EHIZ X > T, KIEH A S ORI EERICEA s h
5.
Fig. 9. Bruker Equinox 55s FTIR spectrometer installed at Syowa Station. The 45° mirror on the
near side of the spectrometer takes the zenith sky infrared radiation into the entrance
port of the spectrometer.
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FTIR Observation in Syowa 2007

1 2 3 4
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6 7 8 910 11 12 3 4 58 7 8 9 9 10 5 6 7 "
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20020 22 23 24 25 26 17 18 19 20 21 22 23 22 23 24 25 26 27 mq 21 22 23[N2S

27 28 29 30 A 24 25 26 27 28 29 30 [N 3 26 27 30 31
10 11 12
1 2 3 4 shE 1 3 1
8 12 13 4 5 9 10 2 3 4 5 6 7 8
15 16 17 18 112 13 14 16 17 9 10 11 12 13 14 15
22 23 24 26 27 18 19 20 21 22 23 24 16 17 18 19 20 21 22
8 29 30 31 25 26 27 28 29 30 23 24 25 26 27 28 29
30 31

: FTIR (Equinox) observation for PSCs 55 days
: Days when PSC is present 13 days

X 10 MERIEMIC BT 2 FTIR OF#EIY-~ ) —, #8#MF S 7z Hid, Equinox 55s FTIR I & 2]
HEITo-HERT., £z, B MEED S B, B 22T PSC 238l s /- H
2T,

Fig. 10. Summary of FTIR observations at Syowa Station. Hatching indicates days on which

measurements were taken by Equinox 55s FTIR. Dark hatching indicates days when
PSCs were observed over Syowa Station.

WEEZNTEY, BHIARY MVETHET 2720121, BHRFT—2 2 AW flEE{T
ZEDARHRTH S, M1 CZDFIEDHERBRS, K 1la, bk MCT 7% > 2V D
7T—8%, M llc, d X InSb F v > ANDT —F ZR_T, &8, X FTIR 7E81E MCT &
InSb 234 > KA w FHIZERD Eb SN T w3728, 1800 cm~ 1T & U FEEM D InSb &
7 FNZiE, MCT DRI L 2y v —7h vy A 7R 6N S, £z, 670 cm™ Ik
U 2300 em ! fFITIZ RS O 2B R FRIC & B 55 IRIPGRRAS, 1300-1800 cm ! 121 [E] U
CRDHFDOAZETIC & 5, IEILSBIEEES RS 5,

B 11a, ¢ ORI, 0°C fFiTicfRiz 7z B8 % FTIR TEHIL 72 L EDA~Z b
R, Eio, HWOKE, EOKEDO A7 MViE, ZRENPSC BEELZVE S LI
FELTW2 EXOKREAAD S DBEI AR b VERT, ThTNEBEOEMKIFR Y
FVTHIIEL 72 A2 b u2s, K 11b, d ITRENTWS, IS DORN S, BEFARY
MVTHRHIET 2 2 Lic kb, HIBEE D A7 MvDlliZ EDBEY RPN T WD 2 D35
"5, %8, B 11b, d DARZ M VIZEHNTWAIREROB L Wik iZ, Bkl 72K ho
KGR LR FIC L 2 BINESTFET 258 TH Y, £ I TOARY MVOFHIER,
BRFEZ > CLTHREETH L 2 ERREL TN,
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4. PSC #HIFER

2007 O IEFIFH T PSC ZREBICBEI T 20, FiROEBY 78 HZ»FTT
bHotz., ZOWEBBE» SBERHT AT TTHY, FRHICKEBEL LTIk
WRHHTH S, R3Oy S ab—yaryThbTPHISNIZETHDY, PSCOY A 7
Lo T A2 P IZEBHAE L 2 DIF, 1000 cm~ £ & 2400 cm™! L D EHEMITH
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Fig. 12.  (a) Observed and (b) calculated spectra for ice PSC in the MCT region. The character-
istic features of ice PSC (0O) are evident in the spectrum captured on 1 August.
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Fig. 13. (a) Observed and calculated spectra for (b) NAD and (c) -NAT PSC in the MCT
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underlined spectra.
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Fig. 14. (a) Observed and (b) calculated spectra for STS PSC in the MCT region. The
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