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Latitudinal distributions of carbonyl sulfide (COS) over mid-high latitude
in the Northern Hemisphere
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Masaharu Watanabe? and Yasunobu Iwasaka!*

Abstrace:  Concentrations of COS in the stratosphere and troposphere were
determined from grab samples collected at altitudes ranging from 0.3-12 km during
an aircraft flight over mid-high latitude in the Arctic Airborne Measurement
Program. 1998 (AAMP 98). Concentrations of COS in.the troposphere were
almost constant within the range of 378-433 pptv.  Taking into account the lower
abundance of CS., the photochemical production of COS from CS; oxidation was
less for atmospheric COS north of 53°N.  In the stratosphere below 12 km altitude,
average concentrations of COS were lower than those in the troposphere.
However, concentrations of COS decreased with increasing altitude 1-2 km above
the tropopause. It is thought that the phototchemical oxidation of COS in the
fowest part of the stratosphere was less during the observation period.
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. U ®»K

BAbB VRV (COS) 1IN CRIFRICEETH 57012, BENIZIZH—TH L L0
bhTwd, Z0 COS BBENOMWEINER TRILFSES n, “RRILHR (SO) 28
T SOy &R0, BB 7 0 v Eied, ZOlzd, KRB KK LD KEIH
BECEEEAINS TBEHRERRL &, MNHRE O COS 1ZEBRElO T ERRELHAFETH
3 EENTW3 (Crutzen ef al., 1976; Hoffman, 1990), FUEBEL7 v VR FIEE—IE
Br UTERL, &V OBEBEER KB EEELS ¥ 2 2 L2 L D HIEROBEIN 2K 2 5
7o, HHERBEICE{BEMEL TWwA I LR N TS (Turco ef al., 1982; Hofmann and
Solomon., 1989; Rodrigetz et al., 1991),

COS I, Vv 1% Eh o OERFEWINZ, TEEEIR A 4~ ABRBES £ OAHEE)
wk DEEASTEHE NS, UL, [EO COS O—ERiE CS: L OH 7Y 4V DX
FERIEI &Y, REHTERESNL DL D2 EWEZ L TWS (Chin and Davis, 1993),
NSO COS DFL < £FEED S B, BERFERY S & AFEENC &L 2R, 12135
L& &N T3 (Chin and Davis, 1993), L2 L, TESEBIOERLHIR CIIIEE C SR
D COS BB ENTH Y, TEIEENC &> TR SNz CS: & OH 7 ¥4 )V L OJHEFERIE
WEBEREHRETNETHLEDOHEEL H S (Dippell and Jaeschke, 1996),

KEHD COS DWERBRIZ DWW T OFHI AT S 7o 012, [ blz DEES 5 0ENH
3. UL, dEEBRIERE I 3 BARFEAEFINR TARNZFRERNS {FET 5720, 0
HIR CORE S L UK TREESAROMED & COS OWEEREFHNT 4 Z & 138 TRET
Bo., F T, NERGFEENDE W E BN 3 EBRE TORES L UKFRESHOHE
WERTHZ LB s, AFETHE, LRk - SiEE s  WiE— TEEERE O CoS
VAR DI, KEAT A S Pz B T Lind, COS OYEIRBESEMHT 5 2 L 2 H
fy & LT HARD S BB~ OIAEEH 217> 7z,

REFE ORI, BHEB, ~F o7 u 7R 7 (Petropaviovsk), 7 A » ¥ (Anchor-
age), /N — (Barrow), @2 4 ¥—E > (Longyearbyen) % #ESAFET 71 b L BEEREROD
LFTF754 b, 2—A VA RO a— FEONTE D & TEREE £ TORERRD 7 7 4
N TfThhic (Shiobara er al., 1999), R&ZEHH, BEEENCED (10 & 7248 M D s
OhsT 70rFa—7 THRNICEAL, 268D A5 L_u—X K7 (IWAKI, BA330SN)
BEWT, AFUVARF—ABEDY Y FY 7753 (1L, ARESE) CNESRREN
7o, FLCARSEEDEERE - HEE, BE, BE, SERRT. A 35 FORKEFEF
Siiz, HoDUDTol KEREHAEER T, 77 AIWIZEE iz COS DB 14
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R1 COSEERORGHB FEELL 72 HFy, B, &F, &F

Table 1. The airs sampling time, altitude, latitude and longitude for COS measurement.

FHH TIANGF Ty T Vo7 RO EE

=k R L R REE
(5 (m) (%) 9

980305 NGY-PTR  23:49-23:51 5805 35.8 137.2
980306 NGY-PTR  00:53-00:57 11317 43.0 142.1
PTR-ANC  04:43-04:44 4536 53.8 158.7
PTR-ANC  06:43-06:45 3438 60.3 -177.5
980307  ANC-BAR  00:30-00:34 3640 66.3 -151.5
ANC-BAR 01:21-01:25 11941 68.6 -154.1
ANC-BAR  01:47-01:48 6756 72.0 -158.4
ANC-BAR  01:56-01:38 6754 712 -156.8
ANC-BAR  02:17-02:18 3283 70.7 -155.7
ANC-BAR  02:33-02:34 3283 716 -157.4
980307 BAR-LGY  06:45-06:49 11928 82.1 -151.0
BAR-LGY  09:02-09:03 11917 82.3 11.0
980308 NA  10:59-11:02 11906 79.0 8.3
NA 1LI7-11:19 9997 79.0 8.9
NA  11:28-11:30 8272 79.0 9.3
NA  11:40-11:42 6365 79.0 89
NA  11:51-11:53 4663 79.0 8.7
NA  12:03-12:05 2827 78.9 8.6
NA  12:21-12:22 477 75.0 9.1
NA  12:24-12:25 2388 78.8 9.5
980309 THRO  16:30-10:36 11935 75.1 145
THRO  10:51-10:53 10247 73.1 132
980312 BAR  21:05-21:06 1551 7179 -156.9
BAR 20:12-2L1:13 3661 72.0 -157.2
BAR 21:23-21:25 5996 72.0 -157.0
BAR  21:30-21:32 8018 72.1 -157.0
BAR 21:36-21:39 11940 71.8 -157.2
BAR 21:44-21:48 16061 72.1 -157.0
980312 LGY-BAR 16:13-16:15 11927 86.0 11.0
LGY-BAR  16:48-16:51 11821 §5.8 -151.1
980314 PET  03:24-03:26 9126 54.5 160.5
PET  03:34-03:36 7309 54.0 158.1
PET  03:38-03:3% 3413 53.7 1585
PET  03:49-03:50 1762 52.9 158.8

980314 PET-NGY 07:19.07:23 11933 45.7 1452

HERZEELZWI L 2HERELTW D,

ERRES 2 2 o e RERRNE, BB RFARGHEBIEIIZEmORBRE Tot Lk,
COS OAFER UERZ, £ 1000-3000 mL O KGR F —80 B CIEEREMTE, WK T/ -
L, #RZ7a< 75 7% (GC-FPD, Shimazu GC-8A) TfTo 7z (Inomata ef af., 1999), %
7z, CS; EIBHCHEE « EEL 72, COS MU CS: DBHIERE, #hF0 13pL, 11pL TH-
7z,
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3. LI BT B COS EE DSE S

BEIz 815 COS BIEDSHESMEZH la, b IR L7z,

la %, 1998 4E 3 A 8 HD=—4 /LA > (Ny-Alesund, 79°N) [ZE12 517 % COS EE D
ESHERLE DD TH S, BOHES D S EFREZEE 15 km DT, BEEE 9km 2L
LTH2 LHEE S NI HREND COS BEOFHER 411121 ppiv T, 401-428 pptv DERHH
Thoiz,

1613, 1998 4E 3 H 12 B 3 — (Barrow, 72°N) _FZECEIEIS iz COS EE DRES
FiERLIZbDTHD, BAOWRESHHD» S, BHREBIZO0Skm BT, HEEIZ9km L ET
b5 EHEES Nz, BB 5 COSBEDYHIHEIL 41015 pptv T, 404-420 pptv DI
THHIE I,

S ANAYB IO — FEONREIC BT S COSEEOERRED N, &
72, WL OLDREFED S 1 CS: ARFICEE S, IS DRGFEFIZ DV TIHKIZ * %
N

14 14
Stratosphere ] Stratosphere
12 e 12 e
10 — e T I o ST
JE RO SRR i T
= Troposphere - roposphere
é 8~ e § 8 e
L a2
< & 4
= e B «
=6 & 6 e
< | <]
e
47 47 e
| e
2 2 5
....................................................... e
0 R R A 0 e M R
250 300 350 400 450 500 550 250 300 350 400 450 500 550
COS (pptv) COS (pptv)
(a) (b)
Fi1 =—A VA EZE (I998FE3F8H) (a) eNu—LZTRBITS (1998E3F 12H)

(b) COS BEDIRESE. MO T HOSRITERE & BN mBEOER, LH0 T
WRE—REBEOBAE TR T. *HOREFE» 2R CNEE I NI,

Fig. 1. Vertical profile of the concentrations of COS (a) over Ny-Alesund, March 8, 1998,
and (b) over Barrow on March 12, 1998, The dotted lines are the boundaries of the
boundary layer and the free troposphere (lower line), and the troposphere and the
stratosphere (upper line). * indicates a CS; detected air sample.
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RREEI 81 5 COSER IR, HRBEAE DL, S TEREEIC» U TR T % HAHEE
BB, SIS IIERBET COS IEERIGIC L VIHBES N TWE LI 23 EFELEY, 2
neOREEICBIT 3 COS DEEBAMEIIE, ——A4 VAT e —FZETRENT
EOSREE iz,

4. FIFEIZ BT 5 COS BEOEENTR - $hiE S0

213, B SA0EE & TOMZEERITOBRERO LT 754 F e =—F VAV RT
NO—HEROE ST 7 7 A VT T A MRS WcHRBIC B T 2 REEC oW TE
57z COSEBEOHESHRPBET L (T9N; =—F VAV, 68 T0N; /N2 —T, 53N; X
FuX7u7 A7, 3¥N; BR) WRLIZLDTH S,

SHREI BT 2 COS EEIE, HALEZE 35N) TEES - mEE 2 AN 3 1id 378-433
pptv OEIFE (FERERE 412420 pptv) TIRIF—ETH D, BEC L 2REEEED o nZ» -
7z, CS: BEERCBEH S BB D SNz Hs, TS DEEIZ 20 pptv AT TH 572, CS
ORI, ABIEENC X 2 A1 (LEREomREE, 1S, SEmofEs) L A
& OFREIR (FErE, TEE, TR, B, KRS BbsrubiTns, Lrl, ABEE

12
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Fig. 2. Vertical profile of the concentrations of COS in the troposphere over mid-high
latitude in the northern hemisphere. * indicates a CS, detected air sample.
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DYEFBEHARRCRHABFIC L 2 CS FLELS HREIC X 5 BB IR TIEEIZ SV
EDMERE T\ % (Chin and Davis., 1993; Dippell and Jaeschke., 1996), OH ¥ ¥ A NVDF
PR Z S L EE LT CS OFHE@IHHTH L 2 L 25ET 5 & (Tyndall and Ravi-
shankara, 1991), CS; DRSS AL - HARFEW TR X, CH MBS RRIE IO
REDSWTBNCEA SN T S OFERINE NI EARBMLTWS D EEZ 55,
Thronton et al. (1996) X, ABRGREIOREE S F-K[DBFEE LT CS DEELHOTY
20, BHBLIETCHRIS N TWS CSEE (<185ppty) LHELT, IWEEASHO CS:
BERFECRBETH 2 2 EBRBE NI, BROFERIC XS CS: ORUHOFEBER
ETH 2 e 3nE, IBRR TEENE 2R AN TABIRIC L 283 nwb D L F
Z 51, CS OMEERIC L DINENS COS b o7-8 D L HE SN S, Inomata ef
al. (1999) 1%, 1995-1998 LEDHAM], FEFE LZE (355N, 137°E) TITbh =iz sl (s
450-5500 m) 12 £ > T 5 117z COS O 1T 348-475 pptv O FF (CFEE T 399440 pptv)
THDEREL TS, SINLIL, BE 5500 m DIF TEEE 1Lz KGO COS DI EE
(411221 pptv) &, EFRE EZ220D COS VEREREE & fhid 2 & SR AR L Twie 28, 28l
HENICE E4, KERBEEIRDONE P o1z, IO s, CS OBz X ) AHE
3% COS EIIREH D COSBEDEHERIC KR > TR L AREMEISTR Sz, X510, BE
BFHIEAARETH 228, YEFE - 13 - 72 K2 & B COS QRIS & 2R AL 5%
EEIREDVOEEDNS,

TR, 7 a7 a7 R 7IERETI, Kilchevskoi (56.06'N, 160.64°E, 12 4.8 km), Bezymi-
anny {55.98'N, 160.59°E, #Zg; 2.9 km), Karymsky (54.05°N, 15943°F, #E 15 km) OBEKAIE
EIDERE S N TV % (Smithsonian Institution, 1998), ~_F w371 7 R 7 £22 (53N) TEH
Sz CRL I DWTIKUNEENC & D R S N7z algeE  EE T & 72> (Rasmussen. ef  al.,
1982), L, CS: ORI N/ZAKITO COSEEIR, KUOFEL S T TwitnEEz 5
NHRZFTHE SN COSIRE L IKIZFACIBE TH -7 2 L oH LT, COSEERE X
ZIFED CH DMK E > ThTes a8 ngpole b D EHEI NS, —FH, AAMP R
O AR 2B N, COS R, Inomata ef af. (1999) OIFEEDEIEEICHIGL TW
7z. AAMP 98 OB, [ESHESHAEREZESL Tnic 2 b, RISKEEREEEH IR
VEREPEM EZEDOV =T 4 Y U FIC L BT, & 46 km (I TEEESEHI S
T3 (BEARER, SETAH <&, AEEEINERZ HADII T CS: pEFICHIE
SN2 L EpoHd 5 &, AAMP 98 CEHIS W72 mEE O COS I3, MFEATO ARRE
FOFEZ S T TV A RIS BB LT KER SN AREESEHTE WD EF 2O
%,
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5. EBEICBT S COSIBE DRI - $hESN

3WACEY 54 NEEIOTb N EE 12km BT B COS BEDREARERT, BE
12 km O COS 2R DFHE T 364123 pptv TH B D Z O FEHE (412220 pptv) 1ZHEAR
TR -7z, Linl, 68-7T0N TEH S M- EEIIREREICISEE Th o7,

KB EECIHBIEIER S 1, KRR L LTl SRt E £ D 2 u» i
TWwd, ZOEOFHI, TEEED S OREPBEENEICRAT 2 Z el onsd, 20
72 DI O BEASIE, FIZIGILoREEE 25, —77, TREOREBEASL, X
WENTE L 2 BEHIEORGERLOFEL S T, Bz, 40-60N (i T iE—m
B 0 B ASES A b 5 72 D1, IEBBEOZESH E N REO 2 L DRGHERI DT <
%2 (Holton et al, 1995), T ZTREFRLZM-7ed, PF7V=27 b U —@TICE S & COS
EESHEIE OARSE, HEEL S EBRE RS N Tz, 60-T0N TEHIS hurz R
BEVLEED COS I, SIMBEOASSSRMNEICH > TREBEEI N0 THDL EF
505, ‘

BB BT 3 COS BEOEHZL T 2012, HRERFEOZESSLOMAI R D
D LE 2 SN SBBE FHOAKIZ DWT, BHlE e COSRE LR & ORIFRETA
7o (4., BAEEEL L b 2HEINT 570, BAPEWIEEROBEORTPTRS b
DrEZEND, Lanl, AT 320-368 K OHP T, BMOEWIZ L5 COS DREERR
BEOEENFIC L 4, Holz b LThbTMERDONTVREICT ER 0,

517 COS B L B O8HR 2T, |, KROSEEW XS s BcRES

500
450 -
:54 400 7 %% T_-~_T D
R B s A RO s S
2 3 T CLTTTRTPTRE PR PE R P e R PR P LRI LPEEPTES _L ............ ‘_%J—L ............... a‘/efag@
8 36 _ ¢ _%_ _________________ %_w- sD
300~
250 —— —
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3 JEETHNEE (BE 2km) 2B 5 COSREDRESFA
Fig. 3. Latitudinal distribution of the concentrations of COS at altitude 12 km in the lower
stratosphere in the northern hemisphere.
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Fig. 4. A scauter plot of concentrations of COS against potential temperature in the

stratospheric air samples.

NA and B mean the air samples collected over Ny-

Alesund and Barrow, respectively.  * means air collected at 45°N.
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Fig. 5. A scatter plot of

concentrations of COS against potential vorticity in the stratospheric

air samples. NA and B mean the air samples collecied . .over Ny-Alesund and

Barrow, respectively.

* means air collected at 45°N.
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ZYPEETH D, REDEEENT-PWIEEEWHEEZRT, 207k, BREBCBT 2B
HFEETOEL Y BIFEDEREWERZRT, o T, MEDHBVERIZE, LVEOEED
KETHDLOEEZ ONS, WOMER 3.3-9.5 PVU OEBPITEEIL TWwizhs, 2T
% COS B OZEBIMETRAT I T 2 5E LRI  I3RD SR o728y, b
PLTWBEIRHHRZ S,

A NWR s a— FETELNIEL O COS BEDHENGD 5 1%, HBEARKTO
COS DEE IZEE OB L I T 2 EABA SN, L L, FERETHC B W TE S
N7z T RTOREEETD COS BEEITN T BB < WAIORRY 512, COS BEDEAMERA
BEDSNRWD, b THAHED NI TERN, ZOEBELT, =—F VAR
N — FZETERl &N COS BEORAEME, BE 10-12km 2B 1T 5 COS BB
WIDEWS D THoT- 2 MBI ons, oz, BHEIEBEHTERZD 3 HiEUdfrbi

o 90°E

Latitude 30

Longitude

He 199843 A 14 0 78 (HFUZEER ¢ 360 K FRAE W B0 5 WAMHEE, #1308
fr%sed (A7 10 %km kg 's™), I0PVU & 8 PVU DB E KR TR T, SR
REMNE AR (>10PVU) 2R7. 1%, M4 x5 0 *HIOAGAE R R L2

Fig. 6. Potential vorticity (PV) distribution on the isentropic surface of 360 K at 07UTC on

14 March 1998. The numbers denote the PV values in units of 107 km® kg™'s™\.
The 10 and 8 PVU of the potential vorticity are indicated by the bold lines.
Shaded areas indicate high potential vorticity. @ indicates the sampling sites of the
* air samples as shown in Figs. 4 and 5.
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727z DWW KEEEE <, TEREETONMFERIG & 5 COS DBLoSIERE c P inni-»ig,
B2 A EMDRD SNB -5 Te b D EFZ 6ND, INETITbNEIIC LS, B
E20kmUTTCREENELRIICONTCOSDEESEL 2L I EPREINT NS
(Kourtidis et al., 1995; Leifer, 1989), FEHITH LV BVEEORK LTI T2 Z 8 TE/:
5, COS BB O ERZIFECEHCE LRREEb H 5, &7, BB L LS WEE 12
km 2B % COS DFLREE R, WREICB T 2 FEEBE LT 2 BRI EBRD 6
TWwdiz®d, Znd0bd »piEREREIIKEE FE0 COS DREDERWZESIE & NRE 0%
SHOEAC LB EREL T30 0 LiLgwn,

FRAERE & RO KRO BT L i RIS o K& O COS IR L IR07, 1BA7 & DEfR
%, BRE TEHOAR EFEROMERZR LU (4,5, B, 45N THRIS o AR IEIRE
POBNTVRIZ b 5T, COSBEIEL, B -BEE»-7 (K45, ZOK
SEEOEE R N2 1998 4E 3 F 14 H 7TH (GMT) @ 360 K 3847 H I 817 2 B HERN %
6 1R d, 60N MIbD2—7 ¥ 7 REER T A U A KEILEO—EIC B3 E EE (> 10
PVU) 2VREN TS, £7z, T0-40N fREOTEIC I, Bl CEMl S - miils £ 13IEE
UWERRTHEESREL TWiz 2 ERENTW S, KRKEEEGE (K6 8) 1, K
R DE VR TH > 72 2 &, RUNTHED N0 OB 555 T 5, BREEARTDEES
TESHMOHBEIEFIWCE U TWD ZE ERB T 2R (Baver e al, 1994) 2EET S &,
45N AP TR S MU 2SR 2 S BEN IR EANEIT N A[REES H 2 Z L R L T
W5,

6. £ & ®

JeERh - BREICB D 200E - TEREE ORIV RN OBRESNEHE ST T
5728, JLREAZEEETE (AAMPIS) DEMS iz, KEFERE > 7Y v 77 7 A aNIcER
WENTN 2720, BoONIBESHFRARY NTROATZ DT LR, LE LRI,
R - ERE O VRV OBEOIRESE (12km HAT) RUBESMG (35-90°N)
BB EBTE,

SHRBEIC BT 2 COS DEKER, HARZE G5N) TEHEINWSEEZRITIE, 378-433
pptv OEH (CPERERE 412220 pptv) Thoiz. SFNBUILD COS BT I, BEIW X B
EREOoNEL, ERBELETEHAS N BE LR L CHEEEZEZED ok,
53N PUEDBREISEE T, IREEam Y EHEE) CS: DIRELTR £ ORI TR
ENBPoTeZ &, BRI AN TH 2 OBREIZPEE CBH S - B & LU TR
WARWZ ERERT 5 &, 53N DULOBRSEER TIX CS: DX ERITI & Y £k s iz COS
BB Wb O L EEIND, BT FHRO 72 9121, ¥ - 1 - EWR Cic X 5 COS
O L ZBFHBIIOWT L EEBIRETHY, SHBROBELEZOND, —4F,
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AAMP B8 2 B W T HA LZTEH s - BRER, BIESERL W L 2HRT 5
L, NEREBIOFE R 5 Uz MBIOESHSRH ENER SN0 TH L HD
LHER AN,

B 12km IC B 5 COS BEDFEHE, MTE TS /- HHE L L TRn 2 &
DD Btz LirL, TERKEBE (FE 10-12km) ORKUZBT % COS BEDIREN A
5k, BENEWIE CEEMNEDT ERD, FECOLTREREDONICT ER L, IS
Dz ens, BFREICT FERER (EAE L 1-2 km) TO COS DXEFRRILEIIIER I
Dipndb O EHEES L,

L%, EERETOENMIG 2BV T, COS DYERRESEZHO M T 5 ETEER T —7
ZixbTh D,

E
AL TIE, MZEBRR DB KGR OBECE EIEE N ERBSEE, EIRHTERT
BAEFSEBEOLE L, £, REEETICHED, FAVEY R 7 —EAK
RO H 2 ARSI 2 D % Ule, SRACHTEE ORI i, iR
ORI Lo TIER I N7 a7 5 A 2R L E Uiz, & w@#oi L. ZpEE,
B2 Ems GLESS 10144104 ((REE SHER), 10144211 (FREF HoKkERD,
11131210 (R3F MAKERERD) XL 5802 5 U7z,

X B
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