410

—HhE—
Report

74XV 2=y 7Y 7T — v iENEM E2EIcE T 5
3k PR S R D U = AR S A

R - BE ¥ BRAEZS - HARES - BE T
ERAR - PBEE WA B RKEHZ

Stratopheric greenhouse gas observation using a balloon-borne
cryogenic sampler at Syowa Station, Antarctica
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Abstract: Balloon-borne cryogenic samplers were launched from Japanese
Antarctic Station, Syowa, on December 26, 2003 and January 5, 2004. Strato-
spheric air samples were successfully collected at 11 different altitudes from 10
to 30 km. After air samples were transported to Japan, they were analyzed for
various greenhouse gases and their isotopes. The CO, concentration, thus
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obtained, shows no significant vertical gradient above 20 km. Secular increase
of CO, concentration was clearly observable in the mid-stratosphere over
Syowa station. From the average CO, concentrations in 1998 and 2004, the
concentration difference was calculated to be 9.7 ppm, which is almost same
the tropospheric trend. The average mean age was estimated to be 5.0£0.2
years above 20 km. This value was almost the same as that estimated from the
CO, concentration data in 1998, 4.9+0.2 years. This result implies that there
is no secular change of the mean age in the Antarctic stratosphere during this
period. Vertical distributions of N,O isotopomer ratios showed different
characteristics among December, January, and previous observations in Janu-
ary 1998, showing that the short-term and long-term effects of transport
processes.
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Fig. 1. Schematic diagram of the cryogenic air sampler.
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Fig. 3. Time series of altitude for the cryogenic sampler (solid lines) and air sampling positions
(circles).
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Fig. 4. Trajectories of the cryogenic samplers (solid lines) and sampling positions (circles).
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Fig. 5. Vertical profiles of CO, concentration in the Antarctic stratosphere.
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Fig. 6. Age spectra of the stratospheric air expressed as inverse Gaussian distributions. Corre-
sponding mean age values range from 0.1 to 7.0 years.
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Bird oL, PERORZ SN TS (Engel ef al,2009). ZOfEHRE%
AHFFRDORER & L I8 IR L7z, JLPEERTIX, 20 30 EfIIcB 1 2 FHERO LTS
61X 4.9 (£0.5) FTHY, 7z, ZOVPHRLIEIZ 10 F472D +0.24 (£0.22) FTH 5.
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SF,- and CO,-derived age (yr)
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8 THEROEMRZZ M. Engel et al. (2009) DFERIZ, ARWFFED CO,-age #HAA TR L
7z (HWUATTay M LIcZO0H).
Fig. 8. Comparison of the CO,-age in the Antarctic stratosphere with those in the northern mid-
latitude reported in Engel et al. (2009).
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Fig. 9. Relationship between isotopomer ratio (6*N°“') and mixing ratio of N,O (/N,0])
observed over Syowa station. The §'* N, and [ N,0], are values for tropospheric N,O.
Data points move in the upper right direction with increasing altitude.



I B A S DR = R A 423

bDTH 5 (Rayleigh 7uy b & HIEENS), BEMEHIXZBBOHAEE | —a OEE LTS
L (MTREEO/FS 2 RES R TWE 2 LICER), 12 D 14km, 17 km QA2
F—F b IOEHEICHoT, LrLl, 2AD 18km £ 21 km DT — 1%, I DEMED» S
T A AT A N S R

DT LS, 1230 14-17km TRERERBICH > 72, X0 FESH2Z D72 (F
RENZEHW)N,O BEIOBFTIC L D EIENIz b D EF 2 ohiz, —H, 18km & 21 km T
X, SS5EBEO ERKER~THRMEEOS (N,OREHx0) SEELEFZ D
£, 74V MR —HOR#ERHETETDH 5.

2004 £ 1 HOWRE 7 A V MR~ —HOEESM % 1998 4 1 HD4Am L g % &,
10-13km B X V1821 km T3 & < — L 7243, 14-18km B X (F22-30 km I2 B> T i
1998 FEDIREHIMEL, 74 VY MR~ —HBE» 5 72, 14-18 km Tid 2003 4 12 HOHE U
EEEE TR S e, BN AR EE 0L NFERK L L TFHEZ 55, 22-30 km IZD W
T, RN (72 & 213 1998 i3 Z OFERO LI D FRDE o 72) OFFEMENR
BEnsd, N,O7AY MR —IEFHT 2 LT, REBCET 2EH « EHAK 26
RIBREDZEENZ DOV T DIFHRBBSND Z EBHSMITR ST,

4. F & ®

BRSO b 2212 35> TEREN S 172 BB REE 2 9007 L 7o iR, “RALKRIRE D
EMA S 7 ORI EER, S 51ICFh o DEED» S, Ml ZZ0REBAK D
BEREZHET 2 XL oz, £72, NJODT A Y PR —DOEARBEHEIC X -
T, BB B 2 N,O OFFERIC 3B 1 % Je b 2 K% O X 12 oW TS 215
BES NI, AT, ZBILKBRREL N,ODT A Y bR —D AL ST, fLokkx
IR E BN RGHE S T OBEYE ICBA L T OB ED ST D, $%E 5 ICHK
BORENEON D EHfFEN G, $1:5%, XV/INIOY > 7T —% A GERERD
FEHiC k- C, MRICB T3 EEBASEBHOEENE D, AT EHs
TR VRN ARZERIC OB T IS 2IZR 2 b L HfFsh %,

E
R CORIRFEBROEMIC H7- 0, B TOBERMEED FEfiS X =B KEREHFT T
D 45 KBk B OKIRBERFIC S 07272 & & U Tz, T2t se BT s = Rt
FERTPRGIREH & > & — DB 72 U . B ToY &R, SBkE
BR¥EfE, HOK - 77— 25 « BUEEICB W T, 2545 REK, B & O 44 KB D Ehk
R REER S TR & g LT, £, 27944V 7I7—0RINEHIz-> T,
[Lo¥ ] FEOERRICIH WIS E L, LEOBILHLETET.



424 EE BUI»

X #®

Andrews, A.E., Boering, K.A., Daube, B.C., Wofsy, S.C., Loewenstein, M., Jost, H., Podolske, J.R.,
Webster, C.R., Herman, R.L., Scott, D.C., Flesch, G.J., Moyer, E.J., Elkins, J.W., Dutton, G.
S., Hurst, D.F., Moore, F.L., Ray, E.A., Romashkin, P.A. and Strahan, S.E. (2001): Mean ages
of stratospheric air derived from in situ observations of CO,, CH,, and N,O. J. Geophys. Res.,
106, 32295-32314.

HAMEA - BH T - ITHENS - MEE— - IUN A BAEF - AEFL - LAEE - REE
Z o HEEETE (1999): FERRIEAIEMIC B 1T 2 BEIRRD 7 944 Y ==y 79 7)Y 7
Hr (1] —TH EFROEINA RV —y 3 v —, FHEEPIEIERE, FiE 39, 87-106,

Aoki, S., Nakazawa, T., Machida, T., Sugawara, S., Morimoto, S., Hashida, G., Yamanouchi, T.,
Kawamura, K. and Honda, H. (2003): Carbon dioxide variations in the stratosphere over
Japan, Scandinavia and Antarctica. Tellus, 55B, 178-186.

Austin, J. and Li, F. (2006): On the relationship between the strength of the Brewer-Dobson
circulation and the age of stratospheric air. Geophys. Res. Lett., 33, doi:10.1029/2006GL
026867.

Bischof, W., Borchers, R., Fabian, P. and Krueger, B.C. (1985): Increased concentration and vertical
distribution of carbon dioxide in the stratosphere. Nature, 316, 708-710.

Boering, K.A., Wofsy, S.C., Daube, B.C., Schneider, H.R., Loewenstein, M., Podolske, J.R. and
Conway, T.J. (1996): Stratospheric mean ages and transport rates from observations of carbon
dioxide and nitrous oxide. Science, 274, 1340-1343.

Butchart, N. and Scaife, A.A. (2001): Removal of chlorofluorocarbons by increased mass exchange
between the stratosphere and troposphere in a changing climate. Nature, 410, 799-802.

Engel, A., Mobius, T., Bonisch, H., Schmidt, U., Heinz, R., Levin, 1., Atlas, E., Aoki, S., Nakazawa,
T., Sugawara, S., Moore, F., Hurst, D., Elkins, J., Schauffler, S., Andrews, A. and Boering, K.
(2009): Age of stratospheric air unchanged within uncertainties over the past 30 years. Nature
Geosci., 2, 28-31.

Griffith, D.W.T., Toon, G.C., Sen, B., Blavier, J.-F. and Toth, R.A. (2000): Vertical profiles of
nitrous oxide isotopomer fractionation measured in the stratosphere. Geophys. Res. Lett., 27,
2485-2488.

Hall, T.M. and Plumb, R.A. (1994): Age as a diagnostic of stratospheric transport. J. Geophys. Res.,
99 (D1), 1059-1070.

Honda, H., Yajima, N., Yamagami, T., Aoki, S., Hashida, G., Machida, T. and Morimoto, S.
(2000): Balloon operation for stratospheric air sampling at Antarctica. Adv. Space Res., 26,
1369-1372.

Kaiser, J., Engel, A., Borchers, R. and Rockmann, T. (2006): Probing stratospheric transport and
chemistry with new balloon and aircraft observations of the meridional and vertical N,O
isotope distribution. Atm. Chem. Phys., 6, 3535-3556.

Kim, K.-R. and Craig, H. (1993): Nitrogen-15 and Oxygen-18 characteristics of nitrous oxide: a
global perspective. Science, 262, 1855-1857.

Nakazawa, T., Machida, T., Sugawara, S., Murayama, S., Morimoto, S., Hashida, G., Honda, H.
and Itoh, T. (1995): Measurement of the stratospheric carbon dioxide concentration over Japan
using a balloon-borne cryogenic sampler. Geophys. Res. Let., 22, 1229-1232.

Nakazawa, T., Aoki, S., Kawamura, K., Saeki, T., Sugawara, S., Honda, H., Hashida, G.,
Morimoto, S., Yoshida, N., Toyoda, S., Makide, Y. and Shirai, T. (2002): Variations of
stratospheric trace gases measured using a balloon-borne cryogenic sampler. Adv. Space. Res.,
30, 1349-1357.

Park, S., Atlas, E.L. and Boering, K.A. (2004): Measurements of N,O isotopologues in the strato-
sphere: influence of transport on the apparent enrichment factors and the isotopologue fluxes
to the troposphere. J. Geophys. Res., 109, D01305, doi:10.1029/2003JD003731.

Schmidt, U. and Khedim, A. (1991): In situ measurements of carbon dioxide in the winter Arctic
vortex and at midlatitudes: an indicator of the ‘age’ of stratospheric air. Geophys. Res. Lett., 18,
763-766.



B B A S DR = R A 425

Schoeberl, M.R., Douglass, A.R., Polansky, B., Boone, C., Walker, K.A. and Bernath, P. (2005):
Estimation of stratospheric age spectrum from chemical tracers. J. Geophys. Res., 110, D21303,
doi:10.1029/2005JD006125.

ER OB BH JC - AFAEZ - WRER - fRIE—1E - HRAEE] - HAEFE - KHFZ - FHE
TR - PERETE - U 4% (2005): 28 45 REFMUBEIHIKIC L 6 7 94 A Y 2 = 27
7 —[EISRER SRR, KERIT e, 77-87 (F-HM AT Je B AT SR b Fe 2 s JAXA-RR-
04-015).

Toyoda, S., Yoshida, N., Urabe, T., Nakayama, Y., Suzuki, T., Tsuji, K., Shibuya, K., Aoki, S,
Nakazawa, T., Ishidoya, S., Ishijima, K., Sugawara, S., Machida, T., Hashida, G., Morimoto,
S. and Honda, H. (2004): Temporal and latitudinal distributions of stratospheric N,O
isotopomers. J. Geophys. Res., 109, D08308, doi:10.1029/2003JD004316.

Waugh, D.W. and Hall, T.M. (2002): Age of stratospheric air: theory, observations, and models.
Rev. Geophys., 40, doi:10.1029/2000RG000101.

Yoshida, N. and Toyoda, S. (2000): Constraining the atmospheric N,O budget from intramolecular
site preference in N,O isotopomers. Nature, 405, 330-334.



