191

—HE A

Report
RIS 222 BT 5 CO, BEDZE
NULUEF - -pE&HH -BKAA

Concentration Variations of Tropospheric Carbon Dioxide
over the Antarctic Region

Shohei MURAYAMA!, Takakiyo Nakazawa? and Shuhji Aoki?

Abstract: Aircraft measurements of the atmospheric CO, concentration have
been made over Syowa Station, Antarctica since 1983. The minimum concentra-
tion of the average seasonal CO, cycle appears in March throughout the tropo-
sphere, while the maximum concentration occurs in mid-August in the upper
troposphere and in late September in the middle and lower troposphere. The
peak-to-peak amplitude of the seasonal cycle decreases with height. The CO,
concentration increases with height during most of the year; however, this height
dependency is larger from summer to early winter than in the remaining seasons.
The average concentration difference between the upper troposphere and the
ground surface is about 0.3 ppmv. From comparisons with the results of the
ground-based and aircraft measurements at southern middle and high latitudes and
trajectory analysis, it is hypothesized that the seasonal cycle of height-dependent
atmospheric transport processes could influence the seasonal cycle and the vertical
distribution of the CO, concentration over Syowa Station.
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BLCBIAEATHD, —F, MEREPLIERE A OIRECHKBEIC 3 28EEI 7%
, B, HARLEZE, A —RA IV 7 BB R ETThiLTWwWAIC T &7y (PEARMAN and BEARD-
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DIERDI= D% DEREREEL, £/, KEYWEHEST T VOBEED 1O ORZ T -5
ELTHWSHSNTWS (FUNG et al., 1983; PEarMAN and Hyson, 1986; HEIMANN et al., 1989;
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Fig. 1. The average seasonal cycles of atmospheric CO, concentration at selected height
intervals of the troposphere over Japan (after TanAkA et al, 1987a).
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BT LR E ERCBI LB E 2 REOTIIZZLi1cL D, CO, BEDEIZET 2 L
D ERESI ST o L TE B,

PRI IE, ZOR¥D, FHIAZEL CTBKCELNAHETH Y, I L 2 KSR U
WiEE) % £ D5 CO, DRHIIRPIRINEIL, fHTICIIEE LR, £ bRENE L 0|
ER 7 ABIEEORE LIEF DR WHIETH L, 2hicbrrbs T, K2 IRdnd LD
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B, M BT 5 CO, WEZEILIZ DV TOMIRIZ, Rz b D& ko> T3, RtEIEAIEE
T, 1983 FICH EIC381) 2 REAHD CO, IBE O RMAVERI LA S L7245 (TANAKA et al.,
1987b; Nakazawa et al., 1991b), ZH LEHAZEI U U THZHEAFIR L7 FEORESED
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Fig. 2. The temporal variation of the atmospheric CO, concentration at Syowa Station.
Each dot represents the daily mean value calculated after rejecting contaminated
data due to station activities. The thick solid line is the best fit curve of the data
and the thin solid line the long-term trend (after Nakazawa et al, 1991b).
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Fig. 3. Average seasonal CO, cycles over Syowa Station. Respective values are shown as
deviations from the mean value at the surface (see text).
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Fig. 4. Annual mean vertical profile of the CO, concentra-
0 e — tion over Syowa Station. Respective values are
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shown as deviations from the mean value at the
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Fig. 5. Average seasonal CO, cycles at Syowa Station, the South Pole and Cape Grim,
Tasmania. Respective values are shown as deviations from the mean value at Syowa
Station during 1984-1990 (see text).
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BIAAYOKRKEDREICE D, BEEROBHEOREIL, TRELD T L/halins
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fF54 T2 % (PEARMAN and BEARDSMORE, 1984: NAKAZAWA ef al., 1991a). NAKAZAWA et al.
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HADTRANREZ, ALAEREROEIEBE ORI i LS 28 L TlGEiIIn & 510 T8
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Fig. 6. Average values of yearly mean CO, concentration of 1984 and 1985 in the lower
(closed circles with solid line) and upper (open circles) troposphere, at 7.2 km height
over Anchorage (closed triangle) and Sydney (open triangle) and in the lower
stratosphere (rectangle). Values are represented as a deviation from the South Pole
(after NAkAZAwa et al, 1991a).
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Fig. 7. Same as in Fig. 6 but for peak-to-peak amplitudes of the average seasonal CO,
cycle (after Nakazawa et al, 1991a).
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BRI VDB EEZ NS, K, BEFRHEMEZED O, BEOEHEIFEER (MUurRAYAMA e dl,
1992) RORFRE _EER O FRPMRFAT OFEE (YAMAZAKI et al., 1989) D373 d & 5 2B BEEIR O
RIS TR TRA L T B a[REMELERD TRV, L L, 2HSERRE_EZEOXE CO, i
BEOEICED LS R ER2RIFL TH A IOV TIE, FEREOKERE D CO, EE OB
BThbNTHiRWLOT, HERICB W TIIEERER 2 EidWvwz v, —F, BEYEREEOEE
1, CO, DWIRIZ 2> T 5 & EThR72h3, & 5 EEERIOESREL ORI, CO, D
WIETH 2 OLBERTH 5 Dh, BT —2 bk +cBBEI N TwRn, EE, &
HERHHERE 0> & B AR R AT Th T hICEE T 2 EEB S OBRRE R 5, 20
MO CO, BEDBEMMZHANTAL L, PRELDENKEL, ZOHRIE, TOBREFHOD
KR—WBHERBID CO, 7 7 v 7 ADBHL B A2 R L T 5 ATHREM L H 5 LIRS T
V>% (PeaRMAN and Hyson, 1986; BEARDSMORE and PEARMAN, 1987; CoNwAyY et al., 1988), %
7z, KGR—HBEED CO, DIEWRD 7 7 v 7 A, KK—EERD CO, mHEER UV EEED <
FA—FIZEIOHREZINBEZEZSNT S5 (TANs ef al., 1990; Liss and MERLIVAT, 1986),
Z DRI, EEEBL TEIROI:ODIORIEETL 7 T v IV ADKEL KL EFZ S
H, BHOBENRE TN 5LFR, CO, Gl TEELKREZE LT WA alfEdLH
5, UL, HERETE, XZF0OBHIT 2%, ZEALERL,

MR B 1T % CO, BEDEL, WEBRIC O W TIHMEKR L L TRAREIVE VL, S,
X 52, B EZEOXNTEIC ) 5 FERME @ L B & & b I KRS Bk SRR LR
BB OB K ORI & B AREIC WLz 2R TORKT R UHEAKF D CO, BE
OBRAIOBLS AR THY, £/, BoN/zT —F 2 OWLTEET TNV ERHAWTHERRL
T ZEDNEETH S,

I
REFFRIE, 56 24, 25,27, 28, 30, 31, 32 REARBHSE B OB OB IO TiciTbiz, &
WL THERZRLZVL,



200 MILEY - TEETE - BAER

X ®|

BEARDSMORE, D.J. and PEarRMAN, G.l. (1987): Atmospheric carbon dioxide measurements in the Aus-
tralian region: Data from surface observation. Tellus, 39B, 42-66.

BopeN, T.A., Kaiser D.P., SEpanski, R.J. and Stoss, F.W., ed. (1994): Trends 93: A compendium of
data on global change. ORNL/CDIAC-65. Carbon Dioxide Infromation Analysis Center, Oak
Ridge National Laboratory, Oak Ridge, Tennesse, U.S.A.

ConwAy, T.J., Tans, P.P. WATERMAN, L.S., THoONING, K.W., MasArig, K.A. and GammoNn, R.H. (1988):
Atmospheric carbon dioxide measurements in the remote global troposphere, 1981-1984. Tellus,
40B, 81-115.

Fung, 1., PRENTICE, K., MATTHEWS, E., LERNER, J. and RUSSELL, G. (1983). Three-dimensional tracer
model study of atmospheric CO,: Response to seasonal exchanges with the terrestrial biosphere. J.
Geophys. Res., 88, 1281-1294.

GaMo, T., Tsutsumi, M., Sakal, H., Nakazawa, T., TANAKA, M., HonpA, H., Kuso, H. and ltoH, T.
(1989): Carbon and oxygen isotopic ratios of carbon dioxide of a stratospheric profile over Japan.
Tellus, 41B, 127-133.

HEeiMANN, M., KEELING, C.D. and Tucker, C.J. (1989): A three dimensional model of atmospheric CO,
transport based on observed winds. (3) Seasonal cycle and synoptic time scale variations. Aspects
of Climate Variability in the Pacific and the Western Americas, ed. by D.H. PETERsON. Washington,
D.C., Am. Geophys. Union, 277-303 (AGU Monograph 55).

KEELING, C.D., Bacastow, R.B., BAINBRIDGE, A .E., EKDAHL, C.A., GUENTHER, P.R., WATERMAN, L.S. and
CHIN, J.F.S. (1976a): Atmospheric carbon dioxide variations at Mauna Loa Observatory, Hawaii.
Tellus, 28, 538-551.

KEELING, C.D., AbaMms, J.A., EkDAHL, C.A. and GUENTHAR, P.R. (1976b): Atmospheric carbon dioxide
variations at the South Pole. Tellus, 28, 552-564.

Liss, P.S. and MERLIVAT, L. (1986): Air-sea gas change rates: Introduction and synthesis. The Role of
Air-Sea Exchange in Geochemical Cycling, ed. by P. BUAT-MENARD. Dordrecht, D. REIDEL, |13-127.

MATSUEDA, H. and INoUE, H.Y. (1996): Measurements of atmospheric CO, and CH, using a commercial
airliner from 1993 to 1994. Atmos. Environ., 30, 1647-1655.

MURAYAMA, S., NakazawA, T., TANAKA, M., AoKl, S. and KAwAGucHi, S. (1992): Variations of tropos-
pheric ozone concentration over Syowa Station, Antarctica. Tellus, 44B, 262-272.

MURAYAMA, S., NAKAZAWA, T., YAMAzZAKI, K., Aokl, S., MAKINO, Y., SHIOBARA, M., FUKABORI, M.,
Y AMANoucHL, T., SHiMIzU, A., HAvAsHI, M., KawacucHl, S. and TaNaka, M. (1995): Concentration
variations of atmospheric CO, over Syowa Station, Antarctica and their interpretation. Tellus,
47B, 375-390.

NAKAzZAWA, T., MivasHITA, K., Aok, S. and TANAKA, M. (1991a): Temporal and spatial variations of
upper tropospheric and lower stratospheric carbon dioxide. Tellus, 43B, 106-117.

Nakazawa, T., Aokl, S., MURAYAMA, S., FUKABORI, M., YAMANoOUCHI, T., MURAYAMA, H., SHIOBARA, M.,
HaSHIDA, G., KAWAGUCHI, S. and TANAKA, M. (1991b): The concentration of atmospheric carbon
dioxide at Japanese Antarctic Station, Syowa. Tellus, 43B, 126-135.

Nakazawa, T., MoriMoTO, S., Aokl, S. and TANAKA, M. (1993): Time and space variations of the
carbon isotopic ratio of tropospheric carbon dioxide over Japan. Tellus, 45B, 258-274.

NAKAZAWA, T., MACHIDA, T., SUGAWARA, S., MURAYAMA, S., MORIMOTO, S., HAsHIDA, G., HONDA, H. and
IToH, T. (1995): Measurements of the stratospheric carbon dioxide concentration over Japan using
a balloon-borne cryogenic sampler. Geophys. Res. Lett., 22, 1229-1232,

PearMmAN, G.I. and BEARDSMORE, D.J. (1984): Atmospheric carbon dioxide measurements in the Aus-
tralian region: Ten years of aircraft data. Tellus, 36B, 1-24.

PEARMAN, G.1. and HysoN, P. (1986): Global transport and inter-reservoir exchange of carbon dioxide
with particular reference to stable isotope distributions. J. Atmos. Chem., 4, 81-124.

TaNAKA, M., NakAzZAWA, T. and Aokl S. (1987a): Time and space variations of tropospheric carbon
dioxide over Japan. Tellus, 39B, 3-12.



B 22 813 % CO, BEOZL 201

TANAKA, M., NAkKAZAWA, T., SHIOBARA, M., OHsHIMA, H., Aok, S., KAwAGuUcHI, S., YAaMAaNoucHl, T.,
MakINO, Y. and Muravama, H. (1987b): Variations of atmospheric carbon dioxide concentration
at Syowa Station (69°00'S, 39°35'E), Antarctica. Tellus, 39B, 72-79.

Tans, P., ConwaY, T. and Nakazawa, T. (1989): Latitudinal distribution of the sources and sinks of
atmospheric carbon dioxide derived from surface observations and an atmospheric transpor model.
J. Geophys. Res., 94, 5151-5172.

Tans, P, Fung, LY. and TakaHasHi, T. (1990). Observational constraints on the global atmospheric
CO, budget. Science, 247, 1431-1438.

Y amazakl, K., OkaDpA, K. and Iwasaka, Y. (1989): Where do aerosol particles in the Antarctic upper
troposphere come from ? — A case study in January 1983—. J. Meteorol. Soc. Jpn., 67, 889-906.

(1996 %9 H 18 HIZZ{F; 1996 & 10 A 29 HZH)



