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Variations of the Carbon and Oxygen Isotopic Ratios of
Atmospheric CO, at Syowa Station, Antarctica

Shohei MurayaMA!, Takakiyo Nakazawa? Shuhji Aoki? and Shinji MoriMoTO?

Abstract: Measurements of stable isotopic ratios of atmospheric CO, have
been made at Syowa Station, Antarctica since 1986. The average peak-to-peak
amplitude of the seasonal cycle of ¢'*C was about 0.04%0 with the maximum in
autumn and the minimum in spring. From comparison with the seasonal cycle of
the CO, concentration, it was speculated that air with high CO, concentration
influenced by exchange between the atmosphere and the biosphere and/or combus-
tion of fossil fuel arrives at the station from late fall to early spring, while oceanic
origin air with low CO, is transported from late spring to summer. The average
increase rate of §'*C of atmospheric CO, between 1986 and 1990 was about
—0.02%0/year. Interannual variations of §3C, superimposed on the long-term
trend, were also seen. These were approximately opposite in phase to those of the
CO, concentration. The comparison of both interannual variations suggests that
the principal cause could be an imbalance in the CO, exchange between the
atmosphere and the biosphere. On the other hand, ¢'®0 of atmospheric CO,
showed a clear seasonal cycle with the maximum in summer and minimum in
winter, which may also be related to the seasonally-dependent atmospheric trans-
port.

EBE: 1986 2 o EEEMNEIC B L TRERT CO, DEERMELLOEH
VTN T &7z, oBC OEERLOIREIZF 0.04% THFE /NS L, KTk
Bil, BECRIE@BERLE. CO, BEOEFEHEL L OLb#d 5 HEYIEREEE &
ORBR MEAREE RO E S22 T2 K503, EHCKET 28X 6228
LU CHEMEMIZEITN T 22 LE D CO, BEOEMEILE2ELU TS Z
EHTRE R LT, 1986 S 1990 FE DR D F M e 02 C O ¥INE L,
—0.02% /ETH o1z, SBC OFEERL T T CO, IBEOHEIMEII K Z L &
WE Lo, CO, BEORERI L DHEH» S CO, BEORELR(LICEERL
727 /<) —i3, REBRICBITIZAK[—EYVEMOTBOALLIEIC X > TE
CTw3 ZEpREI iz, KEH CO, D %0 13, XX HIEE, BICHEEY

| EFIRBIERMTIS &SR, National Institute for Resources and Environment, 16-3, Onogawa,
Tsukuba 30S.

2 LR AREBEE BB Az > ¥ —,. Center for Atmospheric and Oceanic Studies,
Faculty of Science, Tohoku University, Aramaki Aza Aoba, Aoba-ku, Sendai 980-77.

3 EIEEHIARFSERR. National Institute of Polar Research, 9-10, Kaga I-chome, Itabashi-ku, Tokyo 173.

B, Vol 41, No. 1, 177-190, 1997
Nankyoku Shiryd (Antarctic Record), Vol. 41, No. 1, 177-190, 1997



178 MNIWEY - hEEFE - HRAR - HREAEA

BOBEEREMEILER LU, 2O DWLT b EENKFET 2 KT KB
BEERL T A algeEnRg I N,

. KR&H CO, DRFELERNEL

EEEEFLIE, ABRRIFRD CO, BRI &1, ZHfEHRTRFHD CO, BEHZH
WL T E T3, CO, i3, BEVREFHOTHEIO—2THY, *DOEEREIZ, HER
DG T > ACEE R RIZL, 2REBOKMEOE 25| R I TOo TRV r LEBRE
T3, FEROSEFRIDI: DL, CO, BEROTFHNLETHY, ID72DITITHEREK
Bz BT 3 RERB L2 TEMCEEL 2T id7k s,

KZHD CO, BEDOELIZ, KR & £V R IR O HLERE, {LAREREE 2 U &
T 5 NAHREENC L 2 KEANDBHE R KRG OERBREL S > TRESN TS EHZ
5D, KERZ ) v FAWERIHTD C.D. KEeLNG DSEEfS L\ 7 4 v+ 07 T CO, D
Ny 775w R EBEORMEI R Z 13 U TUSE, BRI H 7 2 EERRIE B &
hoohh, IS EoTHELNLET 713 CO, K E2FET 2 L THERER %> T
W3, Liprl, 29 Wok KRHD CO, BE T — 5 121 Tk, £VIBE R EESAKTERED
ELCXH L TEFNFREDEEFSL T nENRT 22 E3R#ETH Y, ZDLHRENRE
BRICB T 24 E R OEEOERENIHc i@ s h oy, ZOREE2BHRL T35
bD L L TKRKH CO, DERFERAMEL (67°C) DHEIENDH S,

RFFAAE 2C 19 % B°C DFELERTIEETH 5 0°C i3,

(13C/12C2 _ (1)
(13(:/12(:)5t ’

TEHIND, —ENTE, EX% 100050 T, % (X—3)V) EWHIBAITRIRaNS,
Z TS sa, st B ENENAERM LIRS 2 KRT, BIE, 0°C ORETIE PDB A7 —
WERHINE bOWBLLFVONTEYD, ZhRB7 AV YT AH T4 FHNE—T 4 —[&
D OEHLIHEALOKRALG% 25C T 100% ) VL RIES €72 L X2 HET % CO, DFE
(gt 2 HRE L LTwa, AR L TERERAE %0 124 % 20 OFFELL 620 i,

(160/180) 0 (2)
(IGO/ISO)St >

LD, REH CO, D B0 DWW Tk, KRFEL[FEBK PDB A7 —VEHWS Z LHH,
HIERREIC BT, BC OFFAELIE, 2KFBFOR 1% BETH 505, KK, £VE, HER
MEABEIEDE ) ¥ — N —ICFEHET B RED oBCHERIRP LT OB R ->Tw3, flzid, B
FEDRZHD CO, D 61C 13#I — 8%, BEAEFEYITR DRI DV TUE TG — 25%0 , FRIGHG/KH
DEFFHFERIRFICDONTR 2% BETDH 5., ILEBREHCOWTIE, £VEFETH 579 LiC
BEAHEY) L ATER & 5, TSR ER Y Y= =T CO, DITERKIMTO I LI, {EYD
ERVER 2R IETTD ) Y/ X —=23Kf > T [IELL THFED ) ¥ — N1 BB T 2D T

gHC=

S1O=



BEFIEMIC B 1) B CO, D RFERMIALL & R AN K LLOZE 179

7z <, GBIRRC 2C DFH BC L O BEIL Fv & v 3 FAHES IR SEEL, ZOED
BER, VY —N"—DBERUBEHOREICL > TEL 5, KE—4YEROTHIC B LTI,
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Fig. 1. ¢"C of atmospheric CO, (a) and the CO, concentration (b) at selected height intervals of
the troposphere over Japan. Open circles represent monthly mean observed values, thin lines
the best fit curves of the data and broken lines the long-term trends (after NAKAZawa et al,

1993).
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Fig. 2. Relationships between the seasonal cycles of CO, and its §3C at selected height
intervals over Japan (after Nakazawa4 et al, 1993).
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Fig. 3. 83C of atmospheric CO, at Syowa Station. Dots represent the observed values,
thin lines the best fit curves of the data and broken lines the long-term trends.
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Fig. 4. Temporal variations of §*C of atmospheric CO, and the CO, concentration at
Syowa Station.
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Fig. 5. Relationship between the average seasonal cycles of CO, and its §°C at Syowa
Station.  Capital letters represent initial letters of respective months of the year (exs.
January: J, February: F, ------ ).
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atmospheric CO, are also shown.
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Fig. 7. Comparison of the observed interannual variation of 6*C atmospheric CO, (obser-

vation) with those calculated on the basis of oceanic (ocean) and biospheric (bio-
sphere) CO, at Syowa Station (see text).
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(BODEN et al., 1992). NAKAZAWA et al. (1993) b HA EZETCREROBER B[ TBY, ZDLD
% CO, DFFEEOTHRANIE(IZ, ENSO A NV M &k &5t & L TeRBEKEOKIRE
BHMEZ D, TNHEYECHEERIFL, RKK—EVER DO CO, ZHEUI T IEE LTz
LREROIBIENTELTHS ),
223, BRFRLERMELEOZAL
812 1989 4F 2 H-1990 £ 5 H O, BAIEH TH & 1L/l KEH CO, D 60 ORE %71
1. EMREELRELFENCOWTIE, BEF0 CO, & H,0 BOBEERFORBUI L 5 EFH 2
515 SBOEDEL WEBYBR SN, I IWWRENLT =813 T N THEFIEHMIC BV
THBREMTLIZ LI THEONLDTHL, ZOR1SS5 L1, 60 ZEICES
i, LICRIEES R DN 2 BEELBEHE R L T 5, A EHALORIEE 027% T
HY, BEEEEIFEEZZFAFNIATEE THETAICHIKEL TW5, L% FRANCEY ef al.
(1990) IC & 2FBAEDFER LKL TA 2 L, RIEEOHIEARVIRIEOKRE 23Xk {—&
LTw3, BL, EEED 620 1 11 BRI HOT»ICEVVEEZRLEZEPPES L, HU3
ATFEICIE>ED L LIEEWEERLTWS, 080 ORZEMIZILOFERICDOWTIZ, CO, &3k
HHEK, KR DKER D 5 WIZEK & OBERNMFAHIL (BoTTiNGA and CRAIG, 1969) £
CO, EHEPHERN DK & DRINAEYEST (FRANCEY and TANs, 1987; FARQUHAR et al., 1993) 72 ¥ 48
BREE L TEToNTED, &SI KKEXOIESBEHRL T2 (FRANCEY ef al., 1990) b
DEFEZONTWED, 1T-o & D LIEmIIFES LTV, MuraYaMA et al. (1996) i3, (1)
BRIEMIC BT CO, BELE W (Bv) FFHIC 60 3 v (Bv) 2 &, (2) IEFIEH
22 B THRE LI TIITEICLENT CO, BEIZE L PO R MEWI L, FOBAEES

880 (%.)

ﬁﬁ
it i

5 T F MAMI JASONDJFMAWMLJ
1989 1990
MONTH
8 MEFIEHIC BT 2 KKH CO, D 60 DZAL, - 3BIHIE, EFEET -5 w3 5
ANT 4w MAH—=T7%TRT (MURAYAMA ef al., 1996 L D),
Fig. 8. 6'®0 of atmospheric CO, at Syowa Station. Dots represent the observed values and
the solid line the best fit curves of the data (after MURAYAMA et al, 1996).
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FRANCEY ef al. (1990) OFER &L, 60 OFHIZEIE, FL L T221IHTARRZbD L
B DA TEEDZEEILIC L > THREZI N T W A AJREMEZ R L 72, (B L, CO, BE DOZH
ZbDRE (K) EOHHEEH & %0 ORE (&) EOHRRSRIC I Thrd 270, OE
RLBRL T A HEEME Z o5,

KZH CO, D 00 IFFERBIRIC B 1 2 KB HBE DY EE#E AR O ZHELORE
DO TOBFICBWTEER N —Y -t D35:FZ N0, HEHEEIC L 5
B, SBROEERART —~D—2E L THETEIENTELTHS ),

AHFRIE, 5 27,28,29, 30, 31, 32 RAAEHIIBREBAOKE OB HOTIcfTbhl, 2
WELTHEEERLI WL,
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