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Continuous Measurement of Atmospheric CO,
Concentration at Syowa Station

Shuhji Aoki* and Takakiyo NAKAZAWA*

Abstract: Precise and continuous measurements of atmospheric CO, concen-
tration have been continued at Syowa Station (69°00'S, 39°35’E), Antarctica since
February 1984. Diurnal CO, variation was hardly observable throughout the
year. The secular CO, trend was variable with time, showing slow increase in
1984, 1986 and 1988 and rapid increase in 1985 and 1987. The annual CO,
increase was remarkable, especially in 1987, which may have been related to the
1987 ENSO event. The average rate of annual CO, increase over the last 5 years
was about 1.6 ppmv yr~!. The average seasonal CO, cycle showed minimum and
maximum concentrations in mid-April and in early October, respectively. Its
peak-to-peak amplitude was about 1.l ppmv for the period 1984-1988. The
seasonal cycle was variable from year to year, but there was no indication of
long-term amplitude increase. It was found that irregular CO, variations with
amplitudes of about 0.2 ppmv and with periods of a few tens of days have high
correlation with air mass exchange by synoptic scale weather disturbances.

BE: HEEREMOER (69°00'S, 39°35E) BT 5 RR[HTD CO, #EOEEB
HliZ 1984 £ 2 A wcBth s e, IBRIEM T, CO, BEORZIZ | £42@L
T Bl Lol CO, BEDREFEBMEFIIFLELLTEBY, 1984 F,
1986 4F, 1988 fEIIIENIKAME <, 1985 4E & 1987 F 3B NF» - 12, B,
1987 E DI D FE IR THEIC K & {, ENSO £ N> b3 Z DFF I
o TWwi LD EHEINS, @E S FEMD CO, BEOFEIHINFEIL 1.6 ppmy
yrlHotz, CO, BEFEHRICIE, 4 BPaCRIBEBESHBIL, 10 H¥A
CEREEBESHET 2L RFHELEZLTEY, TOE—7HREIL 1.1
ppmv TH -7z, CO, BEOEBOBHEILIZFELZ VLT OEML T 505, ik
B EHBRG e AMEA BRI X ik o Tz, CO, R ICIE, HH A TRIEsS
0.2 ppmv BEOTHALZELL BRoh 28, ZORLIISERE X &ORER
BIRRICE > T ERI SN I5HORMREKBL T3 2 B8>S
Mzl o7z,

. 30 ®I
LR FE (CO,) BEEDKRKFICE ) 2 EFEEELEEL TR 0035% (=350 ppm) &FF
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WICVETH LD, BRSOV EDIEZOENT S, L, CO, HREFETAEL L
TOREND E 2D, KJERERT 2RITKTLTOF THAELGUI RO TREZ DD L
o TWwa, & 51, B CO, I ARNEENC & b2 JLAREREE I L > TIRFEBCHEL T
56 Gtyr! (Gt=1X10% )b DEVPAKRUCHHENTE Y, BEVSABMIC LR L>DH5, I
DIz, BINEZ DT AH L Th, HEROKEESHE T % SRS & SRR IEE
NI EDE L OB L > THEEI LTV S,

2T, {LARBEREEIC L > TRETICHH & iz CO, DWL ZIZEIBR->TWBEDTHS
S, BHOKRZHIZEBITS CO, BEBEIEIZ 1.Sppm yr! TH Sz, 32 GtC BEBERT,
WHREL TWwA I EWikd, Lzh>T, Y D 24 GCIi3a: L AYBIC & - TS vk
IE o, BAEOHERC X 2 &, | FEREICHEESRINTE 2 CO, ®iIFH2GIC TH D7
D, 50 D 04 GIC ZAEYEIC L > TRNE T IE D CoEndbiwn, —H, 7V Py
bR EDANTHEEBERT —5 i 5, B OFFMHTE ST EO AR L AR E M L > T
BRI N T 2 EEMBHS Ik, FMERREE S ZEYED CO, DURIIE T3 7%
, RERBHPEER>TVBEFRLTWS, LEdoT, ThE TOHBTIELLD DE
D CO, BITHABRC 2512 E £ DTH B, ZD72H, fFFRARNEEIC & > T EDRED CO,
EHH T UL, EDLSVREHD CO, BE AP Z 20 Lol b BERRZEEIC £
PEERRE R R E 2 B R OWEIRTH 5.

CO, DW < Z ZEAMEIC T 5721213, HIBREED RFEMERICE T 2 RVEETH Y, HE
HARAZEDONL WA RHEIIC LD 2 2 & hFEEHOIRERSEICET S Tw
3, #O—&E L THEMEIC BT 5 CO, OEHEIRIDS 1984 F£D 2 205 (TANAKA et al.,
1987a; NAKAZAWA ef al., 1991a; Aoki et al., 1992), X & ICFAREEIRG [Lo¥] ok 2K
B L URBEIEH D CO, IRE ORI BIRILS 1987 4 11 Hh BRI L.

KZHD CO, IMLFINCRELRTAETH D, [TREN 2% S h 288 ChoE &1L
Y, THRITOVYNDL ) LRI L > TRRFLSBRESNDE I bR, IOk,
CO, IFKRKTHERD b —H— LTCHEELLTETH S, 20 L5 %BlE»5, CO, £@BL T
RIFFERERER TORTIERICOWTHFLE LT o7,

2. TREAURFRIREEGEHISEE
RIS BT 5 CO, IR SR EUAIZEE (L IR BRI T A 3AftEt, ANV B Y v 78
BLUT = r o E N Tw 3, A0S EWERT D VIA-S00 Bl 25k 5 1 it
RBLZbDTHY (TANAKA et al., 1983), S0 ppmv AN DIFEDEEL > Y TOHIERE
12 +001 ppmv TH 3, ZONHEHE, V77V AENVIC—EEBED CO, ¥ &teH A &8k
T U THEBEAHRI T2 31 7 R 2T 228N > T b, SRt & B DOBER
1%, ¥ 50 ppmv OREHPFHTII KRB TCER T D TE 2, ZOBMREZRCERTHS LR
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BUIBECET 2EERIRKTO06ppmy ICHET S, L d ZOBEERZ—ETId%R L, KIF
PRABOLIE, HKFLLVOFENESE, V77 Vv AT ADBEREIZL>TRR 29,
HBTHRARD L 5 IS A & DHTHBE OWRE OB 2 e T R8BS ETH B,
B LCH AN ) > TEROBIEE 2 RS, ZOFRBOMBERAER L 7 v 7o f Ly 7
AHTABTHD I E2RIETRTAT Y VRARF—MEREINTE D, FEHERCE D
%5 CO, DIREPHHESEZ S L D> Tn3, FHLTWE) 77 v U AHADBEE
#FHIZ 330-340 ppmyv TH Y, HER 1Sm/ min 2R3 LS CTHEIN TS, SHFEt0Y
YN MINZIZKREY > FIVEAT A v & 3EDEREN AR INTEY, BREAICLY
ST ECHBATAOYIDEZ HMfTOITW5, ZOYINHZ 138, KRD CO, BEL VK
10 ppmv EWIBEEDOIERENS X L #) 10 ppmyv BEWBEOEE L 2 2 ZFhF 0 30502 1 [|ET,
FRR/T N0 ARIGHEHCEAT AL Ca vy ba—LrInTwa, SiEtd
JIOFY 7 MizB L Z 102 ppmyv day™! LIEEIT/NZ Wiz, BES AL S 304502 1[EOD
HITRE T R RBEIMREC X 2, TN TNOERIFAIAETOY > 7NN D H A HH
BTLRE, TAORNEZ LD TREHELITI WbW2 “RY 7 4 v 7K BFAINT
Wb, AT 4 v 7, BESRADOEKIOSL ST, WEEECL > TET 2 2VNTON
AFEEBCERT 2BEBE RV, KAV~ 7V LS R O R & BEE L  HliE
LA THHEEORVWHIENTE S L WORIELH S,

KEH > INIE, TOY AT LADHRBEIN TV AEMEOBABD &> FEETH 24tE S
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NDIR
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regulator (15ml/min)

X1 BfEticsir3 Co, BEEGHAIKBEO AN P ) Y IV AT A

Fig. 1. Schematic diagram of gas flow system for continuous measurements of atmospheric CO,.
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BAK 30 mBEN 72 & 8 m DETEFFEOAON SN AEN, FA T T7F7LRS TI2E-T
MESNTH AN R ) 7Y AT ACEASNS, FRERBCEENE 1 370 ED
I7aVNVE2EDT7 4 VY —TREBEINS, £/, EBROMMEIEIFERLNZ v 7T, K
KR -60C CHHISNIEHR N 7 v 7 Thiahsd, Lizsi->T, fiESNT CO, BER
R III T A E L TREND LWk b, ZOKETRRE N 7 v TIIARKRY > 7%
L& 570120 T, K&~ 7N EBHES A2 M BAT HICH 5 UDE
UWIRE IR T 2 RED R LT, i, KRV > PN CEES ADT R, HIHRE
B RV T R2IEETA R T B LD, %L<&5;9Vﬂﬁén1mé

S¥EtOHNE, fTEva—s 7 rursidgsh, 77— v a—5 T ADERE Wi,
7U>&~tﬁtvbrafvn—&mr4yyw£ﬁén6.km#yimaaxﬁgu,
FPOMEOH S E BESERBERICDH D LIRE L T2EROFHEN 212 L D ERAEICL -
TRD 6N, TOBRFEREORHIEL LI NS, SIETOFERMEE, 0B Z LK/~ 7
NWEFIZFRICEBEOEEN R (Fry 7 HA) LEEFERLTWSL 2EKOEES R 2 FEHRT
L2EICE-oTROOENDG, ZDLIXLTERD S NIAHTETOIEERMEIL—007~+0.11
ppmv Q&P TH > 7z (NAKAZAWA et al., 1991a),

BT — 5 ORBIch I 2—EHU 2R T 57010, BILKTIHEREY A I3HE—RK, FXK
BIMEERICAT IV 203N TEY, RFERIZREREN LI N TS, HEES 2T
NTHERER ) k- THE SN bO2ERLTB Y, BRI nMESIC CO, 2R
BLIHDOTHD, F—RIZELT 23 Imgho 100kg FTOV Y %D S ERBERPLH
WEERTENE SN, FOELMEEZIZL0.13ppmy L BFEL 6TV 5 (TANAKA et al.,
1983, 1987a), BA—RATHES A 13 1983 4F & 1985 FFICHhE X h, BAWVLOREIIEEEELANT
—HLTHY, BEEMAOESMES L MEEL ZREOLEMENHR I N TS, ERIFHE
H A, E—REEES 2L 0TI 2-3ERERES B Z b T, £ ORIE OENREE
13 +001 ppmv TH D, FE—TAEHES 2120 5 RIEEHE S 2 DL EMIZ 0.1 ppmv LIRIZ
BE&EoTWwd I MRS N, (EXEFEEN A 3B CHERT 2 -0 BEL S HfT 5
FEL FNcEE SR, | VAR —Y Y 7 Ltk S p AR O > TEBEIRIEHES 2 % v
T 4-SEIDEERENEMS N TS, 3512, FEEMEEY X 3EB» sFb ok, 1B
FEDZLEMW R TANRD 1212, BEE RIEHE D 2 2 O BERESZ I N TS, 1984 Eh
5 1988 F % TO S HEMICHER S NIz 8T RKOEEBIZTHES AREOLEMEIT—0.10~+0.18
ppmv OEFIZH Y, ZD D HD 87% »3+0.1 ppmv LANTH 572 (TANAKA et al., 1987a),

3. BAGREEE
FfRE AL RIS L7 ABRZ CO, IHHEE SIS BN TEB D, S oW FEE LI
AR SN WZ LS, CO,DNN 7 T2 REZIY VT AT —vart L TRE



BEFIEEHNIC 3810 2 K O B LR B OB 165

BREFRTH S, LIzhi-> T, £ I THRONTEAER» SHIBKRBIC BT 5 CO, TBROELE
AR T 2 2N TEBTHS ) LHIFIN TV 5,

PRI 81 2 Ry CO, BEEHNIT 1957 F il s ChtA I 17z (KEELNG  ef  al.,
1976), % D&, BIRIL ORI N, BAETIE S FROFEM TEGERH 2 375 79 >
T TR BRI B I bt T b (KOMHYR ef al., 1985; BEARDSMORE and PEARMAN,
1987a; TANAKA et al., 1987a; CoNwAY et al., 1988). BEFIFEHTIZ /5 74> 7)) v 7#ic &
BEEHS 1983 52 FIC, %758 E0I0Y 1984 4E 2 FICBRtA X, BAE T Ol L 2B
FIonTws, 22 TREDEBEEOR OCEGEEENIC L 2ROV THERELTS,

7, BEFIEMIC B 5 CO, BENHEILL TWhinE D nifixd oz, BZ i | B
PERE KL, TOVELTEL. EFEONRERLIE LT I984FE 12 A%, £FOREK
Bl LT 19847 AR 2 RT. Mrobhd &5, BREMICEIT S CO, EBEIIIEY
WEELTBD, BEZAZDL S THAIMWZHRLIZ £ - 72 CEBla v, K%, CO, BEHH
2T 2 ERIGEBEOMEE R ARES CH Y, BREM cHA Bl s EwnS 2k
X, BURISEAHLC CO, DIEWHERPBIIESTFEL R W L2 RLTWw5, Licdi> T, BE
FIEHII KRG D CO, BEA*E=F ) > 7T 2BHMSE L LTI OWAAFTTTVD EiERT
B EMNTE S,

REFIEEH T3 CO, OB IR S e v, B 2 123 HRIESH) 0.5 ppmv FREE D FEH 1T
INSETBIREENIR 6D, ZOTHAEBOBRERNEH S 2oz, £ORRYIT -8 2 HT

3u4 AL L B B B S B L S L LS B {
- DEC. 1984
§
z
=]
s
= 343 —
(%9
(=]
3
()
S
(]
JuL.1984
3“2 lLllllLJlLlllllellllJl
12 24

LOCAL TIME (M)

2 BBMEMCBT 5 COo, BEOHWYHE L, fonlcdRTOT—F 2V, | KiHE
FHBEEXAZECFHLTROONI DR EFEOFE LTIB84FE 12 H%, Fiz
KZEOHIE LT 1984 7 HERT.

Fig. 2. Monthly means of hourly mean CO, concentrations obtained from all available data

for July and December 1984 at Syowa Station.
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Fig. 3. Hourly mean CO, concentrations for the period 1-10 July 1984 at Syowa Station.
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Fig. 4. Daily mean CO, concentrations at Syowa Station, calculated from all available data.
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BRI ECEEL TS, —H, BRETESDEBKREVWT L2825
Rohs, IhoDIRTOT—8 2RV THEMIZFTE SN B CO, BEOLE #X 4
WRT, ZORD SIS 0 & D i, IBRIEHTE S it CO, B IZIE S O X 055 SR
WhobhTwnd, ZOZLE, BBV EAOSHNZBEORE S DEXRERDT 1 —E 1oy
v, FiEEERR, S EELL PR S u— bV AEESICERL Tw b LfEEShS, 2
DEI RO —HNVEERFEOFELRET 572012, RISBRD L5 2Bt FE2HHEL
fe. 9, 1R S ICEBE & 2 OFEREEAFEL, BHERZED 0. ppmv LTO L D%
o TROBPIBELXHET 5. b5 —EA VY FIVT =Y CRY, (ROBFEBEBELS
+03ppmv 282 5T — Y DARERT —5 L LTRET 5. 2OHER, 7— 5 BRERIILHK
D 44% Lix o7z, TD LD wEtFEEEALCERICE, O— 2V REREOZEN L)
—ZREATIIBERIRED S 4 L AT — LD CO, BELENIET 12/ 0 LWL S RELHT
RBLh-oTw3, 7T—BRERODAIC L 2EWVER SR T, & o ERNC IZRERIES TEHI
SNEFRADHEE S RIN TV, T—IBRERIELZIEL, FLRKEL2->TEY,

- Vm < 3m/s

FREQUENCY (days)
T

10+

DATA REJECTION RATE (%)
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J F M A M J J A S O N D

X5 BREMCEITSCO,BEDT—FLrryarickbhd 77— EH K (FH),
BLUOHEEES 3m st & 2m s LIFOHE (LE). 1984 42 A5 5 1989 |
BEToMMOT -y 2B/ V—730L, FEBI 57, TROT T —
IN—F T~ BEHEOPIHE N T 2R RELRL T 5,

Fig. 5. Rates of CO, data rejected by the data selection (lower panel) and days with daily

mean wind velocities less than 3 m s~} and 2 m s~' (upper panel) at Syowa Station.
Data taken for the period February 1984-January 1989 were grouped into respective
months and simply averaged. The error bars in the lower panel represent the
standard deviation for average values of the data rejection rate.
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SO A L AR K, T D T ki, BEFIEIC B8 1F 5 CO, IREEHYFRIC 5 MR 1 B
BNk 20— p VR iEROFELZZITIRPTHIEERLTWS, LaL, ME LIRS EWHE
DIENZ BB R RO L v S BB IZ U TRV I EaShb s, Lcho T, ZDLI R
HEROFEZRED A% 6T, RAAPAROLEZECHEREL VI D EEbRS,

AV FNT = MOERT - ERET S I LT > TRIFE I BRI BT 5 H
T CO, BEDELZK 6 12T, H¥ CO, BEDIEAERZE T RIEMEDS 001 ppmv T, &
E{EDS 0.15 ppmv TH Y, FIYEIZ 004 ppmv TH -7z, 2D Z o, BRIERIC BT 5 /%y
77592 CO, BEEHNOMLIT/NS hbrb TH2H, &56I1I2 2O &EHIEMIC
B3 CO, BESREE L FMA L Z L VERBPOFRRAE» S5E-> Twd 2 2 os
oMW THE, T4 PINT 4V —EHOCTEEMNNC IS DRSO3 BER B 2k -7
(FHlIZ NAKAZAWA ef al., 191b 2M8), ZD L D s blia 2R LabEES»
RHERDI 6 IR I N TV EH, ZOMRIET — 7 2 BECFRL T I trbyrsd, 56
2, ZOBICIFREERES OB L TRENT VS, D2 E LEDEIIES il -
B2 DT =8 EDEDHHEKTIRT, ZOEFEa L E L THREA Y 253 4i% LT
BY, #188% »L0.1 ppmv INICEZ ENS, ZODFEOEDLL D 1, FRAMORREIZE
IHIGL T b,

CO, BEDORERIMELH 8 ICTY. 19844E 2 HHh 5 19934 | H £ TOEHR % CO, I
FERENNERIL 1.54 ppmy yr ! TH o7z, REBMFIIELZ LML TBYD, FRC 1987 4 & 1988 &
WCIERICKRED ST, 2D XD RIFHITKE 2 CO, BEMNEDOLEN LM HIRENTEE (the
Southern Oscillation Index) & EfHEA%2 b > TEH, DV TR TV =—= g FHRELEHEL T
B2 INFETIE S LIBEINTE - (Bacastow, 1976; Bacastow et al., 1980,
Bacastow and KEELING, 1981; THOMPSON et al., 1986; TANAKA et al., 1987b; CONWAY et al.,
1988), 5 4 H OB % & - 1o AIREFEEUL 1987 4E 5 BICEV/IMEAFEE8K L TH D (JAPAN
METEOROLOGICAG AGENCY, 1983-1989), MBFIELHIIC 3517 2 CO, EEHSHIZRIZ 1987 4 11 Hio &
EEEZEEL TWVE, Lesi->T, MEEOHBICRN6 AADS A AT 7HMEAEL T 5,
Bacastow and KEELING  (1981) |XFE AIRENMER & R SIC B 5 CO, BERIEROMHEE » &
BB BIANTZDRED 6 IATHLILEZRHELTEY, BREICBIT 57 —513
IHEEMTTWS, BREMICBIT S CO, BEMMETII I L —= aRlR LRz
1985 FEB L1990 FICHRKEL R > T D, 51T, KLnAA K T CO, BEEIMEDE
i3, FALKRFZDO 7NV — 7 X AR OMEBBRA ORI b Rons, Liwi-T, 20D
EEIHERBEOBER CTH L LHEESN, TL=—=aBROAL ST, ZOEHDOER, B
Zo K BRESRBRP[MBEMCBEEL TH i bD EHEEESN TV 5,

HEFIEHNC 510 2 CO, BEOFHA(bE T 25 9 1R T, 7% CO, BEDFEHZEIZ
wIEfED 3 HRIZ, £7oRkEfEH 9 ARICHIR L, RIELS 118 ppmv TH 5, FEHl & hiz CO,
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Fig. 6. Daily mean CO, concentrations at Syowa Station, calculated from selected data.
Thick and thin lines denote the smoothed curve of the data and the secular CO,
trend, respectively.
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Fig. 7. Deviations of daily mean CO, concentrations from their smoothed curve at Syowa
Station.
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Fig. 8 Rate of annual increase (solid curve) of CO, concentration at Syowa Station (upper
panel) and the Southern Oscillation Index (lower panel). Thin and thick lines for
SOI denote monthly and 5-month running mean values, respectively.
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Fig. 9. Seasonal cycle of CO, concentration observed at Syowa Station. Thin line repre-
sents the average seasonal cycle and thick line, the measured cycle, after the secular
trend has been subtracted.
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DEFZACIAAEPIRIESFE L L T %, 20T 2K 10 1R, HEBAHRIEN K 2 Lo
v 1985, 1987, 1992 £ TH D, /NS LD IE 1986, 1988, 1989 4EETHh 2. B AIRIEIZ 1992 £Fiz,
B/MRIEIZ 1988 FEICHN TV 5, UL, WRBSELZLIEZWIRKE LSR5k, HhEL
ol I AERIRR Sy, MEKEEL TAS L, REBECREBENHIRT 2
BLIEVBIZREZ > T AHASSH Y, BE IFHICK 20 H2 5 30 HEETh TETw5, 2
DIRRIIBZ & {EHREOKRTERIMTS hDOFERTREL(LLTER I L R2ELTWD b
DEHES NS, FElLAICET 2 RBETRE (BEEL+8EDL) b 1984 FEEDE IS BEE 21
IMER ZR L TH D BB HEA L TER PR T 2 kKEKOHEEBSBEN R LOOH
B2ZERRLTVRS, ZOBELSEEREOAGERMEELSL L TE I EHE T
%,

FEAIEE T3 CO, BB DHAIR 2 HELIZ 2 LBl s e vs, RIEHIE 402 ppmy fREF
TRSSE A S HBMEE ORI LB s NS, 20 X 5 2 HEIZ L * FEto
JimEEREOLELbOEK 111RT . fERERER%E £ 0 BEBRICR T 7281, fitEHo K8 % 314
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Fig. 10.  Amplitude and phase of seasonal cycle of CO, concentration observed at Syowa
Station.
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Fig. 11. Irregular variations of CO, concentration (thick line) and atmospheric temperature
(thin line) at Syowa Station. Daily mean values of CO, concentration and temper-

ature were smoothed by 5-day running mean.

XWCERL TS, ZOM»SIZIZEMEEL TINS 2 DOFHOMICAHBENR NS 2
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BRREI DTS, Lizdio T, CO, REDAHANZ LS EICHBIBBERRICE DA IR
MOZHIZ L > TSI INBZDTRAVLEHEES NS, 3512, BHENKDIOZ &
026, BEAEE & D RGO SKH O T SR ERIOKEIC AR CO, BESMEW EHEE S
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FFEROHREE > & SR I T TD CO, REDIG L EBE N1 012, ERER %
EHLTHEL—A TV T DI AT RIZH D7 —77 ) I (40041'S, 144°41'E) (BEARD-
sMORE and PEARMAN, 1986, 1987b, 1988, 1989), HAFIEHE (69°00'S, 39°35'E) B & UEERRA (90°S)
(NICKERSON, 1985; SCHNELL, 1986, 1987) “C 1984 A5 1987 FEIZE SN 7 — 8 % B THAT
EB kol TSI A EERERE L, ZHICENCRNT T 4 99N T 4 VY —%
Al FEEER L BONEEY CO, BESER 1 WORT. v — 77V A RSB T
% CO, B 1984 4EHY WMO X81 A% —)L (World Meteorological Organization 1981 mole
fraction scale), 1985 fELAREDY WMO X85 A7 — Wz X D RSN T W B, ZZWmREhiz
BEGHTIIEE FERICIIE LA EED S, BREMICE T 2 BEA 7 —)Vid WMO
AT =N EFE ST SHNICEZ BHELL 7 b DR FERHL TW3, Zhicbhrb o, B
B & BRI BT 2 CO, BERBAWEDLO TROW—HERLTED, FHTE
BEAIEES O /5 DS RARR s A LT 72 37240 0.1 ppmyv B IS0 TH B, Wikt O FE T 134
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®1 BREH, EBSB LUy —77) A8 5EFH CO, BE.
(Data) ZFEH NI HEHE»SFEEINIZLDTHD, (Fiy ik
T4 T4 TR OEEIN LD TH S, P, IEAEM
LD 2METHEON TS Y P ODMMBRERA 7y —IVIZE
2o T3 (KXER).,

Table 1.  Annual mean CO, concentrations at Syowa Station, South Pole
and Cape Grim. Columns labeled data and fit contain annual
means calculated from monthly means and the fitting function,
respectively. Annual means for the fitting function are comput-
ed from daily values.

Syowa Station South Pole Cape Grim

Data Fit Data Fit Data Fit
1984 342.55 342.51 34224 342.25 341.88 341.88
1985 343.76 343.77 343.68 343.70 343.23 343.23
1986 345.22 34523 34520 345.21 344.46 344.46
1987 346.86 346.87 346.79 346.80 346.06 346.07

12 1985 D> 5 1987 FAT I TIEE I L n—F 2R L Tv» 5, 1984 - (FBEFIEIHD 5 03 FE iR
WHART 03 ppmy @ ote, —H, =727V 2B 2EF CO, BE IERigIc T
BLZ 0605 07 ppmv L, ERMICEU & 5 GRS, #x OMMEIH (TANAKA et al.,
1987c) THRWLIZEINT WA, 512, MEEKE 7y —77 ) AROFEFEY CO, BEZEIT 1984,
1985 FEIZHE~ 1986, 1987 FRiC— IR L T 3,

r—F7) b, BEFREME L OSB3 CO, BEDEHERKS 2K 12 10RT, £
HlE 7z CO, OEMAALIIRIELAAEVEL L L T3, Thoid 3 DOEM THICE
{LLTwBabiFTiREL, RBOA/NMNIBEWEISYUTWS, T4bb, 26 OIEEI 1984
L 1986 FIT/INE L, 1985 L 198T HEWARE L 2> Twb, Lizdis T, CO, ZHELIRIE
DK « #ENE D7 < & b EEFEF - SRETHRBICREE TwS tE 2 5h 5, FHARMLOY
B HEIE I FEEOMEK, 111,127, 131 ppmy TH 5, 2512, HEEBESHEET L0 1 H
| AREREL LT, REFY ZOIEIZ, 93,97, IRHETH Y, REBELHIET 2 DI, 253,273,
20 HEITH S, MiHERBRY, EHALIIEICAED» I I LIz > TLREWIZEBN A2 EMEIC
H3, IO ERTEANEEEAAGEINS 2 L2k o> TEHE(L b ERE AR EH-> T
WBHIZERRLTWS, LoL, KRB A2 EBIAPS TLEVIEKELSBS TS, R
1213 CO, DGR RIIRELSFE L V72 8, RIBOFLKITEMIC KESERE AR
EEN B 220 TS Oh R,

R BT 2RO CO, BERL 2B T 5013, ZOEEIWNEWIDIZHETIR
IS, FERIC 81T A YNGR AR & EEHRO CO, KBD A% 63, RRAERIZL b %
3 CO, DEIEN Z DBEELICEELBREZELC TS D EEBbh 5, CO, DEHIZLH
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Fig. 12.  Seasonal variations of CO, concentration at Cape Grim (40°41'S, 144°41'E),
Syowa Station (69°00’'S, 39°35’'E) and South Pole (90°S). The thick line denotes
seasonal variations including the interannual variation component, and the thin line
denotes mean seasonal variations.

BIzMb > GRS DITEEERTERE O[T 2 b - TEEBIGEIENh 2 2 i
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PREE SRR L 0 BT L D ELERIZ, 20X KBS CRERBETE R, 20
FUCBEL T, RO ZER LB % 8 > THEHFERONTRE LI FAA TWS Z E 385
PIZEN TV 5 (PEARMAN and BEARDSMORE, 1984; Nakazawa et al., 191b), 20D X 5 727225,
DFRAVAHIEFHE T E b TId% L, BREERTIIE A - VRV EET 2 5 By
511 BZBRonTw3, BE¥EROEEAFEICHA LA LEROERIZ L L b A —X b
V7 REELEZEE TILEIINTW S 2 EXBERI» SEHOIZENT W5, 2 OZEKHSEEE -
2% CEITH, BEEARE EOKKOUERERIC & > THIERMATE TBD TL 5 L3, fEEER
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