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Temporal variations of atmospheric greenhouse gases
and their related gases at Syowa Station, Antarctica and Ny-Alesund, Svalbard.
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Abstract: To elucidate temporal variations of greenhouse gases and their
related gases in the Arctic and Antarctic regions and to investigate their sources
and sinks, systematic measurements of atmospheric CO,, CH,, CO, N,0, O,
and tropospheric O; concentrations have been carried out at Syowa Station,
Antarctica and Ny—I&lesund, Svalbard. The CO, concentrations at both polar
sites have increased at a rate of about 1.9 ppmv yr!, reflecting fossil fuel
combustion and land use change. The CH, concentrations also showed clear
seasonal cycles superimposed on complex secular trends. The increase rate of
the CH, concentration varied with time. CH, increases were observed until
1999, the concentrations remained steady from 2000 to 2006 and then rapid
increases were observed in 2007. Stable isotope data of CH, revealed causes of
the seasonal cycles and the secular variations of the CH, concentrations. The
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O, concentrations (§(0,/N,)) at both polar sites showed prominent seasonal
cycles and secular decreasing trends. From analyses of the Atmospheric
Potential Oxygen (APO) and CO, concentrations, the CO, uptake rates by the
terrestrial biosphere and the ocean were estimated to be 1.1 and 2.7 GtC yr™*,
respectively. By comparing the N,O concentrations observed at Ny-A lesund
and numerical model results, it was suggested that the observed seasonal N,O
cycle could be enlarged by intrusion of a stratospheric air mass with low N,O
concentration into the troposphere in summer. With an analysis using a three
dimensional chemical-transport model and the CO concentration at Syowa
Station, sporadic increases of CO concentration observed in February-March,
2003 and February, 2007 were ascribed to CO release by large-scale forest fires
in Australia. Surface ozone depletion events were observed more than 40 times
at Syowa Station from 1988 to 2007.

BB mAUWERE I B 2 EERGEOLEH ZHS »IZL, TN5 DK
HE « BPGEBEIROZEENCE T 2 MR 2B 2 7201, miE - FEE S L O
JbHi « A N— L OVEER = — 4 )V A 2 B W R R IR =R SR T OB
EEABMIAFAL, BAELKEL TV, KEHD CO, J4EE 1L, Mifasit
WA 22 EIAL R R 03 6, (BAIRERHEE: & AR IC X % CO, DOt
% IKBREL TR 1.9 ppmy yr! OFE THEMUL T 5, CH, BE I bR A F
2t & AN B E S B S 4, AR 350> T 1999 2 % T ORI
& 2000 fELLRE O PRt # LT 2007 4R 13 O RS BN HMEBLE X Lz,
CH, ORI HENM2 &, CH, IREOFHZAL, BFELOFEKRICEET 21
MBS, KREHD 0, PEE (6(0,/N,)) Xl 5w T, ZEHiZE
A BRERE B (2 LR 3 2 B AERI A %2 7R L 72, Atmospheric Potential Oxygen
(APO) & CO, BED¥EME, o JED siie, BELAEYE LEEIC L2
CO, W (2001-2009 EDFE) 1ZZ 2 1.1, 2.7GtCyr ! Tho 7z,
=—A VA THEIS e N,O IBEOFHZ L% 3 KoulbFfik T 7 i
Y 2EFERRE LT 5 2 21k D, N0 BEOEEHEZLIRIE X, BTk
JEBIEEIRD N,O IEEMEVWEPHIE L E THRAT 2 2 LIC k> T HIK
L TR ATREMEAS R S L7z, IEFIEEHIC 1517 2 CO LB DBl & 3 )
TEALFERE T TV & LTI X 0, 2003 4F 2-3 H & 2007 4E 2 Az, 4
A b TV T TORBBEEREF K L > THAE L T2 CO »EFIHERICE L T
W5 ZEMIRE N, BEREIC BT 2 EA Y B ESEG RN X 5 T,
1988-2008 4F- % TORNCE 40 BILL_ DM b4 V> WIS 2 BhE L 7=,

. U ®I

EEFEFaLAREO ARREB OWERALIC L 0, RAOHPOREZRSAERE S SHc L T
W5 ER, KK T RO PRK[DEZEHNC & > TS 21 % > T % (Ether-
idge et al., 1998; IPCC: Intergovernmental Panel on Climate Change (LI, IPCC), 2007).
TFROBETHZ L VIEHEZb O E L, [BEEHTFHOEENMCET 27:012b, T8
TEDHIERKE 1C B 1T 2 WERRSMANGER & 2 OXF 2 ER/RIICITE ST 2 081D 5, Fik
BE, FELZREHRSAEORLIE,» SES BN TE Y, RAREINLIFIZHELERK
PEBEITE 2 2L e, HIERKKD/Ny 777 PIREOERGEL 1ETh s, —
T O, A2 RESRSEOBLIFCH ENTZGIMTHY, 2o OB OFE
BERL ZIT BGFTTH L, DX D B, S, A IIFEE - FEAIEM (B9 69.0 &,
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#%39.6 £, DUT, WEFIEMD) 8 X Ok « A N— N VEER=—4 VA Y (b 79.0 JE,
BRI T, =—A4 VA V) EBWT, SHEEIRSARE R ELR RER
REBESHA O RIA 2B 2 FERE L TWw 2, ARETIE, MRS TOBM & 2 OFITRER D
—HIZ OV TEHET 5.

2. WRREIC BT S RLIRE & X Y VIREOLEH)

ZEMEIR (CO,) AR RO CEEREZEMRSATH Y, FIBERENEE & 7%
MBI & - T, EEFGLIRE, RQHPBRENRZ I, £ ORISR & ok
KLUTET-, BAE, 1ERICH 8-9 GtC (1 Gt=1x 10" g; RFEHE) O ABLIE CO, HK
KU ZoNTw3 EHEEINTE Y (Houghton, 2003; Le Quéré et al., 2009), ¥ T
Z ORPEGDRL[HFTERA L T 2 2 L RGH CO, IRE DB 5530 > Tw b, FFK
DRE TR X0 EEELT 270121F, RO OF50ED X S 2EIE T LBE LAY
BN E L TwapEiHerc LadhiExsxn, Z207k0icd, FTRKRFO CO,
BREOLE ~ EHE CHEET 2 LENDH 5. KKH CO, IRE O RFHIIBIANZ, 1950 FRE
FENT A = v a7 LAWY CEEBEIDBG S - (Keeling et al, 1976),
REEIGE B & OEGEBIHIEIC & 2 CO, Bl 4 v b7 — 7 DIERILK S h, BIfELKT
145 #i5 L Bz B W»WTEEIZBThbh Tw% (GLOBALVIEW-CO,, 2010).

A% > (CH,) ¥ CO, KRSBEMREATHY, MBS X VBB OGS ET
LEELHEZEIZ LTS (Lelieveld et al, 1998; IPCC, 2007). A7 i o 14
INCFE-> T, EFE LI ORS T CH, 1BE 13288 L (Etheridge ef al., 1998; Nakazawa et
al., 1993a), BIFEIZ2ERTHITHI 1800 ppby I3 L TV 5. CH, ORHITEIR, 1k, 58
Y, KHZe CRERMEEE T COMEYINC X AR (MAEWRIE), FRPRRA A DFE -
TR OYsH ((EAEBREHEEIR) , MK, BES M, HEYREIORTEREEC & 2 48 (8
A F = ARBELIR) O=D W KBlE b, THITA T, I X 2 iF& MRS T To CH,
HERHYR & 3 i 2 R D FIREMED R iRkS S 11722 (Keppler et al., 2006), % D4ERIK
HEOFMIE £ /ICAHEE TH S (Kirschbaum et al, 2006; Vigano et al, 2008), —7,
CH, O IZTFHBENTO OH 7 ¥ H )V E DRIGHED 9 Egg% 5D 2, Z0fh, KK
JERETd OH, Cl, O (D) & DLKIE, FTHEERE TOMEDIC X 2BIELE D O
ek oTwad, ZDOX51Z, CH, B « HBIRIER SR KU, » OEEEH
2k B ZNFNOERTMBREETH 2 2 Lo, KET CH, IBEOEFHFEKIZ DWW T i
 ICEIEN AN TH B,

oz ix, HEAEEHIC BT CO, IRE, CH, IRE OHELHEIH = Z 2 1984 4F, 1988 4F
B L, IRAE T CEREBN 2R L T X7 (Aoki et al, 1992; Nakazawa et al., 1991).
Fiz, =—ANATBWTIE, 1991 6 RGEEEIC & % CO,, CH, Bl 2k L <
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2% (Morimoto et al, 2001, 2006), AT, FEALFRRETOD CO, IR, CH, IREDEH)
IZDOWTHRN, CH, EBEOEFFRIZ DWW THER (T,

2.1. BAIAE

IEMIEEIC 510 2 CO, IR, CH, IREEHEGEIHIEE I O W T OFMIE I TlckE s
TWwa7z% (Aoki et al, 1992; Nakazawa et al, 1991), Z Z TIZHEIED AR~ 2%, HEFIE:
OB OO s AR R (D) CRRE S NCE S 8m DY T — koo R v T
5| & e RGBT, 74 V8 — L —60°C i HI SN AT A N Ty 7T yaY vk
KREKDRE SN Tt, CO, WA IZFES BRI 31T (B8 BT,  VIA-500R (1995 4
£ T), VIA-510R (1995 fELIRE)) T, CH, BEIZARERA 4 MuilisR 2z 727 A 7 1
~ N7 7 (BEEWERT, GC-8A) WE->THIEINS, TNETNDOSNEREITD S0 L
DEINT CO,, CH, R ZE L, WE DL EM 2 TR LIS A 2 K% fvT 30 431
— (CO,), F7-ix 12K Ic—E (CH,) HEWICKIES NS, HEMBEX, FETR
12X LT CO,, CH, 21121 0.01 ppmv (1 ppmv=1Xx10-¢) 35 XL F 1 ppbv (1 ppbv=1X
10°) ERFEbBONTWVD,

—HD=—F WA TIX, /v —aHF5ERT (Norwegian Polar Institute) OIS
T X 5T, RESRIEIC—E, AR 800ml DX 7 > v ABAIICIFEFRES LT
2. PR S 7o KGR BAR I HiE &, ENZARIFGERT (DT, ) 12 81T CO,
B, CH, IBEOMIMBTbIs., ZTHENONHEEE L, HAMICHEMECHERL T
W5 HDERETH . 2000 FFLARE L, RGEIRHC —40°C B HIL AT A T v 7%
AW TAELRIED FRWT W5,

22. ZRMERRBENEE

la iz, BFIEH & = — 4 V2 TRl S e K& O CO, IEOEB &, 2 k7 —Y
I EAL—Y VT AT VBB EROCTEE L7 4 v T 4 > 7S X CRELE
{bB5r %7~ (Nakazawa et al, 1997a), v —h VRIEREZIT Twiz &%z 512 Bl
i, MEHIFEEZAC TRV TWS, ZOoMPHL2ZEBY, KEHO CO, i
JEREMIEE, = —A4 Vv X o IcR iz b2 s Lt 5, AR CO, ({baiiel,
FRREEEE) ORI & o TRAENISEEMIL Tw 5,

=—F VA TERE S iz CO, WEDOFHZII, 3-5 HickmiRE, 8 AR ICKIKIRE
2L, EHIHRIE (peak-to-peak) 1% 16.3 ppmv TH -7z, CO, DRZEFEAAL (813C)
DEHIIP S, =—F WA TD CO, IWEDZFHZAIZ, Ra—BE EAEYBEH O CO, s2#ik
OFEENCRKNT 5 2 L RE SN TS (Morimoto et al, 2001), —7F, HEHEMTOZE
HiZAkIZ, 2-3 HICRIRIRE, 9-10 HiwmmiRE 2R L, £ OIRIEOF-EEZ 1.1 ppmv T
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) - BRAEZAbESY (G, BEU (b) CO, IREHNEROZEH) (S5 - okt & ALittlR
CO, NETRRUTRE L7-HE 0 CO, IRERME (HH).

Fig. 1. (a) Temporal variations of the CO, concentrations at Syowa Station (dot) and Ny-
Alesund (solid circle), their fitted curves (solid lines) and secular trends (broken lines). (b)
Increase rates of the CO, concentration at Syowa Station (solid line) and Ny-Alesund
(broken line). Also shown are the CO, increase rates when all of the anthropogenic CO,
remains in the atmosphere (open circles).

b5, WEFIEMENC IR LEYNIZIZ E A ETFELR W Z £ o, FFIEMTO COo, 0=
fizfbi, mEERIE R E o B RAYER I ERD & O CO, FikF OFHIZ LI & > 5|
I3 EEZ SN, WA TO CO, DEHZALOIRIEIC 1T, HELRENZALIE
Rehghroiz,

1b 12, MEFIEH & = —F VA > TD CO, WEDOIIIER &, (LERE BRI & 5
THH & 7z CO, (Houghton, 2003; Le Quéré et al, 2009) LT RKZFIWCHRE L 55
DWEFERINR 2R3, IR & = —F L 2 280 TBHIS Wiz CO, PR O SR
139 1.7 ppmyv yr! TH 5 2 & h 5, ABE CO, DK 43% HRKHICERE L, 5 D SHEEE
CRELAEVBEICBINENTWE Z 82k d, iz, CO, HINRIEF LA ENEE =D
Iz & 2 AR CO, Bt E ORI & - T, 1980 R0 1.4 ppmy yr=t 4 5 2005



RO 36 1 5 IR RS & B R O AT 379

-2008 £ 1.9 ppmv yr~ £ THEIIL T 5, FRiZ 2000 F£LARE, FrBEIC BT 2 AREEE
DN & > T CO, MEBEDHEIML T2 L DHENRLENTED (Le Quéré et al,
2009), SEORTH CO, FEOHR 2 EREER S BERL T BERDH 5,

Ib 2R L7z EBY CO, DR ITELZ KELLZLLTBY, BEElo 7 —%
i, 1987 4, 1994 4F, 1997-1998 4F, 2002 4F, 2004-2005 40 T )L =—= 3 Bi% & [FHA
LIcEEOAMEAEONS, ZOLIRBERIOVWTET TEEHOBEL DY (eg.,
Bacastow and Keeling (1981)), CO, ® §3C Bl KK#EE 7V 2 AW HETE2 5,
IV =—= a FAERFCHHZEICR O N 2 BVER TOTIE O RE SR, FhSic k- B
AR DO TER CO, WINENHAD T2 Z ENFERE L THEZoNT WS (Keeling et al,
1995; Nakazawa et al, 1993b; Rayner et al, 2008), —/HD=—AF VA ZBWTH 1998
£, 2002-2003 FIZ X FEREOEE P BH S /o2, ZOEENT L VEMTH 5. i,
=—A WA v pACEER R OB EAEYIE OTEICAIE L TW A il, TOEEDE
Brl0miZUTwaicvFHFz onsd, Fiz, 2002-2003 FI2 Bl S 1172 4 ppmy yr-!
W RSIREOZRE, oltFREREOBRSA T RRCBRIINTEY, 3 —u vy
BTOFIED L £ERERIC L 5T, B REYIEIC X 2 IEWRD CO, FEERMMD LI 2 L
FRNTH 2 T 2mMENZTENT WS (Ciais et al, 2005),

KEZHFD CO, H3fE LAY LHEEC ED & 5 2EETRINS WD, 7 L TRINENS E
D& D BRELREACERT RIS BT, RAHO O, BE ORBEBH & IEE G2 E
WrL5 225, O, BEBIICOVWTIR, FIETHERT 3.

23. AYUVBEOEE

210, BRIEME =—F VA THElS W KR CH BEE, 74 v T 4 ¥ 7
B, BREZLES 2R, CH, MBS B W T, RS FEZL %25 LD S B
BREREH R L T0D,

Z—FNATOFREHEACIE, 1-3 AICkERE, 7 BICRIERRESHB L, FIHRIE X
46 ppbv (peak-to-peak) ThH o7z, —HOWEMEM TIX, &E, REBEERZZhZETNIH
L3 A B S, SRR 30 ppby Th 2. FHHRIEORFELEFTANSL £, =—F
A Y TRERZ DEFPKE VI DICERRZALIIRE TE S o720, BT OZEH
PRIE X 1987 FEDOBIHIBALALARE D 20 4ERE T 2.6 1.8 ppbv (95% DOSHAKE) DAL R 5
iz, WEAMEHC BT 5 CH, IBEOFHIZIE, % CH, BUBIEEE & CH, = DOZH]
Zb, % LU CAb¥EkH» 5 O CH, kB OFMHZALIC L > TEL %5, £D 5 b EOERN
FHIRIBEOZCICHE LG 2 100, SHRET 208855,

KL D CH, I O RHHVEHIDSEIMA S 1Ltz 1980 FERATDITI1E, CH, EEFE DRIIIER X
18 ppbv yr=! L iRk & LT\ 7z (Blake and Rowland, 1986), L7 L, 2B bagnb L
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M2 MEAIEME =—A VA 2B 5 CH BREOEE & (KL s), 7 1 v 7 1 > 7 ilhifk (5H1) -

REAFZEALRS (R )
Temporal variations of the CH, concentrations at Syowa Station (dots) and Ny-Alesund
(solid circles), their fitted curves (solid lines) and secular trends (broken lines).

Fig. 2.

B 1980 FEAR, 1990 FAX %5 U THIMER 2384 L, 2000-2006 1213 CH, IEIZIZ L ALY
B T, =—F )V A > L IEFAIERL D CH, IR OREZ(L 2B &, 1991-2006
FETO 15 /I 1249 ppbv (95% OEEXREDEA L Twd 2 ex s, J6ERT CH, 1’
HENBA LIz 2 &, 250k CH, MBESEML: 2 EBNFERO—D2ELTHEZOHR
5. LU, BHidkD &6 0 CH, ORHHENIEF ICZ I D720, D CH, IHEE b EHS]
HTERWIERS, FREEF>EmEIBEOLTORY, i, RPNV FIcEEL
T2 1227 —=VTO CH, IREOREs FABBHISN TwE, 2Vv=—=a DRELF
I CEERIIC BE ERABIH & M7z 1998 4E & 2003 £E1213, Bz CH, SV & B 2 B
DHEENTVE = —F VAT EWT CH, JEERAR L, 2007 £ 1= —F v A > «HEH]
it Ic BEERIIA R S5 5, 2007 00 CH, EERNNEX, =—4 VA>T 10 ppbv yrt,
TAFIEHT 7 ppbv yr P IZEL THB Y, OB H A v bV — 2 26 b RO HhE S 11
T3 Z s, SRR TH- I EBPhroTn3, ZOFKNELTE, ¥
7B O S5 KED CH, 2R S L7z L ORFP R SN Twvw 5 (Dlugokencky et al,
2009; Rigby et al, 2008). 51t& Z OIREIEIIEA KL T 2 D, Zh & b —HFY 72380
WCEEFE 00, FlEREEHT 20EID 5,

CH, D RFEKZERLHEL (813C, §D) 1%, CH, O T L B s EE2 Ry 2 &
6, K&H CH, IBEOEBFERN2H#ET 2 L THEBICESITH S, LrLars, §°C,
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0D DAHTICIE, ZhE TREDORKFE (8¥C:6-10L, §D: 100-400 L) 2SAEETH - 72
728, RAHLRERTIBIH 2 AR L Co 2 IR dmo TR s Twi, &L, 2=
(100 cc) DARZ K% HWTCH, ® 63C L sD 2 HEETHNMT 5 A7 L %FFEL
(Morimoto et al., 2006, 2009; Umezawa et al., 2009), =—A ) A > CTEEE Lz K& R
ZRWT §BC (1996 FLAKE) & §D (2005 FELARE) O RFHHVERIZ1T> T3, XKEfiics
W, CH, B & 6°C & oD BHIME % vz CH, EEEH O RN ICEET 20— %
Wt 5.

24. AF DT - KBRRALMGLEDOERRIZL 2 49 VBEXERERE DT
CH, ORF L ARFZDOLERNAALL (83C £ 6D) BLUTDO X ICEHES NS,
6= (Rsampie/Rstanaara— 1) X 10> (%) . (1)

ZZTRIE, WEFR (sample) F 7z I13FHERRL (standard) DMK 2 C/12C 721
D/H ThY, 1Z#EFRHIIZZh V-PDB (KA{bf) & V-SMOW (IEHESEJHEK) Th
%, CH, %, fRHEIE Z S 2B O 813C L sD 2> Z L35 T 5 (Quay et al, 1999;
Whiticar and Schaefer, 2007). 3 7&bH, AWM CH, 1% 6°C 23 —60%0T, 6D »°
—300%0, 1GLABREHEIR CH, 1% 613C 25—40%0, 8D H3—180%o0, /N4 F ~ ARBEEIH CH,
1X 81C 25—25%0, D H3—200%0 & 7% > T3, %72, CH, OIEEEFETIE, BEWLFEME
SFICHARTBOENAS FORIGEENK E Wiz, KREHICE W RS T35 S
NBFEGESTRIZNR AL, ZOKRE SITHEBRIC LV RE S, Lied>T, RAHoD
CH, 2% & RN O FRFEASEEE 2175 2 £ T, KR&H CH, #BE OZ B EK % it
U5 - IHBIR & BRE D CEERMICTHliCE 3 Liiff s 5,

31, =—=F VA TEREIS NIz 2004 ££% TO CH, BE, §¥C OXLHE L, ThETh
DNRANT 4w s B —7, BEZEES %77 F (Morimoto et al, 2006), K3 1ZRT L8
D, CH, REE L [ARRIC 613C 12 b A2 FHIZML L S L REEF D BIHI S W Tw 5, W#H
DIRFEZALZ VT, CH, IBEORELEFICR SN2 ELEF ORI OV THET S,
F9, BED CH, BEB LU s°C OHIIZED 1996-2003 4O FEEHENITEH & DIz % X
da, bIT/RT. WHIEEIH, (BABREHEIE, % L T4 4~ ZARBEEIRD CH, SKZI 2
ST L X WCHIRF s LD SBCHEIMERDZEHE) (£ %2 11—0.007, +0.004, +0.012%, ppbv1;
Lassey et al., 2000) % <, CH, ¥IFEOZH) (X 4a) 234 TH—O CH, BHIFIC X >
CHISE I SN LRE LSS ICHFESN S sBCHINEOEH R 4b IZ/R L TWwb,
ZOM» S, Bl S iz CH, BEOLE O RK % BH—O UL IR E OZ L TIIBEIT & %
WZERGND, 22T, 1) ALAERERSIE CH, R OEZ E&#IT/NS v, 2) OH 7Y
H NI & B CH, EEDFEL ZEII/NZ WV, LI ZODRERE S, Bl S iz CH, &
JE L 813C OIFEOEE 2 FHH T 2 /2 0 By, WHIFRIEE L O34 4 ~ A RBEL IR
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H3 (a) =—ANAVICBT S CH, WEOEBE (HN), 74 v 7«7l () - BE
LSy (SfR), (b) RU < 8C OZTH).

Fig. 3. (a) Temporal variations of the CH, concentrations at Ny-/f lesund (open circles), their

fitted curves (solid line) and secular trends (broken line). (b) Same as (a), but for §**C.

CH, iR OZEE 2 EHH U7z (B 4c). B 4c 25, CH, ¥E OFEL ZENC I3 gHEE CH,
BB OIS E 28 - L TWwb 2k, £ LT 1998 420 CH, I8 D &8I213,
EHICIR CH, Nz TR KL CH, OFG5 b RE W E23500 5, 1997-1998 F£12
FAELa Vv —=a ICRMILTIE2IC L > T, A Y RAY T Ea—F ¥ 7 RETHMK
KEDHBEFE U Tz 2 & DMK SEFGT BB 5B S g2 5> TEB Y (UNECE/FAO,
2002; Van der Werf et al, 2004), oV¥C #Hl2 & OHEE AW TH 5., F7z2, [RIBEDHKE
G, B> CH O REBAIT — % L 3 ZOTARKMRE 7T V&2 Huic#stEr o o T
W3 (Bousquet er al, 2006), PAIEOFEMTTIE, {LAEBRERCIR CH, fitti&E & CH, HIEE
BB ERERE 2 %25k po 708, 6D 7—2 (2005 FELIKE) bOFE TT3 2 2 L T,
CH, RO ZEEHNC DWW TR EHR AR5 2 LV HERIC & .,

KIZ, 2005-2008 12 = —A WV A > Tl S iz CH, ¥, 63C, sD OFHZE(Liz D W
THLLRTWL, MS, BHlT—5 07 4 v 7 4 > 7 ilifih o5HE L7 P 2 25
ZAbE S %2R 3 . CH, IERAIICE L, B S5EIX»IT TRBUCHEA LT 7 HIck/IME
BT T, §13C 1%, 6 HICHiRB X O 10 Hick/NER L, CH, IR & GBI
DD, MHDTNIFFENTH S, 6D 1k CH, EE I L TZIFAMHBEOE#EH 2R L T
%, 2005-2008 FED CH, & & 63C OFHIZ B ORI X € 11 Z 11 38 ppb & 0.45%o0
Tholz, ZNEF=—F VA ZBIT 3 2003 F F TOBMFEETE > - FRIEE T H
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Z—FNVAVICEIT S CH, BE (a) & 61BC (b) BEHIFED 1996-2003 FFEEHIHEMNZE D &
DR, (b) 121X, CH, EEEINRFENE TN, 4~ ZAREE (), bEREHZIE GR),
IR (F) O CH 12 X % & L CEFE L7z 68C ORZED =T, (¢) CH, JEEREhinRF=
AOEHFEIR () o544~ AREEER () CH, 0&F5

Fig. 4. (a) Anomalies of the annually averaged increase rate of the CH, concentration. (b)

Same as (a), but for 6*C (gray bars). Also shown are the expected relative changes in
013 C when wetland (blue), fossil fuel (red) or biomass burning (green) sources contribute
independently to the concentration anomalies. (c) Contributions from wetland (blue) and
biomass burning (green) to the CH, anomalies observed at Ny- Alesund.

% 48 ppb J 1) 0.42%0 £ K —H L Tw3 (Morimoto et al, 2006), sD OZEHIZE D
BHEIRIX 8.7%0 TH > 7278, THEHKETE 2IREBRER COBRGIE X PRES N
TWiw, 12720, X VEEEICAIE S 55 ) —358 0 1zafia (28°N, 16°W) (Bergamaschi
et al, 2000) =, Jtkd Niwot Ridge (40°N, 105°W) & Montafia de Oro (35°N, 121°
W) (Tyler et al, 2007) TIEHEHIHDH D, Zio OBHIHLL TH & h - ZHEZ BRI &
DOHBEEK 6 1R T, ZORIZRENTWE LD, =—F VA TREls - CH, IRE
DOIRNE I FERIPEREEE L RIRE 2 DXt L, 63C & 6D OIEIF X EFEE IR TR
W EDSN D, §1BC K 8D IR D 7 5 T b EYIRIR O TR OB I L TR
ELINET 5. ALFEREREE O FE S HAEMRREOBHFRITETH 2720, =—F 1
A 2 CIEHERREE [ Ehlgihos & O CH, IO BN L VR RN D Zeim@sh b,
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ACH, (ppb)

2
ml.)
3
2
2
<

3 T T T T T T T T T T T

JF M A M J J A S O N D

B5 =—ANA BT S (a) CHRE, (b) §7C, () oD OVYFRIZALEIT.
Fig. 5. Average seasonal cycles of (a) the CH, concentration, (b) 6'*C and (c) 6D at Ny-

Alesund.

EEPE LTBEEZEELEV I-Ry 7 AETAVEEZ, UTORTHRENS CH,
ERARL DI R E W T, & CH, BUBIROZHZB 2 L DFEL <R3,
dC/dt= Sgio+ Ser+ Ses—kC, (2)
d/dt(CR) = SgioRsro+ Ser Rer+ SesRes— ak CR, (3)
22T, ClCH, o AY%ME (ppby), S BEKHEIEOES (ppbv/month), k 133
BRMHBIRTH % OH 7 ¥ 2 Vv L OFUMRE, R I1E4 CH 25 % BCH, %7213 CHD
DEE, « X OH & DRGREORMAFESARETH 5. T BIO, FF, BB X% %1,
AR, (CRBREHEEIE, A 4~ ZRBERIEOBHIRTH 2 2 L 2K 9, CH, DI
[ OH I OZFAFNRES 2720, OH 7 ¥ H )V & DRIGHE k 2 1b3ixe 7
)V CHASER (Sudo et al,2002) TitEsh7z B0 OHEBEEZHWTEZ /2. &
RO §13C & sDE 13, MAEYEIE % —60.5%0 & —335%0, 1L REE IR 2 —40.9%0 &
—163%0, /NA I~ ABRBEAC IR & —24.6%0 & —204%0 & L CT5 2 72 (Umezawa, 2009;
Whiticar and Schaefer, 2007) .
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(c) 8D DFHIZLH DFHHRIE

EMDOEEBIY A~ (TEN: Izafia, Tenerife, Canary Islands, NWT: Niwot Ridge, Colorado,
MDO: Montafia de Oro, California) & O, NAL IZDWTiE, DAETOBHRER (1991-
2003, Morimoto et al, 2006) & O#E <L 7z,
Fig. 6. Comparisons of peak-to-peak amplitudes of (a) the CH, concentration, (b) 68*C and (c)
oD observed at Ny-Alesund with those at other sites in previous reports (TEN: Izafia,
Tenerife, Canary Islands, NWT: Niwot Ridge, Colorado, MDO: Montaria de Oro, Califor-
nia). Also shown are the previous results observed at Ny-Alesund during 1991-2003
(Morimoto et al., 2006).

Contribution (ppb/month)

1 | 1 1

40

| —@— OH destruction

[ BIO
O FF
m BB

T T
J F

T T T
M A M

171 "A"s"0o'N'D

7 One-box TV SHEE S Nz, FMHIEB X OOH IC X % CH, HEO&HS., =7 —/"—

Fig. 7.

DI L CREINLZEMBFEOFS 2K 7127,

X Monte Carlo % W THEE L /2.

Average monthly contributions of CH, sources at Ny-Alesund, as estimated using a
one-box model. BIO: biogenic emissions; FF: fossil fuel: BB: biomass burning. Error bars
were estimated using the Monte Carlo approach. Shaded circles with lines represent
monthly CH, destruction by the OH reaction.

ZOM» S LT,

Z—F VA Y TRMEYREIRO CH, it & OH Ktz & 5 CH, i D /35 > 2 CH,
BEEOEMZL R IZITHREL TV 5B I ENSH 5, EREIRO CH, iiHi: 8 Aizik e
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%D, OH L OHBKICHIRKIZZ 28 7 B) £ 1 7 ADOThBH 2, 2O L, K
SRS % CH BE L 63C OFHEFHOMHOTNIIKMENLTWE EHFZ 5N 5,
£7z, 8 Harh & L THAEMRIRO CH, i» % 5 2 & 13, dLFEKE#EE T
CH, DR CORHICRAK L 22 2L HIRL TWw S, BUGTO 7 7 v 7 ABHI® 7 1
YA ETNH O, LEEREEE R S O CH, BUEED 7-9 At L %55 2 &£ BHE
ENTEBH (Walter et al, 2001; Whalen and Reeburgh, 1992; Zhuang et al., 2004), 71z
RUTHERE R —8T %, 72, ZORTRMAEDLIRD CH, A 10 A £ Tkt L ¢
WA, INERHRE STy v N T REEHERRCE 2 52 KiED CH, K (Mastepanoy
et al, 2008) %KBREL CTWBAMREMED b 5.

3. WRIKIC B B EERIEE D)
KLFOEE (0,) MEE, H5EESHOBE  BE L) S OFE (5(0,/N,) &
LTRATEES NS,

( OZ/NZ)sample

()\( OZ/NZ) :< (OZ/Ng)standard

— 1>>< 10°  (per meg). (4)

Z 2T, sample X REGEEL, standard IFEHESRL 2R T, §(0,/N,) BB OIREE & B I
TEYREENC B> T LK (CO,) IRFE L 1EIT |0 | OB T A e L, w\HEAD
D SAAKRIZIE CO, PR & NI B LT 2. 2D 0, & CO, DV ¥ — N — 5 HEFE D
HEOEHMAL T, 8(0,/N,) & CO, BELEHETBEIL, 2 ORFER LT 52T
LER CO, DR D WAJRE L 7% % (e.g., Bender er al, 2005; Manning and Keeling,
2006). AWIFETIE, BEESHEZ 7z 6(0,/Ny) 5% (Ishidoya et al,2003) % =—
ANV A > B & CIEFRIERNC B 1 2 BHNCHE L, §(0,/N,) ORI ERRTIEH 2175 /2.
ARG T, BlHlS 17z §(0,/N,) OFHIZLE L RBRERLICOWTHERT 2 £ &b,
BIHME 12 F DT 2001 4E 1 H~2009 45 1 A O AR o B - HEYIE L dgeeic & 5 A &R
CO, BINEEHEET 5.

3.1. HBElAE
5(0,/N,) ST DO KGARE O, =—4 VA VB L OB ZERER
2001 £E 1 HB X UM2000 £ 3 HIcBItE L7z, =—A )V A > COFREHREUS 1HEBI 1 ED

BT, E7-IEHERTIE 1 2 HC—EOHEE TITb iz, §(0,/N,) 4TI B TRk
DIKFRLRDFEE R 120, KLRREHEIURFIZ —60°C 2B HI L7z b 7 v 712 & - TKER
BRI LI, &, BRI & 9HT & TOREIORTFIC X % 6(0,/N,) OEE %G <7z
W, = —FNVA Y TRAERER S50ml OF T A7 5 A 312, BHFEMTIREFER 1 £4
Bz AEBIARFI2700ml O T A7 T X312, FNENRKIETHRBARG 2L 72
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(Ishidoya et al, 2003). NS M7z RGABHIHANRE S 1, RIERFICBWTEES

#rat (Finnigan #1484, MAT252) 12 £ D §(0,/N,) 25347 L7z, 8(0,/N,) ORIEREEEIZ +5.4

per meg (~+1.1ppmv) EHEBEEN T3, RBEARMZTIE, 0,/N,LE L T 1000 &

BNUN QHEHEL TE D, 6(0,/N,) fHOFAE & e 2 FHERRL L LT 4T L HEY Y
F—ICBREERIR L 7o KR (BURER —70°C) 2w Tw 3,

32. BMEREOEE &£ CO, I

8BLUMI T, =—F VA ITHBWT 2001 4 1 H~2009 4 7 H I8l & iz K&+
8(0,/Ny) B LU CO, JBFE &, AR B 1 % 2000 4F 3 H~2009 4= 1 H D [EHEOBIHIE
BAEZNZWRT. BB, = —AIVAIZBIT 5 CO, EEIX, §(0,/N,) /i HEE L1313
[FIFRE 12 BB AR I B & L7 RERERH 2 F I I 38 W CIR BRI TR & - Tor
L7z fE% (Morimoto et al, 2001) Tdh D, HAFIZEH D CO, ¥ & 13 B H#h < o & i i
(Morimoto et al,2003) 12 X 2fERTH 5. BICRBHENDRA N7 4 v b —7, #&
FEAESr (B 2 A EOE#EESY), B X OERINER S ¥ T L7z (Nakazawa ef al.,
1997a).
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M8 =—ANAICBWTEIS NIz §(0,/N,) (EK) & CO, WE (T OZH. BAIIHE
HMEZRL, 5, SB LU ZNhZhRA N7 4 v b A —7, My R, IR (G

i) xR,
Fig. 8. Temporal variations in 8(0,/N,) and CO, concentrations observed at Ny-Alesund,
Svalbard. Closed circles represent measured values, and solid, dotted, and dashed lines
denote the best-fit curves to the data, secular trends, and the rate of increase, respectively.
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X9 FEFEHC 5 W TEEIS Wiz §(0,/N,) (B & CO, IE (TE) OZH). HALEHIE
ZRL, FER, SEB L UBEHREENERRA N7 4 v b A=, by R, BEHER ()
2T,

Fig. 9. Temporal variations in 6(0,/N,) and CO, concentration observed at Syowa Station,

Antarctica. Closed circles represent measured values, and solid, dotted, and dashed lines
denote the best-fit curves to the data, secular trends, and the rate of increase, respectively.

Z—F WA BT S §(0,/N,) 1%, HBRRFTHIZ(LZHEORR S EFENICEP L TE
D, ZOHAHIE CO, I & AMHBIDRRIC b > THICHAE R, £h o F T T/ME
R LTz, —75, BAERNCB T 5 6(0,/Ny) 1&, =—F VA VREIRRICEICHK, L0 5%FK
T TR/ & 72 B BB 2 FHIZ L B 7R L 723 03 S ARSI L T w548, CO, BE IR Db
FHhRFBHELRES Brolz, TOEWIE §(0,/N,) & CO, EBEDZTHIZLD A D
HEWICERT 2 EFZ 605, $45bb, CO, IBEDFHZLIZE & LT EEY DR,
HARIEENC & > TH] E# 2 & 1L (Nakazawa et al, 1993b), ZHif 2 KRG —MEEER O CO,
7w 7 A CO, WIHFIR L T:BCEREL TIFEET 2 2 e ol il e w2 okt
L, O, DEEEFEAY ) —DFEANZRE P I KR —MBERD 7 7 v 7 A4 L5729,
8(0,/Ny) OFEMZAIZ IXFE FAEMIEENCINZ THEORENHEND Z L1225 (Keeling
and Shertz, 1992), ZOMWEZFIAL, EEEAVREEICHES 0, & CO, DZZHILTH 2
—1.1:1 ®fE (Severinghaus, 1995) & CO, & ([CO,]) % F\>»7T Atmospheric potential
oxygen (APO):

APO=¢(0,/N,)+1.1/0.20946 X [CO,], (per meg) (5)
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REHTHI LN TES (Stephens et al, 1998), APO 1% §(0,/N,) DZAL & B B4
WENZ X 2 2D BRwic b DB,

== ARV EIBMEMICB T 5 APO OZLH)# X 10 127~ 7, APO IZEICHA, &5
BT TN & 75 2 BEIZE LR R L 20 SRREMICEAD L Tw» 3, EomAMEIZiEES:
VIOXERRDOHEME, KED LFIC X 2 W RE O WS WEE» S O O, DRHHIICER
T2EHEZ o0, XOM/IMEIXZOHOME L, EHHEREEEOEM X EEOERBIK
NRBICHT26INET LT, KA SWHEND O, 77 v 7 ANEL DL ZLIcL b LH
Z 505, 7z, APO BSAEINCIA L TWwa 2 L, 6(0,/N,) ORI & CO, EEE
DIAEHEIAMEAREREE I L > TR I S TH D, {bERERNE 2 5 SF 722 0,
L CO, DFHuEA —1.4: 1 Th > T (Keeling, 1988), [ FHEYIEE) T OAcHak & D HaHE
MREWZEIZEDEHFEZOND,

Z—FNVAVIEZBT B §(0,/N,), CO, EEB XU APO OEHIZLOIRIEIZZhZh
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10 =—AnA> (LK) LREFEM (FR) sw» TBllS e APO OZE), IS BIHIHE
ERL, FE, SRB L OB TN ZRARA N7 4 v b Aa—T, bL R, BIE (B
i) =R,

Fig. 10. Temporal variations in APO (Atmospheric Potential Oxygen) observed at Ny-Alesund
and Syowa Station. Closed circles represent APO values, and solid, dashed, and dotted
lines denote the best-fit curves to the data, secular trends, and the rate of increase,
respectively.
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137 per meg, 16.4 ppmv & L U 56 per meg TH V, WEFIZEHIC BT % Zh o DfEIX 73 per
meg, 1.1 ppmv BL U 68 permeg THo7z, 2D Mo, =—AINAYTIE §(0,/Ny) D
ZHIZAL ORI DY, B TIRIEIZT T RTH, RE—EERD 0, 79 v 7 A2k > T
BlEfL eI Twb Zicixsd, £z, =—A4 WA Y TO APO ORAEIX, §(0,/N,)
CO, BEDOAME L D bAEH 1 7 HIFERL 2o T, EEHNZHEED &5 KEADIE
RO, 77 v 7 AlE, ZDIRIZF5HEEEYREENC XV, R BRSO R 7% BEH
WEoTHIEZIaNs L3N Twb (Garica and Keeling, 2001), 25 Ii2BEL,
=AWV AV EER TR EYNEEI ORE L e 5 7 una 7 4 V-A DIRK L e 5 REH
26 Bt Th Y (P, FAME), =—A4 VA VAEBEES X IRk e IC B VL TR
WOMEAR L 72 B 8 H FAITH 5728 (Reynolds et al, 2002), APO OfEki%% D
MR 7 AR NI b D EFEZ o b,

PUF CRBIEO BHIELENC DWW TR 25, = =4 VX 2B TEHEI S 1172 6(0,/N,)
& CO, BE OB I TIAR S FEL ZFN R oM, CO, BEDOHIEIK & WIRFIZ 6(0,
/Ny) DIFDENKE 5Tz, CO, DHEMERDOZENTIF ENSO A X > b & ORF# I
X BB LAEYIE D S D CO, MHEWRE SEEL T EFZ 6N TEY (Nakazawa et
al, 1993b, 1997b), TV =—= 3 »BF4 L 7z 2002-2003 F-X°, Southern Oscillation Index
(SOI) DEDE% 7R L7z 2004-2005 G2 THNIEESE S > T 2 EBGh D, %
Z T CO, B DRFEZACE ST ORI E) (RFEZRLET LA b LV > Fo7E) 2hiHiL,
Z OFHRANZEB T R TR FAEYIE D & O CO, I OZEINIC & 2 EIREL T, §(0,/Ny)
DEMAEE O FHANZEENC, B EEVBEN ENTZTEFSE L T2l REER 111
AT, Ba» S, 2002-2006 D = —F VA > TOH §(0,/Ny) OAHANESNIFE L Lk RE
VB ORZETELC TS I LRI NS, —77, BIECZB T2 §(0,/N,) & CO, i
EOBIMEDFEL LI IF=—F VAV TR XS R ExhuafBEBERE R
7, K11 25, BBAEMTO 6(0,/N,) ORIAZB OHIRZSN T3 2 ke HAEYIE O %
BINNS W EDRBEND, 2D LiE, BRI TS §(0,/N,) OBEINEDZH
2, TELTRE—WEEMD O, 77 v 7 ADEFHEAL TwWE I L E2RBLTWS,

KEHFD CO, 0, BL U APO DI, TNZENUTDLIICET I EMNTE S
(Manning and Keeling, 2006),

ACO,=F—0—B, (6)
AO=—ayF+azB+Z, (7)
AAPO=(—ap+ ag)F —az O+ Z. ®)

ZZT, FIHMEEBREREEIC X % CO, &, O & B 3z L ELAEYEC L %
IEBRD CO, RINETH 5., Z BIEMRIE L EYR > 7 DOFIRIC L 5 KA—VEFEER D O, 3H
& (IE%) 2L TEY, AW TIE Manning and Keeling (2006) & 6] UfE21KE L 72,
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11 =—A Ry (ER) LB (TR) 28w CEM S 7z §(0,/N,) OFRFEZELOFH
RIZSBIE S (RAR) &, Z DR E LT CO, ¥EDORFEZAOTHIRNZE B 532> & #EE L
7o, BEREVIEBEGUGE L 7eBE IR S 115 8(0,/N,) O ().
Fig. 11. Observed interannual variations in 6(0,/N,) (solid line) at Ny-Alesund and Syowa
Station, compared with the case in which only terrestrial biospheric activity contributes
to the variations (dashed line).

E 72 ap HUEREREEICHES O, & CO, DY (1.39) %, ap 1XBE RAEYREEICHS O,
L CO, DFBH(ILD) ZRL T2, =—F VA VBT 2 KB O §(0,/N,), CO,
WEB X U APO OFEHINE L, Z 12 —20.8 per meg/yr, 2.0l ppmvyr' & X
—10.5 permegyr~t TH O, BBAIFEHMIC BT 2 26 DOfHIX, Z1Z 4+ —21.1 per meg yr},
1.93 ppmv yr' BLU—109 permegyr! ThHho7z, TS =—4 )V A > L EFMERIZ BT
LEEME &, LA BREREE & £ L T Carbon Dioxide Information Analysis Center (CDIAC)
DOFfFHE (7272 UEEEHEAR & A Tua 7220 2005 SELIREOEIE, 2000-2004 4E O HAR Offiat
EAERRIME LR 26EAL, (0)~@) XA AW TRES -k LAEYIE B X I
£ % CO, WL (2001 4 1 H~2009 4 1 H £ TOFHIE) X, Thzi 1.1 B L0V 27GC
yrt Ele otz ARFFEIC X B HEMD D IE, Tohjima et al (2008) 12 & % 1998 47 H~2005
7 Ao DWW o, B EAYIE S L OMREIC L 2 CO, TINED RED D 0.5+£09 B
L U24+0.7GtCyr ! EFEENT—ELTW5S,

TR SR X 5 CO, BRI IX, 92 FAMOMERFEL LB RSN, € D%
BREIIE16GCyr? (10) THole, TORERIE, KRKEXE 7TV &2 A IfGHE
(Patra et al, 2005) %, WIEEERE T NMIC X VEFEINTW B 0.5 GtC yr! OZH)
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(McKinley et al, 2004) 1ZHARTAE Vv, McKinley et al. (2003) 1%, YGEE(EER - HiEk{L
FETNEHWT, ENSO A X b8 X OHERVEPEIRENC > T, KWBHERID 0, 77 v
7 AR N2 FEHIADOEE Zmd T & 2 L Tw 55, KRIEN T RK[EEER O, 7
Zv 7 A% —EEL T CO, BINEZFHFEL Twa 7z, WL 2 COo, BIENH,
DL, KEBREREFHERLI:EEZOND, £ I T, 3SFAPRBGOEERS 2HREL
7z APO OEIIE 2 F v % &, YD CO, BN DFL Z#)E 08 GtCyr (1 o) TH Y,
ERDEFT VS TFRISN TV BEEIFIZERA%E L %57,

4. Z—FNVA BT L —BILERIEE OFHEE)

— b2 (N,O) BMIRERLMATH 2 L L bz, REBEICBWTIEA Y B
Lo TWRIERICEELLGHETH S, MIHEOEZECHL T REABREETHHIBGR L L
THESN TV EH, RITFICEEDOBRICBEIL T, SHTR L EENBAS REES
ThrELTHEHZED T3 (Ravishankara er al, 2009). N,O O x5 AA&KRHEIZL,
RRIEEEL 2 2 RF BT 2 ERIRMER TH 253, EEFHC X 2E2RLEVORR
ANOHI B & CERUWEEOWEAY, TELHHEFICB T 2 BREHRER 2 LS ¥, N,0
B EBEME T2 L0 @RELH D, BHHERIIEMTH L, 207D, N,0 DR[HZE
B, ML, H2WIIRHES Lt OHHREOHE A TH 5. IE, R
ITTO N,O EFE DN BB HRD N,0 BNEE L BEE 2H->Twa 2 LS I
BoT&E, ZD:®, ZXRITTRKEIEE 7TV & N,O IBEBIHIE % w7z Gt & X 24
KB RHAEE 2175 LT, REERIED N,O BHEESID -2 FWIF RS LEEER L 2
Y 5 % (Hirsch et al, 2006; Huang et al,2008). %7-, dLFBEREBEHICBWT, K&T
N,O BE MR &L » b K E 2 FHAE 2R3 2 VRIS > TE/edd (Jiang er al,
2007; Liao et al, 2004; Nevison et al., 1995), Z#IZ2WT b ERERE N,O OFAIERI L
T3 LT BMEREN VL DOPRoNS, DX RBE»S, MBI IEY 5 =—
FNWA BT BREH N,O BEOBEIZIFFICERTH 2. KIS TILE T VEHE L ff
T N,O RELH), FICEHEEFCERH L TET 2175 7.

4.1. BAFELETIOBE

Z—F VA TS Wz KGNS, BT O CO,, CH, ST D#ICHEILA E 1%
5h, ECDFAzZua< 77 7%2BWT1IEkHCD & 1-4 B N,O REHEMTbh Tz
(Ishijima et al, 2007), HITERSEE X £0.3 ppby ThH 2. AMHTEEEIC L 2 N,O EEBHIIE
2001 4 10 H72» & BAfA & MIRAE kSR 7248, ARBFZETI3 2008 46 A £ TOREHEZ W
7.

KREH NLO JEFE 801213, CCSR/NIES/FRCGC AGCM (v5.7b) Z_— R & L7k
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ke 7V (Patra et al, 2009a, b; Takigawa et al, 1999) %\ 7z, KESHEEEIL T42
(77 2.8°x2.8°), $AEHICIE 67 8 (K1 0-80km) TH Y, FEEICKIT S N,0 B LU O,
BRI 2 MR - BRALEIEENHFR SN T» 2, HIZRD N,O ity 7 U 4 1& EDGAR 32
FT 2000 (Emission Database for Global Atmospheric Research 3.2 Fast Track 2000 dataset)
2 & B N AR (Olivier et al, 2005) 1 X O"HAR T (Potter et al, 1996) O RIFEIHL
H &, Nevison e al. (1995) 12 & % AR 7 — 2 2lAaGbE b2 H L 7.
T v ¥ 7IZid NCEP2 FHf#fi AR 7 — % (Kanamitsu et al, 2002) %7z,

42. HEREeEE

1212, 1991-2008 £ N,O REEIE L, T T VFHFEMEB L VENLSDNRA N7 4 v
M —7%RRT. RAMT 4w b —71F Nakazawa et al. (1997a) 2 X275 V7 4
W)y IFEERAVWTELN, ZOMIRINT WS X 51, BHEMEIC ITREE L
FHIZHHRC L S, €7 VEEME L WA, FHORFEENE L SHHEL w5, #
HIHARST F O EhNERZ, BB L O E T M2 D W T FNZ 1 0.64+0.24 ppby yr—1, 0.59 +
024 ppbvyr THY, LL—HLTWwW3, ZIT, BHMHEE €7 VEEMEOMHEBRE
0.923 LIEFICE WA, ZRENDMHEDNA N7 4 v b H—7 6 OfFzEDHEBfREZ 0.01
LIZIEYuThHS, I, ET D N,O EEOBBHBEIZ 7 —VIcB ) 2258 2
BTETuHEWI LS, BHEENZORE ERASRETHL I LICRRNT 5, —H, 7
TINT AN ) KD N FEIZBIR S OB & € 7V OMHBIRENE 0.56

323 ! ! ! ! !

*  Observation raw data }: {

322 —— Fitting curve for observation iy
~  Model output data
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Fig. 12.  Observed and modeled atmospheric N,O concentration at Ny-Alesund, also showing
best-fit curves. Error bars for observed data represent the standard deviation of repeated
measurements.
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THY, #7EMOBHIAR T OV AT IOV T 0.67 THhol, > T, &
Wk RIcBA L Tid, ZEEHL EORRIA 7 — VIO W TDAEERBRITTRE L % 2
5h5,

B 13 1%, BUAHMIC B0 2 VR EEHIAERS Th 5. BUHMEIZIZIE—EEE2 R T 12
H~5 A®7:0v oL, 8, 9 HO/IMEZFu0 & LIIREER T & e =55 s h, FE
HICHR A FHEH 2R T, E7 VT8, 9 HOB/MEIZIEFICRSHHL TWEY, Th
DA B & D LR 2258 2R3, 208, 9 AEOIEER/INIILE 50 BRI ArE 3
BEPEHICBWTHBICRON A THY, u—hNVERHEFERETIERL, LD KE
BAT—=NVDAH AL L TWwE EAHONS, ZhE TOBHD 2 WIZETIVEIE
WD L BFFES S (Jiang er al, 2007; Liang et al., 2009; Liao et al., 2004; Nevison ef al.,
2004), ZDOFERFERE LT, 8, 9 AICHKEBRIED N,O EIREE O KBS I FATITIC F5E
5 2L, WREBOEFRALIC & - THEH O N,O ki@t snsg 2 LE8F 2z o
5, ZhoOBEOMEEDO VD & LT, BEBEICE T % N,O O LFERIGHE 2 A s
WEEOE TVEIRRER O B 13 1R T, BRI N,O 2% L 72 WiGa 2 1 FFHIHRIE
DRPES DL, BHlS 7z 8, 9 HDEWELAAPHE IR W LN, K14
W2, =—ANA Y FPECBT 2 N,OREOSESMOFHEH 2T, ZOMTIE, HIC
BRE T BN 2 (KRS A5 B2 TR ARANGRE L, o ofkich i) THiEi
BOTHBUMERTED T X D12/ 25, L L, BHICHERMTICHE U235 & N,O 73,
IR TSN & 5 T EAANEX S U THIERMTEOEENFHR S 28058 b b %
7o, FERE LT EZELSEREEMEEL T XD IR 36 H 5. HHFEOZ
HZENC B L Tk R RHEE DL WD, — RIS ES ER T 2EcEELE S D
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Fig. 13.  Mean seasonal cycles of observed and modeled N,O concentrations at Ny-Alesund,

extracted by a digital-filtering technique. Also shown is the result of model calculations
without stratospheric chemical loss.
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N20O concentration (ppb)

14 ETANFHICLIVEONI=—F VA Y 2B T % N,O REEES D 2002-2004 4
DI 75 = H)
Fig. 14.  Model estimate of mean seasonal variations in the N,O vertical profile over Ny- A lesund
for the period 2002-2004.

BHABHENT 2 EE 2o Twb, —HT, PEEEZICEOTEEMEIC b A S 2t
RZVELETHHMELHYD, BHINS-6 HIrUTETVERLZEDDOEZRLTW
225 b, MEMCEY 2BHOMREEEIEETE 2w, L, Bl €7 VO
BEMENICHEZ 2, FlZE L TEXEHICBIT 5 N,O HEAE X D H 8720 1 B
bABROFHZL T % 9 2 Lm0 2 OIFEEIH Y, IFE»SBEICH T TOREE
ZELROWMAPLE OBEFL L £, KEMEI R HEL Twd EWnwz b, T/, REBHE
BE AN OEETREMRIEINNS S ol b wIFERL S b, JLPEERPE#RE L2
BT, KEBZERTAL X 2 EERERAD N,O JEEDZL, I B 5+ 53Ei
FRREZECS 2O ELETHL 2 LnfiEfllan s,

S, WRECZ CTRMAOHIE BT PE THEZ2ERL T 0, Zhick-> THk
REIRAE SN 2 EBEIEIN S, T ABHTICOWT b FAHESEIC O v TIEBIFH
THY, BHEEROFESEDERMR L b FBRBICAN TR LED 5 TFTETH 5.

5. BERIEHNC BT 5 —RLKFRRE DL H)

—B(LRTE (CO) BARTOLEKERRIC B W CEELRE2H SR TH S, T4
bbb, XV UHIERYE & U CHREA VY OERRICEET 2 LR, KRROBEAIT
HBHOHTZYHNVERDELRIEL, CH, 212 U0 & T 2D KR LARE D H IR I
HERRIZT. K&H CO OFE AR AMENEEC X 2, N1 A4~ ABBEIC &
B, A5 Y RUIEX 5 v RIEAKFEOBILIC L 2 ERENZET 5N, —H, HRFEIXIE
EAEBOH IV A ML 3L TH S, CODXMRBE SR TORREmIZFEHTIHH
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LRELOSNTHEY, FERETHOB A 7 — L & D bEW2012, FEER e dbEEkTIx
EENORMHBE L > T b, JEEERTIR AR 2R EL S  FHIZBH OIRIELSK E VLD
WXL, FREERIZHIFRD © ORMHIREE L D b KRKFCTOER « HEPIKE L FE5T 20
2, FEZEOIREIZ/NE v (B 2.1F Langenfelds et al, 2002; Novelli et al., 2003; Yashiro
et al,2009), %7z, FAFEERCIXBABZBRERIND 2 WITRRFRAEA 2 R S 1Lk w» )
INTWw3,

FERIEHN Tl CO,, CH, OFEFBIHIEITL TfTb T &7z (Aoki er al, 1992; Mori-
moto et al, 2003; Nakazawa et al, 1991; Tanaka et al, 1987)., COWZDWTH T T T~
7Y v ZHRIC L B CO OB 1989 £4£2 H X 0 Bllh S iz 3, FEAIE:H T 0 KK
B & AARENTOST £ TICHRAT 14 7 A OREHEDH 0, 2 ORI EESBNT
0-100% JEEHEIML TL Z 5 LS f#EIZ TWwie, ZhERE 2, 2000 4 3 H X D IF
FIELH T OEE B SBHIG S 172 (Morimoto et al., 2002).

K TIE, 5o n7BHIRR & 2RIEF 5T 7 v CHASER % w7z CORE v
S 2V —¥a ¥ (Yashiro, 2007) & QHEFERSE L 2 DOEFIC OV THET 5.

51. BAFE

HARIEHIC B 1T % CO Bl A 7 4 DFEMIZ Morimoto er al. (2002) IZFEL < RSN
TWb®, ZIZTEFOHMBEIZOWTIERRS, BHEERZS A7 a< N T 7, AN
R 2 ZE, CO PEEFERE S 2, 5 X VY A7 Al 7 — 5 ISR SR SN TE Y,
VAT AEROBEREEIX 0.5 ppby E RFEEb 5N T w5,

RLARHIBIR S A 7 A OFRRE S N BURIBLE D 30 m 7z, & 8 m D2
BOA RO DIAEN, FAVY T TLARY ZICE > TMESNTH ANY R Y > 7 ERIcE
AsNd, BASNTRGHENE, WHCHES NIV VA4 FAVTO—DI¥En - T
BY, OV TE 3HEEOEHRES ANEEINT WD, IOV T Z2YID%Z 5
ZEWCEST, REFEHEIIIMEET AT EN A7 u~ 77 7~NHEAT S, K
KB DAL, A 70~ 7T 7 DERT—60°C IBHIS LIz M7 v I ThRES
, FRFICKSEE CEES A IFRE TSNS, F¥A7u~x 77 7ELT, Bib
KRR TR I #R % fi§ 2 7z Trace Analytical #:340) RGA3 27z, RGA3 i, H o U
OENTCORELIREL, BEDOLEM MR L IBES R 2K EHNT, 40 31C—F
(2007 F-% T), Fizid 2 WFfEIc—pE (2008 4ELIRE) HEIRICIKIES 15,

BT — 5 ORMICh 1 2 —BW 2R T 27: 012, COEBEDIAE L 7o 2847 2 1%
R, BR, fEERALCH T IV =50 Sh, BN TRENERE %2 EHRNIZTS
ETEERT —NVOREFEE bV —HEY T 4 —DERZIT> T 5, —KEHES A 1% 2000
2 2007 I BLE S 4, ZRIEEHES X B A LT BE W ORI HERZERBPIN T8 L ¢
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B0, R AW — L OREATER S 1Lre, WA CH T 2 (E4 e 7 2
i, BT 2 L RN S, BRI BT RN 2 7 X E PR R
2% Fl oI RESMTD N, BEIE | 5 ARIEE ORI % 51V T 45 [fTb R, WEO%
EHIC OO CEIE R 1T 7. & &I FlD & bR e bRE£TT, BIIRE, 72
W RS S ) ¥ 7 — DA AP DV TREEE T - o, B0 D B OBEZILIE 5 5
At | ppby INTH - 25, A & RIBELLATD 5 NI B, EH% CO WEOR
B L C AR BN 77 2 e ORIE %77 > 7z

52. HEREEE

BAFOEH COEFEEIIC X - T, 2000 4% 3 H~2008 4 12 H & COMic 8 L% 21 57
THO COBET—snFonlk., BohlkT —F»o3EE N7 7VEIC X 55 EHE,
RIBMEDSELD B Tw b, il LT, 2004 41 A 1 H~12 A 31 HIcB#l & 7z CO 3
O 1B EEEE R 15 10RY., ZOM» 5, | E2BLTEHEE COBLIFLIFEIsh
2GS, I, BRI THEASNA TV LYY U RPRBREROPERICEENS
CO WCEEHN T 2% L F 2 51, FIROEAIAZHEIE CO, OEFBIHIKI R (Nakazawa et al,
1991; Tanaka er al, 1987) 1Zb Ao 2 hs, EHHim S OHES/NE W CH, TIRHEH S
T (Aoki et al, 1992), 20 X 5 HFEHIEENCFHED 0 — 2 NV RGROFEZED
Br< 7z, 1 HOWVPEEZRD 2Bz, FE & 0 EEREZO 2 520 EEin -z kR L,
B 70 HSEEME, 1 BRERSEE 2 R L., 20 & 512 L TH S e BRI E OFHE Rz
DHJE I 0.5 ppby ThH - 7z,

X 16 12, 2000 43 H~2008 £ 12 A COHYH COEE L, 7YINVT 4 V8 —%H
Wlheh—77 4 v T 4 > 7%k (Nakazawa et al., 1997a) ##AE L CHEL- 74 v T 4 >~

_.
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Fig. 15. Hourly mean CO concentrations observed at Syowa Station for the period January-
December 2004.
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Fig. 16. Daily mean CO concentrations at Syowa Station. Also shown are the best-fit curve for
the data (solid line), the long-term trend (dotted line) and the rate of increase (thin
line), respectively.

SEMEINT-HYHMETH S, ZOR» S, BHIEHICE T 2 CO RE AR 5 ZHiZ2H)
RS TREZH L TW 5B 2 X905,

9, COBBORELHICERT 5. M16 0513, COBEEIIRES RELEH 2>
THBEL TWE 295, 0L RE#HE, BEFEORKNECHE LG 2 5 ¥k
BEBTONA &~ ARBEROELZ DE, F72, KKOEEREGOEL OEHIcKiI S
Twa s s, BRI BT CO X 9 FERTT 1-2 ppby FEEERA L Tz
D, ERXEFRZNI VXM TH 272012, 0L 5 RFEERDBSH LI BERE
HWTH5ERFEVTINEV, EEBBIZE T2 COBENE, Bxoftiz, 7 XY 7 KKAHEHE
JT (NOAA/GMD: National Oceanic & Atmospheric Administration, Global Monitoring
Division) 2SHEFIEH, /L~ —FHl, L —~ o HHh, BEfREEMSE TS Ty ) v
THIZE 5 TIT> T3 (Novelli et al, 2003), HAFIEEMTO NOAA 12 X 2 BUHlFEE %
TR DWER LI LIz 25, BX% 3ppbv DRMIURENR SN2, THIZTTHEORER
MWEZDPEERAr — NV BHEHEIILTWE I L, 777907 > 7k e BT oS
H WS BRHIFEOECDFERTH 2 LHE SN S, CO BEEDOFEFHHEIZ DWW T, Rk
2B 5 NOAA OBUALG & O % A 7 K58, IEAIEHM T o 2001-2005 F £ TOFH)
REEDY 53.620.8 ppbv TH o 7o DIZHF L, B, 2V~ —FHMl, "L —_ A B TIEZh
Z1 48.5+1.3,49.7+1.7, 50.1+ 1.6 ppbv TH VH, LD RFM 2= E2HET 2 LIERICHE
—H7 3.

Rz, COREDFEHZIC DOV TF L ATWwL 2 Eicd %, CO EEOMmALEIZ 9-10
H, f/MEIX 2-3 Hic/Ron, PR RREHZBIR S 2 53K & M7 RIE (peak-to-peak)
1% 23.8 ppbv TH o7z, NOAA I &k 2 ORI OB S TCOBPFERICOWT Y, ZEH
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ZEOAIAE & IRIE IXIEAIEENC B 10 2 BIHH R L UL Tw b, $hbb, &K - /ME
1A BRI & BRI L, 20— 7 HHRIE S B X % 25-28 ppbv D& TH >
7o, T, FEEEREREENO CO WM 2 — kS 2 R 5 D OFHIEHE L T 5
ZEeRRBLTWS, ZORHEIE, BRIk ERER TR SN S X 5 %, #HTE
5 DQEHIR, TRONA & < ARBED L E 22 T 1A « BT IE—RR e A EH) &
BRESEE > TS,

CHASER IC L % COMEEDY I 2V —y 3 i, BUHIX NI COMEEDRHZEI%E &
SCEBLL, 2 74 & v =Y —DFikEHWT, CO BELEHINT 2 ZRETHEO A5 %
VIav—va UERDSHEBNCHEE LTz, Z OFER, COBEOm/NATH 2mMIFERODE
W2iE, BUAISNIZEEDB X% 80% 5 CH, B X UJEA Y » RALAZEOBALIC & 5 45k %
BIFEELTBY, BOIEEM7AVA, @7 7V4, A—ANZV7, BET7TIT7H6DA
BFCPE R NS &~ ZIRBEDFETH B Z LB IR 5Tz, —H, BICREHENAER
P2 B LRIERIZ, BEBIC DI 2T AV A, BT 7V A TONA 4~ ARBEEDSHER L,
MY EEEEO CORBELZEMIETWI I L g o,

B4 16 TiZ, 2003 £ 2-3 Az T ZIREDO S E O R 6N, BERE T~V >~
BT 7 ) A CHEER Z /MO — 7 3R> TEB Y, M CO B
EERBEME 2 XD RBRBEI 5 ERRBLTWS, ZORHICEA—A NIV T
B CRBE R REF K SEDHEZ 5 TE D, DR130 H~Z ¥ — VOB KKI & > T
KLz s anTns (Esplin et al, 2003), ET V¥ S abv—yaricBwiy
2003 £ 2-3 HOWEMARIHHIN, Y7 b=V —Ric k> TZOERDIFEA L
WA —ANTVTHREKEDPSDFEHE> THELNTWE Z LRSI, A—A b
70 7 TOREMEZKINF 2007 4£2 Bz v FEEL T h, BEIS7{EICIE 2003 FI1F L
BT 20D, BIEXD DR REBEOHINE — 27 BZFRHANICEHATW S, ZOoDHE
FESEIA > b OFEWIE, KEFAERH & BEOFENTZ T T {, RRUERSDFL D#E
WSIARIEH T OBEE KOO HICKE b TWwa 70 Ths LHES NS,

TN, lH~HRA 77— v COBEEDEFIZOWTEHERHT S, K 1712, FHU 2004 4
1 A1 H~12 A31 H TOBARERERT. ThZNOMIITERLSIROBERID Rz
| FEEMETH Y, Z ORIz W T 1R =D EOBBEIED B - 72356 O FH1E
DOIEEHEFZE L, T 0.2 ppby, AT 1.6 ppby TH -7z, TOR» S, BHEIX L7z CO I
B I FEAENCEE S 2B HAAONHA R ZEEF N R 6N b 2 g s, NHERIZH
FEIOA2 BT TEHETH Y, IKIEIZ 1-2ppbv BETH 5. 20 & 5 5B HEAHOZH)
IIIBEFIZETO CO, WEICHRENTHY, ZOKD CO, WERE T FURFEZE & &
FRERARICH 57 2 v o, MBIFBEOBRCHS [SHORRIc > T[ERI ST
% Z LRI N TV S (Nakazawa ef al., 1991), Bl X 7 CO EEDRZEIL, =D CO,
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Fig. 17. Hourly mean CO concentrations observed at Syowa Station for the period January-
December 2004.
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TRz & AHBEBIRICH 2 2 E B S NI 5Tz, 2D 2 EiE, CO IEEDOTHAIZLL CO,
BEAZHEFECERICL > TSI SN TWE I E2RBL TWw5S, CO, DZEIIIFEA
HHh D EREE I TS L ERERT IV EV WS BEHROARICEE#EL T D,
COWDWTIEINEHDEENR, T2bbEAMEMETIZOH 7 Y20z k 3 CO W
DHEATZ LD CO BPEDERWZESIL, EHEERITIE NS 4 v ARBER A Y >, FEX T R
LABDOERDOFELZ T COBEDBVZESHAIME L Tn5 2 Lh, BHAT—v
OEENCEG L Cnwd eFzond, LERERLCET VY S a2V —y 3 YORERIE, HF
BT Z7 Y YBXURET 7Y 285 5 OFMAKSKIHES CO M EFIEM I F)E 5
ZEETERLTBY, £, N AARBEDSERTHEVEFICBWTY, & CORED
SULERIEHNIC R T 2R 2R L., BEEOR COREORIIZ, Fic7r =Y i
BWT, AV TV Ty O kS BREYREIRO RIKEEERE E L Twe,

CO BEDHEH ZF5 720, 2004 F0 | FFEEICNLTHTYINVT 4 vy —%
Wieh =77 4y T 4 v 7EER#EAL, HE#KS EREAEL D ROEEKSS 2O L
THIH 21T o 72, K 1812, 2004 2 B 2 H & & Oy s HABIE S 2R3, HEAH)
A AT, H2EBOIFICHANTNS S RHEBTH D, %< OFHTHITKE £t
WML TEETREVEH SN EH, BCOVWTREELZHEENR >N 3, CO BRI
FRERFZN R, HEEREZNCER/MER & D, ©— 7 BRIBIIRAE %% 11 HTEB X% 07
ppbv FREThH -7z, ZHIFHEMEIC B TBOHDOH X Y HE E TOM, HEROHZE
bR E L %0, LFER - IHEEOZPRKRLEREDZ %@L T COREDE
eI LR Th S tHZEsns, —75, BR»SBOHOAY £ TORHIZD
WX, BB | HEPOZFIIR S g, HA (1997) 1, FEREMTOL Y VEE
DHEFBI S S, 9-10 FIZ 1 TRENCRAME, FRICR/MEE & 5 & 5 5 HEFHOFE
ERELTED, $LEFOALHNRONIZFERNE LT, +V Y R—VicRESN DL
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Fig. 18. Mean diurnal variations in CO concentrations at Syowa Station for the period January
-December 2004.

[EEA Y > B ORI TN BT 2 IR 28O L, MMEFERIGEREL Tnws 2
LRl Tw5,

SHOLERBEOBEZME T 2 2 LIk D, COBELFOY 7 F N 23R Z, £D
BREBHSIZT 2 2 ENHIKRD SN,

6. MHHRIEHIC B 28 4 VREOLH)

PRI B 2 E 4 Y B OBNX, WMO/GAW (World Meteorological Organi-
zation, Global Atmosphere Watch) §° NOAA/GMD 7 £ D 7 a —\)V BRI O—3R &
L ChitE &, BEDMKS: SN T3 (Oltmans and Komhyr, 1986; Oltmans et al., 1998) .
IARIEENIC 5 0 2 BUAN BT L D 1988 £E 1 A SBftash (B, 1997), w7~ —
REH CRE), 7AYo ay MadE CRE), ) —HH GEE), /A4~ v —
it (N A ), i (770 %) o0, FElAEICB T2 HEE 2RSS
EixoTWn5,

FEBHAC BT 56 X2 10 FEOEGEBEORR L LT, 1990 FARTE I i3 dbEk
B B T A 8EEA] (Logan, 1985; Oltmans and Komhyr, 1986; Voltz and Kley, 1988),
P 36 1 2 A BRI O W REME AT R S L C w7z (Fishman et al, 1979; Oltmans and
Levy I1, 1994; Schnell e al, 1991), L L&WN 5, ZD# 2005 FE TOFBRICEI<AE
WLV E 2 =i L0, —XREVRSHT2 S 338 - B & b cEBERERIZRWZEn
TWw\wy (Helming et al., 2007),

KRG T, BEREIC B W TE S mE 21 FEH O EA4 YV v REOZEBIC O W T
T3,
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6.1. BAHE

BAFIEEHIZ 38 1) 2 B4 V) ol B R O RIEE AR (1997) LEEBECH D, A
IV ENZ S A vy 2 #8LD Model 1006-AHJ, Model 1007-AHJ, Model 1100-AHJ T5
D, ZNZNOMEAMIIZZNEN 1988 4£2 H~1995 4 1 H, 1995 42 H~1998 4£ 1 H,
1998 4E 1 ALIECTH 2, WRIFEMCHERT 24V Vatid, ENCEREMTeA b U < i3t
DHEHRE S AT L&D, FHIAAFIOKIES X R 57D BROME % Ehi L 7z (FAK,
1997). BERIEHNC B 2 4V VEFORESANE, 1988 42 H~2004 4F 1 H & TIXBIHIBE,
2004 42 ALIBIXEHRSBIMIETH 5 (REIZ, 20006).,

6.2. BAIHR

FEFIESC 38 1) 23 B4V IRE ORFZAL, FEIZML, FHHAHAIZEE) . & % E =i
IR 2728, 198842 A~2008 F 1 HE TOF VYV VIRED HFEHEICTH L T7 4 v
74 v 7R 2 E L (Nakazawa et al, 1997a), B 1910k L7z, 7 —F D 2.6% 13H%
B|NTTNVE, BH LEOBEEL SOV, BOOT =Y 2HAVWCEHELL 74 v T 4
> 7R, bRy, FBEIRCESY, TGRS TR S 5, BREE
LES DS E & L THE & N 2 8801, %K 10 ppbv yr=t, f/N—10 ppbv yr=! O HipH
TRELEH L, BHBARIC B W TR - BAERIZR L Ty, £, FHiE
1LOIRIF X, 15.6 ppbv~18.9 ppbv DI TZ L TH Y, RAER LB - WAMEM I3 R 72
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19 HFRIEHNC B 2 HVEHH B A Y B, &5 HEYME, EHEEEEC T 5
T4 v T 4 TR X OREZIERSTH B,

Fig. 19. Daily mean ozone concentrations at Syowa Station. Solid lines represent the best-fit

curve to the daily mean values and the secular trend of ozone concentration, respective-

Iy.
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SNz,

B4 ERE OFIAAHRIZ B L TR b EROTRE RS> TW S DI, #ikAY
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Fig. 20. Difference between daily mean ozone concentrations and the best-fit curve.
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Table 1. Monthly number of O:zone depletion events at Syowa Station.

H 5 H 6 H TH 8 H 9H 10H 11H
ODE:s %X 2 1 5 14 10 7 3

7. ¥ & ®
1984 I HFFIEEHIIC B W TREH CO, IR O BTN F LA X LT LSk, TERETRIE
HoEFE s N, BETE, HHElB L P=—F VA VicB W, EEORERLAAS
L U2 OBIESIRIZIZ T R T OERBERRIIBHIS G ER S L Tw S, Zh5REZR
Sk 2 OBESHEORIAEF #BEHR L, ZOEEFERK &K% - BEAL L OB
2HREBL 012, S EREERM 2k T 2 LEND 5,

E I
ARIEHINC BT CO, JEEE, CH, JEEE, CO LA, #i b Y o Y s S E O feEs
RGBT S I1TE 7258 24-50 REBGERACBCE ORI L & D B#fwz LR 7.

X &

HAREE (1997): IBFIEMB L TL 6| M i 2 4 YV BE ORI, FEfEEk,
41, 231-247,

Aoki, S., Nakazawa, T., Murayama, S. and Kawaguchi, S. (1992): Measurements of atmospheric
methane at Japanese Antarctic Station, Syowa. Tellus, 44B, 273-281.

Bacastow, R.B. and Keeling, C.D. (1981): Atmospheric CO, and the southern oscillation: effects
associated with recent El Nifio events. WMO/ICSU/UNEP Scientific Conference on Analysis
and Interpretation of Atmospheric CO, data, (Bern, 14-18 September 1981). Geneva, WMO,
109-112 (World Climate Programme ; 14).

Barrie, L.A., Bottenheim, J.W., Schnell, R.C., Crutzen, P.J. and Rasmussen, R.A. (1988): Ozone
destruction and photochemical reactions at polar sunrise in the lower Arctic atmosphere.
Nature, 334, 138-141.

Bender, M.L., Ho, D.T., Hendricks, M.B., Mika, R., Battle, M.O., Tans, P.P., Conway, T.J.,,
Sturtevant, B. and Cassar, N. (2005): Atmospheric O,/N, changes, 1993-2002: implications for
the partitioning of fossil fuel CO, sequestration. Global Biogeochem. Cy., 19, GB4017, doi:
10.1029/2004GB002410.

Bergamaschi, P., Braunlich, M., Marik, T. and Brenninkmeijer, C.A.M. (2000): Measurements of the
carbon and hydrogen isotopes of atmospheric methane at Izafia, Tenerife: seasonal cycles and
synoptic-scale variations. J. Geophys. Res., 105 (D11), 14531-14546.

Blake, D.R. and Rowland, F.S. (1986): World-wide increase in tropospheric methane, 1978-1983. J.
Atmos. Chem., 4, 43-62.

Bottenheim, J.W., Gallant, A.G. and Brice, K.A. (1986): Measurements of NO, species and O; at
82°N latitude. Geophys. Res. Lett., 13, 113-116.

Bousquet, P., Ciais, P., Miller, J.B., Dlugokencky, E.J., Hauglustaine, D.A., Prigent, C., Van der
Werf, G.R., Peylin, P., Brunke, E.-G., Carouge, C., Langenfelds, R.L., Lathigre, J., Papa, F.,
Ramonet, M., Schmidt, M., Steele, L.P., Tyler, S.C. and White, J. (2006): Contribution of
anthropogenic and natural sources to atmospheric methane variability. Nature, 443, 439-443.



RS 36 1 5 IR =R SA & B R O L) 405

Ciais, P., Reichstein, M., Viovy, N., Granier, A., Ogée, J., Allard, V., Aubinet, M., Buchmann, N.,
Bernhofer, C., Carrara, A., Chevallier, F., De Noblet, N., Friend, A.D., Friendingstein, P.,
Griinwald, T., Heinesch, B., Keronen, P., Knohl, A., Krinner, G., Loustau, D., Manca, G.,
Matteucci, G., Miglietta, F., Ourcival, J.M., Papale, D., Pilegaard, K., Rambal, S., Seufert, G.,
Soussana, J.F., Sanz, M.J., Schulze, E.D., Vesala, T. and Valentini, R. (2005): Europe-wide
reduction in primary productivity caused by the heat and drought in 2003. Nature, 437, 529-
533.

Dlugokencky, E.J., Bruhwiler, L., White, JJW.C., Emmons, L.K., Novelli, P.C., Montzka, S.A.,
Masarie, K.A., Lang, P.M., Crotwell, A.M., Miller, J.B. and Gatti, L.V. (2009): Observational
constraints on recent increases in the atmospheric CH, burden. Geophys. Res. Lett., 36, L18803,
doi:10.1029/2009GL039780.

Esplin, B. et al (2003): Report of the inquiry into the 2002-2003: Victorian bushfires. (online),
<http://www.dpc.vic.gov.au>.

Etheridge, D.M., Steele, L.P., Francey, R.J. and Langenfelds, R.L. (1998): Atmospheric methane
between 1000 A.D. and present; evidence of anthropogenic emissions and climatic variability.
J. Geophys. Res., 103 (D13), 15979-15993.

Fishman, J., Ramanthan, V., Crutzen, P.J. and Liu, S.C. (1979): Tropospheric ozone and climate.
Nature, 282, 818-820.

Garica, H.E. and Keeling, R.F. (2001): On the global oxygen anomaly and air-sea flux. J. Geophys.
Res.-Oceans, 106 (C12), 31155-31166.

GLOBALVIEW-CO, (2010): Cooperative Atmospheric Data Integration Project-carbon dioxide
(CD-ROM) [also available on internet via anonymous FTP to ftp.cmdl.noaa.gov, Path:ccg/co2
/GLOBALVIEW].

Helming, D., Oltmans, S.J., Carlson, D., Lamarque, J.-F., Jones, A., Labuschange, C., Anlauf, K.
and Hayden, K. (2007): A review of surface ozone in the polar regions. Atmos. Environ., 41,
S5138-5161.

Hirsch, A.1., Michalak, A.M., Bruhwiler, L.M., Peters, W., Dlugokencky, E.J. and Tans, P.P. (2006):
Inverse modeling estimates of the global nitrous oxide surface flux from 1998-2001. Global
Biogeochem. Cy., 20, GB1008, doi:10.1029/2004GB002443.

Houghton, R.A. (2003): Revised estimates of the annual net flux of carbon to the atmosphere from
changes in land use and land management 1850-2000. Tellus, 55B, 378-390.

Huang, J., Golombeck, A., Prinn, R., Weiss, R., Fraser, P., Simmonds, P., Dlugokencky, E.J., Hall,
B., Elkins, J., Steele, P., Langenfelds, R., Krummel, P., Dutton, G. and Porter, L. (2008):
Estimation of regional emissions of nitrous oxide from 1997 to 2005 using multinetwork
measurements, a chemical transport model, and an inverse method. J. Geophys. Res., 113,
D17313, doi:10.1029/2007JD009381.

IPCC (2007): Climate change 2007: the physical science basis: contribution of Working Group I to
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, ed. by S.
Solomon, et al. Cambridge, Cambridge University Press. 996 p.

Ishidoya, S., Aoki, S. and Nakazawa, T. (2003): High precision measurements of the atmospheric
0,/N, ratio on a mass spectrometer. J. Meteorol. Soc. Jpn., 81, 127-140.

Ishijima, K., Sugawara, S., Kawamura, K., Hashida, G., Morimoto, S., Murayama, S., Aoki, S. and
Nakazawa, T. (2007): Temporal variations of the atmospheric nitrous oxide concentration and
its §**N and §'#0 for the latter half of the 20th century reconstructed from firn air analyses. J.
Geophys. Res., 112, D3305, doi:10.1029/2006JD007208.

Jiang, X., Ku, W.L., Shia, R.L., Li, Q., Elkins, J.W., Prinn, R.G. and Yung, Y.L. (2007): Seasonal
cycle of N,O:analysis of data. Global Biogeochem. Cy., 21, GB1006, doi:10.1029/2006
GB002691.

Jones, A.E., Anderson, P.S., Begoin, M., Brough, N., Hutterli, M.A., Marshall, G.J., Richter, A,
Roscoe, H.K. and Wolff, E.W. (2009): BrO, blizzards, and drivers of polar tropospheric ozone
depletion events. Atmos. Chem. Phys., 9, 4639-4652.

Kanamitsu, M., Ebisuzaki, W., Woolien, J., Yang, S.-K., Hnilo, J.J., Fiorino, M. and Potter, G.L.



406 BRAEA D

(2002): NCEP-DOE AMIP-II reanalysis (R-2). B. Am. Meteorol. Soc., 83, 1631-1643.

Keeling, C.D., Bacastow, R.B., Bainbridge, A.E., Ekdahl, C.A., Guenther, P.R., Waterman, L.S. and
Chin, J.F.S. (1976): Atmospheric carbon dioxide variations at Mauna Loa Observatory,
Hawaii. Tellus, 28, 538-551.

Keeling, C.D., Wholf, T.P., Wahlen, M. and van der Plicht, J. (1995): Interannual extremes in the
rate of rise of atmospheric carbon dioxide since 1980. Nature, 375, 666-670.

Keeling, R.F. (1988): Development of an interferometric oxygen analyzer for precise measurement
of the atmospheric O, mole fraction. Cambridge, Harvard University, Ph. D. thesis.

Keeling, R.F. and Shertz, S.R. (1992): Seasonal and interannual variations in atmospheric oxygen
and implications for the global carbon cycle. Nature, 358, 723-727.

Keppler, F., Hamilton, J.T.G., Brag, M. and Rockmann, T. (2006): Methane emissions from
terrestrial plants under aerobic conditions. Nature, 439, 187-191, doi:10.1038/nature04420.

Kirschbaum, M.U.F., Bruhn, D., Etheridge, D.M., Evans, J.R., Farquhar, G.D., Gifford, R.M., Paul,
K.I. and Winters, A.J. (2006): A comment on the quantitative significance of aerobic methane
release by plants. Funct. Plant Biol., 33, 521-530.

Langenfelds, R.L., Francey, R.J., Pak, B.C., Steele, L.P., Lloyd, J., Trudinger, C.M. and Allison, C.
E. (2002): Interannual growth rate variations of atmospheric CO, and its §'*C, H,, CH, and
CO between 1992 and 1999 linked to biomass burning. Global Biogeochem. Cy., 16, doi:
10.1029/2001GB001466.

Lassey, K.R., Lowe, D.C. and Manning, M.R. (2000): The trend in atmospheric methane §**C and
implications for isotopic constraints on the global methane budget. Global Biogeochem. Cy.,
14, 41-49.

Lelieveld, J., Crutzen, P.J. and Dentener, F.J. (1998): Changing concentration, lifetime and climate
forcing of atmospheric methane. Tellus, 50B, 128-150.

Liang, Q., Douglass, A.R., Duncan, B.N., Stolaski, R.S. and Witte, J.C. (2009): The governing
processes and timescales of stratosphere-to-troposphere transport and its contribution to ozone
in the Arctic troposphere. Atmos. Chem. Phys., 9, 3011-3025.

Liao, T., Camp, C.D. and Yung, Y.L. (2004): The seasonal cycle of N,O. Geophys. Res. Lett., 31,
L17108, doi:10.1029/2004GL020345.

Logan, J.A. (1985): Tropospheric ozone: seasonal behavior, trends, and anthropogenic influence. J.
Geophys. Res., 90 (D6), 10463-10482.

Manning, A.C. and Keeling, R.F. (2006): Global oceanic and land biotic carbon sinks from the
Scripps atmospheric oxygen flask sampling network. Tellus, 58B, 95-116.

Mastepanov, M., Sigsgaard, C., Dlugokencky, E.J., Houweling, S., Strom, L., Tamstorf, M.P. and
Christensen, T.R. (2008): Large tundra methane burst during onset of freezing. Nature, 456, 628
-630.

McKinley, G.A., Follows, M.J., Marshall, J. and Fan, S.-M. (2003): Interannual variability of
air-sea O, fluxes and the determination of CO, sinks using atmospheric O,/N,. Geophys. Res.
Lett., 30, 1101, doi:10.1029/2002GL016044.

McKinley, G.A., Follows, M.J. and Marshall, J. (2004): Mechanisms of air-sea CO, flux variability
in the equatorial Pacific and the North Atlantic. Global Biogeochem. Cy., 18, GB2011, doi:
10.1029/2003GB002179.

Morimoto, S., Aoki, S. and Yamanouchi, T. (2001): Temporal variations of atmospheric CO,
concentration and carbon isotope ratio in Ny-z&lesund, Svalbard. Mem. Natl Inst. Polar Res.,
Spec. Issue, 54, 71-79.

Morimoto, S., Wada, M., Sugawara, S., Aoki, S., Nakazawa, T. and Yamanouchi, T. (2002): In-situ
measurements of the atmospheric CO concentration at Syowa Station, Antarctica. Polar
Meteorol. Glaciol., 16, 95-105.

Morimoto, S., Nakazawa, T., Aoki, S., Hashida, G. and Yamanouchi, T. (2003): Concentration
variations of atmospheric CO, observed at Syowa Station, Antarctica from 1984 to 2000.
Tellus, 55B, 170-177.

Morimoto, S., Aoki, S., Nakazawa, T. and Yamanouchi, T. (2006): Temporal variations of the



RIS 36 1 % IR IR SA & B A O L) 407

carbon isotopic ratio of atmospheric methane observed at Ny- A lesund, Svalbard from 1996 to
2004. Geophys. Res. Lett., 33, L01807, doi:10.1029/2005GL024648.

Morimoto, S., Aoki, S. and Nakazawa, T. (2009): High precision measurements of carbon isotopic
ratio of atmospheric methane using a continuous flow mass spectrometer. Nankyoku shiryd
(Antarct. Rec.), 53, 1-8.

Nakazawa, T., Aoki, S., Murayama, S., Fukabori, M., Yamanouchi, T., Murayama, H., Shiobara,
M., Hashida, G., Kawaguchi, S. and Tanaka, M. (1991): The concentration of atmospheric
carbon dioxide at the Japanese Antarctic Station, Syowa. Tellus, 43B, 126-135.

Nakazawa, T., Machida, T., Tanaka, M., Fujii, Y., Aoki, S. and Watanabe, O. (1993a): Differences
of the atmospheric CH, concentration between the Arctic and Antarctic regions in pre-
industrial/pre-agricultural era. Geophys. Res. Lett., 20, 943-946.

Nakazawa, T., Morimoto, S., Aoki, S. and Tanaka, M. (1993b): Time and space variations of the
carbon isotopic ratio of tropospheric carbon dioxide over Japan. Tellus, 45B, 258-274.
Nakazawa, T., Ishizawa, M., Higuchi, K. and Trivett, N.B.A. (1997a): Two curve fitting methods

applied to CO, flask data. Environmetrics, 8, 197-218.

Nakazawa, T., Morimoto, S., Aoki, S. and Tanaka, M. (1997b): Temporal and spatial variations of
the carbon isotopic ratio of atmospheric carbon dioxide in the western Pacific region. J.
Geophys. Res., 102 (D1), 1271-1285.

Nevison, C.D., Weiss, R.F. and Erikson III, D.J. (1995): Global oceanic emissions of nitrous oxide.
J. Geophys. Res., 100 (C8), 15809-15820.

Nevison, C.D., Kinnison, D.E. and Weiss, R.F. (2004): Stratospheric influences on the tropospheric
seasonal cycles of nitrous oxide and chlorofluorocarbons. Geophys. Res. Lett., 31, L20103, doi:
10.1029/2004GL020398.

Novelli, P.C., Masarie, K.A., Lang, P.M., Hall, B.D., Myers, R.C. and Elkins, J.W. (2003):
Reanalysis of tropospheric CO trends: effects of the 1997-1998 wildfires. J. Geophys. Res., 108
(D15), 4464, doi:10.1029/2002JD003031.

Olivier, J.G.J., van Aardenne, J.A., Dentener, F., Ganzeveld, L. and Peters, J.A.H.W. (2005): Recent
trends in global greenhouse gas emissions: regional trends and spatial distribution of key
sources. Non-CO, Greenhouse Gases (NCGG-4): science, control, policy and implemention:
proceedings of the Fourth International Symposium on Non-CO, greenhouse gases, NCG4,
coodinated by A. van Amstel. Utrecht, the Netherlands, July 4-6, 2005. Rotterdam, Millpress,
325-330 (CD-ROM).

Oltmans, S.J. and Komhyr W.D. (1986): Surface ozone distributions and variations from 1973-1984
measurements at NOAA geophysical monitoring for climate change baseline observatories. J.
Geophys. Res., 91 (D4), 5229-5236.

Oltmans, S.J. and Levy I, H. (1994): Surface ozone measurements from a global network. Atmos.
Environ. A-Gen. 28, 9-24.

Oltmans, S.J., Lefohn, A.S., Scheel, H.E., Harris, J.M., Levy II, H., Galbally, L.E., Brunke, E.-G.,
Meyer, C.P., Lathrop, J.A., Johnson, B.J., Shadwick, D.S., Cuevas, E., Schmidlin, F.J.,
Tarasick, D.W., Claude, H., Kerr, J.B., Uchino, O. and Mohnen, V. (1998): Trends of ozone in
the troposphere. Geophys. Res. Lett., 25, 139-142.

FHFIME - Ak BOE - HERES - JRE—RS - FIH - BH T - HRAEF - RIRER - ILA
(2000) : FfE « FEFIELHIIC 35 1) 2 R SUBEIZE ORREC DWW T, Ffsgkl, 50, 86-102,

Patra, P.K., Maksyutov, S., Ishizawa, M., Nakazawa, T., Takahashi, T. and Ukita, J. (2005):
Interannual and decadal changes in the sea-air CO, flux from atmospheric CO, inverse
modeling. Global Biogeochem. Cy., 19, GB4013, doi:10.1029/2004GB002257.

Patra, P.K., Takigawa, M., Dutton, G.S., Uhse, K., Ishijima, K., Lintner, B.R., Miyazaki, K. and
Elkins, J.W. (2009a): Transport mechanisms for synoptic, seasonal and interannual SF,
variations and “age” of air in troposphere. Atmos. Chem. Phys., 9, 1209-1225.

Patra, P.K., Takigawa, M., Ishijima, K., Choi, B.-C., Cunnold, D., Dlugokencky, E.J., Fraser, P.,
Gomez-Pelaez, AJ., Goo, T.-Y., Kim, J.-S., Krummel, P., Langenfelds, R., Meinhardt, F.,
Mukai, H., O’Doherty, S., Prinn, R.G., Simmonds, P., Steele, P., Tohjima, Y., Tsuboi, K., Uhse,



408 RRAREEZ D

K., Weiss, R., Worthy, D. and Nakazawa, T. (2009b): Growth rate, seasonal, synoptic, diurnal
variations and budget of methane in the lower atmosphere. J. Meteorol. Soc. Jpn., 87, 635-663.
Potter, C.S., Matson, P.A., Vitousek, P.M. and Davidson, E.A. (1996): Process modeling of controls
on nitrogen trace gas emissions from soils worldwide. J. Geophys. Res., 101 (D1), 1361-1377.
Quay, P., Stutsman, J., Wilbur, D., Snover, A., Dlugokencky, E. and Brown, T. (1999): The isotopic
composition of atmospheric methane. Global Biogeochem. Cy., 13, 445-461.

Le Quéré, C., Raupach, M.R., Canadell, J.G., Marland, G., Bopp, L., Ciais, P., Conway, T.J.,
Doney, S.C., Feely, R.A., Foster, P., Friedlingstein, P., Gurney, K., Houghton, R.A., House,
J.1., Huntingford, C., Levy, P.E., Lomas, M.R., Majkut, J., Metzi, N., Ometto, J.P., Peters, G.
P., Prentice, I.C., Randerson, J.T., Running, S.W., Sarmiento, J.L., Schuster, U., Sitch, S.,
Takahashi, T., Viovy, N., van der Werf, G.R. and Woodward, F.I. (2009): Trends in the sources
and sinks of carbon dioxide. Nature Geosci., 2, 831-836.

Ravishankara, A.R., Daniel, J.S. and Portmann, R.W. (2009): Nitrous oxide (N,O): The dominant
ozone-depleting substance emitted in the 21st century. Science, 326, 123-125.

Rayner, P.J., Law, R.M., Allison, C.E., Francey, R.J., Trudinger, C.M. and Pickett-Heaps, C.
(2008): Interannual variability of the global carbon cycle (1992-2005) inferred by inversion of
atmospheric CO, and §'*CO, measurements. Global Biogeochem. Cy., 22, GB3008, doi:10.1029
/2007GB003068.

Reynolds, R.W., Rayner, N.A., Smith, T.M., Stokes, D.C. and Wang, W. (2002): An improved in
situ and satellite SST analysis for climate. J. Climate, 15, 1609-1625.

Rigby, M., Prinn, R.G., Fraser, P.J., Simmonds, P.G., Langenfelds, R.L., Huang, J., Cunnold, D.
M., Steele, L.P., Krummel, P.B., Weiss, R.F., O’Dobherty, S., Salameh, P.K., Wang, H.J., Harth,
C.M., Miihle, J. and Porter, L.W. (2008): Renewed growth of atmospheric methane. Geophys.
Res. Lett., 35, L22805, doi:10.1029/2008 GL036037.

Schnell, R.C., Liu, S.C., Oltmans, S.J., Stone, R.S., Hofmann, D.J., Dutton, E.G., Deshler, T.,
Sturges, W.T., Harder, J.W., Sewell, S.D., Trainer, M. and Harris, J.M. (1991): Decrease of
summer tropospheric ozone concentrations in Antarctica. Nature, 351, 726-729.

Severinghaus, J.P. (1995): Studies of the terrestrial O, and carbon cycles in sand dune gases and in
Biosphere 2. New York, Columbia University, Ph. D. thesis.

Simpson, W.R., von Glasgow, R., Riedel, K., Anderson, P., Ariya, P., Bottenheim, J., Burrows, J.,
Carpenter, L.J., FrieB, U., Goodsite, M.E., Heard, D., Hutterli, M., Jacobi, H.-W., Kaleschke,
L., Neff, B., Plane, J., Platt, U., Richter, A., Roscoe, H., Sander, R., Shepson, P., Sodeau, J.,
Steffen, A., Wagner, T. and Wolff, E. (2007): Halogens and their role in polar boundary-layer
ozone depletion. Atmos. Chem. Phys., 7, 4375-4418.

Stephens, B.B., Keeling, R.F., Heimann, M., Six, K.D., Murane, R. and Caldeira, K. (1998): Testing
global ocean carbon cycle models using measurements of atmospheric O, and CO, concentra-
tion. Global Biogeochem. Cy., 12, 213-230.

Sudo, K., Takahashi, M., Kurokawa, J.-I. and Akimoto, H. (2002): CHASER: a global chemical
model of the troposphere 1: model description. J. Geophys. Res., 107 (D17), 4439, doi:10.1029
/2001JD001113.

Takigawa, M., Takahashi, M. and Akiyoshi, H. (1999): Simulation of ozone and other chemical
species using a Center for Climate System Research/National Institute for Environmental
Studies atmospheric GCM with coupled stratospheric chemistry. J. Geophys. Res., 104 (D11),
14003-14018.

Tanaka, M., Nakazawa, T., Shiobara, M., Ohshima, H., Aoki, S., Kawaguchi, S., Yamanouchi, T.,
Makino, Y. and Murayama, H. (1987): Variations of atmospheric carbon dioxide concentration
at Syowa Station (69°00’S, 39°35’E), Antarctica. Tellus, 39B, 72-79.

Tohjima, Y., Mukai, H., Nojiri, Y., Yamagishi, H. and Machida, T. (2008): Atmospheric O,/N,
measurements at two Japanese sites: estimation of global oceanic and land biotic carbon sinks
and analysis of the variations in atmospheric potential oxygen (APO). Tellus, 60B, 213-225.

Tyler, S.C., Rice, A.L. and Ajie, H.O. (2007): Stable isotope ratios atmospheric CH,: implications
for seasonal sources and sinks. J. Geophys. Res., 112, D03303, doi:10.1029/2006JD007231.



RS 36 1 2 IR =R SA & B R O LT 409

Umezawa, T. (2009): A study of global methane cycle based on measurements of its carbon and
hydrogen isotopes in the atmosphere. Tohoku University, Ph. D. thesis.

Umezawa, T., Aoki, S., Nakazawa, T. and Morimoto, S. (2009): A high-precision measurement
system for carbon and hydrogen isotopic ratios of atmospheric methane and its application to
air samples collected in the western Pacific region. J. Meteorol. Soc. Jpn., 87, 365-379.

UNECE: United Nations Economic Commission for Europe; FAO: Food and Agriculture Organi-
zation of the United Nations (2002): Forest fire statistics 1999-2001 = Statistiques des incendies
de forét 1999-2001. New York, United Nations, 21 p. (Timber Bulletin ; 40).

Vigano, 1., van Weelden, H., Holzinger, R., Keppler, F. and Roeckmann, T. (2008): Effect of UV
radiation and temperature on the emission of methane from plant biomass and structural
components. Biogeosci. Discuss., 5, 243-270.

Voltz, A. and Kley, D. (1988): Evaluation of the Montsouris series of 0zone measurements made in
the nineteenth century. Nature, 332, 240-242.

Walter, B.P., Heimann, M. and Matthews, E. (2001): Modeling modern methane emissions from
natural wetlands 2:interannual variations 1982-1993. J. Geophys. Res., 106 (D24), 34207~
34219.

van der Werf, G.R., Randerson, J.T., Collatz, G.J., Giglio, L., Kashibhatla, P.S., Arellano Jr., A.
F., Olsen, S.C. and Kasischke, E.S. (2004): Continental-scale partitioning of fire emissions
during the 1997 to 2001 El Nifio/La Nifia period. Science, 303, 73-76.

Wessel, S., Aoki, S., Winkler, P., Weller, R., Herber, A., Gernandt, H. and Schrems, O. (1998):
Tropospheric ozone depletion in polar regions: a comparison of observations in the Arctic and
Antarctic. Tellus, 50B, 34-50.

Whalen, S.C. and Reeburgh, W.S. (1992): Interannual variations in tundra methane emission: a
4-year time series at fixed sites. Global Biogeochem. Cy., 6, 139-159.

Whiticar, M. and Schaefer, H. (2007): Constraining past global tropospheric methane budgets with
carbon and hydrogen isotope ratios in ice. Philos. T. Roy. Soc. A., 365, 1793-1828.

Yashiro, H. (2007): A study of temporal and spatial variations of tropospheric carbon monoxide.
Tohoku University, Ph. D. thesis.

Yashiro, H., Sugawara, S., Sudo, K., Aoki, S. and Nakazawa, T. (2009): Temporal and spatial
variations of carbon monoxide over the western part of the Pacific Ocean. J. Geophys. Res., 114,
DO08305, doi:10.1029/2008JD010876.

Zhuang, Q., Melillo, J.M., KicklighterR, D.W., Prinn, R.G., McGuire, A.D., Steudler, P.A., Felzer,
B.S. and Hu, S. (2004): Methane fluxes between terrestrial ecosystems and the atmosphere at
northern high latitudes during the past century: a retrospective analysis with a process-based
biogeochemistry model. Global Biogeochem. Cy., 18, GB3010, doi:10.1029/2004GB002239.



