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Airborne observation of CO, mixing ratio in the Arctic troposphere
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Abstract: Tropospheric and lower stratospheric CO, mixing ratios were
measured onboard an aircraft in the Arctic Airborne Measurement Program 1998.
Steep vertical gradients in CO, mixing ratio were observed in the lower strato-
sphere. Small gradients were seen in the troposphere, reflecting weak sources and
sinks for CO, in winter. A significant increase in CO, mixing ratio was found
during level flight in the lower stratosphere. Back trajectory analysis indicated
that rapid upward transport brought high CO, to the observation area. Spatial
variations of CO, mixing ratio were highly correlated with O; mixing ratio. It is
suggested that CO. distribution was produced mainly by air transport and mixing.
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HIERKRIE O R FER AT 2 BN THA DS  OBBI LI B TR O ZBILK R
(CO,) BWENRFEANEHAIS LTV 285, ZDIF L A L BHRMIORABHNTITOITE D
(#H12.1%, Conway et al., 1994; Keeling et al., 1995; Francy er al., 1995; Nakazawa er al.,
1997), HHXFENC 810 2 RHABHII R THIH D %> (Nakazawa e al., 1991, 1993,
Matsueda and Inoue, 1996; Francy et al., 1999; Machida et al., 2000)., HHEMNFHEICB T 5
CO, BEOBHNZ, RxEEx 3 KT ZRFEE/ERET NV (7+IV—FETNV) K-
TIFHRISMHL LT, 3RTET NV EHIFEEL THES 4 > NN—RAETNMICE > TIEANT—5
ELTEOLEWEFESGE>T05,

—73, CO, 13 2 DALFHNCLE S HE D & KR OIEBSUGIC & - TREN A T2 Z L i3
ZEAERD, £z, REHFD ALY 2RI RS > RAGKFEZEDBALRITT & > T—BILIRED
CREEBTHERE NS CO, DRIZARKTIRE OFFER) » ZZRIFEENC RS L 143/N &0,
BB RZHD CO, B IIHIZRATT OB « BIROFE TR E (KBS 5503, B
HON TS RBEIC B W T TERETH D L F 25, > TCO, ZRTD b —H—L L
THIRS 2 2 EAJREE 2 0, XU BB B O K KU L RRDOREEIC DWW T  OFIRM
BohTwad Wz, Boering et al., 1996; Hintsa et al., 1998; Machida er al., 2002).

AR T D RTIAERALST D 3 RICH A OB 28 U TS O faBEiHIc B 1J 2 KK OHIZL -
KHEOYHE < tF@E 25 HRT 1998 F£0 3 HiCALRERZZHEETEIGHE (Arctic  Air-
borne Measurement Program 1998; AAMP98) 235 X #17z (Shiobara et al., 1999), &I
Tick W TBIHIBIC CO, BEEFAIEREE 2 #H# L, e B 5 CO, BEOXNTE L, S
ERRRERENC > 1 T DOSEE SR TEEUEEIC B SRESM BRI L 7. AT/ s
R 2R 9 L3R CO, IREDZERIGMAD & FEI N5 KADEEIZ DWW TEET 3,

2. #OE 7%

B 1998 £ 3 A SHEEEBREZHEL, oy 70X MNaXT AT A7, T IAHDT >~
AV Y, Na—, LA EET ANV NNVEEDOT Y 74 Y —E &L, BEOL— b
ZRETIH 4BIHATRBICR -7 (K1), BP0 L 2 N— L OVEEERAD 3 s
T CO BEDSNET G %, JHEMEORBBEI ORI TERREE T D CO: ¥R DK 28
HIL 7.

2R A CO, IB R HIESSE OB % 1 2 1o~ T, BB OZESIRA O 55| %A
FNTRTERNI AT 77 LR AW > THIE & R, Nafion R J A ¥ — L @iEE~
F ¥ LTRSS L7212 NDIR (LI-COR, L1-6262) 2 A X%, NDIR OZe5 iz 855
L7eNy 7 7 —FEIC BRI OMEIES] 2 —BIR DEEIMEZ SN T 50T, RITEED
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Fig. I.  Flight tracks during the AAMP 98 campaign.
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Fig. 2. Schematic diagram of the CO, measurement system.

ZACIZHED F v EVEDOEENIN LT NDIR O E L Z 1 WA RS> T 5,
B CO, BEBEAOFHE S 2 & BRI B[ EREIZ NDIR ICEAT 2 2 &2 & - T2
KD CO, REEZARHE N A DB U CHIE U Tz, AEEE DISEHEE 134 6 B, CO, D
BIERREIZ 0.1 ppmv IR & BFED 5 Tv>3 (Machida er al., 2002), 7 — % EUESERE I3 1
BThs,
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3. MREFE
3.1. ShESM

AAMP 98 Bl THE & iz b ERPE R > S JURRE EZ21C BT 5 CO, IREDRIE M 2 X
3SR T, M 3 ICRHIT/R S LA NRERE L D EERO FEREE T EE &4 COo, BED
AWML LT3, BERESEIRREETE S W ROSMES A L D IRE L7z, —/TR
B B TR S RBEARSTFEL, TOMESIIEREIIERESE->Tw 5,

TERIEE BT 2 COEBEIMHBICEENTRVGEBIE, |) FEEETORBEAR
PRSI A TEMRDIE < (Nakazawa et al., 1995), K5H CO, IBE OREERENNT 72
FIRBE 5 2k, RO 2) FEEEEICBIT S CO,BEDOEMEE I LRI ERED
FERH RN LR TIEF 1T/ & W (Nakazawa et al., 1991) 5 2 ICABEIDBTHO 7z 3 Biddt
HERIERERE O CO, A MFEHIFNICREAIZITY (Nakazawa er al., 1991,1993) Z LD 2 fins
Ezohb,

FERRIBEIC 5\ T CO, IRE I RBULRE AT 5 2 Lid, REBREM - 72 EE
KLEDY 7)) v TEBETHRONIEREES L T3 (Schmidt and Khedim, 1991; Naka-
zawa et al., 1995, HEARS, 2000). 41X 1997E2HE 3HICA Y2 —FT >, F+ BB
WTKGERE 127 FA A P2 2 ¥ T ) v P2 k> THESNT CO EBE (FAS,
2000) & | FRICABRITE S Ll =—A4 VA > F2ED CO, EEE 2 LS IC B 1T 52X
FEOHRESMELTE LD LD TH S, BFEEICK T 2 CO,RBEIZFEICK 1.5 ppm OFIE
THEML TWw3AOT (Nakazawa et al., 1995), FF FZEOFERICIE 1.5 ppm 212 TH 5.
M 4 TIXEERBTE S CO, IBENEEAAIGER L TB D, ThZhOBRIOZLES
B 2EREL->Tw5, £z, M4 XV ZFOIFIRESHEE ICB T 5 FERFRED S 5
FERENC 22 1F T D CO, IREDIRES L, FERREIC D AR E R A2 RS, ZO L TD
HHERRE R LRI B L TIIIEF—EDHEETH S Z L 3br b, T E TOXEREREITIX
REIERE FIRIc B % CO, BEOBHIENI A 2ino 7205, AFROERIZ Z OEBREH> 77—
yEloT05,

HHE EEC BT A EEEOERICE CO BE (K 3a) BELHBREHERD b DTH
pLEZONGD, FREEENAkMICETELTWALI LS, ZOREFRIILHEMID
HEFFEZICS L, BES S FEKRRE? S FEFHEICE > THEINTL 2HBED CO, %
FEo o ZBGHRD Ch o ORBEBAEK T2 ER k> TwiTH5H, BE4kmULETY
HHEEZED CO, BERMOBHAMS TR AN S &5 ZFEREOENFEY T, SF L
BEMSEVILTVwS, EEBREETREE 4 5km TFBOSBEOREY, EF Skm L LT
BEBEOEE L Z TR T T T, SAEAFDREESEATH RV EFEZ S5E, O
NR7aT7 A7 EECBOTIREE 3km LT CO, BEOEHVEBIHEE N THWS, b HE
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Fig. 3.

A, RENZEREOSEEET.

Vertical distributions of the CO mixing ratio over Nagoya (a), Petropaviovsk (b),

Anchorage (c), Barrow (d), Ny-Alesund (e), Longyearbyen (f) and south of Svalbard
(f). Arrows denote the tropopause heights.
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Fig. 4. Vertical distributions of the CO: mixing ratio from the troposphere to the mid-
stratosphere at northern high-latitudes in winter. Small solid circles represent data
obtained by this study. Large solid and open circles represent data obtained by
balloon sampling (Aoki et al, 2000).

TOT7XEO Y THBENPODERICLE D EHEZ oNDH, ZOEERETE EZIC AT
K<, BERENRATHLIEESE:, B 3km U EONFHEOEBEICIZARIZIEFEALR

507, 368-370 ppm RBE TH 5, KEOHEHBERNLZEZINSDOEHICE TIERATHE
WEEZBND, TUhLw Y, NO—RUANN— L b5 e AU 28Tl 22 BE O
RPN e SRR Z RO T T ERTRE I EREE I FEL Turwn, Zhs oz —7 v 7
KEEPIKRBED ANEREB) DR % 2 1 7e BLSHP E X S L S WEANMIEL Tw 5
D ThBEEZOND, £z, BB TIINRE2EIC O > TEEAAORE AR IEE
WZ/NE W,

FERE I B CEFREOE FICERED CO, WLIFLIFEAIS A TwE, Thsidid
BRI 28 L T EE D & MBI Sz b O L, BAESESEREO S bic ER LT
LEVLZENE THEBE TH > EBINHREICHD RINTLESR DD ENFET S EEZ
o5,

B 5 i3/ ERIRIC S T 2 HRMRBOFREREO CO, BEAHEK L bDTHS, HH
TR D CO, BRI AN— IV NSVEREALID ST I AHDHER2ppm IZEEL B> Tw
%, 3RTCKREMERE TN 2 12BIIC L 5 & AN— W NVEBERI O E BB B»T
FEZFED I —a v 5 OEEREHLIR CO, DENERCFEMAT A0S, 77 AHBOBEMA
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Fig. 5. Averaged CO-. mixing ratios in the free troposphere. Open circles and error bars
represent average values and standard deviations, respectively.

MEEICBOTRAFEOEELZIPT VO COBENEZNIEZEEL BV (S
Maksyutov, FAE). A/ N— W NVEEERAL 7 5 A B L MEBTICE >N 5 X 5 2 A ARHR
CO, DEFHILFEZBA S h TRy, XD KEEZKKOIERIC X > TABIEE CO,
DEEBIENELTHLES LWL, RO X7 a7 RA2E7 5 AH LB USRI H 555,
T IAAINT 2 =5 Y T RKEOHEEZZ IR T OO THHEGRED CO, BESPLLED
KKR->TwbEEZOND,

32. BESM

FERORFEMENC BT L7 2) —7 74 ~OBICEREE TH S vz CO, BEDORES
HER 6 1RT. ZNS OFEE MR R BB CRER S N R ERE L DB Z L K
W, CO, PEREDSIHREIC HRTE L 0,75 100 ppb LA OEBE THZ 2 5, TRTDT —
I TERBEDOL D THLEFEZHND,

TEREREREIC B 5 CO, EBEIIEE AR AR AR o kv, AUEEE2RIT
LT T HEEARICEBEIAS (AL TWEZEROH S 2 Litbh b, CO, DHSTEE I
E&EEERIT L 2B RIS WA H 5,

[F—@EEIC 510 % CO, IMEDRENEHET 570012, BE 118 km (HEDOAFERITT
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Fig. 8.  Five-day back trajectory analysis between Barrow and Longyearbyen on March 7,
1998.  Left figures show the results for the flight between Barrow and the North Pole,
and right figures between the North Pole and Longyearbyen. Thick lines, thin lines
and symbols represent flight tracks, airmass trajectories and airmass positions at every
24 hours, respectively.
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gikNa—ktur 74— rEORITRECEZEL-ESWRO SHEO Ny 7 b7
V7 M) —BNOBRTH S, BHIZ ECMWF OB 7 — 5 % v CERAE T O
ERARE L7z, 78-80N ORI THERICERE L - ZBEMIZ LI b B L 0 b EEETL, b
BREN»SEKTWE I ENbrs, ZhZx L oo —fld 80N »5tim EETu > 74
¥ —E D 80N I i) TIFZESITIBEOEHREF TLL bR UaEME 2 E > Ty
2, 3512, EEELSEEIX N HEORNMIZ 325-332K ThH 5, EEICB W THEE»S
EREEE IS H T T ORAT 380 K LA T OEE SN “Mid world” L FREH, R OZENIE
- THERE & YGRS X 0T 0w & 2T w5 (Holton ef al., 1995). fE->T
LV EBETEEE» Sk S N T E L ELKBRIINTREORE R L D iE Z Tk
DE L, ZORRE L TERED CO, BRBERTHRRE I N LFEZ NS, U EDOXSICT
BB TIHEEERERE » 5 OMEN S NEEER ETH > TH CO,® 0, FOMELSF
BEOSHIKFEAMICKE S BRIZBEDDH L Z EBNHASIIK ST,

33. O,;BE L D1HER

KEATHEONT CO,EBEL O, BERNYICHNS X I T ICKBEICE W TIEEIC
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7z DICBE ORISR FICESTIOBEF I EN TV AHERTH LI LE2RL TS, L
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Fig. 9. Vertical distributions of the CO. and O mixing ratio over Barrow on March 12,
1998.
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HLEHS, COBE L O, BEOHBIIK 10 1R L B0, BB |0 1 M3z > T
53, ZOWHEIEEE (CO,BEMES O, BENE WIS TRELEENMEL LB
o> TNEL BoTn5, ZHIFTEEBEICE VT CO, 3B TEETH 5D L TO,
DEHZERTIEEE TR L, ZEHRPES SN AHEA 7 — VTR KIGIC £ - THET %
BEORERTERWHTHLEEZONS,

FEATHRONT TEEREEICE T2 CO, BE L O, BEOBRIITNTOT7 714 bicE
W 10 EEERO R EIcES Tz, 2O s FRFROBREIICB T 5 CO, & O,
DHHETER® Oy DHBEEES B AWK ESE > TR WVWEFEZ 5 I LN TE S, 32H TR
7eoNa— LU DORID 78°-80°N I B WL TEII X 1L/ @BE D CO, 2R - L BSHIC BN T
b CO, IXxtd % O, IBE X 10 DFEFROEIFRRICAIE S 5. 20D 2 L3 Z DREZENDERR
ISR « BIHEOEE A Z 0 b O T3 {, HiilE®, BACERLTWwS w32
ORI %R 2R > T05,
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Fig. 11.  Vertical distributions of the CO, and O mixing ratio in the troposphere over
Ny- Alesund on March 8, 1998.
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