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Continuous CO, Measuring Equipment

Wide range,
High f ' . : i
'gh frequenc Latitudinal/Longitudinal

Distribution - &
j Vertical vertical

Distribution

Distribution
» Ascending/descending: 10 sec average
(~80m vertical)
 Cruising altitudes:1 min average
(~15 km horizontal)

" e Detailed structures

Continuous CO, Measuring
Equipment (CME)

Functions:

e in-situ CO, measurement

 1-2 month continuous observation

* real time control by aviation information
(ARINC)

| « Onboard calibrations — high accuracy
- el £0.2 ppm

H570xW330xD264mm , 25k Machida et al., 2008, JTECH

T



Byt of  Sonaersem Foesl Mustm At

Development(2003-2006) Eusesiinre—l=00

O Aunerics, Ine.

108 »" Streat SW.

Many tests to get STC... GLY .
CME for 747-400 and 777-200 e

fening

ASE (flask sampling) for 747-400 R R R TR AR

Fieane
ET4T 400 mlaras nmu-uwmmummunm g Ling (MDL) Mo 11 13MDL, Rewision A, daied
Dclobar 18, 20DE, ar i FAA approwed ovicken

Environmental test Vibrations, Temperature, Accelerations. . = i v o s i o

m: mmmmmlmmwﬂamm wihich o peeiously aperoved madificadens e
e e i Defasin this change and any of s oihar praviossh

; ‘ (1]
) W . wmmmwmmmml e airworiress of Thod sirera . A cogy of i Cerificele
- ¥ 4 ord JUMCD Amenca, Inc. Master Draweng List A8 |auumaunmmm-mwmwmmmwm
adlo Frequency N B Ul rotibed sk
. - \ ; H the holder agrees to permil anclier penon io use s oedfcate o ake the product, e hakder shatl ghve e ofher
Emission Test - i
3 - EEA B S LT Y Yy — i g i
i« 7 _ ; L Ll mem A=A o bl o R T
- P i "] ¢ i o aina.
| ! 1] o3
1 w3 . y " 5 o pfppburiina Seajun! 06, 2004 [~ —
. ; TR p
- e ’ ot pfusanss:  Cuiber 26, 2005 [ o,
! B 4 J— By miisn ol Sominatmit
\ ;:- e E f - ﬁ:
gy
Aoing Manage. Bearma Ascrit Ceryieanon Do
T
' fow ofa ancesding 1 (U, or i 1 REIG 3 R &

B L Ty mr———r LT
]

E £ 2% i

3ureaU)Mmun

" STC~341 TYO 5‘

L oW p[essure tg;s;t {4

1_%_*&1&@35;' Mt
‘ 2 M DR FASRTT400 Y
-. o R W |5 gmmontmEN  RR R T
l' ™ : : . ] B! j | a ﬁﬁ&x&ﬂmma | RHBNERORE
= " . =1l : it G |5 mARERARITAR  JAMCO AMERICAING
F 6 i M & L B 1018 80th Street SW Everelt, WA 53203 US4 . |
7O A .

R S T .
W 2R Mﬂ&ﬁlﬂ%*iﬁ%l*
| AZEEMITHA B —
. Japan 'T‘\rpe Certificate Data Sheet No.40
HHEISTC No. : ST016138E(lazued October 26, 2005)

8 EEOEMEAILH i'&‘ BUZRE (WA 27 SRR 281 B H 10 &M 4 umxm.
EETELOTHSILERET D,

BITEAE TRI7TEFHZIA




8ON

70N{ -
60N, -
o ‘
50N g2 - o
40N 1~
3N YN .
20 N\ A% N e
. ‘ ! ‘
1N ‘ |
1 L e/ \WUES
s 777-200  BF

2081 - T 24248 legs

imber of data [/month]

510° H

410*

310

390
|

CO, between Europe and Japan

CONTRAIL CO, data set (Nov 2005-Dec. 2009)

[] Asia

B Australia

B North America

2006.7

Europe

2007.1

2008.7

0 [ [ I T I I I I I I I I I I I

2009.1

Assume trend 1.9 ppm/year
—CO, mixing rations in the reference year=2008

COZ ref=2008 — COZ observed + Trendx (2008 —year observed)
to get climatological distributions and seasonal changes




CO, distributions in the upper troposphere
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Low CO, mixing ratios over the Eurasia in summer
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Transport of CO, to

outhern Hemisphere
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Seasonal changes in CO, In the upper troposphere

Frequent and wide coverage CO, observations were made
by using Continuous CO, Measuring Equipments. More than
two million CO,, data with 4000 flights.

Climatological distributions and seasonal changes in CO,
were derived based on about 4 years observations on the
assumption of the increasing trend of 1.9 ppm/year.

In the upper troposphere

Longitudinal differences in the northern higher latitudes in
summer; Lower mixing ratios over the Eurasian continent,
Higher values over the North Pacific region.

Rapid CO, increases were found from April to June in the
Southern Hemisphere, suggesting the interhemispheric
transport.



Recent activity: publications

Stratospheric influence on the seasonal cycle of nitrous oxide in the troposphere as deduced
from aircraft observations and model simulations,

Ishijima, K., P. K. Patra, M. Takigawa, T. Machida, H. Matsueda, Y. Sawa, L. P. Steele, P. B.
Krummel, R. L. Langenfelds, S. Aoki, and T. Nakazawa

J. Geophys. Res., doi:10.1029/2009JD013322, in press

CO, surface fluxes at grid point scale estimated from a global 21-year reanalysis of
atmospheric measurements,

Chevallier, F., P. Ciais, T.J. Conway, T. Aalto, B. E. Anderson, P. Bousquet, E. G. Brunke, L.
Ciattaglia, Y. Esaki, M. Frohlich, A. Gomez, A.J. Gomez-Palaez, L. Haszpra, P. B. Krummel, R.
Langenfelds, M. Leuenberger, T. Machida, F. Maignan, H. Matsueda, J.A. Morgui, H. Mukai, T.
Nakazawa, P. Peylin, M. Ramonet, L. Rivier, Y. Sawa, M. Schmidt, P. Steele, S. A. Vay, A. T.
Vermeulen, S.C. Wofsy, and D. Worthy,

J. Geophys. Res., doi:10.1029/2010JD013887, in press

CO, column-averaged volume mixing ratio derived over Tsukuba from measurements by
commercial airlines,

M. Araki, I. Morino, T. Machida, Y. Sawa, H. Matsueda, H. Ohyama, T. Yokota, and O. Uchino
Atmos. Chem. Phys., 10, 7659-7667, 2010

Characterization of Tropospheric Emission Spectrometer (TES) CO, for carbon cycle science,

S. S. Kulawik, D. B. A. Jones, R. Nassar, F. W. Irion, J. R. Worden, K. W. Bowman, T. Machida,
H. Matsueda, Y. Sawa, S. C. Biraud, M. L. Fischer, and A. R. Jacobson

Atmos. Chem. Phys., 10, 5601-5623, 2010

First year of upper tropospheric integrated content of CO, from IASI hyperspectral infrared
observations,

C. Crevoisier, A. Chedin, H. Matsueda, T. Machida, R. Armante, and N. A. Scott
Atmos. Chem. Phys., 9, 4797-4810, 2009



Recent research activity

Vertical and latitudinal differences of CO, seasonal variations
at many different airports:

Machida@NIES et al.

Long term trend in CO, latitudinal gradient:
Matsueda@MRI et al.

Short term variations over Narita airport:
Shirai@NIES et al.

CONTRAIL transport model intercomparison:
Niwa@MRI et al.

Carbon balance of the Indian subcontinent constrained by
aircraft CO, measurements, using CARIBIC data as well as
CONTRAIL data:

Patra@JAMSTEC et al.
GOSAT validations/comparisons with FTS:
Morino@NIES et al.

Other data users in Australia, France, Germany, Taiwan, US,
India, Japan



Current status & Future plan

Current program (2006-2010) “Research by global environment
research coordination system” by Ministry of the Environment

Proposal for next 5 years adopted by MOE

Plan for installing Automatic air Sampling Equipment on 777-
200

: V- ~ Bowing 777-200
Automatic air Sampling Equipment In service between Narita and Sydney
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