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Observation of Global Atmospheric Environment and Carbon Cycle Changes
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In cooperation with the National Institute for Environmental Studies, we are carrying out research on the global atmospheric environment, such as global

warming and air pollution. For that purpose, we are developing measurement techniques on atmospheric composition changes and carbon budgets on

land and in the ocean. We conduct research and education on measurement principles, data processing algorithm, field experiments, and data analysis

on the basis of specific cases of remote sensing and in situ technologies. We also develop applications for atmospheric compositions/clouds/aerosols and

their surface processes, utilizing such instruments as satellite-borne, air-borne, ship-borne, and ground-based sensors. We conduct field measurements

in Asia, Antarctica, and the Arctic including Siberia, and we study global atmospheric environmental change by analyzing these data

KEFLD LB TRBEICH T B XYV REDZERSH

RSP TRIERBRICRSEEBHNEETITBAY Y DREIID
WT, FEERBAFXLOLEMREICKITZREZEEICERLT
BTZITolkeh SEEREEIMORTEREB/NT S, B
EEMmZE#ZMALUEE (CONTRAIL 7OV VK ICKDETE
SNfcboT, BBRKYYTUVIERE (ASE) EFFHRRYY
TUYTEE (MSE) L& > TRIE N AR ERBRETONT 3
ZEIREOTXI VIREZR TV,

SEO@BTICERLUY Y 7L ORNMAEZ Fig.1 KR, R
REA—ZARSZYUTDYRZ— (SYD) 8L RREYAD/NN>OY
(BKK) Z &SR EDKFRITIFICHRENZT> TS, Fig.1 Off
B ETHRAS N LB RBICEITEAY VIEREDREN % Fig.
2cRY, SYD BiRTHASNIAY VY REICRILERTHRE
IKRZHEBGBEARIRSND, XYV RERBRMEDAKIC
BWTRHERDBEZRRUTIEEKTEVWI LTSN TWDS
B EEHRBICEVWTORRICHEHIERTE e LMLEDS
BItDREEFHREICHENS EASHICNSKBOTWD, &5
ICRIt DIREARIFALFIROLH11-4 AN HNZEEZH5-10 B)
DEFSHRELB>TVS, N, BEECFIFIRPREREICE T

= %
AR

A 5

Ny e

= 4

Fig. 1 Locations of air sampling on the routes between Tokyo and
Sydney (SYD), Australia, and Tokyo and Bangkok (BKK), Thailand.

Spatial distributions of atmospheric methane
mixing ratio in upper troposphere over the Pacific

Atmospheric methane shows the second-strongest radiative forcing in
greenhouse gases. Last year, we showed the time series of methane in
the upper troposphere over the Pacific. In this article, spatial
distributions of methane in the upper troposphere observed by the
CONTRAIL project are demonstrated. Methane observations are
conducted by sampling the air using automatic air sampling
equipment (ASE) or manual air sampling equipment (MSE) followed
by laboratory analysis.

Sampling locations used in this study are shown in Fig. 1. We got air
samples during the level flight from Sydney (SYD), Australia to Tokyo,
as well as from Tokyo to Bangkok (BKK), Thailand. The latitudinal
distributions of methane in upper troposphere are shown in Fig. 2. The
methane mixing ratio observed on the SYD route shows a clear
latitudinal gradient with higher values in the Northern Hemisphere.
It is known that methane mixing ratios are higher in the Northern
Hemisphere near the surface, reflecting the strength of its sources, and a
similar gradient was confirmed in the upper troposphere. However, the
north—south difference is clearly smaller than that at the surface.
Furthermore, the north—south gradient is larger in the boreal summer
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Fig. 2 Latitudinal distributions of methane mixing ratio in the upper
troposphere observed in the boreal summer on the SYD route (red), in the
boreal winter on the SYD route (blue) and on the BKK route (black).
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Fig. 3 TSeasonal variation of APO at 55°N, 175°E. Grey circles show observed results

plotted from January of each sampling year. The lines represent seasonal variations based on
observations (blue), variations based on simulations (orange), variations where the simulation
results have been modified to match the observations (light blue), and the difference between

the observed seasonal variations and the modified simulation results (red).

(May—October) than in the winter (November—April). This is due to (1)
the higher mixing ratios in summer that reflect the higher methane
emissions in the mid-northern latitudes and (2) the low concentration
near the equator due to the influence of the southern air as the ITCZ
moves northward. In addition, the methane mixing ratios observed on
the BKK route are generally higher than those observed on the SYD
route. This indicates that there is a clear longitudinal gradient in methane
in the upper troposphere, and that there is a mechanism by which
methane released on the continents is rapidly transported to the upper
troposphere.

Observation of seasonal changes in atmospheric
potential oxygen and oceanic oxygen emissions
during autumn in the Pacific Ocean

In this study, assessing a tracer of air—sea gas exchanges of O, and CO»,
as well as atmospheric potential oxygen (APO, O, + 1.1 x CO,), seasonal
changes were investigated based on data from commercial ships sailing
between Japan and the Oceania, North America, and South-East Asia
regions since the late 1990s and observations from three Japanese ground
stations. In addition, simulation with an atmospheric transport model
was implemented to analyze the spatial distribution and seasonal
variation in APO based on climatological ocean O, flux. Fig. 3 shows the
seasonal change in APO at 55°N and 175°E. The simulation results
generally reproduced the observed seasonal cycle of APO, but with larger
amplitudes and earlier onset of seasonal minima and maxima than
observed. Furthermore, the observed seasonal changes showed a greater
increase in APO than simulated from autumn to early winter, particularly
in the North Pacific between 20°N and 60°N. This increase was seen even
when the simulated peak-to-peak amplitude and seasonal phase of APO
were elaborated to match the observations, suggesting O, emissions
through mechanisms not accounted for by the air—sea O fluxes used as
inputs to the model. The mean autumn APO increase at 40—60°N was
about twice that at 20-40°N (Fig. 4), suggesting that two mechanisms not
previously considered—gas release from the sub-surface O, concentration
maxima at low latitudes and phytoplankton blooms at high latitudes
during the autumn—may contribute to oceanic O, emissions.
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Fig. 4 Distribution of apparent autumn peak heights in the difference
between observed APO seasonal variations and the adjusted simulation
results (red curve in Fig. 1) at 41 10° x 10° grids and three ground stations.
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