Growing emissions and Asian
monsoon as dominant factors for

atmospheric greenhouse gas
variations over Asia

ACS

Ta ku U m ezawa National Institute for Environmental Studies

NIES: Y. Terao, T. Machida, Y. Niwa, M. Sasakawa, A. Ito (now at Univ. of Tokyo)
MRI: H. Matsueda, K. Tsuboi, K. Ishijima, R. Fujita

JAMSTEC: N. Chandra, P. Patra
Tohoku University: S. Aoki, T. Nakazawa, S. Morimoto
The 5th ACAM Workshop in Dhaka, 8—10 June 2023



Latitude

30

I 1 I 1 l 1 I 1 I Il l

/J

-4 Umezawa et al. 2014 Tellus B |

I

130

L] l L I T l L I T I T l
132 134 136 138 140 142
Longitude

> 9.5 km -
8.5-9.5 km
7.5-8.5 km —
6.5-7.5 km —
5.0-6.5 km -
4.0-5.0 km —
3.0-4.0 km —
2.0-3.0 km -
1.5-2.0 km —
1.0-1.5 km —
0.5-1.0 km

< 0.5 km -

(o}
o
o
O
}_
be

@

o—i-¢

Qo
|
O+

1T 1T 1 1 1T 1T T 1T 11
JFMAMJ JASOND

UNIVERSITY

* The monthly air
sampling program
started in 1979 with
CO, measurements

« CH4 measurements
started in 1988, CO
in 1990, N,O in
1991, SF4 in 2001

 While CH, at lower
heights showed
seasonal minima in
summer, maxima is
observed at the
upper troposphere —
why? Where did the
air masses come
from?



Signs observed earlier—Aircraft over Pacific—
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« Air samples collected in the upper troposphere over the northwestern
Pacific showed high CH, in summer
« Tag tracer model experiments indicated that summertime high CH, is of
South Asia/East Asia origins
[ ]

Air masses of South Asia/East Asia origins showed lower isotope ratios,
inferring substantial contributions from biogenic CH,4 (e.g., rice paddies,

livestock)
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SD of Excess CO, (ppm)

= Gas flaring

See http://Isce-datavisgroup.github.io/CO2emissions/
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at's occuring at the surface—CO,

INis Sankey aiagram represents GUZ emissions In MIGUZ Trom Tive major sources (IeTt column) and tneir
distibution over region (middle column) and country (right column, 50 highest). China, the US, Europe and India
continue to be the world's top emitters in 2014, amounting to 59% of global emissions.

In this view, the emissions of each country are cumulative across sources. To see the breakdown, click the
'Histograms' button above.
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What's occuring at the surface? —CH,

(a) Ftot, total budget

Ito, Patraté;i}@q;awa (2023) GE

CHas budget (kg CH4 [0.25°x0.25° grid] =1 yr-1)
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b. Observed and A posteriori model
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CH,4 emissions also shows southward shift over the
last decades, leading to long-term decrease of the
north-south gradient of atmospheric CH,4

Chandra et al. (2021) J. Meteorol. Soc. Jpn.



Aslan summer monsoon: transport pathways
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National Institute for Environmental Studies

Upstream measurements
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CO, & CH, propagate upward (July to September)

South Asia turns source to sink South Asia feeds high CH, South Asia feeds low 613C-CH,
& feeds low CO, into UTLS in late summer  throughout summer throughout summer
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Figures produced based on ongoing work by Chandra, Patra et al. in preparation



August 2015

Flight Track of CONTRAIL CME aircraft ' ; il
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Since 2017, CONTRAIL air
samplings have been continued
along flight tracks from/to Asian
cities such as Bangkok,
Singapore and Shaghai

A set of 12 flasks in total is filled
during cruising and vertical
portions of flights

Greenhouse gases and selected
VOCs are analyzed

After the COVID-19 outbreak,
flight area was limited around

Japan



Downstream measurements (ONgOING) e
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 Analysis of air samples show clear
seasonal patterns every year over
East Asia with minimum in CO, and
maximum in CH, in summer
(consistent with earlier
measurements)

* Both CO, and CH, continue to rise
over the last years

( Comprehensive Observation Network for Trace gases by Airliner



Summary

* Earlier measurements have helped us understand large-scale
distributions of CO, and CH, over Asia in association with the Asian
summer monsoon

* Given that Asia now plays a central role in greenhouse gas emissions,
it is important to monitor changes in atmospheric greenhouse gases

in Asia so that regional to country level emissions are effectively
constrained

* Ongoing programs in Japan keep measurements in the downstream
of the Asian monsoon region

* Denser regular data in Asian countries (upstream regions) will greatly
improve our understanding of greenhouse gas budgets regionally and
globally



