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Abstract. Measurement of atmospheric carbon dioxide
(CO,) is indispensable for top-down estimation of surface
CO; s /sinks by an pheric transport model, De-
spite the growing importance of Asia in the global carbon
budget, the region has only been sparsely monitored for at-
mospheric CO, and our understanding of atmospheric CO,
variations in the region (and thereby that of the regional car-

in the summer season, the promi air mass ori-
gin switches to South Asia and/or Southeast Asia with a dis-
tinct imprint of the biospheric CO; uptake. The CONTRATL
CO; data provide useful constraints o model esti of
surface fluxes and to the evaluation of the satellite observa-
tions, in particular for the Asia-Pacific region.

bon budget) is still limited. In this study, we present clima-
tological CO; distributions over the Asia-Pacific region ob-
tained from the CONTRAIL (Comprehensive Observation
Network for TRace gases by AlrLiner) measurements. The
high-frequency in-flight CO; measurements over 10 years
reveal a clear seasonal variation in CO; in the upper tropo-
sphere (UT), with a mnximum occurring in April-May and
a mini in Aug ber. The CO; mole fraction in
the UT north of 40“ N is low and highly variable in June—
August due to the arrival of air parcels with seasonally low
CO; caused by the summertime biospheric uptake in boreal
Eurasia, For August-September in particular, the UT CO;
is noticeably low within the Asian summer monsoon anticy-
clone associated with the convective transport of strong bio-
spheric CO; uptake signal over South Asia. During Septem-
ber as the anticyclone decays, a spreading of this low-CO,
area in the UT is observed in the vertical profiles of CO; over
the Pacific Rim of i | East Asia. Simulation results
identify the infl of anthropogenic and biospheric CO,
fluxes in the seasonal evolution of the spatial CO;, distribu-
tion over the Asia-Pacific region. Itis inferred that a substan-
tial contribution to the UT CO; over the northwestern Pacific
comes from continental East Asian emissions in spring; but

1 Introduction

Actions for mitigating climate change require accurate
knowledge of global budgets of greenhouse gases. It has been
estimated that approximately one-half of CO; emissions had
remained in the atmosphere during the period 1959-2010,
with the rest taken up by land and ocean sinks (Ballan-
tyne et al., 2012). With a rapidly growing economy in re-
cent decades, Asia has become increasingly important in the
global carbon budget. China is now the world’s largest CO;
emitter, and India, Japan, and the Republic of Korea are all
in the world’s top 10 emitting nations (Boden et al., 2016).
At the same time, Asia has gone through significant land
use and land cover changes, impacting the magnitude and
the spatial distribution of terrestrial carbon fluxes (e.g., Calle
et al,, 2016; Cervarich et al,, 2016). However, there are still
large uncertainties in the estimates of every component of the
Asian carbon budget.

To estimate surface CO; fluxes, atmospheric transport
models have been conventionally constrained by various sur-
face measurement networks (e.g., Gurney et al., 2002; Pa-
tra et al., 2008). But due to the sparseness of the surface
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Statistical characterization of urban
CO, emission signals observed by
commercial airliner measurements

Taku L 174, Hidekazu M da’, Tomohiro Oda**, Kaz Higuchi®, Yousuke Sawa?*,
Toshinobu Machlda’ Yosuke Niwa'? & Shamll Maksyutov!

Cmes are responsible for the largest anthropogenic CO, emissions and are key to effective emission

T gi Urban Co, d from vertical atmospheric measurements can
ibute to an indep q ification of the reporting of national emissions and will thus have
political implicati We analyzed vertical pheric CO, mole fraction data obtained onboard
commercial aircraft in proximity to 36 airports , as part of the Comprehensive Observation
Network for Trace gases by Airliners (CONTRAIL) program At many airports, we observed mgniﬁcant
flight-to-flight variations of CO, enh of neighboring cities, providi

fingerprints of city CO, emissions. Observed CO, variability increased with decreasing altvtude, the
magnitude of which varied from city to city. We found that the magnitude of CO, variability near

the ground (-1km altitude) at an airport was c lated with the i ity of CO, emissions from a
nearby city. Our study has d d the useful of | aircraft data for city-scale

anthropogenic CO, emission studies.

Climate change is considered to be one of the ¢ es of increased of anth h
gases during the industrial era, and carbon dioxide (LO ) is the dominant contributor to lhc cnhanccd radiative
forcing caused by anth s d greenh gases. Atmospheric CO, mole fraction has increased

from ~280 ppm (parts pcr nnlhnn) in 1750' to = 400 ppm in recent years’ due to the rapid growth of human
activities and population since the beginning of the industrial era. About half of the anthropogenic CO, emissions
related to fossil fuel combustion and human driven land-use change is taken up by the ocean and the terrestrial
biosphere’”. In a top-down approach using atmospheric transport models, the global fossil fuel CO, emissions
have often been presumed to provide good estimates of the strength of the land and ocean sinks®. But recent
studies suggest that uncertainties in fossil fuel ion database could lead to signifi biases in the op d
estimates of biospheric flux"’, In fact, uncertainties of fossil fuel CO, emission estimates are growing because of
increasing contributions from developing C(Iunll’ll.‘i\ i

About 70% of the current anth CO, emissions is considered to come from urban areas that contain
over 50% of the world pnpulalmn"‘, and thus accurate quantification of CO, emissions from urban areas is of
particular importance. The existing and projected rate of urbanization is different for different parts of the world;
many cities in Asia and Africa are expected to continue to see rapid growths in population while cities in devel-
oped countries have basically already stabilized'!. For effective mitigation actions against climate change, vari
ous independent approaches must be used to reduce the uncertainties associated with citywide greenhouse gas
emissions estimates, and one of those approaches can be provided by atmospheric CO, observations'. For this
purpose, atmospheric CO, measurements focusing on urban areas have been examined in recent years by means
of citywide in-situ ground measurement networks'* '® or satellite measurements'”'*, The former methodology
provides dense and accurate data and the latter broad spatial coverage, whilst both also have limitations.

Since 20005, atmospheric observation instruments onboard commercial airliners have successfully acquired
extensive number of trace gas (including CO,) data'***', The CONTRAIL (Comprehensive Observation Network
for TRace gases by AlrLiners) program, an ongoing project that measures atmospheric CO, and other trace
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CONTRAILs Measurements

Details in Machida et al. (2008, JAOT)

MSE
(Manual air Sampling
Equipment)

__ JAPAN AIRLINES - CONTRAIL 220z,

CME ASE
(Continuous CO, (Automatic air
Measuring Sampling

Equipment) Equipment)




An Example of CME Data
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CONTRAIL CME Data Statistics (—2019)

> 10 million CO, data points in total

> 18,000 measurement flights

> 35,000 vertical profiles worldwide

* Precision < 0.2 ppm

» All data quality checked consistently
* Data freely available
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CONTRAIL COZ Climatology CO, (observed)
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CONTRAIL CO, Climatology

Watch this
movie on our
website!
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Analysis of Local Signals: “excess CO,”
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Excess CO, Variations: Tokyo (NRT)
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Where are CO, Variabilities large?
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CO, Variabilities vs City CO, Emissions
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Measurement Flight & City CO, Emissions
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& Local meteorology
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- | | £ Wind direction,
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Local time...
Wind Wind
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gl y T % . we need some
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Airport City Airport City analysis !!

* Geographical
airport-city
Wind Wind location

* City CO, emissions

* Upwind biospheric
fluxes
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Summary Sz el

* CONTRAIL measures atmospheric trace gases using Japan Airlines aircraft

* The CMEs have collected large number of CO, data from cruising and
ascending/descending measurement flights

* Significant CO, enhancements were observed in the lower troposphere
downwind of neighboring cities over many airports

* Advection of such high-CO, air masses causes flight-to-flight CO,
variations

* The magnitude of CO, variability at ~1 km altitude over airports is correlated
with CO, emissions from corresponding nearby cities

 The CONTRAIL data in airport proximity contain clear advective footprints of
urban CO, emissions from major cities worldwide



How COVID-19 affected CONTRAIL?

(Many) Aircraft at HND...

¥ Feb 2020
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2014

_.
2030
City population
2 10 million or more
5 million to 10 million
® 1 million to 5 million

500,000 to 1 million
- 300,000 to 500,000

United Nations (2015)
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m United States

m China

® United Kingdom
Japan

® Germany

®m United Arab Emirates

m India

® France

m Austratlia

m Spain

m Rest of the World

JAL covers only small part of the gloggl network!
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