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 CONTRAIL Data Available (Now Including Meteolorogical Data) !!
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CONTRAIL’s Measurements

MSE
(Manual air Sampling 
Equipment)

CME
(Continuous CO2
Measuring 
Equipment)

ASE
(Automatic air 
Sampling 
Equipment)

Details in Machida et al. (2008, JAOT)
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An Example of CME Data

1 data per 10 sec
during 
ascent/descent

1 data per 1 min 
during level flight

CME can measure 
down to ~0.6 km
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CONTRAIL CME Data Statistics (–2019)
Airport City # of Vertical Profiles

(2005–2016)

NRT Tokyo 7692

HND Tokyo 4462

HNL Honolulu 2095

BKK Bangkok 1670

SYD Sydney 1568

NGO Nagoya 999

SIN Singapore 930

KIX Osaka 824

HKG Hong Kong 812

DEL Delhi 739

CDG Paris 661

CGK Jakarta 493

YVR Vancouver 431

SFO San Francisco 378

DME Moscow 374

SHA Shanghai 332

LHR London 264

AMS Amsterdam 226

ITM Osaka 202

FUK Fukuoka 195

ICN Incheon 191

> 10 million CO2 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 CO2 Climatology
ΔCO2 = CO2 (observed) – CO2 trend at MLO

CO2 (observed)

= Long-term trend

+ (seasonal & shorter-term) variations
NRT 0–2 km

Al
tit

ud
e 

(k
m

)

Umezawa et al. (2018, ACP)
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CONTRAIL CO2 Climatology
Seasonal CO2 variations over Asia

Vertical profiles 
over airports

Watch this 
movie on our 
website!
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Produced from figures of Umezawa et al. (2018, AC7



COTNRAIL Aircraft at Tokyo HND Airport

Major airports are located close to large cities
Airlines connect between large cities

Can commercail aircraft measurements see signals of CO2
emissions from neaby cities?
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Analysis of Local Signals: “excess CO2”
excess CO2 (lat, lon, alt, t)
= ΔCO2 (lat, lon, alt, t)

– median ΔCO2 (airport, alt-bin, t-bin)

CO2 (observed)

= Long-term trend

+ (seasonal & shorter-term) variations
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Excess CO2 Variations: Tokyo (NRT)

Aircraft Positions < 2km
at the W edge of the 
Greater Tokyo Area

7692 vertical profiles

Excess CO2 (MAX) (ppm)

Height ~1 km:
high CO2 events
with low wind speed
in the W sector

Variability
larger at lower 
altitudes

ht
tp

://
w

w
w

.cg
er

.n
ie

s.g
o.

jp
/c

on
tr

ai
l/

10



Where are CO2 Variabilities large?

Does the magnitude of atmospheric CO2 variability relate to 
the magnitude of associated urban CO2 emissions?ht
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Free Troposphere

1.0–1.5 km
4.0–4.5 km

CO2 Variabilities vs City CO2 Emissions

ODIAC CO2 emission dataset for 2010 (Oda et al.)

R2=0.73

The intensity of the nearby urban CO2
emissions is the primary component of the 
magnitude of the observed CO2 variability.
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Measurement Flight & City CO2 Emissions

Urban CO2
Dome/Plume

• Geographical 
airport-city 
location

• City CO2 emissions

• Local meteorology

Wind direction, 
Boundary layer, 
Local time…

• Upwind biospheric 
fluxes

One single profile 
data is not enough, 
we need some 
number of data for 
good statistical 
analysis !!
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Summary
• CONTRAIL measures atmospheric trace gases using Japan Airlines aircraft

• The CMEs have collected large number of CO2 data from cruising and 
ascending/descending measurement flights

• Significant CO2 enhancements were observed in the lower troposphere 
downwind of neighboring cities over many airports

• Advection of such high-CO2 air masses causes flight-to-flight CO2
variations

• The magnitude of CO2 variability at ~1 km altitude over airports is correlated 
with CO2 emissions from corresponding nearby cities

• The CONTRAIL data in airport proximity contain clear advective footprints of 
urban CO2 emissions from major cities worldwide
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How COVID-19 affected CONTRAIL?
ht

tp
://

w
w

w
.cg

er
.n

ie
s.g

o.
jp

/c
on

tr
ai

l/

(Many) Aircraft at HND…

https://www.aviationwire.jp/archives/200135

Mar 2020

• We keep our instuments 
installed

• Measurements well 
achieved even during the 
lockdown period, though 
number of flights decreased

• We’ll see and analyze the 
upcoming data

Apr 2020

More data 
to come

NRT
HND

Feb 2020

Red: low height
Large: High CO2



92 destinations

United Nations (2015)

Revenue Passenger Kilometers
(Graver et al. 2019)

United States
China
United Kingdom
Japan
Germany
United Arab Emirates
India
France
Austratlia
Spain
Rest of the World

Cities growing in the south!

JAL covers only small part of the global network!16

US

China
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