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A Comparison of the Atmospheric CO, Concentrations Obtained by an Inverse
Modeling System and Passenger Aircraft Based Measurement
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Abstract In this study, the atmospheric CO, concentrations estimated by CT2013B, a recent
version of CarbonTracker, are compared with CO, measurements from the Comprehensive
Observation Network for Trace gases by Airliner (CONTRAIL) project during 2010-2011.
CarbonTracker is an inversion system that estimates surface CO, fluxes using atmospheric CO,
concentrations. Overall, the model results represented the atmospheric CO, concentrations well
with a slight overestimation compared to observations. In the case of horizontal distribution,
variations in the model and observation difference were large in northern Eurasia because most
of the model and data mismatch were located in the stratosphere where the model could not
represent CO, variations well enough due to low model resolution at high altitude and existing
phase shift from the troposphere. In addition, the model and observation difference became
larger in boreal summer. Despite relatively large differences at high latitudes and in boreal
summer, overall, the modeled CO, concentrations fitted well to observations. Vertical profiles
of modeled and observed CO, concentrations showed that the model overestimates the obser-
vations at all altitudes, showing nearly constant differences, which implies that the surface CO,
concentration is transported well vertically in the transport model. At Narita, overall differ-
ences were small, although the correlation between modeled and observed CO, concentrations
decreased at higher altitude, showing relatively large differences above 225 hPa. The vertical
profiles at Moscow and Delhi located on land and at Hawaii on the ocean showed that the
model is less accurate on land than on the ocean due to various effects (e.g., biospheric effect)
on land compared to the homogeneous ocean surface.
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face CO, flux, atmospheric CO, concentration
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3l ti7] F olisletA: Eer I A5E2RE Ax
Fete 7] AW s mdE
(atmospheric inverse modeling), & “top-down” ' o]
da] o] &% Uthe.g., Peters et al., 2007, 2010;
Feng et al., 2009; Chevallier et al., 2010). th7] <I¥
2 Bdy BHE o] &d AEWH B FH2AE F
Aol A"l A FH A28 (CarbonTracker)<
n] =+ 3] %Fth 7] % (National Oceanic and Atmospheric
Administration, NOAA) 48} XA 28] A4 (Earth
System Research Laboratory, ESRL)oA 7} d=] o]
2007 27] Mzlo] Algi® ol Ae| vjd HHlolE
Ha ok gaFAHA LM #5 AEE 53
A1717] wjoll BolE Azt AS 7+ Aol A
s, ARkAl A E #AF AE7F I ARlA EA)
gl gl % RdS FE A7 BE, & He F
7+ Aelel Uitk A%E 4§ dve FHe] A
W sl B3 AR, Bol 94 B ARE W)
st7lell Agtste] CarbonTracker 2013B (CT2013B)2]
7d-%- Scanning Imaging Absorption Spectrometer for
Atmospheric Chartography (SCIAMACHY)2} Greenhouse
gases Observing Satellite (GOSAT)S.ZH-E] Aoj7l o]
Aetea Y FE(XCOy)ee vl e s AR
# v} Jth(Heymann et al., 2015; Lindqvist et al.,
2015).
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£ Aol W o R Ageunt ke B3
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Comprehensive Observation Network for Trace gases
by Airliner (CONTRAIL) Z2AE9] o]Al3leth &
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Table 1. Summary of the prior flux, transport model, and nesting domain used in CT2013B.

Biosphere

CASA-GFED v3.1 (van der Werf et al., 2010)

Ocean

Jacobson et al. (2007)

Prior flux -
Fires

CASA-GFED v3.1 (van der Werf et al., 2010)

Fossil Fuel

Miller dataset (CDIAC and EDGAR)

Transport model

TMS transport model with ERA-interim reanalysis

(dognamol) Globe
Transport model 3" x2
resolution i
(d‘l’?lj‘;loz) 12°S-70°N, 30°E-168°E
Period 2000. 1. 1~2011. 12. 31 (Analysis was conducted for 2010-2011.)

& 3437 S8l CONTRAIL ARE ©AFHA 2
doj F3AFIoZHN T35 B AFE Zhang et al.
(20147} 2At}. Zhang et al. (2014)2] A= CONTRAIL
AEE T2 QW2 B g Wl 283 A (Niwa
et al,, 2012; Jiang et al., 2014)¢} ¥]wal B 23}
20|17k Atk o E o], Zhang et al. (2014)°14 3
HE opAol A|eje] B 4= F4E ~1.56 PeC yr'o]
AAT Niwa et al. (2012)9141E +0.06 PgC yr ']
o} oJ71A 29 HEE AEW @A FHA FFE,
o] R3 = ulES ou)gith wEka CONTRAIL A}
o} 2d A5 2AEHA BluskE A2 CONTRAIL
ARE 371 AWML BdE Ae] AP P
o= & Zo] & Folth. ¥ ofyZ} CONTRAIL
s eIt T3 AR oR X 197 |
7] wjie] A AFIAE HFel AMEE #E AR
o] AF7HY SHAE Hekstrle] w9 Ajteith 18
B2 CONTRAIL AEE o|&35te] 2d AE HAZE
3he e on e A7rt € Aotk

webd, B AgeMe H 1359 9% CT2013B
=3 mold o]x3leA FE9 CONTRAIL o)A
sleta gty A= A8E H|wste] 2 ARE B4
stz gtk 2 E Bl 259 CT2013B<}
CONTRAIL #F500 st A& AAISHAAL, vl 4
= 3 B Zlojtth mpA|wto® AR Bl 9 oF
< 4%l AAgH

b o

2. X2 MY

Z oxl3lekAs A= 7S
7 PE] W (Evensen, 1994; Whitaker and Hamill,
2002) o]&3l F3A HAHshE AEH B4 FH
2E FAH 3T} (Peters et al,, 2007). B AFolME

i

Ve 2

CT2013B= AH&s] mojdl olitsleh s A3s
Hl el ARg-3 Zlo|t} & Aol ARE-EF CT2013B
47 9 42 Table 19] L.oFste] YeRSIT AJ4,
<, A, 2E)a s AR R EE 27
A3 £ 2= 72} Carnegie-Ames-Stanford Approach
Global Fire Emissions Database (CASA-GFED) v3.1
(van der Werf et al., 2010), Jacobson et al. (2007),
CASA-GFED v3.1, Z22]3L Carbon Dioxide Information
and Analysis Center (CDIAC) and the Emission Data
base for Global Atmospheric Research (EDGAR) <1
£ VE i AnEdel AHgE BS AR
T NOAA ESRLOAIA AlFdle= oliabsters: A% (in-
situ) #F AFE Z32 “ObsPack” A5 (Masarie et al.,
2014)°1th. ObsPack AFE= A =3 Qw2 RHlE)
29 7} 293 94 AR 4F A7l Agehs
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Fig. 1. The number of CO, observations at 1° x 1° grid from
January 2010 to December 2011 in CONTRAIL project. The
locations of airports where CO, measurements were conducted
are denoted by blue triangles, and gray-dashed lines indicate
the latitudinal bins (20° interval from 30°S to 70°N).
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Table 2. List of the airports where aircraft measurements were implemented during 2011-2012. The airports selected to analyze
the vertical profile are presented in bold character.

. . Latitude Longitude Elevation
Code City Airport name N] [E] [m]
DME Moscow, Russia Domodedovo Airport 55.41 37.91 179
AMS Amsterdam, Netherlands  Schiphol Airport 52.31 4.76 3
YVR Vancouver, Canada Vancouver International Airport 49.19 -123.18 4
ZRH  Zurich, Switzerland Zurich International Airport 4747 8.55 432
CTS  Chitose, Japan New Chitose Airport 42.78 141.69 25
PEK  Beijing, China Beijing Capital International Airport 40.08 116.59 35
GMP  Seoul, Republic of Korea ~ Gimpo International Airport 37.56 126.79 18
ICN  Incheon, Republic of Korea Incheon International Airport 37.47 126.45 7
NRT Narita, Japan Narita International Airport 35.76 140.39 43
HND Haneda, Japan Tokyo International Airport 35.55 139.78 6
NGO Nagoya, Japan Chubu Centrair International Airport 34.86 136.81 5
ITM  Osaka, Japan Osaka International Airport 34.79 135.44 12
KIX  Kansai, Japan Kansai International Airport 34.43 135.24 0
FUK  Fukuoka, Japan Fukuoka Airport 33.58 130.45 9
SHA  Shanghai, China Shanghai Honggiao International Airport 31.20 121.34 3
DEL  Delhi, India Indira Gandhi International Airport 28.57 77.10 237
OKA Naha, Japan Naha Airport 26.20 127.65 4
TPE  Taipei, Taiwan Taiwan Taoyuan International Airport 25.08 121.23 32
HKG Hong Kong, China Hong Kong International Airport 2231 113.92 6
HNL Honolulu, United States Honolulu International Airport 2132 -157.92 4
BKK Bangkok, Thailand Suvarnabhumi International Airport 13.68 100.75 2
GUM  Guam, Guam Guam International Airport 13.48 144.80 91
SIN  Singapore, Singapore Singapore Changi International Airport 1.35 103.99 7
CGK  Jakarta, Indonesia Jakarta International Soekarno-Hatta Airport -6.13 106.66 10
CNS  Cairns, Australia Cairns Airport -16.89 145.76 3
SYD Sydney, Australia Kingsford Smith Airport -33.95 151.18 6
AQOJ  Aomori, Japan Aomori Airport 40.73 140.69 198
JIB Djibouti, Djibouti Djibouti-Ambouli International Airport 11.55 43.16 15
ZAG Zagreb, Croatia Zagreb International Airport 45.74 16.07 108
PRG  Ruzyne, Czech Vaclav Havel Airport 50.11 14.28 380
DBV  Dubrovnik, Croatia Dubrovnik Airport 42.56 18.27 161
OKJ  Okayama, Japan Okayama Airport 34.76 133.86 239
LJU  Ljubljana, Slovenia Ljubljana Joze Pucnik Airport 46.22 14.46 388
YUL Montreal, Canada Montreal-Pierre Elliott Trudeau International Airport ~ 45.47 -73.74 36
YYZ  Toronto, Canada Toronto Pearson International Airport 43.68 -79.63 173
TAHEL o] F dF #= A5 E o] AFdA T3} (observation operator) G &S sl= =l RHZ

Gk 32 AAHtwo-way nested
Kim et al. 2014014 524 A2 Sojrjolz A4
g A opalol Aol el FO AlEg S I

grid)s AR&-3ich,

£$ B9t} CONTRAIL ZEAEE=
TPE Z2AHE0|RR o] wa}

AT B, o 5o, B8 AN B WL AL 59
Za0] A9 % AR B FF BAVG) OB 4 AR FHom
4 G W olde FAH T o] w
37 ol@7] wlee] AR BEE AR AHgUT

RaFAA LA Agshe B 44 29e

Transport Model 5 (TM5) 4% 22 (Krol et al., 2005)
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Fig. 2. (a) The scatter plot between the observed CO, concentrations and the modeled CO, concentrations during 2010-2011:
the solid line denotes the identity line (i.e., y=x line) and the dashed line denotes the regression line with information
represented at the right bottom. (b) The histogram of modeled minus observed CO, concentrations: the black line denotes the
density function, and the number at the right bottom indicates the mean difference with standard deviation.

Centre for Medium Weather Forecast) ERA-interim |
A A5ZEE Ao

CT2013BE ARES olitsl&rd: 5% E+= 2000
WRE 20116714 717kl gis] 3l =ERer, 49
o] AMR-E Zg= 23 717HS AlQskal 20109 1
4RE 2011 12€71K]9] A5t} Rd-#E v
E 93, CT2013B =4 4315 CONTRAIL A5
Al - F7re] d-8-ake] WAFSEA T

2.2 CONTRAIL

CONTRAIL ZRAE= FHE 2715 o83l o
FAAH 2H] 24 71AE #ASF3s] 98] 20054
11¥ A1ZHE 9 tHMachida et al,, 2008). ©] Z2HAE=
National Institute for Environmental Studies (NIES),
Meteorological Research Institute (MRI), Japan Airlines
International (JAL), JAMCO Corporation, ZZ2] 3. JAL-
Foundation (JAL-F)o| 34 33l Z2AE0H, 5
2] JAL 7 7]e] A& o|rkstetd 4 A
(Continuous CO, Measuring Equipment, CME)E %Al
sto olibsterA s St olikstekA 42 HF)
2= (level mode)?} ©] - #H-(ascending and descending
mode) RERE WroRint, Bl Foll= o]iksleha 2}
F7F 1 Ao R SR ol FHAE] °F 15km
Aol AFggeh v o] - 2F Ftolle 102 114
o7 olihsletart SAHEH ol A% °F 100m A
Lol &gt 9 AFIE AAHH S8 E oliks)
B4 AR A== +£02ppm oot ZE o]Aak
3lekA ZHEE NIES 09 CO, 2A|Do) thal] ZAE
I tH(Machida et al., 2011).
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). 974 Bx= 7} FgoA9] o] - ZAF B
o] gaf A3t B4 717 Bt = 3

=

= 170 &3] AERE E4o] ARSI tH(Table 2).
T3 AAS W 9o 1xdME 3 2

37171 #Zel] J&e v 7FsAol 7]
et al. (2012)S wWabA 625 hPa 1|WH] A8 H] o)
A A9t AR E4Jo] A&¥ CONTRAIL A&
= 2010¢ 1958 20119 1297kK1¢) AAg o)t}

2 I

w

AR Age] EAS BIA CT2013BAA RojE
o] 2k8lE A %9} CONTRAIL Z2AEo)A AZ=%
ojibslerA T g Hlws)| HOkthFig. 2). B9 #t
I gk Atole] g AlFE <F 0.842 =ShTH(Fig.
22). Rd- A= jol5 HokS o, AAHo2E P9
A, & oA #AZol v]3] oitsleih FEE 2
o ®2olstiont 1 A7]= oF 0.55 ppm BEE Ak
TH(Fig. 2b). =gk BRd-#A= xfole] H-E7} Gaussian
HEXE Z mE2s oz Hol, RdojA] RoJH o]
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Fig. 3. Distribution of observed CO, concentrations at (a) DJF, (c) MAM, (e) JJA, and (g) SON, and difference between
modeled and observed CO, concentrations at (b) DJF, (d) MAM, (f) JJA, and (h) SON for 2010-2011.
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Fig. 6. Vertical profile of (a) modeled (gray) and observed
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Table 3. Root Mean Squared Difference (RMSD, ppm), bias (ppm), standard deviation of the bias (Std, ppm), correlation
coefficient between modeled and observed CO, concentration (Corr), and number of observations (Nobs) at all selected
airports, airports located above 40°N, other airports except NRT (Narita), and NRT for 2010-2011.

RMSD [ppm] Bias [ppm] Std [ppm] Corr Nobs
All selected 1.487 0.636 1.345 0.850 251515 (100%)
Airports located above 40°N 1.370 0.411 1.306 0.885 27655 (11.0%)
Other airports except NRT 1.488 0.523 1.393 0.798 113537 (45.1%)
NRT 1.515 0.809 1.281 0.891 110323 (43.9%)
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Table 4. Bias (ppm), standard deviation of bias (Std, ppm),
correlation coefficient between modeled and observed CO,
concentration (Corr), and number of observations (Nobs) for
each vertical level at NRT for 2010-2011.

P [hPa]  Bias [ppm] Std [ppm] Corr = Nobs

225-125 0999 1316 0805 1775
325225 0.761 1291 0860 22145
425-325  0.826 1270 0.882 39686
525-425  0.848 1240 0905 29149
625-525  0.745 1349 0912 17568
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