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CO, column-averaged volume mixing ratio derived over Tsukuba
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Abstract. Column-averaged volume mixing ratios of car- (Tsukuba observational), was found to $8.621 ppm with
bon dioxide §co,) during the period from January 2007 a standard deviation of 0.682 ppm. The uncertaintX g6,

to May 2008 over Tsukuba, Japan, were derived using(global) based orXco, (Tsukuba observational) was esti-
CO, concentrations measured by Continuous,@@easur-  mated to be 0.922 ppm. This small uncertainty relative to the
ing Equipment (CME). The CMEs were installed on JapanGOSAT precision suggests that calculatiXigo, using data
Airlines Corporation (JAL) commercial airliners, which fre- from airliners and global climatological data can be applied
quently fly to and from Narita Airport. It was assumed to the validation of GOSAT products fdfco, over airports
that CQ profiles over Tsukuba and Narita are the same.worldwide.

CO, profile data for 493 flights on clear-sky days were an-
alyzed in order to calculat&co, with one of two ancillary
datasets: “Tsukuba observational” data (rawinsonde and me-

teorological tower), or “global” forecast/reanalysis and cli- 1  Introduction

matological data (NCEP and CIRA-86). The amplitude of

the seasonal variation ofco, using the ancillary data mea- Climate change is one of our most important environmental
sured in TsukubaXco,(Tsukuba observational)) was deter- problems. Over the past 200 years, the concentration of at-
mined by a least squares fit using a harmonic function tomospheric carbon dioxide (G a major greenhouse gas,
roughly evaluate the seasonal variation over Tsukuba. Thdas increased rapidly from about 280 to 380 ppm (IPCC,
highest and lowest values of the obtained fitted curve in2007). This increase in GQOconcentration enhances radia-
2007 forXco, (Tsukuba observational) were 38&-1.0and  tive forcing of the atmosphere and thus may contribute to
38174+1.0 ppm in May and September, respectively, whereclimate change. The prediction of future atmospheric,CO
the errors represent 1 standard deviation of the fit residualsconcentrations and its influence on climate will require ac-
The dependence dfco, on the type of ancillary dataset was curate quantification of the distribution and variability of
evaluated. The average difference betw&em, from global ~ CO, sources and sinks, which have been derived from at-
climatological dataXco, (global), andXco, (Tsukuba ob-  mospheric CQ@ concentration data by using the inversion of
servational), i.e., the bias dfco, (global) based orKco, atmospheric transport. Atmospheric £€ncentrations are
measured with high accuracy, with the majority of the mea-
surements being made at ground stations and meteorologi-
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existing ground stations and the limitation of their altitudinal Table 1. Types of analyses af o, for ancillary meteorological
range, present estimates of £€burces and sinks have large 4,4 model data. Oz
uncertainties (Gurney et al., 2002).

Rayner and O’Brien (2001) demonstrated that global Analysis Typé
space-based observations of monthly mean column-averaged ;
CO, volume mixing ratios (VMR; precisior:1%), denoted Xco,(Type) Xco () Xco () Xcoy(ll)
as Xco,, can be useful for reducing the uncertainties in re-  MRI CO,P Yes Yes No
gional (8 x 1 footprint) CQ source and sink estimates. Number density profile  Sonde CIRA-86 CIRA-86
Global Xco, values can be derived from space-based nadir- NCEP PBL Yes Yes No
looking observations of sunlight scattered from the earth’s  Tropopause Sonde  Sonde NCEP
surface in the near-infrared spectral region (e.g., Mao and
Kawa, 2004). 2 Analysis types are defined by the ancillary meteorological data used to calculate

i . w » Xco, over Tsukuba. Types | and Il analyses use Tsukuba observational data and global
The Greenhouse gases Observing SATellite “IBUKI” cimatological data, respectively.

(GOSAT) measures the concentrations of Gdd methane  ° insitu CO, tower measurements.

(CHg) from space (Yokota et al., 2004; Hamazaki et al.,

2005; Yokota et al., 2009). Glob&co, and Xcn, prod- o )

ucts are obtained from the Fourier Transform Spectrometef€ number of GOSAT validation sites. To develop a method

(FTS) of the Thermal and Near-infrared Sensor for Carbon®f calculatingXco, using CONTRAIL data, this paper will

Observation (TANSO) onboard GOSAT. focu; on using CONTRAIL profiles over Narita with the ex-
Although satellite sensors provide global observations, thd€nSive meteorological data measured in Tsukuba.

data are less accurate than ground-based observations and/" the present work, .values ofco, were derived over

direct air measurements and need to be validated againgSukuba during the period from January 2007 to May 2008

more accurate independent datasets. Comparisons of totff7 Which Tsukuba observational data were used to add

columns of CO, CH, CO,, and NO were carried out be- information a_t altitudes not measured by the mgtruments

tween the Scanning Imaging Absorption Spectrometer foraPoard the aircraft. To calculatéco, over other airports

Atmospheric Chartography (SCIAMACHY) satellite instru- around the world, global climatological data must be used

ment and ground-based FTS data obtained from 11 sited) add_ltlon because there are limited numbers of nearby ob-

(Dils et al., 2006). Values ok co, over Park Falls, Wiscon- servations. Thus two types qf datasets were alternatively

sin, USA, obtained with a ground-based FTS (Bruker IFSUsed as ancillary meteorological data to calculaigo,:

125 HR), were evaluated by an Orbiting Carbon Observatory! SUkuba observational data (rawinsonde and a meteorolog-

(OCO) retrieval algorithm and were compared with those ob-ic@l tower) and global climatological data (National Cen-

tained with SCIAMACHY (Bsch et al., 2006). The ground- ters for Environmental Prediction [NCEI_D] and Committee

based FTS is a powerful tool for the validation &to, on Space Research [COSPAR] International Reference At-

satellite products. A network of ground-based FTSs thatmosphere [CIRA]-86). The dependenceXo, on the type
record direct solar spectra in the near-infrared spectral re®f the dataset was calculated, and the bias and uncertainty of
gion, named Total Carbon Column Observing Network (TC- Xco,(global) based orXco,(Tsukuba observational) were
CON, Toon et al., 2009), provides essential validation date®Stimated. Seasonal variation parameters &b, were ob-
for SCIAMACHY and GOSAT. The network consists of 14 tained by a least squares fit to roughly evaluate the seasonal
sites in Europe, Oceania, North America, and Japan as ofaration over Tsukuba. In additiorXco,(Tsukuba obser-
March 2010. Additional observation sites for the validation vVational) were compared witico, obtained by the ground-
of satellite products are expected, e.g., in tropical zones angased FTS (Ohyama et al., 2009) during the study period.
SOUth America. 2 Ana|ysis

The Comprehensive Observation Network for TRace
gases by AlrLiner (CONTRAIL) project (Machida et al., On the present work, data from the Continuous CME in
2008) has been observing vertical £frofiles over 43 air- CONTRAIL, which have an overall precision of 0.2 ppm
ports in the world since 2005. Five Japan Airlines Corpo- (Machida et. al., 2008), were used to form the majority of the
ration (JAL) commercial airliners are instrumented with the COz profiles in calculating{co,. The data observed during
Continuous C@ Measuring Equipment (CME) and most of the ascent and descent of the airliners were taken as verti-
the flights originate from Narita International Airport (here- cal CQ profiles over Narita. Two types of analyses using
after Narita) in Japan. Vertical GQOprofiles are obtained €ither Tsukuba observational data (type | analysis) or global
during ascents and descents of the airlinek&o, values  Climatological data (type Il analysis) as the ancillary mete-
derived from the CONTRAIL profiles can be used to vali- orological data were performed to calculéfeo, (namely,
date theXco, data observed by GOSAT. Tsukuba is the pri- Xcoy(l) and Xco(1l)) over Tsukuba. The types of analyses
mary validation site for GOSAT, and is situated 40 km from and their nomenclature are summarized in Table 1.
Narita. The CONTRAIL project could dramatically increase
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Fig. 1. CO»-profile assumption over Tsukubga) High-altitude profiles: The solid and dotted lines show cases in which the tropopause

is higher and lower, respectively, than the highest observational point by an airliner. The rectangular area is exgahded (o). (b)
Low-altitude profile: The PBL is lower than the lowest observational point. (c) Low-altitude profiles: the solid line shows a case in which the
PBL is higher than the lowest observational point. The dotted line shows an example for which the meteorological-tower datum is missing.
All type 1l analyses use a version of the dotted line in (c) for the low-altitude profile. The type | analysis is the case described in the text.

To obtain Xco, over Tsukuba, it was assumed that the stratosphere. Since the tropopause observations by rawin-
CO, profile over Tsukuba (36°IN, 140.P E) is the same sondes were made twice a day at 00:00 and 12:00 hUTC, the
as that over Narita (352N, 140.4 E). In addition, assump- tropopause height at a given time was determined by linear
tions must be made about the g@rofiles above and below interpolation. For a type Il analysis, the tropopause height
the altitudes observed by the airliners (from about 0.5-2 kmwas obtained from NCEP’s Model Analyses and Forecasts
to about 10-11 km). These assumptions are described belowtlobal Forecast System (GFS), which was usually consis-

Measurements have shown that the stratosphericd®@  tent with the lowest tropopause identified by the rawinsonde
centration is constant above an altitude of about 20 km andbservation.
lags about five years behind that of the global mearp, CO  Within the planetary boundary layer (PBL), the £€bn-
concentration in the free troposphere (Aoki et al., 2003).centrations observed at a meteorological tower (38,1
An average of 381.2ppm in the free troposphere in 2006140.F E, Inoue and Matsueda, 1996, 2001) at the Meteoro-
with a growth rate of 1.9 ppm/yr (WMO, 2006), for example, logical Research Institute (MRI), Tsukuba, Japan were used
yields concentrations of 373.6 and 375.5 ppm in the stratoin the case of a type | analysis. The &€ncentrations were
sphere for 2007 and 2008, respectively. When an airlinerobserved at 1.5, 25, 100, and 200 m above the ground with a
does not fly above the tropopause, the Gfncentration precision reported to be better than 0.1 ppm using an NDIR
at the highest observational point (altitude) was assumed t@analyzer (Inoue and Matsueda, 1996). If the altitude of the
be constant up to the tropopause and the profile from thdowest observational point of an airliner was higher than that
tropopause to 20 km was linearly interpolated with respectof the PBL, it was assumed that the g€@oncentration at
to altitude as shown by the solid line in Fig. 1a. When anthe lowest observational point (altitude 8:8km) of an air-
airliner crosses the tropopause, the profile from the highdiner was constant down to the PBL as shown by a solid
est observational point to 20km was assumed to be linealine in Fig. 1b. If it was lower than the PBL, a linear pro-
with respect to altitude as shown by a dotted line in Fig. 1a.file was assumed between the lowest observational point of
For a type | analysis, the height of the tropopause was obthe airliner and the highest one (200 m) of the meteorological
tained from a rawinsonde observation at the Tateno Aerotower as shown by a solid line in Fig. 1c. If the datum from
logical Observatory (36°IN, 140.T E) of the Japan Mete- the meteorological tower was missing, the concentration of
orological Agency (JMA). The lowest tropopause as identi- the lowest observational point of the airliner was extended
fied by the rawinsonde observation was selected from sevdown to the ground as shown by a dotted line in Fig. 1c
eral observed tropopauses, because the lowest tropopauég of MRI tower data were missing in the present analy-
is generally the boundary between the troposphere and thsis). The PBL height was obtained from NCEP, as systematic
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determination of the PBL height from rawinsonde data is dif- CjayerandCiowerindicate the altitudinal regions (in meters) of
ficult. The PBL height data from NCEP with & % 1° grid the layers and observational heights (in meters) in the tower,
were linearly interpolated with respect to the geographicalrespectively. The coefficient of each term in equations (1—
coordinates of Narita. Analyzed PBL heights were available3) was obtained based on the assumption that the observed
four times (00:00 h, 06:00 h, 12:00 h, and 18:00 h UTC) daily concentrations at 200, 100, 25, and 1.5 m in the tower are the
from NCEP, and forecasted PBL heights were used for theaveraged concentrations of the layers between 150 and 300,
midpoint between the analyses. The PBL data were then lin50 and 150, 10 and 50, and 0 and 10 m, respectively.
early interpolated to the takeoff or landing times. Inatype Il A flight was excluded if its minimum altitude was greater
analysis, the concentration at the lowest observational pointhan 4 km or the maximum altitude was less than 5km be-
of an airliner was extended down to the ground irrespectivecause of the large altitudinal range with missing data.
of the PBL height, as shown by a dotted line in Fig. 1c. In the present work, using CONTRAIL data for Jan-
Rawinsonde data were utilized for the number density pro-uary 2007—-May 2008 over Narita and based on the above
files of dry-air in type | analyses. The rawinsonde observa-assumptions, data from 493 flights by 5 airliners in clear-sky
tions were made twice per day at 00:00 h and 12:00 h UTCwere analyzed, since only the clear-sky data are suitable for
The temporally closest rawinsonde data were used. Becausaiccessful GOSAT retrievals. “Clear-sky” conditions were
the vertical resolution of rawinsonde observations is a fewdetermined by the solar absorption spectra measured by an
hundred meters, the number density at a specified altitudéTS in Tsukuba (Ohyama et al., 2009)Xco, from the
was obtained by logarithmic interpolation. Observed totalground level to an altitude of 85km, i.e., the entire altitu-
densities of air by the rawinsonde were corrected at eachlinal range, and{co, for the altitudinal range of 2-10km
altitude for the water number density using the relative hu-(hereafterX’COZ) were calculated and are shown in Fig. 2.
midity observed by the same rawinsonde. Since rawinsond@ comparison betweel co, a”dXé:oz can demonstrate the
data exist up to about 30 km, for altitudes over 30 km, the USeffect of the low-altitude atmosphere i,
standard atmosphere, which is a model that defines values for
atmospheric temperature, density, pressure, and other prop-
erties over a wide range of altitudes (NOAA, NASA, US Air 3 Results and discussion
Force, 1976), was used to generate the number density pro- .
file. In type Il analyses, CIRA-86 data having monthly mean 31 A”a'YS'S'WPe dependence foX co,: number
values in a 5-latitude grid were employed. CIRA-86 data density of air
were linearly interpolated from the 8atitude grid to the lat-
itude of Narita. Monthly mean values of CIRA-86 were ap-
plied on a monthly basis, without daily interpolation.

To obtain Xco, over airports worldwide, global data must
be utilized for the number density of air. CIRA-86 is one

. . Lo . such global dataset. Meteorological data from rawinsonde
To obtainXco,, numerical altitudinal integration was ex- g g

ecuted as a summation of 100-m lavers up to an altitude Opweasurements, which are convertible to number densities of
Y P .air, were obtained over Tateno in Tsukuba. In the present

85 km' Homoot?eneotL_lst 'E'Xtehd at_nFosphere Wasdas{s.utmed II ork, number densities obtained from CIRA-86 were vali-
e?c va?/elrf 0 ?erk\]/anlgps q y f rﬁ ailrrlne_rrshocggre n?r '2 enrva %Iated with those calculated from the rawinsonde, since an un-
ofseveraltens 1o hundreds ot meters. 1he centratio certainty in the number densities increases the errof & .

.i{t:n glgttgge (.),[th?]zn: ionn;'@h:bi’r'r% ?E)b )erW;c§o::gleagynt Hereafter, atype | analysis that used CIRA-86 data is referred
Interp Wi W '9 Ing observall POINS 5 45 a type’lanalysis (Table 1). The profiles of CIRA-86

and the result was utilized as the concentration of the IayelE‘lumber densities are similar to those of the rawinsonde, and

Irorg 1Olot')n to leO- (’I’.ﬂ) m.eE[ers. ﬁf metr:tlto ned n:hreg?ards tthe differences (1-2%) between them in the altitude range of
A and ¢, a linear interpofation between the 1oWesly g could be from daily pressure variability.

observational point by an airliner and the highest observa- The differences betweelico, by CIRA-86 and by raw-

tional point by the meteorolqgmal tower was also perform_e dinsonde were derived for January 2007-May 2008 (Table 2).
to calculate the concentrations of the layers for the regio

with missing data, with an altitudinal width of 0s& km. In "The average difference betwekieo, (I’ andXco, (1), which

. is the bias ofXco,(l) based onXco,(l), was found to be
the case of the meteorological tower data, the;Cancen- —0.043 ppm with a standard deviation of 0.067 ppm. The un-

trations of the lowest three layers were estimated as fOHOWS:certainty (4(Bias} + (Standard deviatioR)%/2) of Xco,()

Claye(0—100) = 0.5- Ctower(100) +-0.4- C;ower(25) (1)  based onXco,(l) was 0.080 ppm. These were reduced by

+0.1- Crower(1.5), half for X’COZ (Table 2). Because the uncertainties are small,

the number densities of CIRA-86 are admissible as global

Clayer(loo— 200) = 0.5 Cower(200) +-0.5- Crower(100), (2) data to deriveXcoz.
Clayer(ZOO— 300) = 1.0- Crower(200), (3)

whereClayer is the CQ concentration in the layer ar@ower
is that observed at the tower. Numbers in parentheses for
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Fig. 2. Time series oXco, andXé:02 from type | analysis over Narita using CONTRAIL data from January 2007 to May 2008. Data from
493 flights by five airliners were analyzelco, (blue marks and solid blue line) were numerically integrated to cover the entire altitudinal
range, i.e., from the ground level to the lower thermosphere (85 km), aﬂ(@ r (red marks and dotted red line) over the altitudinal range
of 2-10km. Data on 16 August 2007 were not included in the fit. Daily averagegs, using the scaling retrieval algorithm by FTS are
plotted by green marks.

Table 2. Relative uncertainties afcp, based on type | analysis (ppfn) To show small relative values, the uncertainties are given to 3
decimal places.

Altitudinal range Analysis Type
Xco,()  Xco(I')  Xco,(I)  Xco,(IH)

Bias 0.0 —0.043 —-0.621 —-0.578
Xco, Entire Standard deviation 0.0 0.067 0.682 0.691
Uncertaint)? 0.0 0.080 0.922 0.901
Bias 0.0 —0.018 —0.019 —0.001
X/CO2 2-10 km  Standard deviation 0.0 0.029 0.037 0.022
Uncertainty 0.0 0.034 0.041 0.022

a\WWe assumed that the type | analysis defines thexgaz in the present analysis.
b (Uncertainty) {(Bias) + (Standard deviatioR)/2

3.2 Analysis-type dependence foX co,: Tsukuba During the period between January 2007 and May 2008,
observational data and global data the differences betweeXico, () and Xco, (Il) were derived.

; - . The average difference, which is the bias¥jo,(Il) against
C round concentration data are often difficult to obtain
©2 grou ! med ! Xco,(l), was found to be-0.621 ppm with a standard de-

for airports worldwide. Therefore the type Il analysis does .~ .

not use the C@ground concentration and assumes that the\"""t'orll of 0.632922m. Thel uncertainty ﬁTcoﬁ(”) gased onc o
CO;, profile is uniform through the PBL, i.e., that there is less Xcoy(l) was 0.922 ppm. In many cases, the observeg CQ
influence, compared to the type | analysis, of an air parcelground -concentr_atm.n was higher than that at the lowest air-
that includes a high concentration €@om a metropolis craft altitude, which is likely the reason for the bias.

and/or a local C@source.
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Xé:oz shows remarkably reduced uncertainties (Table 2),3.4 Amplitude of seasonal variation
which may indicate small effects caused by L£f@ofile
turbulence around the PBL and small influences by airln order to determine the seasonal variation parameters, the
parcels that include high-concentration £@om the Tokyo ~ Xco,(l) data obtained by each flight were fitted to the follow-
metropolitan area and a local G@ource. Furthermore, ing function (Matsueda et al., 2008; Thoning et al., 1989):
Xco,(l') were compa_red wiltI:XCOZ(II) in order. to subtract 1) =a1+az-t+as-12+ag-SiN21) +as-co21) 4)
the dependence on air particle number-density datasets from
the uncertainty ofXco,(Il) based onXco,(l). The differ-
ences betweeKco,(l") andXco,(Il) were obtained. The av-  wherer is a variable of time in the unit of years from the start-
erage of the differences, which is the biask@fo, (1) against  ing date of the computation on 1 January 2003. Coefficient
Xco,(l"), was found to be-0.578 ppm with a standard devi- ay is the trend ofXco, on the starting datej, andas indi-
ation of 0.691 ppm. The uncertainty &fco,(ll) based on  cate the growth rate and its second order, respectigglgnd
Xco,(I') was 0.901 ppm. Although the dependence on theas describe the first harmonic, i.e., the seasonal cycle; and
number-density datasets was subtracted, the decrease in the anda7 describe the second harmonic. Since the obtained
uncertainty ofXco,(Il) was small. Thus the uncertainty of Xco, data in the present work were limited to 15 months,
Xco,(I) strongly depends on the profile assumption aroundthe value olzz was fixed at 0.0. The values of, a», a4, as,
the PBL, as Narita and Tsukuba may have inflows of airag, anda; were determined by a least-squares fit. Although
parcels over the Tokyo metropolitan area and over a locaMatsueda et al. used the third harmonic, the large variability
CO, source that disturbs the G@rofile uniformity around  of Xco, in the present work can interfere with the determi-
the PBL. In an analysis at another airport that has a uniforrmnation of the third harmonic.

+ag-Sin(4rt) +a7-cog4nt),

CO, profile around the PBL, the uncertainty to, will be Abnormally high concentrations dfco, — several ppm
better than that over Tsukuba. higher than regular data — were measured for a number of
flights in August 2007. These may have been caused by in-
3.3 \Variability of Xco, within 6 h around 13:00h local  flows of air parcels from over the Tokyo metropolitan area
time (LT): suitability for GOSAT validation to over Narita or Tsukuba. Flights from and to Narita can

_ , . i , be classified into those that take off or land in the northern
The. Ya”ab,'l'ty of Xco, in a I|m|t¢d time window must be airspace of the airport, and those that take off or land in the
clarified, since regular observations by GOSAT need t0 beg, thern airspace. The observational points below an alti-
validated by using non-regular opser_vatlons by_ the airlin-,4e of 1 km were 20—30 km from Tsukuba for flights land-
ers. We focused on a set of profiles in a 6-h window cen-jng 4ng taking off to the north, and 5060 km from Tsukuba
tered on the GOSAT overpass time (around 13:00 h LT). Thery, those in the south. The high concentrationsXafo,

standard deviations of co, by type | analyses for windows ot more than 382.5 ppm recorded in August 2007 were al-

containing more than 3 flights were determined for the Jan+y ¢t ajways from flights that take off or land in the southern
uary 2007-May 2008 period. The standard deviations of

- - airspace. C@ profiles with a high concentration ofco,
Xco, that were obtained for 14 windows were averaged.gpqy high concentrations of GOn the low altitudinal re-

Variabilities — the averages of the standard deviations — Wergjion (0—2 km). If the concentration of Gbserved in the
found to be 0.52 and 0.42 ppm fafco, and X¢q,, reSPeC- oy altitudinal region by an aircraft that takes off or lands
tively. A limited altitudinal range (2-10km iX¢)) did  jn the southern airspace is higher than that in the MRI tower
not yield a noticeable decrease in variability compared withgnd is>400 ppm, the implication is that air parcels over the
the full altitudinal range Xco,). The variabilities originated Tokyo metropolitan area that have a high concentration of
mainly from the variability of the C@profiles observed by  co, have not reached Tsukuba; thus the assumption of uni-
airliners. However the variabilities are within the allowance formity of the CQ profile over Tsukuba and Narita is incor-
of 1% for GOSAT data retrieval (Yokota et al., 2004). The rect. A CQ profile with this condition cannot be used for
majority of the uncertainties afco, (I’ and Il) based on the  GOSAT data validation. In the present work, only one flight
real Xco, can be derived from the difference between the g 16 August 2007 that had a value X0, of 388.5ppm
real profiles and the assumed high- and low-altitude profileshad this condition (shown in Fig. 3) and the valueXafo,
and are difficult to estimate. We discuss the uncertaintieSyas not included in the fit.
of Xco,(Il and I') based onXco,(l) in Sects. 3.1 and 3.2.  The standard deviation of the differences betwaes,
For the validation of GOSAT data, the variability &to, (1) and the fitted curve was 0.98 ppm (0.74 ppquroz). The
within 6 h discussed in this section may be one of the mosiyptained coefficients are listed in Table 3 and the fitted curves
effective uncertainties aXco,(l) based on the rea{ co,. of Xco, and X;, are shown in Fig. 2. Generally in the
Northern Hemis%)here, plant activity causes the lowest value
of Xco, to occur around September and the highest around
March and April. The timing of the lowest value arises from
CO, absorption by plant photosynthesis that is sufficiently
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12+ Table 3. Coefficients obtained for least-squares fits with Eq. (4) to
Xco, over Tsukuba during the period January 2007-May 2008.
10 Coefficient Unit Entire rang@ 2-10km
Q ag ppm 374.1929 373.1888
@ an ppm/yr 2.267%  2.451%
3 as ppm/yr 0.0 0.0
g 2 as ppm 2.7184 3.3140
o as ppm 0.5133 0.5376
§ ag ppm —0.3059 -0.4371
e £ az ppm 0.2523 —0.0222
5 )
) 6 N 2 Coefficients in Eq. (4). The coefficieng was fixed at 0.0. See text for details.
_g = b Entire altitudinal range, i.e., from the ground level to the lower thermosphere (85 km).
2 “(% ¢ One standard deviation e is 0.1351 for “Entire range” and 0.1175 for “2—-10 km”.
=
< =
o
41 3 ern low- and mid-latitudes from 2003 to 2006 (1-3 ppm/yr,
o Buchwitz et al., 2007), although the observational period of
_Si- the present study is more recent.
(¢}
=
2 1 o—_ 3.5 Comparison with Xcgo, by FTS
oxo\O p 2 DY
I - Xco,(l) determined by the present method aXdo, by
Q FTS (Bruker IFS 120 HR) were compared for the period
0 : : : 2-0n : , from January 2007 to May 2008. Ohyama et al. (2009)
380 400 420 retrieved CQ volume mixing ratios from solar absorption

spectra in the 1.6-um band measured with the ground-based
high-resolution FTS at Tsukuba using profile retrieval and
scaling retrieval algorithms. They derived the time series of
Fig. 3. An example of a profile of an inflowing air parcel from over X -, from December 2001 to December 2007. In the present
the Tokyo metropolitan area to over Narita on 16 August 2007.  \ork, we extended the same analysis using the scaling re-
trieval algorithm to March 2008. Data on partly cloudy days

| han C duction by ol — h h were excluded by the same screening processes of Ohyama
arger than CQ production by plant respiration, whereas the et al. (2009). Daily average®co, by FTS are plotted in

photosynthetic absorption of GQs less in winter, leading Fig. 2 and agree well with the present method in the autumn
to the highest value. The highest and lowest values of theand winter seasons

fitted curve in 2007 were 386+ 1.0 and 3817+ 1.0 ppm,

respectively, forXco, and 3870+0.8 and 3811+0.8 ppm measurements over Tsukuba between December 2001 and

S ;
for X CO, 1” Ma;(/jandd dSeptgmbe;, Lespegt(ljvelly, \,Nhire ft,he_lfahr'December 2007 was reported to be about 8 ppm by Ohyama
rors are standar e\_/latlon of the residuais in the fit. Cet al. (2009). This peak-to-peak seasonal amplitude is larger
amplitude of the tentative seasonal variation, i.e., the peak

. than those from the present study reported in Sect. 3.4. Al-
to-peak seasonal amplitude, for the 15 months analy.zed herﬁﬁough the general features of the seasonal variations for the
was found to be "63:|:,0'15 and 59;i0'13 ppm by the fitted FTS measurements shown in Fig. 11 of Ohyama et al. (2009)
curves forXco, andXcq,, respectively, where the erors are. 5 e present ones are similar, it would be necessary to ex-
twice the standard dewaﬂon 0 in the fit. tend the observational period before discussing differences in
The values determined fap (2.27+0.14 and 245:0.12 seasonal variations, as the observational period in the present

ppm_/yr, where the_errors are 1 standard devie}tiongofn study is much shorter than that in Ohyama et al. (2009).
the fit) show tentative growth rates fafco, and Xco, Over

Tsukuba during the period from January 2007 to March 2008

that are quite similar to the value of 2.2 ppm/yr for the FTS 4 Conclusions

measurements by Ohyama et al. (2009). Our values agree

with the values of other measurements such as the ground=olumn-averaged volume mixing ratios of €Xco,) from
based FTS observation at Park Falls (Wisconsin, USA) fromJanuary 2007 to May 2008 over Tsukuba were derived by
2004 to 2006 (2ppmlyr, Yang et al., 2007; Washenfelderusing CQ profiles measured by CONTRAIL. COpro-

et al., 2006) and the SCIAMACHY observations at north- files from 493 flights on clear-sky days were analyzed. To

CO, concentration (ppm)

The peak-to-peak seasonal amplitudeXeyo, using FTS

www.atmos-chem-phys.net/10/7659/2010/ Atmos. Chem. Phys., 10, 76682010
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calculateXco,, two types of datasets, Tsukuba observational Yuen, C.-W.: Towards robust regional estimates of,&0urces
data (I) and global data (1I), were alternatively used as ancil-  and sinks using atmospheric transport models, Nature, 415, 626—
lary data, and(co,(I1) with global data were compared with 630, doi:10.1038/4156264a, 2002. _
the Tsukuba observational data basedXas, (l). The bias Hamazaki, T., Kaneko, Y., Kuze, A., and Kondo, K.:. Fourler.
of Xco,(Il) based onXco,(l) over Tsukuba was derived to transform spectrometer for greenhouse gases observing satellite
be —0.621 ppm with a standard deviation of 0.682 ppm. The (GOSAT), SPIE, 5659, 73_8(_)' 2005. .

. . Inoue, H. Y. and Matsueda, H.: Variations in atmospheric,GD
uncertainty ofXco,(Il) based onXco,(l) was estimated to

N the Meteorological Research Institute, Tsukuba, Japan, J. Atmos.
be 0.922 ppm, which is less than 0.3%X¢o,. The small Chem., 23, 137-161, 1996.

uncertainty suggests that the present method'e, cal- Inoue, H. Y. and Matsueda, H.: Measurements of atmospheric CO

culation using CONTRAIL data and the global data can be from a meteorological tower in Tsukuba, Japan, Tellus, 53B,

applied to airports worldwide. Therefore the number of vali-  doi:10.1034/j.1600-0889.2001.01163.x, 205—-219, 2001.

dation sites of GOSAT foX co, can be increased. Intergovernmental Panel on Climate Change (IPCC), Climate
Change 2007: The Physical Science Basis: contribution of Work-
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