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Abstract. A 2-month measurement campaign with a Fourier tion of Oceanography (S10-1998) scale used at Mace Head
transform infrared analyser as a travelling comparison instru-and in the whole AGAGE network. Median differences be-
ment (TCI) was performed at the Advanced Global Atmo- tween the CRDS G1301 and the TCI at Mace Head were
spheric Gases Experiment (AGAGE) and World Meteorolog-0.12 nmol mot? for CHs and 0.14 pmolmol! for CO,

ical Organization (WMO) Global Atmosphere Watch (GAW) (CRDS G1301 — TCI). The difference between both instru-
station at Mace Head, Ireland. The aim was to evaluate thenents for CQ could not be explained, as direct measure-
compatibility of atmospheric methane (@hicarbon dioxide  ments of calibration gases show no such difference. The CH
(C0O») and nitrous oxide (MO) measurements of the routine differences between the TClI, the GC and the CRDS G1301 at
station instrumentation, consisting of a gas chromatograptMace Head are much smaller than the WMO inter-laboratory
(GC) for CH; and NO as well as a cavity ring-down spec- compatibility target, while this is not the case for €énd
troscopy (CRDS) system for GHand CQ. The advantage N>O.

of a TCI approach for quality control is that the comparison
covers the entire ambient air measurement system, includ-

ing the sample intake system and the data evaluation pro-

cess. For initial quality and performance control, the TClwas1 Introduction

run in parallel with the Heidelberg GC before and after the

measurement campaign at Mace Head. Median differenceSince the industrial revolution, the global abundances of the
between the Heidelberg GC and the TCI were well within long-lived greenhouse gases carbon dioxide {C@®ethane

the WMO inter-laboratory compatibility target for all three (CH,) and nitrous oxide (MNO) have been rising in the atmo-
greenhouse gases. At Mace Head, the median difference baphere, causing an anthropogenic greenhouse effect. How-
tween the station GC and the TCI werd®.04 nmol mot?! ever, estimates of their global and regional sources and sinks
for CHy4 and —0.37 nmolmot?! for N,O (GC-TCI). For are still associated with large uncertainties (Schulze et al.,
N2O, a similar difference {0.40 nmolmot?) was found  2009). In order to monitor the temporal and spatial changes
when measuring surveillance or working gas cylinders withof the greenhouse gases and gain from this quantitative in-
both instruments. This suggests that the difference observefbrmation about the fluxes and their variability using in-

in ambient air originates from a calibration offset that could verse modelling approaches, precise and compatible mea-
partly be due to a difference between the WM@INX2006a  surements in the atmosphere are required. Based on the
reference scale used for the TCl and the Scripps Institusize of atmospheric gradients and variability of the different

Published by Copernicus Publications on behalf of the European Geosciences Union.



8404 S. N. Vardag et al.: Comparisons of continuous atmospheric CHHCO2 and N,O measurements

greenhouse gases, the World Meteorological Organizatiomparison study shows, the biggest challenge in fully exploiting
(WMO) experts have set inter-laboratory compatibility (ILC) this precision capability is now making sure that these instru-
targets for each individual greenhouse gas species (WMOments also measure highly accurate and compatible.
2009), which need to be reached in order to allow merging
data from different stations and networks for global and re-
gional budget estimates. 2

In order to assure the qua'lllt.y and conS|§tency of Previous, ;110 Tl and its calibration
and future measurements, it is therefore important to com-

pare different measurement techniques and their results ang, he comparison campaign at Mace Head, we used the
check whether the ILC targets have indeed been reached, e in situ multi-species FTIR analyser as Hammer et
This has been done through a number of different inter-5; (2013a), however we extended it beyond,z@d CH, to
national comparison exercises, such as analysis of roundz,,de NO. We used the FTIR since it turned out to be ro-
robin cylinders (Zhou et al., 2011), co-located flask samplingy st and compact and since it measures G, and NoO

(Masarie et al., 2001) and recently also via in situ Co_mpa”'continuously and simultaneously with a precision that allows
son of co-located Pnstruments (Zelweger et al., 2012; Hamjt 1o meet all ILC targets for these species (Hammer et al.,
mer et al., 2013a; Rella et al., 2013). For a fully compre-5q13p) The reproducibility of the 3-minute data recorded

hensive quality control of continuous atmospheric measuréyy the FTIR is generally better thah0.05 umol mot? for
ments, a travelling comparison instrument (TCI) approachco2 +0.25 nmol mot? for CH, and=0.05 nmol mot for

has proven to be most appropriate (Hammer et al., 2013a),0. Within the Integrated non-GQGreenhouse gas Obser-
this was also recognized at the 16th WMO/IAEA Meeting \a¢on System (InGOS) project, the three working standards
on Carbon Dioxide, Other Greenhouse Gases, and Relateg ihe FTIR system were calibrated relative to WMO Central
Measurement Techniques (GGMT-2011). _ Calibration Laboratory (CCL) tertiary standards by the Max-
Here we present the results of a measurement campaigp|anck-Institute for Biogeochemistry (MPI-BGC GasLab) in

at the World Meteorological Organization — Global Atmo- 3,4 Germany, using CRDS for ¢&ind CQ and gas chro-
sphere Watch (GAW) and Advanced Global Atmospheric yaiagraphy with electron-capture detection (GC-ECD) for

Gases Experiment (AGAGE) station Mace Head in the Re'NgO. The scales in use were the WMO £®2007 scale

public of Ireland. A Fourier transform infrared spectrome- (Tans et al., 2011), the WMO GHX2004 scale (Dlugo-

ter (FTIR) was used as the travelling instrument, which WaSyancky et al., 2005) and the WMOZ® X2006a scale (Hall
manufactured by the University of Wollongong, Australia, o 4 2007)_’

(Griffith et al., 2012) and is normally run at the Institut fur
Umweltphysik at Heidelberg University for routine ambient 2 2  Site description and routine instrumentation in
air measurements (Hammer et al., 2013b). At Mace Head, Heidelberg
it performed independent continuous ambient air measure-
ments from March to May 2013 in parallel with the station Heidelberg is a medium-sized city (ca. 150000 inhabi-
gas chromatograph (GC-MD).J® and CH, mole fractions tants) located in the densely populated Rhine-Neckar region
measured with the locally installed GC-MD system as well (49°25 N, 8°43 E) in Germany. Routine ambient air mea-
as CH; and CGQ measurements performed by a cavity ring- surements are made on the university campus at the Institut
down spectroscopy (CRDS) were compared with those madéir Umweltphysik, located to the north-west of the Heidel-
with the travelling FTIR instrument. Before and after the berg city centre. On the roof of the institute’s building (at
campaign the TCI was run in parallel with the Heidelberg ca. 30 ma.g.l.), air is drawn through a permanently flushed
GC (GC-HEI) (Hammer, 2008) in order to check its perfor- intake line (1/Z stainless steel) with a bypass to the GC-HEI
mance and stability. system, which measures GACH4, N2O, Sk, CO and H

As most of the time the TCI was sampling air from the simultaneously at a maximum temporal resolution of 5 min.
10 m level to obtain sufficient data for the GC-MD compar- The GC-HEI and the TCI have independent drying systems
ison, while the CRDS systems have their air intake at the(GC-HEI: cryogenic cooler at-45°C, TCI: Nafion dryer
25 m level, we used the opportunity of this comparison cam-in counterflow mode followed by Mg(CI§)2) and sample
paign to investigate the corresponding vertical gradients ofpumps. The working gases for the GC-HEI system are cali-
CO, and CH, at Mace Head from March to April 2013. Co- brated on the WMO X2007 scale for GQhe WMO X2004
located measurements of the TCl and the CRDS at the samscale for CH and the WMO X2006a scale ford®, based on
height performed in May 2013 allowed us to correct the ear-Heidelberg tertiary standards calibrated at the WMO GAW
lier data for any systematic offsets between both instrumentsCCL at National Oceanic and Atmospheric Administration
Very small but still significant vertical gradients could indeed (NOAA) in Boulder, USA. These standards, with a®l
be resolved; these data these data are presented here asrange of 306 to 343 nmol mot, are also used to check the
Appendix. These results nicely illustrate how capable curreninon-linearity of the electron-capture detector (ECD) regu-
optical instrumentation is in terms of precision. As our com- larly. The reproducibility of the GC-HEI measurements is

Methods, site descriptions and instrumentation
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+0.05 umol mot?! for COy, +£2.4 nmol mot ! for CHs and  able amount of air being injected. The precision of the mea-
+0.1 nmol mot for N,O. A detailed description of the en- surements is approximately 0.1 nmolmblfor N>O and
tire GC-HEI system can be found in Hammer (2008). To 1.5 nmol mot ! for CH4. The working gases for the GC-MD
allow for better comparability between the continuous TCI system are calibrated on the Tohoku University scale fogf CH
measurements and the discrete GC-HEI measurements, (€unnold et al., 2002) and the SI0-1998 scale feONPrinn
buffer volume was installed in the GC-HEI sample intake et al., 2000). The GC-MD intake line allows sampling of am-
line. The buffer volume allows capturing and integrating bient air from a height of 10 ma.g.l. The ambient air is dried
the short-term mole fraction variations between the discon-using a Nafion drier. A separate intake line (Y 2.D. Syn-
tinuous GC-HEI measurements. Details of the integrationflex) was installed at the same height for ambient air intake
scheme of the buffer can be found in Hammer et al. (2013a)pf the TCI. This 10 m intake line of the TCI was used from
while the standard operating conditions of the TCI are de-March until the end of April 2013.
scribed in Hammer et al. (2013b). Further, two CRDS instruments are running at the Mace
Normally the FTIR uses the same main air intake line asHead station which draw air from a height of 25 ma.g.l. One
the GC-HEI (with a separate bypass, pump and drying sysinstrument is a Picarro G1301, which belongs to the Irish
tem, Hammer et al., 2013b), but for the performance test beEnvironmental Protection Agency (EPA) and measures CO
fore the intercomparison campaign at Mace Head, a separatand CH, in un-dried ambient air since May 2009. The sec-

intake line was installed in Heidelberg for the TCI. ond instrument, a Picarro G2301, belongs to the LSCE and
dries the ambient air with a cryogenic water trap to a dew

2.3 Site description and routine instrumentation at point of about-45°C before measuring Cand CH;. Each
Mace Head of the two instruments is equipped with a designated am-

bient air intake line (1/2 O.D. Synflex). Both instruments
The Mace Head station is located on the west coast of Irelandhare the same calibration and target cylinders, connected via
(53°20'N, 9°45' W) about 100 m from the Atlantic shore. a multi-position valve, as well as the same measurement se-
The station is operated by the National University of Ire- quence (i.e. ambient measurements and calibration are per-
land, Galway, and is classed as a global background staformed at the same time interval). A water vapour correction
tion within the WMO-GAW network. At the station, trace accordingto Chen etal. (2010) is applied to both instruments.
gas measurements are carried out by the University of BrisEven though the water vapour correction of the (wet) G1301
tol (UK) and by the Laboratoire des Sciences du Climat etinstrument was tested at LSCE before installation at Mace
de 'Environnement (LSCE) Gif sur Yvette (France) as part Head, we found a weak correlation of the difference of both
of the AGAGE (CH, and NO) (Prinn et al., 2000) and CRDS instruments (G1301-G2301) and the absolute humid-
Integrated Carbon Observation System (ICOS) demonstraity, of 0.13 umol mot! CO, %1 H,O for the period from
tion (CO, and CHy) (http://www.icos-infrastructure.euhet- March 2013 until July 2013. The #D-dependency is most
works. A description of the station can be found in Jenningslikely due to an incomplete water vapour correction of the
etal. (2003). A gas chromatography system with multiple de-G1301 instrument. During the comparison period, the abso-
tectors (GC-MD), including an ECD and a flame-ionization lute humidity varied between 0.55 and 0.8 %, which could re-
detector (FID) is used to measure® and CH, while a  sultin slightly increased Cf&values of the G1301 instrument
reduction gas analyser (RGA) measures CO apadwithin of 0.01-0.04 pmol mol® compared to the dry G2301 instru-
the AGAGE network. One working standard, which is mea- ment. The calibration suite of the CRDS systems consists of
sured alternately with ambient air or other samples, is usedour cylinders filled with synthetic gas mixture by Deuste
for on-site calibration. These whole air standards last for ap-Steininger (Mihlhausen, Germany). They were calibrated by
proximately 8 months and are analysed at Scripps Institutehe MPI-BGC GasLab in Jena using CRDS. The two CRDS
of Oceanography (SIO) before and after use at Mace Headnstruments are routinely calibrated once per month, accord-
for details see Prinn et al. (2000). New working standardsing to a calibration sequence where each standard is mea-
are always compared on-site with the old working standardssured four times for 20 min (the first 10 minutes are not used
and agree well with the values assigned at the SIO on a difto calculate the response function since they still incorpo-
ferent instrument but applying the same non-linearity correc-rate a settling-in effect). The measurementinterval is 5s. The
tion. For more than 15 years, weekly pressure-programmedample flow rate is about 0.3 slpm at about 1 bar absolute
injections of the standard were used to determine the nonpressure. In this study we will use hourly aggregates for the
linearity of the ECD response. It was also compared to nonintercomparison, since the data is computed and stored like
linearities measured using primary gases spanning a range éiiis in the common database.
concentrations. From May 2009 onwards, the non-linearity The CRDS analysers measure £4hd CH,; with a preci-
tests were discontinued, as it was found that the non-linearitysion of about 0.02 umol mot for CO, and 0.1 nmol mott
between AGAGE instruments was remarkably consistent andor CH4 (Crosson, 2008). A common target cylinder is used
stable, and because the pressure-programmed non-linearifgr quality control purposes and is measured on both in-
tests also introduced occasional artifacts due to the varistruments every 11 h. Thed] reproducibility of the target
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cylinder measurement is about 0.02 pmol mdor CO, and
0.21 nmol mot for CH,4 for the G1301 from March to June Y 1
2013 and 0.03 umol mof for CO, and 0.33 nmol moi! for g5 0 * =
CHjy for the G2301. For the last week of the measurement o = 21 . ; , / :
campaign, the TCl intake was moved to a heightof25ma.g.l. € 1700 1750 1800 1850 1900 1950 2000
in order to compare TCl measurements directly with the § —o4]
measurements performed with the CRDS instruments. Due §¢' £ oo 1 S 0 Yt S0
to a malfunctioning pump, the G2301 was not measuring Pég € 01 dot i[ ! 7 ,
during this period. Therefore, we present here only ambi- 3 350 a5 a0 370 380 380 400 410 430 450 440 420
ent air comparisons between the non-dried CRDS G1301& o4, v
and the TCI. The ambient air measurements of both CRDS o, 5 029 I | 11 I
instruments agreed within 0.620.10 pmol mot? for CO, £t B B 177 1
and—0.20+ 0.70 nmol mot? for CH4 during the compari- Foal, . . ; . . . . .
son campaign (from 1 March 2013 to 31 May 2013 with two % 31°Nom?r1é| vaﬁfg [nmi"ii or jﬁsole pae3r5 mo|2?0 e
interruptions).
Figure 1. Difference between TCl-measured Heidelberg WMO
CCL tertiary standards and their respective nominal value given
3 Experimental results by WMO CCL (TClI-measured — WMO CCL nominal value). The
measurements were performed on 30 May 2013, 24 June 2013, 3
3.1 Quality check of the travelling instrument in July 2013, 2 September 2013 and 3 September 2013. The standard
Heidelberg deviation plotted combines the standard error of the repeated cylin-

der measurements and the error of the nominal WMO CCL tertiary
To assure that the TCI meets the WMO compatibility require-cylinder value. Shaded areas indicate the calibrated TCI mole frac-
ments, we studied precision, accuracy and compatibility (agion ranges.
defined inhttp://gaw.empa.ch/glossary/glossary.htrrdla-
tive to the GC-HEI in Heidelberg before and after the mea-
surement campaign. The reproducibility can be estimated by3-2 Comparison of direct target/standard gas
measuring a so-called target or surveillance gas every day ~ Measurements on different instruments

under reproducible conditions, and the standard deviations

of the target gas measurements are a good measure of e ordgr to check the calibration compatibility between dif-
precision. It was 0.03 pmol mot for CO, 0.16 nmol mot? ferent instruments in Heidelberg and at Mace Head, target

for CHs and 0.05 nmol mai* for N,O (see also Sects. 3.4.1 and working standards were measured on all instruments di-

and 3.4.2) before as well as after the Mace Head campaigfecty- In Fig. 2, the differences between the cylinder mea-
for the TCI. The accuracy of the measurements is detersurements with the local instrumentation and with the TCI
mined by the closeness of agreement between the measur&f€ Plotted. For the TCI working standards, we plot the

value and the accepted reference value (WMO, 2009). In Or_dif'ference between the cylinder measurements with the lo-

der to determine the accuracy of the TCI, we measured th&2! instrumentation and the assigned value (open symbols).
Heidelberg WMO CCL tertiary standards, which were cali- For CHs and CQ, all instruments compare well within the
brated by the WMO CCL at NOAA, Bouldehttp://www. WMO ILC target..The GC-HEI and the TCI mstrumlents
esrl.noaa.gov/gmd/cgl/ The differences between the TCI- 2dree very well with each other-0.02+0.04 pmol mot™,
measured value (working standards calibrated in the frameMean= standard error) for C& The G1301 CRDS instru-
work of INGOS project by the MPI-BGC GasLab Jena) and Ment shows very good agre?ment_wnh the TCI in06-

the nominal WMO CCL values of these cylinders are smallerSUlts 0.01+0.02umolmot=), while the G2301 results

than the WMO ILC targets for all Ci CO, and NoO mea- are consistently higher (0..650.03_umol mot1) thgn the
surements (see Fig. 1). For GHhe mean difference (mea- CO; mole fraction determined using the TCI. Since both

sured TCI value — WMO CCL value and standard error) of CRDS instruments are calibrated with the same cylinders,
0.04+ 0.01 nmol mot™ is negligible. For C@ in the ambi- th_e differe_nce bet_ween the CRDS instruments is remqua_tble.
ent mole fraction range (380-480 umol mb), a difference Itis quest|0n_able if bqth CRDS instruments were fungtlonmg
of —0.03 0.04 pmol mot! was observed, while the 0 correctly during the q”ect measurements since the dn‘_ference
difference in the ambient range (325-338 nmolniplwas ~ Petween the CRDS instruments was 0.06 pmoftholvhile
—0.00+ 0.03 nmol motL. It can thus be confirmed that the it iS was 0.02 umol mot* during target and ambient air mea-

accuracy of the TCI measurements meets the WMO ILC tarSurements (from 1 March 2013 until 31 May 2013). Never-
gets. theless, all differences of direct analyses lie within the WMO

ILC target for the Northern Hemisphere.
For N,O, the values obtained with the GC-
HEI were higher than those obtained with the TCI
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® GC-MD GC-MD TCl
% CRDS G1301 CRDS G1301
- b HEI HEI HEl | MHD MHD | MHD [MHD MHD |HEI
T . (a) direct = SIS direct | direct SIS | SIS |SIS direct | direct
55 E 10m | 25m |10m
ﬁ = g T T T T 1 f— 2002 2000
© = 1800 2000 2200 2400 2600 i % (b)
] — 2= CH, [nmol mol] . g 20004 = n 1998 =
O 5 o1 L — 1908 1996 4w 3 - i
= ' E . 4 O ©° !

. § = 00 : y 2 3 - (b) g 1996 - 1994 ! . '
S 7 K on = @
b = 02 : - . . : 1994 1992
g 380 400 420 440 460
E . 104 €O, [umol mol] 4322 436.1 :
E 5 o5 © T i + i
§= Zﬂg 00 e S (©) o B wen . i 436.07 l :
% < E o5] " s - L] = ¥ [SIe] L] I .
3 =0 2 E  4320] 43594~ I
- 315 350 325 330 335 310 = © B )
N,O [nmol mol”] 4319 435.8
329.04 331.69
Figure 2. Differences (local instrument — TCI or assigned value in 5 3288 33141 ; ) .
L]

the case of the TCI standards shown as open symbols) of the mea O, £ ass] ; - 3312 8 @) :

sured mole fractions dfa) CHg, (b) CO, and(c) NO of different € sl 3310 I

cylinders: Mace Head AGAGE target cylinders (squares), Heidel- S 2]e 330,84 )

berg target cylinders (circles), TCI working standards calibrated by
MPI-BGC GaslLab (upward open triangles) and Mace Head CRDS
target cylinders (downward triangles). The grey shaded area shows
the ambient mole fraction range during the measurement campaigfrigure 3. Direct cylinder gas measurement (direct) and SIS test on
at Mace Head. The direct cylinder measurements at Mace Headhe 12 January 2013 fga) CHg, (c) CO, and(e) N2O in Heidel-
were performed partly at the beginning of the campaign (24—26berg (HEI) and on the 26/27 February 2013 by CHy, (d) CO;
February 2013) and partly at the end of the campaign (21 Mayand(f) N2O at Mace Head (MHD). Different cylinders were used
2013). for the SIS test in Heidelberg and Mace Head. Grey shaded areas
show results when the cylinder was measured via the SIS. The SIS
measurement of the GC-MD did not reach a stable value. The error
(0.114+0.05 nmolmot!). The reason for the difference bhars givgn Igzre are thg rgprogucibility of direct me"’:suremems or
between the GC-HEI and the TCI is not clear. TheON the standard deviation during the SIS test, respectively.
cylinder measurements with the GC-MD show significantly
lower values than the TCI, by-0.40-0.06 nmol mott. 344 Sample intake system test in Heidelberg
This is a rather large and unexpected offset between the

two instruments, since current known scale diﬁerenceSA SIS test was performed in Heide|berg (F|g 3a, C, e) on the
between SIO-1998 and WMO X2006a are of the orderindependent intake lines of the GC-HEI (green symbols) and
of 0.03 to 0.05nmolmal* (Hall et al., 2007; B. Hall, the TCI (black symbols). The measurements of the SIS cylin-
personal communication, 2013) and thus cannot explain thgler on the TCI and the GC-HEI show similar differences as
difference in the Cylinder measurements found here. We Wlllthe direct Cy”nder measurements (See F|g 2) For both in-
discuss this point in Sect. 4 after having presented ambienétruments the measurements via the SIS agree with the di-
air measurements of both instruments. rect cylinder measurements within their measurement uncer-
tainties. The differences between the direct measurement and
the measurement via the SIS of the TCI in Heidelbetg (

) ) ) ) ] combined errors of their reproducibility and their standard
Since the ambient air sample intake systems of the differenfjeyiations during the SIS tests) was SIS — dired.1 +

instruments can possibly introduce a bias into ambient aifg 35 ymol mot? for CHj, 0.03+ 0.07 umol mot™ for CO,
mole fraction measurements (Hammer et al., 2013a), a saM3nq 0.02+ 0.07 nmol mc;Tl for N,O: for the GC-HEI it was
ple intake system (SIS) test was performed in Heidelberg ag|g _ girect= —0.65+ 3.5 nmol n’mrl for CHy, 0.03 +

well as at Mace Head. For this purpose, a gas cylinder wag, 141 umol mot? for CO, and 0.04+ 0.11 nmol mot? for
connected via the respective intake line to the individual i”'NgO. These differences are not significant.

struments. The pressure on the low pressure side of the regu-

lator was chosen such that the pressure in the intake line wag.3.2  Sample intake system test at Mace Head

always very close to (but slightly higher than) ambient air

pressure. Then the cylinder gas was flushed through the eror Mace Head, one dedicated cylinder for the different SIS
tire intake system and the measured results were compared tests was available. This cylinder was different than the one
the direct measurements of the same cylinder. Figure 3 showssed for the Heidelberg SIS test, but was first measured
all results of these tests in Heidelberg and at Mace Head. directly on the GC-HEI and the TCI in Heidelberg. At Mace

Time

3.3 Sample intake system (SIS) tests

www.atmos-chem-phys.net/14/8403/2014/ Atmos. Chem. Phys., 14, 88338 2014
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Head, a SIS test via the GC-MD 10 m sample intake line was3.4 Comparison of ambient air measurements

performed first. Next, the cylinder was measured in parallel

by the CRDS G1301, the CRDS G2301 and the TCl via their3.4.1 Comparison of ambient air measurements in

25m height intake lines followed by a TCI measurement Heidelberg

through the 10 m height intake system. Prior to the SIS tests ) . ) . .

at 25m and prior to the SIS test of the TCI at 10 m, the intake”*Mbient air comparisons were performed in Heidelberg be-
line was evacuated to a pressure of about 80 mbar. The cylinfo'€ and after the measurement campaign. For this purpose,
der was also measured directly on the TCI, the GC-MD, thet"® TC! data was smoothed exponentialty=20 min) to
CRDS G1301 and the CRDS G2301 at Mace Head and aftef@ke them comparable to the GC-HEI measurements where
return to Heidelberg (in March 2013) it was measured agairf" integration volume is in;talled. Details of this so-called
on the GC-HEI system. All results are displayed in Fig. 3b, d, Puffer system can be found in Hammer et al. (2013a).

f. The comparison between the direct measurements before 1he CHi measurements of the TCI and the GC'lHEl
and after the campaign indicate a mole fraction change in thF19- 4@, b) show a difference 6f0.25+3.61 nmol mof
cylinder for CQ in the order of 0.1 pmol mott, This change (median and interquartile range, see Fig. 5) before the cam-

. . 1
is observed by all instruments which measured the gas beforBign and a difference 6f0.24 2.43 nmol mof ™ after the

and after the test. A significant mole fraction jump is seen be-C2mpaign. In each intercomparison period this difference

tween the SIS tests at 25 and 10 m. Significant increases gFas constant over time (see Fig. 4b). The TCI target mea-
CO, mole fraction in cylinders have often been observed insurements were stable during both comparison periods and

the laboratory, in particular when cylinders are emptied atS"oWed a reproducibility of 0.16 nmol md (see Fig. 4c).

high flow rates and below a pressure of 35 bar (Chen et al., All CO2 measurements of the TCI in Heidelberg and the
2013). Since the SIS cylinder was emptied to a pressure of?C-HE! agree very well (see Fig. 4d, €). The difference (GC-
20 bar, a mole fraction change in the SIS cylinder was not1E! — TCI) between the instruments was nearly the same

unexpected. in both intercomparison phases (0:84.22 pmol mot* be-
No significant mole fraction change was observed for

fore the camapign and 0.630.31 pmol mot ! after the cam-
CHa, but for N,O also a slight but not significant change of P2idn). _ ,
0.1 nmol mot* was indicated by the GC-HEI (see Fig. 3f).. _ 1€ NO measurelments show a median difference of
For CH;, we found that the TCI and the CRDS systems 0-03+ 0.15nmolmof™ (GC-HEI — TCI) during the first
showed no significant difference between direct measure€omparison period in February and a median difference of

ments and measurements via the SIS. The GC-MD showed 0-02+ 0.14 nmol motin the second period in June 2013.
a large difference of the order of 371.7 nmol mot® (dif- The particular structure of the difference in ambient air mea-

ference+ combined error of the standard deviation dur- Surements between the TCI and the GC-HEI (decrease after
ing the SIS test and the reproducibility during the direct 12 June, see Fig. 4h) is partly due to a respective structure of
measurement), but no stable value could be reached duff'® TC! and GC-HEI measurements, which can be detected
ing the SIS test for the GC-MD and the data points for in the NbO target gas measurement of both instruments (see
the GC-MD SIS test for Chiand NeO must be discarded Fig. 4i). The reproducibility of the TCI in this last period was
(bracketed symbols in Fig. 3). This is surprising since theNot Worse than usual, showing that unexplained drifts and
residence time of the sample air in the intake line is less'©Nd térm variability occur and can be detected by the target
than a minute and an equilibrium should have been reacheYlinder measurement. In addition, this example highlights
within the SIS test (duration of the 10m SIS test was 2 h)'that systematic variations, which are observed in the target
Therefore, no SIS effect could be verified nor proven false92S measurements, are present at the same time in the ambi-
for the GC-MD intake system during the SIS test. The €Nt @ir measurement. Thus regular target gas measurements
TCI SIS test at 10m showed a small, yet insignificant, 2 essential as quality control measures and for a compre-
SIS effect for NO (0.07+0.10 nmol mofl’) which could " hensive uncertainty estimate of ambient air measurements.
however, be also due to a smalb® drift in the cylin-' Altogether, the measurement results of the FTIR in Hei-
der mole fraction. For C§) the TCI and CRDS measure- délberg (TCI) and the GC-HEI have shown very good agree-
ments show only small SIS influence within their measure-Ment, meeting the WMO ILC targets. Due to its high preci-
ment uncertainties: TCI at 25 m:0.01 0.08 pmol mot™, sion, the FTIR instrument is able to detect even small drifts
TCl at 10m: 0.03:0.08umolmot!, CRDS G1301: in all components and is thus very well-suited as a travelling
—0.0740.12 pmol mat? (SIS effect wéls determined rela- comparison instrument. This has been shown earlier for CO
tive to the TCI measurements at 25 m and after the SIS test2Nd CH by Hammer et al. (2013a) and it is confirmed here.
CRDS G2301:—0.02+ 0.03 umol mot? when taking into Further we show this for the first time for19.

account the mole fraction jump after the SIS test at the 25m

intake of about 0.1 pmol mot.
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Figure 4. Upper panels: mole fraction of ambient &) CHg4, (d) CO, and(g) N>O during the preparing and finalizing comparison periods

in Heidelberg. From 25 January 2013 until 13 February 2013, both instruments were run in parallel, but with independent intake lines. From
1 June 2013 until 1 July 2013, both instruments used the same intake line. Middle panels: differences between the GC-HEI and the TCI for
(b) CHg, (e) CO, and(h) N2O. Lower panels: TCl and GC-HEI daily target deviation from mearn(¢dCHyg, (f) CO, and(i) NoO. Notice

the interruption in ther axis from February to May 2013 where the Mace Head measurement campaign took place.
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Figure 5. Distributions of the mole fraction differences measured with the GC-HEI and the TCI in Heidelberg (both with separate intake
lines) from 25 January 2013 until 13 February 2013 (left panels) and from the 1 June 2013 to the 1 July 2013 with the same intake line (right
panels). The red lines are Gauss fits to the distributions, IQR stands for interquartile range.
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Figure 6. Upper panels: mole fraction ¢&) CHg, (€) CO> and(i) N2O during the measurement campaign at Mace Head. All instruments

were running in parallel with the TCI with independent intake lines to the same height. The GC-MD measured at a height of 10 m and the
CRDS at a height of 25 m. On 1 May 2013, the TCl intake was switched on for 10 to 25 m (dashed vertical line). Here only comparisons of
measurements made at the same height are shown and will be evaluated. Second row panels: difference between the GC-MD and the TC
for (b) CH4 and(j) N2O from 6 March 2013 until 1 May 2013. Third row panels: difference between the CRDS G1301 and the T} for

CHg and(g) CO, from 1 May 2013 until 7 May 2013. Lowest panels: TCl and CRDS daily target measurement deviation from nidan for

CHyg, (h) COy and(i) N2O. No GC-MD target measurements are available.

3.4.2 Comparison of ambient air measurements at riod with the CRDS G1301. Further, the cavity volume of the
Mace Head CRDS is much smaller than that of the TCI. Therefore, es-
sentially a slight temporal asynchrony can be introduced in-
At Mace Head, the TCI was connected to the intake linefluencing the standard deviation of the differences. But com-
mounted at 10m height from 6 March 2013 until 1 May parison of the 1 min CRDS data with the 3 min TCI data (not
2013. Differences between the TCI and the GC-MD areShown here) revealed that both instruments measured tempo-
shown in Fig. 6b and j and in Fig. 7 (left panels). From 1 rally synchronously throughout the comparison.
May 2013 until 6 May 2013, the intake line of the TCl was _ 1he CH measurements of the TCI, the GC-MD and the
mounted at a height of 25m. During the measurements ifcRDS G1301 compare very well with each other. All dif-
May at 25 m height, the CRDS G2301 was not working andférences Ilg within the WMO ILC targets. Itis obvious that
therefore only CRDS G1301 data are shown and comparef1® scattering of the GC-MD is much larger than that of
here to the TCI (see Fig. 6¢ and g and Fig. 7 right panels)he CRDS (see Fig. 7) which is due to the higher repro-
The flushing flow of the TCI intake line was adjusted to the ducibility uncertainty of the GC-MD. The TCI target mea-
flow of the GC-MD (ca. 5.5slpm) so that the same ambi- Surements were stable QU_r!ng the entire measurement period
ent air was analysed simultaneously in both instruments. Bug"d showed a reproducibility a£0.12 nmol mot . No tar-
ambient air measurements of the GC-MD are always discret@€t gas was measured with the GC-MD.
with a temporal resolution of about 20 min and without a 1he CQ measurements of the CRDS G1301 and
buffer volume, whereas the TCI measurements are continih® TCI show an offset (CRDS G1301 — TCI) of
uous and smoothed due to the TCI cell volume of 3L flushed0-14:0.04 umol mof . (median and interquartile range
at 1 slpm. This should not introduce a bias into the averaged!QR), see Fig. 7 right panel). No GOnole fraction depen-
difference between both instruments, but the standard devigdénce in the difference of both instruments was observed.
tion of the distribution will be augmented slightly. The flush- The results of the ambient air measurements and the direct
ing flow of the TCI intake line was not adjusted to the flow CYlinder measurements do not agree with each other. This
of the CRDS G1301 (3.3 slpm) during the comparison pe-finding will be further discussed in Sect. 4.
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Figure 7. Left panels: distribution of the differences in gland N>O between the discrete GC-MD measurements and the corresponding
3-minute averaged values of the TCI at Mace Head from 6 March 2013 until 1 May 2013 (both instruments with separate intake lines at
a height of 10 m). Right panels: distribution of the differences between the hourly averageahGCQ differences between the CRDS

G1301 and the TCI from 1 May 2013 until 6 May 2013 (both instruments with separate intake lines at a height of 25 m). The red curves are
Gauss fits to the distributions.

For NoO, the ambient air measurements of the GC-4.2 CHy comparison at Mace Head
MD and the TCI show a difference (GC-MD — TCI) of
—0.37+0.22nmolmot! (median and IQR). A difference At Mace Head, we found that the Ghineasurements of the
of —0.404+ 0.06 nmol mot! (mean and standard error) was three different instruments, the FTIR (TCI), CRDS and GC-
found for the direct cylinder gas comparison which is in very MD agree very well with each other better than the WMO
good agreement with the ambient air difference. The possibldLC target value of+2 nmol mol* (WMO, 2009). The GC-
origin of the difference will also be discussed in Sect. 4. MD obtained nearly the same values in the ambient air com-
parisons as the TCI (Table 1). The CRDS showed slightly
) ) ] ) ] ] higher CH, mole fractions, whereas the GC-HEI showed
4 Discussion of differences in ambient air slightly lower CH; mole fractions. The good agreement be-
measurements tween the CH measurements of the two different networks
The differences of the ambient air and calibration gas mea—NOAA and AGAGE also confirms that the mea§urements on
the WMO CH,; X2004 scale and the Tohoku University scale

surements as well as the sample intake effects of all mStruére very compatible (see also Dlugokencky et al., 2005).
ments are summarized in Table 1.

4.1 Comparisons in Heidelberg 4.3 CO, comparison at Mace Head

For CHy, CO, and NbO, the TCI and the GC-HEI ambient For CQ, the difference in ambient air measurements at
air measurements agreed within the WMO ILC targets be-Mace Head betweeq the TCI and the CRDS G1301 was
fore and after the measurement campaign. The compatibility?- 14+ 0.04 umol mot . The working standards of the TCI
between the GC-HEI and the TCI before and after the camaS Well as those of the CRDS G1301 have both been cal-
paign at Mace Head, together with the stable TCI target gadorated at the MPI-BGC GasLab in Jena (on the WMO
record of CH, CO, and NoO confirms the excellent perfor- X2007 scale). Thergfore, possible scale propagation errors
mance of the TCI during the entire measurement campaignfom WMO CCL primary standards to tertiary standards
Differences in CH, CO, and NO in direct cylinder mea-  are not relevant for the ambient G@nole fraction differ-
surements agreed within their uncertainties to differences iffNces. Only scale propagation errors from tertiary to work-
ambient air measurements. Fos® measurements with the iNg standards at the MPI-BGC GasLab may principally con-
GC-HEI were higher than with the TCI for direct cylinder tribute to this difference. However, large-scale transfer errors
analysis. This indicates that a TCI approach may potentiallyi" the calibration of the TCI working standards seem un-

give more insight into differences between laboratories tharlikely since the difference between the assigned values of the

measured values were only0.03=+ 0.04 pmolmot? (see
Fig. 1). Reference scale transfer errors in the calibration of
the CRDS G1301 working standards have not been examined
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Table 1. Median differences and interquartile ranges between the ambient air measurements (local instrumentation — TCI), mean difference
and standard deviation of direct cylinder gas measurements and SIS effects (SIS — direct measurement) of the GC-HEI and the TClI in
Heidelberg (before and after the measurement campaign) and of the GC-MD, the CRDS systems and the TCI at Mace Head.

Component GC-HEI differende  GC-MD differencé CRDS G130 CRDS G2301 GC-HE! differenée
before campaign difference difference after campaign
ACHyg Ambient air —0.25+3.61 —0.04+3.38 0.12£0.25 - —0.24+2.43
(nmolmot1)  Cylinder gases —0.76+0.22 —0.01+1.58 —0.92+0.46 —0.05+0.42 -
SIS effect of TCI 0.1G: 0.35 —0.19+0.15 —0.11+0.13 -0.11+0.13 -
SIS effect of local instrument —0.65+3.50 - 0.13t0.13 0.09£0.10 -
ACOy Ambient air 0.04+0.22 - 0.14+0.04 - 0.03£0.31
(umolmol1)  Cylinder gases —0.02+0.04 - —0.00+0.02 0.05£0.03 -
SIS effect of TCI 0.03:0.07 0.03+0.08 0.01£0.08 0.01£0.08 -
SIS effect of local instrument 0.680.11 - —0.07+£0.12 —0.02+0.03 -
AN2O Ambient air 0.03t0.15 —0.37+£0.22 - - —0.02+0.15
(nmolmot1)  Cylinder gases 0.1+ 0.05 —0.40+0.06 - - -
SIS effect of TCI 0.02:0.07 0.08+0.10 - - -
SIS effect of local instrument —0.04+0.11 - - - -

1 same sampling height, independent intake like8ame sampling height, same intake line as TCI.

so far, but direct analysis of cylinder gases by the CRDS4.4 N,O comparisons at Mace Head

G1301 yielded almost the same value as with the TCI (see

Table 1), indicating excellent agreement of calibration. The i i i

discrepancy between the ambient air comparison and the dior N20O, the difference of ambient air measurements at
rect cylinder gas comparison could possibly be due to a siface Head between the TE" and the GC-MD was found
effect of the CRDS G1301 or the TCI. However, the small “? b_e _0:37i 0.22 nmolmot~ (GC-MD - T1C|)' Since a
and insignificant biases found-0.07+0.12 umol mot for ~ Similar difference of—0.40+0.06 nmolmof ™ was found
the CRDS G1301 and 0.820.08 pmol mot? for the TCI) for the dlre_ct_cylaner gas measurements betw_een both in-
would only explain slightly smaller CRDS G1301 values. struments, it is unlikely that the difference originates from

The insignificant bias found during the SIS test can there-,the sample intake system. The difference ONis signif-

fore not explain the C@ differences in ambient air mea- icantly Iarger_ than_ the WMO ILC targets. Note, however,
surements. Another reason for the difference between aminat the TCl s calibrated on the WMO2 X2006a scale
bient air and cylinder measurements could be an incor—Whereas the GC-MD measured on the SIO-1998 scale. Hall
rect water correction of the (not dried) G1301 instrument, &t @l (2007) found a difference between the SI0-1998 and
which influences the wet ambient air measurement diﬁ‘er-the WMO X2006 scale of 0.01 %’lWh'Ch corresponds to a
ently than the measurement of dry cylinder gas. However,d'fference of only+0.03 nmol mot * (SIO-1998 — WMO

it was found that an incomplete water correction could ex-X2006)' Scale update from WMO X2006 to WMO X2006a

plain only 0.01-0.04 umol mol CO, of the difference. On shows a mean difference for all calibrations in the ambi-

the other hand, it seems worth noting that the difference be €Nt range of zero. But calibrations performed between 2007

tween the two CRDS instruments was rather large during?nd 2010 were still affected with the mean difference in
the direct cylinder measurements (0-96.13 pmol mot?, the ambient range over th'sl period being WMOZ2006A —
see Fig. 2 and Table 1). This is surprising, since the saméNMQZOOGZ —0.05nmolmot™ (B. Hall, personal commu-
working standards were used for calibration of both in- nication, 2013). Altogether, currently reported scale differ-
struments and since the CRDS instruments normally agregnces between WMO X2006a and SIO-1998 are all smaller

l .
very well (target and ambient air differences usually agreeth@n 0-1nmolmot”and thus would not explain the observed

within ca. 0.02 umol matY). Still, the differences between differences in ambient air and direct cylinder gas measure-
the CRDS G1301 and the TCI during ambient air measure MeNts fpund during the Mace Head campaign.

ments remain unexplained. Note that principally the calibra- P 0SSibly, scale transfer errors from primary standards to
tion of the CRDS systems using synthetic working standardé"’ork'ng standards C.OU|d partly explain this d'ﬁere.n.c.e' For
may introduce a bias into the GOneasurements (Nara et the WMQ CCL tertiary standards, the reprodu0|b|l_|ty of
al., 2012), but should effect ambient air measurements to thé\lzo assignments is about 0.08 nmol mbl(for the ambient

same degree as direct real air cylinder measurements. range: 310-330 nmol mot) (Hall et al., 2007). The scale
transfer error of a set of tertiary cylinders will decrease

with the number of tertiary cylinders; however the calibra-
tion errors are not always independent from each other, es-
pecially when tertiary standards were calibrated shortly after
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each other. The calibration of working standards from WMO steadily increasing since the beginning of the intercompar-
CCL tertiary standards introduces a further uncertainty. Inison activity in 1994. The differences between the two net-
our case, TCI working standards have been calibrated relworks found for the last two years during flask compar-
ative to a set of WMO CCL tertiary cylinder gases at the isons are within their uncertainties consistent with, how-
MPI-BGC GasLab in Jena. When analysing the Heidelbergever only about one third of, the differences found during
WMO CCL tertiary cylinders by the TCI, no systematic dif- the TCI comparison campaign at Mace Head (March—-May
ference in the ambient range was found (see Fig. 1). There2013). This may reinforce the possibility of a current small-
fore, we estimate the total scale transfer uncertainty fromscale difference between the WMO X2006a scale and the
WMO CCL primary standards to working standards to be SI0-1998 scale, which could be of the order -60.1 to
less than 0.1 nmol mot. —0.4nmolmot? (SI0-1998 — WMO X2006a). Note, how-
Reference scale transfer uncertainties from SIO primaryever, that Thompson et al. (2014) estimated scale differences
standards to tertiary standards used in the AGAGE networkbetween SIO-1998 and WMO X2006a as having the oppo-
are generally small as well, as all working gases are cali-site sign in the years from 1999 to 2009. This finding, along
brated at Scripps Institution of Oceanography (Prinn et al.,with our results during the TCI campaign, is in accordance
2000). Differences between high pressure tertiary SIO stanwith the intercomparison results at AGAGE sites showing a
dards going to the stations and standards at low pressureng-term trend of the flask—in situ difference. For the NOAA
when they are returned for recalibration at the Scripps lab-CCGG flasks the trend is about 0.04 nmol mgber year and
oratory are usually of the order @f0.03% (I of the dif- for NOAA HATS flasks the trend is about 0.08 nmol mél
ference), which corresponds to about 0.1 nmolThah the per year (P. Krummel, personal communication, 2013).
ambient mole fraction range (R. Weiss, personal communi-
cation, 2013). This difference is thus a good upper estimate
of scale transfer error in the AGAGE network. Merging the 5 Conclusions
different scale propagation uncertainties, the observed dif-
ference of NO in ambient air between the GC-MD and the New optical instrumentation allows measuring £,HCO
TClincludes a total uncertainty due to scale transfer which isand also NO with very high precision, which essentially
of the order of 0.15 nmol mol. Since the scale transfer un- opens the door for merging data from different observation
certainty is smaller than the difference observed during thenetworks and estimating fluxes with great confidence. But
TCI campaign, this may point towards instrumental errorseven though a high compatibility between different instru-
or to a potential difference between the two absolute scalesments can be achieved (as shown for,Gid for the com-
The absolute accuracy of the® scales is due to uncertain- parison period in Heidelberg), the compatibility between dif-
ties in the preparation of M0 primary standards and is typ- ferent networks still suffers from insufficient comparability
ically of the order of 0.3 nmolmot* (1o standard deviation, of calibration scales, potential errors in scale transfer and
Prinn et al., 2000; Hall et al., 2007). A scale difference of also potential instrumental problems. It is thus of utmost im-
this order may therefore be possible, although it is not con-portance to check, control and update the scale propagation
sistent with previous comparisons of the WMO X2006a andfor these greenhouse gases and assess in situ instrumentation
the SI0-1998 scales by Hall et al. (2007). and its calibration in order to be able to use the globally dis-
Intercomparison activities between the AGAGE network tributed data sets from different measurement programs for
(onthe SI0O-1998 scale) and the NOAA flask network (WMO source, sink and flux estimation.
N2O X2006a scale) are performed regularly and should The comparison betweenthe GC-MD and the TCl at Mace
capture a possible scale difference between both networkklead showed that the mole fraction measurements differ by
as well. The comparisons between AGAGE GC-MD in ca. 0.4 nmolmot! in N>O. This difference could partly be
situ measurements and NOAA CCGG (carbon cycle greendue to a general small reference scale difference between the
house gases) flasks at five globally distributed observatoWMO X2006a and the SIO-1998 scales and partly due to
ries (Cape Grim, American Samoa, Trinidad Head, Macereference scale transfer and instrumental errors, such as re-
Head and Ragged Point (Barbados)) show a mean differmaining non-linearity effects.
ence between the two networks from August 2011 to Au- The TCI campaign also showed differences between CO
gust 2013 0f—0.114 0.14 nmol mot?! (SIO-1998 - WMO  measurements of the CRDS G1301 and the TCI as large as
N>O X2006a). The comparison between AGAGE GC-MD 0.14 pmol mot?, which were not seen when comparing the
in situ measurements and NOAA HATS (Halocarbons anddirect cylinder measurements. This difference between the
other Atmospheric Trace Species) flasks at four commondirect measurement of target/standard gases and the ambi-
sites (Cape Grim, American Samoa, Trinidad Head and Macent air measurements emphasizes the importance of the trav-
Head) show a difference during the same time period ofelling instrument approach, which is a comprehensive com-
—0.144 0.23 nmol mot?! (both from P. Krummel, personal parison and quality control, and should include a sample in-
communication, 2013). Within their uncertainties, the dif- take system test and the entire evaluation process. But even
ference between AGAGE and NOAA networks has beenthough the origin of the discrepancy we found at Mace Head
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could not be fully resolved so far, the TCI campaign revealed As a proposal for improvement, calibrated data should be
that there are possible problems with the.Gfeasurements available within 24 h. This had already been pointed out by
and the water correction of the CRDS G1301, which needHammer et al. (2013a), but has not yet transpired. Since the
to be investigated in more detail. Earlier TCI campaignsdata evaluation is often time consuming, it was not performed
at Cabauw, Netherlands, and Houdelaincourt (Observatoirén near-real-time, but only a month later for the CRDS and
Pérenne de I'Environnement, OPE), France, revealed differthe GC-MD. Therefore, some problems were encountered
ences in CQ between the TCI and the local instrumenta- only after the measurement campaign ended when additional
tion of 0.214 0.09 pmol mot?® and 0.13+ 0.10 pmol mot ! tests could no longer be performed.
(TCI larger than local instrumentation contrary to the re- Finally, we were also able to demonstrate during the cam-
sults from the TCI campaign at Mace Head) (Hammer et al. paignh at Mace Head that small gradients of C&nd CH,
2013a). Only between the GC-HEI and the TCI in Heidelbergcan be resolved. This starts a new era of highly precise at-
were differences between both systems within the WMOmospheric greenhouse gas observations and gradients, pro-
ILC targets. This clearly shows the difficulty of performing vided that calibration and systematic instrumental biases can
compatible C@ measurements in the field and reaching thebe overcome.
WMO ILC targets. Although in all three experiments work-
ing standards for the instruments had been calibrated in the
same laboratory (MPI-BGC GaslLab), g@ifferences larger
than 0.10 pmol mol!* remained between ambient air mea-
surements that did not show up in direct calibration gas com-
parisons.

We can thus conclude that the TCI approach is well-suited
as a comprehensive comparison measure. Due to the high
precision of the TCI measurements in all three components,
it was possible to detect even small differences and offsets
between the greenhouse gas measurements of the local in-
struments and the TCI. Basically, the higher the precision
and stability of the local instrument, the shorter the time pe-
riod for parallel measurement of ambient air, but a compar-
ison period of about 1 week still seems necessary to obtain
satisfactory statistics and cover the typical range of ambient
mole fractions. The preparation and follow-up processing of
the campaign included a preparatory line test in Heidelberg
and a preparatory and subsequent parallel measurement with
the GC-HEI as well as direct measurements of working stan-
dards and/or target gases on every instrument.
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Appendix A: Vertical mole fraction gradients of CH4 214po high (25-10m)

and CO, at Mace Head 5 = @ gt
= 5 § ottt e T T

From 6 March 2013 to 1 May 2013 the TCIl was measur- S 7 E 4]

ing at 10m height and the CRDS G1301 at 25m height. g S S S S S

Comparing the measurements at different heights along withd ~ — oo ®@ .~ . . 1

measurements at the same height principally allows us to;?:; o 2 o.o-"“"‘ij’:kkl S +H

detect the vertical mole fraction gradients between 10 and= 2 £ 021

25m. These may principally be used to estimate net green- T 50 3 6 9 12 15 18 21 24

house gases fluxes in the catchment area of the site. Since & — ;]

Mace Head station is located at the Atlantic coast, it sam- % g, 0sd(0)

ples two principally different regimes of air masses: a ma- 8 jolye e e oo e oo e e

rine sector and a continental sector. As a criterion to distin- o 8 ;tationﬁﬁme [h1]'5 O
guish between continental and marine air masses we use thu

222Rn daughter activity concentrations measured with a Hei-
delberg Radon monitor (Levin et al., 2002) at Mace Head sta-
tion, that was installed there during the intercomparison cam-
paign at about 5m height. When the prevailing wind direc-

tion is from the west, the air masses have a marine footprint Var 20 o 37 o S er 70 or
and the?'*Po concentration is low (< 0.5 Bqm), whereas Date 2013

wind from other directions brings air masses with higher S _

214pg concentrations (0.5-5Bq) (see Fig. 8d). During Figure Al. (a) Mc_adlan_ diurnal Clz_[ differences (CRDS G1301 —
the measurement campaign at Mace Head from the 6 Marc Cl) and(b) median diurnal CQ@ differences (CRDS G1301-TCl)

. etween the CRDS G1301 at 25m and the TCI at 10 m during pe-
2013 until 11 March 2013 and from the 18 March 2013 un- : 2 21
: : - T f high | lué¥?R hter (i.€14p
til 13 April 2013 the prevailing wind direction was from the riods of high (green) and low (bluéf2Radon daughter (i.€Po)

) _ activity concentration angt) median diurnaf#Po activity concen-
east while from the 12 March 2013 until 18 March 2013 and ation at about 5 m height a.g.l. during periods of high (green) and

from the 14 April 2013 until 30 April 2013 the main wind  |ow (blue) 214Po activity concentration (see Fig. 8d). Black sym-
direction was from the west. bols in (a) and(b) show the difference between instruments when

For the continental regime the medi&fPo activity con-  measuring at the same height (25 m). Phases of continental (green)
centration was 0.8 Bqn? and showed a diurnal cycle (green and marine (blue) air mass regimes during measurement at differ-
line in Fig. 8c). This variation is mainly caused by diur- entheights are shown {d). The grey background at the end of the
nal changes in the planetary boundary layer height becauseeriod denot_es the time period when both instruments measured at
the 222Rn flux from continental soils does not show a diur- the same height.
nal cycle. The data from the marine regime showed no sig-
nificant diurnal cycle and a mean activity concentration of
0.2Bgnt3. This finding suggests that there is a positive /Glix from

As a first step to determine vertical gradients, the differ- the ground throughout the whole day (24 h). For the marine
ences between CRDS G1301 and TCI when measuring air masses (lovi14Po activity concentration) there are only
the same height (i.e. from 1 May 2013—-7 May 2013) mustmarginal differences in measured gebmpared to the mea-
be compared. This comparison serves as a reference for deurements at the same height, which suggests only a very
termining the instrumental mole fraction differences. As de-small or negligible CH flux from the ocean. Supersatura-
scribed in Sect. 3, we found a difference between the CRDSion of CH; in the ocean mixed layer potentially leading to
G1301 and TCI measurements of 0.12 nmolmddr CHy a CH, flux from the ocean to the atmosphere, has often been
and 0.14 umol moi® for CO,. The difference when measur- reported, but direct fluxes to the atmosphere due to this su-
ing at the same height (black curves in Fig. 8a, b) has no dipersaturation are difficult to observe (Bakker et al., 2014).
urnal cycle, but shows this systematic offset. Other than the For continental air masses we find a rather strong di-
unresolved discrepancy between both instruments we therairnal cycle in the CQ gradient. The difference between
fore see no diurnal variation of mole fraction difference. both levels (25-10 m) decreases during night fre16 to

In a next step we compare the difference between in-0.06 umol mot? relative to the offset between both instru-
struments when measuring at different heights (25—-10 m)ments when measuring at the same height. The @@el
For continental air masses we then see a weak diurnaht 10 m height is thus higher than at 25 m height during the
cycle in CHy;. The mole fraction gradient decreases from night time, but it is lower during the day time. This behavior
ca. —1nmolmot! during night time to—0.5 nmol mot? is expected since ecosystem respiration during the night time
during day time (the TCI measurement at 10 m height beingeads to a positive C&flux and plant photosynthesis during
always higher than the CRDS measurement at 25 m heightthe day time leads to a GQuptake. During marine air mass

214p0
[Bqm®]

www.atmos-chem-phys.net/14/8403/2014/ Atmos. Chem. Phys., 14, 88338 2014



8416 S. N. Vardag et al.: Comparisons of continuous atmospheric CHHCO2 and N,O measurements

regimes the diurnal cycle is decreased, but still a slight pos-
itive CO; flux from below is found during night time and a
negative flux during the day time. This may either be due to
surface ocean Cfxespiration or uptake by phytoplankton or

it might be due to some continental air mass influence also in
the periods which we marked as marine situations. The latter
would also explain the small CHgradient. All in all, such
small gradients of C®(and CH,) have, to our knowledge,
not been resolved before. This shows that the modern instru-
mentation used here opens a new dimension in precision and
evaluation of greenhouse gas measurements.
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