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The WMO Global Atmosphere Watch (GAW) Programme is the only existing long 
term global programme providing an internationally coordinated framework for observations 
and  analysis  of  atmospheric  composition  (www.wmo.int/gaw).  GAW  is  a  partnership 
involving contributions from about 80 countries. Greenhouse gas (GHG) observations are one 
of the priority areas for the Programme and include: CO2 and its isotopes, CH4, N2O, SF6 and 
halocarbons. 

The  leadership  role  of  GAW  in  coordination  of  the  global  greenhouse  gas 
observations was recognized by the 16 th WMO Congress (16 May  3 June 2011). Congress 
stressed that accurate measurements will be critical in support of carbon mitigation actions as 
well as in the implementation of the Global Framework for Climate Services. 

A stringent Quality Assurance/Quality Control (QA/QC) system implemented within 
GAW to ensure homogeneity of  the  global observations  including  its  key elements will be 
presented at the meeting. 

The  high  quality  of  the  observations  within  GAW  was  confirmed  by  the  Global 
Climate Observing System (GCOS), which recommended for the WMO/GAW CO2, CH4 and 
N2O monitoring networks to be recognized as observing networks of GCOS. 

The World Meteorological Organization signed the Mutual Recognition Arrangement 
(MRA) with  the  Comité  International  des  Poids  et Mesures  (CIPM),  with  approval  of  the 
Bureau International des Poids et Mesures (BIPM) in April 2010. 

To ensure that WMO Members have capacity to implement the requirements of GHG 
observations  at  the  stations, GAW supports  regular  training  sessions  at  the GAW Training 
and Education Center (GAWTEC) in Germany. One of  the twoweek sessions  in 2010 was 
dedicated to GHG observations including implementation of the new emerging measurement 
techniques (cavityringdown spectroscopy). 

GAW  works  towards  integrated  observations  unifying  measurements  from  different 
platforms  (ground  based  in  situ  and  remote,  balloon,  aircraft  and  satellite)  supported  by 
modelling  activities.  In early 2011,  the GAW CO2  and CH4 monitoring network consisted of 
some 133 (CO2) and 118 (CH4) fixed stations on the ground and two permanent ocean transects. 
About 14% (13%) of the stations perform both flask sampling and continuous measurements of 
CO2 (CH4). 

Measurement data after quality control are submitted, archived and disseminated by the 
World Data Centre for Greenhouse Gases (WDCGG) hosted by JMA in Japan. This set of data 
is  used  for  global  products  and  assessments  preparation,  in  particular  the  preparation  of  the 
annual Greenhouse Gas Bulletin (regularly published in November).  To implement an endto 
end approach, WDCGG produces global products; most can be viewed on  the website of  the 
WDCGG. On an annual basis WDCGG prepares data summaries (the latest one was published 
in March 2011) and sends  the data  from  the  archive  to  the WMO Members and contributing 
institutes.
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There needs to be greater recognition that scientific research into climate change keeps 
running into “surprises”. In the 1950s scientists like Rafter1 discovered that atmospheric 
carbon was getting older; Revelle and Suess2 that CO2 was not nearly as soluble in the oceans 
as Arrhenius and others had expected3; and then Keeling4 proved that atmospheric CO2 was 
definitely increasing. This was followed by rapid discoveries of many other greenhouse gases 
and that there could be abrupt removal of large amounts of ozone in the stratosphere5. The 
last few years has seen a major revision in our understanding of how ice loss can accelerate, 
with significantly larger estimates of future sea level rise6, as well as new questions emerging 
about recent widespread correlations between extreme weather events7. Surprises for climate 
science could be increasing in frequency, rather than decreasing, and our atmosphere in 
particular is moving into states that have had no precedent in the past. 
 
The structure for developing a scientific understanding of these global changes has to be 
carefully aligned with it not being treated as a repeatable experiment. Karl Popper’s 
development of much of the current philosophy of science led to a focus on hypothesis 
testing as fundamental for recognising limits in our understanding8. But more recently there 
has been growing recognition that research on global change is dealing with a unique “one-
off” experiment that can have major consequences for humanity and so we have to move 
beyond hypothesis testing9. Much more emphasis needs to be placed on ensuring that we 
have extensive global monitoring and that this is done in ways that limit the risk of future 
surprises. Ongoing development of research strategies to track atmospheric changes should 
have a careful focus on what could happen, rather than just on what is most likely to happen.  
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In recent years a number of new measurement techniques and new instruments have been 
introduced.  They can be divided into two groups, 1) in-situ chemical measurements or 
discrete air samples in containers that are transported to the lab, and 2) remote sensing of 
optical path averages or column averages from satellites. In addition, new networks are 
being developed, including privately owned. There are also new demands developing for 
GHG measurements as a result of the need to lower emissions globally. How can we use 
these techniques together in an optimal way, at the high accuracy level required for 
greenhouse gases?  Strengths and weaknesses of different techniques are discussed, and 
some suggestions will be made to exploit the different strengths.  Perhaps the WMO 
should make some recommendations.  
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The Southern Ocean (south of 44° S) is a major sink of atmospheric CO2, however a recent paper 

(Le Quere et al. 2007) has suggested that this sink capacity may be reducing, which would have 

serious implications for the global carbon cycle. This result has generated considerable debate in the 

literature, including being questioned as possibly an artefact of data selection and/or calibration 

biases between the different Southern Ocean observation sites (Law et al., 2008). Our ability to 

constrain the mean Southern Ocean carbon flux and its seasonality and interannual variability has 

been limited by the small number of southern ocean pCO2 measurements, especially in winter and 

the lack of high precision atmospheric CO2 measurements in the Southern Ocean region. We are 

investigating whether the magnitude of and variations in the Southern Ocean carbon flux can be 

observed in the atmospheric CO2 mixing ratio using a high precision network of continuous in situ 

CO2 measurements.  

 

This talk will outline the methods used to address possible instrumental and site biases and to link 

the data sets to a common, derived calibration scale. We will present the results obtained from the 

cylinder intercomparison program (ICP) and preliminary data for an in situ  comparison study 

currently underway at Baring Head, New Zealand (41°24' S, 174°54' E, 85 m above MSL) between 

a Siemens Ultramat 3 non-dispersive infrared (NDIR) CO2 analyser, Picarro cavity ringdown 
12

CO2, 

(
12

CH4 and H2O) spectrometer and LoFlo high precision NDIR CO2 analyser (Da Costa and Steele 

1999; Francey and Steele 2003). The Baring Head study is especially significant as it will more 

precisely link the Baring Head record; the longest in situ record in the southern hemisphere, to high 

precision data collected at southern ocean sites Macquarie Island, Australia (54.5° S, 158.95° E), 

Cape Grim, Australia (40.68° S, 144.69° E) and Amsterdam Island (37.83° S, 77.55° E) and to the 

calibration hubs located at CSIRO, Australia  and LSCE, France   
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Figure 1. Flight routes of CME 

observation and destination airport. The 

numbers indicate the number of vertical 

profiles obtained over each airport from 

November 2005 to December 2010. 

6 years Observation of Atmospheric GHGs by Passenger Aircraft 
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The CONTRAIL project initiated in 2005 to investigate the temporal and spatial variations 

of atmospheric greenhouse gases in the upper air by Continuous CO2 Measuring Equipment 

(CME) and Automatic Air Sampling Equipment (ASE) onboard two Boeing 747-400 aircraft 

and three Boring 777-200 aircraft operated by Japan Airlines (JAL) 
1)

. CME measures 

vertical profiles of CO2 during ascent and descent and horizontal distributions of CO2 in 

upper troposphere and lower stratosphere during the cruising flight. In these 6 years, 2.8 

millions of CO2 data have been obtained by 6,100 flights between Japan and Europe, South-

East Asia, East Asia, Oceania and North America (Figure 1).  

Routine air sampling by ASE had been done twice a month to measure CO2, CH4, CO, 

N2O, H2 and SF6 mixing ratios and stable isotope ratios of CO2 and CH4 between Australia 

and Japan from December 2005 to March 2009, between Guam and Japan from April 2009 to 

March 2010 and between Hawaii and Japan from April 2010 to October 2010 by 747-400 
2)

. 

JAL terminated to operate 747-400 in October 2010 and our ASE sampling was temporarily 

stopped. Then we modified 777-200 aircraft to board the ASE and re-started the sampling 

between Australia and Japan in May 2011. 

Since air sampling between Australia and Japan is quite valuable to understand the 

latitudinal distributions of greenhouse gases in upper air, we maintained the observation by 

using a Manual air Sampling Equipment (MSE) from April 2009 to May 2011 using 777-200. 

The air was taken from the air-conditioning nozzle in cockpit or crew rest room by manually-

operated pump and pressurised into metal flasks.  

The CONTRAIL data can be distributed to the users according to the CONTRAIL Data 

Protocol. More than 50 scientists have already used CONTRAIL data not only for carbon 

cycle study but also for validation of satellite observation and for analysing atmospheric 

transport, in which CO2 data was used for atmospheric tracer 
3)

. 
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To ascertain the global and geophysical flux values of CO2 and their seasonal and inter-
annual variation, detailed CO2 measurements including vertical distribution are required. 
However, nowadays the monitoring sites for CO2 are mainly ground-based, and air flight 
measurements are performed in the restricted areas and seasons. We have been developing 
balloon-borne instruments that can measure the vertical distribution of CO2, like ozonesonde 
instruments even under weather conditions unsuitable for aircraft flight. 
    The CO2 sensors are based on the non-dispersed infrared absorption spectroscopy 
technique (NDIR) at the wavelengths of 4.0 and 4.3 micrometers. The CO2 sensor installed in 
styrofoam box with a control board, valves and a piston pump. These are connected to a GPS 
sonde (Meisei RS-06G). The NDIR data of CO2 concentration are transmitted to a ground- 
based receiver (Meisei RD-08AC) through a GPS sonde with pressure, temperature, humidity 
and wind data every second.  

From the results of 17 test flights, the CO2 sonde became a composition in which two 
reference CO2 gas bags were installed on the same payload. Total weight of the CO2 sonde 
was about 2 kg that can be launched by a 1200-g metrological balloon. The precision of the 
sensor CO2 is ≤ 1 ppm for the altitude up to 10 km with the vertical resolution of 300 m. 
In this poster presentation, we present the detail of the equipment and the results of the test 
observations. An example is shown in Figure 1. 
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Figure 1.  Vertical profiles of  CO2, temperature, and humidity measured by the CO2 sonde launched 
at 14:32  Dec. 22 at Moriya Ibaragi, Japan. 
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This presentation summarises a recent review paper on carbon dioxide (CO2) 
measurement submitted to the GGMT special issue of Atmospheric Measurement 
Techniques.  Collecting high accuracy data of CO2 concentrations in the atmosphere has 
never been more important.  Whilst the global long-term trend can be well defined from a 
small number of measurement stations, regional and politically important budgets and trends 
require higher density observational networks than presently exist.  Higher density networks 
are also needed for verification and independent auditing of the Kyoto and successor 
protocols, for improved understanding of carbon-climate feedbacks and changes in the 
behaviour of natural carbon sink mechanisms, for examining the effects in the atmosphere of 
mitigation efforts, and for monitoring of potential leakage from carbon sequestration projects.  
As an increasing number of scientists collect atmospheric CO2 data, there is a risk that data 
accuracy and compatibility will be compromised.  To circumvent such a risk, we have written 
a measurement review paper, solicited by the United Nations World Meteorological 
Organization Global Atmosphere Watch programme (UN WMO/GAW), establishing 
guidelines for ‘best practices’ to be used in high precision, high accuracy atmospheric CO2 
measurement.  Many of the guidelines are also relevant to other greenhouse and greenhouse-
related gases. 

Topics discussed include: 

 History of atmospheric CO2 measurement 

 Analytical sensors for CO2 measurement 

 Calibration methodologies and calibration standards 

 Quality control / quality assurance 

 Gas handling considerations including sample air drying  

 Considerations for in situ measurement 

 Flask sampling and analysis 

 Data handling and management.   
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Measurement Techniques, submitted, 2011. 

mailto:a.manning@uea.ac.uk


Southern Hemisphere Regional Greenhouse Gas Observation Networks 

M. V. van der Schoot1, A. Stavert1, L. P. Steele1, R. J. Francey1, D. A. Spencer1, P. B. 
Krummel1, P. J. Fraser1, Z.M. Loh1, M. Schmidt2, M. Ramonet2, B. Wastine2, G. Brailsford3 

1CAWCR/CSIRO Marine and Atmospheric Research, Aspendale, Victoria  
2Laboratoire des Sciences du Climat et de l'Environnement, Gif sur Yvette, France  

 3NIWA, Wellington, New Zealand 

marcel.vanderschoot@csiro.au 

Abstract 

Operating atmospheric greenhouse gas (GHG) measurement networks in the Southern 
Hemisphere (SH) has some unique challenges and opportunities. The SH atmosphere is 
dominated by ocean-atmosphere interactions and the precision requirements for atmospheric 
measurements are more acute, which make calibration propagation strategies for regional 
networks in the SH a critical issue for comparing data from SH monitoring sites.  

SH sites offer opportunities to observe the integrated global atmosphere due to the potential 
large spatial representativeness, of well mixed clean marine boundary layer air, and 
remoteness from major emission source regions. With recent reports of accelerating global 
CO2 emissions combined with decreasing Southern Ocean CO2 uptake, accelerating global 
atmospheric CO2 growth rates, encompassing all regional source and sink contributions 
(particularly NH), should be observed in the SH. There is evidence that this may not be the case1. 

This presentation will discuss SH regional GHG observation networks and, in particular, an 
Australian regional network, extending from Antarctica to the Australian tropics. Of particular 
relevance to the SH, is the capacity of the Southern Ocean for uptake of atmospheric CO2 and a 
specific Southern Ocean CO2 observation network (CSIRO, LSCE, and NIWA) was initiated in 
2005 primarily for this application (Figure 1.). The inter-calibration strategy for maintaining such 
a high precision and long term, regional network will be discussed. 

 

 

Figure 1. Southern Ocean CO2 Network (“ ”=LoFlo; “ ”=Siemens3; “ ”=flask) 
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ICOS is a new European Research Infrastructure (www.icos-infrastructure.eu) for 

understanding the greenhouse balance of the European continent and of adjacent regions. It 

will integrate terrestrial, atmospheric and oceanic observations at various sites into a single, 

coherent, highly precise dataset. The need of an Atmospheric Thematic Center operating at 

the European level in ICOS is justified by the distributed nature of this infrastructure, with 

stations located in Europe and other regions of the world. Thus, a central facility is needed to 

ensure that all the data are processed with the same algorithms and properly archived for the 

long term, that the atmospheric stations can receive permanent support for optimal operation 

during their lifetime, and that new sensors can be smoothly deployed in the network in the 

future. The ATC will also be responsible to link the ICOS atmospheric data collection 

programme with other central facilities, in the framework of European and international 

monitoring programmes.  

A demonstration experiment has been set up during the second semester of 2011 to 

demonstrate the feasibility of the ICOS infrastructure and its capability to manage properly a 

network of standardized instruments, with a centralized data processing performed in near 

real time. For that purpose, the Demo will rely on a small network made of four stations and 

central facilities (ATC/ETC and CAL). The presentation will detail the tasks of the ICOS-

ATC, and the preliminary results obtained during the Demo Experiment. 

 

 
 

Figure 1. Schematic view of the main tasks and interactions of the ICOS Atmospheric Thematic Center. 
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The LSCE (RAMCES) CO2 and Radon-222 monitoring program was initiated in 1980 at the 

Amsterdam Island observatory and then extended with observatories at Mace Head (Ireland), 

Saclay and Puy de Dome (France) until 2001. During the past decade, national and European 

projects allowed placing in-situ analyzers to the tall tower at Trainou (France) and stations like 

Ivittuut (Greenland). Today, all RAMCES in-situ stations perform CO2 measurements, and at 

three stations more specialized GC measurements of CH4, N2O, SF6, CO and H2 are carried out. 

In Overall, the RAMCES network is built up on 7 in-situ surface stations, 12 flask sampling sites 

and 1 airborne measurement site providing important data for global atmospheric CO2 and other 

greenhouse gases budgeting. The increasing number of regional stations, with precise continuous 

atmospheric measurements will allow validating regional GHG emission and possible changes.  

Throughout the frame of ICOS-France the existing stations will be upgraded with more reliable 

and robust harmonized CRDS analysers to further strengthen our capacity observing atmospheric 

CO2 and other GHG. In cooperation with other research institutes we will extend our network to 9 

stations in France and 10 in different part of the world, mostly the tropics.. Here, the strategy for 

upgrading RAMCES stations to the ICOS observing system will be presented as well as recent 

results on atmospheric GHG measurements in France. 

 

 

  
 

Figure 1: RAMCES/ICOS-France measurement station red: in-situ stations, yellow: flasks sampling sites). 

The Cooperative measurements stations, run mainly by other laboratories are marked in grey/green. 
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 The Japan Meteorological Agency (JMA) is monitoring greenhouse gases in 
multilateral approach.  Surface concentrations of greenhouse gases such as carbon dioxide 
(CO2), methane (CH4) and several other gases are observed at three GAW stations, 
Minamitorishima (Global station), Ryori and Yonagunijima (Regional stations). Ship-based 
CO2 observations in the air and surface seawater in the western North Pacific have been 
continued since 1980s along several sections including the meridional section of 137ºE.   
JMA improved the onboard equipments on its research vessels in 2010 to start  high-quality 
and high spatiotemporal resolution observations in Oceanic CO2 and related parameters over 
full ocean water column.  JMA also started regular aircraft observation of the middle-
tropospheric greenhouse gases in the western North Pacific region along the flight route 
between Tokyo and Minamitorishima once every month since February 2011.  The analysis 
of the airplane observation is reported in the separated paper.  These observations were 
distributed from World Data Centre for Greenhouse Gases (WDCGG).    Among these efforts, 
the GAW regional station at Ryori located in the northeast part of mainland Japan, was 
damaged and recovered from the Great East Japan Earthquake which hit Japan on March 11, 
2011. 
 In order to ensure traceability to GAW international standards and maintain the 
accuracy of the domestic and the regional gas observation, JMA standard  references for CO2, 
CH4, carbon monoxide (CO), nitrous oxide (N2O) and ozone (O3) are regularly calibrated 
against WMO scale in the Central Calibration Laboratory (CCLs).  JMA’s primary standard 
gases for CO2 were sent to the NOAA Earth System Research Laboratory (ESRL) and 
calibrated every two years.  Accumulated data observed by JMA have been recalculated with 
the update of the WMO scale using the relational database.  Laboratories in Japan other than 
JMA use their own scale for measurements of greenhouse gases. Therefore, taking the 
opportunity of the WMO world trace gas intercomparison conducted during 2009 and 2010, 
the five gas cylinders which consist of WMO reference gases and JMA standard gases, were 
circulated among each laboratory in Japan.  In this way, the laboratories could compare 
measurement data of their individual scale. 
 In the framework of GAW programme, JMA serves as the GAW World Calibration 
Centre (WCC) for CH4 in Asia and the South-West Pacific region.  The WCC conducts series 
of intercomparison experiments in the relevant area.  Through 2010 and 2011 an 
intercomparison experiment of CH4 reference gases was conducted for the South-West 
Pacific region among CSIRO (Aspendale), NIWA (Wellington) and JMA (Tokyo).  
Consequently, reference gases are circulated for Asia region in 2011.  The differences of the 
standards among intercomparison participants in the region historically decreased in 
progression. 
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In 2003 a very productive collaboration between IPEN/CQMA/LQA and 

NOAA/ESRL/GMD has started with the construction of a replica of GHG system analysis 

(MAGICC). Since then LQA/IPEN group had and pursued the idea to construct a Brazilian 

GHG measurement network following the GMD/ESRL/NOAA network design. In 2004 we 

started to with aircraft based vertical profile sampling at SAN (2.86S 54.95W); 2006 at ABP 

(12.76S 38.17W); in 2010 we added three more aircraft sites as part of the UK (NERC) 

funded AMAZONICA and the FAPESP funded projects at TAB (5.96S 70.06W), RBA 

(9.38S 67.62W) and ALF (8.80S 56.75W) and added 2 further coastal stations at NAT (5.50S 

35.25W) and SAL (0.61S 47.37W). During 2010 we measured 80 profiles from 300m to 

4400m height above sea level, measuring CO2, CH4, N2O, CO and SF6 (Figure 1 yellow 

aircrafts sites). In 2011 the Brazilian GHG monitoring network was approved inside a larger 

project of MCT the “System Observations on Climate Change”. The objective in GHG 

network consists of 15 aircraft sites. For 2012 the Brazilian government had approved U$ 

1.83 million to finance the System Observations on Climate Change. 

 
Figure 1. 4 aircraft sites TAB, RBA, ALF, SAN and 2 coast sites SAL and NAT  

 It will be showed all results from the profiles made at 2010 for CO2 and CH4 and the 

flux calculated by Column integration technique. 
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Estimates of carbon sources and sinks are poorly known over Asia and the Indian Ocean, 

especially because of the sparseness of the spatial data.  This activity is very recent to 

India and it is desirable to have as many stations set up as possible for greenhouse gas 

measurements. Only then finer spatial sampling of CO2 and other gases would allow 

inversion over finer regional scales. The rapidly expanding economies of Asia are 

showing a swift increase in CO2 emissions. This trend, which will likely to continue, will 

impact the atmospheric concentration distribution. High precision measurements of 

atmospheric CO2 are used to monitor the trend of this gas, as well as to identify the space 

time variability of sources and sinks. This is an ongoing activity on analysis and 

measurement of concentrations of Carbon dioxide, Methane and other trace gases over 

India.  It is imperative to say that it is essential to have as many numbers of samplings as 

possible to arrive at this crucial aspect of green house effect producing gases.A 

continuous measurement station set up in 2005, the northern part of India in Ladakh 

region is taken as a clean background site for the country. Another station at Pondicherry 

has a new set up of continuous measurement of CO2 and CH4. Some initial analysis of 

the data from Pondicherry is shown here. 

 

 

Figure 1. Atmospheric CO2 record at the Hanle IAO observatory, India. 
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The High Altitude Research Station Jungfraujoch (JFJ), situated at 46°33´N, 7°59´E, is an 
important research site because of its unique location, its year-round accessibility, and an 
excellent infrastructure. The Sphinx laboratory is situated at an altitude of 3580 m a.s.l., 
between the peaks of the Jungfrau (4158 m a.s.l.) and the Mönch (4099 m a.s.l.). Because of 
its altitude, the station is mostly in the free troposphere and is quite insensitive for ground-
based pollution sources. The sampled air is therefore representative for the atmospheric 
background mixing ratios of the European main land. 
 
The University of Bern monitors the atmospheric CO2 and O2 concentrations at JFJ by 
continuous measurements as well as by a flask sampling program. Air samples are collected 
since 2000 and the continuous observations have started in the end of 2004. The flasks are 
analysed in Bern for the concentrations of CO2 and O2 (δO2/N2) and the isotopes of CO2: δ

13C 
and δ18O. At the conference we will present an extensive comparison of both the flask and the 
continuous CO2 and O2 records. 
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Traditionally, inverse and data assimilation modelling of atmospheric CO2 and other 

greenhouse gases has relied primarily on flask samples at a network of fixed sites.  Many 

recent modelling studies have begun to develop methodologies to incorporate newly available 

measurements from other platforms such as continuous analysers, satellite data, and oceanic 

∆pCO2 measurements.   One promising source of atmospheric CO2 data are the column 

average dry air mole fractions of CO2 inferred from ground-based remote sensing 

measurements acquired by the Total Column Carbon Observing Network (TCCON).  

However comparisons between modelled column CO2 values constrained by surface data and 

TCCON data reveal puzzling differences between the modelled and observed seasonal cycle 

of CO2 at southern hemisphere sites in New Zealand and Australia.  Before these data can be 

used to constrain inverse models, we need to understand whether these discrepancies are due 

to biases in the model transport or biases in the flux estimates.   

 

We use a series of tagged tracer model simulations to investigate the processes driving 

seasonal and inter-annual variability in the surface and column CO2 measurements and 

evaluate how measurements at these sites might be used to constrain regional CO2 budgets.  

In these simulations, assimilated CO2 fluxes from CarbonTracker are broken down into 

eleven ocean and 12 land regions, and fluxes from each region are treated as independent 

tracers in a forward model simulation. 

    

Preliminary analysis suggests that these discrepancies are most likely due to biases in 

estimates of the regional fluxes, particularly biomass burning from Southern Hemisphere land 

regions.  While the seasonal cycle of surface measurements at the Australian and New 

Zealand TCCON sites is largely determined by the seasonal cycle local and regional 

terrestrial fluxes, the seasonal cycle of the column data at these sites is sensitive to long range 

transport of fluxes from Africa, South America, South East Asia, and the Northern 

Hemisphere.  This may be of particular interest to the international scientific community 

because, while terrestrial fluxes in Southern Hemisphere land regions are of first order 

importance to the global carbon cycle, few observing stations available to constrain these 

fluxes due in part to logistical problems associated with long-term tracer measurements in 

developing nations.   
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This presentation discusses the use of greenhouse gas measurements from SCIAMACHY and 
GOSAT in global inverse modelling of the sources and sinks of CO2 and CH4. In the case of 
SCIAMACHY, more than 8 year of measurements are available that allow studying recent 
trends and inter annual variations in CH4. For GOSAT, we make use of a full year of 
measurements from the RemoteC algorithm (Butz et al, 2011). The increased sensitivity and 
enhanced spectral resolution of GOSAT, in comparison with SCIAMACHY, allow 
accounting for perturbations in the optical path due to aerosols without taking the ratio of 
CH4 and CO2 as used in SCIAMACHY (Frankenberg et al, 2011). As a result, these GOSAT 
retrievals of CH4 do not rely on a priori assumption on the spatio-temporal variation of total 
column CO2. We make use of TM5-4DVAR (Bergamaschi, 2009) to study the use of 
GOSAT and SCIAMACHY retrievals in inverse modeling. The challenge is to identify and 
account for sources systematic errors in the satellite measurements and the transport model. 
For this purpose, different types of independent measurements are used including aircraft 
campaigns (Caribic, Contrail, Hippo) and in situ FTS measurements from the TCCON 
network. We will discuss the possibilities and limitations of the current approach in the light 
of ongoing developments and upcoming satellite missions.  
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The Indianapolis Flux Project (INFLUX) is a NIST funded project with the goal of 

developing and assessing methods to quantify greenhouse gas emissions at the urban scale from 

top-down and bottom-up approaches. Indianapolis was chosen as an ideal test case, since it has 

relatively straightforward meteorology; a contained, isolated, urban region; and substantial and 

well-known fossil fuel CO2 emissions.  INFLUX incorporates atmospheric measurements of 

greenhouse and other trace gases from light aircraft (providing high spatial resolution) and from 

a network of cell phone towers (providing high temporal coverage) surrounding the Indianapolis 

urban area.  Both platforms make in situ measurements of CO2, CH4 and CO using cavity ring 

down spectrometers, and flasks are collected and analyzed for ~55 trace gases and isotopes 

including CO2, CH4, CO, and 
14

CO2 (as a proxy for fossil fuel CO2).  Bottom-up inventory 

estimates from Vulcan and Hestia provide perhaps the best-known fossil fuel CO2 emissions of 

any urban region.  Modeling efforts span the range from simple plume models to a high-

resolution regional inversion using the WRF and LPDM models.  The observations and models 

are used to estimate the urban greenhouse gas emissions, primarily fossil fuel CO2 and CH4.  The 

top-down results will be compared with the bottom-up inventory data, allowing realistic 

estimates of overall uncertainties in the top-down approach, as well as improvements in the 

bottom-up inventory data and methods.   

The latter part of this presentation will focus on experimental design and flask 

measurements from the towers.  The towers were selected to obtain samples both upwind and 

downwind of the urban region, so that background mixing ratios can be accurately quantified. A 

newly developed time-integrated flask sampling system is used to provide hourly averaged flask 

samples, taken in mid-afternoon only on days when the appropriate wind conditions occur.  

Trace species associated with urban emissions are consistently enhanced in the downwind 

samples relative to the upwind site. Trace gases associated with combustion sources, such as CO, 

fossil fuel CO2 and hydrocarbons are well correlated. Total CO2 is also consistently enhanced in 

the downwind samples, even in summer.  In winter, total CO2 enhancement is slightly higher 

than the fossil fuel CO2 enhancement, in agreement with Indiana’s requirement for 10% 

bioethanol use in gasoline.   



Life after GLOBALVIEW 

Ken Masarie and Pieter Tans
 

Earth System Research Laboratory, NOAA 325 Broadway GMD-1, Boulder, Colorado, U.S.A.  

kenneth.masarie@noaa.gov 

For the past 15 years, NOAA, in collaboration with 25 measurement laboratories worldwide, 

has provided annual updates of GLOBALVIEW-CO2.  GLOBALVIEW-CO2 is derived 

directly from high-precision atmospheric measurements but contains no actual data.  

GLOBALVIEW data products (including GLOBALVIEW-CH4) were designed to provide a 

uniform spatial and temporal distribution of atmospheric observations for use in carbon cycle 

modelling studies at a time when assimilation systems could not yet accommodate 

irregularly-spaced datasets.  Interest in GLOBALVIEW-CO2 peaked in 2007.  Today, many 

data assimilation systems can directly ingest irregularly-spaced atmospheric observations, yet 

demand for GLOBALVIEW persists.  GLOBALVIEW’s popularity can be attributed to 1) a 

freely available data product that is stable, consistent, and updated annually; 2) user 

confidence in knowing input data have been carefully screened by the data providers and 

again during product preparation; and 3) the availability of a marine boundary layer reference 

matrix, which is useful to regional-scale studies where boundary conditions must be defined. 

We present two new data products designed to succeed GLOBALVIEW and better serve the 

research community: ObsPack and the Greenhouse Gas Reference.  ObsPack (Observation 

Package) is a self-documented data package for use in projects like CarbonTracker and 

GEOCARBON.  ObsPack will include actual data prepared according to a set of 

configuration files and metadata including 1) a full description of how each dataset is 

prepared; 2) site documentation; 3) contributing laboratory and data provider information 

including address, e-mail, URL, logo, data usage policy; and 4) the complete set of 

configuration files used to construct the package.  Input data may be subsetted and averaged 

or passed directly through to the data package.  ObsPack can include measurements from a 

single laboratory or from a more extensive cooperative observing network comprised of 

many independent programs.  Ensuring that input measurements are compatible to WMO 

recommended levels will be a key focus in preparing ObsPack distributions.  We hope to 

coordinate a cooperative international effort to prepare annual updates of ObsPack 

distributions.  The ObsPack source code, however, will be freely available so that others can 

create data packages specific to their needs. 

The Greenhouse Gas Reference is designed to provide researchers with an observation-based 

reference time series or vertical profile that may be useful to establish boundary conditions 

for regional-scale modelling studies.  The Greenhouse Gas Reference will be derived directly 

from observations representative of large well-mixed air masses and updated annually.  

Measurements from independent sources can be used to derive the reference provided 

compatibility between the measurements is shown to be consistent with WMO 

recommendations.  Pre-made and custom products will be freely available via an interactive 

web application. 
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Figure: N2O measurements from a “target cylinder” on NOAA flask analysis systems. 
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Non-CO2 greenhouse gases (GHGs) play important roles in tropospheric chemistry, climate, and 
stratospheric O3 depletion. They contribute ~36% of radiative forcing (RF) from non-
condensable long-lived GHGs. Cost-effective emissions reductions for some of these gases are 
possible, and they offer an opportunity to slow the rate of increase in RF before effective CO2 
emission mitigation strategies are developed. High-quality atmospheric observations of non-CO2 
GHGs are vital to improve our understanding of their budgets and to verify changing emissions 
rates. 
 
The community of scientists within GAW that makes these high-quality measurements faces 
many challenges. We will focus on issues we face at NOAA as a CCL and in analyzing more 
than 20,000 discrete samples each year. Two examples follow. At our 15th meeting, it became 
clear that the CH4 CCL (NOAA) was not consistently propagating the WMO CH4 mole fraction 
scale outside the ambient range. We have determined the source of this problem, corrected it, and 

developed a scheme to 
prevent it from happening 
again. Another challenge we 
face is keeping analytical 
instruments running 
optimally. For some species, 
this is difficult. One method 
we use to assess long-term 
performance of instruments 
is measurements of air from 
“target tanks” on our flask 
analysis systems. For N2O, 
which is measured by 
GC/ECD, we see changes in 
the measured value of the 
target that are not related to 
other system changes. This is 
shown graphically in the 
figure (mean ±1σ of 20 

aliquots), with two analytical systems plotted in different symbols. Responses of both ECDs are 
calibrated with the same set of standards, yet differences exist. Most of the observed changes in 
the measured values over time result from subtle analytical problems, not changes in standards or 
other system parameters. New robust analytical instrumentation, for example the OA-ICOS with 
repeatability of ±0.06 ppb (60 s) may help eliminate many of these problems. 
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Izaña global GAW station is located on Tenerife (Canary Islands, Spain), on top of a crest at 
2360 m.a.s.l., usually well above the trade wind temperature inversion layer. So, ambient air 
measurements at Izaña station are representative of the subtropical Northeast Atlantic free 
troposphere, specially at night. A gas chromatograph (GC) with a reduction gas analyzer 
(RGA) is used to measure atmospheric CO.  The GC has a two-positions multi-ports injection 
valve, a sample loop, and  two chromatographic columns to allow back-flush inside the first 
column. The GC carries out alternative injections of ambient air and working standard. CO 
mixing ratio in nmol/mol (of dry air) is computed using a potential response function in peak 
height relative to the working standard peak height. Along its lifetime (between 3 and 5 
months), a working standard is calibrated every two weeks using between 3 and 5 station 
standards (calibrated against the WMO CO primary standards by NOAA). With such 
calibrations, the response function of the GC-RGA is determined too. First at all, in this 
paper, system configuration is described in detail, as well as calibration schemes, calibration 
processing, determination of working standards drift (if present), and ambient air data 
processing taking into account the hierarchy of calibrations. Second, the standard uncertainty 
of the measurements is estimated. Third, the Izaña CO time series from 2008 to 2011 is 
presented and analyzed. Finally, in-situ CO GC-RGA continuous measurements are 
compared with: 1) co-located NOAA discrete weekly samples, and 2) in-situ NDIR analyzer 
measurements (much less accurate than GC-RGA measurements). The mean difference 
between NOAA discrete samples and simultaneous in-situ GC-RGA hourly means is -0.24 
nmol/mol for the period 2009-2011 (0.79 nmol/mol for the period 2008-2011), whereas the 
standard deviation of the differences is 2.8 nmol/mol for the period 2009-2011 (5.4 nmol/mol 
for the period 2008-2011). 
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We present an overview of CO2, CH4, N2O, and SF6 observations from the JRC-Ispra 

greenhouse gas monitoring station from the start of measurements in October 2007 to 

December 2010. The greenhouse gas (GHG) observations are complemented by 

continuous 
222

Radon observations from October 2008 onwards. Observations of CO2, 

CH4, N2O, and SF6 are performed by means of an Agilent 6890 GC-system and a 

PICARRO G1301, and of 
222

Radon using an ANSTO built direct monitor. The JRC-Ispra 

site is situated on the southern slopes of the Alps bordering the highly polluted Po Valley 

to the South. The unique location of the station allows for occasional observations of 

highly polluted air masses from the Po Valley area in the south contrasted by Föhn 

episodes bringing clean continental background air to the site. We provide an analysis of 

the first three years GHG and 
222

Radon observations at Ispra starting from October 2008. 

Applying the 
222

Radon tracer method we estimated surface fluxes for CO2, CH4, and N2O 

for the same period and compared these to estimates for other European stations. 

Furthermore, we present first comparisons of the measurements with model simulations 

based on the TM5-4VAR model of which an example for CH4 for the year 2008 is shown 

in Figure 1. 

 
Figure 1. TM5 forward simulation of CH4 for 2008 for a 1 x 1 degree resolution 

representing the Ispra station. Black dots denote the hourly mean measured CH4, the blue 

line is the mean model output, whereas the light blue shaded area represents the 

uncertainty range due to the model representativeness error. The right panels show the 

mean diurnal cycle. 
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A Cavity Ringdown Spectrometer (Picarro G1301) is operated at the high Alpine site 
Jungfraujoch, Switzerland since December 2009 for the continuous observation of CO2 and 
CH4 mixing ratios. Initially, the sample air was dried prior to analysis by means of a Nafion 
membrane dryer. However, as the instrument is also capable to measure atmospheric water 
vapour, the trace gas measurements can be corrected for interferences due to the presence of 
H2O. Since August 2010, no water vapour removal is used and CO2 and CH4 dry air mixing 
ratios are determined by application of an empirical humidity correction to the fully unaltered 
humid gas stream accounting for dilution and pressure broadening effects. The comparison of 
the calibration results before and after removal of the drying unit revealed significant CO2 
losses in the Nafion dryer (see Figure 1, upper left panel). However, the losses did not cause 
any artifact or bias to the calibrated data when applying the respective calibration functions. 
This is illustrated by the time series of the regularly performed target gas measurements 
(Figure 1, lower panels).  
The presentation will give a comprehensive overview of the long-term performance of the 
instrument during 1 ½ years of continuous operation. This includes calibration issues (such as 
the long-term stability of the instrument’s sensitivity), the influence of sample drying, the 
quantification of H2O interferences, and the benefit of high time resolution observations even 
at remote sites such as Jungfraujoch.  
 

 
Figure 1. Quality control plots for the CO2 (left) and CH4 (right) measurements at 
Jungfraujoch. The upper panels show the measured calibration gases, the lower plot the 
calibrated results of a tank of pressurized air. The grey line illustrates the removal date of the 
dryer.  

mailto:martin.steinbacher@empa.ch


Evolution of SF6 concentration over the years 

Luana S. Basso
1
; Luciana V. Gatti

1
; Alexandre Martinewski

1
; Lucas G. Domingues

1
; Caio S.C. 

Correia
1
; Viviane F. Borges

1
; John B. Miller

2
; Emanuel U.Gloor

3
 
 

1
Laboratório de Química Atmosférica, Instituto de Pesquisas Energéticas e Nucleares, Brazil; 

2
NOAA Climate Monitoring and Diagnostics Laboratory, Boulder, Colorado, USA;  

3
University of Leeds, Leeds, United Kingdom. 

lvgatti@gmail.com / luanabasso@gmail.com 

Since December 2000 atmospheric measurements we have measured SF6 vertical profiles using 

small aircrafts in Santarém (SAN: 02ºS; 54ºW), and since December 2009 also in Rio Branco 

(RBA: 10ºS, 68ºW), January 2010 in Alta Floresta (ALF: 8ºS, 56ºW) and Tabatinga (TAB: 4ºS, 

64ºW) in the Brazilian Amazon Basin. To develop a background measure for Amazon sites located 

at the Brazilian coast, at Arembepe (ABP: 12ºS, 38ºW), until 2010,  Salinópolis (SAL: 1°S, 47°W) 

from January 2010 and from May 2010 at Natal (NAT: 5°S, 35°W) were added to the network. The 

time series for all these sites are shown in Figure 1 together with the concentrations of two stations 

of the NOAA/ESRL global air sampling network: Ascension Island (ASC: 8ºS, 14ºW) and 

Barbados (RPB: 13ºN, 59ºW). SF6 concentrations have increased from 2000 to 2010 by 56% 

(2.6ppt). The growth rate was 0.25ppt by year. All SF6 concentrations measured in our sites 

(Brazilian Amazon Basin and coast sites) have values in between the observations at the NOAA 

stations ASC and RPB with a few exceptions. For these cases back trajectories calculated with the 

HYSPLIT model showed that the air masses had either unusually high contributions of Northern 

Hemisphere and Southern hemisphere air respectively. 
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Figure 1. SF6 temporal series between 2000 and 2010, in Brazilian Amazon Basin sites, Brazilian 

coast sites, and two NOAA stations.  
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At the South African station Cape Point, several efforts have been made to comply with the GAW 

objectives regarding instrumentation, data quality and quality assurance. We report here on two 

instrumental upgrades, the expansion of our flask sampling intercomparison programme with 

international partners as well as on analytical challenges, which took place during the period from 

2009 till mid-2011. In February 2011, ANSTO (Australian Nuclear Science and Technology 

Organisation) installed a new 
222

Rn analyser at Cape Point, which will eventually replace the former 

unit, now already 12 years in operation. A preliminary comparison between the two instruments 

showed good overall agreement, thereby ensuring continuity between the new and the historical 

data series.  

In June 2011 a Picarro model G2302 CRD analyser for CO2, CO and H2O was commissioned at 

Cape Point. Comparisons have been conducted between the G2302 instrument and our URAS4 

NDIR CO2 analyser as well as with the Trace Analytical RGA CO system, and the results are being 

discussed. The importance of H2O correction tests is highlighted. 

N2O measurements made with an Agilent GC with micro-ECD have continuously posed many 

analytical challenges since its inception in mid-2007, especially relating to instrumental sensitivity 

and overall data uncertainty. Shortly before a WCC-N2O audit in February 2011, only the very 

elementary components of the GC system were used in order to ensure easier and more elementary 

control of instrumental parameters. Under these very basic conditions of no backflush, no O2 

removal or makeup gas supply and bypassing the instrument’s flow controlers the audit comparison 

results were quite acceptable as are the ambient measurements since August this year. 

A flask sampling programme with NOAA GMD was initiated at the beginning of 2010. Currently 

the ICP data for CO2 show agreement within a range of about 0.5 ppm. For CO an assumed scale 

difference of about 5 ppb has been confirmed by the comparison. For unknown reasons the CH4 

data show greater variability than anticipated. 

The time series of CO2 and CH4 background and non-background levels will be presented with 

updated trend estimates (see Fig. 1 for CH4 background). Renewed interest in non-background data 

has been voiced by local and regional authorities – also in view of the COP17 conference to be held 

in Durban in November/December 2011. 

 

 

Figure 1. Cape Point CH4 growth rates (1983-2010) for background data. 
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Earlier this year, Earth Networks, formerly AWS Convergence Technologies announced 

plans to deploy the world's largest in situ global greenhouse gas (GHG) network in close 

collaboration with Scripps Institution of Oceanography. The initial deployment will consist of 

100 sensor systems, equipped with Picarro G2301 CO2/CH4 analysers sampling from >80 m 

towers, 50 of which will be deployed in the U.S. and the remaining 50 deployed 

internationally. The instrument design incorporates (1) use of a Nafion system for reducing 

water vapor, eliminating the need for instrument‐specific H2O interference calibrations, and 

(2) a three‐gas calibration system, consisting of two tanks tied to the WMO CO2 and CH4 

scales for calibration of near‐background concentrations, and a single span tank, used 

sparingly. Test results that assess the magnitude of Nafion effects and stability of the 

calibration strategy will be discussed. 

 

On a separate topic, issues related to long‐term stability of CO2 and O2/N2 calibration will 

also be briefly discussed, based on the long‐term experiences in the CO2 and O2/N2 

laboratories at the Scripps Institution of Oceanography. 
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Update on NOAA CCL Activities 
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NOAA/ESRL acts as the Central Calibration Laboratory (CCL) for five trace gases (CO2, CH4, 
CO, N2O, and SF6). Tracable, stable calibration scales are critically important for the 
WMO/GAW community. Recent experience with N2O and SF6 suggest that as analytical 
repeatability improves, we may begin to detect cylinders that behave poorly. In fact, one of five 
secondary standards in use from 2004-2009 appears to be drifting for N2O.  This drifting cylinder 
affected N2O assignments (corrected in 2010). Recent efforts to improve calibration scales and 
reproducibility will be discussed, including 1) investigations of N2O drift in aluminum tanks, 2) 
investigations of non-linearities in ECD-based SF6 analysis, 3) efforts to improve long-term 
stability of the CO scale, and 4) recent progress on the path towards ISO 17025 certification. 

	  

Figure 1:  Deviation from the assigned value of N2O in aluminum working standards when a 
drifting secondary standard is included (open circles) and excluded (filled circles) from the 
calibration runs. The aluminum standard was found to be drifting at a rate of -0.047 ± 0.011 ppb 
yr-1, which induced a drift in the N2O scale of 0.024 ppb yr-1.  The drifting aluminum standard is 
no longer used for routine calibrations.  
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Greenhouse gases (GHG) have been known as causing materials of the greenhouse effect. Because it 

is very important to reduce their emission, they has been paid attention since Kyoto protocol to the 

United Nations Framework Convention on Climate Change. Accurate observation data of ambient 

GHG are vital for the study of the relationship between GHGs and global warming, but it is not easy 

to quantify their mixing ratios owing to their globally and temporally tiny variation. For example, 

mixing ratio of carbon dioxide in the atmosphere, is reported to be growing by +1.7 ppm (parts per 

million)/year for recen 10 years according to GAW report. 

Based on WMO Global Atmosphere Watch (GAW) Strategic Plan: 2008 -2015 (GAW report 172) 

WMO-GAW have paid attention to systematically improve quality of data observed at the global or 

regional monitoring site. To produce good measurement data, it is essential to ensure traceability over 

the world as well as to estabilsh a controlled quality system. Now that the Central Calibration Lab. 

(CCL) for SF6 was established, the KMA is now trying to take another step forward to systematically 

support GAW stations in improving their traceability and quality system for SF6, thereby making a 

contribution to the WMO-GAW. 
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New developments in stable isotope ratio measurement techniques 
and progress in isotope data compatibility for CO2 in air samples  
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High-precision stable isotope ratio analysis for greenhouse gases in present and past 

air samples has traditionally been a very challenging task, mainly owing to the 

comparatively low concentrations, but also due to the fact that the observable ranges 

in isotopic signature are limited as well. Likewise, isotope data from different 

laboratories have suffered from different scale anchors and from scale drifts that are 

difficult to quantify. Some progress has been made in this field: a common scale 

anchor for the CO2 isotopes is now available that can be generated reliably from 

primary carbonate materials. The reproducibility of the scale anchor satisfies the 

compatibility needs as agreed upon in previous WMO/IAEA experts meetings.  

 

A similar anchor for other, less abundant trace gases such as CH4 or CO has not been 

established thus far. Efforts for creating such materials will be discussed and target 

values for data compatibility proposed. 

 

Scale unification efforts are also important, especially given that new stable isotope 

measurement techniques are approaching the precision target goals. Progress in recent 

years using photo-absorption for quantifying trace gas isotopologues in air has been 

considerable, including not only the traditional greenhouse gas species. New 

capabilities include direct stable isotope analysis of water vapour, and some progress 

is expected for analysing N2O and its various isotopologues, including position-

specific information. 
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Isotopic measurements of atmospheric trace gases are cornerstone tracers that help us 

estimate fluxes, inform models, and deepen our understanding of sources and sinks of a 

variety of important green house gases.  Our ability to make large numbers of precise 

measurements is directly controlled by both the availability of rapidly changing technology, 

and our ability to calibrate those measurements amongst different labs.  Here we present 

some of the challenges and opportunities that we see for isotopes in greenhouse gases and 

other trace atmospheric gases.  

 

Methane isotopes lag CO2 isotopes in terms of standards that are suitable for air samples, and 

there is a need for dedicated standards. Several standards are required, as the dynamic ranges 

for methane 
13

C and D in nature are large, making the need to characterize scale 

compression or expansion critical. The precision we currently achieve for 
13

C of CH4 is not 

good enough to capture natural signals, but it is not clear how we can do better.  Finally, 
13

C 

and D in CH4 measured by GC-IRMS are difficult analyses with frequent downtime, making 

network measurements difficult. How can we best remedy this?  

 

New analyses are being explored, although adopting them into networks is not assured and 

should be a separate discussion. A newly developed extraction system at INSTAAR for 

isotopes in carbon monoxide holds promise for furthering our understanding of CO in the 

atmosphere.  For example, CO can be a powerful tool for partitioning biogenic or fossil fuel 

components of sources. Likewise, developments in laser-based methods are opening new 

possibilities for isotopic measurements of many types.  INSTAAR is testing a laser-based 

nitrous oxide isotope instrument that can measure the three isotopes of N2O at ambient 

concentrations in air samples. This system will potentially open new areas of research into 

this greenhouse gas. As the technology for analyzing isotopes in trace gases evolves and 

improves, we may want to have a conversation about how to prioritize these. 

 

Finally, the natural overlap between the CO2 Experts, who are focused on modern 

atmospheres, and those making ice core air analyses of isotopes of gases could and should be 

better exploited. We suggest a meeting of the two groups to explore how we would better 

integrate our groups, from records to intercomparisons, to calibrations. 

http://www.niwa.co.nz/sites/default/files/Brailsford/Local%20Settings/Temp/XPgrpwise/f.author@institute.co.nz


On isotopologue-specific calibration of CO2 measurements 
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FTIR and laser–based analysis of CO2 may be isotopologue-specific, while gravimetrically-
based reference standards refer to whole CO2 mole fractions. When developing isotopologue-
specific calibrations of such optical analysers for CO2 using gravimetric standards, 
knowledge of the complete isotopic composition of the standard is also necessary in order to 
calculate the individual isotopologue mole fractions [Loh et al., 2011; Griffith et al. 2011]. If 
the standards’ isotopic compositions are known, individual calibration equations for each 
isotopologue can be determined from regressions of measured vs standard isotopologue mole 
fractions over a range of CO2 concentrations. Isotope ratios can then be calculated directly 
from the calibrated isotopologue amounts 13CO2 and 12CO2 in the normal way: 

 
13 12

13 2 2
13 12

2 2

/
1

( / )ref

CO CO
C

CO CO
    (1) 

However if the full standard isotopic composition is unknown, or uncalibrated raw 

measurements of  13CO2 and 12CO2  are used in (1), in general the calculated 13C values will 
have both a scale shift and a CO2 concentration dependence relative to the reference isotope 
scale, and these must be empirically determined [Griffith et al. 2011]. 

In this paper we develop the quantitative description of isotopologue-specific calibration and 

demonstrate good agreement with FTIR calibration data for 13C over a range of CO2 mole 
fractions.  The calibration is then illustrated with FTIR CO2 measurements from soil cover 

chambers in which CO2 mole fractions rise by several hundred mol mol-1 and the 

concentration-dependence of the calibration of 13C becomes significant.

References: 
Loh, Z.M., L.P. Steele, P.B. Krummel, M.van der Schoot, D.M. Etheridge, D.A. Spencer and R.J. Francey. 
Linking isotopologue specific measurements of CO2 to the existing international mole fraction scales. in 15th 
WMO/IAEA Meeting of Experts on Carbon Dioxide, Other Greenhouse Gases and Related Tracers 
Measurement Techniques, GAW Technical report no. 194, 2011. 

Griffith, D., N. Deutscher, P. Krummel, P. Fraser, M. van der Schoot and C. Allison, The UoW FTIR trace gas 
analyser: comparison with LoFlo, AGAGE and tank measurements at Cape Grim and GASLAB, in Baseline 
Atmospheric Program (Australia) 2007-2008, N. Derek and P. Krummel, Editors. 2011, Australian Bureau of 
Meteorology and CSIRO Marine and Atmospheric Research: Melbourne, Australia. p. 7-22. 
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Atmospheric 
13

C(CH4) measurements began at Baring Head, New Zealand in 1987 , initially 

the data were used as a correction factor for radiocarbon in atmospheric methane measurements 

made by accelerator mass spectrometry. While the initial data were adequate for this purpose 

they lacked the precision needed to be a useful constraint on the atmospheric methane budget. By 

the end of 1988 the precision of the technique for 
13

C(CH4) had improved to  0.1 ‰ and the 

published mean for 
13

C(CH4) for 1989 was -47.13 0.20 ‰  which included seasonal effects 

and meteorology. Over the next few years the precision of the dual inlet IRMS technique for 

large air samples improved further to  0.02 ‰ enabling the resolution of fine structure in 

seasonal effects at Baring Head and shipboard sampling across the Pacific meteorological zones. 

In 1994 NIWA  reported a persistent but highly variable seasonal cycle in 
13

C(CH4) with 

amplitudes up to 5 times higher than that expected on the basis of a kinetic isotope shift during 

the removal of atmospheric methane by OH. Later this was attributed this to the removal of 

methane by active chlorine, which exhibits a large KIE in its reaction with methane. We examine 

the methods used by NIWA in making measurements of 
13

C(CH4), and the protocols that were 

followed allowing quality controls to be placed on a time series.  

 



Calibrations, comparisons and challenges  

for measurements of isotopes of Greenhouse gases 

 

B.H. Vaughn, J.W.C. White, S.E. Michel, and J. Winokur, A. Steiker 

 

Making isotopic measurements on large numbers of global atmospheric trace gas samples 

presents unique challenges in precision, accuracy, and reproducibility.   Long-term 

stability of whole-air standards is critical to tracking issues of calibration and scale. We 

present current statistics that characterize the long-term stability of the INSTAAR-NOAA 

compressed air cylinder standards that allow us to evaluate the time history of our scale.   

Inter-laboratory comparisons of low pressure air flasks and high pressure air cylinders 

also provide valuable information for characterizing and constraining scale differences 

between labs, and are a valuable check on standard drift. Different inter-laboratory 

calibration/comparison methods can produce different results.   Ongoing efforts to tie 

existing whole-air standards to carbonate-defined scales continue.  We present data from 

these calibrations along with results from intercomparison activities that impact the 

discussion on scale adjustments.   

Measurement uncertainties are not constant over time, and arise from a variety of 

sources that may not be well understood or difficult to characterize.  In a continuing 

attempt to reduce our errors, there is a compelling need to explore the sources of error in 

our measurements and calculate practical uncertainties for individual measurements.  For 

example, slight variations in instrument performance can affect individual measurements, 

or groups of measurements, but can be tracked with various metrics, which can be used to 

apply better and more specific estimates of uncertainty. We present strategies for our 

uncertainty assignment scheme for both 
13

C and 
18

O of CO2 and 
13

C of CH4. 
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Figure 1.  A single compressed whole-air cylinder is permanently plumbed to three 

different dual inlet mass spectrometers and analyzed regularly against that instruments 

standards.  Ploted here is a four year record of a single tank (“KRAM-002”).  No 

systematic offsets are apparent, and no long-term trends are observed.  Agreement and 

scatter vary over time and instruments, which demonstrate the need for  assignment of 

uncertainties that reflect the data quality for individual measurements.  



NIES atmospheric radiocarbon (14CO2) measurements 
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Whole air samplings for measurements of atmospheric radiocarbon (14CO2) have been made 
by the National Institute for Environmental Studies (NIES), using voluntary observation ships 
(VOS) sailing between Japan and Australia/New Zealand and between Japan and North 
America since 1994, and ground-based stations at Hateruma Island (HAT, 24°03´N 
123°48´E) and Cape Ochiishi (COI, 43°10´N 145°30´E) since 2004. We measured Δ14C in 
the air samples using the NIES-TERRA (Tandem accelerator for Environmental Research 
and Radiocarbon Analysis) accelerator mass spectrometer (AMS). Parts of air samples were 
analyzed using Compact AMS (NEC 1.5SDH). 
This presentation will include (a) interannual variability, trends, and seasonal cycle of Δ14C 
over the western Pacific, (b) comparison of NIES data with other data, (c) 2-year climatology 
of Δ14C at Hateruma Island, and (d) results from simulations using the NIES TM atmospheric 
transport model. Average seasonal cycle in Δ14C obtained from NIES VOS samples and 
analyzed using NIES-TERRA agree well with that from HAT samples analyzed using 
Compact AMS (Figure 1), although the interannual variability as seen by NIES VOS is 
questionable. The simulated fossil fuel CO2 represents the amplitude and phase of the 
seasonal cycle of Δ14C in the NH, indicating that the transport of fossil fuel CO2 causes 
latitudinal differences in seasonal cycle of Δ14C. 
 

 
Figure 1. Seasonal cycle of ∆14C obtained from VOS measurements (at 25°N during 1994-
2005, circles) and at Hateruma station (in 2007, squares). 



Characterisation of Methane sources from measurement of δ13CCH4 
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Measurement of δ13CCH4 is a powerful way to characterise regional methane sources. Coupled with 
trajectory analysis, regional sources can be identified, in regions ranging from local urban to sub-
continental scale.  
The high Arctic bulk Arctic methane increment in summer 2008 and 2009 as measured at the 
Zeppelin station, Spitsbergen, had a δ13CCH4 signature of –68‰, indicating a mainly biogenic 
source. Spring 2009 samples were more enriched, -53‰. Trajectory analyses suggested spring 
emissions from onshore gas fields, with wetlands still frozen. Spitsbergen continental slope 
hydrates degassing from the seabed are emitting methane plumes into the water column but 
during the sampling periods little or no methane reached the atmosphere.  
 

 

 
Keeling plots of CH4 and δ13C in ambient air  at the 
Zeppelin station (A) and on a ship west of 
Spitsbergen (B) in 2008, 2009 and 2010. 
 
 

Sampling 
site 

Dates δ13CCH4 
(‰) 

Zeppelin 14 Aug – 14 Oct 2008 -68.7 ± 2.4 

Zeppelin 6 Mar – 9 May 2009 -52.6 ± 6.4 

Zeppelin 5 Sept – 4 Oct 2009 -67.4 ± 3.1 

Fram Strait 23 Aug – 20 Sept 2008 -66.9 ± 1.3 

Fram Strait 21 Jul – 26 Jul 2009 -68.6 ± 4.5 

Fram Strait 9 Oct – 28 Oct 2010 -68.7 ± 4.4 

Atlantic data from islands and shipboard measurements show the N-S bimodality of the methane 
distribution, and the latitudinal change in isotopic seasonality. Ascension data, which compare well 
with NOAA flask samples, are reported in near-real time via the RAMCES network: 
https://ramces.lsce.ipsl.fr/index.php?option=com_content&view=article&id=38 
 

 
δ13C of CH4 for Atlantic Transect          Ascension CRDS – comparison with NOAA flasks 
 

Chinese winter results, from air sampled in Hong Kong, show dominant fossil fuel sources, with 
δ13CCH4 in the range -43 to -45‰. Sources are probably mainly coal, with muted biological input in 
winter.  London δ13CCH4 results track changes and seasonality in local sources (e.g. reductions in 
landfill and gas leaks, variations between winter and summer gas use, etc.).  
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Indian subcontinent experiences seasonal reversal of wind pattern bringing moisture from the 
ocean to the mainland. The availability of moisture and rainfall governs the regional 
productivity. Variability of regional productivity together with wind pattern was found 
factors responsible for carbon dioxide distribution in regional atmosphere. We present here 
observation on CO2 concentration in air samples collected above 5 m from the ground level 
together with its isotopic ratio  from Bangalore (12° 58′ N, 77° 38′ E, masl= 920 m), 
Karnataka, India (Figure1). Bangalore is an urban city located equidistant from Bay of 
Bengal and Arabian in the east and west respectively. Routine analyses of paired flasks 
samples were carried out using the experimental setup designed indigenously using Swagelok 
needle valves, Swagelok SS tubing, dole traps, MKS mass flow controller and Baratron 
gauge. The setup was used as cryogenic extraction system for the extraction and purification 
of CO2 from the air sample and isotope ratio determination were made using mass Thermo 
Finnigan MAT253 spectrometer. The experimental setup also includes an air sampler to flush 
fill 1litre glass flasks in pair. The performance of the cryogenic extraction system was 
monitored using in-house reference air mixture preserved with in a 40litre cylinder and 
designated as “OASIS AIRMIX’. The mixture is calibrated with international reference 
material JRAS Reference air mixture (1).  The continuous monitoring and repeat analysis of 
an aliquot of in-house reference air from the cylinder yielded an analytical precision of 
±0.05‰ for δ13C and ±0.29‰ for δ18O. The isotopic composition of CO2 in high frequency 
(daily) air sample collected during May, 2010 – May, 2011 showed sinusoidal pattern. 
Enriched δ13C of atmospheric CO2 values were recorded for samples collected for the period 
covering southwest monsoon, whereas the δ18O of atmospheric CO2 for the same samples 
collected showed a depleted signature. The isotopic ratios show seasonal variability 
suggesting the involvement of factors like regional productivity, emission from fossil fuel 
combustion, influence of wind strength and the leaching of isotopically lighter CO2 by 
rainfall. Our results while compared with available observation from a coastal station, Cabo 
de Rama (2) show features marking similar seasonal behaviour of CO2 concentration and 
carbon isotope ratios and offer a mechanism to understand the regional transport. 
 
References: 
. 
 
References: (1) Ghosh, P., Patecki, M.,Rothe, M., and Brand, W.A. Calcite-CO2 mixed into CO2-free air: a 
new CO2-in-air stable isotope reference material for the VPDB scale. Rapid Commun. Mass Spectrom. 2005; 
19: 1097–1119. (2) Bhattacharya S. K., Borole D. V., Francy R. J., Allison C. E., Steele L. P., 
Krummel P., Langenfelds R., Masarie K. A., Tiwari Y. K. and Patra P. K. Trace gases and CO2 
isotope records from Cabo de Rama, India, Current Science, 97(9), 1336-1344, 2009 
 
 
 
 
 



 
 
Figure1. Seasonal variation of atmospheric CO2 concentration and carbon and oxygen isotopic ratios observed 

over Bangalore during May, 2010 – May, 2011. The monthly mean values are compared with the predicted 
month mean of Cabo de Rama data 
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CSIRO Marine and Atmospheric Research (CMAR) has been measuring the stable isotopic 
composition of atmospheric carbon dioxide collected at several global locations for more than 
25 years using stable isotope ratio mass spectrometry (SIRMS). These measurements have 
relied on establishing and maintaining reference materials and calibration procedures to 
report measurements made on CO2 extracted from whole air samples on the VPDB-CO2 
scale defined by NBS-19 carbonate. Recently CMAR has acquired several cavity ring down 
spectroscopy (CRDS) based instruments for deployment in both laboratory and remote field 
locations and is establishing a strategy to link with high precision to our existing calibrations. 
This process has already highlighted the need for suitable reference and calibration materials 
and a robust method for comparing the “absolute” mole fractions generated by the CRDS 
instruments with the delta measurements generated by SIRMS. As a consequence of this 
process we have revisited our SIRMS ion correction procedure (Allison & Francey, 2007) 
and modified it in line with recently published improvements (Brand et al, 2010). 
Implementing the revised procedure has reinforced the need for a similarly robust procedure 
for handling CRDS data. We briefly describe the revised SIRMS procedure, the impact of the 
assigned 13C to 12C ratio in the hypothetical VPDB material for CRDS, and some of the early 
calibration results. 
 
References: 
C.E. Allison; R.J. Francey. Verifying Southern Hemisphere trends in atmospheric carbon 
dioxide stable isotopes. Journal of Geophysical Research, 2007. 
W.A. Brand; S.S. Assonov; T.B. Coplen. Correction for the 17O interference in δ(13C) 
measurements when analyzing CO2 with stable isotope mass spectrometry (IUPAC Technical 
Report). Pure and Applied Chemistry. 2010. 
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The Total Carbon Column Observing Network (TCCON) formally joined the GAW network 
in 2009; it is a global network of currently ~15 stations measuring total column CO2, CH4 
and other trace gases by high resolution solar Fourier transform spectroscopy in the near 
infrared. TCCON is not only a standalone network but also provides ground-based validation 
of greenhouse gas satellites such as GOSAT and OCO-2 and provides the critical link 
between satellite measurements and WMO mole fraction scales.   

TCCON has tightly controlled measurement and analysis protocols to ensure high precision 
and lack of bias between stations, and a well developed and successful strategy using aircraft 
overflights of in situ measurements to link the remotely-sensed total column amounts to the 
WMO calibration scales used in situ measurements. The network-wide  typical single-

measurement 1- precision and between-station biases for CO2 are <0.1% and <0.2% for 
CH4. Figure 1 shows the relationships between TCCON and integrated aircraft profiles for 
several TCCON stations from 2006 to the present. 

           

Figure 1. TCCON total columns vs integrated aircraft profiles for 10 TCCOn sites over 6 years. 
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The ICOS European research infrastructure is dedicated to long-term quantification of the 

greenhouse gas balance of Europe via a harmonized network of atmospheric, ecosystem and 

ocean observation sites. To ensure long-term high precision monitoring of GHG, a strategy of 

standardized instrumentation and methods has been defined. Also, the need to be up-to-date 

with new GHG instrumentation has been identified as a key point for the future ICOS 

atmospheric network. In this context, a test laboratory will be part of the ICOS Atmospheric 

Thematic Center (ATC) to 1/ interact with Research Institutes and private companies for 

evaluation of new sensors and prototypes, 2/ perform and document tests of new sensors and 

3/ to provide recommendations for the update and the evolution of the running ICOS 

Atmospheric Station. In the current preparatory phase, we defined the needs of the test lab in 

terms of instrumentation and methodology to full fill the objectives. A first standardized test 

protocol has been established and a dozen of instruments for atmospheric CO2, CH4, CO and 

N2O analysis have been evaluated. We will present in this study our harmonized 

methodology with some of the key results of the test lab. We have evaluated several CRDS 

systems like Picarro G1301/G2301, which are running now routinely at stations. In this study 

we will also focus on the field operation feedback we have had so far. We will show the 

robustness (failure type and frequency) and the long term stability of instruments running (in 

site) for more than 3 years for some of them. 

 

 

 

Laboratory comparison: CO2 and CH4 minute averaged concentrations as measured in dry ambient 
air with thePicarro CFADS-2164 analyzer and the GC system. 
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For more than 20 years, atmospheric measurements of CO2 dry air mole fraction have been 

used to derive estimates of CO2 surface fluxes.  The paucity of observations has limited our 

interpretation of these flux estimates to very large continental and hemispheric scales.  Over 

the last decade, efforts to independently estimate carbon balances on regional and national 

scales have led to an increase in CO2 measurements made by different laboratories using new 

analytical techniques and sampling strategies.    The introduction of new measurement 

programs is a critical step toward addressing the severe lack of atmospheric CO2 and other 

greenhouse gas and related observations.  More observations, however, are only useful if they 

can be merged with existing measurements without introducing significant bias into 

calculated surface fluxes.  It is our communities’ responsibility to determine the extent to 

which our measurements are compatible and to communicate our findings to data users.  Our 

best strategy for detecting bias in measurements has been to make routine comparisons of 

independent and co-located atmospheric measurements. Today, many laboratories consider 

ongoing comparison experiments fundamental to their measurement program and may 

participate in many such experiments.  As a result, our community now has a considerable 

collection of comparison results.  Here we examine 1) what we have learned; 2) how 

comparison results are used; 3) how we report comparison results; and 4) whether this is 

indeed the best strategy for detecting bias in atmospheric greenhouse gas measurements. 

 

 

Figure.  Comparison of NOAA 

flask and in situ measurements 

from Barrow, Alaska.  Top: 

differences show a large 

discrepancy in 2004.  Bottom:  

Differences after correcting drift 

in CO2 mole fraction assigned to 

one of three reference gas 

cylinders use to calibrate the 

response of the NDIR detector.  

The problem was identified and 

corrected in February, 2011. 
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High precision atmospheric measurements in greenhouse gas concentrations and CO2 

isotopes (δ13C and δ18O) provide valuable information in determining the magnitude and 
distribution of carbon sources and sinks and on various controlling processes on both 
regional and global scales.  Systematic biases amongst various data sets (obtained from 
different laboratories) may lead to improper scientific understanding and carbon budget 
estimates. For more than a decade, WMO has set a global network comparability target goal 
for CO2 of ± 0.1 ppm (± 0.05 ppm in the southern hemisphere). In order to provide long-term 
estimates appropriate to certain emission scenarios, target goals have been set for other trace 
gases and isotopes, including δ13C-CO2.   Scientists present at the 13th WMO/IAEA Meeting 
of Experts on Carbon Dioxide Concentration and Related Tracers Measurement Techniques, 
September 19-22, 2005 in Boulder, CO, U.S.A., recommended the WMO/GAW sites at 
Alert, Mauna Loa and Cape Grim serve as Greenhouse Gas Comparison Stations. These 
continuous and flask air sampling comparison exercises will provide a mechanism to link 
many individual network global data sets together and improve global carbon estimates.  At 
Alert, seven flask sampling programs linked with activity are currently being conducted.  
Results from six of these comparison activities will be summarized in this presentation. 



 

Figure 1.  Intercomparison results for carbon dioxide.  Each point is the difference of a 
single co-located result provided by the host laboratory (as indicated in the legend) minus 
the co-located result provided from NOAA-ESRL on their flask sample.  Differences are 
only included if sampling times are within 2 hours of each other. 
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Three dimensional atmospheric model studies that calculate emissions often require more data 
than from only one individual network’s group of stations, therefore it is important to be able 
to accurately merge atmospheric trace gas data sets from different laboratories and networks, 
which may use different calibration scales. To facilitate this, on-going comparisons of in situ 
data with independent flask and/or in situ data collected at common sites are useful as they are 
sensitive diagnostic tests of data quality for the laboratories involved, and they provide a basis 
for merging these data sets with confidence. 

For the past 11 years up to 300 comparisons of non-CO2 greenhouse gases (more than 30 
species) have been carried out twice yearly and presented at meetings of Advanced Global 
Atmospheric Gases Experiment (AGAGE) scientists and Cooperating Networks. The majority 
of these comparisons are between AGAGE in situ and NOAA flask data from the 
Halocarbons and other Atmospheric Trace Species (HATS) and Carbon Cycle Greenhouse 
Gas (CCGG) groups at NOAA/ESRL. The five common measurement sites are: Cape Grim, 
Australia; Cape Matatula, American Samoa (includes some NOAA in situ data); Ragged 
Point, Barbados; Trinidad Head, USA; and Mace Head, Ireland. 

This presentation will give an update of the comparison methodology and resultant output, 
and will present detailed results from selected comparisons. A summary of the overall level of 
agreement between AGAGE and NOAA data for a range of species will be given.  
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Uncertainty in atmospheric measurement data cannot be expressed by the mere statistical 
repeatability but may contain error contributions from the sampling, storage of the sample 
and the measurement. An uncertainty estimate therefore ideally should take into account all 
these error contributions but many of these effects are difficult to quantify, are only suspected 
or remain even undetected. Comparison exercises can help to get some quantitative 
information about such measurement errors. 
 
Following the 2009 WMO meeting’s general recommendations to evaluate the benefit of 
redundant comparisons we will present the summary of several complementing comparison 
techniques for flask analysing laboratories that have been performed within the IMECC 
project (Infrastructure for Monitoring the European Carbon Cycle). Of these activities the 
“sausage” experiment is providing the longest record of compatibility information of flask 
measurements from up to eight laboratories over one decade. Round robins using large 
volume flasks, high pressure cylinders and a high precision Loflo intercomparison have 
added different additional information.  
While by definition the measurement error is the deviation of a measured value from a 
reference quantity value, any such reference value is not known in these comparisons. 
However, when the multi-lab and multi-comparison tool approach provide consistent patterns 
of laboratory agreements this may help to reveal problems at specific laboratories. In 
addition, the timescale of changes in the laboratory differences or any concentration 
dependencies of the differences may offer indication for the source of error.  
 
A synopsis of the results offers advice for judging the effectiveness of the various comparison 
tools. 
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Combining atmospheric concentration datasets collected by different laboratories is essential in 
order to advance our knowledge and understanding of climate change and Earth system science. 
Doing so, however, is fraught with difficulties. How can we be confident that 380.0 ppm CO2 
concentration measured by one laboratory or field station in one part of the world is equivalent to 
380.0 ppm CO2 concentration measured by another laboratory or field station in another part of the 
world? To answer this question, both locations must analyse exactly the same air sample in what are 
known as intercomparison studies. Additional complications can arise, for example depending on 
the storage vessel of the intercompared air sample (e.g. high pressure cylinder or glass flask), 
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differences in analytical techniques (e.g. some techniques are ‘blind’ to δ13CO2 in the sample, others 
are not), and possible changes over time in the calibration scales defined at the location. 

To address these problems, and as a first step in being able to combine independent 
atmospheric datasets, intercomparison programmes should:  a) be ongoing exercises with frequent 
and routine analysis by all participants;  b) span a range of concentrations for the atmospheric 
species of interest;  c) encompass a range of sample vessels and analytical techniques. As a guide, 
the World Meteorological Organization has specified ‘inter-laboratory compatibility’ goals for 
species of interest to the greenhouse gas community. For example, goals of ±0.1 ppm and ±2 per 
meg have been specified for background atmospheric CO2 and O2 measurements respectively. This 
means that any given two laboratories (or field stations) measuring the same air sample should 
strive to obtain values within 0.2 ppm CO2 (or 4 per meg O2) of each other. 

Here, we present 8 years of intercomparison results from the ‘GOLLUM’ programme and 6 
years of results from the ‘Cucumber’ programme. Each of these programmes continuously 
circulates trios of high pressure cylinders of air to field stations and laboratories. A total of 22 
European field stations and 15 international laboratories are included in these two programmes.  

 
Figure 1. An example of intercomparison results, showing data from all participants in the 
GOLLUM programme. ‘Zero’ is defined as the O2/N2 ratios determined from initial measurements 
made at the Scripps Institution of Oceanography in 2004. Each point is the average of 3 cylinders. 
Some laboratories’ scales are offset as indicated in the legend. 
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Round-Robin experiment: NOAA/ESRL (CCL & WCC) prepared 9 high pressure cylinders 

(3 sets) of clean dry air, collected at Niwot Ridge. Participating Labs were divided into 3 

globally-distributed groups. Each participant is responsible for keeping in a realistic time 

frame to measure trace gas species of interest. Payment for the shipping to the next is part of 

the labs participation. 

Round-Robin time allocation: Measure CO2 only (3 weeks), each additional trace gas 

measure (1 week), plus CO2 isotopes (2 weeks), ship to next Lab/station (1 week).     

Round-Robin history: 

5th Round-robin (2009 –     ): 44 Labs from 19 countries registered 

4th Round-robin (2002 – 2007): 27 Labs 

3rd Round-robin (1999 – 2000): 24 Labs 

2nd Round-robin (1995 – 1997): 20 Labs  

1st Round-robin (1991 – 1992): 16 Labs 

Proposed WMO Round-Robin website function/design: Protocol; guideline; direction; Demo 

video; easily add account and password; log each entry; cylinder tracking; auto email 

reminder; statistics and custom graph plot; update of responsible person from each 

participating lab; results submission and update before/after deadline; search and 

visualization of the previous RR results; new participant application; and so on. 

Persons’ role: 

Jim Peterson, Referee of previous Round-robins, has retired in the year 2001. 

Lingxi Zhou (Referee since 2002) 

Duane Kitzis & Pieter Tans (Coordinator) 

Ken Masarie & Dan Chao (Web Site developing) 

 

Up to 14 October 2011, around 30 Labs submitted results.  Lingxi did request and wait for 

more results come in.  Intercomparison figures and tables will be added hopefully next week. 
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The World Calibration Centre at Empa (WCC-Empa) has conducted more than 50 system- and 
performance audits at global GAW stations since 1996. With a few exceptions these audits were 
made using travelling standards, and no collocated on-site measurements have been made. 
Recommendations were made at the last CO2 Experts meeting [WMO, 2011] that such parallel 
measurements would be beneficial for GAW stations. Picarro Inc. kindly provided a G2401 CO, 
CH4, CO2 and H2O analyser to WCC-Empa for this purpose. The results of a two month parallel 
measurement of CO, CO2 and CH4 at Cape Point (CPT) will be presented and compared with the 
results of the travelling standard comparisons during the audit. In contrast to the comparison of the 
travelling standards with an agreement between CPT and WCC-Empa within 2 ppb for CO for mole 
fractions up to 110 ppb (Figure 1, left panel), a much larger bias was observed for ambient air 
measurements of the CPT and WCC-Empa instruments (Figure 1, right panel). The bias of the on-
site comparison will be discussed with respect to the measurement set-up as well as potential 
analytical issues of the Picarro G2401 analyser. The presentation will also cover the comparisons of 
CO2 and CH4 made at CPT, including a full characterisation of the Picarro G2401 instrument. 
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Figure 1. Left: Bias of the CPT RGA-3 CO instrument compared to WCC-Empa travelling 
standards. Right: Upper panel: Ambient CO measured at CPT with CPT (red) and WCC-Empa 
(blue) instruments, only values <110 ppb. Lower panel: Difference between CPT and WCC-Empa. 
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The HIAPER Pole to Pole Observations (HIPPO) campaign on board the NSF/NCAR 

Gulfstream V aircraft was a global seasonal survey of the atmospheric distribution of 

greenhouse and related gases.  Five month-long missions were flown in different seasons 

from January 2009 to September 2011, covering the central Pacific from 85 N to 67 S and 

continuously profiling from as low as 150 m to as high as 14,000 m altitude, with most 

profiles between 300 and 9,000 m, for a total of approximately 65 flights, 500 flight hours, 

and 1000 profiles.  The payload included in situ measurements and flask sampling for over 80 

unique gas and aerosol species.  Many of these species were observed redundantly, and CO2 

was measured by three in situ instruments and two flask systems, providing valuable tests of 

measurement compatibility on the aircraft.  In addition, numerous surface CO2 observing 

sites we overflown for further tests of compatibility with respect to the WMO CO2 scale. 

 

The 1-Hz in situ CO2 instrumentation comprised the Harvard Quantum Cascade Laser 

Spectrometer (QCLS), the Harvard Observation Middle Stratosphere (OMS) instrument, and 

the NCAR Airborne Oxygen instrument (AO2).  On each flight, 32 glass flasks were 

collected by the Scripps/NCAR MEDUSA sampler for analysis at Scripps, and 24 glass 

flasks were collected by the NOAA Whole Air Sampler (NWAS) using NOAA Portable 

Flask Packages (PFPs).  Numerous lessons were learned through intercomparison activities, 

related to propagation of primary calibration scales, drying of flask air, and minimization of 

inlet effects.  The agreement between select in situ systems and flasks, and between these 

systems and surface stations, was good and within compatibility estimates.  For example, 

differences between QCLS and MEDUSA during HIPPO3 averaged to +0.07 ± 0.33 ppm 

(1-sigma, n=226).  However, as yet not fully explained altitude- and time-dependent offsets 

occurred significantly between all sensors on the second half of HIPPO1, and significantly 

for AO2 and to a lesser extent for other systems on all missions.  We will present 

intercomparison results and discuss evidence suggesting the remaining offsets are related to 

inlet-specific cabin-air contamination. 

  

Futher information on HIPPO can be found at http://hippo.ucar.edu 
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In the present study we assess the feasibility of using a “travelling” instrument to validate 

quasi-continuous measurements of CO2 and CH4 on site. We use an in-situ FTIR analyser 

built by the University of Wollongong which is equipped with an independent intake line, 

pump and drying system. Dedicated working standards and target gases for the travelling 

instrument as well as for the evaluated stations are provided by the ICOS network calibration 

laboratory run by the MPI-BGC in Jena, Germany. Prior to the field comparisons the FTIR 

was tested and characterised at the IUP-Heidelberg GHG lab. Ambient air comparison 

measurements between the FTIR and the gas chromatographic (GC) system show good 

agreements for CO2 and CH4 which are well within the WMO target for inter-laboratory 

comparability. Large deviations arise only when fast concentration changes are observed.  

 
Figure:  28 day time series and distribution of the CO2 concentration differences between the 

GC and the FTIR system at the Heidelberg site. The observed CO2 concentrations ranged 

from 385 to 475 ppm. 

 

In the course of the ICOS Demonstration Experiment the travelling FTIR was set up at two 

ICOS stations, Cabauw, The Netherlands and OPE, France, for a period of 3 weeks each. The 

comparison protocol at each site comprised extensive testing of the FTIR system after local 

set-up, measurements of the station standards and finally the parallel measurements to the 

existing CRDS instrumentation. Both sites provided a separate intake line at 200m (Cabauw) 

and 120m (OPE) which was used for the FTIR intake. The results of both campaigns and the 

general applicability of a travelling instrument will be discussed in this study.  
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Hiroshi Koide1, Kazuto Suda2, Kenji Hamada1, Takako Yokoi1 and Takanori Matsumoto1 

1 1-3-4 Ohtemachi, Chiyoda-ku, Tokyo, 100-8122 Japan 
2 4-1-76 Otemae, Chuo-ku, Osaka, 540-0008 Japan 

hkoide@met.kishou.go.jp 

 The WMO/GAW World Data Centre for Greenhouse Gases (WDCGG) has been 
operated for more than 20 years supported by Japan Meteorological Agency (JMA). 
WDCGG’s action targets and recent achievements are reported, particularly on the interaction 
with the data contributors and users including the wider metadata distribution. 
 The data archived in WDCGG include mixing ratios of greenhouse and reactive gases 
(CO2, CH4, N2O, halocarbons, SF6, O3, CO, etc.), as well as isotopes and gaseous 
radionuclides, in the atmosphere and the ocean. The WDCGG analyzes long-term trends and 
seasonal variations in the mole fractions of the greenhouse gases and the reactive gases and 
publish annually as the WMO Greenhouse Gas Bulletin and the WDCGG Data Summary. 
The data and products, as well as supporting information, are also available at the WDCGG 
website (http://gaw.kishou.go.jp/wdcgg/), which provides search and download functions for 
data and information and has had constant access by users. 
 In June 2011, JMA was designated as WMO Information System (WIS) Global 
Information System Centre (GISC) as well as eight Data Collection or Production Centres 
(DCPCs) in the World Meteorological Congress held in Geneva following the 
recommendation approved in WMO Commission for Basic Systems (CBS) extension 
meeting in 2010.  Consequently, WDCGG started its operational service as one the eight 
DCPCs since 1st August 2011 (http://www.wis-jma.go.jp/cms/about-wis/jma-wis-services/). 
The Discovery, Access and Retrieval (DAR) function is available in WIS framework.    The 
metadata in XML format are regularly provided from the WDCGG in collaboration with data 
contributors, SAGs and other WDCs in accordance with the WIS Project and Implementation 
Plan and the ISO-compliant WMO Core Profile.  This is the first achievement for delivering 
the metadata from WDCGG together with all other WMO data catalogues and to facilitate the 
data exchange within various WMO programmes and other scientific data communities. 
 Preliminary results for development of quality assurance (QA) information and future 
prospect on the satellite data handling in WDCGG are also discussed. 
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