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IMPROVED TRACEABILITY FOR MEASUREMENTS OF THE 

STABLE ISOTOPIC COMPOSITION OF ATMOSPHERIC CO2 

Colin Allison and Roger Francey 

CSIRO Marine and Atmospheric Research, 

PB 1, Aspendale, Victoria 3195, AUSTRALIA 

email: colin.allison@csiro.au; roger.francey@csiro.au 

 

Understanding decadal variations in atmospheric greenhouse gases is important in assessing 
the effectiveness of international efforts to reduce emissions from human activities. 
Measurement of the atmospheric concentration of CO2 and its stable carbon isotopic 
composition assists with quantifying carbon exchanges involving terrestrial photosynthesis 
and the respiration/combustion of the photosynthetic products. In practice, maintaining 
calibration of measurements over decadal timescales is challenging and comparability 
between laboratories and methods is often shown to be worse than anticipated from internal 
experimental repeatability. In the case of the stable isotopes of CO2, two CSIRO measurement 
programs, sampling baseline oceanic air with minimal natural variability at Cape Grim (41ºS, 
141ºE), have employed largely independent sample collection, pre-treatment, and calibration 
strategies. The comparison of results from these two programs provides an unusual 
opportunity to identify and quantify the main sources of bias arising from the experimental 
methods. 

The most recent study [Allison and Francey, JGR accepted], covers all measurements made 
since 1978 and allows us to link measurements made on contemporary air with those made 
nearly 30 years ago with high precision. Independent methods of propagating internal 
calibration scales for the two programs each involve small, well-defined subsets of calibration 
data. A key component of this procedure is the separation of uncertainty into a number of 
components which allows us to maintain an internal uncertainty for linking measurements 
made in our laboratory, and an external uncertainty for linking our measurements to those 
made in other laboratories through the VPDB reference material. 

This presentation will describe the procedures used to maintain measurements over this 
period, present our multi-decadal records of δ

13
C and δ

18
O in the Southern Hemisphere 

atmosphere, and quantify the differences from comparable records. 

 

 

 

 

Allison, C. E., and R. J. Francey, Verifying Southern Hemisphere Trends in Atmospheric 
Carbon Dioxide Stable Isotopes, J. Geophys. Res., accepted. 
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Development of High-Precision Measurement System 

for δδδδ13C and δδδδD of Atmospheric Methane 

 

Shuji Aoki1, Taku Umezawa1, Shinji Morimoto2 and Takakiyo Nakazawa1 

1. Center for Atmospheric and Oceanic Studies, Tohoku University, Sendai 980-8575, Japan 

2.  National Institute of Polar Research, Tokyo 173-8515, Japan 

 

We developed a high-precision measurement system for the carbon and hydrogen isotopic ratio 

(δ13C and δD) of atmospheric methane (CH4). The precision of our system is estimated to be 0.03 ‰ 

for δ13C and 1.0 ‰ for δD (1σ), by analyzing 100 ml aliquots of an ambient air sample.  

The system consists mainly of a CH4 preconcentration device and a continuous-flow gas 

chromatograph isotope ratio mass spectrometry (GC/IRMS) equipped with a combustion furnace and a 

pyrolysis oven for the respective measurements of δ13C and δD. The system function can easily be 

switched from the δ13C analysis to the δD analysis and vice versa by operating a 6-port valve. Water 

vapor and CO2 containing in air samples are completely removed before their introduction into the 

preconcentration device. The temperature of the preconcentration device is maintained at -130±1˚C 

during the collection of CH4 from the air sample by passing it through the device, then at -83±1˚C 

while remaining air components such as N2 and O2 except for CH4 are escaped from the device, and 

finally at 100±1˚C for CH4 elusion.   

The CH4 eluted from the preconcentration device is transferred to an Agilent 6890N GC through a 

cryoforcussing trap. PoraPLOT Q is used for a main column of the GC to separate CH4 from other gas 

components containing in the eluted CH4 sample. We found that the measured values of δ
13C are 

biased by N2 remaining slightly in the eluted CH4 sample, since unknown component produced from 

N2 affects the ion beam currents of masses 44, 45 and 46 which are necessary for deriving the δ13C 

value. In order to minimize such an effect, the temperature of the GC oven is set for -30˚C to 

sufficiently separate the unknown component from CH4. 

 The CH4 gas from the main column is oxidized to CO2 and H2O for δ13C analysis or pyrolyzed to 

H2 and C for δD analysis. The isotopic ratios of resultant CO2 and H2 are measured on a 

ThermoQuest/Finnigan Delta Plus XP mass spectrometer, relative to the respective reference gases of 

CO2 (99.999% purity) with δ13C of -32.829 ‰ (V-PDB) and H2 (99.9999% purity) with δD of -67.04 

‰ (VSMOW). These δ13C and δD values are determined against our secondary standards by using a 

traditional dual-inlet and off-line technique. The secondary standards are calibrated against our 

primary standards provided by the IAEA; our CO2 primary standards are NBS18 and NBS19, while 

our H2 primary standards are SLAP and GISP. To ensure the long-term stability and reproducibility of 

our measurement system, a calibrated whole air stored in a high-pressure cylinder is measured at least 

twice on each day when sample measurements were made.  

In order to measure such a small amount of air sample as extracted from ice cores, we also 

examined the relationship between the sample size and the measured value of δ13C or δD, using an air 

sample with the CH4 concentration of 1988 ppbv. The measured values of δ
13C lay around the 

assigned isotope ratio within our analytical precision when the sample amount is larger than 60 mlSTP, 

but increased gradually with decreasing the sample size from that threshold. On the other hand, any 

increasing or decreasing trends of δD against the sample size were not seen until the amount of 20 

mlSTP. 
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CO2  ISOTOPIC COMPOSITION IN THE UPPER TROPOSPHERE: 

THE PROJECT CARIBIC  

S.S.Assonov  
Institute for Reference Materials and Measurements of European Commission 

Retieseweg 111, 2440 Geel, Belgium 
sergey.assonov@ec.europa.eu 

 
C.A.M. Brenninkmeijer 

Max Planck Institute for Chemistry,  
Joh. Becherweg 27  55128 Mainz, Germany 

carlb@mpch-mainz.mpg.de 
 

The project CARIBIC (http://www.caribic-atmospheric.com) is the largest aircraft-

based atmospheric chemistry project worldwide. During CARIBIC phase-1 (years 1997-2002, 

using a Boeing 767 of the LTU Airways) 12 large air samples (340 l STP, SS canisters) per 

flight were taken, specifically for CO isotopic analyses including 14CO. The procedure also 

included quantitative extraction of CO2 followed by its isotopic analysis and archiving this 

extract. The large samples allowed us to obtain precise δ13C(CO2) and δ18O(CO2) data (the 

latter for the last 1.5 years of operation).  

The CARIBIC phase-2 (start in December 2004) is based on a Lufthansa Airbus 

A340-600 with a new inlet system and newly-build instrument container. Monthly flights at 

the moment are from Germany to South America or from Germany to China. An extended 

range of compounds is analysed, both on-line and in the lab. 28 air samples (~10 l STP) are 

taken in clean glass flasks. The CO2 isotopic measurements were started in May 2007 

(IRMM, Belgium) by using a new CO2 extraction line. This automated line basically mimics 

the line of W.Brand (MPI-Biogeochemistry, Jena, Germany) and permits analysing up to 18 

samples or reference mixtures per 24 hours, with focus on reliable δ18O(CO2) data. 

The cruising altitude of CARIBIC is 10 to 12 km. In the tropics free tropospheric air is 

measured. In the extratropics, the tropopause is frequently crossed. Altogether about 40% of 

the flight time is in the stratosphere. In the upper troposphere often large pollution plumes 

(surface air) are intercepted. Often background tropospheric air, far from CO2 sources and 

sinks is analysed. CARIBIC data help to investigate effects of tropospheric circulation and 

troposphere-stratosphere mixing on the tropospheric CO2 balance. Comparison of CARIBIC-

1 data and NOAA/CMDL ground stations as well as test results of CARIBIC-2 will be 

presented. 
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N2O CORRECTION USED FOR ISOTOPIC ANALYSIS OF 

ATMOSPHERIC CO2  

S. S. Assonov  
Joint Research Centre (JRC) of European Commission (EC)  

Institute for Reference Materials and Measurements,  
Retieseweg 111, 2440 Geel, Belgium 

sergey.assonov@ec.europa.eu 
 

CO2 cryogenically extracted from air samples always contains N2O. The N2O-

correction depends on N2O ionisation efficiency and isotopic composition. While the later can 

be assumed constant, the ionisation efficiency depends on instrument tuning, fluctuates in 

time and cannot be calibrated on pure N2O. Recent works (Ghoth&Brand, 2004; Sirignano et 

al., 2004) proposed to calibrate it by measuring isotope shifts on diluted N2O-CO2 mixtures.  

The new reference material, "CO2-in-air" doped with N2O (Ghoth et al., 2004) aims to 

unify the calibration scale of reference air cylinders used in the monitoring community. By 

processing this material with the same extraction method used for samples, an overall 

method-related correction is introduced. This correction also includes a possible bias of the 

N2O correction (fluctuations of N2O ionisation efficiency, N2O/CO2 modification by 

extraction etc). The problem is that isotope composition of commercial N2O, assumed to be 

the same as that of tropospheric N2O, does differ from the latter, giving a bias of up to 0.01‰. 

Tracing N2O ionisation efficiency itself would give a better understanding of each 

instrumental effect. The new method to determine N2O ionisation efficiency by using 

fragment-ions (Assonov and Brenninkmeijer, 2006) is insensitive to N2O and CO2 isotope 

composition. The method allows an independent evaluation of N2O/CO2 ratio in the extracted 

CO2 and thus tests the magnitude of the N2O correction. NO production in the ion source, 

arising if the sample contains air or if a leak occurs, may be the only problem. Details of 

possible inter-comparison based on fragment-ion analysis of N2O-CO2 mixtures will be 

discussed. In addition, error analyses for all methods of N2O correction will be presented.  
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GREENHOUSE GASES MONITORING IN INDIA 

 

S.D. ATTRI 

Director 

India Meteorological Department, 

 New Delhi-11003 (INDIA) 

 

The Indian sub-continent and surrounding seas with more than 1.3 billion people and 

unique natural resources have a significant impact on regional and global environment but 

lack a comprehensive observational network. India Meteorological Department (IMD) has 

embarked upon an extensive programme named “CREM” to establish a network of stations in 

India to monitor atmospheric concentrations of greenhouse gases (CO2, CH4 and N2O) and 

aerosols in order to quantify source and sink potentials.  Monitoring is to be carried out using 

both continuous (baseline) and grab sampling strategies. Two (2) baseline and four (4)  Grab 

sampling locations  have been selected  keeping in view the effects of major phenomenon of 

sub-tropical high and monsoonal wind reversal across north-south and geographical and 

climatic variability   from   east to  west ( arid, semi-arid, humid and island stations)  in the 

sub-continent  and Global Atmosphere Watch (GAW) guidelines.  Both NDIR and Gas 

chromatography techniques will be used to measure concentration of GHGs under on-line and 

off-line strategies respectively following WMO/GAW protocols and QA/QC. IMD is being 

equipped to take apart in inter-calibration activities of GAW/WMO to maintain proper 

calibration standards.  

Another programme “INDOFLUX” has also been planned to integrate terrestrial, 

coastal and oceanic environment to monitor different parameters like biogenic gas flux (CO2, 

CH4 and N2O), net radiation balance, PAR, aerosol optical thickness, fluxes of CO2, heat, 

energy and momentum, evapotranspiration, air temperature, wind, land use changes, 

precipitation, soil moisture, soil temperature, sea surface temperature, light attenuation, soil 

nutrients, salinity, total suspended solids, primary production,  soil respiration, aquatic 

respiration leaf area index,  aerosol deposition etc. the data will support economic and 

strategic co-operation  and collective actions internationally.  
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GREENHOUSE GAS AND TRACE GAS MEASUREMENTS 

PROGRAMME IN NEW ZEALAND 

G. W. Brailsford,   

National Institute of Water and Atmospheric Research  
301 Evans Bay Parade, 

Wellington, 
New Zealand 

g.brailsford@niwa.co.nz 
 

New Zealand is located in the mid latitudes of the South Pacific, where the atmosphere is 
heavily influenced by the Southern Ocean and is therefore ideal for observations of 
atmospheric carbon dioxide relatively unaltered by local sources. Since 1970 observations of 

CO2 have been made at Wellington, and from 1973 at Baring Head (41.41 °S, 174.87 °E). 
This coastal site is a GAW regional station and is located at the top of an 80m cliff. The site is 
exposed with either strong northerly or southerly winds dominating the meteorology; air 
arriving at the site approximately 30 % of the time is from a baseline southern oceanic sector.  

Since measurements began the concentration of atmospheric CO2 has risen by over 50 ppm, 
from 324 ppm to a mean annual concentration of 378 ppm in 2006. During the decade of the 
1970’s the average growth rate was 1.2 ppm/yr, and through the 1980’s and 1990’s the rate 
was 1.5 ppm/yr. Since 2000 the mean annual growth rate has increased to 1.9 ppm/yr. To 
assist in interpreting contributions to this increase a range of other species are also measured 
at the site (Table 1). New Zealand also operates an observatory at Arrival Heights, Antarctica 
(77.80ºS, 166.67ºE, 184m) where discrete samples have been collected since 1990. Initially 
concentrations and isotopes of CH4 and CO were the species of interest; these measurements 
have now been expanded to include CO2 and N2O concentrations. 

 

Species Method Started 

CO2 NDIR 1970 

13CO2 GC-IRMS 1996 

14CO2 Proportional counting & 
AMS 

1954 

CH4 GC FID 1989 

13CH4 Dual Inlet IRMS  1987 

N2O GC  ECD 1996 

O2/N2 Paramagnetic  1999 

CO GC  RGA 1989 

13
CO Dual Inlet IRMS 1989 

14CO AMS 1989 

Table 1. Greenhouse and trace gases measurements from Baring Head. 
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Variability of δ13C and δ18O in CO2 generated from NBS19 calcite and 
implications for the VPDB scale in air-CO2 records 

 

Willi. A. Brand (MPI-BGC (Max-Planck-Institut für Biogeochemie) Jena, Germany) 

 

Lin Huang (ASTD/STB/EC (Atmospheric Science and Technology Directorate, Science and 
Technology Branch, Environment Canada) Toronto, ON, Canada) 

 

Hitoshi Mukai (NIES (Global Carbon Cycle Research Section, Center for Global 
Environmental Research, National Institute for Environmental Studies) Tsukuba, Japan) 

 

Abstract 

 

In order to generate a local daughter scale from the material (i.e. NBS19 calcite), defining the 

international δ13C and δ18O stable isotope ratio scale, i.e. primary VPDB scale, the carbon and 
oxygen must be liberated to the gas phase, usually as CO2 using acid digestion of the calcite 
with H3PO4. It is during the conversion step that systematic errors can occur, giving rise to 
commonly observed discrepancies in isotopic measurements between different stable isotope 
laboratories. This is of particular importance for air-CO2 isotope records where very small 
differences in isotopic composition have to be reliably quantified to partition CO2 fluxes from 
carbon source and sinks over time. 

 

Driven by this requirement we have studied sources of error during preparation of CO2 from 
NBS19 using different experimental procedures established in our laboratories.  

Very homogeneous pure CO2 ampoules, i.e. Narcis I and Narcis II (available from NIES) have 
been measured at the three labs, directly against NBS19 CO2 ampoules provided by EC. The 
agreements are excellent among the three labs if using the NBS19 CO2 provided by EC as the 

primary anchor, within a standard deviation (one σ) of 0.005 permil in δ13C and 0.01 permil 

in δ18O.  However, if using NBS19 CO2 produced at different labs (e.g. NIES vs. EC), the 

agreement of Narcis II values will be still very good in δ13C within < 0.01 permil, whereas, 

there is a systematic disagreement in δ
18

O of 0.1 permil between the two primary anchors. 
This suggests that there are rather large uncertainties of up to 0.1 permil in pure CO2 librating 
process from carbonates, including the primary standard, i.e. NBS19 CO2 productions.          

       

The temperature dependence of the acid digestion reaction for calcites has been newly 
measured with very high precision in the temperature range 25-47 °C. Amounting to -0.04 ± 
0.001 ‰ / °C, this fractionation could be one of the major sources of error, when comparing 
data from different laboratories. Moreover, heat dissipation effects during the reaction as well 
as oxygen exchange with water on the reactor walls following the initial release of CO2 from 

the mineral can affect the δ18O results if the time for re-equilibrium is not long enough. A 
series of experiments has been made for investigating and quantifying the various 

contributions to the δ18O value from CO2 liberating process.  The results from NBS19 air-CO2 
and associated uncertainties will also be discussed. 
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RECENT CHANGES IN TRACE GAS LEVELS 
AT CAPE POINT, SOUTH AFRICA 

 

E-G. Brunke1, C. Labuschagne1 and H.E. Scheel2 
 

1South African Weather Service, P O Box 320, Stellenbosch 7599, South Africa 
2
Forschungszentrum Karlsruhe, IMK-IFU, 82467 Garmisch-Partenkirchen, Germany 

ebrunke@weathersa.co.za 
 

Measurements of the environmentally important trace gases CO2, CH4, N2O, CO and O3 have 
been made at Cape Point (CPT, 34 °S, 18 °E) spanning differing time periods. Observations 
range from 14 complete years for CO2 to 28 years in the case of CO. With respect to N2O, the 
first seven years (1989 – 1995) have been excluded from current analyses because of lower 
data quality. The latest trend and growth rate estimates for these five gases, based on data 
filtered with respect to background concentrations, are presented. It should be noted that the 
temporal variability of trend curves and growth rates is dependent on the degree of smoothing 
chosen for the calculations. 

CO2 levels have increased since measurements commenced in 1993. Growth rates, calculated 
as derivatives of the trend curve, fluctuated between 1.5 and 2.2 ppm yr-1 (as obtained with 5-
year smoothing) and displayed an overall increase. Linear regression performed on the growth 
rates indicates an increase of the fit from 1.6 ppm yr-1 in early 1993 to 2.1 ppm yr-1 at the end 
of 2006. 

In the case of CH4, an overall decrease in growth-rates, fluctuating markedly over the years, 
has been noted since 1983. Methane levels have stabilized since 2003, and during 2006 the 
CH4 growth rate even dropped to about -1 ppb yr-1. A linear fit of the growth rates has yielded 
values of 13 ppb yr-1 for the beginning of 1983 and zero growth for mid-2005. 

For N2O a nearly linear growth of 0.72 ppb yr
-1

 has been observed from 1996 till 2006. 

Over most of its 28-year measuring period, the CO time series has not displayed any 
significant long-term trend, whereas some inter-annual variability is evident. However, since 
2003 an overall decline has been observed in the CO mole fractions which culminated in an 
abnormally low annual minimum during February 2006 as well as a lower than usual annual 
maximum in October 2006. For surface ozone, a positive trend was recorded between 1990 
and 2002, accompanied by an increase in seasonal peak-to-peak amplitudes. Since 2003 the 
increase has levelled off again. 

In addition, trends of CO2 and CH4 have been determined for non-background conditions 
covering the past ten years. Wind sector-dependent growth rates for the two gases (all data) 
reveal increasing anthropogenic sources to the north of the station. 
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ICOS, BUILDING A NEW EUROPEAN RESEARCH 

INFRASTRUCTURE TO MEASURE THE CARBON CYCLE 

P. Ciais1, D. Schulze2, L. Rivier1, I. Levin3, H. Dolman4, A. Freibauer2, C. Garrec1, J. Grace5, 
M. Heimann2, M. Ramonet1, R. Valentini6 and T. Vesala7 

 
1 LSCE, UMR CEA-CNRS, Bat. 709, CE, L'Orme des Merisiers, F-91191 Gif-

sur-Yvette, France 
2
 Planck Institute for Biogeochemistry, PO Box 100164, 07701 Jena, Germany 

3
Institute for Umweltphysics, University of Heidelberg, Germany 

4 Free University of Amsterdam, Department of hydrology, Amsterdam, The 
Netherlands 

6 Institute of Atmospheric and Environmental Science, School of GeoSciences, 
The University of Edinburgh, Edinburgh, EH9 3JN, Scotland, U.K. 

6 Department of Forest Science and Environment, University of Tuscia, 01100 
Viterbo, Italy. 

7 Department of Physics, University of Helsinki, Helsinki, Finland 

 
The ICOS Research Infrastructure aims to initiate across Europe and adjacent regions a 
network for standardized long-term high precision monitoring of atmospheric greenhouse gas 
concentrations (CO2, CH4, CO and radiocarbon-CO2 to quantify the fossil fuel component) 
and ecosystem fluxes (CO2, H2O, heat) together with their ecosystem component fluxes. 
These measurements will allow daily assessments of sources and sinks at scales down to 
about 10 km, and will be a basis for understanding the exchange processes between the 
atmosphere, the terrestrial surface and the ocean. 

The proposed infrastructure will integrate a designed network terrestrial and atmospheric 
observations as a single, coherent database for Europe which allows a top-down assessment of 
fluxes from atmospheric concentrations of greenhouse gases as well as a bottom-up 
assessment based on ecosystem measurements and fossil fuel inventories. ICOS will rely on 
the following facilities: a Central Co-ordination associated with a data centre, the Carbon 
Portal, a Central Analytical Laboratory for calibration, quality control and atmospheric 
analyses for the entire network, an Atmospheric Thematic Center for continuous and 
discontinuous air sampling, instrument development/servicing and data processing, an 
Ecosystem Thematic Centre responsible for total ecosystem flux measurements and 
component fluxes and carbon pools, including data processing and instrument development, 
Main Observation Sites which are connected in a distributed network of about 30 atmospheric 
and 30 ecosystem sites located across Europe, with secured funding coverage for 20 years, 
Associated Regional Observation sites which will contribute to ICOS. 

The implementation of ICOS will take place in two steps: During the Preparatory Phase 
starting in 2008 until 2011, funding commitments will have to be endorsed by the 
governments and mother institutions, and the project will be technically developed up to the 
level of a demonstration year of full operation, but with a reduced number of observational 
sites. During the follow-up Operational Phase from 2012 until 2031, the network will be run 
in an operational mode, and greenhouse gas concentrations and fluxes will be determined on a 
routine basis.  

 



 12 

AUTUMN WARMING IMPLIES A SHORTER SEASONAL CARBON 

UPTAKE 

P. Ciais1, S. Piao1, P. Friedlingstein1, P. Peylin2, M. Reichstein3, S. Luyssaert4, H. Margolis5, 
A. Barr6, D. Richardson, D. Hollinger7, T. Laurila8, A. Lindroth9, and T. Vesala10 

 
1 LSCE, UMR CEA-CNRS, Bat. 709, CE, L'Orme des Merisiers, F-

91191 Gif-sur-Yvette, France 
2
 Laboratoire de Biogéochimie Isotopique, LBI, F-78026, France 

3
 Planck Institute for Biogeochemistry, PO Box 100164, 07701 Jena, 

Germany 
4 Department of Biology, University of Antwerp, Universiteitsplein 1, 

2610 Wilrijk, Belgium 
5 Pavillon Abitibi-Price, Université Laval, Sainte-Foy, Quebec  G1K 

7P4  Canada 
6 National Hydrological Research Centre, Environment Canada, 11 

Innovation Blvd., Saskatoon, Saskatchewan S7N 3H5 Canada 
7 USDA Forest Service NE Research Station, 271 Mast Rd., Durham, 

New Hampshire 03824, USA 
 

Autumn temperatures have risen up by about 0.8 °C over northern latitudes during the past 
two decades. A simultaneous greening trend has also been observed, characterized by a longer 
growing season and greater photosynthesis activity. These observations have led to 
speculation that spring and autumn warming could enhance carbon sequestration and extend 
the period of net carbon uptake in the future3. We analyzed recent inter-annual variations in 
ecosystem carbon dioxide (CO2) fluxes and atmospheric CO2 concentration data reveals that 
warmer autumns have in fact caused abnormal net CO2 losses from northern ecosystems. 
Atmospheric records from the past 20 yr demonstrate a clear trend towards an earlier 
autumnal CO2 build-up and a shortening net carbon uptake period. Changes in atmospheric 
transport are insufficient to explain this trend, which must reflect increasing carbon losses in 
autumn. We used a process-based terrestrial biosphere model and satellite vegetation 
greenness index (NDVI) observations to interpret the observed response of northern 
ecosystems to autumnal warming. Both photosynthesis and respiration are increased by the 
autumn warming, but the increase in respiration is greater. In contrast, warming increases 
photosynthesis more than respiration in the spring. Combining simulations and observations 
indicates that northern terrestrial ecosystems are currently losing CO2 in response to autumn 
warming at the rate of ≈0.2 PgC oC-1, offsetting 90% of the increasing spring CO2 uptake. 
This asymmetrical response of northern ecosystem CO2 fluxes to spring and autumn 
temperature increases could explain the larger carbon sink over Eurasia than North America. 
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ULTRA-SENSITIVE MEASUREMENTS OF METHANE, CARBON 

DIOXIDE AND WATER VAPOR FOR ATMOSPHERIC MONITORING 

Eric R. Crosson, Chief Technical Officer,  

Picarro, Inc. 
480 Oakmead Parkway 

Sunnyvale, CA 94040 USA 
ecrosson@picarro.com 

 

This presentation describes a three-species, field-deployable, real time, ambient gas monitor 
that has recently been developed, capable of simultaneously measuring atmospheric levels of 
methane (CH4) and carbon dioxide (CO2) with parts-per-billion (ppbv) sensitivity, and 
capable of measuring water vapour (H2O) with parts-per-million (ppmv) sensitivity.  The 
analyzer is based on an optical absorption technique called cavity ringdown spectroscopy and 
is paired with a patented high-precision wavelength monitor which makes certain that only 
the spectral absorption feature corresponding to the gas species of interest is being monitored. 
This greatly reduces the analyzer’s sensitivity to interfering gas species. The analyzer is 
highly linear and maintains very low drift over changing environmental conditions, thus 
reducing the consumption of costly calibration standards.  In addition, because the analyzer 
monitors water vapour, the removal of water from the sample can typically be avoided.  
Designed to operate in harsh environments, the analyzer can operate for long periods of time 
without user interaction.  The analyzer can be configured to automatically send out 
measurement data at regular intervals via the Ethernet or with the built-in modem.  A brief 
description of the technology including an overview of the analyzer’s field performance will 
be presented (Figure 1).  Work supported by the U.S. Department of Energy under Contract 
No. DE-FG02-03ER83751.  
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Figure 1. Measurements of calibration standards over several weeks at a field site in 
Wisconsin.    
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EVALUATION OF THE INTERNAL AGREEMENT OF NOAA/ESRL  

FLASK ANALYSIS SYSTEMS 

 

A.M. Crotwell, E.J. Dlugokencky, K.A. Masarie, P.M. Lang,  

T.C. Conway, and P.C. Novelli 

National Oceanic and Atmospheric Administration 

 Earth System Research Laboratory 

Global Monitoring Division 

325 Broadway 

Boulder, CO 80305 USA 

Andrew.Crotwell@noaa.gov 

 

 

Since 1997, NOAA/GMD has used a single analysis system for the measurement of 
CO2, CH4, CO, H2, N2O, and SF6 in discrete samples collected as part of its cooperative air 
sampling network and vertical profile program.  While using a single system has provided 
internal consistency over the past decade, this system was recently at capacity with ~13,000 
samples analyzed each year.  In order to continue the expansion of the NOAA/ESRL network, 
a second analysis system was developed to double analysis capacity.  The second system is 
essentially a duplicate of the first system, sharing the same calibration strategies, and, in some 
cases, standards.  Despite the close similarities, getting the two systems to agree to within the 
WMO recommended levels of inter-laboratory comparability is challenging.  Good agreement 
is necessary to avoid systematic biases between the two systems which would contribute to 
increased noise and uncertainty in the trace gas time series produced by NOAA/ESRL.   

Since June, 2006, we have compared the two analytical systems by measuring flasks 
and target cylinders on both.  Average agreement from flask samples collected at Cape 
Kumukahi is 0.005±0.107 ppm for CO2, 0.14±2.34 ppb for CH4, and 0.14±0.55 ppb for N2O.  
These values are deceiving because, since we began measuring network samples with the 
second system in May 2007, agreement for N2O has only been about 0.5 ppb (n=14).  This 
poster will describe the comparison strategy we’ve adopted to assess the agreement between 
the two systems, and show results for the current level of agreement achieved. 
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GREENHOUSE GASES MEASUREMENTS IN ITALY  
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The Italian National Network for Greenhouse Gases Monitoring was 
established in 2002 thanks to an agreement among different 
institutions: the Italian Air Force Meteorological Service,  CESI 
Ricerca, CNR-ISAC, ENEA and the University of Urbino. These 
institutions have been performing greenhouse gases measurements for 
several years at the mountain sites of Plateau Rosa and Mount Cimone 
and at the marine site of Lampedusa. The data produced by the three 
stations are provided to the Global Atmosphere Watch (GAW) 
Programme of the World Meteorological Organization (WMO).  

CO2 measurements started at Mt. Cimone in 1979, at Plateau Rosa in 
1989 and at Lampedusa in 1992. In the framework of the partnership 
other greenhouse gases are monitored such as CH4, N2O, CFC, HCFC, 
HFC, PFC, SF6, CO ed O3. 
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PACKED COLUMNS AND SOME PRACTICAL CONSEQUENCES FOR 

MEASURING ATMOSPHERIC CH4, N2O, AND SF6 
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Instituto Nacional de Meteorologia (INM, Spain) 
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38071 Santa Cruz de Tenerife, SPAIN 

ajgomez@inm.es 

 

First, I present a brief and compact overview of the theory of flow along GC packed columns 
using: the Darcy’s Law of flow through porous media, the continuity equation for the carrier 
gas (assuming stationary flow), and the continuity equation for the trace gas of interest with a 
diffusion term and a source/sink term due to the transfer of trace gas molecules between the 
mobile and the stationary phases (it is assumed that this transfer obeys a linear partition 
isotherm). Using these equations, the pressure profile, the compressibility factor, the relation 
between the retardation factor and the distribution constant, and the relation between plate 
height and diffusivity are easily obtained. Second, I present a study (new in the scientific 
literature) of the behaviour of two packed columns (precolumn and maincolumn) GC systems 
after a sample injection and the subsequent applied carrier gas pressure ramp. Finally, several 
features of the chromatograms for atmospheric CH4 (obtained with a FID) and for N2O and 
SF6 (obtained with an ECD) are explained using the previous formalism. 
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We have installed a new GC at Izaña Global GAW Station (Tenerife, Spain) with two 
detectors: a FID (to measure CH4; this compound has been measured at Izaña with another 
GC-FID since 1984) and an ECD (to measure N2O and SF6). Each detector has associated a 
set of precolumn, maincolumn, and 10-port-2-position valve to allow for backflushing. 
Additionally, there is a 4-port-2-position valve to avoid the flow of O2 through the ECD. 
Routinely continuous background measurements (with this new GC) started on June 14, 2007. 
In this presentation, the setup of the GC system, injection procedures and associated 
chromatograms, integration methods, sampling and traceability strategy, and data processing 
procedures are described. We also obtain the power spectrum of the chromatograms (noise 
plus signal) and briefly discuss the sources of uncertainty in peak integration. Finally, we 
briefly study the response functions of the detectors, associated uncertainties, and 
repeatabilities. 

 

 

 

Figure 1. Examples of ambient air chromatograms obtained at Izaña Station with the new 

GC (the origin of the chromatograms features is explained in the presentation).  
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MEASUREMENTS OF 14CO2 FROM THE SCRIPPS CO2 PROGRAM 
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Variability in the ratio 14C/12C in CO2 reflects exchanges of carbon between the atmosphere 

and carbon reservoirs with distinct signatures in ∆
14C.  Observations of 14C in CO2 can 

therefore be used to characterize sources of carbon from the ocean, terrestrial biosphere and 
fossil fuels (Levin and Hesshaimer, 2000).  Currently, spatial gradients and seasonal changes 

in ∆14CO2 approach the commonly available measurement precision of 2-5 per mil in some 
areas, making it difficult to resolve atmospheric signals.  Moreover, the recent distribution of 

background ∆
14

C is not well-known because regular ∆
14

C measurements are only performed 
for very few air sampling sites.  To expand the use of 

14
C in CO2, we have advanced 

accelerator mass spectrometry (AMS) measurement precision at Lawrence Livermore 
National Laboratory and measured an archive of CO2 samples from seven background air 
sampling stations in the Scripps CO2 network.  We will present several-year time series of 

∆
14

CO2 at each of these stations.  Additionally, we will report on sources of measurement 
uncertainty that were identified in the development of our analytical methods to better than 2 
per mil.  

 

 

Levin, I. and V. Hesshaimer, 2000. Radiocarbon – A unique tracer of global carbon cycle 
dynamics.  Radiocarbon 42(1), 69-80. 
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IMPROVEMENTS IN THE WMO/GAW NITROUS OXIDE MOLE 
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Brad Hall  
 

NOAA Earth System Research Laboratory 
325 Broadway 

Boulder, Colorado  80305,  USA 

 

The NOAA-2000 nitrous oxide mole fraction scale, adopted as the WMO/GAW reference 
scale, was recently improved.  Eleven of the 17 primary standards that defined the 2000 scale 
were removed from the scale because they were nearing the end of their useful lives.   They 
were replaced by six new primary standards.  The new scale is internally consistent to within 
0.3 ppb.  Although many of the standards used to define the 2000 and 2006 scales are 
different, the scales differ by only 0.19 ppb at ambient N2O levels.  The NOAA-2006 scale is 
0.19 ppb lower than the NOAA-2000 scale at 320 ppb.   The reproducibility of N2O 
calibrations has remained at approximately 0.2 ppb since 2004 (Figure 1).  We continue to 
examine sources of variability in an effort to attain a reproducibility of 0.1 ppb.  In addition, 
we have recently improved laboratory SF6 measurements by a factor of 2-3 without 
compromising N2O (N2O and SF6 are measured on the same instrument).   
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Figure 1:  Reproducibility of N2O calibrations as determined by the variation of results of 
natural air samples analyzed over 3.5 years (circles and triangles are aluminium cylinders; 
squares denote a stainless steel cylinder). 
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Samuel Hammer1, Ingeborg Levin1 and Simon O'Doherty2   

1Institut für Umweltphysik 
University of Heidelberg 

Im Neuenheimer Feld 229, 
69120 Heidelberg, Germany 
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2
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University of Bristol, United Kingdom 

 

Hydrogen uptake by soils is the largest sink in the global budget of molecular hydrogen. The 
oxidation of hydrogen by soil enzymes accounts for up to 80% of the total hydrogen sink in 
recent global budget estimates. Since 2005 molecular hydrogen, in addition to other GHGs, is 
semi-continuously measured at the continental, polluted site Heidelberg. The molecular 
hydrogen mixing ratio is affected here by regional and local anthropogenic sources, but at the 
same time also the influence of the soil sink is visible in the dataset. The challenge is to 
disentangle these two influences on the measured mixing ratio. Since anthropogenic 
molecular hydrogen and carbon monoxide are formed in the same process, the measured CO 
surplus in Heidelberg, relative to marine background, offers the possibility to correct the 
measured hydrogen mixing ratio for regional and local anthropogenic influences. The 
remaining signal then comprises information on the continental hydrogen sink. By comparing 
this signal to a hydrogen record from a marine clean-air site conclusions concerning the 
seasonal cycle and the strength of the hydrogen soil sink can be drawn. 
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Atmospheric carbon dioxide monitoring was started in Hungary in 1981 at K-puszta regional 
background air pollution monitoring station (46o58’N, 19o33’E, 125 m asl). While the 
measurement was stopped here in 1999, a tall tower monitoring site was put into operation in 
1994 (Hegyhátsál, 46

o
57’N, 16

o
39’E, 248 m asl). At Hegyhátsál CO2 mixing ratio is 

measured continuously at 10 m, 48 m, 82 m, and 115 m elevation above the ground. The 
study of the overlapping period revealed that the early afternoon (12-16 h LST) mixing ratio 
values from the two stations show negligible difference, and a 26 years long single 
homogeneous data series can be compiled from the data. The calculated trend and growth rate 
run parallel with the global tendencies but the data series also reflects the regional climate 
fluctuations. 

Since 1997 an eddy covariance system has been in operation on the tower at 82 m above the 
ground for direct vertical CO2 flux measurements. This high elevation allows studying the 
overall behaviour of a regionally typical ensemble of ecological systems. The regional climate 
getting warmer and dryer between 1997 and 2003 gradually reduced the net CO2 uptake of the 
vegetation, and by the extremely hot and dry 2003 the region became a net natural carbon 
source. The measurements have proved under natural conditions that the biosphere may turn 
into a net CO2 source if the climate becomes warmer and dryer. 

For the understanding of the processes, to identify the governing factors and to estimate the 
future carbon budget of the region a process oriented biogeochemical model (BIOME-BGC) 
has been adapted. Nonlinear inversion method is used to calibrate the model based on the 
measured net ecosystem exchange data.  

Since early 2006 high frequency (~60 flights/year) in-situ airborne CO2 mixing ratio profile 
measurements have been performed over the tower up to 3000 m above the ground. 
Tendencies and characteristic profiles will be presented and analysed. 
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Precise Isotope compositions of atmospheric CO2 play important roles in understanding 
carbon cycle budgets and addressing the issue of the continuous increase of atmospheric CO2.  
It is known that the average annual global change rates of isotopic composition are very 

small, e.g. ~ 0.028 permil in δ13C per year over 15 years (1991 - 2005).  To identify the small 
change in atmospheric CO2 accurately, it is required to have the annual changes of isotope 
standards be much less than 0.028 permil.  To link individual isotopic measurements of flask-
air CO2 to the primary VPDB scale (i.e. traceability), various forms of lab-standards can be 
used, such as pure CO2, air CO2 and CO2 derived from pure carbonates.  Usually, more than 
one level (e.g. primary, secondary and etc.) and more than one form of standards are used in 
individual labs. However, it is very challenging to ensure that the uncertainties of those 
standards over one year are much less than 0.028 permil (i.e. the stability of the standard is 
within ~ 0.02 permil) since ensuring that a lower level standard is stable/ or not drifting within 
~ 0.02 permil requires a higher level standard with a better stability than 0.02 permil.  
Ultimately, it is imperative to ensure that the primary standard, i.e. NBS19 is stable with an 
annual change rate much less than 0.02 permil.  Is this primary standard, NBS19 
absolutely stable?  How do we know? If “not”, how could we assess its uncertainty or shift? 
How should we handle the uncertainty or shift of the primary standard in isotope 
measurements of atmospheric CO2? 

There are two levels of standards used (i.e. the primary NBS19 and the secondary carbonate 
standards, including NBS18 and Cal1 & Cal2) for linking the flask-air CO2 isotope 
measurements to the primary scale in the stable isotope lab at Environment Canada.  In this 
presentation, we are going to talk about the records of annual calibrations for secondary 
standards directly using NBS19 (i.e. traceability maintenance) over a period of 7 - 10 years.  
The results imply that NBS19 is not absolutely stable within 0.02 permil range. The 
assessment on shifting of NBS19 CO2 will be discussed.  The uncertainties or shifts of the 
primary standard will be propagated to the secondary standards.  To properly assess the 
uncertainties of flask-air CO2 for an individual lab, working towards achieving the WMO 
targets for data compatibility in the measurement community, it is recommended to reduce the 
levels of standards used in traceability, i.e. between the lab standards and the primary NBS19 
standard as much as possible and to calibrate the lab standards directly via NBS19 regularly, 
e.g. at least once every two years. The uncertainty of isotopic measurements in real flask-air 
CO2 should include the uncertainty linked to the primary standard, i.e. NBS19.       
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We have started the first continuous CO2 monitoring in India at the Hanle Observatory 
(32°46’N – 78°57’E – 1465 m asl) in August 2005. This station has been developed as part of 
the CaFICA/IFCPAR Indo-French collaborative project between C-MMACS, LSCE and IIA. 
The CO2 analyser (CARIBOU) is based on a Licor-6252, complemented by a precise 
regulation of pressure, flow and temperature. The CARIBOU regulates both the flow in the 
sample and reference cells (20 ml/min) and the pressure inside the cells (1080 mbar). The box 
containing the LICOR analyser and the hardware necessary to regulate the gas flow and 
pressure is thermally regulated. The software allows full remote control and the raw data are 
downloaded automatically every day. The calibration of the instrument is run every 8 days 
based on six tanks calibrated versus the RAMCES primary scale. A target tank is also 
analyzed twice a day for the quality control of the calibration protocol. In addition to the 
continuous CO2 measurements we have also set up a weekly flask sampling program at 
Hanle. The flasks are analyzed at the LSCE central facility to determine the concentrations of 
CO2, CH4, N2O, SF6, CO, H2, 

13C and 18O in CO2. The poster will present the first two years 
of measurements (Figure 1). It will show the stability of the calibration and target gases, and a 
preliminary analyse of the diurnal, synoptic and seasonal scale variations.  

 

 

Figure 1. Daily mean CO2 concentration at Hanle Observatory, Northern India. 
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THE EUROHYDROS CALIBRATION SCALE FOR HYDROGEN  

A. Jordan  
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ajordan@bgc-jena.mpg.de 
 

The EU funded project Eurohydros for the investigation of molecular hydrogen in the 
atmosphere has started in 2006. A core part of this project is an observational network with 12 
continuous measurement sites and 13 flask sampling sites that include remote background 
stations as well as urban polluted sites. The project includes also soil uptake studies. To 
assure the comparability of all data collected within the project all measurements have to be 
quantified based on a common calibration scale covering the whole range of mixing ratios.  

This scale has been established using 12 air standards covering the range from 130 – 
1200 ppb with six standards in the atmospheric range of 400-600 ppb. To minimize the risk of 
drifting H2 mixing ratios in the standard gases they have been filled in five different types of 
high pressure cylinders that had been tested for keeping stable H2 levels. Initial assignments 
have been made based on the MPI 2004 scale that is defined by a single standard gas obtained 
from CSIRO1 and that was extended to the named range by a dilution series of a 1200 ppb H2 
standard with purified synthetic air.  

The scale will be revised based on the results of experiments using a one-step dilution 
procedure that has been described recently2. A total of 75 individual mixtures of H2 in 
purified N2 have been prepared and analysed relative to the 12 calibration standards. Whereas 
the average repeatability of the method is 0.3% an offset of about 2.5 % relative to the 
MPI2004 scale at atmospheric levels has been established. This deviation is very similar to 
the 10 ppb offset that is apparent in a flask intercomparison between NOAA-GMD and MPI-
BGC. 

                                                
1 Francey R. J. et al., Baseline Atmospheric Program (Australia) 1993, 8-29 

2 Jordan A., Proceedings of the 13th WMO/IAEA Meeting of Experts on Carbon Dioxide Concentration and 

Related Tracers Measurement Techniques, 19-22 Sept. 2005. Vol. No. 168. pp. 56-63 
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It is known that CO-in-air standard gas in high-pressure cylinder drifts upward over time. 
Drift rates were typically greatest in standards with lower CO mole fraction (Novelli et al., 
JGR, 2003). Therefore, CO concentration of high mole fraction in standard gas is considered 
to be rather stable. To develop a stable CO-in-air standard in background atmospheric level, 
we evaluated precision and reproducibility of dynamic dilution method of standard gas in 
high CO mole fraction. Four mixtures of CO and CO2 in purified air were prepared using a 
gravimetric method. CO mole fractions of these cylinders were 2, 3, 4 and 5 ppm. In addition, 
the CO2-in-air standard gas was used for a dilution air. All standards and dilution air were 
prepared in 10L high-pressure aluminium cylinders. CO2 mole fractions of each cylinder were 
calibrated against NIES 95 CO2 standard scale by non-dispersive infrared (NDIR) analyzer 
(Li-COR, LI-6252). The air from CO standard gas was mixed with dilution air, both flow rate 
being regulated by mass flow 
controller. The diluted gas was 
introduced into calibration system, 
which consists of vacuum ultra-
violet resonance fluorescence 
(VURF) CO analyzer (AERO-
LASER, AL5002-AIR), gas 
chromatograph (Agilent, HP5890) 
with reduction gas detector (Trace 
analytical, RGD2) and NDIR. All 
equipments of the calibration 
system were connected in series. 
CO concentration of mixed air was 
determined by CO2 concentration in 
mixed air which measured by 
NDIR. Figure 1 shows a plot of 
VURF signal intensity versus CO 
concentration in mixed air and 
residuals of the liner fit. Residuals 
of the liner fit are very small (<3%) 
and repeatability of the 
measurement corresponds about 2.5 
ppb. 

 
Figure 1. (a) Plot of vacuum ultra-violet resonance 
fluorescence (VURF) signal intensity versus CO 
concentration which determined by CO2 
concentration. “1/5” shows a ratio of CO standard gas 

and dilution air. (b) Residuals of the liner fit in (a). 
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The World Data Centre for Greenhouse Gases (WDCGG) is responsible for archiving and 
displaying observations of atmospheric trace gases carried out in the framework of World 
Meteorological Organization’s (WMO) Global Atmosphere Watch (GAW) Programme. To 
date, no formal harmonization of the data sets hosted by WDCGG has been performed. Such 
a harmonization of the European data sets is the goal of the European Union 6th Framework 
Programme Integrated Project ‘GEOmon’.  

Here we attempt as a first step a formal analysis of the ozone, carbon monoxide and methane 
records hosted at WDCGG, focusing on the identification of breaks and other anomalies 
(intra- and inter-annual variation) within time series using statistical filters, and correlation 
between time series after classifying the observation sites based on elevation, station type, 
population density, etc. 
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Disturbances such as clear-cutting, affect the carbon balance of forest ecosystems. Firstly, the 
carbon assimilation in photosynthesis of trees is stopped and secondly a large amount of fresh 
litter is released to the soil  The ground vegetation re-colonizing on the clear-cut site may also 
affect the carbon balance of the soil by introducing fresh organic matter into the soil. 
However, the net effect of the clear-cut on soil CO2 efflux is ambiguous, because of the 
concomitant change in root and rhizosphere respiration. 

 

We used stable isotope techniques to study, the origin of soil respiration on a 5-year-old clear-
cut site on sandy soil, which was sown for Scots pine and in an adjacent 36-year-old control 
forest. We studied the seasonal changes in δ13C of respiration measured by a closed static 
chamber during one summer, and we also monitored how environmental factors (e.g. air 
humidity, soil moisture, temperature) effect on respired δ13C and though to substrates used by 
microbes. Finally, we compared the δ13C values in the respired CO2 on the clear cut site and 
in the control forest sites in order to evaluate the importance of autotrophic and heterotrophic 
respiration to total soil respiration. 

 
We found no clear change in respired δ

13
C between clear-cut and pristine site, indicating that 

there was no clear difference between δ13C of autotrophic and heterotrophic respiration. The 
CO2 efflux measured with the chambers was an average 0.72 g CO2 m-2 h-1 in the control 
forest, which was 26% than on the clear-cut site, the difference was statistically different. We 
also monitored a shift in δ13C values resulted from exceptional drought, which occurred 
during the study period in both sites, and this shift was more distinguished in clear-cut site. 
These results will be discussed in more details in the poster.  

 



 28 

PERFORMANCE, APPLICATIONS AND FIELD EXPERIENCES FOR A 
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We report on recent developments on a compact NDIR carbon dioxide probe for outdoor use. 
The operation of the probe is based on a tunable silicon micromachined infrared filter which 
provides a continuous reference measurement and consequently very stable CO2 readings. 
Results on the behaviour of the device in varying environmental conditions are presented. The 
compact design, robustness and low power consumption of the device enables new types of 
measurement methods in ecological and geophysical applications. One of these applications 
for measuring CO2 concentrations and fluxes in soil, snow or aquatic ecosystems will be 
presented together with measurement results and field experiences. Furthermore, 
measurement results and considerations for using the probe for ambient atmospheric CO2 
measurements will be presented. 

 

 

 

 

 

The Vaisala CARBOCAP® Carbon Dioxide Probe GMP343 
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High quality measurements of atmospheric CO2, CH4, N2O, SF6 and CO concentrations are of 
major importance in order to investigate their long-term trends and their regional sources and 
sinks. Most of these measurements are done at remote stations requiring the systems to work 
autonomously. We present here a set-up based on gas chromatography that is capable of 
measuring these species within a precision of 0.08 ppm for CO2, 0.8 ppb for CO and CH4, 
0.08 ppt for SF6, and 0.35 ppb for N2O. All parameters are measured within 6.5 minutes. The 
novelty of this design is that all species are measured with only one instrument. Since all 
species are measured simultaneously no time lags occur between their measured 
concentrations. The requirement of only a small amount of sample makes this system highly 
suitable for flask measurements. The system is designed to operate fully automated and is 
therefore an ideal solution for measurements at remote and unmanned stations. 

At our atmospheric measurement station Lutjewad (53°23’ N, 06°22’E, the Netherlands), this 
system is fully operational since mid August 2006, quasi continuously measuring ambient air 
taken from 60 m height.  

At the meeting, results are presented concerning the long-term stability and reproducibility. 
Examples of ambient concentrations are given for typical oceanic clean air*. A first 
comparison will be shown between CO2 fluxes derived from the 

222
Radon ingrowth and the 

CO2 concentration at the same height, and our Eddy Covariance system which is installed at 
50 m. The first method is assumed to give reliable results mainly during the night time 
(during the day the atmosphere is often too well mixed to detect the regional Radon source), 
when the latter method is know to suffer from underestimation of the flux due to low 
turbulence. 

 

 

 

* Resp. continental and regionally influenced air masses. 



 30 
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At the Finnish Pallas-Sodankylä GAW station, concentrations of trace gases, including carbon 
dioxide and methane, are measured on the top of an arctic mountain, Sammaltunturi which is 
in the Pallas national park. To improve our understanding how northern ecosystems act as 
sources and sinks of these trace gases and how they contribute to the concentration variations, 
we measure the biosphere-atmosphere exchange of these gases on an ecosystem scale using 
micrometeorological methods. Within the Pallas area, we run eddy-covariance measurements 
of carbon dioxide fluxes in a spruce forest at Kenttärova and carbon dioxide and methane 
fluxes in a northern wetland (aapa mire). The other node of the GAW station is Sodankylä, 
where the Arctic Research Centre of FMI is located. At this site, in addition to 
meteorological, upper air, and spectral radiation observations, we measure CO2 fluxes in a 
Scots pine forest. In this presentation, we show examples of these fluxes together with trace 
gas concentrations at Sammaltunturi.  
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Atmospheric O2 and CO2 flask measurements from the high altitude research station 
Jungfraujoch (3580m a.s.l., 46°33’N, 7°59’E located on a mountain crest on the northern edge 
of the Swiss Alps), from the observatory at Puy de Dôme (1480m a.s.l., 45°46’N, 2°58’E, 
located West of the Alps at the summit of Puy de Dôme, in the center of France) and from a 
four years campaign of regular aircraft flights over the Griffin forest, Perthshire, UK Griffin 
are presented.  

Flask sampling at Jungfraujoch is on a biweekly basis with duplicate whole-air samples 
collected into 1L glass flasks, equipped with two Viton O-ring high-vacuum valves at both 
ends (Louwers Hapert, Netherlands). The sample air is pressurized to about 950 hPa and the 
sampling takes place between 0630 and 0730 in the morning in order to ensure that the 
samples represent clean background air. At Puy de Dôme duplicate 0.5 L flasks, with two 
Viton O-ring valves, are sampled on a weekly basis at ambient pressure (mean sample 
pressure is about 900 hPa) but only one flask is sent back to the Physics Institute, University 
of Bern (PIUB) for δO2/N2 analysis by mass spectrometry. The second flask is analyzed by 
the Laboratoire des Sciences du Climat et de l’Environnement, CE Saclay (LSCE) for CO2 
and other trace gases. The time of sampling varied between 0730 and 1600. Air samples 
collected at six different levels of height are examined discussing trends and seasonal cycles. 

The observations on flask samples collected at the Jungfraujoch station show, since 2003, an 
enhancement of the oxygen trend which amounts to about -45 per meg/yr with a 
corresponding CO2 increase of around 2.4 ppm/yr. This enhancement is also comparable with 
that observed at the Puy de Dôme station where oxygen, since mid 2002, has decreased with a 
rate of about -50 per meg/year whilst the CO2 increase was of around 1.7 ppm/yr but 
exhibiting a higher variability. Those observations are in agreement with aircraft profiles over 
Griffin that show a oxygen decrease of -49 per meg/year with a variable CO2 increase of 
2.9±1 ppm/year to 1.9±0.9 ppm/year depending on sampling altitude. Significantly lower 
oxygen decrease rates are observed at several other stations, therefore problems related to the 
stability of the δO2/N2 scale, which might have an influence on the oxygen trends, are briefly 
discussed. 

Several processes influence δO2/N2, however these processes exhibit different oxidation ratios 
(O2:CO2) that can be used to distinguish them. The apparent slopes calculated from 
correlation plots between detrended CO2 and δO2/N2 records as well as between 
corresponding trends are significantly larger than the observed terrestrial exchange and fossil 
fuel emission slopes indicating a strong oceanic influence lasting for several years. Since 
ocean-atmosphere exchange can have very variable O2:CO2 ratios depending on processes 
within the ocean, it is to our understanding the only possibility to explain our observations. 
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Today, many laboratories contribute individual data sets to the world-wide monitoring of 
carbon dioxide and other greenhouse gases in the atmosphere. In order to interpret spatial 
differences of mixing ratios involving measurements by different laboratories, these 
measurements need to be comparable to a high degree of accuracy. Even small regional 
differences can translate into large source and sink fluxes of the gases. In the frame of the 
European TACOS project, we initialised a multi-lateral so-called Sausage Flask 
InterComparison Programme. Today eight world-wide distributed laboratories participate in 
this project, all regularly analysing every two months air filled into their customary network 
sample flasks from a large common source of well-mixed atmospheric air. This ICP, although 
not as frequent as the bi-lateral ICPs of weekly samples, has the advantage to be able to 
analyse results of all participating laboratories on the same sample over a short period. By this 
means it is easier to identify individual labs in error by comparison with many others. The 
results from five years of Sausage Flask Intercomparison are presented here. The ICP 
programme has revealed different types of limiting factors that determine the comparability of 
data of the respective tracers. These factors include the diversity of calibration scales and for 
each individual laboratory the implementation of the respective scales, the stability of these 
scales over time, general limitations of the instrumental precision for specific tracers and 
temporal analytical problems.  

 

The compliance of the average results with the WMO target values for intercomparability of 
data demonstrates for which tracers good progress has already been made and where 
improvements are still necessary. On one hand, the Sausage programme documents the 
relative offsets between the partner labs, most likely dominated by differences in their 
calibration standards. However, a very good agreement of the mean differences averages out 
larger deviations or drifts that occur episodically. One of the biggest values of the Sausage 
ICP is, therefore, that these drifts or episodes of inferior performance at individual 
laboratories are uncovered by the multi-laboratory intercomparison in a rigorous and 
unavoidable fashion.  
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Time-series of methane mixing ratio and high-precision carbon isotope ratio (δ
13

C CH4) have 

been maintained for air samples collected at the Mace Head site, western Ireland, and at Royal 

Holloway, University of London, UK, for the period 1995-2004. The data have been 
subdivided using back trajectory analysis and arrival direction of the air masses. Comparison 

of the two sites shows that since 2000 there is a very close correlation between the records, 

particularly in summer. In winter the London site is influenced by the prevailing North 
Atlantic weather systems and winter methane averages correlate strongly with the winter 

NAO Index. During summer the SW London site can be a more representative Atlantic 

background site than Mace Head, on the occasions when the Azores high does not track far 
enough North to influence Mace Head. Combining background sector data for both sites 

allows the derivation of an Atlantic background δ
13

C curve for 45-60°N. The time-series of 

δ
13

C for Mace Head shows clear seasonality, averaging 0.32‰ over the 10-year period, 
though the timing of the seasonality of mixing and isotopic ratios is not synchronous.  

Source mixes in Canada, Ireland and Continental Europe have been identified. All are 

depleted in 13C relative to background over a 10-year average, but closer comparison of 
source region and background trajectories in the same season reveals far more complexity. 

The source mix for Western Europe changed from –54.1‰ in 1996 to –55.6‰ in 2000 This 

shift is consistent with known reductions in emissions from coal mining, better landfill 
practice and a shift from predominant use of North Sea gas (relatively enriched in 13C to 

Siberian gas (relatively depleted). Air sourced in the Atlantic background sector but passing 

over SW Ireland on route to Mace Head is significantly depleted in 13C implying a source mix 
at –65‰ representative of ruminant and wetland emissions. Air masses from the Hudson Bay 

and Quebec region of Canada paint a more complex story. The predominant summer / autumn 

scenario is a small relative depletion in 13C related to a wetland source in the –65 to –60‰ 
range, but in 1998 and 2002 there were notable autumn enrichments in 13C related to late 

summer boreal forest fires emitting methane with δ
13

CCH4 around –26‰. Local emissions in 

SE England (London vicinity) can be assessed during extreme diurnal build-up of methane 
under anticyclonic conditions at the SW London site, which reveals local natural gas (-34‰) 

and landfill (-52.5‰) sources. 

Both Mace Head and SW London sites had relatively constant annual δ
13

C means 
from 1995-2001. At Mace Head this was –47.37 ±0.04‰. From 2001 to 2004 there was a 

shift toward 13C enrichment by more than 0.2‰ at both sites consistent with high biomass 

burning emissions in the Northern hemisphere from mid-2002 through 2003. 
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In June 2006 a set-up for continous monitoring of CO2 and oxygen has been installed on a gas 
and oil production platform in the North Sea. Oxygen is measured by a differential Oxzilla 
oxygen analyzer (Stephens et al., 2007) (Thompson, 2004) and CO2 is measured by two 
Vaisala CarboCap CO2 detectors in differential mode. The CO2 detectors are built inside the 
Oxzilla to provide identical conditions to both measurements. The system is equipped with 
cryogenic water traps and pressure control devices, and is calibrated automatically on a daily 
basis using a suite of whole air tanks. 

 
Furthermore, periodic air samples are taken using a flask autosampler (Neubert et al., 2004) 
with remote-control. This sampler fills 2.5 liter flasks with dried air at a specified time 
interval.The flasks are analyzed in the lab for concentrations of CO2, CH4 and CO, but also 

for δO2/N2 and δ13C and ∆14C. 
 
The F3 platform is owned by the Dutch oil company NAM. The platform is producing mainly 
gas and some oil. It is located in the central North Sea, around 250 km to the North of the 
Dutch coast line. The platform is thus one of the most remote locations in the area. The 
measurements on this site will yield information on ocean-atmosphere fluxes. First results 
will be shown at the conference. 
 
This project is part of the CarboOcean IP and is supported by the NAM and by the platform 
employees. 
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The National Institute for Environmental Studies (NIES) employed the CO2 calibration 
scale in 1995 based on ten CO2-in-air standard gases in 10L aluminium cylinders.  The pure 
CO2 gas was diluted by purified air in 3 stages.  The CO2 mole fractions were determined by 
gravimetric method.  The accuracy of preparing these gases was estimated to be about 0.3ppm 
(Tanaka et al., J. Meteorol. Soc. Japan, 1983).  The gravimetric CO2 mole fractions and 
response of NDIR (XURA-207, Shimadzu, Japan) for eight cylinders were fitted by a least 
square method with a quadratic function and the gravimetric values were adjusted to fit the 
quadratic function.  All of the corrections were less than 0.1ppm.  Then we regarded the 
corrected values of 320.01, 330.03, 340.01, 350.03, 360.16, 369.88, 379.56 and 390.90ppm as 
NIES 95 CO2 calibration scale for atmospheric air.  Remaining two cylinders with its CO2 
values of 249.96 and 470.00ppm were also NIES 95 standard gases used for oceanic pCO2 
measurement.  We used these ten cylinders as primary standard gases for calibrating other 
standard gases. 

To avoid rapid consumption of the primary standard, we have established standard gas 

hierarchy, primary, secondary and working standard.  Secondary and Working standards 

were prepared by manometric method and stored into 48L aluminium cylinders. 

Primary standard gases were analysed 
regularly by NDIR and their responses were 
compared each other to check the CO2 drift in 
individual cylinder.  The time series of 
residuals from the quadratic fitting of CO2 
values and the NDIR responses are plotted in 
Fig. 1.  Most of the residuals are within 
±0.05ppm in these 12 years. 

The relationship between primary and 
secondary standard gases have been also 
stable for more than 10 years.  

NIES 95 scale was compared with other CO2 
scales in Round-Robin (RR) inter-comparison 
project.  Based on the results from RR 
1995/1996, differences in the CO2 between 
WMO scale and NIES 95 scale were within 
0.12 ppm in a range between 343 and 372 ppm 
[Peterson et al., WMO Report, 1999]. 

 

Fig. 1. Time series of residuals from the 
quadratic fitting of CO2 values and the 

NDIR responses by primary standard. 
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The two automated instruments of Continuous CO2 Measuring Equipment (CME) and 
Automatic Air Sampling Equipment (ASE) for a Boeing 747-400 were developed and 
approved by the aviation regulatory agencies in US and Japan as Supplemental Type 
Certificate (STC), while the approval of the CME for a Boeing 777-200ER as STC was also 
obtained.  CME observation has advantages to conduct high-frequency measurements in wide 
area coverage with detailed spatial distributions in CO2.  Despite the limited flight frequency, 
ASE observation provide the distributions in not only mixing ratio of CO2 but also methane 
(CH4), carbon monoxide (CO), molecular hydrogen (H2), nitrous oxide (N2O), and sulfur 
hexafluoride (SF6) and stable isotope ratios of CO2 and CH4.  The ASE and CME are installed 
on the racks in the forward cargo compartment and the air by-pass intake is mounted on the 
air conditioning duct upstream of the recirculation fan.   

To extend the long observational record of CO2 in the first phase of the JAL airliner project 
from 1993, the new ASE observation is made on the same flight route between Australia and 
Japan twice a month from December 2005.  The obtained data show a good agreement 
between the CO2 as determined for the ASE flask samples compared to the in situ measured 
values from the CME during the same flight, most of data being within ± 0.2ppm (Fig. 1).  
Latitudinal distributions of CO2 at about 10 
km from CME between Jakarta, Indonesia 
and Narita, Japan were observed during 6–
10 November 2005.  Quite similar patterns 
of the CO2 distribution are observed for all 
of the level flights during this short period of 
time.  All of the distributions clearly show a 
boundary with a large gradient of the CO2 
level around 2°N in the equatorial region 
over the western Pacific.  Extremely high 
CO2 mixing ratios were often observed near 
the airport in the vertical CO2 profiles from 
CME.  Except for these contaminated air 
masses, vertical profile shows positive 
gradient in autumn-winter seasons over the 
sites in northern mid-high latitudes, while 
almost constant values were observed over the 
tropics. 

Fig. 1. Latitudinal distributions of CO2 
mixing ratios measured by ASE (open 
squares) and CME (black dots) Thin line 

represents the flight altitude. 
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In night-time the importance of advection processes to full carbon balance estimated by 
micrometeorological methods is pronounced. The vertical advection needs the determination 
of mean vertical velocity which can be obtained from planar fitting, which is the 
determination of mean local streamline co-ordinates based on the statistics of the wind field 
measured over long periods. We tested the utilization of planar-fitting based vertical 
advection using long-term eddy covariance and CO2 concentration gradient data at SMEAR 
II field station (Hyytiälä, Southern Finland). The vertical-advection corrected carbon balance, 
without any friction velocity filtering, agrees very well with those obtained by filtering and 
gap-filling procedure, and those by chambers and ecosystem model (Figure 1). Although no 
direct measurements for horizontal advection is available, the results indicate minor 
significance of horizontal advection in the studied cases. 

 

Hyytiälä, 2004 

 

Figure 1. The annual cumulative curves of CO2 flux, calculated as EC+Storage change flux 
with vertical advection correction (thick solid line), with u* filtering approach (dashed line), 
and without any correction (thin solid line). 
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Global carbon cycle inverse modeling studies have produced a wide range of estimates of the 
spatial and temporal distribution of carbon emissions.  Debate is ongoing about the 
percentages of carbon taken up by the ocean and the land biosphere, and where uptake is 
occurring.  Despite their differences, these studies all agree on one point, the need for more 
observations.  However, more observations are only helpful if they can be merged into a 
cooperative global network of observations with consistencies meeting or exceeding target 
levels identified by this community and summarized in the report from the 13

th
 WMO/IAEA 

Meeting.  Researchers must now complement their observations with comparison activities 
designed to determine the level of confidence at which their data can be merged with data 
from other labs.  Several strategies exist within our community and include comparisons of 1) 
measurements of air from the same high-pressure cylinders; 2) measurements from glass 
flasks filled from the same high-pressure cylinders; 3) measurements from low-pressure 
cylinders decanted from high-pressure cylinders; 4) measurements of air from the same 
ambient samples; and 5) measurements from the same location using different methodologies.  
What we learn from the different comparison strategies varies greatly and depends on 
experiment design, comparison frequency, and level of automation. 

 

The NOAA ESRL carbon cycle observing program includes discrete and quasi-continuous 
sampling from surface sites, aircraft, tall towers, and baseline observatories.  While all 
projects are managed by a single group, sampling and analytical strategies can vary 
considerably.  And while all measurements are traceable to WMO calibration scales, we do 
not assume internal consistency with respect to calibration.  Thus a critical component of our 
operation is quality assurance, specifically, procedures designed to assess the level of 
consistency among measurements made within ESRL. We use the strategies described above 
to compare measurements made using different methodologies in addition to comparisons 
with observations made by other labs.  Many of these strategies are fully automated and web-
based.  But are these efforts producing results?  Are ESRL observations internally consistent 
and comparable with observations made by other labs to the levels required to address current 
carbon cycle questions?  Are we closer to truth? 
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To measure the atmospheric O2/N2 ratio continuously with high precision, a new system was 

developed employing a Sable Systems Oxzilla/FC2 differential oxygen analyzer. The analyzer has two 

symmetrical flow paths of air, and each path is equipped with a fuel cell as a detector. Sample air is 

taken from an aspirated intake using a diaphragm pump, and high and low standard air, calibrated 

against our primary standard, are filled in 48L high-pressure aluminum cylinders. The high and low 

standard air and sample air are introduced into one flow path of the analyzer with a rate of 80 ml min-1 

in order, and dry reference air always flows through the other path with the same rate. The two flows 

are switched every 3 minutes, and this switching is made twice and 8 times for each standard air and 

each sample air, respectively, to minimize the different output drifts of the respective fuel cells. The 

difference of the fuel cells’ outputs before and after the switching is read as a measure of partial 

pressure difference of O2 between the sample (or standard) air and the reference air.  

To achieve high precision measurements, pressure fluctuations of the sample, standard and 

reference air in the fuel cells are minimized to be an order of 10-3 Pa using a flow regulation valve and 

a differential pressure gauge. Their temperatures are also stabilized to be within an order of 10-3 °C by 

not only controlling the inside temperature of the analyzer, but also thermally insulating the analyzer 

and the pressure stabilization system. The standard air cylinders are positioned horizontally in a 

thermally insulated rack to minimize thermal and gravitational separation of O2 and N2 in the 

cylinders. To convert the measured partial pressure of O2 into the O2/N2 ratio, the dilution effects by 

CO2 and H2O including in the sample air are corrected by measuring the CO2 concentration 

simultaneously using a NDIR analyzer and minimized by lowering its dew point to below -80°C using 

two cold traps, respectively. 

The measurement system developed here provides 7 data for the O2/N2 ratio of ambient air in 

each 36-minute interval, and its analytical precision, defined by one standard deviation for repeated 

analyses of the same air, is evaluated to be ±2.5 per meg. The system has been actually operated to 

measure the atmospheric O2/N2 ratio in the suburbs of Sendai, and it shows very good performance. 

Continuous O2/N2 measurements using the same system will also be started at Japanese Antarctic 

station, Syowa in January 2008. 
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Isotope ratio of CO2 is often used as one of good tracers to clarify carbon cycle in the 
atmosphere.  In many cases, air sample is taken with a glass bottle after removing water 
vapour.   It has been reported that oxygen isotope ratio of CO2 in a glass bottle sometimes 
changed during the course of preservation.   In Sausage inter-comparison work, NIES has 
observed that comparability for oxygen isotope ratio in 1L glass bottle from NIES became 
worse in the summer season associated with higher water content in the sample air.   Sample 
air is originally very dry, but water can penetrate Viton O-ring during preservation.  Although 
it was said that vapour phase water could not affect isotope ratio of CO2 very quickly, some 
factors must cause change in oxygen isotope ratio of CO2 in the bottle, such as unknown-
source water or organic contamination on the glass surface.     

To seek causes for that phenomenon, some experimental work was done.   To clarify 
whether water vapour affects the isotopic change or not by penetrating into the glass bottle 
from the atmosphere through O-ring, samples of air-diluted NARCIS-I were kept in two 
conditions; dry and not dry.  Also, to confirm effect of pre-heated treatment of glass bottle 
(i.e. about 50  and 500 oC) ,   the same experiment was carried out and isotope ratio change 
was measured a few month later.  Furthermore, difference in this effect by glass material of 
the bottle has been studied, using Duran

®
 (Schott Co.) (normally we use Japanese Pyrex

®
 

(ATG Co.) . 

Basically, water content level in the bottle seemed to affect oxygen isotopic change in 
any case.   Although 500 oC treatment for glass bottles could make the effect smaller, it was 
not still enough to prevent isotopic change completely when water vapour exist in the bottle.   
Therefore, in some case we still need to pay attention to this kind of effect on small size glass 
bottle sampling for isotope measurement of CO2 in the atmosphere.   

 



 41 

A LONG-TERM INTERCOMPARISON EXPERIMENT OF TWO 
FREQUENTLY-USED ATMOSPHERIC 222RADON MONITORS  

Rolf Neubert1, Ingeborg Levin2, Ernesto Kettner1 and Wlodek Zahorowski3 

 
1Centrum voor IsotopenOnderzoek (CIO), University of Groningen  

Nijenborgh 4, NL-9747 AG Groningen, R.E.M.Neubert@rug.nl 
2Institut für Umweltphysik (IUP), University of Heidelberg 

Im Neuenheimer Feld 229, D-69120 Heidelberg 
3Australian Nuclear Science and Technology Organisation (ANSTO) 

PMB1, Menai, NSW 2234 Australia 
 

Atmospheric 222Radon activity measurements, concurrently conducted with CO2 or other 
greenhouse gas observations, are a strong tool for air mass characterisation and to derive 
fluxes of those greenhouse gases of interest. This is possible because the only significant 
source of 222Radon to the atmosphere are the continental soils. Being a decay-product of 
226Radium, the radioactive noble gas 222Radon (T1/2 = 3.8 days) is produced in all soils at a 
rate depending on their actual 226Radium content. The exhalation rate into the atmosphere in 
addition depends on soil texture and soil humidity but is nearly constant if these parameters 
stay unchanged, making 222Radon an invaluable soil – atmosphere transport tracer. 222Radon 
measurements also play an important role in the validation of atmospheric transport models. 
With this latter application there is a strong need of comparability of continent- or world-wide 
atmospheric observations.  

Different research stations and networks apply different 222Radon measurement techniques. 
Two fundamentally different instruments that are in use at many CO2 observatories 
worldwide are running now in parallel since December 2006 at the Lutjewad observatory 
(53N24'18", 6E21'13"). The station is located at the Dutch North Sea coast and samples air 
with high continental but also low marine background 222Radon activity. The routine 
Lutjewad station instrument was built by ANSTO and is running there since September 2005 
measuring atmospheric 222Radon from the sample intake at 60m height . The dual flow-loop 
two-filter 

222
Radon monitor (Whittlestone and Zahorowski, JGR 103, 1998, 16743) is 

installed in the station’s laboratory building. As all (radioactive) decay products are removed 
from the sample air flow before the air enters the instrument, and only 222Radon is detected by 
decay of its daughter activity within the 1.5 m3 delay volume, the air can be sucked through 
pipe work without losing part of the signal. The pipe diameter and air flow are dimensioned 
such that 220Radon (T1/2 = 55.6 sec) has virtually disappeared after a travel time of about 10 
half life times. The second Radon instrument using the static filter technique is an IUP-type 
monitor (Levin et al., Tellus 54B, 2002, 462), where the filter holder is installed on the tower 
at 60 m height close to the air inlet of the ANSTO instrument. Air is sucked through a quartz 
fibre filter and the Radon daughter activity, which is attached to aerosol particles, is deposited 
there. The 

220
Radon and 

222
Radon decay products are continuously measured and separated by 

spectroscopy. In order to derive atmospheric 
222

Radon from its measured daughter (i.e. 
214Polonium) activity a per se unknown disequilibrium factor has to be taken into account. 

After seven months of parallel operation we can conclude that over the whole period and the 
whole natural activity range experienced, both instruments show well-correlated activities 
within their uncertainty limits. This is also true during periods of (heavy) rain, where the IUP-
instrument might experience significant loss of 222Radon daughters. A respective effect has 
been observed only very few times during periods with strong fog or heavy drizzle.    
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Atmospheric 222Radon concentration measurements are used as a valuable transport tracer 
verifying the transport part of Carbon Cycle and Greenhouse Gas models. Though the 
production rate of the radioactive noble gas 222Radon (T1/2 = 3.8 days) by radioactive decay of  
226Radium in the soil is constant, the flux of 222Radon to the atmosphere (the soil exhalation, 
or effective atmospheric production rate) is not. It strongly depends on soil texture and soil 
humidity but is nearly constant if these parameters stay unchanged. The parameterization of 
this production rate still is quite coarse.  

222
Radon concentrations are also used for air mass characterization (continental vs. oceanic, as 

virtually no Radon escapes from sea) and as a measure of (nocturnal) boundary layer mixing 
heights. 

At the atmospheric measurement site Lutjewad in the north of the Netherlands (53N24'18", 
6E21'13") we started 222Radon measurements at 60 m height with a dual-flow-loop / two-filter 
ANSTO 222Radon monitor (Whittlestone and Zahorowski, JGR 103, 1998, 16743) in 2005. In 
the beginning of 2006 we added measurements of the soil 222Radon and CO2 concentration 
through soil probes as well as the Radon and CO2 soil fluxes by means of an automatic soil 
chamber. While there are eight soil air measurements per day, the soil chamber is 
automatically closed twice per day.  

The station is situated directly on the Waddensea dike at an elevation of 1 m a.s.l. on seaclay 
soil. The groundwater table shows variations between 0.5 m and 2 m below terrain.  

First results will be shown of the parameterization of the 222Radon and CO2 fluxes with the 
groundwater level, soil temperature and humidity, rain events and atmospheric pressure 
changes.  
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 On the first significant hill west of London, Royal Holloway University of London in 
Egham is ideally situated to continuously monitor and measure atmospheric carbon dioxide, 
methane and carbon monoxide coming to and from London. These are compared with near-
background air masses reaching the site from the SW. 

 Carbon dioxide concentrations are recorded at five minutely intervals on a Licor 
system. This has recently been reprogrammed to record concentration data every minute in 
accordance with the GEOMON/ IMECC projects. Methane concentrations are recorded every 
thirty minutes on a FID system. Carbon monoxide is also recorded at thirty minutes intervals 
on a RGD instrument.  

 Concentration records for all three gases show seasonal cycles with peaks during 
colder months and troughs in the summer. These have been compared with the Atlantic 
marine boundary layer record as measured at Mace Head on the west coast of Ireland. A 
simple linear fit of all CO2 data shows apparent average growth trend of   3.09±0.01  ppm yr-1   
over the 2000 to 2005 period. This contrasts with a growth rate of 1.97±0.03 ppm yr -1 at 
Mace Head.  In other words, the SE England 'excess is growing at about 1 ppm yr-1 over the 
Atlantic background. This implies that the underlying emissions growth rate in SE England is 
as strong as, or possibly stronger than the growth rate in the source regions of the air crossing 
the Atlantic (such as eastern North America).  

In contrast, the 'excess' methane in Egham air declined significantly compared to 
Atlantic background air over the period. A simple linear fit of all Egham CH4 data shows 
apparent average decline of 3.05±0.01  ppb yr-1 over the 2000 to 2005 period. This contrasts 
with a growth rate of 0.22±0.03 ppb yr -1 at Mace Head. In the late 1990s there was sharper 
decline in this excess.   

By comparison London CO mixing ratios reduced rapidly during the late 1990s when 
98% of London’s CO emissions during this period were from vehicles, but the rate of 
reduction has slowed since 2000. Car exhaust catalytic converters, phased in during the mid 
and late 1990s is the predominant cause of these reductions.  

These results imply that CO2 emissions control measures in SE England are having 
limited impact compared to CO2 in source regions of air masses reaching Mace Head; but 
measures to reduce CH4 may have had more success, at least in the late 1990s. 
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Branch of Main Geophysical Observatory (MGO) Research Center for Remote Sensing of the 
Atmosphere (RCRSA) established and is running CO2 and CH4 monitoring in Russia. Three 
stations, located at background site (Teriberka, Kola Peninsula) and in the regions of 
anthropogenic and natural sources (Voeikovo, suburbs of St.-Petersburg and New Port, 
vicinity of major West Siberian gas fields) are under the operation of RCRSA now. High 
precision of measurement technique of RCARS is confirmed by intercomparison, performed 
by seven European laboratories, including RCRSA, in the frame of EC GMES project 
MethMonitEur. The presentation will include: 

Description of the contemporary status of the MGO monitoring program; 

Consideration of the regional futures of CO2 and CH4 concentration level, derived from the 
measurement results and data analysis; 

Information about the sites at the Russian Federation, recommended by MGO specialists for 
the establishing of the measurements according to WMO GAW program, on the base of 
inspections of  number of meteorological  stations.  
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The measurement station near Bialystok, Poland has been set up in 2005 as part of the 
CHIOTTO tall tower network and is presently being operated under Carboeurope IP.  

Mole fractions of CO2, CH4, CO, N2O and SF6 and the O2/N2 ratio are measured quasi-
continuously in air sampled at five heights of the tower, between 5m and 300m above ground. 
The air sampled at different heights carries information about sources and sinks from different 
influence areas, from local to regional. The simultaneous measurement of different species 
allows observing correlations which provide additional constraints on sources and sinks. For 
example, CO is a marker of anthropogenic emissions while the long term variations of the 
O2/N2 ratio help to distinguish between oceanic and land CO2 uptake. The high temporal 
resolution captures short term events and diurnal variability. 

We describe the main features of the measurement system and the region of influence of the 
station. In addition we present general features of the measurement data observed during the 
first two years of measurement, with the accent on short term variability patterns and 
correlation between species. 
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The two most important processes affecting the carbon balance of terrestrial ecosystems are 
photosynthesis and respiration. The processes underlying these fluxes and the regulating 
factors are relatively difficult to study in detail in the field. We used a differential flow-
through system to study the carbon balance of the above and below ground parts and the 
contribution of root and rhizosphere respiration in Scots pine and Silver birch seedlings in 
controlled laboratory conditions. The seedlings were grown in microcosms filled with forest 
humus and allowing the gas exchange measurements of the root system and shoot separately 
at different temperature, moisture and light conditions. We measured the photosynthesis of 
the seedlings and respiration in the root microcosms using 3 ºC temperature intervals starting 
from 15 ºC and going down to 3 ºC. The contribution of root and rhizosphere respiration was 
obtained by measuring the respiration in microcosms containing no plant similarly than 
described above and then subtracting the value from that of root filled microcosm. We also 
used 14CO2-pulse labelling technique to investigate the allocation of recently fixed CO2 into 
seedling-soil system. These results can be used in parameterizing ecosystem carbon cycle 
models.  

The photosynthetic rate in the Scots pine seedlings was on average 0.79 µg CO2 s
-1 and the 

shoot dark respiration 0.025 µg CO2 s
-1 per gram of dry weight of needles. The respective 

values for Silver birch were 1.82 and 0.38 µg CO2 s
-1

 per gram of dry weight of needles. The 
14

CO2 recovery percentage in pulse-chase experiment for Scots pine seedlings was on average 
77% and with silver birch seedlings 93%. On average 48-64% of the recovered 14C was 
allocated below-ground of which 7-19% was detected in bulk soil and in mycorrhiza and 22-
30% in root and rhizosphere respiration. The contribution of root and rhizosphere respiration 
was between 40% and 55% of the total respiration in the root filled microcosms. Most of the 
14CO2 allocated to root and rhizosphere respiration was respired within 10 days following the 
pulse labelling. The results indicated that this approach could be used for studying the carbon 
balance of individual plants with high accuracy. 
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The World Calibration Centre for N2O (WCC-N2O) has been established as a central GAW 
facility according to requirements of the GAW Strategic Plan 2001–2007 (WMO/GAW 
Report No. 142). Its overall goal is the improvement of N2O data quality and comparability. 
The WCC-N2O (http://imk.fzk.de/wcc-n2o/) is hosted by the Forschungszentrum Karlsruhe, 
IMK-IFU, and its activities are conducted under supervision and through funding by the 
Quality Assurance/Science Activity Centre (QA/SAC) Germany, operated by the German 
Environment Agency (UBA). Among the major tasks of the WCC-N2O are the development 
of quality control procedures, conducting audits at stations and round-robin experiments as 
well as providing training and technical advice to GAW station personnel. The WCC-N2O is 
linked to the GAW standard scale maintained by the Central Calibration Laboratory for N2O. 

This presentation reports primarily on WCC-N2O activities since the 13th Experts Meeting in 
2005. Two audits were conducted at global GAW stations, one in December 2005 and the 
other in July 2006. Results of theses audits are shown and discussed. In the laboratory of the 
WCC-N2O, extensive comparisons of standards were conducted, several of them as pre- and 
post-audit checks of the travelling standards involved. At the beginning of 2007 an intercom-
parison was conducted between the CCL, operated by NOAA ESRL, and the WCC-N2O. This 
was based on five travelling standards previously used for audits, with N2O mole fractions 
ranging between 290 and 350 ppb. Analysis results by the CCL confirmed the values assigned 
to these standards and thus established an important internal quality check. 

Editing work on the Measurement Guidelines (MGs) for N2O has been continued till present. 
The MGs for N2O are part of a future WMO/GAW report containing Data Quality Objectives 
(DQOs) and Measurement Guidelines for both CH4 and N2O. The draft is now at an advanced 
stage and will be submitted for approval to the SAG GG - probably prior to the SAG meeting 
in September 2007. Furthermore, the WCC-N2O has also contributed to the WMO/GAW 
glossary of QA/QC-related terminology and to the drafts of an audit questionnaire and an 
audit SOP. Additional activities comprised contributions to four GAWTEC courses in the 
form of lectures given in 2005 and 2006. 
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The EU Joint Research Centre in Ispra, Italy (JRC-Ispra) is currently setting up a new 
continuous long-term greenhouse gas (GHG) monitoring station for CO2, CH4, N2O, SF6, and 
CO in Northern Italy. The rational behind this project is 1) to contribute to the sparse 
continuous GHG monitoring network in Southern Europe, 2) to support inverse modelling 
“top-down” emission estimates for Northern Italy (Po Valley) using the new TM5 4DVAR 
modelling technique (Peter Bergamaschi), and 3) to follow and verify the development of 
GHG trends in Southern Europe in relation to emission reduction measures under the Kyoto 
protocol. Beside measurements from a small tower at the JRC site we will set-up a monitoring 
site on top of a nearby mountain (1200 m asl at 10 km north of the institute). Ultimately, this 
will allows us to compare GHG observations at the bottom and the top of the boundary layer. 
The first GC system is now in the testing phase at the JRC and we expect to start with 
continuous ambient measurements from the Ispra site this Fall (2007). The set-up of the 
second GC-system and development of the mountain site is foreseen for 2008. 
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The RAMCES team at LSCE is running a worldwide measurement network for atmospheric 
CO2 and other greenhouse gases with 7 in-situ surface stations, 12 flask sampling sites and 4 
airborne measurements sites. Atmospheric measurements have already provided key insights 
into the global carbon cycle. Such estimates have, however, been most reliable at large scales. 
The principal reason for this limitation is the sparsity of atmospheric data. The solution to this 
is the acquisition of relatively precise and continuous atmospheric data at considerably 
increased density. In France we establish a case study with a dense in-situ CO2 measurement 
network which will be used in mesoscale models like CHIMERE.  

In this study, we present the results from our 4 in-situ stations and from 3 weekly flask 
sampling stations in France. In 2001 continuous CO2 measurements at the summit of Puy de 
Dôme in centre of France was initiated. In 2002 we started in-situ measurements of 
atmospheric CO2, CH4, N2O, SF6, CO and 222Rn at Gif-sur-Yvette station, 20 km southwest of 
Paris. Our French measurement network was extended in 2005 with in-situ CO2 
measurements at Biscarosse (Atlantic coast, south of Bordeaux) and in 2006 with CO2, CH4, 
N2O, SF6 at 3 levels of a 180m tower in the forest of Orléans. The network is completed by 3 
weekly flask sampling sites in France (Pic du Midi, LPO (Bretagne) and PUY). These stations 
represent different environments from marine and high mountain sites occasionally influenced 
by long range transport over Europe (Pic du Midi, LPO), to sites which are more influenced 
by rural (Puy de Dôme) and urban activities (Gif-sur-Yvette). Here, we will in detail 
characterize those stations and compare the green house gas measurements. 
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Results are presented from a series of calibration experiments which have been conducted to 
investigate the propagation of CO2 mole fraction mixing ratios in dry,CO2-in-air standards. A 
primary, CSIRO GASLAB (Global Atmospheric Sampling LABoratory) calibration suite, 
consisting of seven standards, each of which has been calibrated by the WMO CCL (NOAA 
ESRL CCGG), has been used to propagate the CO2 calibration scale to other LoFlo 
calibration suites using a high precision LoFlo CO2 analyser (“LoFlo 2B”). The results of 
these experiments will be described in detail. 

 

A comparison will be presented between continuous atmospheric LoFlo CO2 measurements 
from the Cape Grim Baseline Air Pollution Station, in northwest Tasmania and a recently 
installed (March 2005) LoFlo CO2 analyser system at the remote Macquarie Island (54.48ºS, 
158.97ºE) in the Southern Ocean.  

 

These results demonstrate the very high precision achievable measuring both CO2-in-air gas 
standards and atmospheric CO2 with the LoFlo technology, which should allow the successful 
resolution of small atmospheric CO2 spatial gradients across a Southern Ocean LoFlo 
monitoring network and the inference of CO2 fluxes in this region.  
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In CSIRO’s GASLAB (Global Atmospheric Sampling LABoratory), and at the Cape Grim 
Baseline Air Pollution Station, packed column gas chromatography (GC) has been used for 
many years as a technique for making measurements of atmospheric trace gases. For 
measurements of methane, the detector of choice has been the flame ionisation detector (FID). 
For GC measurements of carbon dioxide, the FID has also been used as the detector, but a 
high temperature (400C) nickel catalyst is used for conversion of the column-separated 
carbon dioxide to methane. Carbon monoxide and hydrogen have been measured using the 
Trace Analytical heated mercuric oxide detector, while nitrous oxide has been measured using 
the electron capture detector (ECD). While these detectors have proven to be reliable in these 
applications over many years, some limitations are becoming apparent. 

In this presentation, the experiences so far in trials of the Valco pulsed discharge helium 
ionisation detector (PDHID), as a potential replacement for the FID, ECD, and mercuric oxide 
detector, in measurements of methane, carbon dioxide, carbon monoxide, hydrogen, and 
nitrous oxide by packed column GC will be described. Briefly, the PDHID has the advantage 
of being highly sensitive, and effectively behaves as a universal detector. But the universal 
response has introduced difficulties which are not so severe with the other detectors. In 
particular, the large (and tailing) chromatographic peaks for nitrogen and oxygen present 
challenges for improved column separation for those species eluting soon after the oxygen 
and nitrogen. The strong response of the PDHID to oxygen and nitrogen make the technique 
particularly sensitive to leaks anywhere in the GC system. The response of the PDHID to the 
noble gases present in the atmosphere requires very good column resolution to avoid 
interferences with the targeted species. Good temperature control of the detector and key 
plumbing components is required for best results. 

Results will be presented for measurements of hydrogen, which show great promise. 
Hydrogen elutes prior to oxygen and nitrogen on the selected packed columns, and so is not 
subject to the difficulties of the tailing oxygen and nitrogen peaks. Precisions (repeatabilities) 
of 0.1% have been achieved when measuring hydrogen mixing ratios of approximately 500 
parts per billion in dry air. Linear response over a 20-fold range in hydrogen mixing ratios has 
been found. 

Progress towards the measurement of methane, carbon dioxide, nitrous oxide, and carbon 
monoxide using this detector will also be presented. 
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Quasi-continuous in-situ measurements of halogenated greenhouse gases 
(chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons 
(HFCs) and halons are performed at the high-Alpine site of Jungfraujoch since January 2000. 
Measurements of methane, nitrous oxide and sulphur hexafluoride at the Jungfraujoch started 
in February 2005 to complete the data set of non-CO2 greenhouse gases. Such long-term in-
situ observations allow trend analyses, investigations of transport processes, as well as the 
allocation and quantification of emissions and their trends, e.g. for an independent verification 
of compliances of the Kyoto and Montreal Protocols. 

The presentation will show the Empa activities that combine the long-term trace gas 
measurements with trajectory analyses and existing emission inventories to target the above 
mentioned issues. 
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The Fourth Assessment of the IPCC confirmed and strengthened the earlier consensus that the 
climate change that is being observed is due to human emissions, mostly from the burning of 
fossil fuels, and that much more is to be expected.  In other words, the detection and diagnosis 
of climate change has been largely settled, and the majority of the public has accepted it.  
What can the role of environmental science, and in particular our own role, be in this new 
political environment?  Environmental science should strive to help mitigation and adaptation 
policies.  That means much better predictions of temperature, rainfall, water demand, extreme 
events, etc. on local and regional scales for the purpose of adaptation.  Environmental science 
should also evaluate proposed “solutions” to the climate problem.  Better quantification of the 
climate forcing by aerosols will lead to a more definitive determination of climate sensitivity 
to manmade forcings.  In our own case, the monitoring of greenhouse gases can serve two 
roles.  First, there has to be an objective and independent way to quantify the effectiveness of 
all policies aiming to lower emissions.  In other words, we should focus our efforts on 
quantifying fossil fuel emissions, as well as CH4, N2O emissions, etc., using atmospheric 
measurements, down to regional and large urban areas.  Many of the mitigation policies are 
being carried out at the local scale.  A crucial role will be played by the measurement of 
auxiliary species, indicating an oceanic, rural, traffic, or urban component to an air mass.  The 
most crucial species of them all is high precision measurements of 14CO2 because observed 
depletions uniquely signify recent additions of fossil fuel CO2.  This is a very demanding 
observing task.  Secondly, we need to keep a close eye on developments of the “natural” 
carbon cycle. If there are significant trends in uptake or release we should be able to provide 
early warning.  This is especially true for Arctic ecosystems where the ongoing warming of 
the permafrost could lead to very large and uncontrolled emissions of CH4 and CO2.  The two 
general observing tasks outlined above lead to some suggestions about a desirable design for a 
global greenhouse gas observing system.          
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In late 2006 we finished the seventh manometric calibration episode of the 15 Primary 
reference gas mixtures that define the WMO-X2007 Mole Fraction Scale for CO2-in-Air.  
Repeated calibrations of the same cylinder had a standard deviation of 0.03 ppm.  The average 
of all 15 cylinders was within 0.01 ppm of the average measured in 2004, and 0.01 lower than 
the average we measured in 2001.  The cylinders appear to have been very stable based on 
measurements at ESRL, and has not changed appreciably from X2005 to X2007.  
Unfortunately we have created some confusion among users.  The early calibrations of the 
WMO Primaries were performed at the Scripps Institution of Oceanography, starting in 1991.  
The first manometric calibrations at ESRL were carried out in late 1996.  We received 
revisions of the Scripps values in 2001, and the consistency between the ESRL and the 
Scripps values was not as good as hoped.  We decided in 2001 to base the assigned values of 
the Primaries on ESRL manometric calibrations alone, instead of our earlier assignments 
which had been based initially on Scripps values and between 1996 and 2001 on Scripps and 
ESRL values together.  Thus, even though we have no evidence of drift of the Primary 
cylinders, the assigned values (the WMO Scale) have drifted somewhat from the 1990s to 
2001.  The current Scale is higher then in the 1990s by ~0.2 ppm, and more so at the high end 
of the Scale than at the low end.  We instituted a system to retroactively correct all transfer 
calibrations.  Unfortunately we now have two sets of calibration values, and as a result of 
several miscommunications the new system did not “know” about a subset of the recent 
calibrations that had been done, and about the status of some of the cylinders.  It appears that 
we have now sorted this out.     
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Nondispersive infrared (NDIR) analyzers are now widely used for measurements of the 
atmospheric CO2 because of their high precision and reliability. To minimize interference 
effect from other species the NDIR analyzers are usually equipped with optical filter, which 
potentially masks the absorption band of 13CO2 located at the lower frequency than 12CO2. 
Therefore, when atmospheric CO2 concentration is determined against the CO2 standards with 
different carbon isotopic composition, the NDIR measurement would give incorrect value 
depending on the isotopic differences. To evaluate the sensitivity of the NDIR analyzer to 
13

CO2, we prepared a gravimetric mixture of purified air (CO2 mixing ratio < 0.02 ppm) and 
enriched 

13
CO2 gas (chemical purity > 99.9%, isotopic purity >99%) with CO2 mole fraction 

of about 380 ppm, and measured CO2 in the mixture by using a NDIR analyzer (Li-COR, 
Model LI-6252) against our gravimetrically prepared CO2 standards (δ13CO2=~-32 per mil 
(PDB)). The results showed that the apparent CO2 concentration was about 45 ppm, 
indicating the sensitivity of the NDIR to 13CO2 is about 12% of that to 12CO2. Using this 
value, we evaluate the carbon isotope effect on our NDIR analyzer, and present correction 
values for the measurements of the atmospheric samples with regard to our CO2 standards. 

 



 56 

THE GLOBAL ANALYSIS METHOD BY THE WDCGG USING THE 

ARCHIVED DATA  

Yukitomo Tsutsumi,  

Atmospheric Environment Division Japan Meteorological Agency 
1-3-4 Otemachi Chiyodaku Tokyo, Japan 

y-tsutsumi@met.kishou.go.jp 
 

The WDCGG calculates the inter-annual variations of global-mean mole fraction of 
greenhouse gases using the archived data in the WDCGG for the WMO Greenhouse Gas 
Bulletin and the WDCGG Data Summary.  

Some of the observation data have gaps and the observation periods of each station are not 
synchronized.  To calculate the global mean, the WDCGG produces the WMO traceable and 
period synchronized dataset without any gap. After that, the WDCGG calculates the 
latitudinal means, hemisphere means, and the global mean. All calculations are performed 
using monthly mean data. The steps of CO2 calculation by the WDCGG are below.   

Step 1: Stations for global analysis are selected by the WMO traceability. 

Step 2: For selection for background station, a latitudinal distribution of the annual-mean 
mole fractions normalized with respect to the South Pole is fitted with the LOESS 
model curve. Stations with mole fraction lying more than ±3σ from this curve are 
rejected and this process is iterated until all of the remaining stations lay within ±3σ 
from the fitted curve. 

Step 3: Integration of plural data in the same station (in the case that both continuous and 
flask sampling datasets exist). 

Step 4: For each station, using the longest data, a station’s own seasonal variation expressed 
by the Fourier polynomial up to third degree is derived. 

Step 5: The linear interpolation is performed for data from which the own seasonal variation 
is subtracted. The complete variation is then retrieved by adding the own seasonal 
variation to the interpolated periods. 

Step 6: Extrapolation for synchronization is then performed for the long-term trend as its 
growth rate traces the zonal mean growth rate calculated from the other stations’ 
interpolated data in the same latitudinal zone (30°). Subsequently, the synchronized 
complete variation is retrieved by adding the own seasonal variation. 

Step 7: The zonal mean mole fractions are calculated using the synchronized dataset in the 
each latitudinal zone. 

Step 8: Global and hemispheric means are calculated by averaging the zonal means, taking 
into consideration the area ratio of the each latitudinal zone. The deseasonalized long-
term trend and growth rate for the globe, both hemispheres and each latitudinal zone are 
calculated again with the low-pass filter from the global, hemispheric and zonal means.  

For CH4 and N2O, since the WMO primary standard has not yet prevailed, the stations where 
the WMO standard is used or stations whose difference between the station standard and the 
WMO standard is scientifically known are employed as Step 1.  
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The Japan Meteorological Agency (JMA) runs the QA/SAC for Asia and the South-West 
Pacific in CO2 and CH4. The JMA also runs the WCC in Asia and the South-West Pacific for 
methane. This report describes the activities of these centres after the previous meeting.  

 

Activity in the QA/SAC 

The QA/SAC Japan visited the Malaysian Meteorological Services (MMS) in 2003, and 
technically supported the establishment of CO2 observation system at Danum Valley.  The 
CO2 measurement at Danum Valley started in 2004. As a following up QA/SAC activity of 
CO2 observations at Danum Valley, the QA/SAC Japan invited an expert of CO2 observation 
from the MMS. The expert visited the QA/SAC Japan in November 2005, and the centre held 
the discussions on the Danum Valley CO2 observations. In conclusion, the CO2 observation 
system is generally well designed with no major faults that could prevent high precision CO2 
measurements. The QA/SAC Japan made the QA/SAC report on CO2 observation in Malaysia 
including some recommendations and sent it to the MMS and the WMO. The CO2 data at 
Danum Valley from September 2004 through May 2005 are archived in the World Data 
Centre for Greenhouse Gases in the JMA. However, the CO2 observation system at Danum 
Valley was damaged by lightning and floods. The system is restored recently with assistance 
from the manufacturer. However, further checks are necessary for regular operation. 

 

Activity in the WCC 

The JMA has conducted the intercomparison experiment (Round-Robin experiment) of CH4 
standard gases in Asia and the South-West Pacific since 2001. During 2001-2002, the 
intercomparison experiment was conducted for the China Meteorological Administration 
(CMA) and the Korea Meteorological Administration (KMA). During 2002-2003, the 
intercomparison experiment was conducted for the Commonwealth Scientific and Industrial 
Research Organization (CSIRO) in Australia and National Institute of Water & Atmospheric 
Research Ltd. (NIWA) in New Zealand. During 2002-2003, the intercomparison experiment 
was conducted for Tohoku University and National Institute for Environmental Studies 
(NIES) in Japan. During 2005-2006, the second intercomparison experiment was conducted 
for CMA and KMA. Now the second intercomparison for CSIRO and NIWA is being 
conducted. 

The CH4 WMO primary standard was established by NOAA/ESRL/GMD in 2005. The 
WCC in JMA corrected the past intercomparison experiment results in accordance with the 
WMO primary standard in June 2007.  
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 The World Data Centre for Greenhouse Gases (WDCGG), first established in 1990, has now 
been operating for more than 15 years. The amounts of observation data submitted to and 
information provided by the WDCGG have increased markedly with recent developments of 
GAW measurement network and the Internet. Regarding these enhancements of the data 
exchanges, the WDCGG would like to express deep appreciation for cooperation of data 
submitters and users. However, under these circumstances, the data management of the 
WDCGG and information demands on the WDCGG have changed. Therefore, the “DATA 
REPORTING MANUAL of the WMO World Data Centre for Greenhouse Gases”, which 
described the data submission formats and was published in 1991, has become unsuitable for 
the current operations of the Centre.  

The WDCGG revised the DATA REPORTING MANUAL, and newly published it as the 
WDCGG Data Submission and Dissemination Guide. The objectives of this Guide are as 
follows: 

1. To make better use of Archived data, the overall activities of the WDCGG in responding to 
the social demands of observers, scientific communities, and the public are introduced.  

2. To gather more appropriate observation data and associated metadata, the purposes, 
function, and operational courses of the WDCGG are clarified. 

The new WDCGG Data Submission and Dissemination Guide can be downloaded on the 
WDCGG website. 

The points of the new Guide are as follows:  

1. Data format 

After the publishing the DATA REPORTING MANUAL in 1991, the gathering data in the 
WDCGG become to have various species and types, which caused the dissemination file 
formats of Archived data diverging. As a result, this situation causes complicated data 
handling for computer, consequently degraded the usability of the WDCGG. To improve this 
situation, the WDCGG has established new data dissemination file formats aiming at the 
facilitation of use of Archived data in the WDCGG. The new data dissemination file formats 
are computer familiar FORTRAN fitting formats.  

2. Metadata 

The items (format) of the metadata are changed. The metadata are converted from the current 
(old) formats to the new ones by the WDCGG, but some items that newly introduced are 
being left blank. The WDCGG requests contributors to fill these blanks on the new website. 

3. Data download 

The WDCGG also has a FTP server on the new website. The users will be able to download 
data by accessing the FTP server as an anonymous user. 

Please refer http://gaw.kishou.go.jp/wdcgg.html 
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The World Data Centre for Greenhouse Gases (WDCGG) is established under the Global 
Atmosphere Watch (GAW) program to collect, archive and provide data for greenhouse (CO2, 
CH4, CFCs, N2O, etc.) and related (CO, NOX, SO2, VOC, etc.) gases and surface ozone in the 
atmosphere and ocean, measured under GAW and other programs.  

 

The Bulgarian participation in this program started in early 90’s and consists of daily and 
monthly sulfur and nitrogen dioxide concentrations data records since October 1981 up to 
now. The air quality monitoring stations of NIMH are placed in Sofia, Plovdiv, Varna, Burgas 
and Pleven, the largest Bulgarian cities. The station location is suburban in Sofia, Plovdiv and 
Pleven, while in Burgas and Varna is in parks at the seaside. The sampling frequency, 
forming the average daily value differs from station to station as follows: Sofia-8 times 
diurnally; Plovdiv, Burgas and Varna stations – 6 times in working days only; Pleven- 4 times 
during the working days. The method of analyses is spectrophotometric.  

 

In the present study the long term data records are analyzed in order to identify and evaluate 
trends. There is a well distinguished tendency in decreasing of the SO2 concentrations in all 
stations. In the beginning of 90’s there is a sharp decrease in mean monthly concentrations in 
all but Plovdiv station, mainly due to the change to gas fuel at thermal power plants. The 
trend in NO2 is not observed with exception of Sofia station. The long term decreasing of 
SO2 and NO2 concentrations at Sofia can be explained also by the significant reduction of 
industrial activities.  

 

The variations in mean monthly concentrations are shown and discussed. The pattern of 
variations differs from period to period and station to station. The influence of auto transport 
on NO2 concentration is expressed by lower average values over the weekend compare to the 
working days in Sofia. 
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      Maintaining precise long-term isotopic standards is a challenge for continuing global 
measurements of stable isotopes in atmospheric trace gases.  Finding a way to better tie 
compressed air standards to long-lived accepted standard materials like carbonates and waters 
is a long-standing goal of the measurement community.  The INSTAAR Stable Isotope Lab 
has developed a new gas preparation system coupled with a Dual Inlet Mass spectrometer to 
analyze four separate sources of co2:  1) as extracted from whole air samples in flasks, or 
compressed air cylinders, 2) as evolved from carbonates reacting with phosphoric acid, 3) co2 
equilibrated in head space with waters, and 4) pure co2 aliquots in break seal tubes.   

      Our objective has been to create instrumentation with which we can calibrate all four 
sources of co2, analyzing them on the same mass spectrometer.  One key advantage with this 
gas preparation system is that all gases follow, as much as possible, the identical pathway for 
extraction, cryo-trapping and sample introduction.  Preliminary results indicate that this 
should be a useful tool in evaluating the tie between whole air lab standards and primary 
carbonate standard materials.  
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The EU FP5 project CHIOTTO ended in 2006. Through this project we implemented 8 tall 
towers in the Western part of Europe. All but one of them continued their measurements up to 
now, though only part of the measurements are supported in CarboEurope IP and Geomon IP. 
We obtain consistent precisions of the observations very close to or below the WMO 
recommended values for most compounds, except for N2O, due to stability problems of 
current micro-ECD’s.  

We will present the latest results of the tall tower measurements and the intercomparison 
results and their problems. Special focus in this presentation will be put on Cabauw and 
Hegyhatsal because of the accompanying CO2 flux measurements and the story they tell 
together with the concentration observations on the representativity of the measurements. 
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We present the results of vertical gradient measurements of CH4 and 222Rn at the tall tower of 
Cabauw (NL) in the year 2006. Methane measurements are performed using an Agilent 
6890N GC with FID detector. The precision obtained is 2 ppb. The vertical concentration 
gradient is measured with a frequency of 2 per hour using four inlets at resp. 200, 120, 60 and 
20m AGL. 222Rn measurements are performed using two ANSTO radon monitor 
(Whittlestone and Zahorowski, 1998), one sampling from 200 meter, the other from 20 meter.  

An interesting feature of the measurements is the sometimes complete lack of coherence 
between the gradients for both species, although both gradients are expected to show much 
coherence as emissions both compounds are connected to land-surfaces and for both 
compounds the emissions are not expected to vary very fast with time.  

Results of a preliminary inverse modelling exercise for both compounds will be shown, 
pointing to problems with using 222Rn as a tracer in ‘model-free’ emission estimation.  
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Overview is given on the implementation of measurements of absolute CO2 concentrations at  
5 eddy flux tower sites in Europe (Finland, Netherlands, Germany, France and Spain), as an 
activity in Carboeurope IP.  AIRCOA set-ups (NCAR, USA) will be used at 4 sites and 
Finnish site utilizes the modified gradient set-up based on URAS CO2 analyser. We discuss on 
technical aspects of low-cost absolute concentration measurements at flux towers and show 
preliminary data records. 
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The RAMCES team at LSCE is running a worldwide measurement network for atmospheric 
CO2 and other greenhouse gases with 7 in-situ surface stations. 

In this poster, we present the different CO2 measurement techniques used in this network and 
the strategy that has been established for the calibration and the quality control of all our 
instruments. 

Two main techniques, gas chromatography and NDIR spectroscopy, are used to measure the 
CO2. This represents 7 different instruments which are all based on commercial analysers and 
that have been customized for best precision in respect with the recommendations of the 
WMO. All these instruments have their own calibration and quality control procedures, but all 
are linked to a unique calibration scheme. From our central lab at Gif-sur-Yvette (France), we 
propagate our national scale calibrated by NOAA/GMS to our station standards. We also 
measure regularly some dedicated tanks to establish the intercomparison of our instruments. 
Here, we will present a detailed description of the CO2 instruments of the RAMCES network, 
of our calibration scheme and some results of the quality control.    
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Since 1990, the Stable Isotope Lab in the Institute of Arctic and Alpine Research (INSTAAR) 
has worked with the Carbon Cycle Group in NOAA on stable isotopes in greenhouse gases. 

We currently measure δ13C and δ18O of carbon dioxide on nearly all NOAA air samples and 

δ
13

C and δD on methane on selected samples. We will present an update on our joint 

sampling and modelling activities. Using concentrations and δ
13C of carbon dioxide and a 

simple double deconvolution model, we will present the up-to-date picture of the time history 

of terrestrial and oceanic sinks of carbon. Interest in δ
18O of carbon dioxide is growing as 

concern grows for the state of the biosphere in a changing climate, but while global signals 
remain large, our understanding of the signals remains uncertain. We will also present our 

latest findings on constraints in the methane cycle provided by δ13C and δD on methane. In 
particular, we have been focussed on finding evidence for or against a growing release of 
methane from the Arctic as permafrost warms and begins to melt and release carbon. 
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Environment Canada, 4905 Dufferin Street, Toronto, ON, M3H 5T4 

Environment Canada’s Greenhouse Gases (GHGs) Measurement Program currently conducts high 
quality ground-based atmospheric measurements of carbon dioxide (and stable isotopes of carbon 
dioxide), methane, nitrous oxide, sulphur hexafluoride, carbon monoxide and CFC’s from coastal, 
interior and Arctic regions in Canada.  The network of stations is strategically located to catch the 
regional atmospheric signals of carbon fluxes from major ecosystems over Canada and reflect the 
long-range transport of GHGs into and out of Canada.  Quasi weekly vertical profile sampling 
programs are also carried out at Estevan Point and Prince Albert through collaboration with NOAA’s 
Global Monitoring Division via coordinating aircraft flights with ground-based samplers.   In addition, 
many collaborative international weekly flask sampling programs for GHGs, carbon isotopes as well 
as for other trace gases are conducted at Alert, one of three International Comparison Sites for GHGs, 
including for agencies located in Australia, France, Germany, Japan as well as a number of 
independent programs in the United States.   

The aim of this poster report is twofold:  

• First, to update the community on Canada’s atmospheric measurement network including the 
expansion of the network via the Canadian Carbon Plan (CCP)  and, 

• Secondly, provide examples on how changes to the source/sink distributions of GHGs can be 
observed through the long-term measurement of their ambient concentrations. 

Alert (GAW)

East Trout 

Lake

Egbert

Fraserdale

Estevan Pt.

Sable Is.

Chibougamau

Candle Lake

Lac La Biche

Canadian WMO-GAW GHG 

Inter-comparison Site

US, Australia, Germany & France. 

Churchill

 

Figure 1. Map showing EC’s GHG air sampling network. Continuous CO, CO2 and CH4 
measurements are conducted at all sites, except Churchill.  Continuous N2O and SF6 measurements are 
conducted at Alert, East Trout Lake, Fraserdale and Egbert.  Flask sampling is conducted at all sites.  
Sites marked with blue dots are Insitu sites (for CO, CO2 and CH4) starting in 2007.  The GHG 
measurement program at Candle Lake will be closed in 2007.   
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We have been carrying out in-situ measurements of the atmospheric O2/N2 ratio at Cape Ochi-
ishi (COI; 43º 10’N, 145º 30’E) in the northern part of Japan since March 2005 by using 
modified gas chromatography/thermal conductivity detector (GC/TCD). Air intake is placed 
at the top of the tower (~100 m above sea level), and then outside air is drawn through a 1/4-
inch stainless steel tubing at a flow rate of ~8 L min-1. The sample air is introduced into a 2L-
volume spherical Pyrex-glass flask and exhausted via a backpressure regulator, which keeps 
the pressure in the spherical flask at about 0.06 MPa. To prevent fractionation of O2 from N2 
at the point of flow separation, the sample air is drawn from the centre of the spherical flask 
through a 1/16-inch stainless steel tubing at a flow rate of 8 mL min-1. Sample air is passed 
through two cold traps (-80 °C) and introduced into an O2/N2 measurement system. Reference 
and sample gasses are measured alternately at 5 minute intervals for each GC analysis. The 
standard deviation of the O2/N2 ratio is estimated to be about ±14 per meg (≈ 3 ppm).  Thus 
the standard error of 1 hour mean O2/N2 ratio is ±6 per meg (≈ 1.2 ppm). 

We found significant non-linearity in the GC/TCD (GC-323, GL Sciences Inc., Japan) used at 
the station. Thus two reference gases with low and high O2/N2 ratios were measured by the 
GC/TCD to determine the linearity correction factor. When the in-situ measurements are 
compared with the flask measurements, there seems to be systematic bias; the average of the 
differences between in-situ and flask measurements (in-situ – flask) is 9 ± 10 per meg (1σ, 
n=83). The bias may result from the fractionation of O2 from N2 at the back pressure valve 
adjusting the pressure in the spherical flask. 

Using the results of in-situ measurements of the atmospheric O2/N2 and CO2, we calculate 
atmospheric potential oxygen (APO ≈ O2+CO2), which is a conservative tracer for O2: C 
exchange of terrestrial biosphere. Thus, APO variations mainly reflect air-sea gas exchange. 
From late May to early July in 2005, the APO shows large variability and highly elevated 
values, which exceeded by about 40 per meg the observed values in the neighbouring periods. 
Satellite-derived net primary production indicates that there occurred strong blooms in the 
Okhotsk Sea and the western North Pacific during the relevant period. Back trajectory 
analysis indicates that high APO values were observed when air masses had passed above 
highly productive regions, which indicates that APO variabilities reflect oxygen emission 
associated with spring bloom of phytoplankton in the western North Pacific and marginal seas 
near Japan. 
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As recommended by the WMO/IAEA Meeting of Experts on Carbon Dioxide and 
Related Tracers Measurement Techniques, all participating laboratories are urged to 
contribute the results of all systematic investigations of gas handling protocols and 
materials, whether the results were positive or negative.  The purpose of the WMO 
Round-robin reference gas intercomparison would be NOT to distribute calibration 
scales, but rather to determine the precision of the current practice of international 
calibrations.  The protocol of the fourth intercomparison during 2002-2007 was similar 
to that used for the previous ones held during 1991-1992, 1995-1997 and 1999-2000.  
An important difference, however, would be that all participants should also report 
values for several gases in addition to CO2, if they have the capability to do so.  Mr. 
Duane Kitzis and Dr. Pieter Tans served as the coordinator; Dr. Lingxi Zhou served as 
the referee.  Twenty-seven laboratories from fifteen countries participated and they were 
divided into three globally-distributed groups.  The NOAA ESRL prepared nine high 
pressure cylinders (three sets) for the intercomparison.  Each laboratory was instructed 
to treat each cylinder as containing gases of unknown mixing ratios and to analyze the 
three cylinders as if they were "working tanks" within their programs.  The results were 
reported to the referee, who kept the results confidential until all laboratories had 
reported.  Each set was analyzed first and last at NOAA ESRL to determine if there was 
any change in mixing ratios while the cylinders were circulating.  There were 26 
laboratories reported CO2, 12 laboratories reported CH4, 8 laboratories reported CO, 6 
laboratories reported N2O and SF6, 7 laboratories reported δ13C and δ18O in CO2, 2 
laboratories reported H2, for the intercomparison report.  Calibration histories for CO2, 
CH4, CO, H2, N2O, and SF6 by NOAA ESRL and CO2 isotopes by CU INSTAAR were 
provided.  Description of standard scale used by each participating lab was requested -- 
we could then hope that labs on the same scale produce similar results.  The results of 
the fourth intercomparison for CO2 were generally encouraging -- the majority of 
participating laboratories agreed to within 0.1 µmol mol-1.  In September 2005, the 
WMO scale for CO2 was revised.  The revised scale for the mole fraction of CO2 in air 
is called the WMO-X2005 scale, however, not all the participating laboratories that have 
had cylinders calibrated by the CO2 CCL reported in revised calibration assignments 
based on the new scale.  A full report of the intercomparison, including results of the 
other species, and a summary of calibration and standard scales at different laboratories, 
is in preparation.  After circulation among participants, a finalized report "The 4th WMO 
Round-Robin Reference Gas Intercomparison, 2002 – 2007," by Zhou, Kitzis, and Tans 
will be printed in a WMO GAW Technical Publication. 
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Since 1990, CMA has been participating actively in the GAW supporting global networks for 
greenhouse gases and other atmospheric components.  For example, sixteen years of flask 
sampling data from the cooperative China-U.S. greenhouse gases measurements program at 

Mt. Waliguan (36°17'N, 100°54'E, 3816m asl) in Western China are used effectively to help 
produce 3D annual global carbon cycle greenhouse gases pictures and to contribute the 
GlobalView-CO2 and GlobalView-CH4 data products.  The CMA is going to highlight and 
enhance collaboration with advanced/experienced international organizations and institutions 
to set-up an integrated greenhouse gases and related tracers observational system, to make in-
situ and discrete measurements (including atmospheric CO2, CH4, N2O, SF6, CO, H2, 
halogenated compounds, δ13C & δ18O in CO2) from the GAW stations in China under the 
GAW framework.  The measurements will be carefully calibrated on internationally agreed 
reference gas scales, and quality controlled, so that the measurements in China are an integral 
part of the global international effort to make continuous measurements of greenhouse gases.  
The results will be studied for trends in space and time, and for relationships between trace 
gases and with environmental variables.  The objectives is to provide high quality data from a 
number of typical background regions of China to permit climate and carbon cycle modellers 
to improve our understanding of the carbon cycle and predict how the atmosphere and climate 
will evolve in the future as a result of human's activities. 
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Figure 1. The seven GAW stations in China (left figure) and the 3D annual global carbon 
cycle greenhouse gases pictures (right figure) showing atmospheric CO2, δ

13C & δ18O in 
CO2, and CH4, CO, N2O, SF6.  Red lines indicate measurement data from Mt. Waliguan 

(WLG, 36°17'N, 100°54'E, 3816m asl), western China. 


