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WMO Global Atmosphere Watch (GAW)
 Established in 1989 by merging long-term monitoring 

programmes dating back to the 1970s or earlier.
 Focuses on global networks for ozone greenhouse/reactive Focuses on global networks for ozone, greenhouse/reactive 

gases, atmospheric wet deposition, UV radiation, and aerosols.
 Coordinates activities and data from hundreds of stations, 

including 26 Global Stations.
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Structure of WMO/GAW
 GAW consists of national meteorological/hydrological services 

and other partners contributing to observing systems, experts 
groups and central facilities, and the secretariat.groups and central facilities, and the secretariat.
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WMO/GAW Central Facilities
 The following types of central facilities are operated by WMO 

Members and form the basis of quality assurance and data 
archiving for the GAW global monitoring networks.archiving for the GAW global monitoring networks.
– Central Calibration Laboratory (CCL)
– World Calibration Centre (WCC)
– Quality Assurance/Science Activity Centre (QA/SAC)
– World Data Centre (WDC)
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Source: WMO/GAW Strategic Plan: 2008–2015



Terms of Reference for CCLs
 Host in the long term (many decades) the GAW primary 

standard and scale for a particular variable.
 Serve the needs of the other quality assurance facilities and Serve the needs of the other quality assurance facilities and 

activities of GAW.
 Prepare or commission laboratory standards required by the 

GAW network members for calibration purposes.
 Supply well-calibrated air to GAW analytical laboratories as 

needed for conducting inter-comparisons (in collaboration withneeded for conducting inter comparisons (in collaboration with 
the World or Regional Calibration Centres).

Source: WMO/GAW Strategic Plan: 2008–2015Source: WMO/GAW Strategic Plan: 2008–2015
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Data Quality Objectives (DQOs)
 DQOs specify tolerable levels of uncertainty in the data, 

required completeness, comparability and representativeness 
based on the decision to be made.based on the decision to be made.

Source: WMO/GAW Strategic Plan: 2008–2015
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Source: Report of the 14th WMO/IAEA Meeting of Experts on Carbon Dioxide, Other 
Greenhouse Gases and Related Tracers Measurement Techniques (GAW Report No. 186)



The WMO CO2 Mole Fraction Scale
 In 1995, WMO designated NOAA/ESRL as the Central CO2

Laboratory (CCL) responsible for the maintenance of the 
absolute WMO Mole Fraction Scale for CO2. Before that time,absolute WMO Mole Fraction Scale for CO2. Before that time, 
the scale had been maintained by the Scripps Institution of 
Oceanography (SIO). 

 I 1990 ESRL d 15 CO i i f i t In 1990, ESRL prepared 15 CO2-in-air reference gas mixtures 
ranging 250–520   mol mol-1, calibrated at SIO by NDIR. The 
values assigned to the 15 primaries were based on both SIO 

 μ

NDIR measurements and ESRL manometric determinations 
between 1996 and 2001, and manometric determinations by 
ESRL alone starting in 2002. g

 In September 2005, the WMO scale was revised, and a 
quadratic curve fit was used.

 In defining the re ised scale for 2007 (WMO X2007) the CCL In defining the revised scale for 2007 (WMO-X2007), the CCL
chose to use a cubic polynomial for the curve fit. 

S GLOBALVIEW CO2
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Source: GLOBALVIEW-CO2



Calibrations of JMA’s CO2 Standards at CCL
 Changes of ~ 0.01 ppm/year are seen in the mixing ratios of 

JMA’s primary standards.
 They are larger than those estimated from the internal They are larger than those estimated from the internal 

consistency tests and comparison with MRI’s standards.
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CO2 Calibration Scales at the WDCGG
 More than 90% of the CO2 data sets reported to the WDCGG are

on the WMO or NOAA scale, but different scales exist.
 The WDCGG encourages contributors to submit data in latest

WMO X74

 The WDCGG encourages contributors to submit data in latest 
WMO scales (WMO X2007 scale or whatever the latest scale is).

WMO X74
WMO X81
WMO X83
WMO X85
WMO X87
WMO X93
WMO X95
WMO X9792%5% WMO X97
WMO X2005
WMO X2007
WMO CO2 mole fraction

92%5%

WMO CO2 mole fraction
NOAA/CMDL
National or Laboratory
Unknown
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The WMO CH4 Mole Fraction Scale
 The most current WMO scale of CH4 is the NOAA04 scale.
 16 mixtures of CH4 in dry air were prepared using a gravimetric 

technique to define the new CH standard scale covering thetechnique to define the new CH4 standard scale covering the 
nominal range 300–2600 nmol mol-1.

 CH4 mole fractions in the new scale are a factor of (1.0124 ±
0.0007) greater than those expressed in the CMDL83 scale.

 Differences of 0.5 nmol mol-1, 1.5 nmol mol-1 and ~ 6 nmol mol-1
are suggested with the scales of Tohoku University,are suggested with the scales of Tohoku University, 
Meteorological Research Institute (MRI) and Meteorological 
Service of Canada (MSC).

Reference: Dlugokencky, E. J., R. C. Myers, P. M. Lang, K. A. Masarie, A. M. 
Crotwell, K. W. Thoning, B. D. Hall, J. W. Elkins, and L. P. Steele (2005), Conversion 
of NOAA atmospheric dry air CH4 mole fractions to a gravimetrically prepared 
standard scale, J. Geophys. Res., 110, D18306, doi:10.1029/2005JD006035. 
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CH4 Calibration Scales at the WDCGG
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Source: WDCGG Data Summary, 2009



The WMO N2O Mole Fraction Scale
 The most current WMO scale of N2O is the NOAA-2006 scale. 
 The NOAA-2006 N2O calibration scale is based on 

gravimetrically prepared compressed gas standards andgravimetrically prepared compressed gas standards and 
defined by 13 standards with dry air mole fractions ranging 
from 262–371 nmol mol-1.

 The new scale (NOAA-2006) is 0.059% lower than the NOAA-
2000 scale at 320 ppb.

 The NOAA-2006 scale is, on average, 0.23% higher than that The NOAA 2006 scale is, on average, 0.23% higher than that 
defined by NIST Standard Reference Materials 2608 and 2609, 
and an average of 0.01% lower than the Scripps Institution of 
Oceanography SIO-98 scale over the range 298–319 ppbOceanography SIO-98 scale over the range 298–319 ppb.

Reference: Hall, B. D., G. S. Dutton, and J. W. Elkins (2007), The NOAA 
nitrous oxide standard scale for atmospheric observations, J. Geophys. 
Res 112 D09305 doi:10 1029/2006JD007954Res., 112, D09305, doi:10.1029/2006JD007954. 
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N2O Calibration Scales at WDCGG
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Source: WDCGG Data Summary, 2009



Interlaboratory Comparison Exercises
 If possible scales should be compared directly, else use ICP 

information for adjustments for interpretative studies only. 
Measurements should not be corrected based on ICPs.Measurements should not be corrected based on ICPs.

Source: Minutes from the Meeting of the WMO Scientific Advisory 
Group for Greenhouse Gases, 11 September 2009, Jena, Germany

Source: Report of 
the 14th WMO/IAEA 
Meeting of ExpertsMeeting of Experts 
on Carbon Dioxide, 
Other Greenhouse 
Gases and Related 
Tracers Measurement
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Tracers Measurement 
Techniques (GAW 
Report No. 186)



CH4 Intercomparisons
 JMA, as an activity of the WMO/GAW World Calibration Centre 

for CH4 in Asia and the South-West Pacific, organizes 
intercomparisons for CH4 among laboratories in Asia and the

30

intercomparisons for CH4 among laboratories in Asia and the 
South-West Pacific.
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The WMO-CIPM Agreement (2002)
 WMO and the International Committee for Weights and 

Measures (CIPM) will consult together to ensure that data,
related in particular to measurements of state and compositionrelated in particular to measurements of state and composition 
of atmosphere and water resources, coming from the 
programmes organized under the auspices of WMO are
properly based on units traceable to the SI through theproperly based on units traceable to the SI through the 
procedures of the Mutual Recognition Arrangement (MRA) for 
National Measurement Standards drawn up by CIPM and those 

f th T h i l R l ti f th O i tiof the Technical Regulations of the Organization.
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International comparison CCQM-P41
 In 2003, a comparison CCQM-P41 was carried out between 

NMIs and WMO laboratories for greenhouse gases.
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Source: Adriaan M. H. van der Veen et al., 2007, Metrologia 44



WMO-CIPM Mutual Recognition Agreement
 WMO plans to sign a Mutual Recognition Agreement (MRA) 

with the CIPM. 
 In general the MRA assures equivalency among standards In general, the MRA assures equivalency among standards 

among its signatories through “key comparisons”.
 WMO/GAW will still recommend that GAW participants maintain 

a direct link to the CCLs for GHG standards. 
 Once signed, CCLs will need ISO certification. They will need to 

prepare quality systems (QS) that meet requirements of ISOprepare quality systems (QS) that meet requirements of ISO 
guidelines 17025 and 34. 

 NIST will help NOAA with this process; the QS must then be
d b th SIM (I t A i M t l S t ) d itapproved by the SIM (InterAmerican Metrology System), and it 

must demonstrate traceability to SI standards. 
 There will be a meeting on this issue between WMO and BIPM g

in Geneva, 30 March – 1 April 2010.
Source: Minutes from the Meeting of the WMO Scientific Advisory 
Group for Greenhouse Gases 11 September 2009 Jena Germany
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Group for Greenhouse Gases, 11 September 2009, Jena, Germany



Summary
 WMO Mole Fraction Scales have been established for CO2, CH4, 

N2O and CO. A WMO scale for SF6 is to be established, but 
WMO scales for CFCs have yet to be agreed upon.WMO scales for CFCs have yet to be agreed upon.

 The WMO scales and some other scales are interconvertible 
through conversion factors established from comparisons 

diff t l b t iamong different laboratories.
 International comparisons are organized to determine the 

precision of the current practice of international calibrations, p p
not to distribute calibration scales.

 WMO and the International Committee for Weights and 
Measures (CIPM) reached an agreement in 2002 to cooperateMeasures (CIPM) reached an agreement in 2002 to cooperate 
with and consult each other. WMO plans to sign a Mutual 
Recognition Agreement (MRA) with the CIPM. 
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