
Increasing accessibility to standards and comparisons 
for atmospheric CO2 amount fraction measurements

• More countries to monitor CO2 concentrations   
• More laboratories to develop and maintain CO2 standards in air or 

nitrogen -> BIPM HQ launched on-going comparison BIPM.QM-K2 
• More laboratories developing CO2 scales for more precise 

measurements in atmosphere -> BIPM HQ launched on-going 
comparison BIPM.QM-K5 to monitor their relationships

• Relationships between scales to be assessed, stored and publicized

BIPM central facility for K5 

• IR absorption spectroscopy to measure CO2 amount 
fractions
Aerodyne MiniTrace and/or Picarro G2301

• Autosampler with 30 ports for automatic successive 
measurements

• 2 ensembles of 9 CO2 in air mixtures – 
 BIPM scales 1 and 2

• Measurement process based on drift-corrected ratio to 
unique stable standard toward one measurement 
sequence

• 2 Quality control cylinders to check between sequences 
stability

BIPM.QM-K5

Evaluate
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Task Team 1 – Scale definition, 
maintenance, dissemination, …

The on-demand comparison, BIPM.QM-K5, has been designed 
with the support of the CCQM Task Group of Greenhouse Gas 
Scale Comparisons, to determine and monitor scale 
relationships.
It is organized as a series of bilateral comparisons between 
each participant and the BIPM, where a central facility is 
maintained. 
For a meaningfull comparison, the target uncertainty for the 
comparisons measurements  is 0.02 µmol mol-1 (or 5×10-5 
relative).

On-demand comparison of CO2 in air scales 

BIPM Central facility for K2

PVT-CO2 vessels maintained under controled 
temperature

BIPM  maintains a central facility for comparisons of CO2/air 
standards, with traceability to the SI.
The PVT-CO2 uses an SI-traceable method based on manometry, 
with typical uncertainty of 0.1 µmol mol-1 (or 2.5×10-4 relative). 
BIPM.QM-K2 comparison started in October 2024.
It underpins CO2 in air measurements for emission monitoring and 
urban areas.
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BIPM.QM-K2 comparison of SI- traceable CO2 standards BIPM.QM-K5 comparison of CO2 scales
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Collaborations and visiting scientists

F. Gugole (VSL), J. Mund (NOAA)

S. Maxwell (NIST), F. Arrhen (Rise), C. Meyer (NIST), J. Shmidt (NIST)

Paper on the PVT-CO2 facility and its performances in Metrologia 
https://iopscience.iop.org/article/10.1088/1681-7575/ad0abe

Report with details on all parts on BIPM website RapportBIPM-2023-04

Report of the comparison (pilot study) CCQM-P225
https://iopscience.iop.org/article/10.1088/0026-1394/60/1A/08029

CCQM/GAWG/TG-GHG Webpage
https://www.bipm.org/en/committees/cc/ccqm/wg/CCQM-GAWG-TG-GHG

Publications and more information 
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• Publish relationships between scales
• User can convert atmospheric data to a common scale 

for interpretation
• Evaluate long-term scale stability

GHG-DB developed with J. Mund (NOAA)
Public version in spring 2025
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Assumption of  ideal gases

An independent method to underpin 
NMIs core capabilities

Measurement method: separation of CO2 from air by cryogenic 
trapping and measurement of pressure, volume and temperature 
ratios. 
The method is fully independent from gravimetry, traceable to SI via 
the quantities P,V, T, and reaches relative uncertainties of 2.4×10-4. 

A core capability in Gas Metrology is 
preparation of gasesous mitxures by 
gravimetry, i.e. weighing all gases added 
in the cylinder. 
CO2 and many other “simple” (stable) 
compounds are prepared by gravimetry.

PVT-CO2

Validation in Pilot Study CCQM-P225

Results of CCQM-P225, comparison using the PVT-CO2 as reference,
and of CCQM-K120 (2018), using a “CO2 comparator” based on 
spectroscopy, show very similar agreement for all participants
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