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• An inter‐governmental organization financed 
jointly by the Member States and Associates 
of the Metre Convention, and operating 
under the exclusive supervision of the CIPM.

• Our mission is to ensure and promote the 
global comparability of measurements.

Bureau International des Poids et Mesures

• The unique role of the BIPM enables it to achieve its mission by developing the technical and 
organizational infrastructure of the International System of Units (SI) as the basis for the world‐
wide traceability of measurement results.

• This is achieved both through technical activities in its laboratories and through international 
coordination.

– operate laboratories in: mass, time, electricity, ionizing 
radiation, and chemistry.

– an international staff of around 75  with budget of 
approximately 12 million euros (for 2012).

– based in Sevres near Paris.



Member participating in the CIPM MRA
Associate participating in the CIPM MRA

CIPM- MRA
91 NMIs and 145 Designated Institutes from 

51 Member States & 36 Associates of the CGPM
& 4 international organizations

CIPM MRA ParticipationCIPM MRA ParticipationMember States and Associates

Metre Convention
54 Member States & 37 Associates of the CGPM



Historical Value 
280 ppm

the Keeling curve and the “flying carpet”



Target set for data quality
+/- 100 ppb (NH)
+/- 50 ppb (SH)

Atmospheric CO2 data quality



Niwot 
Ridge air

Volumetric 
addition of pure 
CO2, CH4 etc

WMO method for CO2 scale dissemination

• Value on certificate are 
expressed as on a “scale” 

Repeatability ~ 100ppb

Noise (1 sec) ~ 20ppb



CCQM‐K52 (2006) – carbon dioxide in air

• Participation of WMO laboratory in Australia 
• The WMO scale and the SI values from NMIs agree
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From Andrew Manning and Ralph Keeling
“GHG Measurements” – Royal Society, London, 2010.



From Andrew Manning and Ralph Keeling
“GHG Measurements” – Royal Society, London, 2010.





The coherence of measurement results
Definition

A system of quantities is coherent when “(conventional) scaling 

factors do not appear when (measurement) equations are 

combined”

I use coherence to mean that

“Results for different compounds and from different methods can 

be brought together”

Strong coherence – measurements of different compounds are equivalent

Weak coherence – measurements of a compound made by different 

methods are equivalent
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Uncertainty in trends
(eg global T at 500 hPa)
Trend of 0.2 K / decade

A stable and comparable basis for 
measurements …



What does traceability to the SI bring to studies 
of carbon?

Measurements that are stable

• Long‐term trends can be used for decision making

Measurements that are comparable

• Results from different laboratories can be brought together

Measurements that are coherent

• Results for different compounds and from different methods can 

be brought together



A different paradigm ‐ traceability to a scale

The SI traceability approach
Rationale
Values disseminated are traceable to 

the Sl as realised by a primary 
method.

Benefits
• Highly coherent and accurate

 Good “absolute” data
• Possibility for more than one 

source.

Disadvantages
• Values may change (in absolute 

terms) within stated uncertainties 
but will always “improve”.

The scale approach
Rationale
Values disseminated are traceable to a 

collection (“family”) of artefacts 
carefully, monitored and maintained

Benefits
• Highly consistent (“precise”)

 Good trend data

Disadvantages
• Responsibility / cost of maintenance 

concentrated at one institution 
• Impossible to regenerate or develop 

independently
• (May be) insensitive to drift in the 

reference artefacts

Traceability to the SI uniquely gives coherence                                  



The World Meteorological Organisation (WMO)

… has a well‐established quality system for its data products.



Climate trends from satellite sounding 
data 

– Fuzhong Weng, NOAA NESDIS {US}

Stable time series for key GHGs and 
other trace species 

– Robert Wielgosz, BIPM

Radiation and Earth energy balance 
– Werner Schmutz & Eugene Rozanov, 

PMOD/WRC

Earth surface (land and water) 
temperature 

– Pascal Lecomte, ESA

WMO/BIPM Workshop
March 2010

Aerosol composition and radiative 
properties 

– Urs Baltensperger, Paul Scherrer 
Institut {CH}

Microwave imagery data in climate and 
NWP 

– Karen St. Germain, ESA

Surface properties: albedo, land cover 
and ocean colour 

– Nigel Fox, NPL {UK}

Ocean salinity 
– Klaus‐Dieter Sommer, PTB {DE}

Remote sensing of atmospheric 
composition and traceability issues in 
spectroscopic data

– James Whetstone, NIST {US}



“The long-term, stability and reproducibility of reference materials, 
and explicitly defined calibration scales, are critical to the study of 
temporal change”.

The WMO, BIPM and academic communities should continue to work together to increase 
redundancy through the development of independent approaches to the provision of 
standards and carry out necessary comparisons.
That measurement results be traceable to the SI where practical.
.

Selected recommendations

“The methods and techniques in use for the preparation and 
dissemination of standards by the two communities differ”.

That exchange of information and technology continue to be encouraged through: 
exchange visits and cross-participation in workshops and committees.

“Verification – the future challenge”.
That the WMO and BIPM communities collaborate to make best use of established 

national and international infrastructure, capability and funding to meet the requirements for 
standards that will result from increased mitigation efforts. 

WMO/BIPM Workshop 



April 2010 – The WMO sign the CIPM MRA

• Agreement in 2011 to form a Joint 
WMO/BIPM Liaison Group that will 
progress the recommendations 
through existing structures eg
CCQM‐GAWG

o eg focus on Essential Climate Variables

• Recommendations published in full

o (available from the BIPM webpage)

http://www.bipm.org/en/events/wmo‐
bipm_workshop/

• The WMO have signed the CIPM‐MRA

o Three institutes designated by the 
WMO can now participate fully in the 
MRA



Developing an “international” measurement system 
for carbon

• The involvement of organizations with long‐term (“core”) funding is 
preferred. 
– Grant‐funded work may not provide the long‐term assurance needed. 

• Building “synergy” with established capability is a cost‐effective 
approach. 
– The SI provides a well‐developed and stable basis for traceable measurements. 
– The coherence of measurements that are traceable to the SI is a unique feature –

and will be important in this field. 
– Established links and relationships provide a “blueprint” for new collaborations.

• International organisations can help “pave the way”. 
– Links made at the international level are easier to mirror at national level. 



Thank	you

The	“international	measurement	system”	
provides	the	basis	for	stable,	comparable	
and	coherent	measurements	through	

traceability	to	the	SI.


