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Why is Metrological Traceability Important?

• Metrological traceability is important because it gives you confidence and assurance that your measurement results
are ‘right’ - that is they agree with national standards within the statement of uncertainty in measurement.

• The results you report to your customers can be used to provide calibrations, perform tests, manufacture products,
drive innovation, or make decisions which could affect health, safety, and even court proceedings.

The only way we have of knowing we are getting it ‘right’ is to have 
metrological traceability back to the SI (or other agreed reference)

The work that you perform in the
laboratory can significantly impact
society.

If you provide unreliable results to a 
manufacture that makes or services aircraft, you 
could be putting other people’s lives at risk. 
Would you put your family on that plane?

Another customer of yours could be using equipment 
to make medical decisions that affect someone’s 
health. What is the patient was your spouse or child?

Maybe your results will be used in court as evidence 
which can affect the outcome of a case. Would you 
be confident if you were on trial for murder?

Components must be compatible
and interoperable in the modern
global world!!!
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What is Metrological Traceability?

“Metrological Traceability” - the property of a
measurement result whereby the result can be
related to a reference through a documented
unbroken chain of calibrations, each contributing
to the measurement uncertainty

From the International Vocabulary of Basic
and General Terms in Metrology; VIM, 3rd
edition, JCGM 200:2012

The objectives of metrology are achieved through providing the framework for
traceable measurements.

Note: traceability is the property of the result of a measurement, not of an
instrument or calibration report or laboratory

Unit 
Definition

SI

Primary
standard

Secondary 
standard

Working
standard

Instruments

https://www.bipm.org/en/publications/guides/#vim
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International Vocabulary of Basic and
General Terms in Metrology; VIM,
3rd edition, JCGM 200:2012

https://www.bipm.org/en/publications/guides/#vim
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Metrological Traceability 

For this definition, a 'reference' can be a 
definition of a measurement unit through 
its practical realization or a measurement 
standard, or a certified reference material 
or reference measurement procedure, 
specified method or consensus standard
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What is Metrological Traceability?

The abbreviated term "traceability" is often used to as shorthand for
'metrological traceability' … ‘it’s a traceable measurement’

…however, in the wider context that term is used for other concepts too,
such as 'sample traceability' or 'document traceability' or or 'material
traceability‘ or ‘origin of goods’…

Therefore, the full term of "metrological traceability" is 
preferred if there is any risk of confusion.
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A metrological traceability chain
for measurements of length

Slide courtesy 
Dr S Davidson, NPL, UK

Metrological traceability requires an 
established calibration hierarchy.

Calibration should be documented -
including information on metrological
traceability.

Reports can be issued as hard copies or 
by electronic means.
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Calibration hierarchies in Chemical and Biochemical 
Measurements

Little, Randie R., Robert I. Wielgosz, et al. 
"Implementing a Reference Measurement System 
for C-peptide: Successes and Lessons Learned." 
Clinical Chemistry (2016): clinchem-2016.
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Traceability chain of length – Sweden NMI
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Metrological traceability routes - ISO/IEC 17025:2017
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CIPM MRA specific requirements on metrological traceability

The NMI or DI must make available a full assessment of the uncertainty budget 
and the traceability route for its measurement activity when submitting CMCs for 
intra- and inter-Regional review.

In order for a primary realization or 
representation of the unit of measurement 
to be considered valid, it requires the 
approval of the relevant Consultative 
Committee.

CIPM MRA-D-04
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Traceability exceptions…

Any such exceptions, once approved by the CIPM, will
be available in the CIPM MRA documents part of the
BIPM website.

• In exceptional cases, where neither of these two
routes can be strictly applied, alternative paths for
establishing the traceability to recognized standards
may be proposed to the CIPM through the
corresponding Consultative Committee.
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Primary realization

Primary realization

Real example of practical realization 
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Primary realization

Base units

Derived units
Prefixes

Appendix 2 is published in electronic 
form only and available on the BIPM 
website:
https://www.bipm.org/en/publications/mises-en-pratique/
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When it is technically not possible…
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Joint BIPM, OIML, ILAC 
and ISO declaration 

https://www.bipm.org/utils/common/pdf/BIPM-OIML-
ILAC-ISO_joint_declaration_2018.pdf
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Joint BIPM, OIML, ILAC and ISO declaration 
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ILAC policy for accreditation community

• ILAC P10:01/2013 “ILAC
Policy on Traceability of
Measurement Results”

This document describes the ILAC
policy on metrological traceability
of measurement results.
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ISO 9001
ISO 14000, etc…

NSB
ISO/IEC 17025

ISO 17034 

ISO/IEC 17025
ISO 17034

ISO/IEC 17011

ISO standards

ISO standards
ILAC P10; P14 documents… 

NAB

CABs 

NMI
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76 500 accredited 
laboratories

100 ILAC MRA signatory 
accreditation bodies

Calibration
laboratories

Sectors of economy

Measurement instruments

NMI

SI

260 laboratories participating 
in the CIPM MRA

10 500 accredited inspection bodies
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Unbroken chain of calibrations through the CIPM MRA
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CIPM MRA

The CIPM Mutual Recognition Arrangement (CIPM MRA) is the
framework through which NMIs demonstrate

- the international equivalence of their measurement standards and

- the calibration and measurement certificates they issue.

The work of the CIPM MRA now goes far beyond matters of 
trade to cover climate change, healthcare etc.

- a secure technical foundation for wider agreements



24www.bipm.org

Arose in parallel with the emergence and strengthening of regional metrology 
cooperation through what are now known as Regional Metrology Organizations 
(RMOs). 

Third driver: 
Regional Metrology 
organizations (RMOs)

The origin of the CIPM MRA

Trade relations with the largest economy in the world, the USA. Regulators in the 
USA, and consequently the companies (including non-USA) supplying equipment 
with their sphere of regulation, were demanding that calibrations must be 
‘traceable to NIST’ (rather than ‘traceable to the SI’).

First driver: 
Trade relations

The backdrop to the CIPM MRA was the major increase in world trade triggered by the General Agreement on Tariffs and Trade.
The Uruguay Round — 1986-1994— led to the creation of the World Trade Organization (WTO). As fiscal barriers to trade were
reduced, non-tariff barriers, and the need to address them, were brought into far sharper focus, leading to the Technical Barriers
to Trade (TBT) Agreement which first came into force alongside the WTO in 1995. The need to measure consistently, and to have
those measurements accepted across trading partners, was fundamental to an increasingly globalized world.

Second driver: 
Accreditation 
bodies 

Pressure from accreditation bodies for demonstration of NMI capabilities to which 
the laboratories they accredited were expected to be traceable and of equivalence 
of NMI calibration certificates.
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Timeline of the CIPM MRA

October 1993

CIPM considers a
draft scheme for
using BIPM and CC
comparisons as the
basis for formal
worldwide
traceability

October 1992

CIPM decides that
BIPM should seek a
broad role in
international
traceability of
measurements and
standards - first
official step to the
CIPM MRA

October 1994

CIPM adopts a
draft resolution for
the 20th CGPM:
“Worldwide
traceability of
measurement
standards”

1998

Negotiations with
NMIs and other
interested parties
continue over the
text of the CIPM
MRA and
mechanisms for
KCs and CMCs

1999

April 1999

Final text sent to printers
and to Directors with
invitation to sign during
21st CGPM

July 1999

Last minute objections to
text! After agreement
with objecting party, new
final text sent to printers.

1997

February 1997

First and second drafts of the
CIPM MRA
Meeting of 38 NMI directors
agree that the principle of an
international MRA preferable
to bilateral NMI agreements
or linked regional
arrangements. Revisions to
2nd draft requested

September 1997

CIPM adopts 7th draft and
creates the Joint Committee
of the RMOs and the BIPM
(JCRB) to be responsible for
coordinating
implementation of the CIPM
MRA
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The CIPM Mutual Recognition of national measurement standards and of
calibration and measurement certificates issued by national metrology
institutes (CIPM MRA) was signed in Paris on 14 October 1999 by the
Directors of

38 National Metrology Institutes (NMIs) and
two international organizations.

Launch of the CIPM MRA

Objectives:

• to establish the degree of equivalence of national measurement standards maintained by NMIs

• to provide for the mutual recognition of calibration and measurement certificates issued by NMIs

• thereby to provide governments and other parties with a secure technical foundation for wider
agreements related to international trade, commerce and regulatory affairs.

The essence of the CIPM MRA is that it provides the institutional and 
technical framework (the “what”, “who” and “how”) for NMIs to 
recognize each others’ measurement standards and calibration 
certificates.
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The CIPM MRA is open to:

NMIs of the Member States of the BIPM

certain international and intergovernmental organizations (IGO) invited by the CIPM

NMIs of Associate States and Economies of the General Conference

Participation

The CIPM MRA also introduced the concept of "designated 
institutes" as responsible for certain national standards and 
associated services that are not covered by the activities of the 
"traditional" NMI.

Designated institutes (DIs)
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Essential requirements: Engagement

By signing the CIPM MRA, an NMI agrees to:

accept the process specified in the CIPM MRA for establishing the database

recognize the results of key and supplementary comparisons as stated in the database

recognize the calibration and measurement capabilities of other participating NMIs as
stated in the database
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Essential requirements: Exclusions

The ‘recognition’ offered by the CIPM MRA is not unlimited:

signature of the CIPM MRA engages NMIs but not necessarily any other agency in
their country

responsibility for the results of calibrations and measurements rests wholly with the
NMIs that makes them and is not, through the CIPM MRA, extended to any other
participating NMI
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Participating NMI/DI agrees to:

recognize the degree of equivalence of national measurement
standards, derived from the results of key comparisons

Recognition…

recognize the validity of calibration and measurement certificates
issued by other participating NMIs/DIs
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Degree of equivalence of national standards

The degree of equivalence of measurement standards is
taken to mean the degree to which these standards are
consistent with reference values determined from the
key comparisons and hence are consistent with one
another.

The degree of equivalence of a national measurement
standard is expressed quantitatively in terms of its
deviation from the key comparison reference value and
the uncertainty of this deviation.

CCL- K11
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Validity of calibration and measurement certificates

By placing the logo on a calibration certificate and the 
statement, NMI/DI is indicating that the calibration 
falls within NMI/DI’s calibration and measurement 
capabilities (CMCs) published in the KCDB                   
under the CIPM MRA.
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CMCs in the KCDB

Under the CIPM MRA, CMCs of signatory NMIs are the
fundamental object of mutual recognition.

CMCs are made available in the KCDB in open access,
under the form of PDF files and html pages.

CMCs are published in Appendix C of the KCDB
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CIPM MRA Logo and the statement

Once an NMI has published CMCs, it can apply to the
BIPM Director to use the CIPM MRA logo.

The CIPM MRA logo can be affixed to:
• calibration certificates*
• certified reference materials (CRMs)

* If the calibration certificates include statements of compliance or
verification against an identified metrological specification or clauses thereof,
the following words should be added: “…The “CIPM MRA Logo” and this
statement attest only to the measurement component of the certificate”

“This certificate is consistent with the capabilities that are included in Appendix C of the MRA drawn up 
by the CIPM. Under the MRA, all participating institutes recognize the validity of each other’s calibration 
and measurement certificates for the quantities, ranges and measurement uncertainties specified in 
Appendix C (for details see http://www.bipm.org)”

CIPM MRA-D-02
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Key Comparison Database (KCDB)

KCDB is a public website containing all results of the participation in the 
CIPM MRA:
- List of participants (Appendix A)
- Peer-reviewed measurement comparisons (Appendix B)
- Peer-reviewed CMC declarations(Appendix C)

EQUIVALENCE OF 
NATIONAL STANDARDS

ACCEPTANCE OF 
CERTIFICATES
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Structure of the CIPM MRA

Key players
NMIs (& DIs)

CIPM

BIPM

Consultative Committees of the CIPM (CCs), Working groups

Joint Committee of the Regional Metrology Organizations and the BIPM (JCRB)

Regional Metrology Organizations (RMOs)

…overall coordination is 
by the BIPM under the 
authority of the CIPM

…recognize the degree of equivalence 
the validity of calibration and measurement certificates  

…prime role in choosing and implementing key 
comparisons and in affirming the validity of the results.

…to assist the RMOs and the 
CIPM and development of 
policy proposals for CIPM 

consideration

…to undertake review of NMI/DI Quality 
Systems and peer-evaluation of the NMI 
technical capabilities
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CIPM MRA Organizations Structure

Roles and responsibilities within the CIPM MRA:

overall coordination is by the BIPM under the authority of the CIPM

the Consultative Committees of the CIPM (CCs), the Regional Metrology Organizations
(RMOs) and the BIPM are responsible for carrying out the key and supplementary
comparisons

a Joint Committee of the Regional Metrology Organizations and the BIPM (JCRB)
coordinating the activities among the RMOs in establishing confidence for the
recognition of calibration and measurement certificates, according to the terms of the
Mutual Recognition Arrangement
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Coordination role of the BIPM and the JCRB

Through JCRB, the BIPM operates the CMC review website
The BIPM chairs the JCRB and provides the Executive Secretary

The Executive Secretary position has always been a secondment position from
one of the Member State NMIs to the BIPM, the secondment typically being
for a two year period.

• Chairman of the JCRB: Dr Martin Milton, BIPM Director

• Executive Secretary: Dr Sten Bergstrand

• CIPM Secretary

• RMO representatives to the JCRB

- Representatives may bring up to 4 advisers

The JCRB is responsible for guidelines on
the operation of the CIPM MRA to assist
the RMOs and the CIPM and development
of policy proposals for CIPM consideration
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Technical role of CCs

a) to identify the KCs in each field

b) to initiate and organize, with the collaboration of the
BIPM, the execution of KCs at intervals to be decided
individually for each comparison

c) to review the results of CIPM KCs and determine the KCRV
and degrees of equivalence

d) to approve the final report of CIPM KCs

e) to examine and confirm the results of RMO KCs and SCs

f) to examine and confirm the results of bilateral key
comparisons

Consultative Committees have a prime role in choosing and implementing key 
comparisons and in affirming the validity of the results. In particularly, they are 
responsible:
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Technical role of RMOs

The RMOs play an important role within the CIPM MRA.

In particular, they: 

 Undertaking review of NMI/DI Quality Systems

 Carry out the RMO key comparisons,

 Carry out supplementary comparisons ,

 Representative to the JCRB participates in development of 
policy and guidelines 

 TC Chairs responsible for the review of the CMC’s.

Regional Metrology Organisations (RMOs)
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Diagram of the CIPM MRA

CC RMO WGs play a vital role 
ensuring consistent and technically 
valid application
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Mechanisms of the CIPM MRA
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Essential requirements: Process

The objectives of the CIPM MRA are achieved through:

International comparisons of measurements, to be known as 
key comparisons

Supplementary international comparisons of measurements

Quality systems and demonstrations of competence by NMIs

International peer evaluation of CMC claims
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Mechanisms of the CIPM MRA: comparisons

A fundamental mechanism of the CIPM MRA

Primary function is to establish the degrees of equivalence of 
national measurement standards which is the technical basis on 
which NMIs recognize each others national measurement standards

Key and Supplemental comparisons are also demonstrations of NMI 
measurement capabilities

Registered in Appendix B of the KCDB
There are 3 basic categories

CIPM key

RMO key

Supplementary
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Mechanisms of the CIPM MRA: Quality system

CIPM MRA requires that all signatory NMIs establish and maintain an appropriate Quality 
System (QS) as the basis of establishing confidence in each others calibration and 
measurement activities. 

NMIs have a choice between accreditation and self-declaration of their QS

RMOs are responsible for oversight and approval of the QSs of their member NMIs

RMOs must conduct full review of member NMI QSs at least every five years.
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Mechanisms of the CIPM MRA: Peer evaluation of CMCs

Excel Excel

Create 
CMC Review Publication

JCRB KCDB

INTRA-REGIONAL CMC REVIEW

According to RMO internal procedures

INTER-REGIONAL CMC REVIEW

According to the CIPM MRA documents
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CMCs− NMI/DI drafts CMCs directly onto the platform 
and communicates to TC-CHAIR for review

• TC-CHAIR manages the review process:
− Intra-RMO
− Inter-RMO (reduced duplication)

• REVIEW of CMCs
‒ Intra-RMO
‒ Inter-RMO

• Monitor the CMC 
review process

• Intra-RMO CMC review is integrated into the platform
• Review process and publication database combined

− No manual transfer of data for review
− No manual transfer of data for publication  

CIPM MRA review 
KCDB 2.0 – General concept

Improved user experience:
- Faster review
- Tabulated results
- Numerical search
- Greater consistency
- Better statistics
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Global impacts of the CIPM MRA
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There are many benefits provided by
metrology that are difficult to account for
using a purely quantitative assessment…

It is important to understand that the
importance of metrology extends well
beyond economic benefits…

https://www.bipm.org/en/bipm/int/impact-studies.html
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Impact and case studies related to metrology
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Some FACTS

Challenge

• Offshore plant order by an Oil Major, USA. 
• Calibration traceable to NIST required. 

Solution

• DSME, accredited by KOLAS, a member of ILAC MRA.
• DSME keeps traceability of its standards traceable to KRISS.
• KRISS and NIST are all signatory to the CIPM MRA. 
• NIST confirmed that “traceability to KRISS is equivalent to traceability to NIST”

via the CIPM MRA.

Benefit

• US$ 11 million saved
• US$ 30,000 Invested for calibration

• recalibration at NIST:  
US$ 1 million

• penalty of 2 month delay: 
US$ 10 million

DSME offshore plant

DSME, Korea – BP, USA
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Impact and case studies related to metrology



53

The CIPM MRA signatories are acceptable to the 
Federal Aviation Administration



54www.bipm.org

European Aviation Safety Agency
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Metrological traceability is important because it gives confidence and 
assurance that measurement results are ‘right’

Metrological traceability is realized through a documented unbroken 
chain of calibrations.

NMIs demonstrate measurement capabilities through participation in 
the CIPM and RMO Key or Supplementary comparisons

The CIPM MRA provides easy access to transparent, science 
underpinned, peer reviewed calibration and measurement capabilities 
of the NMI/DI community (but not the only solution)

Conclusion
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Thank you

andy.henson@bipm.org


