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1. Introduction
1.1 The 1998 CIPM report and the 21st CGPM in 1999

In 1998 the International Committee for Weights and Measures (CIPM) published a Report entitled “National and international needs relating to metrology”. This Report gave a broad review of the needs for metrology as identified at that time, describing the national and international structures that provide the technical and legal basis for confidence in measurements. An important part of the Report concerned the Metre Convention, the Intergovernmental Treaty dating from 1875 that continues to provide the basis for international metrology. Under the Metre Convention, the CIPM is given responsibility by the Member States for the International Bureau of Weights and Measures (BIPM). The Report, therefore, also considered the operation and programme of the BIPM and the financial support that Member States would be asked to provide in the coming years.

The 21st General Conference on Weights and Measures (CGPM) in 1999 marked a turning point in the affairs of international metrology. The Conference adopted the main recommendations of the CIPM report. Among these was the extension of the range of activities to be covered by the Metre Convention to include essentially all areas of science and the corresponding extension of the remits of the Consultative Committees. This marked the end of more than a century of slow but continuous broadening of the range of activities carried out under the Convention. In 1875, the Convention covered only length and mass. Despite a number of attempts, starting as early as 1881, to include electrical and other quantities, no extension was made until 1921 when electrical standards were included. Thermometry and photometry were added later in the 1920s and 1930s. In 1960 the decision was taken to include ionizing radiation standards and in 1987 responsibility for time scales was added. In 1993, the first steps in chemistry were taken. In 1999 the Conference endorsed the view that metrology is now a matter that extends to almost all areas of science and that it is the responsibility of the Member States acting through the Metre Convention to provide the necessary infrastructure to support reliable measurements everywhere. 

Also in 1999, the Directors of the national metrology institutes of the Member States of the Convention signed an Arrangement for the Mutual Recognition (MRA) of their national measurement standards and calibration and measurement certificates. This CIPM MRA is now in the course of implementation and great progress has already been made. 

While dealing mainly with the activities carried out under the Convention by Member States, the Conference recognized the need to open up the formal structures for international metrology to developing States and those in transition. A new category of Associate State or Economy to the General Conference was created. This was designed to allow participation in the CIPM MRA at much lower costs than full membership to those States and Economies not yet ready to become Member States. There are now six such Associates and we expect the number to grow rapidly in the coming years.

A full account of the 21st CGPM has been published by the BIPM and is available on the BIPM website (www.bipm.org). Also available on the website are the ten Resolutions adopted by the Conference. These concern the need to use SI units in international programmes relating to the environment, human health and medicine as well as a number of technical matters.

The Conference approved the reformulation of the role of the BIPM that was proposed by the CIPM in its Report and adopted a new programme and budget for the BIPM for the years 2001 to 2004.

Throughout the years the BIPM has demonstrated the ability to be able to accommodate the new programmes and cease activities of lower priority, while the Member States have given the extra financial dotations needed to realize the new programmes like those on electricity in the 1920s and on ionizing radiation in the 1960s.

1.2 Content of the new 2002 Report

Since the drawing up of the CIPM Report in 1997/8 and the 21st CGPM in 1999, there has been a considerable increase in the international profile of metrology. This has arisen for two reasons: the first is due to the CIPM MRA, which is increasingly cited in trade and other agreements; and the second is the rapid rise of the perceived need for metrology in chemistry and the biological sciences. The second of these has resulted from public anxiety as to the effects of such things as genetically modified crops and the consequently increasing regulations that call upon reliable and traceable measurements. A new EU Directive related to in vitro diagnostics has stimulated the world’s diagnostics industry to call directly for help from the international metrology community so that the requirements of the Directive can be met by the end of 2003 when it comes into force. The BIPM has already taken action in this field. Although some of this was foreseen in the 1998 Report, the speed at which the need has arisen was not forecast. 

In response to these rapid developments, the CIPM decided to draw up this new Report in which the metrological implications of these new needs are examined and an appropriate response from the BIPM proposed. Much of the background already covered in the 1998 Report is assumed to be known by the reader. Here only a brief outline of that is given. 

In preparation of the new Report, the CIPM sent out two questionnaires to the Directors of the NMIs. 
The first was sent in May 2001 and asked the Directors to give their views on their  expectations concerning the development of metrology in their country, on areas of major investments, on new areas of metrology, on the consequences of the application of new technologies, on the development of new networks in metrology, on the general services to be delivered by the BIPM and on priorities to be set. 
The second questionnaire was sent in December 2001 and asked more specific and detailed questions on how they value the services at present supplied by the BIPM.

This new Report contains five main sections. The first and second chapters include an outline of the current and emerging needs for metrology and of the growing needs of developing countries, an issue which is of increasing importance. This is followed by a brief description of the existing national and international structures that provide the basic metrological infrastructure. Included here is a section on the foreseeable effects of new technologies on metrology, particularly the use of the internet for certain metrological operations. There follows a chapter on the economic impact of metrology. This is something that was not treated specifically in the 1998 Report although it was mentioned. A brief analysis is given of a number of recent studies of the economic benefits that accrue from the work of NMIs. In addition, the results are presented of a study commissioned by the BIPM of the economic benefits for the Member States of certain important aspects of the work of the BIPM and the potential economic impact of the CIPM MRA. The last major chapter is devoted to the BIPM, its role and current programme and the perspectives for the future taking account of the needs discussed here in Chapter 2. The financial commitment that will be required from Member States is given. The Report ends with a short chapter that collects together a number of conclusions from the questionnaires. 

This Report is intentionally shorter and less comprehensive than the one produced by the CIPM in 1998 since no purpose is served by repeating much of the basic background that can be found in the earlier Report. The full text of the 1998 Report is on the BIPM website.

2. Evolving needs relating to metrology

Measurements have been carried out as long as civilisation has existed. Reliable measurements, fit for the purpose in hand, have always been a requirement of an organized society. People do not accept false measures in trade and require protection against arbitrariness. Reliable weights and measures have been the responsibility of the State since time immemorial. In all countries of the world today, the responsible authorities see it as their task to define the measurement units and standards and to make proper arrangements for the practical realization and dissemination of basic standards.

The Metre Convention had its origin in the period of the nineteenth century that saw the rapid growth in international trade in manufactured products. Some sort of international agreement on units of measurement was seen to be essential. At that time the basis of physical science was being established by such towering figures as Maxwell, Kelvin, Weber and Helmholtz, all of whom were closely involved in defining standards. The science of measurement standards came to be known as metrology. Metrology in the physical sciences was already highly developed by the end of the nineteenth century. The major national metrology institutes were established then and at the beginning of the twentieth century. Advances in science and the development of high-technology industry have led to the present state of physical metrology, which is an essential part of the infrastructure of today’s world. 

Today, however, reliable measurements are required in a much wider range of human activities than even in the recent past. One of the effects of globalization of trade has been that traceable, comparable and mutually acceptable measurements across the world are now required not only in the trade of manufactured products but also in almost all aspects of international trade. These include foodstuffs, health products and health instrumentation as well as the multitude of measurements that are part of the process of protection of the environment. Global climate studies bring together an enormous range of sciences and for a sound model to be developed it is necessary that the data from all these areas be comparable. In general there is now a demand for people to have confidence in the credibility of the results of measurements because in so many ways decisions based on the data that come from measurements are increasingly seen to have a direct influence on human health and welfare. The only way for this to be assured is for measurements in all areas of science to be made in terms of a well-defined system of units, namely the International System of units (SI), and that they are seen to be made within the context of the global measurement system whose reliability is assured by the NMIs and the BIPM working together. 

2.1 Evolving needs for metrology

The following is a brief summary of those areas of metrology that have changed significantly more than was foreseen at the time of the 1998 Report:

Metrology in chemistry: Since the 1998 Report was drafted, there has been a rapid development in the need for metrology in areas that in the past had only distantly been connected to the world’s measurement system. Foremost among these is chemistry in all its aspects. Although the CIPM in the late 1980s began discussing the possibility of taking some action to bring forward metrology in chemistry, and the Consultative Committee for Amount of Substance (CCQM) was created in 1993, the wider chemical community has only recently begun to take notice of these developments. Even only five years ago, the need to address problems of metrology within the wider chemical community was hardly a subject that was discussed. This is no longer the case.

For example, recently the National Conference of Standards Laboratories in the USA created a Chemical Metrology Committee and only in 2002 the annual Conference of the American Organization for Analytical Chemistry (AOAC) organized a session on the international aspects of metrology for the first time. Remarkable is the ever increasing interest of the chemical industry for internationally recognized traceability and comparability, as evidenced by a session devoted to the removal of technical barriers to trade at the PittCon meeting, one of the largest yearly conferences and exhibitions in the world held in the USA. 

Measurements in health care: Important developments have taken place in health care over the past decade. As a result of advanced measurements the diagnoses of patients have improved considerably, thus improving the chance of successful treatment.

Unfortunately, there still remain many problems of comparability in hospital measurements not only at the international level but also within and between hospitals. Resolution of these problems would lead to immediate improvements in health care as well as to considerable cost savings. The need to ameliorate the situation was recognized by the European Commission and resulted in the In Vitro Diagnostics (IVD) Directive due to come into force at the end of 2003. The Directive requires traceability to measurement standards of higher order (without being specific as to what standards are required).

Also in other regions in the world, such as the USA, traceability of measurements in laboratory medicine is pursued. The NIST in close cooperation with the US medical community has been and is developing a large number of certified reference materials, forming the source of traceable measurements in laboratory medicine.

The professional organizations in the field, the IFCC and the WHO, as well as the IVD industry, together with the regulators, CRM (certified reference material) producers, the accreditors under the ILAC, the national metrology institutes and the BIPM are establishing a Joint Committee on Traceability in Laboratory Medicine (JCTLM). The aim of the JCTLM is to establish internationally recognized traceability and comparability and to foster where needed the establishment of a recognized  international network of reference laboratories. This is seen to be essential in order to meet not only the In Vitro Diagnostics Directive but also to meet wider concerns for reliability in laboratory medicine.

It should be noted that many of the measurements required in this field are ones that cannot at present be made in units directly traceable to the SI. This is the case because the biological activity of many pharmaceutical preparations is not a quantity that can be measured in physico/chemical terms. In these cases, standards are based on so-called international units defined in terms of the biological activity of reference samples.

Metrology in food safety and testing: Food safety and food testing now have a high public profile. Recent examples of disasters in this field (BSE, salmonella, dioxine) have demonstrated that reliable sampling and measurements are an essential component of proper decision taking.

The fact that the existing national systems are not at all optimum has led to the development of a system of EU and national reference laboratories in the EU. A large number of working groups under the Codex Alimentarius (WHO and FAO) are developing better and validated measurement methods. To address all the concerns with respect to genetically modified food, better and traceable measurements are being developed.

Apart from the fact that food testing is closely associated with public health, it should not be forgotten that food is a major internationally traded  product and thus subject to technical barriers to trade. The field of food testing is one in which many reference standards are not, and as yet cannot be, linked to SI units. 

Measurements related to the quality of life: There now exist many types of measurements related more or less closely to what the public perceive as “quality of life”. These include measurements of noise, dust, vibration and even measurements of subjective quantities such as taste, smell and appearance (e.g. glossiness of paints is a well-known and critical parameter in car manufacturing). These include environmental measurements, measurements in health care and in food testing. However, there are many more areas where reliable and internationally agreed and recognized comparable measurements are of importance, such as those on behalf of customs, law-enforcement, anti-doping, security, etc. 

Measurements related to the monitoring of environmental pollution: The degradation of the environment from the damaging effects of human and industrial activity, be it in the ground, water or in the air, must be measured accurately. This is not only to ensure reliable data for checking conformity to standards and for decision-making related to protective measures but also for new applications; for example, when formal arrangements for emission trading become operative. The costs connected with keeping the environment clean or connected with the cleaning process itself are enormous. Incorrect measurements lead to wrong decisions and will cost the producer or society very large sums.

National pollution measurement networks have been established in many countries and are still being installed. Both national and regional (EU) regulations (Directives) with respect to exhaust gases and several other pollutants have been approved.

Since the environment is not limited by national borders there are important international implications in any drawing up and implementation of regulations. 

In order to monitor possible climate changes and provide reliable data for climate modelling, a Global Atmospheric Watch has been put in place by the WMO. These are measurement points spread all over the world that monitor the different parameters like wave heights, temperature, green house gases, ozone etc., over very long periods. These measurements are only meaningful if they are anchored well to very long-term, stable, internationally agreed and recognized, global measurement standards. This requires regular calibrations and international comparisons, not only in the field of physical measurements but also in the field of measurements in chemistry. 

Measurements in biotechnology and biology: There are new and urgent needs for standardizing measurements of genetically modified food products. Large export markets depend upon public acceptance of the results of the measurements of the presence or absence of GM products in food. The current measurement methods lack rigour and are not well characterized or understood. DNA technology is another area of modern biotechnology where a metrological infrastructure has yet to be developed. In all of these areas it is essential that worldwide comparability of measurements be quickly achieved because it will soon be required by the public.

2.2 New approaches and areas of metrology

The class of quantities for which it is not yet possible to assign SI units, for example the case already mentioned of international units of biological activity, is one that must be taken into account. It is likely that in several other areas, particularly in the food domain, one has to agree internationally on empirical but validated units. The CIPM in its meeting of October 2001 accepted that if the needs of trade, industry, regulators and society so require it, such units will be considered by the CIPM and the Consultative Committees despite the fact that they are for the present not linked directly to the SI. As knowledge advances, it is becoming possible to extend objective and SI-related measurements into these fields but in many cases that time is still in the future.

2.3  Effects of new technologies and consequences of their application 

The wide and still increasing applications of information technology (IT) have a very wide impact on the field of metrology and the way the NMIs and the BIPM will work. It will certainly influence the relationship between the calibration and measurement laboratories, being the customers of the NMIs. IT applications will make it possible to accelerate the training of new and developing NMIs and will facilitate the transfer of knowledge between the NMIs themselves as well as between the NMIs and their customers.

IT applications will also make it possible to facilitate remote-controlled comparisons and on-site calibrations. Whenever this is feasible, it reduces the costs of travelling, calibration and comparison time, waiting times and the costs involved in double investments and logistics.

New femtosecond standards reduce considerably the measurement chains, saving laboratory space, investments and duration of measurement, while generating higher accuracies.

New materials and production technologies lead to the miniaturization of measurement devices, making it possible to measure very quickly small amounts with lower uncertainties.

Nano-technology will develop further based on the application of microbiology and bio-technology. 

Nowadays, many calibration and measurement laboratories are in the possession of quantum-based intrinsic primary standards, such as atomic clocks, stabilized lasers, quantum voltage and electrical resistance standards as well as primary measurement technologies for measurements in chemistry. These devices do not need calibration in the usual sense of the word but they need verification to ensure that the technology is being correctly applied. For this it is necessary that inter-laboratory comparisons take place, which must be organized by the NMIs. 

As some of these developments are rather costly and require state-of-the-art science and technology, it may be wise to arrange for partnerships in development with other developers and users. These partnerships may not only be established between the NMIs, but may also include industry.

2.4 Needs of developing countries for metrology 

In almost all developing countries there exists a national metrology organization, mostly carrying out some legal verifications for the purposes of retail trade. Most of these organizations lack appropriate (national) measurement standards and calibration and verification equipment. They also urgently need metrological education and practical experience.

Regularly maintained and internationally recognized traceability of the national measurement standards is often lacking as well as regular participation in international comparisons. 

In order to enlarge and strengthen the export possibilities for products from developing countries, and to allow the developing countries to measure and test products that they import, it is crucial that confidence be established in measurement and test results carried out in these countries. Independently of the accuracy levels realized in the NMIs of the developing countries, it is essential that the existing calibration and measurement capabilities become visible under the CIPM MRA and internationally recognized.

For this we strongly advise developing countries to become Associate States or Economies of the CGPM, perhaps as a preliminary to becoming Member States of the Metre Convention. The Regional metrology organizations have an important role to play in supporting metrological activities in developing states and encouraging them to become Associates of the CGPM.

To assist in the coordination of metrological assistance to developing states, the CIPM is cooperating with the ILAC, OIML, ISO and UNIDO. A common approach by the international organizations mentioned above will serve the developing countries and be of help to the donor bodies by putting in place a coherent worldwide programme. These discussions are at an early stage and the first meeting takes place in April 2002. 

If these first discussions prove successful, it is also planned to organize meetings with donor bodies such as the World Bank and Regional Development Banks, as a means of assisting these institutions in developing the right projects on behalf of the developing countries. 

The BIPM, together with the OIML and the IMEKO and financially supported by UNIDO, is organizing seminars for developing countries.

2.5 Technical barriers to trade

Among the so-called "technical barriers to trade (TBTs)" is the lack of mutual recognition of measurements and tests. This results in duplication of measurements and tests in the exporting and importing countries with a corresponding increase in costs and waste as well as delays and the risk of dispute concerning the results. 

Internal markets like the APEC, EU, NAFTA, MERCOSUR and the SADC work efficiently only when TBTs are removed. The mutual recognition of measurements and tests is not, however, something that can be put in place by the stroke of a pen. A reliable infrastructure of mutual confidence in measurements and demonstrable verification must first be there. This takes time. 

It is for this reason that the EU is paying a lot of attention and investing a great deal of money in the development of the national metrology infrastructure of new EU candidate countries. 

The implementation of trade agreements under the WTO requires the existence of an  internationally recognized system of comparable and traceable measurements. As international accreditation agreements are tools for creating confidence in the competence of measurement and testing laboratories, they are based on the understanding that the measurements and tests carried out are reliable, traceable and comparable. This requires the existence of an international network of national metrology laboratories to which all the industrial and other measurement, calibration and testing laboratories can refer.

The CIPM MRA was created for this purpose. The need to have an internationally accepted and reliable measurement system in place is now understood by government trade authorities and regulators.  The MRA is now recognized and cited as providing the measurement infrastructure in trade agreements, for example in those signed between the EU and the USA. This also shows up indirectly via the accreditation agreements referred to in the trade accords signed between Switzerland, Australia, New Zealand and the EU.

The need for developing countries to be part of this system is obvious. 

3. The evolving national and international structures

3.1 The National Metrology Institutes (NMIs) and Regional Metrology Organizations (RMOs)

The NMI

In practically every country a law exists that requires the Government to provide for the establishment of appropriate measurement standards through some sort of national metrology institute (NMI).

The NMI is in charge of realizing, maintaining and disseminating the national measurement standards of that country. Depending on the level of industrial development, the needs of its society, the economic situation and the size of the country, these national measurement standards are primary or secondary. The major aim of the NMI is to deliver internationally recognized traceability and comparability to its customers, who may, for example, be calibration and measurement laboratories from industry, institutes, or government. The NMI can achieve these goals either by calibrating the customers’ measurement standards and measuring devices or by organizing inter-laboratory comparisons in cases where the clients have intrinsic primary standards. More and more the services of the NMIs include the delivery of Certified Reference Materials (CRMs), which are characterized and assigned values by the NMI. 

Taking into account recent developments in metrology, which nowadays also covers the fields of chemistry and bio-technology, including their applications in environmental measurements, health care, food testing, forensics and drugs, and considering the consequent necessity to liaise with those organizations having responsibilities in these fields, it is important that the NMIs establish networks with all parties involved.

In many cases the NMI is not able to establish for itself metrological activities in all of these new fields of metrology. In that case it is strongly recommended that the NMI or its government designate another institute as the NMI for one or more quantities and measurement ranges. These “designated” NMIs will then have to join in the relevant activities of the other parties concerned, whether they be RMOs, the BIPM or the related Consultative Committee (CC). Of course, these designated NMIs have to fulfil also all the requirements expected of the NMI itself, including the installation of a quality system based on ISO 17025, being accredited or having peer-review visits and full participation in international studies and key and supplementary comparisons. 

There are advantages in having one central national metrology institute from several points of view: maximum synergy and efficiency, transparency, as well as international visibility and recognition. In many countries, however, this is not the case for historical reasons. In 

particular, in several small countries a decentralized NMI exists, consisting of a cooperation between the NMI and one or more calibration laboratories from universities, other national institutes or governmental organizations, or sometimes even private companies.

While such a decentralized system can be effective; it has to be ensured that continuity is sufficiently guaranteed and that a fair economic playing field is maintained in the case of commercial companies playing the role of the NMI in a defined field of metrology.

It is convenient for decentralized, designated NMIs to be identified by a combination of the acronyms of the national NMI and of the designated NMI (acronym national NMI/acronym designated NMI).

Conformity of the quality system with the ISO 17025 standard is favoured, while in most cases accreditation of the designated NMI will be required from an appropriate body that is a signatory to the ILAC MRA. 

A considerable number of NMIs themselves (some 50%) have been or are planning to become accredited. In many countries/economies the NMIs are required also by their governments to demonstrate their competence by having their own laboratories accredited. 

Over the past few decades the NMIs have worked closely together with their National Accreditation Bodies in accrediting calibration laboratories from industry, institutes and government. The NMI, together with the accredited calibration laboratories, constitutes the national metrological infrastructure, which is a major leverage in disseminating traceability.

To fulfil the needs of its national society, the NMI may also consider more international cooperation with other neighbouring NMIs, sharing facilities and division of work

With respect to the support to developing NMIs it is expected that the NMIs of more developed economies will work together with the BIPM under the Metre Convention and with financing institutes and development organizations, such as UNIDO.

For the full international recognition of the competence and reliability of the (designated) NMI and the traceability and comparability of the national measurement standards as maintained by the NMI, it is essential that the NMI is seen and internationally recognized as a signatory to the CIPM MRA.

It is thus essential that the country to which the NMI belongs is a signatory to the Metre Convention or, if this is not yet realized, at least an Associate to the CGPM. 

The RMO

The role and tasks of the modern RMO have expanded considerably in recent years.

Apart from regional coordination, transfer of know-how, common R&D, sharing capabilities, delivering traceability on behalf of NMIs not having primary standards or methods, etc., the realization and implementation of the CIPM MRA has added a considerable amount of work. An enormous burden has been created by the requirement to organize regional key, supplementary and bilateral comparisons, including the task of reviewing the quality systems and the calibration and measurement capability claims of all the NMIs in the region and those from other regions.

To facilitate these activities, representatives of the RMOs come together in the JCRB to discuss the CMC claims and the operation of the CIPM MRA.

3.2 The Metre Convention

The Metre Convention is the intergovernmental treaty under which formal agreements are made on units of measurement and most matters related to  the world’s measurement system. The Convention was signed in 1875 and laid down the formal structure within which governments now cooperate on these matters. Under the Convention, the SI was established and is maintained and kept up-to-date to meet the newest scientific developments and  the needs of society.

France is the depository state of this intergovernmental treaty, which so far has been signed by 52 States. Included are all the industrialized and major States of the world, accounting for some 90 % of world GDP. Once every four years, Member States send delegates to the General Conference of Weights and Measures (CGPM). 

It is expected that the number of Member States, including the smaller and developing countries, will increase considerably in the near future.

A governing board, the International Committee of Weights and Measures (CIPM), acts on behalf of the Member States and has full responsibility for overseeing and guiding the activities of the BIPM. It executes the decisions taken by the CGPM as well as preparing the meetings of the CGPM.

The CIPM is assisted by ten Consultative Committees (CCs), addressing scientific issues in all fields of measurement.

The aim of the Metre Convention  is to define and supervise the world’s measurement system, the SI units and the realizations and dissemination of these units to meet the needs of the day. The requirement for reliable, traceable and comparable measurements in the modern world is increasingly demanding and may require the definition of new measurement quantities, units and related measurements standards, even going beyond the existing SI.

During its meeting in October 2001 the CIPM decided to look into this problem and seek useful solutions in close cooperation with the organizations involved in the measurement areas concerned, such as laboratory medicine and food testing.

The organization under the Metre Convention

The CGPM

The Member States of the Metre Convention meet in general every four years at the CGPM. The CGPM decides on the major issues and on the tasks and budget of the BIPM, which is located in Sèvres, near Paris. In its meeting of October 1999 the CGPM decided to create the new category of Associate State or Economy of the CGPM for those countries and economies which are not yet able to sign the Metre Convention as a full member. In particular this possibility is of importance to developing countries for which the financial fees of the Metre Convention are still somewhat a burden. Associate Members of the Metre Convention may attend the meeting of the CGPM, but have no voting rights. They are, however, in a position to sign the CIPM Arrangement on Mutual Recognition of national measurement standards and of calibration and measurement certificates issued by national metrology institutes.  

So far, there are now six Associate States. It is expected that the number of Associate Members will increase considerably in the near future.

The CIPM

Under the Metre Convention the CIPM is the Governing Board over the BIPM, acting on behalf of the Member States of the Metre Convention. It prepares the meetings of the CGPM, which are held at least once every six years. Over the past few decades the CGPM has met every four years.

The CIPM secures the decisions made by the CGPM and takes all the measures to ensure the aims of the Metre Convention by coordinating the metrological activities in the world and by establishing cooperation between parties and stakeholders involved in metrology.

The BIPM

The BIPM is the centre for world metrology and is the executive arm of the Metre Convention. It has laboratories and offices at Sèvres. Its programme and financing are discussed below in Chapter 5.
Meetings of directors of NMIs

As a means of improving the communication between the BIPM and the CIPM with the Directors of the NMIs, annual meetings have been introduced to which the Directors and the members of the CIPM are invited. Scientific and technological developments, globalization of trade and industry as well as the increased and broadened importance of reliable and comparable measurements in all sectors of society require quick, intense and careful policy and decision-making processes. Intensive cooperation between the NMIs themselves and between the NMIs and many other organizations involved in measurements require regular consultations. Moreover, regular contacts between the Directors of the NMIs and the BIPM will facilitate the harmonization of services delivered by the BIPM based on the needs of the NMIs, and will lead to better and regular transfer of expertise, improved quality of the services involved and the rapid solution of problems when they arise.

The Consultative Committees

Beginning in 1927, the CIPM created a number of CCs bringing together the world’s experts in specified fields as advisers on scientific and technical matters. Among the tasks of the CCs are the detailed consideration of advances in physics, chemistry and bio-technology that influence metrology, the preparation of Recommendations for discusssion at the CIPM, the instigation of international comparisons of measurement standards and the provision of advice to the CIPM on the scientific work in the laboratories of the BIPM. The number of CCs as well as their scope has constantly been adapted in order to fulfil the needs of the NMIs and society. There are at present ten CCs addressing the fields of:

· Electricity and Magnetism (CCEM)

· Photometry and Radiometry (CCPR)

· Thermometry  (CCT)

· Length  (CCL)

· Time and Frequency (CCTF)

· Ionizing Radiation  (CCRI), consisting of three sections

· Units (CCU)

· Mass and Related Quantities (CCM)

· Amount of Substance, Metrology in Chemistry (CCQM)

· Acoustics, Ultrasound and Vibration  (CCAUV).

Furthermore, an ad-hoc Working group on Viscosity has recently been established.

Most of the CCs have one or more working groups addressing specific specialist fields. For example, the CCQM has created seven Working Groups on Organic Analysis, Inorganic Analysis, Gas Analysis, Electro-chemical Analysis, Bio Analysis, Surface Analysis and Key Comparisons.

Due to the realization and implementation of the CIPM MRA, the role of the Consultative Committees has increased considerably. International comparisons, so-called Key Comparisons, are now regularly organized for almost all measurement quantities. It is the task of the CCs to organize these Key Comparisons, validate methods, evaluate the results and agree on the final results and conclusions.

Moreover, the CCs have the responsibility to review the results of Regional Key and Supplementary Comparisons as well as other relevant bilateral comparisons.

In many cases the experts of the CCs have in addition to harmonize the categories of calibration and measurement capabilities realized and offered by the NMIs.

The same experts also have to judge the calibration and measurement claims of the NMIs to be published in Appendix C of the CIPM MRA.

Compared with the level of activity five years ago, the workload of the CCs has been multiplied significantly. These new expanded tasks require close cooperation with the Regional Metrology Organizations.

In order to ensure good cooperation with all the NMIs and RMOs, the composition of the CCs has been reconsidered. In particular, by admitting more observers to the CCs it is possible to involve all RMOs. A flexible admission policy for the Working Groups of the CCs makes it possible for the NMIs of developing countries and economies, as signatories to the Metre Convention, to participate in the CC activities and at least be able to learn what is happening. 

Joint Committees

Joint Committees with other organizations complete the organizational structure under the Metre Convention. We mention here the Joint Committee for Guides on Metrology (JCGM) with its two working groups, one on the International Vocabulary on Basic and General Terms in Metrology (VIM) and the other for the Guide to the Expression of Uncertainty in Measurement (GUM). In the JCGM the BIPM cooperates with the OIML, IUPAP, IUPAC, IFCC, ISO and the IEC.

Recently a Joint Committee on Traceability in Laboratory Medicine has been created in cooperation with the IFCC, the WHO and the ILAC. There was recentlya Joint Committees with the IAU on the application of general relativity to metrology.

It is expected that more joint committees will be established in the future. 

3.3 CIPM Mutual Recognition Arrangement (MRA)

As a consequence of laboratory accreditation and international trade agreements established in the mid-90s, it was felt urgent that a transparent and reliable system be put in place with respect to the reliability and comparability of the national measurements standards of the countries, which are the sources of traceability for all calibrations and measurements. If no confidence can be established in the basic standards of measurement and testing in countries it is very unlikely that one can have international confidence in the results of measurements and tests carried out by industry, traders, regulators and other institutes.

These considerations have led to the creation of an international agreement addressing the issues at stake under the umbrella of the Metre Convention. 

During the meeting of the CGPM in October 1999, thirty eight Member States of the Metre Convention together with two other international organizations (the IAEA and the IRMM of the EU) signed the CIPM Arrangement on Mutual Recognition of national measurement standards and measurement certificates issued by national metrology institutes (CIPM MRA).

In the meantime the CIPM MRA has been signed by two more Member States and by six Associates, bringing the total number of signatories to 50.

The objectives of the CIPM MRA are:

· 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.

These objectives are achieved by a process of:

· international comparisons of measurements, to be known as Key Comparisons;

· supplementary international comparisons of measurements;

· quality systems and demonstrations of competence by NMIs.

The outcome of the CIPM MRA is published in the form of statements of the measurement capabilities of each NMI in a database maintained by the BIPM and publicly available on the Web. 

The major parts of the database are Appendix B stating all the results of the key and supplementary comparisons, and Appendix C where the calibration and measurement capabilities of the NMIs participating in the CIPM MRA are listed.

The organizational structure responsible for establishing and maintaining the CIPM MRA is based on:

· the overall coordination by the BIPM under the authority of the CIPM, which itself is under the authority of the Member States of the Metre Convention;

· the CCs of the CIPM, the RMOs and the BIPM being responsible for carrying out the key and supplementary comparisons;

· a Joint Committee of the Regional Metrology Organizations and the BIPM (JCRB), being responsible for analysing and transmitting entries into the database for the calibration and measurement capabilities declared by the NMIs.

The database, which is still growing, now already contains some twelve thousands individual CMC entries, covering all fields of measurement.

The JCRB

The JCRB is charged with:

· coordinating the activities among the RMOs in establishing confidence for the recognition of calibration and measurement certificates, according to the terms of the MRA;

· making policy suggestions to the RMOs and to the CIPM on the operation of the MRA;

· analysing the application by each RMO on the basis of the criteria of the MRA;

· analysing and entering into Appendix C the proposals of each RMO in respect of the calibration and measurement capabilities of their member NMIs and reporting to the CIPM;

· facilitating appropriate inter-regional supplementary comparisons;

· writing an annual report on the activities of the Joint Committee to the CIPM and to the signatories of the MRA. 

At present, the JCRB meets twice a year and has demonstrated that it is able to make good progress and establish confidence between all the participating RMOs and the NMIs.
Major points on the agenda of the JCRB concern the proper and efficient organization of the activities under the MRA, the planning and fine-tuning of the related activities of the RMOs, the consideration and harmonization of the way in which the quality systems of the NMIs are judged by the respective RMOs, and the building of mutual confidence.  

With respect to the criteria on quality systems the ISO 17025 standard is favoured. In the case where a NMI is not accredited, an international team of peers may visit the NMI in order to obtain the necessary insight into the way quality is realized and maintained.

3.4 International cooperation on R&D, measurement capabilities and transfer of know-how 

It is the task of the NMI to deliver those calibration and comparison services which are mostly needed in that country. In addition the NMI will develop and maintain national measurement standards and measurement devices to the level of accuracy needed for the economy and the society of the country concerned. 

For financial reasons it is almost not possible and certainly not needed that every individual country realize and maintain primary measurement standards for every quantity. Certainly for small and developing countries the need for international cooperation and sharing of capabilities and division of work is a point of serious consideration. International cooperation will reduce costly duplication and make it possible to realize more complementary activities, leading to a broader service to the customers. On the other hand, to avoid false solutions and mistakes it is a principle of good metrological practice and science that the development of new measurement standards and related technical capabilities be realized by at least three or more institutes in the world, preferably applying different principles of measurement. 

International cooperation on R&D will lead to more efficient and timely development of improved  and new measurement standards and calibration and comparison capabilities. Organized and systematic transfer of know-how has to guarantee that knowledge obtained during development is commonly shared by the participating countries. This requires an open- minded structure in which, in general, a purely commercial approach does not fit.

To guarantee the necessary continuity and real common ownership of the developments and facilities it is mandatory that these common projects be well formulated and based on a contractual relation, including assurances of a level economic playing field, accessibility for customers, delivery times, financing, staff, ownership and patent rights.

Possible problems with respect to transportation, customs, VAT and other legal requirements have to be taken into account as well.

National and Global networks

Since metrology is a basic tool in almost every type of trade, industry and society, it is necessary to maintain good cooperation with the active partners having responsibilities in the different fields.

Global networks of the BIPM include a large number of international organizations, such as

the IAU, CIE, ICRU, IFCC, IMEKO, ISO, IEC, IUPAC, IUPAP, and the OIML. In most cases the cooperation between these organizations is based on a pragmatic relationship with the CCs of the CIPM and with other bilateral or multilateral working groups.

The cooperation of the BIPM with the ISO has recently been broadened to category A liaison with the ISO-CASCO committee.

The increased focus on removing technical barriers to trade requires a very transparent international agreement on recognized traceability and recognition and acceptance of calibration certificates and measurement reports issued by the NMIs. Hence the justification for the CIPM MRA. This CIPM MRA will only be successful if it fulfils the needs of the other parties involved in international trade, such as the traders, the regulators, the WTO and the accreditation bodies represented by the ILAC. For this reason the CIPM has requested to be an official observer of the WTO TBT Committee. 

In 2001 the CIPM signed a Memorandum of Understanding (MoU) with the ILAC. 

The cooperation with ILAC includes mutual harmonization of the ILAC Arrangement and the CIPM MRA, timely consultation on policies and guidance documents with respect to traceability, certified reference materials and other related measurement issues, exchange of lists of metrology expert/NMI peers involved in the accreditation of NMIs and cooperation in development aid.

The rapid development of metrology in chemistry and the urgent need to realize reliable comparability and traceability in the fields of environmental measurements, clinical measurements and measurements in laboratory medicine in general, in food testing (human as well as animal), forensics and anti-doping, has led to the further development of a series of networks with among others the WMO, the IFCC and the WHO, while contacts are being established with the Codex Alimentarius and the World Anti-Doping Agency.     

In the meantime a MoU has been signed between the CIPM and the WMO, addressing the establishment of traceability and comparability underpinning the Global Atmospheric Watch programme.

A similar type of cooperation is being fostered with respect to the other above-mentioned sectors. With respect to clinical chemistry and laboratory medicine, the IFCC, the WHO and the ILAC have formed a Joint Committee on Traceability in Laboratory Medicine (JCTLM)  to promote and establish traceability in clinical measurements by delivering traceable reference materials, realizing national networks of clinical laboratories and, where applicable, reference laboratories that can cooperate with the NMIs. A unique feature of the JCTLM is that not only are the aforementioned stakeholders represented but also others, such as the IVD industry, different professional organizations and regulators (e.g. FDA and the EC).

It is essential that the cooperation now established rather successfully at the global level also be realized at the regional and national levels.

3.5 International Organization for Legal Metrology (OIML),  ISO/IEC

OIML and Legal Metrology

Under legal metrology, in the general and wide sense, is understood all legislation regulating the basis of measurements (units and national measurement standards), the formulation of limits of error and other quality requirements, as well as methods for testing measuring equipment needed for legal verification and reverification.

The realization and maintenance of the national measurements standards require expert metrologists and specialized laboratories which are more scientifically oriented. In many countries this is carried out as part of a larger organization, in separate metrology departments for standards, or in different NMIs. In other countries the NMI is part of a legal metrology organization, also having responsibilities for legal verifications. 

Normally one understands under legal metrology only the organization which is in charge of the verification and reverification of measuring instruments which are brought under legal control.

In developing countries there is often not yet a clear distinction between the national measurement standards and legal metrology testing.

It is essential that the responsibilities and activities of the NMI and the legal metrology organization be well coordinated.

The BIPM and the OIML are coordinating the activities which are of importance to both organizations; these include development of a model metrology law, seminars for developing countries and traceability issues. Further strengthening of the cooperation between both the organizations will be encouraged where relevant.

ISO/IEC

As mentioned in 3.4, the BIPM is a A-liaison body in the ISO/CASCO. This makes it possible for the BIPM to be directly involved in the writing of ISO Quality standards. Since quality is closely related with proper, fit-for-purpose, reliable measurements a close cooperation between the BIPM and ISO is necessary.

The already existing cooperation with respect to the VIM and the GUM is of course extensive and being implemented.

It is fostered and expected that cooperation will increase and will not be limited to the aforementioned fields, but will be extended to cover all written standards in which traceability and measurement standards, including CRMs, are referenced including in particular measurements in laboratory medicine and food testing.

It is highly desirable that the collaboration between the BIPM and the ISO additionally becomes established at the regional level between the RMOs and the regional standardization bodies and of course, mutatis mutandis, also at the national level.

It has to be remarked here that standardization is not limited to the agencies indicated above, but may include such standards writing bodies as the Codex Alimentarius, the WHO, and the AOAC. In several cases cooperation will also be required with these organizations.

3.6 Accreditation, ILAC

Together with the NMI, accredited calibration laboratories from industry, universities and other institutes form the national metrology infrastructure, which serves the needs in a country for reliable and, in principle, internationally recognized calibrated instruments. The ISO 17025 standard provides a powerful tool for the creation of confidence in the capabilities and competence of accreditation laboratories. Such confidence is not only based on technical competence but also on good management. 

The technical accreditation standards require internationally recognized traceability with respect to measurements and tests and in order to demonstrate this a transparent, internationally recognized metrology system is needed. The CIPM MRA fulfils this requirement.

As previously mentioned, for several reasons metrology and accreditation are closely related and it is clear that a close cooperation with the ILAC is needed.

In November 2001 the CIPM and the ILAC signed a MoU describing the essential need for cooperation. Based on this MoU a more detailed action plan has been approved, including:

      -     mutual promotion of the BIPM and ILAC Mutual Recognition Arrangements;

· mutual reference in the respective MRAs of the CIPM and the ILAC;

· timely information and cooperation in the formulation of requirements with respect to internationally recognized traceability, measurement uncertainty, measurement standards and certified reference materials, method validation, comparisons and accreditation of calibration laboratories;

· joint cooperation in support to developing countries;

· joint educational activities for laboratories and others (e.g. traceability workshops);

· mutual support in assessments of NMIs and agreement on cost-effective  techniques for such assessments;

· mutual observer status in relevant consultative committees and working groups;

· mutual attendance in each others general assemblies.

Consequently there is a clear need on the national level for close cooperation between .
the national accreditation body (NAB) and the NMI. This is best realized when  representatives of  the organizations have seats on each other’s governing and/or advisory boards.


4. Economic impact

Since the definition of the legal units (the worldwide SI) and the definition, realization and dissemination of the national measurement standards are a responsibility of governments, a valid question is raised as to the extent of the economic and social impact of all the activities. Unfortunately, it is not an easy matter to express the economic and social impact in clear characteristics and numbers that are universally applicable or that can be readily used by authorities to assess the necessary investments in metrology.

4.1 Objectives of past studies

Since the national metrology programme is financed with public money it is understandable that one has to demonstrate the added value of these government-sponsored metrology programmes to the economy and well-being of the country.
In addition, feedback to the authorities is needed to allow them to evaluate the effectiveness of the programmes, to justify their continuation or to reassign priorities for new or modified projects.

Unfortunately not many studies have been carried out in this area. To our present knowledge the three largest studies known are those commissioned by the NIST (USA), the DTI (UK) and the NRC (Canada).

These studies are based on the application of different economic approaches.

The NIST has carried out several studies of the economic impact of its work in several specific areas and is continuing to do so. Most of the studies are retrospective and are based on the comparison of the costs of development of a certain measurement standard or certified reference material and the estimated savings to a predefined group of users. On the basis of this model it is in principle possible to estimate the cost savings on a national scale, although the NIST has not done such an extrapolation as the reliability of the numbers generated is in question. This study also allows case-by-case leverage factors to be calculated. 

The DTI approach is based on more macro-economic considerations which result in overall figures. In addition, bench studies comparing the UK NPL calibration and measurement capabilities with the capabilities of other NMIs have been carried out.

The Canadian study carried out on behalf of the NRC is based on a combination of a few case studies, interviews and analysis of statistics. The case studies have been extrapolated to a number giving an indication of the importance on a national scale.

All three studies are aiming to provide quantitative arguments for continued government funding and construct simple, clear arguments to convince stakeholders of the value of metrology, including not only the economic worth but also aesthetic values such as fairness, safeguards, etc.

The investigations have been carried out by or with the assistance of economists from private professional consultancy firms.

4.2 Results of past studies

Measurement and measurement-related operations have been estimated to account for between 3 % and 6 % of the GDP of industrialized countries.

Other studies find that in developed countries about 15 % of the GDP is measurement-related.

Analyses carried out in the recent past show that investments by governments of developed industrialized countries vary between 20 to 70 parts per million (ppm) of the GDP of a country.

In general it can be concluded that countries investing at least 60 ppm of GDP have achieved more advanced development than those which have invested only 15 ppm in metrology. In particular, this is demonstrated by the availability and development of reliable and accurate measurements in support of projects in the areas of high technology, food production and safety, pharmaceuticals and clinical measurements. Examples can be found in the USA, Singapore and S. Korea. In some rapidly developing countries and economies in the Asia-Pacific region expenditure reached as high as 100 ppm of the GDP. 

This means that on average there is a leverage factor of about 20 000 between the government investments and the industrial production of a country.

Although it is not easily and directly quantifiable, the social impact of metrology in areas like climate change and quality of life should nevertheless not be neglected.

The NIST studies calculate a benefit-cost ratio (bcr) and a rate of return to the nation, called social rate of return (srr). The bcr is an indication of the investment industry would have had to make if the NIST did not perform the work. The srr is calculated over a period of time taking into account the investments made by the NIST and the benefits acquired by a selected number of enterprises benefitting from these NIST investments. Industry savings include lower transaction costs, lower regulatory compliance costs, energy conservation, increased R&D efficiency, increased product quality and enabling new markets. Some typical numbers:

Industry


Project




srr

bcr

Semiconductors

resistivity




181%

37

thermal conductivity


 
 63%

  5

Communications

electromagnetic interference


266%

Photonics


optical fiber




423%





spectral irradiance



145%

13





optical detection calibration

 
 72%

  3





laser & fiberoptic power calibration

43-136%
3-11

Energy



electric meter calibration


117%

Electronics


josephson voltage standard


  87%

  5

Materials


thermocouple calibration


  32%

  3

Pharmaceuticals

cholesterol




154%

  4.5

Chemicals


sulfur in fossil fuel



1066%

113

Recent studies by the NIST together with the Mayo Clinic on cholesterol measurements, including statistics based on more then 20 000 persons, indicate that bias in the measurement results of  3 % to 10 % leads to 5 % to 10 % in misjudgements of the number of patients having too high a cholesterol level. This leads to the wrong treatment of patients and to considerable amounts of unnecessary extra costs.

The UK study has made use of direct measurements based on a pre-existing Mapping Measurement Impact economic model. Further case studies have been carried out and use has been made of economic analysis, including econometric input/output analysis, trade flow and Total Factor Productivity (TFP).

The investigation shows that measurement in the UK as a whole delivers significant impact into the economy of 0.8 % of GDP, which equates to 5 billion (5 ( 109) GBP per annum in terms of TFP. It is believed that this leverage of economic impact by an annual government budget to the NPL of 38 million GBP is exceptionally large (leverage factor of 130).  

The Canadian economic impact study carried out on behalf of the NRC INMS (Institute for National Measurement Standards) has considered a few of the core functions of the INMS including the maintenance of primary standards, R&D and calibration and metrology services.

Furthermore, the potential economic impact associated with the four strategic areas of nano-technology, biotechnology, nutraceuticals and functional foods, and energy has been studied.

In addition, desk studies have been carried out making use of certification and accreditation data. Overall, the study conservatively estimates that the current INMS annual government investment of about 12 million Canadian dollars provides a benefit-cost ratio of about 13:1. 

Although the studies referred to are quite different, there seems to be considerable consensus on the final quantitative and qualitative conclusions.

Major conclusions are:

· there is a clear rationale for public funding of the national measurement systems maintained and realized by the NMIs of the countries/economies;

· the NMIs deliver considerable spill-over benefits in international competitiveness and commercial innovation processes, as well as providing support for the measurement industry sector and for small and medium size enterprises;  

· in addition the NMIs generate significant non-economic benefits in the form of improvements to many aspects of quality of life, such as in health and safety, environment, trade and consumer protection;

· the NMIs impact on the economy by maintaining the national measurement infrastructure, supporting innovation, enabling fair and safe competition and representation of the country;

· extra attention and consequent financing should be given to emerging technologies, including quantum metrology, software metrology, metrology in chemistry, biotechnology and microbiology; additional funding should be supplied for internet calibrations and comparisons.

.

It has to be noted that the results of the studies are of course country-specific and are not directly transferable or necessarily applicable to other economies and countries. The general approach and conclusions are valid, however, taking into account the level of development and the broadness of the metrological activities in the other country.

It is clear that not all economies and countries are in a position to develop and maintain primary measurement standards.

Considering the general desire of economies and countries to have guarantees for independent and impartial development and maintenance of (inter-)national measurement standards and unlimited access for NMIs to these standards, it may be desirable and quite economical to have some of the standards developed or at least maintained by the BIPM. It has to be remarked here that at the international level the principal cost of maintaining the international measurement system is that of supporting the BIPM, which in 2002 is about 9 million Euros. The contribution of each individual member State is thus a very small fraction ( usually less than 1%) of what they spend on their own NMI.

Apart from the ongoing investments in the continuous development and improvement of classical measurement standards, it is clear that in the very near future major investments are needed in the relatively new fields of metrology in chemistry, bio-technology and microbiology. Taking into account the results of the above-mentioned studies it can be concluded that these governmental investments show significant returns and are therefore well justified. 

4.3 The KPMG study for the BIPM (text to be prepared later but see draft of KPMG Report distributed to Directors directly by KPMG on about 12 April 2002)
5. The BIPM (see separate document)

6. Conclusions (to be added later)

Acronyms (list to be supplied later)

Appendices

· Results of questionnaires ( distributed to Directors on 14 March 2002)

· 2002 Statement on the role of the BIPM (see separate document)

· Resolutions of the 21st CGPM (see BIPM website)

· MoUs with other international organizations (to be supplied later)

· Bibliography (to follow).
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