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Action proposed

The Meeting is invited to take note of tasks progress and to consider recommendations and proposals. In particular, the meeting is invited to review and approve the calibration strategy and the proposal to include it into the CIMO Guide.
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REPORT ON PROGRESS AND RECOMMENDATIONS FROM THE CIMO EXPERT TEAM ON OPERATIONAL METROLOGY
1. INTRODUCTION

1.1 The status of the work plan of the Expert Team on Operational Metrology is provided in Appendix I.

1.2 As the majority of members in the Expert Team on Operational Metrology are new members in the ET, the first introductory teleconference was organized in March 2015. The teleconference was very important to get a better understanding and clarification of the activities assigned to the team and sub-teams and to make an overview the work progress. Last teleconference was organized in October 2015 as a preparation for the first meeting of the Expert Team on Operational Metrology in Ljubljana in December 2015.
1.3 The Expert Team on Operational Metrology meeting was organised from 1st to 4th of December 2015 in Ljubljana to assess progress and to discuss work plan for the inter-sessional period. It was considerable benefit in the Expert Team meeting as it allowed wide discussion on a number of topics starting with calibration uncertainty – traceability to SI, review of RIC interlaboratory comparisons organisation in Regional Associations, strengthening RICs and supporting their communication with Members and with respective RA, implementation of the strategy for improving traceability of basic measurements.
1.4 Numerous email exchanges have been organized after the first session, it should be noted that this period of exchanges was very fruitful.
2. ACHIEVEMENTS WITH RESPECT TO WORKPLAN

2.1
Estimation of calibration uncertainty – traceability to SI:  

The ET-OpMet reviewed the document on computation of uncertainties which was then published as an IOM 119 report (http://library.wmo.int/opac/index.php?lvl=notice_display&id=17152). In response to the request of the Congress supporting further strengthening of RICs and NMHSs calibration laboratories in particular with respect to the technical calibration procedure estimating the uncertainties of the calibrations performed, the task was finished. The IOM report includes theoretical background for calculating uncertainties and provides links and reference to the appropriate documents. The document provides three practical examples for uncertainty calculation in the field of temperature, pressure and humidity calibrations. 

E-learning training courses need to be developed describing uncertainty components for basic meteorological parameter for different measurement systems in detail, including generic determination of uncertainty sources and its quantification. This training material could be guidance for harmonised uncertainty components quantification in NMHSs calibration laboratories. The available training material (training units on calibration uncertainty computation) needs to be modified or newly-developed for remote learning processes. Also e-learning platform needs to be chosen.

2.2
RIC interlaboratory comparisons (demonstrating capabilities in achieving declared RIC calibration and measurement capabilities (CMCs)):
The initial efforts to organize interlaboratory comparisons in all Regional Associations were made with different success. Organizing an ILC is a very challenging activity starting from establishment a set of transfer standards, results evaluation up to logistics. As recommended by CIMO, regular ILCs should be organized by RICs and the results published to provide evidence of RICs’ performances to the users.

Interlaboratory comparison in RA VI in the field of temperature, relative humidity and pressure is in preparation phase and is expected to start in April 2016. On-line survey on calibration and measurement capabilities including invitation to ILC was concluded. All NMHSs (including RICs) in RA VI were invited and 15 decided to take part. 
The upgraded plan for RIC intercomparisons of RA II and RA V was prepared by RIC Tsukuba. The roadmap needs to be agreed among RICs in China, Japan, Australia and Philippines.

2.3
Strengthening RICs and supporting their communication with Members and with respective RA 

Although the RIC contents on the WMO website was developed and opened to the public in July 2013, currently six RICs (Beijing, Casablanca, Ljubljana, Manila, Toulouse and Tsukuba) of 16 RICs posted their contents on the WMO website. ET-OpMet continues to encourage RICs without contribution to WMO web site to post information and to regularly update information on capabilities of RICs at WMO web site. 
A survey on meteorological instruments, calibration and training in RA II was conducted and the result was published as WMO Instruments and Observing Methods Report (IOM report) No. 122: “Survey on Meteorological Instruments, Calibration and Training Regional Association II (Asia)” (http://library.wmo.int/opac/index.php?lvl=notice_display&id=18527). The general conclusions of the survey can be described as follows: 

· In RA II, meteorological instrument calibration was not conducted properly in many cases

· Calibration and maintenance of meteorological instruments were identified as major issues to be tackled by Members and to be supported by RICs and RRCs, 

· Conventional instruments such as mercury barometers and liquid-in-glass thermometers were still used rather than electrical instruments for most meteorological parameters.

An e-survey on the Member’s needs in terms of traceability and capacity building was concluded in RA VI in early 2016. Many Members expressed interest for training on calibration.
The template for regular RIC reporting, based on experiences of RIC Tsukuba, was developed and presented at ET-OP meeting in Ljubljana. 
2.4 Towards calibration of ceilometers, visibilimeters and present weather sensors

As traceability chain in these measurements is not clearly defined, cooperation with HMEI and Members is important to identify and review existing guidance material on calibration procedure for ceilometers, visibilimeters and present weather sensors.
2.5 Implementation of the strategy for improving traceability of basic measurements (such as p, T, h) to SI

CIMO-16 requested that the strategy to improve the traceability of instrument calibrations needs to be finalized urgently and that relevant guidance material be prepared to support members in implementing this strategy. 

Information Flyer on Traceability has been developed by ET-OpMet and has been published by WMO at the Congress in spring 2015 and is available on the IMOP web page (http://www.wmo.int/pages/prog/www/IMOP/publications/Flyers/Traceability_flyer.pdf). 
Also the Calibration Strategy document is finished. The Draft of the Calibration Strategy was submitted to the first ET-OpMet meeting for review. This document has been discussed and upgraded ET-OpMet and is now ready to publish. ET-OpMet recommendation is, to take under consideration publishing the document (see Appendix II) in CIMO guide.
Methodology for the comparison/checking of AWS sensors at the field stations was developed. This methodology will provide the necessary steps in establishing the corrections of AWSs at the field stations.  

2.6 Impact of Minamata convention and guidance for transition from mercury-based instruments to alternative technologies


Congress requested CIMO to support Members by developing appropriate guidance material and supporting the identification of appropriate replacement instruments, so as to minimize the impact on data quality and on data compatibility.

The outreach flyer on impact of Minamata convention was developed and published by WMO at the Congress in spring 2015 and is available on the IMOP web page (http://www.wmo.int/pages/prog/www/IMOP/publications/Flyers/Mercury_flyer.pdf).
2.7 Assess status and need for regional standard barometer and update CIMO Guide and relevant WMO resolutions accordingly

Regional associations had selected sets of regional standard barometers in the past – mercury barometers. Due to impact of Minamata convention and transportation problems related with mercury, the review of the need to maintain system of regional barometer is advised. Furthermore ET-OpMet is aware that a concept of RSBs was needed in the past but also agreed that nowadays the traceability of atmospheric pressure measurements to the SI units, can be efficiently and economically provided through an unbroken traceability chain (see 2.5). ET-OpMet expressed its concern that the existence of these two parallel systems for traceability of atmospheric pressure measurements can be uneconomical and inappropriate.
Therefore the survey “Assessment of the current status and future role of the Regional Standard Barometers (RSBs)” (see Appendix III) was prepared and dispatched to the owners of RSBs in order to receive feedback on metrological status of RSBs, on traceability dissemination, intercomparisons made with RSBs on regional scale. Currently, 7 (of 20) replied which represent one third of nominated RSB owners. The results of the survey will represent basis for further decisions related to the system of RSB.
2.8 Addressing issues with obsolete or unserviceable instruments

This activity is to develop guidance to Members on how to select modern instruments from antiquated or obsolete instruments considering their meteorological and metrological aspect. Instruments should be replaced by those which can be calibrated and with traceability since the quality of data from these instruments depends on it.

Cooperation with HMEI was established relating available alternative instruments. A review of available publications is provided that will help developing guidance in selecting modern alternatives to obsolete instruments. The guidance should include following:

· Compatibility of such new instruments

· Qualifications of personnel to do the maintenance and calibrations 

· Requirements and procedures of operation, maintenance and calibration

· Cost-effectiveness and adequate spare parts

· The specifications conforming with WMO standard 

2.9 CIMO Guide update

The chapters (Part I, Chapter 1 to 4) of the Guide to Meteorological Instruments and Methods of Observation (CIMO Guide, WMO-No.8) were reviewed with focus on Minamata convention. As a result a restructuring of chapters 2 (temperature), 3 (pressure) and 4 (humidity) was proposed. ET-OpMet members also proposed changes and additional upgrades of the respective chapters.
At the meeting in Ljubljana the discussion among ET-OpMet members also included initiative for a major revision of CIMO Guide chapters 2, 3, 4 in focus of technical development made of reference and field instruments, to consider sections with possible outdated information on instrumentation and instrumentation used very rarely could be removed. The structure of these three chapters could be even more unified. Coordination with ET A1 for the update of these CIMO Guide chapters could be taken into account.
2.10
Competences
The competency framework for personnel involved in the provision of calibration services for meteorological observing instruments was discussed at the meeting.
3. PROBLEMS ENCOUNTERED, RISKS IDENTIFIED

3.1 The completion status of the activities generally follows the work plan. The actions completed concerns information flyers, upgrade of CIMO guide chapters and calibration strategy. As many developing countries expect guides in transition away from mercury-based instruments and outdated and unserviceable instruments, special attention must be granted in these areas of activities.
3.2 Some of RICs do not regularly report on activities to the WMO Secretariat neither do post information on WMO web site. 
3.3 
Relatively poor response on survey on Regional Standard Barometer. Argentina, Kenya and Egypt would like to keep the system of RSB as a system of formal WMO designation, although they accept traceability assurance to SI units through unbroken traceability chain. Further instruction of the MG would be appreciated.
4 RECOMMENDATIONS -  DECISIONS EXPECTED FROM CIMO-MG
4.1 The following recommendations are submitted by ET on Operational Metrology to CIMO-MG-14:

· Include Calibration strategy into CIMO Guide probably Chapter 1
(Revision of chapter 1.5.2)
· Include updated chapter 1 into CIMO Guide
· Modify Task No. 9 to fully revise chapters 2, 3 and 4 of CIMO Guide in cooperation with ET A1
4.2 The following decisions are expected form the CIMO-MG-14:
· To Accept the suggested Calibration strategy

· To provide Decision and suggestions on the concept of the Regional Standard Barometer concept, based on survey’s results.
4.3 Focus on the activities of the ET related to development of guidance for transition from mercury-based instruments to alternative technologies, guidance on selection of modern instruments replacing outdated instruments and guidance on maintaining and calibrating modern instruments. To continue developing guidelines for Members planning the road-map for transition from mercury sensors to electronic devices before the year 2020 (the expected year in which the Minamata Convention will be in effect). To develop guidance for the choice of modern alternatives and to define their minimum metrological specifications and their reliability in field conditions. 
4.4 Finalizing strategy on organizing the verification and calibration of the Member instruments to ensure their performances meet the expectations.
4.5 Development a procedure for intercomparisons (RICs and/or NMHSs) consisting of procedures for evaluation of the intercomparison results with special focus on defining reference values in different cases (calculated from several laboratories – RICs, ..) incorporating different type of standards involved. These procedures should be adaptable for different type of intercomparisons (larger or smaller scale, one or more loops,..)
4.6 Continue with training workshops on the subject of calibration processes, uncertainty estimation, field verifications preferably using e‑learning platform which will assist implementing calibration strategy to benefit in achieving traceability of measurements to SI. 
_________________

APPENDIX I: Updated workplan (2014-2018)

	No.
	Task description
	Person resp.
	Action
	Deliverable
	Deadline for deliv.
	Status

[%]
	Comments

	1.
	Estimation of calibration uncertainty – traceability to SI
	
	1. Review document on computation of calibration uncertainties

2. Develop  workshop on uncertainty calculations

3. Carry-out workshop 
	1. IOM report on calibration uncertainties

2a. Concept for Workshop 

2b. Training units and associated presentations prepared.

3. Workshop carried out
	1. Approved for publication

2a. July 2015

2b. Dec. 2015

3. TBD
	1. 100%

2. 20%

3. 0%
	CIMO-XV para 6.3

CIMO-16, Doc. 6, para 6.9

Workshop should also address how to establish calibration certificates

Workshop could be done on-site, or possibly remotely (including RICs).

	2.
	RIC inter-laboratory intercomparisons (demonstrating capabilities in achieving declared RIC calibration and measurement capabilities (CMCs))
	
	1. Set-up intercomparison kit for temperature, humidity and pressure (at least one, but preferably all 3 parameters)

2. Schedule intercomparisons with other RICs of Regions

3. Publish intercomparison report

4. Develop procedure for conducting and evaluating inter-laboratory comparison (based on general principles published in ISO standard for comparison between many laboratories)
	1-3. (IOM) Reports on intercomparisons & Presentations at CIMO-2016

4a.Document describing procedure

4b. Update of CIMO Guide, incorporating procedure.
	1. July 2015

2. Dec 2015

3. Sept 2016

4a. July 2017

4b. Dec. 2017


	1. 100% RAVI

    10% RAII&V

    20% RAI

    10% RAIV&III

2. 90% RAVI 

0% RAII&V
0% RAI
0% RAIV&III
	CIMO-XV para 6.3

CIMO-16, Doc. 6, para 6.9

ET-RIC meeting report, § 3.5, 7.3 and 8.8

	3. 
	Strengthening RICs and supporting their communication with Members and with respective RA
	
	1. Contact RICs without standard websites and support them in developing the information needed for their websites

2. Review outcomes of RIC evaluations and support those which have problems in performing such evaluations

3. On request, provide support for the evaluation of RICs

4. Prepare a template for report of RICs to the RA
	1. Standard websites for all RICs

2. Evaluation of all RICs

3. Report on RIC audits

4. Template for RIC reporting
	1. July 2016

2. Dec. 2016

3. May. 2016

4. Q2 2015
	1. 0%

1. 0%

1. 0%

4. 50%


	CIMO-XV para 6.3

	4.
	Towards calibration of ceilometer, visibilimeter and present weather sensor
	
	1. Identify and review existing guidance material on calibration procedure for ceilometer, visibilimeter and present weather sensor

2. Synthesize information obtained into general guidance material

3. Establish first draft of technical procedures 


	1. Guidance material identified

2. General guidance established on the achievement of the traceability of these instruments

3. Technical procedures drafted based on the identified materials, 
	1. June 2016

2. Dec. 2016

3. July 2017
	1. 10%
	Outcome from  A.1 and A.2

and CIMO TB and TL centers

Action 2 will require guidance on their traceability  provided by the dedicated expert bodies

Note: Outcomes of volcanic ash/aerosol intercomparison may help in progressing this task. 

	5.
	Implementation of the strategy for improving traceability of basic measurements (such as p, T, h) to SI
	
	1. Develop outreach flyer (for decision makers) on importance of measurement traceability and how to achieve it.

2. Finalize calibration/traceability strategy

3. Ensure inclusion of the strategy in the CIMO Guide

4. Develop guidance material on how to implement traceability (for ex. use of field inspection kit)
	1. Outreach flyer

2. Document with calibration strategy

3. Relevant CIMO Guide chapters updated

4. Document with guidance material published as IOM report or Annex to CIMO Guide
	1. April 2015

2. Dec. 2016

3. July 2017

4. July 2017
	1. 100%

2. 100%

3. 10%

4. 0%
	CIMO-16, Doc. 6, §6.8

Perspective is for a strategy for ensuring world-wide traceability of measurements to SI.

	6.
	Impact of Minamata convention and guidance for transition from mercury-based instruments to alternative technologies
	
	1. Develop outreach flyer (for decision makers) on impact of Minamata convention

2. Collect expertise from Members having successfully transitioned away from Mercury 

3. Develop road-map/guidance for transition of instruments containing mercury to alternative devices

4. Develop guidance on how to choose modern cost-effective alternative instruments (incl. list of minimum metrological characteristics of these alternatives)


	1. Outreach flyer

2. Links to relevant publications provided on IMOP website

3. Document with roadmap/guidance for Members wanting/having to transition away from Mercury

4. Documents with guidance on instrument selection (possibly to be included as annex to a CIMO Guide chapter)


	1. March 2015

2. Dec. 2015

3. July 2016

4. July 2017


	1. 100%
2. 20%
	CIMO-16, Doc. 6, §6.10

CIMO-16, Doc. 6, §6.12

CIMO-16, Doc. 6, §6.13

CIMO-16, Doc. 6, §6.14

ET-RIC meeting report, § 8.8

Note: road-map is meant in a general manner. It is clear that Members may have different ways & timelines to implement it.

	7
	Assess status and need for regional standard barometer and update CIMO Guide and relevant WMO resolutions accordingly
	
	1. Collect the needs for regional standards barometers in RAs
	1. Report to CIMO on the status and need for regional standard barometers
	1. Dec. 2015
	50%
	

	8
	Addressing issues with obsolete or unserviceable instruments
	
	Describing the problem, alternative solutions

Collect information on successful experiences

1. Collaborate with HMEI in identifying alternative instruments

2. Develop guidance on how to select modern instruments replacing outdated instruments

3. Develop guidance on how to maintain and calibrate modern instruments replacing outdated instruments


	1. Lists of relevant publications, and links provided on IMOP website

2. Document (possibly IOM Report) proposing alternatives

3. Guidance document and/or updates of relevant CIMO Guide chapters

4. Guidance document and/or updates of relevant CIMO Guide chapters
	1. Dec 2015

2. Dec 2016

3. July 2017

4. July 2017
	1. 50%

2. 10%
	CIMO-16, Doc. 6, §6.15

ET-RIC meeting report, § 8.10

Note: Task includes giving guidance on cost-effective AWS and liaise with ET A2.

	9
	CIMO Guide update
	
	1. Fully revise and update CIMO Guide chapter on temperature and pressure

2. Revise the chapter (mercury)


	1. Updated CIMO Guide chapter


	1. July 2015
	1. 100%
	

	10
	Precipitation
	
	1. Review the CIMO Guide chapter on precipitation

2. Review documentation on practices of laboratory precipitation calibration

3. Liaising on the development of standards for rainfall intensity
	1. Propose updates of the CIMO guide 
	1. Dec 2017
	1. 0%
	Liaise with A.1 and A.2


APPENDIX II: Calibration Strategy 

DRAFT OF CALIBRATION STATEGY 

(for Traceability Assurance)

(Could be included in the CIMO Guide, Part IV, Chapter 4, Annex 4.A?)
1. Introduction

Traceability of measurement and calibration results plays a key role for many application areas, ranging obviously on the assessment of climate variability and changes, but also to aspects that may have strong economic and legal impacts in the context of issuance of warnings for severe weather to protect lives and livelihood.
Ensuring metrological traceability enables full confidence in the truth of measurement results, which leads to confidence in the implications of the measurement data: in the forecasts and warnings derived from the measurements; in climate analyses and trends derived from the measurements. And this in turn leads to improvements in disaster risk reduction, climate change mitigation, advice for policy developers, human health and safety, and property protection.
On the other hand, the lack of traceability of measurement results was recognized as major concern by Commission for Instruments and Methods of Observation (CIMO), because the full potential of WMO Integrated Global Observing System (WIGOS) would be brought into question without regular traceability. Therefore, CIMO stressed the need to sensitize NMHSs to the necessity of regular instrument calibrations, in addition to preventive maintenance and periodical instrument checks, as an essential tool to ensure the required traceability and quality of measurement results.  

Even though the principles of traceability are clearly laid down in the CIMO Guide, numerous developing country Members have no calibration laboratory at all to ensure the traceability of their instruments. Some Members are also facing challenges with the calibration of their network instruments and are replacing a comprehensive calibration strategy with a policy of carrying out field verification checks to identify instruments which are out of the required uncertainties and to perform complete laboratory calibrations only of those instruments which were identified as not meeting the expected uncertainties during the field verification check. Field verification check is related to on-site regular calibration and should be distinguished from the field inspection which can be considered as a “one-point calibration”.

The strategy presented in this document seeks to build upon best available practices to strengthen calibration services and improve traceability assurance across WMO Members. It focuses on providing widely acceptable guidelines in order to enable full confidence in measurement results.
2. Definitions

Definitions of terms in metrology are given in International vocabulary of metrology – Basic and general concepts and associated terms (VIM) by the International Organization for Standardization (ISO,​2007) Joint Committee for Guides in Metrology (JCGM, 200:2012), and for the simplicity, some of them are reproduced here:
Calibration - operation that, under specified conditions, in a first step, establishes a relation between the quantity values with measurement uncertainties provided by measurement standards and corresponding indications with associated measurement uncertainties and, in a second step, uses this information to establish a relation for obtaining a measurement result from an indication.
Calibration hierarchy - sequence of calibrations from a reference to the final measuring system, where the outcome of each calibration depends on the outcome of the previous calibration.
International System of Units (SI) - system of units, based on the International System of Quantities, their names and symbols, including a series of prefixes and their names and symbols, together with rules for their use, adopted by the General Conference on Weights and Measures (CGPM).

Measurement uncertainty (uncertainty of measurement) - non-negative parameter characterizing the dispersion of the quantity values being attributed to a measurand, based on the information used.

Metrological traceability - 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.

Metrological traceability chain (traceability chain) - sequence of measurement standards and calibrations that is used to relate a measurement result to a reference.

3. Objective of the strategy

The main objective of the calibration strategy for traceability assurance is to ensure the proper traceability of measurement and calibration results to the International System of Units (SI), through an unbroken chain of calibrations, each contributing to the measurement uncertainty.
This strategy applies to meteorological measurements for which a traceability chain to SI is well established.
The strategy aims to provide guidance on how to effectively and efficiently achieve this objective.

4. Responsibility for implementing the strategy

The responsibility for traceability assurance lies with WMO Members, which should enable all the required calibrations as well as other necessary steps to achieve the objective of the strategy.

It is up to each NMHS to choose the most suitable approach for their traceability assurance, but ensuring the metrological traceability of all measurement results is strongly recommended.
5. Ways of traceability assurance

Simplifying the ISO/JCGM definition, metrological traceability could be described as a direct link between a result of a measurement made in the field and a result obtained by the calibration process in a calibration laboratory. It ensures that different measurement methods and instruments used in different countries at different times produce reliable, repeatable, reproducible, compatible and comparable measurement results. When a measurement result is metrologically traceable, it can be confidently linked to the internationally‐accepted measurement references.

At the top of the metrological traceability chain there is an internationally defined and accepted reference, in most cases the International System of Units (SI), who’s technical and organizational infrastructure has been developed and maintained by the Bureau International des Poids et Mesures – BIPM (www.bipm.org).

The framework through which National Metrology Institutes demonstrate the international equivalence of their measurement standards and the calibration and measurement certificates they issue is called the CIPM Mutual Recognition Arrangement (CIPM MRA). The outcomes of the Arrangement are the internationally recognized (peer-reviewed and approved) Calibration and Measurement Capabilities (CMCs) of the participating institutes. Approved CMCs and supporting technical data are publicly available from the CIPM MRA Key Comparison Database (KCDB), (http://kcdb.bipm.org/).
NMIs are responsible for maintenance of national standards and dissemination of traceability on the national level, either by themselves of by Designated Institutes (DIs). DIs are well experienced institutes, operating at the top of the national metrology system, but which are not part of formal NMI structure. They are designated to be responsible for certain national standards and associated services that are not covered by the regular activities of NMIs.
Further dissemination of traceability relies on accredited calibration laboratories whose implemented quality management system is accredited by national accreditation body. National accreditation bodies are usually signatories of International Laboratory Accreditation Cooperation Mutual Recognition Arrangement (ILAC MRA) which ensures the acceptance of and confidence in calibration certificates across national borders.  

Whenever possible, all the measurements within any particular country have to be traceable to SI.
Taking into account all aforementioned, as well as WMO Members’ capabilities and needs, following ways of traceability assurance can be identified:

5.1 Fully assured traceability – target, high confidence level in measurements.

5.2 Assured traceability (without accreditation) – good confidence level but some risks, improvement recommended.
5.3 Partially assured traceability – poor confidence and high risk, improvement required.

5.4 Lack of traceability – level of confidence cannot be assessed, urgent need for improvement.
5.1. Fully assured traceability – target, high confidence level in measurements
This way of traceability assurance (Figure 1) ensures fully traceable meteorological measurement results provided by particular NMHS’s service, to the international standards. The whole traceability chain is covered by accreditation according to ISO/IEC 17025 and /or by CIPM MRA. 

NMHS’s field instruments have to be calibrated in the accredited calibration laboratory regularly, ensuring the highest achievable measurement uncertainties. 
In case that calibration laboratory is also accredited for on-site calibrations that cover the whole range of meteorological parameters, those calibrations can be performed, but particular care on the required and achievable uncertainties must be taken into account. 

If on-site calibrations are not covered by accreditation they must not be used for regular traceability assurance, but as field verification checks only. Field checks are not part of traceability assurance. They can only be used as an additional quality control aiming to identify instruments out of required uncertainties.  


[image: image1]
Figure 1: Fully assured traceability - target, high confidence level in measurements
Following preconditions have to be met to achieve this status:
· NMHS has a calibration laboratory.
· Laboratory personnel are well trained and competent to properly operate laboratory standards and equipment.
· Calibration standards and equipment meet the target uncertainties required for calibrations of meteorological instruments.
· Calibration standards and equipment are regularly calibrated and maintained.
· Quality management system, including all the calibration procedures, working instructions and forms, is well documented and applied in laboratory work.
· Calibration laboratory is accredited according to ISO/IEC 17025.
· Calibration laboratory participates in interlaboratory comparisons.
A determined engagement of NMHS’s management board to support continuous strengthening of their calibration laboratory should be stated. This should be followed by a clear policy on the needs for regular calibrations of meteorological instruments for which standards exist, under the responsibility of NMHS, including the defined calibration intervals, as well as policy on implementation of calibration results.

Traceability of the laboratory standards and equipment has to be assured, by the means of calibrations at NMI or DI, accredited WMO Regional Instrument Centre (RIC), or other accredited calibration laboratory, aiming at meeting the requirements of the Members in terms of target uncertainty.

The NMHS’s calibration laboratory should also, jointly with other relevant departments, develop procedures aiming to avoid gaps in field measurements due to calibration activities. This should be achieved by a small reserve of calibrated sensors that can be used as a replacement set for the instruments in the network. Those recovered should be calibrated in the laboratory forming, as a consequence, a new set of replacement and so on, to cover the whole network.
Additional quality control could be assured by performing non-accredited on-site calibrations or field verification checks, but only to identify instruments out of uncertainty specifications. Those identified instruments must be calibrated according to the accredited calibration methods. 

A set of travelling standards and / or portable calibration devices used for non-accredited on-site calibrations or field checks has to be regularly calibrated in the accredited calibration laboratory, and checked before and after field use.

5.2. Assured traceability (without accreditation) – good confidence level but some risks, improvement recommended

This way of traceability assurance (Figure 2) is still appropriate and acceptable, but does not ensure a fully traceable meteorological measurement results. It is applicable to those NMHSs with calibration facilities, but without accreditation according to ISO/IEC 17025. Although those calibration laboratories are not accredited, their calibration standards have to be calibrated by accredited calibration laboratories, accredited RICs, or by laboratories that are signatories of CIPM MRA. The least appropriate way, but still acceptable, could be a calibration done by non-accredited RIC, but that RIC must demonstrate fully assured traceability of its calibration standards. 

NMHS’s field instruments have to be calibrated either in the calibration laboratory (if exists), or on site by portable calibration devices that are calibrated at accredited laboratories and that cover the whole range of meteorological parameters. All calibrations have to be performed regularly ensuring the highest achievable measurement uncertainty.
Field verification checks can be used only as an additional quality control, aiming to identify instruments out of required uncertainties, but not for the traceability assurance.  
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Figure 2: Assured traceability (without accreditation) – good confidence level but some risks, improvement recommended
Following preconditions have to be met to achieve this status:
· NMHS has a calibration laboratory, or at least portable calibration devices covering the whole ranges of measured meteorological parameters.
· Laboratory personnel are well trained and competent to properly operate calibration standards and equipment.
· Calibration standards and equipment meet the target uncertainties required for calibrations of meteorological instruments.
· Calibration standards and equipment are regularly calibrated and maintained.
In addition, following is highly recommended:

· Quality management system, including all the calibration procedures, working instructions and forms, should be documented and applied in laboratory work.

· Although not accredited, calibration facilities should follow the requirements of ISO/IEC 17025.
· Participation in the interlaboratory comparisons is of a great benefit.
Traceability of the laboratory standards and equipment has to be assured by the means of calibrations at NMI or DI, or RIC, or other accredited calibration laboratory. Non-accredited RICs must demonstrate traceability of their standards to SI through an accredited laboratory or NMI/DI.

A determined engagement of NMHS’s management board to support continuous strengthening of their calibration facilities is desired. It should be followed by a defined policy on the needs for regular calibrations of all meteorological instruments under the responsibility of NMHS, including the calibration intervals, as well as policy on implementation of calibration results.

The procedures aiming to avoid gaps in field measurements due to calibration activities should be developed. Possible solution is that NMHS has, at its disposal, a small reserve of calibrated sensors that can be used as a replacement set for the instruments in the network. Those recovered should be calibrated regularly forming, as a consequence, a new set of replacement and so on, to cover the whole network.
Additional quality control could be assured by performing field verification checks, but only to identify instruments out of uncertainty specifications. A set of travelling standards or portable calibration devices used for field checks has to be regularly calibrated in the calibration laboratory, and checked before and after field use.

5.3. Partially assured traceability – poor confidence and high risk, improvement required

This way of traceability assurance (Figure 3) is the least appropriate, and should be followed only when the two aforementioned ways are not applicable. It is applicable to NMHSs without calibration laboratory and portable calibration devices, but with a field inspection kit.
The field inspection kit has to be regularly calibrated by accredited calibration laboratories, accredited RICs, calibration laboratories that are signatories of CIPM MRA, or at worst case by non-accredited RIC or calibration laboratory. The latter should be used in the absence of all the aforementioned options and only when those laboratories can demonstrate fully assured traceability of their calibration standards.

A field inspection is not equivalent to a regular laboratory calibration or a field verification check, but could be an acceptable means of ensuring the network observations quality. The field inspection can be considered as a “one-point calibration”.

[image: image3]
Figure 3: Partially assured traceability – poor confidence and high risk, improvement required

Enabling at least partially assured traceability, Members are encouraged to achieve the following:

· Field inspection kit should be acquired, with the required metrological characteristics regarding field instruments and with a calibration certificate issued by accredited calibration laboratory.

· The cost effective field inspection kit should include travelling instruments for field inspection of, at least, instruments for measurement of pressure, temperature, humidity and rainfall.
· The field inspection kit should be regularly calibrated by accredited calibration laboratory, by accredited RIC or by NMI or DI. In the case when accredited calibration services are not available, chosen calibration laboratory must demonstrate fully assured traceability.
· The field inspection kit should be checked/cross-checked before and after field use, whenever more than one kit exists.
· Personnel designated to operate the field inspection kit should be well-trained and competent to perform field inspections.
· Technical procedures for operating the field inspection kit should be documented.
· Field inspections should be performed on a regular time base.

· The results of field inspections must be documented.

5.4. Lack of traceability – not appropriate way 

Lack of metrological traceability leads to a lack of reliability of meteorological measurements, and consequently, highly reduces confidence in the implications of measurement data such as weather forecasts, warnings, and climate analyses. Ultimately this brings into question the usefulness to meteorological measurements for the global community. So the consequences of untraceable measurement results are severe. 
Therefore, measurement traceability is essential, and WMO Members are urged to assure traceability of all the measurements under their responsibility.

6. WMO Regional Instrument Centres
The WMO has, through its Regional Associations, established Regional Instrument Centres (RICs) to help Members in achieving traceability assurance of their measurements. Role and corresponding functions of RICs as well as their locations can be found in CIMO Guide, Part I, Chapter I, Annex 1.A, or on the following website:
https://www.wmo.int/pages/prog/www/IMOP/instrument-reg-centres.html

7. Some useful acronyms
BIPM – International Bureau of Weights and Measures

CGPM – General Conference on Weights and Measures
CIPM – International Committee for Weights and Measures

CMC – Calibration and Measurement Capability

DI – Designated Institute

IEC – International Electrotechnical Commission

ILAC– International Laboratory Accreditation Cooperation

ISO – International Organization for Standardization

KCDB – Key Comparison DataBase

MRA – Mutual Recognition Arrangement

NMHS – National Meteorological and Hydrological Service

NMI – National Metrology Institute

RIC – Regional Instrument Centre

RTC – Regional Training Centre

SI – International System of Units
WMO – World Meteorological Organization

8. Further relevant information can be obtained from:

1) www.bipm.org/en/publications/guides/vim.html
2) www.ilac.org/publications‐and‐resources/ilac‐documents/procedural‐series/
3) www.euramet.org/publications-media-centre/documents-and-publications/
4) www.wmo.int/pages/prog/www/IMOP/IMOP-home.html
5) www.wmo.int/pages/prog/www/IMOP/publications/CIMO‐Guide/Provisional2014Edition.html
_______________

APPENDIX III: Survey on Regional Standard Barometers

Assessment of the current status and future role of 

the Regional Standard Barometers (RSBs) 

(Note: The term “standard barometer” is used throughout the Manual on GOS (Volume I) and CIMO Guide, while the term “barometric standard” is used in the Manual on GOS (Volume II))


WMO Member Country:


Name of the Institute hosting RSB:

1) Is your Regional Standard Barometer a mercury barometer?

       


(     Yes                  (     No

2) Please, provide following details of your Regional Standard Barometer:

Name:

Manufacturer:

Type:

Serial Number:

3) Is your Regional Standard Barometer traceable to SI?

(     Yes                  (     No


4) Date of the last calibration: 

5) Last calibration was performed at (please, specify the name):

·  NMI/DI: 


(   RIC:




(  Accredited ISO/IEC 17025 laboratory:


(   Other:

6) Has your Regional Standard Barometer participated in any regional barometer comparisons and/or interlaboratory comparisons? (Please, specify the events in the last 20 years.) 

(     Yes                  (     No


7) Have you organized any regional barometer comparisons, and/or interlaboratory comparisons, and used your Regional Standard Barometer as a reference for those events? (Please, specify the events in the last 20 years.)   

(     Yes                  (     No


8) Have you submitted the results of the comparisons from question (7) to the WMO Secretariat? (Please, provide the titles of the reports, and whenever possible a link to the reports. In case of “Yes” to question (7) and “No” to question (8), please explain why.)   

(     Yes                  (     No


9) Is your Regional Standard Barometer still used for traceability dissemination? (Please, provide a short explanation.)

(     Yes                  (     No


10) When was your Regional Standard Barometer used for calibration of other Members’ barometers last time? (Please, specify the years and the Members for which services have been provided in the last 10 years.) 

11) Do you agree that the way of the traceability assurance to the SI units, through an unbroken traceability chain, starting from BIPM, through NMIs/DIs and accredited RICs, or other accredited laboratories to the field instruments, is appropriate for the atmospheric pressure measurements? (If no, please clarify.) 

(     Yes                  (     No

12) Do you agree that formal designation by WMO of regional standard barometers/ barometric standards is not needed anymore and should be discontinued? (If no, please clarify.)

(     Yes                  (     No

13) Contact details of a person to be contacted for the further communication on this matter:

 Name:          

Email:


Tel:


Fax:


Place and date




Permanent Representative with WMO

(Name and signature)
BIPM / SI Units





NMI / DI





RIC





NMHS / Cal Lab





Measuring instrument





CIPM MRA 











ISO / IEC 17025





ISO / IEC 17025





Cal. Lab.











ISO / IEC 17025

















Measuring instrument





Measuring instrument





BIPM / SI Units





NMI / DI





RIC





NMHS / Cal Lab (Portable Cal. Device)





Measuring instrument





CIPM MRA 











ISO / IEC 17025





Cal. Lab.











ISO / IEC 17025

















Measuring instrument





Measuring instrument











BIPM / SI Units





NMI / DI





RIC / Cal. Lab





NMHS / Field Inspection Kit





Measuring instrument





CIPM MRA 











ISO / IEC 17025





Cal. Lab.











ISO / IEC 17025

















Measuring instrument





Measuring instrument










































































































































