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	Summary and purpose of document
This document provides the Draft of Calibration Strategy (for Traceability Assurance) developed on the work that had been done by the precursory CIMO Expert Team on Regional Instruments Centres, Calibration and Traceability.




Action proposed
The Meeting is invited to review the text of the Draft of Calibration Strategy (for Traceability Assurance) and propose the way of finalising it in accordance with the Workplan.
________________
Appendices:
I

Draft of Calibration Strategy (for Traceability Assurance)
II
Proposed Methodology for the comparison/checking of AWS sensors at the Field Stations (submitted by Ferdinand Barcenas)
CALIBRATION STRATEGY

(for Traceability Assurance)

1. The lack of traceability of measurement and calibration results was recognized as a major concern already by CIMO-XV. It was stressed that regular instrument calibrations, in addition to preventive maintenance and periodical instrument checks, are essential to ensure the required quality of measurements. Therefore, CIMO-XV tasked Expert Team on Regional Instruments Centres, Calibration and Traceability (ET-RIC) to develop a strategy that will ensure implementation of the traceability of measurements to the International System of Units (SI) among the WMO Members. ET RIC was further tasked to develop relevant outreach material that should sensitize Members, and in particular Permanent Representatives, on the need of traceability assurance. 

2.  ET-RIC noted, at its first meeting (Nairobi, 2013), that numerous developing country Members have no calibration laboratory and, facing a challenges of calibration, they perform field inspection checks, only. Those checks are also used by some developed countries Members to identify instruments which are out of the calibration tolerances and should be calibrated in a calibration laboratory. Although there were some positive experiences with 'field inspection kits' consisting of a set of basic meteorological instruments (temperature, relative humidity and air pressure) for on-site testing of field measuring instruments, the meeting stressed that field inspection checks are not equivalent to a proper calibration and should be used to identify faulty instruments, only. According to the meeting conclusions, a calibration strategy, as a few pages document describing different calibration options, was drafted. 

3.  CIMO-16 recalled that the ultimate goal was to ensure a proper traceability of measurements to SI, and recommended that calibration strategy be finalized as a matter of urgency and that relevant guidance and outreach material be prepared by the Expert Team on Operational Metrology (ET-OpMet). Regional Associations were invited to encourage their Members to implement calibration strategy to improve the traceability of measurements within their Region, according to their Regional WIGOS Implementation Plan.
4. An outreach material in a form of the Information Flayer on Traceability had been developed by ET-OpMet and published by WMO, in spring 2015. 
5. The text of the Draft of Calibration Strategy (for Traceability Assurance) is submitted to the first ET-OpMet meeting to be reviewed and finalised in accordance with the Workplan.
6. In addition, the Proposed Methodology for the comparison/checking of AWS sensors at the Field Stations is also submitted to the meeting for consideration.
_________________

DRAFT OF CALIBRATION STATEGY 

(for Traceability Assurance)
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 a full potential of WMO Integrated Observing System (WIGOS) could 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 developed country Members are also facing challenges with the calibration of their network instruments and are applying a strategy consisting of carrying out field verification checks to identify instruments which are out of the calibration tolerances and to perform complete laboratory calibrations only of those instruments which were identified as not meeting the expected tolerances during the field verification check. 

To overcome those shortages, CIMO-16 recommended that calibration strategy be finalized as a matter of urgency and invited Regional Associations to encourage their Members to implement calibration strategy to improve the traceability of measurements within their Region, according to their Regional WIGOS Implementation Plan.
This strategy seeks to build upon best available practices to strengthen calibration services and improve traceability assurance across the entire WMO. 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.

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 its 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).

All the calibrations performed by National Metrology Institutes (NMIs) have to be traceable to the references maintained by BIPM. 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.
Whenever possible, all the measurements within any particular country have to be traceable to its NMI or DI.
Taking into account all aforementioned, as well as WMO Members capabilities and needs, following ways of traceability assurance can be identified, ranking from the most appropriate to not appropriate:

5.1 Fully assured traceability – the most appropriate way 

5.2 Assured traceability (without accreditation) – acceptable way

5.3 Partially assured traceability – the least appropriate way
5.4 Lack of traceability – not appropriate
5.1. Fully assured traceability - the most appropriate way 

This way of traceability assurance (Figure 1) ensures a fully traceable meteorological measurement results provided by particular NMHS’s service, to the international standards.

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 accreditation 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 all meteorological instruments 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 have to be assured, whenever possible, by the means of calibrations at NMI or DI, aiming at the best possible CMCs within the particular county.

In the lack of direct calibration at NMI or DI, calibration by other accredited calibration laboratory or WMO Regional Instrument Centre (RIC) is acceptable solution.
All NMHS’s field instruments have to be calibrated in the calibration laboratory regularly, whenever possible, ensuring the best achievable measurement uncertainties.

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.

The following potential options are: 

· NMHS’s calibration laboratory, or the relevant department, should have, 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 in the laboratory forming, as a consequence, a new set of replacement and so on to cover the whole network.   

· An additional set of travelling standards and / or portable calibration devices for on-site calibrations, covering the whole range will be of a great advantage, but particular care should be taken on achievable uncertainties. 

· A set of travelling standards or portable calibration devices have to be regularly calibrated in the calibration laboratory, and checked before and after field use.  

· On-site calibrations, or checks only, could be used to identify instruments out of uncertainty specifications. 

[image: image1]
Figure 1: Fully assured traceability - the most appropriate way
5.2. Assured traceability (without accreditation) -  acceptable way 

This way of traceability assurance (Figure 2) is still appropriate and acceptable, but does not ensure a fully traceable meteorological measurement results. 

Preconditions are almost the same as for the fully assured traceability, apart from the accreditation requirements:
· 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.
· Calibration laboratory is encouraged to participate in interlaboratory comparisons. 
In addition, following is well desired:
· Quality management system, including all the calibration procedures, working instructions and forms, should be documented and applied in laboratory work.

· A calibration laboratory should follow the requirements of ISOIEC 17025, although not accredited.

Traceability of the laboratory standards and equipment have to be assured by the means of calibrations at NMI or DI, or RIC, or other accredited calibration laboratory, or non-accredited laboratory at the worst case, aiming all the time at the best possible CMCs.

A determined engagement of NMHS’s management board to support continuous strengthening of their calibration laboratory 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. 
All NMHS’s field instruments have to be calibrated in the calibration laboratory regularly, whenever possible, ensuring the best achievable measurement uncertainties.

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.

The following potential options are: 

· NMHS’s calibration laboratory, or the relevant department, should have, 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 in the laboratory forming, as a consequence, a new set of replacement and so on to cover the whole network.   

· An additional set of travelling standards and / or portable calibration devices for on-site calibrations, covering the whole range will be of a great advantage, but particular care should be taken on achievable uncertainties. 

· A set of travelling standards or portable calibration devices have to be regularly calibrated in the calibration laboratory, and checked before and after field use.  

· On-site calibrations or checks only, could be also used to identify instruments out of uncertainty specifications. 
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Figure 2: Assured traceability - acceptable way

5.3. Partially assured traceability – the least appropriate way 

This way of traceability assurance (Figure 3) is the least appropriate, and should be followed when the two aforementioned ways are not applicable, only. 

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 measuring pressure, temperature, humidity and rainfall.
· The field inspection kit should be regularly calibrated by NMI or DI, or by RIC, of by any accredited calibration laboratory, or by non-accredited laboratory at the worst case.
· The field inspection kit should be checked before and after field use.
· Personnel designated to operate the field inspection kit should take part in appropriate training courses organized by RIC, RTC, NMI or other relevant institutions. 
· Technical procedures for operating the field inspection kit should be documented. 
· Filed inspections should be performed on a regular time base, whenever possible.

· An advantage will be if the reports on calibrations or checks are written regularly.
Note: A field inspection is not equivalent to a proper calibration, but could be an acceptable mean of ensuring the network observations quality. The field inspection can be considered as a “one-point calibration”.
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Figure 3: Partially assured traceability – the least appropriate way
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. Role of and benefits from Regional Instrument Centres
6.1 Role and corresponding functions of RICs

The WMO, through its Regional Associations, has established Regional Instrument Centres (RICs) in each Region, with following corresponding functions for RICs with full capabilities:

1) A RIC must assist Members of the Region in calibrating their national meteorological standards and related environmental monitoring instruments,

2) A RIC must participate in or organize, WMO and/or regional instrument intercomparisons, following relevant CIMO recommendations,

3) According to relevant recommendations on the WMO Quality Management Framework a RIC must contribute positively to Members regarding quality of measurements,

4) A RIC must advise Members on inquiries regarding instrument performance, maintenance and the availability of relevant guidance materials,

5) A RIC must actively participate in, or assist in the organization of regional workshops on meteorological and related environmental instruments,

6) The RIC must cooperate with other RICs in standardization of meteorological and related environmental measurements,

7) A RIC must regularly inform Members and report, on an annual basis, to the president of the Regional Association and to the WMO Secretariat on services offered to Members and activities done.

RICs with basic capabilities are not obliged to perform tasks 2) and 5).  

WMO Members are invited to explore all of the potential benefits available at RICs, aiming at achieving the objective of calibration strategy. 
6.2 Locations of RICs: 
(reproduced from https://www.wmo.int/pages/prog/www/IMOP/instrument-reg-centres.html)

	RA I
Alger (Algeria)
Cairo (Egypt)
Casablanca (Morocco)
Nairobi (Kenya)
Gaborone (Botswana)

RA II
Beijing (China)
Tsukuba (Japan)

RA III
Buenos Aires (Argentina)
	RA IV
Bridgetown (Barbados)
San José (Costa Rica)
Mount Washington (United States)

RA V
Manila (Philippines)
Melbourne (Australia)

RA VI
Toulouse (France)
Bratislava (Slovakia)
Ljubljana (Slovenia)


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

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) ilac.org/publications‐and‐resources/ilac‐documents/procedural‐series/

3) www.wmo.int/pages/prog/www/IMOP/publications/CIMO‐Guide/Provisional2014Edition.html

4) www.wmo.int/pages/prog/www/IMOP/publications/IOM‐109_TECO‐2012/Programme_TECO‐2012.html
________________
Proposed methodology for the comparison/checking 

of AWS sensors at the field stations
(Submitted by Ferdinand Barcenas)

This methodology will provide the necessary steps in establishing the corrections of AWSs at the field stations.  Using an AWS (preferably using the same brand and model with better accuracy and uncertainty) as the calibrator, which is calibrated at the laboratory with traceability, is considered best for the comparison due to similar exposure (side by side) of the sensors especially the radiation shield to be used and the proper synchronization of the time of checking or observations recorded.  

These procedures will rely on the maximum and minimum ranges the sensors can provide during the 24 hours recorded observations, or the estimated time the maximum and minimum will occur for all the sensors, in order that the corrections and its uncertainties for each of the sensors can be processed. 

For the tipping bucket rain gauge, a separate calibrator, which can simulate rainfall rates, is necessary. 

I.  Preparation at the site: 
1. Check the status and record in a checklist any observations at the site and the AWS.  Clean, repair or replace any broken parts.

2. Clean the site if necessary.

3. Install the sensors of the calibrator (one set of AWS) side by side (at the tower mast) near the AWS to be calibrated (using mounting support, tools, & observe safety measure).

4. Position the data logger’s housing of the calibrator with the tripod provided, or mount it at the tower mast and connect all the cables to the sensors. (Switch the power on) 

II. Initiate the comparison:

1. Using a PC laptop, retrieve or save the old data of the AWS to be tested for archiving.  After saving, clear the records of the data logger if needed.

2. Synchronize the time of the calibrator’s data logger with the data logger of the AWS to be tested using the PC laptop.

3. Using the same laptop, set the program of both AWSs to the desired time interval of comparisons or observations depending on the type or brand of AWS and the logging interval (preferably every minute) that can be set.  This will also ensure to detect erratic sensors.

4. It begins the 24 hours of observations to get the comparisons between the maximum and minimum readings of each of the sensors.  (Disconnect the PC laptop from either AWSs during the 24 hours of recordings in the data loggers.)

III. Retrieving the records of the AWS’s sensors for corrections:

1. Connect the PC laptop to the calibrator’s data logger and save the 24 hours records, and also the AWS under test.  After saving, clear the records of the data loggers if necessary.

2. After restarting anew the AWS under test, transfer each of the records (saved data of under test and calibrator) using spreadsheet or excel at the same corresponding time rows tabulation for comparisons and use statistical and mathematical analysis for the corrections and uncertainties between the maximum and minimum records of each of the sensors.

3. Record the computed corrections, uncertainties and status to the space provided in the checklist.  

4. Replace erratic or with bigger corrections or uncertainties of sensors (not conforming to tolerance) with new calibrated sensors.

5. Submission of the report to the authorized person after completion of the whole process.

IV. Calibration of the tipping bucket: 

     During a part of waiting time for the comparisons of the sensors, you can proceed to the calibration of the rain gauge.  

Steps in the calibration of a TB rain gauge
1.   Check the status of the rain gauge.

2.   If functional, disconnect the attached cable from the sensor terminal then clean   the rain gauge (be careful not to short the terminals in order not to reflect as tipping in the AWS data logger).

3.   Check and record the size (diameter) of the tipping bucket rain gauge.  This is needed in the computation.  

4.   Test the initial volume (static value) per tip in the bucket, then record.
5.   Adjust the tipping to the recommended volume per tip [or through trial & error to meet the required percentage error (+/-5%) by repeating step 5 to 10, & record the volume (mass of water) of the filled calibrator and take note of temperature if mass is considered]. 

6.   Connect the mini logger to the rain gauge sensor and the laptop (PC).  Conduct a test if the tipping registers into the software window.
7.   Fill the calibration device with water (note of proper filling of H2O to device). Close   it with the nozzle specified. (Again record the mass of water if we are considering mass)
8.  Place the calibration device with the nozzle down to the holder (w/ 3 legs) provided at the top of the funnel.  
9.   Clear the screen of the software window or make sure there is no tipping initiated.

10. Start the stop watch at the same time w/ the switching ON of the calibration device to make the H2O flows down from the nozzle. Check the tipping if it registers in the screen.
11. Wait until the H2O is emptied from the calibration device to the last drop from the nozzle and at the same time stopping the stop watch.
12.  Compute the percentage error and the corresponding rate of simulated rainfall.
13. Repeat steps 6 to 10 for other nozzles.  All percentage errors should be within +/-5%. Make the report (Certification).
Calibration of the tipping bucket is usually accomplished by passing a known amount of water through the tipping mechanism at various rates and by adjusting the mechanism to the known volume. 

For expected extreme temperature operational ranges of the location, it is recommended that mass should be used instead of directly by volume, then converting to amount (depth) of rainfall.  Refer to WMO No 8, Annex 6.C and The Uncertainty of the Hydrological Services Field Calibration Device, Instrument Test Report 679, by J. D. Gorman (http://www.wmo.int/pages/prog/www/IMOP/WebPortal-AWS/Tests/ITR679.pdf) for further references.  
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