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[bookmark: _Toc32220977][bookmark: _p_173e550784a14b38b0cc9d8bc9914173]Annex 5.C. Competency framework for personnel performing instrument calibrations
[bookmark: _p_c9f24c5b56164e1bbccac22d74a7358c]The provision of instrument calibration services within an NMHS or related services might be accomplished by a variety of skilled personnel, including meteorologists, hydrologists, instrument specialists, technicians and engineers. Third ‑party organizations (for example, private contractors, calibration service providers and laboratories) might also provide calibration services for various meteorological observing instruments.
[bookmark: _p_73361a26934949c08d263f8e6f1e40ed]This annex sets out a competency framework for personnel working in calibration laboratories and/or providing centralized calibration services for meteorological observing instruments, but it is not necessary that each person has the full set of competencies. However, within specific application conditions (see below), which will be different for each organization, it is expected that any institution providing the instrument calibration services will have staff members somewhere within the organization who together demonstrate all the competencies. The performance components as well as the knowledge and skill requirements that support the competencies should be customized based on the particular context of an organization. However, the general criteria and requirements provided here will apply in most circumstances.
[bookmark: _p_50683dace3e042a294dc04a463fd74ab]Application conditions
[bookmark: _p_1aba733cbe494fb5b37edfe25b18b53f]The application of the competency framework will depend on the following circumstances, which will be different for each organization:
[bookmark: _p_de6d26b35b2b4b30b6449c3216a5e910](a)	The organizational context, priorities and stakeholder requirements;
[bookmark: _p_0cd8d940c8bd45c98c397305c141262c](b)	The way in which internal and external personnel are used to provide the instrument calibration services;
[bookmark: _p_a7ca240849024dc6b8663e7d8241599b](c)	The available resources and capabilities (financial, human, technological, and facilities), and organizational structures, policies and procedures;
[bookmark: _p_1eb8c706a627452786b3298e347f2ba4](d)	National and institutional legislation, rules and procedures;
[bookmark: _p_9973877434ae42809330a0a720732af2](e)	WMO guidelines, recommendations and procedures for instrument calibration services.
[bookmark: _p_a64ebf7ce408444ab3a09021a4b6cd99]Calibration: High‑level competencies
[bookmark: _p_012f20e340ab47ef99a981ac16d5b5c6]1.	Calibrate instruments
[bookmark: _p_7e276eeeceb14e3da2ace2977708fcb5]2.	Check instrument performance
[bookmark: _p_44a2fb9d23e04dedb15e109d25971daa]3.	Manage the laboratory work programme
[bookmark: _p_94563ab1721348f09ea0a206a0b33598]4.	Manage the laboratory infrastructure
[bookmark: _p_cdbb8ce14d04475383dc6ff7e995f5ad]5.	Develop and maintain SOPs
[bookmark: _p_d108425e2bcb48db97a03ac6a2ad2e51]6.	Manage the archiving[footnoteRef:1] of data and records [1:  “Archiving”, in this context, is the function of storing, keeping secure, and ensuring discoverability, accessibility and retrievability of data and information.] 

[bookmark: _p_b3270e2e6de14b2bbbd112e3587e5104]7.	Maintain a safe work environment and laboratory security
[bookmark: _p_6426845e6f2c4147936d7a7018d4fc12]Competency 1: Calibrate instruments
[bookmark: _p_1511397dd52547b480afbbbdbfb7bc48]Competency description
[bookmark: _p_456c5f48a3a647b88fd9a274076af479]Execute calibrations in accordance with standard calibration procedures, from item handling to editing of calibration certificates.
[bookmark: _p_cee3c647904949448dfdc97539d69ffe]Performance components
[bookmark: _p_574390385bc04b3c8178efedebfd9cac](a)	Execute routine calibrations on a day‑to‑day basis in accordance with standard calibration procedures;
[bookmark: _p_fda728da7a3b4c6eb2e7fee3f54292e8](b)	Compute the calibration uncertainty in conformity with the SOPs;
[bookmark: _p_671c62db76444dfea9ee4d59628cf545](c)	Prepare a draft of calibration certificate (not including approval or issuance);
[bookmark: _p_eb3ef1c138954b829fd1a130bde95454](d)	Handle calibration items appropriately;
[bookmark: _p_a6b91b6636a74e5ca497ca7129cc85ae](e)	Conduct intermediate checks of working standards in calibration laboratory;
[bookmark: _p_228196c8da404aaab33280bcea65b513](f)	Participate in internal and external audits.
[bookmark: _p_4210bae340274a2e9abd91b181831706]Knowledge and skill requirements
[bookmark: _p_e408fb483f46494aa88db17ce8f8d6b9](a)	Laboratory facilities and standards (including software);
[bookmark: _p_6a1cdf18e979423aa1f4c1f884654545](b)	SOPs for performing calibration and computation of calibration uncertainty;
[bookmark: _p_dedbdf70b8cf47e789d79ede2ca7a5da](c)	Care in handling instruments;
[bookmark: _p_17f2c501ad4b469cb210d67de30cb41e](d)	The basics of metrology and uncertainty computation, including knowledge of VIM, SI, measurement standards and traceability, measurement uncertainty and errors, and calculation of uncertainty using prescribed methods;
[bookmark: _p_43e4c438e7d4494cbd98b06d153baa08](e)	The basics of meteorological observing instrumentation, including understanding of the working principles of common meteorological instruments and their characteristics and accuracyuncertainty requirements for measurements (for example, as specified in the present Guide and other WMO or ICAO regulatory and guidance materials).
[bookmark: _p_43c36e860e724312930a6041233727f1]Competency 2: Check instrument performance
[bookmark: _p_5e6f7865b5c74820981d483b623ad88e]Competency description
[bookmark: _p_6e79828c45f04500af15717107e242f5]Check instrument performance in the laboratory using measurement standards in accordance with SOPs.
[bookmark: _p_b740c40bec01404dae0c1185c4527592]Performance components
[bookmark: _p_f7b35e94a73c4c40afdacb8832c4bdd6](a)	Prepare the standards to be used for checking instrument performance;
[bookmark: _p_ca59f17f9a33406f84c71891773e633c](b)	Handle standards and items appropriately;
[bookmark: _p_72056328401544dd88fbdc20e5ab690e](c)	Compare the instrument with standards and evaluate its functionality;
[bookmark: _p_30e2aab04d0245faaf9ce7f6e674ce85](d)	Record and analyse the measurement resultserrors;
[bookmark: _p_e0610ea818184eb894ec4abb268afd96](e)	Prepare instrument performance reports as required.
[bookmark: _p_4464f33b11d948bb98321af478512905]Knowledge and skill requirements
[bookmark: _p_6d97b55c862145288ea942f58c0dc840](a)	Handling and use of measurement standards;
[bookmark: _p_b4f1ae1b5bd64c5192854bdd88b912f5](b)	SOPs for performing instrument checks;
[bookmark: _p_9d89e38b0f2c4f60ab5c837d9fd9bce0](c)	Care in handling instruments;
[bookmark: _p_dedb65572ca9475ba38e1544f3a85cb9](d)	The basics of metrology and uncertainty computation, including knowledge of VIM, SI, measurement standards and traceability, measurement uncertainty and errors, and calculation of uncertainty using prescribed methods;
[bookmark: _p_c1fe2fda91bd4d938ca3447878653260](e)	The basics of meteorological observing instrumentation, including understanding of the working principles of common meteorological instruments and their characteristics and uncertaintyaccuracy requirements for measurements (for example, as specified in the present Guide and other WMO or ICAO regulatory and guidance materials).
[bookmark: _p_5fa2134d83bc48df872c73367c40eaab]Competency 3: Manage the laboratory work programme
[bookmark: _p_a6ddab30a3da423aa8cddf3ab9dbb83a]Competency description
[bookmark: _p_eb277caab704410497dab2ef93c0b539]Develop, prepare, organize and manage the calibration activities of the calibration laboratory.
[bookmark: _p_a655a2c414094f68a7c5fe51ba873246]Performance components
[bookmark: _p_aef39db8e6c445a8a4896330be585618](a)	Manage the work of the calibration laboratory, including quality and technical aspects (covering traceability of standards, uncertainty budget evaluation) in accordance with ISO/IEC 17025 – General Requirements for the Competence of Testing and Calibration Laboratories;
[bookmark: _p_0e450a7d1ca94943ad0f67b948aa1c22](b)	Plan and organize the regular calibrations (either internal or external, as required) of reference standards following SOPs and/or relevant WMO guidance;
[bookmark: _p_306a393eabde4479839bd4f676eac726](c)	Prepare, plan, design, procure the physical infrastructure for calibration activities (test chambers, standards, fixed point cells, pressure generators, and the like) and the applications required to conduct calibration activities;
[bookmark: _p_34f5bc4f54464b7095079bed7038a63b](d)	Monitor the quality of the laboratory calibration activities and determine the laboratory’s applicable calibration and measurement capability (CMC);
[bookmark: _p_aca72a3091334473b3766cae167eb326](e)	Provide ongoing training to ensure maintenance of competency of the calibration laboratory staff (training, qualification, and the like);
[bookmark: _p_f1c9dce389b4401fa425bf95644598b5](f)	Communicate with customers on calibration issues, including explaining the results of calibrations;
[bookmark: _p_ce35a21a087b4eff92e52f90839f093f](e)	Conduct internal and external audits, and where possible interlaboratory comparisons (ILC)s as recommended by ISO/IEC 17025.
[bookmark: _p_7fe949c9486140a3b72695910e8515d1]Knowledge and skill requirements
[bookmark: _p_f9193f6350024f6182e69a39a950e9bb](a)	Laboratory facilities and standards (including software);
[bookmark: _p_1391ea73e4a7488da8bcaa4b86374db9](b)	SOPs for managing the calibration activities of the laboratory;
[bookmark: _p_e8b9497ccfb440f9bcfc7ed2ec2bc5c4](c)	Advanced metrology and uncertainty computation including, in addition to the basics, detailed knowledge of Guide to the Expression of Uncertainty in Measurement (ISO/IEC, 2008) or equivalent, and application of the Guide to the Expression of Uncertainty Measurement framework to measurement uncertainty evaluation;
[bookmark: _p_f3db50c313404e35b551eebe66b6ff90](d)	SOPs for ILCs and assessment of CMC;
[bookmark: _p_5bda9b997e4243a987c8ed261f10735e](e)	Quality‑related requirements (for example, ISO 9001, ISO/IEC 17025, good laboratory practice);
[bookmark: _p_99b6793d87884ab9b9841125377779ea](f)	Meteorological Observing instrumentation covering the knowledge of the performance characteristics of common meteorological instruments;
[bookmark: _p_63c538288a484c4aa02c93e2cf5e5bcb](g)	Current technologies and emerging trends of laboratory instruments.
[bookmark: _p_3def9810426e4b04aeebfecc5152a0f1]Competency 4: Manage the laboratory infrastructure
[bookmark: _p_b4dee497996d4784ba781cdd1295982e]Competency description
[bookmark: _p_f2a46c42a6f34adf8919990ea48ab2d7]Install and maintain the physical infrastructure for calibration activities (test chambers, standards, fixed‑point cells, pressure generators, and the like) and the applications required to conduct calibration activities.
[bookmark: _p_4d2828707ec642c4ab6885ceb9d0787a]Performance components
[bookmark: _p_b4e63353b3774a579eb4536027540a0a](a)	Install and set up the physical infrastructure for calibration activities, including associated software systems;
[bookmark: _p_66e82b8a44a247f4a2076cd7779fc056](b)	Test the laboratory equipment to ensure verify its compliance with theoperational and calibration requirements;
[bookmark: _p_167caa48cc5a477998d9d876597abf25](c)	Maintain the laboratory infrastructure in optimal operational condition including scheduled servicing and monitoring;
[bookmark: _p_ca40e6ea44ec471b80c22edec7fcfec5](d)	Maintain the quality and reliabilty of the laboratory reference standard instruments including routine checks, maintenance and calibration;
(e)	Run control standards and reference sample checks at regular intervals to monitor measurement uncertainty, detect drift, and validate calibration results;

[bookmark: _p_cc6b2e5903a74881b16f7b07069575d4](f)	Coordinate and perform Conduct preventive and corrective maintenance of laboratory instruments and systems;
[bookmark: _p_23c16936102e426ea8187ef2ef612df8](gf)	Manage site the laboratory environment (air conditioning, secure electric power, and the like);.
(h)	Collaborate with stakeholders (e.g., users and customers) to prioritize infrastructure upgrades.
[bookmark: _p_5d092c5ea6d94c35ac09c49205d87b22]Knowledge and skill requirements
[bookmark: _p_d8d798da46b24da28b967e5d49eb34a2](a)	Laboratory infrastructure components and calibration systems, including software, environmental controls, and reference standards Laboratory facilities and standards (including software), and their maintenance;
[bookmark: _p_7424e25aabca4f38a58398e714bf89da](b)	Ability to interpret and apply technical documentation, equipment specifications, and calibration protocols to support installation, maintenance, and validation activities.Asset management;
[bookmark: _p_b11b2ea34c7743c0817a8df3fca1013a](c)	Care in handling instruments, including preventive and corrective maintenance procedures for calibration and customer instruments and systems, including scheduling and documentation;
(d)	The basics of metrology including knowledge of VIM, SI, measurement standards and traceability;
[bookmark: _p_6e16d90fef1b4b55ad94ca0470e46f91](e)	Familiarity with requirements (for example ISO/IEC 17025), including internal and external audits, corrective-action planning, and facility accreditation processes.SOPs for managing the laboratory infrastructure;
[bookmark: _p_0cfd9b46608441efbbe81d66a9b70df6](fe)	Competence in managing laboratory environmental conditions (e.g. temperature, humidity, power supply) to ensure stable and compliant calibration operations.The basics of metrology including knowledge of VIM, SI, measurement standards and traceability;
(gf)	Regulatory and safety requirements, including hazardous-area classifications and relevant ISA/IEC standards (e.g. IEC 60079), to ensure safe operation and compliance.
[bookmark: _p_2a6c78acc9bb4d04bf634a8f0274a90e](h) The basics of meteorological observing instrumentation and its maintenance.

[bookmark: _p_7e80f097ac1e45c98b01ffe69452a2c3]Competency 5: Develop and maintain standard operating procedures
[bookmark: _p_31fa32bb9e8b4ef4b7cce3a5311b7b1a]Competency description
[bookmark: _p_c7a998a10ac24a1f9d9f3ed3b9ca2a60]Develop, assess and maintain SOPs necessary for the achievement of calibrating activities, including computing calibration uncertainties.
[bookmark: _p_b097efed39894241ab4c976fa1b2c15c]Performance components
[bookmark: _p_33390af1e92b4991b1d6e51e0ed8bc71](a)	Develop SOPs taking into account available laboratory facilities and quality management system requirements;
[bookmark: _p_7832889c92f9454b948df4bb3295e4d8](b)	Establish uncertainty budgets for calibration operating procedures in accordance with metrological best practice and laboratory standards;
[bookmark: _p_5bcfa84679754146bdf97e5e38b03a47](c)	Develop Design and maintain calibration certificate templates that meet regulatory  requirements;
[bookmark: _p_0ace14f22b6e456d8b3f755d2cb46d83](d)	Maintain, and upgrade and improve SOPs regularly (including those in supporting of maintenancecalibration workflows).
(e)	Ensure the SOPs comply with applicable regulations and standards (for example VIM, GUM, ISO/IEC 17025, WMO guidance material)
[bookmark: _p_292fa12b11394a93ba31e5b78a16a55a]Knowledge and skill requirements
[bookmark: _p_7f675a23f0af47f9a6d402bc270304e4](a)	Knowledge of bBest practices for developing, maintaining and documenting relating to SOPs for calibration activities;

[bookmark: _p_1d5121af4f004c1f82249351580f9f97](b)	Advanced metrology and uncertainty computation including, in addition to the basics, detailed knowledge of Guide to the Expression of Uncertainty in Measurement (ISO/IEC, 2008) or equivalent, application of the Guide to the Expression of Uncertainty Measurement framework to measurement uncertainty evaluation, conducting ILCs and determination of the CMC of the laboratory;
[bookmark: _p_fa88223e0771415889b29f27a559101c](c)	Laboratory infrastructure components and calibration systems, including software, environmental controls, and reference standardsLaboratory facilities and standards (including software);
[bookmark: _p_4c0010bdb1724fac97a232c41149c1d9](d)	QQuality management systems and standardsrequirements (e.g.for example, ISO 9001, ISO/IEC 17025, good laboratory practice);

[bookmark: _p_a9966b3de13f41389786253050972f0d](e)	Meteorological Observing instrumentation, in particular, those in the national networks. 
[bookmark: _p_c51b08dd3e83452e9c26b07d3a6ccd17]Competency 6: Manage the archiving of data and records
[bookmark: _p_cfefb2c5c60f4c948b1e12c8e1d1a617]Competency description
[bookmark: _p_05984ea86c534b648e6791446e46b46a]Ensure archiving of calibration activity measurements, calibration certificates and records.
[bookmark: _p_af3881e360de462aae7864165020d37a]Performance components
[bookmark: _p_fdba2408ad24439faafaf952d016da02](a)	Archive calibration activity measurement data and metadata and the associated records in accordance with prescribed procedures;
(b)	Archive calibration certificates forof calibrated instruments 
[bookmark: _p_aa3f29a0b41b43b89f3830fa6947ce91]
[bookmark: _p_c8c53d521c3949deaf19403fdb834802](c)	Archive calibration certificates of laboratory instruments.
(d)	Implement access controls and other data protection measures to safeguard sensitive calibration records. 

[bookmark: _p_84f9ab58b3f44016a3dd6a672b55397b]Knowledge and skill requirements
[bookmark: _p_ea54662fa77c4e918af750997832768e]Knowledge of prescribed practices for managing the data and record archival.
(a) Prescribed practices for archiving calibration data, metadata, and certificates, including retention schedules. 
(b) Digital archiving systems and tools, including database management, file formats, and metadata standards relevant to calibration laboratories. 
(c) Data protection principles, including access control, encryption, and secure storage protocols to safeguard sensitive calibration records. 

[bookmark: _p_07bb61a1e5cf4f96929d0ec8de62a3af]Competency 7: Maintain a safe work environment and laboratory security
[bookmark: _p_b7b1b95fb534489486c92f0e324c034f]Competency description
[bookmark: _p_6d3d740c6c344b68b840f57d0c524b94]Perform all calibration tasks in a safe and healthy working environment, at all times complying with occupational safety and health regulations and procedures, and security requirements.
[bookmark: _p_3ec3416dbc684e22a50ec5f88cac4c51]Performance components
(a)	Safely handle, store and dispose of mercury, and equipment containing mercury in accordance with environmental and safety regulations;

[bookmark: _p_86458327fdf14a148e0f8bdcd4aa380b](b)	Safely handle, store and dispose of other toxic or dangerous substances, and equipment containing these substances (for examplesuch as wet‑cell batteries, chemical solutions) in accordance with environmental and safety regulations;
(c)	Perform safely in the proximity of electrical hazards;
[bookmark: _p_be8684b1d7b34798bd5d2277b7d01f9f](d)	Safely perform all calibration tasks in the proximity of hazards (e.g., electrical, chemical) with appropriate safety measures in place including the use of personal protective equipment and other hazard mitigation protocolsin the presence of safety hazards;
(e)	Conduct regular risk assessments and hazard identification for all calibration related activities and environments; 
(f)	Implement and maintain safety protocols, emergency response procedures, and hazard registers to support a safe and compliant laboratory environment.
[bookmark: _p_c954be64996447d2ae3bbbcd18cddbd6](eg)	Ensure  the security (access restrictions, and the like)   of the calibration laboratory and instruments under test;.
[bookmark: _p_80e77aaa9ca44d53877188442f5e65b0]Knowledge and skill requirements
[bookmark: _p_216d324db8cf4f6a97d697b2de250d2e](a)	Hazardous materials handling and waste management procedures, including mercury, chemicals, and batteries, in compliance with environmental and safety standards (for example, Minamata Convention).Mercury safety procedures;

(b)	Chemical safety procedures;
[bookmark: _p_dc54f2ff422540359d3cb94db7babcb6](bc)	Electrical safety procedures;
[bookmark: _p_bb69c697be084d6a8e24e83e44d8cd89](cd)	Occupational safety and health requirements;
[bookmark: _p_668875582e69422385f72cecb2e5efb6][bookmark: _p_65352fca4a2242818ec94afa42e68834](de)	SOPs for maintaining staff safety and laboratory security.
