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[bookmark: _Toc32220976][bookmark: _p_c1419dd14dfe43bba3cc8d101751f1cb]Annex 5.B. Competency framework for personnel installing and maintaining instrumentation
[bookmark: _p_5999ef61b5c24b4e8744a532fe2028cc]The provision of instrument installation and maintenance services within an NMHS or related services might be accomplished by a variety of skilled personnel, including meteorologists, hydrologists, instrument specialists and technicians, engineers and IT personnel. Personnel in third ‑party organizations (for example, private contractors, communication service providers and instrument maintenance agents) and other providers might also supply installation and maintenance services for various meteorological observing stations instruments.
[bookmark: _p_d06f1fb881994b45a55e098e0ee38bfd]This annex sets out a competency framework for personnel involved in the installation and maintenance of meteorological observing stationsinstruments,[footnoteRef:1] 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 installation and maintenance 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. [1:  In this document, the competency refers to the performance required for effective installation and maintenance of minor pieces of observing instruments. The competencies for large  observing system infrastructures such as those including radars and wind profilers are covered under observing programme and network management competencies.] 

[bookmark: _p_b246bcfbc3c9494f82a447759cb53d68]It is recommended that personnel involved in the installation and maintenance of meteorological observing stationsinstruments should fulfil some of the learning outcomes as specified for meteorological instrument technicians and methods of observation in BIP‑MT/BIP-HT (detailed information on BIP‑MT/BIP-HT is shown in the Guide to the Implementation of Education and Training Standards in Meteorology and Hydrology (WMO-No. 1083).
[bookmark: _p_e17ceb395d664ef996d0cfcadd849917]Application conditions
[bookmark: _p_9c72ab06de9f49eaaf40895b4e8eac15]The application of the competency framework will depend on the following circumstances, which will be different for each organization:
[bookmark: _p_3f83a48e0dfc40039ad6c851d905aec6](a)	The organizational context, priorities and stakeholder requirements;
[bookmark: _p_cec745f314b84f45afec729760226fee](b)	The way in which internal and external personnel are used to provide the instrument installation and maintenance services;
[bookmark: _p_f6913b1b641f43758c4eda48c5918a75](c)	The available resources and capabilities (financial, human, technological, and facilities), and organizational structures, policies and procedures;
[bookmark: _p_652422c6f0a44dc0924d7c870f7cd1ff](d)	National and institutional legislation, rules and procedures;
[bookmark: _p_1099a2a7257f4357b961aab73104f182](e)	WMO guidelines, recommendations and procedures for instrument installation and maintenance services.
[bookmark: _p_da88e59d5935418bb399f4200009538c]Instrumentation: High‑level competencies
[bookmark: _p_c48bc7ca804345daa0b95f1badb1b748]1.	Install instruments and communications systems
[bookmark: _p_f84402af658b4d1abf31f1ae48710abf]2.	Maintain instrument and system performance
[bookmark: _p_a41710347e8e4e11af1e6ec820551b22]3.	Diagnose faults
[bookmark: _p_9cd3f79659d44e0ea2dfbba33ceb4c6b]4.	Repair faulty instruments and systems
[bookmark: _p_8f187921bd4a4b55ab3f73e180795c5d]5.	Maintain a safe work environment
[bookmark: _p_0d5f222e099d4617944df91cee4763ba]Competency 1: Install instruments and communications systems
[bookmark: _p_e243ce61b45244259b573d5a744dafd1]Competency description
[bookmark: _p_91b5ca20fb8f4d8c82fda1c4e10f73fb]Install, test and commission meteorological observing  instruments and communications systems.
[bookmark: _p_e4771d8113224264b567ca048c818b3e]Performance components
[bookmark: _p_5a41e65bf3ba462996460e3f6107ae99](a)	Assemble and test instruments before transport to site;
[bookmark: _p_bd2d899b8ce745d7a2543680dba4e546](b)	Transport instruments to site with appropriate protective measures to prevent damage from handling or during transit;
(c)	Configure and install instruments and communication systems according to technical documentation, including schematics and wiring diagrams, including simple site preparation;
[bookmark: _p_d7e19f9f93dd463498330c37f3d78e85][bookmark: _p_a095311991f44b13af933ec383434e61](d)	Coach observing and technical staff in the operation and maintenance of the instruments (including provision of SOPs), standard operating instructions, system manuals, wiring diagrams, and the like;
[bookmark: _p_c596918e18f848c4a0dc91f69dec5013](e)	Thoroughly test on‑site instrument and communications performance, prior to operational cutover;
[bookmark: _p_a5747d9f9991418faefa0194f9cd51cf](f)	Complete site classification, for variable(s) concerned, pprepare instrument metadata and register and keep  them up to date in metadata database and and submit instrument and variable metadata to WIGOS via the Observing Systems Capability Analysis and Review Tool (OSCAR/Surface);
[bookmark: _p_49ae3700df724389b7ec390cceb4f3e9](g)	Switch instrument(s) to operational mode.
[bookmark: _p_611ee0657f0f44b7b94c2f17fd16b74f]Knowledge and skill requirements
[bookmark: _p_d0ecd7cdd8364b2caee643656ac6b372](a)	Understanding of general meteorology as described in BIP‑MT;
[bookmark: _p_9216a2eefee9462fa31cd004734d030e](b)	Detailed understanding of meteorological instruments and methods of observation;
(c)	Understanding of technical documentation, including schematics and wiring diagrams, and systems manuals to accurately install, configure, and commission instruments and communication systems, including compliance with standard operating procedures (SOPs) and safety requirements.
[bookmark: _p_dd34b64566204b6ca433143ac5d39b04](dc)	Use of meteorological codes Codes to record observations (for example, according to the Manual on the WMO Integrated Processing and Prediction Global Data-processing and Forecasting System (WMO-No. 485) and the Manual on Codes (WMO-No. 306), Volumes I.1, I.2, I.3 and II);
[bookmark: _p_6e24420bb05343a1accfb6b23dfe0df9](ed)	WMO Information System (WIS) National and international data transmission set‑up;
[bookmark: _p_abeaaea9c29e49f89dad2832722fe495](fe)	Careful handling of instruments, including during transportation;
[bookmark: _p_5c634d7880bd48808fc0f7d5b789b719](gf)	Electronics and information and communication technologies (ICTs);
[bookmark: _p_6f383dff4e944b408e640563445d2884](hg)	Correct and safe use of mechanical and electrical tools;
[bookmark: _p_2efddb1ae08c42a2a2a0eb0a299ea70a](ih)	SOPs, practices and quality management systems;
[bookmark: _p_46c2e96b694e472e897cebc8eab27244](ji)	Occupational safety and health requirements for instruments and systems.
[bookmark: _p_11e783b1038c48b18be4fc956955e549]Competency 2: Maintain instrument and system performance
[bookmark: _p_7ae7e09ae09040dba3bac79a214b5192]Competency description
[bookmark: _p_c7623cfe7fb244258cdc697828f82517]Perform preventive maintenance on instruments and communications systems in accordance with SOPs to ensure quality and availability of observational information.[footnoteRef:2] [2:  See also competency 5 in observing programme and network management competencies, Annex 5.D.] 

[bookmark: _p_82efea0637654767a569b1902b1054c2]Performance components
[bookmark: _p_1103ee95b91b4675aa0abadf7984bfd0](a)	Schedule and carry out preventive maintenance, field verification and site inspection, following prescribed procedures (for examplee.g., change wet bulb wick or recorder charts, clean pyranometer dome or ceilometer window, change anemometer bearings, changing gas for bubbler system, cleaning staff gauges, and carry out preventive maintenance on more sophisticated pieces of equipment such as radars and AWSs as specified in the SOPs);
[bookmark: _p_d22d7dcdb1594f48bbe63b9e3e44c5b7](b)	Ensure availability of prescribed spare parts inventories;
[bookmark: _p_8f96ac2ef1854de0a7dc452b1dc31832](c)	Monitor data availability and the performances of instruments and communications systems;[footnoteRef:3] [3:  See also competency 5 in meteorological observations competencies, Annex 5.A.] 

[bookmark: _p_419bc916e66448a58929c02432a6ad7f](d)	Routinely verify correct functioning of instruments, following prescribed procedures;
[bookmark: _p_d2e4f2fbe0a04b9c9645e4b1e1aaaac4](e)	Perform on‑site calibrationfield verification checks to ensure that instrument performance is within tolerance, following prescribed procedures;
[bookmark: _p_c131dbf2860347d39271431cb7e1f665](f)	Provide guidance and refresher training, remotely if necessary, to on‑site staff, to maintain compliance with prescribed methods for instrument operation,of operating the instruments, for making observationals practices, and  and with procedures for thedata reduction processes during maintenance;
[bookmark: _p_26c14310ddab48169164a15e51f2107b](g)	Inspect the exposure of instruments and remove any obstacles nearby if necessary;
[bookmark: _p_23249b97e8ef4fccb78531b42120c050](h)	Record maintenance and site inspection[footnoteRef:4] events, field verification results, calibrations, sensor/instrument replacements in the maintenance log or metadata repository. [4:  For site inspection tasks, refer to the present Guide, particularly Volume I, Chapter 1, 1.3.5.1 and the present volume, Chapter 1, 1.10.1; also to the Guide to the Global Observing System (WMO-No. 488), particularly Chapter 3, 3.1.3.8 and 3.1.3.11; the Guide to Hydrological Practices (WMO-No. 168) and the Manual on the WMO Integrated Global Observing System (WMO-No. 1160), particularly Chapter 3, 3.4.8.] 

[bookmark: _p_6e7bcdc38b7444068291112fc4682fe0]Knowledge and skill requirements
[bookmark: _p_925aa63b0487424bbd1c9f59395eb5c4](a)	Understanding of general meteorology as described in BIP‑MT;
[bookmark: _p_38dfaef051b04bdc848820d97d187d65](b)	Detailed understanding of meteorological instruments and methods of observation and  particular familiarity with those employed at the site;
[bookmark: _p_e8731e4243384afbb6f03298fa540671](c)	Care in handling instruments;
[bookmark: _p_16073e39b9f44f6699ef7a36c6781ccc](d)	Accuracy in reading and recording instrument outputs;
[bookmark: _p_b9a563fda67943f9a1f01b9293708ee4](e)	Maintenance and site inspection manuals, SOPs, practices and quality management systems;
[bookmark: _p_227bf5e6260d40d7b5039accefcdcac9](f)	Electronics and ICTs;
[bookmark: _p_742916cf5c594d1fb4e6de8dabf04bcf](g)	Basic metrological principles and vocabulary (e.g., Measurement measurement uncertainty of instruments and calibration traceability);
[bookmark: _p_867f60bd59aa468891613bbb2a4f242e](h)	Occupational safety and health requirements for instruments and systems.
[bookmark: _p_490f9bd1f004451ead6f54ec80f7e547]Competency 3: Diagnose faults
[bookmark: _p_ba50c4c09a274fa680ea167399da159e]Competency description
[bookmark: _p_cb3d8a048e7a40f29a2da0c82a6ede45]Diagnose faults in the performance of the observation system (instruments, communications, power supply and auxiliary infrastructure).
[bookmark: _p_d4a6e93370ee4fe7af66ff3ace1a1835]Performance components
(a)	Detect abnormality in data acquisition and system operation;Diagnose faults in instruments and systems by applying structured troubleshooting methods using remote and on-site diagnostic tools (e.g., multimeters, simulators, configuration software), and resolving issues;
[bookmark: _p_2af9d257d30347368b565e51254247d1](b)	Inspect observational instruments, communications systems, power supply facilities and auxiliary infrastructure for faults;
[bookmark: _p_c8c6327e9716450189b493decea68b9f](c)	Provide guidance, remotely if necessary, to on‑site staff to identify and diagnose minor faults;
[bookmark: _p_b944a8a70e184f67b1ce18937a856f9a](d)	Record all faults and their time of occurrence time in a maintenance log or metadata repository;
[bookmark: _p_c2d10afd5fd141dd9729f990f8836f69](e)	If repair is required, order delivery of requisite spare parts.
[bookmark: _p_33ddfb78b9574a379c64e04a1aaea000]Knowledge and skill requirements
[bookmark: _p_ecaedf3bdeb847c7a0d85e961ae0ed37](a)	Understanding of general meteorology as described in BIP‑MT;
(b)	Detailed understanding of meteorological instruments and methods of observation and particular familiarity with those employed at the site;
(c)	Ability to diagnose faults in instrumentation systems using structured troubleshooting techniques, remote and on-site diagnostic tools (e.g., multimeters, simulators, configuration software);
[bookmark: _p_206b2d206f6f4177863a27b9e436bda2](d)	Use of meteorological codes Codes to record observations (for example, according to the Manual on the WMO Integrated Processing and Predication SystemGlobal Data-processing and Forecasting System (WMO‑No. 485) and the Manual on Codes (WMO-No. 306), Volumes I.1, I.2, I.3 and II);
[bookmark: _p_c3c58d505ebe4656bfaebc94532bc269](ed)	National and international data transmission set‑upWIS set‑up;
[bookmark: _p_b0a34944ebcb4d2cbacdc262170198f7](fe)	SOPs, practices and quality management systems;
[bookmark: _p_9089a43123d74c0faf88efa7da258228](gf)	Ability to interrogate the system both on site and remotely;
[bookmark: _p_cc5df5a21dc24154b600bde312aa352b](hg)	Electronics and ICTs;
[bookmark: _p_2273f6a4b8b444adb28602b518bcc061](ih)	Occupational safety and health requirements for instruments and systems;
[bookmark: _p_15dcdd0bf3464ebd8f9f5d555f6fdabc](ji)	Contingency planning to ensure continuity of observations (for example, in the event of power, sensor or system failure, backup sensors and communications systems).


[bookmark: _p_cd2e06ac37ac4bcc977e0bdd8c5db3c7]Competency 4: Repair faulty instruments and systems
[bookmark: _p_cb33347007ef44b6a1cbfc6ed149d80c]Competency description
[bookmark: _p_4a9d6b010e5f446ca18ab975622e81e8]Repair faulty instruments and systems in the observing network.
[bookmark: _p_5174259ab4d3420f8ae997ac28f89431]Performance components
[bookmark: _p_9f08d1277e3c4247ac8b447a646894a6](a)	Provide guidance, remotely if necessary, to on‑site staff to repair minor faults;
[bookmark: _p_ed97d362b5104a688162ad7e8c1b349d](b)	Assess spare parts requirements and ensure availability;
[bookmark: _p_63db66bf77fb4909a0616f9a9f9f9a6a](c)	Repair faulty components following prescribed procedures and processes;
[bookmark: _p_5ec12772e05d44979811c074bdd46b3f](d)	Perform tests after repair to ensure compliance with performance requirements;
[bookmark: _p_1ac92d6c49af4430a2721ef70f9c3f5c](e)	Record repair actions taken and time of resuming data acquisition in a maintenance log or metadata repository.
[bookmark: _p_35412ae337794878902a7b09919bb9c2]Knowledge and skill requirements
[bookmark: _p_87d4dc2826384079acab634ebacae4be](a)	Understanding of general meteorology as described in BIP‑MT;
[bookmark: _p_6a28a1e05b584538ad11a41466354d67](b)	Detailed understanding of meteorological instruments and methods of observation;
(c)	Ability to interpret fault diagnostics and apply corrective maintenance procedures to restore instrument and system functionality.
(d)	Correct use of diagnostic tools (e.g., multimeters, simulators, test equipment) for fault isolation and repair. 
[bookmark: _p_543dc7295d114c8688413d9b0b7109d7](e)	Use of meteorological codes Codes to record observations (for example, according to the Manual on the WMO Integrated Processing and Predication Global Data-processing and Forecasting System (WMO-No. 485) and the Manual on Codes (WMO-No. 306), Volumes I.1, I.2, I.3 and II);
[bookmark: _p_6ec1f415884248639c1d6358edc71fad](fd)	National and international data transmission set‑upWIS set‑up;
[bookmark: _p_579bc68b68de4196897f4ffd0310f99e](ge)	Care in handling instruments including during transportation;
[bookmark: _p_2d22a7beaab0491dad3b506fcfba6048](hf)	Instrument and system design and operation;
[bookmark: _p_1a78c38f1e6649a08b4346bcbc8f3dd6](ig)	Repair manuals, SOPs, practices and quality management systems;
[bookmark: _p_2acbadc8c6de4feda3aad16f8a960aa6](jh)	Ability to interrogate the system both on site and remotely;
[bookmark: _p_a476068527e643bda4a7c7731ea9f1d7](ki)	Electronics and ICTs;
[bookmark: _p_56703913b30a4f80a61ab4d60fbf1250](lj)	Occupational safety and health requirements for instruments and systems.


[bookmark: _p_adbe70e9fcbc43c1aa378af317eb6e4e]Competency 5: Maintain a safe work environment
[bookmark: _p_8366cf5d9e2f42c282b515a819f426a9]Competency description
[bookmark: _p_b7ca4e11097a47898690984092bb799a]Perform all tasks in a safe and healthy working environment, at all times complying with occupational safety and health regulations and procedures.
[bookmark: _p_686e0fe2cfbe42c4a04a9e70a850d6bb]Performance components
[bookmark: _p_3a60361b6909489fb8f64c8113c62221](a)	Conduct hazard identification and risk assessment;
[bookmark: _p_79fff915067f4b1f9aa1f27afac4a216](b)	Raise safety awareness among other employees and visitors to the site;
[bookmark: _p_72a8f97441f6415ba8b6f5f73086fd89](c)	Continuously monitor the workplace for occupational safety and health hazards and correct or mitigate non‑conformances;
[bookmark: _p_3793ae3d6f754a6d8c5e49de71a338b7](d)	Take appropriate measures to ensure public safetySecure at remote observing stationssites to ensure public safety;
[bookmark: _p_a1e7edec80d6418c89ff81441e28d78b](e)	Make use of personal protective equipment;
[bookmark: _p_be3e86d656274731a5917bc59c533a5b](f)	Safely handle, store and dispose of all hazardous chemicals (for example, mercury, hydrogen and the chemicals used for generating hydrogen, and batteries);
[bookmark: _p_fe7d0ba2cb9c4256bcf317ff39652460](g)	Perform safely in the proximity of electrical hazards, microwave radiation, weather‑related hazards and when working at heights or in confined spaces;
[bookmark: _p_0487652a2ce5429f86eaf5c8ed1d3be6](h)	Maintain a register of hazards and hazard management.
[bookmark: _p_61fce9fdb66640cfbf85142733598d90]Knowledge and skill requirements
[bookmark: _p_b5d681e658be455ca0de5f0ec2cd790e](a)	ISO 31000 (Risk Management: Principles and Guidelines on Implementation);
[bookmark: _p_f8e37c08b71a4b94b01f02a42457819c](b)	Safety procedures in handling hazardous materials (for example, mercury, hydrogen and the chemicals used for generating hydrogen, and batteries);
[bookmark: _p_e380066417374c60aaee2f4fba4ae4c1](c)	Safety procedures for electrical hazards, microwave radiation, weather‑related hazards and when working at heights or in confined spaces;
[bookmark: _p_89ff625a7cba4e4e819f616f51eae8f7](d)	General occupational safety and health requirements;
[bookmark: _p_8662295c5ffc43799f78bc2f89cf0c45](e)	Hazard identification, mitigation and registration.
