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Report on progress, recommendations and future activities of CIMO Task Team on COMPETENCIES
	Summary and purpose of document
This document provides information on the progress, recommendations and accomplishments of the CIMO Task Team on Competencies.


Action proposed

The Meeting is invited to consider the following recommendations:
· To approve the set of competencies developed by the CIMO Task Team on Competencies;
· To include the proposed set of competencies, after approval, in the CIMO guide as a new chapter. 
________________
Appendices:
I
Updated Workplan

II
Competency framework for meteorological observation 
EXECUTIVE SUMMARY

The CIMO Task Team on Competencies was formed to develop specialist competencies for all staff employed by NMHS in the observations area. An initial face-to-face meeting of the task team was held in Casablanca, Morocco in November 2014, at the kind invitation of the Permanent Representative of Morocco with WMO, Dr Mokssit. Facilitated by Dr Ian Bell, the task team drafted four separate sets of high level competencies considered necessary to span the entire range of IMO functions. These are: Observations, Instrumentation, Calibration (based on the draft competencies for calibration prepared by ET-OpMet) and Network and Programme Management. The Task Team drafted a detailed Work Plan to enable them to accomplish this work and more than 20 teleconferences were conducted to achieve the actions planned.  

Once accomplished, the set of competencies developed by TT-Comp was presented to CIMO-MG 14 and shared with the other WMO technical commissions. All remarks received were debated during several teleconferences leaded successfully by Dr Chen Yongqing thanks to an effective involvement of all members and to a valuable assistance from CIMO secretariat. 
The final proposal is presented in appendix II and the Task team request CIMO-MG 15 to approve it. It will be very useful to insert the competency framework developed as a new chapter in the CIMO Guide.
REPORT ON ACHIEVEMENTS, RECOMMENDATIONS AND FUTURE ACTIVITIES OF CIMO TASK TEAM ON COMPETENCIES (TT-COMP)

1. ACHIEVEMENTS WITH RESPECT TO THE WORK PLAN
1.1 Each set of high level competencies drafted in Casablanca has been further developed to include detailed competencies (for each high level competency) and requisite knowledge and skill requirements. Drafts of each set have been provided to WMO’s ETR Department for distribution to selected trainers for comment and or feedback from ETR as to their suitability and form. They have also been distributed to key CIMO experts for comment.
1.2 TT-Comp has conducted most of its work by email, with approximately 20 teleconferences for team discussion.

1.3 Four sets of competencies including 25 high level competencies for observation, instrumentation, calibration and for observing programme and network management were developed. 
1.4 All tasks of the work plan have been completed in the first half of the year 2016 (see the updated work plan in Appendix I).
1.5 The fourth set of competencies, for observing programme and network management, has been on forwarded to CBS and the other WMO technical commission for its consideration. 

1.6 The comments received have been tabulated and debated by TT-Comp. The team updated progressively the competency sets to take these into account.

1.7 TT-Comp refined the four sets of competencies in the light of the comments received. The finalised competency sets is submitted to CIMO MG for endorsement and on forwarding to EC for approval.
2. Problems encountered 
The work of the task team was each time initiated after the reception of new remarks.

3. Recommendations
· To approve the set of competencies developed by the CIMO Task Team on Competencies;
· To include the proposed set of competencies, after approval, in the CIMO guide as a new chapter. 

4. Major topics for future work with expected associated deliverables: NT
_________________

Workplan of the Task Team on Competencies (2014-2015)
(Version: as updated by the Task Team in November 2015)
	No.
	Task description
	Action
	Deliverable
	Deadline for deliv.
	Status
[%]
	Comments

	1.
	Competency sets required for CIMO
	1. Review existing relevant material and examples (e.g. competencies developed by  other TCs and work done by former ET-RIC)

2. Liaise with EC Panel of Experts on Education and Training to follow WMO overall approach to this topic.

3. Derive overall competency sets required to cover all functions related to instrumentation and observations
	1. Documentation List

2. List of competency sets.
	1. 10 Nov 2014

2. 13 Nov 2014
	100%

100%
	CIMO-XV, para 6.20

CIMO-16 6.19, 7(6).3
Four sets of Competency Framework were developed (see Tasks 2, 3, 4 & 5)

	2.
	Competencies for meteorological observations. 
	1. Develop competencies for meteorological observations.
2. Finalize.

	Document with required competencies for consideration of CIMO MG.


	Mar 2015
	100%
	

	3
	Competencies for instrument calibration
	1. Review and revise draft competencies for instrument calibration developed by ET-RIC. 

2. Finalize.
	Document with required competencies for consideration of CIMO MG.
	Teleconf 05 March 2015
	100%
	

	
	Competencies for instrumentation (installation, operation, maintenance)
	3. Develop draft competencies for instrumentation. 
4. Finalize
5. Finalize preamble for the first three sets of competency frameworks.
	Document with required competencies for consideration of CIMO MG.
	Teleconf 19, 20 March & 02 April 2015
	100%
	

	5
	Competencies for observing programme and network management
	1. Develop draft competencies for observing programme and network management. 

2. Finalize preamble for all four sets of competency frameworks.

	Document with required competencies for consideration of CIMO MG.
	Teleconf 11, 25 June, 15 July, 11 Aug, 09 Sep, & 29 Sept 2015, 26 November 2015
	100%
	Observing Programme and Network management competencies) have been drafted by the CIMO TT, but will be referred to CBS for agreement. 

	6
	WMO Regulatory and/or Guidance Material
	1. Recommend to CIMO MG on where output should appear.

2. Arrange for inclusion of competencies in CIMO Guide and/or WMO regulatory documentation
	1. Recommendation to CIMO MG on regulatory status of competencies.

2. Update of relevant CIMO Guide chapter or regulatory material
	1. Dec 2015
	100%
	Note: ultimately CIMO MG will submit agreed version to WMO ETD for review.  


________________

COMPETENCY FRAMEWORK FOR METEOROLOGICAL OBSERVATIONS
The provision of the Meteorological Observations function within a National Meteorological and Hydrological Service (NMHS) or related agency may be accomplished by a variety of skilled personnel, including meteorologists, climatologists, geographers, meteorological instrument technicians and meteorological technicians. It can also be accomplished by a range of other more amateur people, such as farmers, police, clerical workers, or private citizens. Third party organizations (e.g., universities, international and regional institutions and research centres) and private-sector organizations might also contribute to this function.

This document sets out a competency framework for personnel (primarily professional meteorological observers) involved in the provision of meteorological observations function, but it is not necessary that each person has the full set of competencies as set out in the framework.  However, within specific application conditions (as set out below), which might be different for each organization or region, it is expected that any institution providing meteorological observations 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. 

It is recommended that professional meteorological observers performing meteorological observations should have successfully completed the Basic Instruction Package for Meteorological Technician (BIP-MT). (Detailed information on BIP-MT is shown in the Manual on the Implementation of Education and Training Standards in Meteorology and Hydrology which is available at: http://library.wmo.int/pmb_ged/wmo_1083_en.pdf).

APPLICATION CONDITIONS

The application of the competency framework will depend on the following circumstances, which will be different for each organization.
A. The organizational context, priorities and stakeholder requirements;

B. The way in which internal and external personnel are used to provide meteorological observations services;

C. The available resources and capabilities (financial, human, technological, and facilities), and organizational structures, policies and procedures;

D. National and institutional legislation, rules and procedures;

E. WMO guidelines, Meteorological observation procedures and ISO requirements;

F. Regional variations, i.e.:
(i) The range of weather phenomena experienced in the region,
(ii) Local climatology, 

(iii) Extent of automation of observing and sensing systems,
(iv) Available communication technologies.
Meteorological Observations: High Level Competencies 

1. Monitor the meteorological situation. 

2. Perform a surface observation. 

3. Perform a balloon-borne upper air observation.

4. Utilize remote sensing technology in making observations.

5. Monitor the performance of instruments and systems. 

6. Maintain the quality of observational information. 

7. Maintain a safe work environment. 

Competency 1: Monitor the meteorological situation 
Competency description 
Appraise meteorological conditions to identify the significant and evolving situation that is affecting or will likely affect the area of responsibility throughout the watch period.

Performance components 

1. Assess the evolving local meteorological situation.

2. Understand the potential influence of the evolving meteorological situation on subsequent observations. 

3. Identify meteorological symptoms that may lead to the onset of significant weather.

Knowledge and skill requirements 

1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT) including physical meteorology, dynamic meteorology, synoptic and mesoscale meteorology, climatology, meteorological instruments and methods of observations. 
2. Identification of clouds and other meteors using the WMO International Cloud Atlas (WMO – No. 407) as guidance.

3. Meteorological factors leading to the evolution of significant weather. 

4. Standard Operating Procedures and prescribed practices for monitoring weather conditions. 

Competency 2: Perform a surface observation

Competency description 

Perform surface observations of meteorological variables and phenomena, and their significant changes, according to prescribed practices. 

Performance components 
1. Observe and accurately record: 

· Precipitation,
· atmospheric pressure,
· temperature,
· humidity,
· wind,
· cloud,
· present and past weather,
· visibility,
· solar radiation,
· sunshine duration,
· evaporation,
· soil temperature,
· state of the ground,
· other specialised observations as required (e.g. soil moisture, sea state, atmospheric composition, wind shear, leaf wetness, phenology).
2. Encode and transmit surface observations using prescribed codes and methods.

Knowledge and skill requirements 
1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT) including physical meteorology, dynamic meteorology, synoptic and mesoscale meteorology, climatology, meteorological instruments and methods of observations.

2. Cloud classification as defined in the WMO International Cloud Atlas (WMO – No. 407).

3.  Past and present weather identification.

4. Standard Operating Procedures and prescribed practices for performing surface observations,. 

5. Onsite instrumentation and systems (including software). 

6. Care in handling instruments.

7. Accuracy in reading instruments and recording observations. 

8. Use of meteorological codes to record observations [e.g., according to the Manual on the Global Data-processing and Forecasting System (WMO - No. 485) and Manual on Codes (WMO - No. 306)].

Competency 3: Perform a balloon-borne upper air observation

Competency description 
Perform a balloon-borne upper air observation, according to prescribed practices and procedures.

Performance components 

1. Prepare and deploy balloons and their payloads: 

· Balloon shed safety check,
· Balloon preparation and filling,
· Instrument ground check,
· Balloon release.
2. Track balloon flight.

3. Compute and record: 

· Upper air pressure, temperature and humidity,
· Upper air wind speed and direction,
· Other specialised upper air observations as required (e.g. ozone).
4. Encode and transmit upper air observations using prescribed codes and methods.

Knowledge and skill requirements 

1. Hydrogen safety and generation.

2. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT) including physical meteorology, dynamic meteorology, synoptic and mesoscale meteorology, climatology, meteorological instruments and methods of observations.

3. Standard Operating Procedures and prescribed practices for performing upper-air observations.

4. Onsite instrumentation and systems (including software).

5. Care in handling instruments.

6. Accuracy in reading instruments and recording observations.

7. Use of meteorological codes to record observations. 

Competency 4: Utilize remote sensing technology in making observations

Competency description

Make observations utilizing remote sensing technology e.g., satellite, weather radar, radar wind profiler, wind lidar, ceilometer, microwave radiometer, lightning detection system, etc.

Performance components

1. Interpret information derived from remote sensing technology in making observations (e.g., ceilometer for cloud base height in SYNOP/METAR).

2. Cross-check observations obtained from alternative observing techniques (e.g. remote sensing versus in-situ measurements) to ensure consistency [e.g., compare visibility information recorded by visibility meters with satellite imagery (fog, sandstorms) and manual observations].

Knowledge and skill requirements

1. Understanding of the physical principles of operation, the particular technical configuration and the limitations of surface-based and space-based remote sensing technology being utilized (e.g., weather radar, wind lidar, ceilometer, lightning detection system, radar wind profiler, microwave radiometer).

2. Knowledge of the use of different meteorological and oceanographic information derived from remote sensing technology (e.g., Imagery from different channels of satellites, Doppler wind field from weather radars).

Competency 5: Monitor the performance of instruments and systems

Competency description 

Monitor the status and performance of observational instrumentation and communications systems
.
Performance components 

1. Regularly inspect meteorological instruments (e.g., raingauge, wet bulb thermometer), automated observing systems (e.g., AWS, weather radar fault status), communications systems and backup systems (e.g., power). 

2. Conduct routine maintenance tasks as prescribed (e.g., change wet bulb wick or recorder charts, clean pyranometer dome or ceilometer window).

3. Conduct first-in fault diagnosis and alert technical staff. 

4. Undertake action under guidance from remote technical staff. 

5. Record interventions and irregularities in a maintenance log / metadata repository. 

Knowledge and skill requirements 

1. Standard Operating Procedures and prescribed practices for carrying out inspection of instruments and communications systems, etc. 

2. Accuracy requirements for instrumentation and measurements (e.g., as specified in the Guide to Meteorological Instruments and Methods of Observation – WMO - No. 8 and other WMO or ICAO regulatory and guidance materials).

3. Onsite instrumentation and systems (including software).

4. Care in handling instruments.

5. Accuracy in reading instruments and recording observations.

6. Use of meteorological codes to record observations. 

7. Hazard awareness in the vicinity of instruments and communications systems (e.g., near electrical cables, working at heights, electromagnetic radiation).

8. Prescribed contingency plans (e.g., failure of power and communications systems, damage to infrastructure during severe weather events).

Competency 6: Maintain the quality of observational information 
Competency description 

Maintain the quality of meteorological observations at the required level by applying documented quality management processes. 
Performance components 

1. Monitor all observations to check for errors and inconsistencies, correct errors or flag data in accordance with prescribed procedures and take follow-up action. 

2. Record corrections, flags and follow-up actions in metadata repository. 

3. Check observational messages for format and content before issuance and make corrections if required. 

4. Ensure all observations are successfully sent and received. 

Knowledge and skill requirements 

1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT) including physical meteorology, dynamic meteorology, synoptic and mesoscale meteorology, climatology, meteorological instruments and methods of observations.
2. Standard Operating Procedures and prescribed practices for treating suspect observations.

3. Accuracy requirements for measurements (e.g., as specified in the Guide to Meteorological Instruments and Methods of Observation (WMO - No. 8) and other WMO or ICAO regulatory and guidance materials). 

4. Onsite instrumentation and systems (including software).

5. Use of meteorological codes to record observations.

6. Prescribed contingency plans. (e.g., data transmission failure, power failure).

Competency 7: Maintain a safe work environment 

Competency description
Perform all observing tasks in a safe and healthy working environment, at all times complying with occupational safety and health regulations and procedures.

Performance components 

1. Safely handle, store and dispose of hydrogen and the chemicals used for generating hydrogen.

2. Safely handle, store and dispose of mercury, and equipment containing mercury.

3. Safely handle, store and dispose of other toxic or dangerous substances, and equipment containing these substances (such as wet cell batteries).

4. Perform safely in the proximity of electrical hazards.

5. Safely perform all observing tasks while minimizing exposure to hazardous environmental conditions (severe weather, lightning, flood, hurricane, fires, etc.).

6. Safely perform all observing tasks in the presence of safety hazards (working at heights, in the proximity of microwave radiation, compressed gases, etc.).

7. Maintain a register of hazards and hazard management.

Knowledge and skill requirements 

1. Occupational safety and health requirements and procedures (e.g., hydrogen, mercury, chemical, electrical safety and working at height).

2. Hazard identification and mitigation.

3. Hazard register summarizing all potential hazards and control measures in the workplace to enhance occupational safety.

COMPETENCY FRAMEWORK FOR INSTRUMENTATION

The provision of instrument installation and maintenance services within a National Meteorological and Hydrological Service (NMHS) or related services might be accomplished by a variety of skilled personnel, including meteorologists, instrument specialists and technicians, engineers and IT personnel. Personnel in third party organizations (e.g., private contractors, communication services providers and instruments maintenance agents) and other providers might also supply installation and maintenance services for various meteorological observing instruments.

This document sets out a competency framework for personnel involved in the installation and maintenance of 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 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.

It is recommended that personnel involved in the installation and maintenance of meteorological observing instruments should have successfully completed the Basic Instruction Package for Meteorological Technician (BIP-MT) (Detailed information on BIP-MT is shown in the Manual on the Implementation of Education and Training Standards in Meteorology and Hydrology which is available at: http://library.wmo.int/pmb_ged/wmo_1083_en.pdf).
APPLICATION CONDITIONS

The application of the competency framework will depend on the following circumstances, which will be different for each organization.
A. The organizational context, priorities and stakeholder requirements;

B. The way in which internal and external personnel are used to provide the instrument installation and maintenance services;

C. The available resources and capabilities (financial, human, technological, and facilities), and organizational structures, policies and procedures;

D. National and institutional legislation, rules and procedures;

E. WMO guidelines, recommendations and procedures for instrument installation and maintenance services.

Instrumentation: High Level Competencies 

1. Install instruments and communications systems.
2. Maintain instrument and system performance.
3. Diagnose faults.
4. Repair faulty instruments and systems.
5. Maintain a safe work environment.
Competency 1: Install instruments and communications systems
Competency description

Install, test and commission meteorological observing instruments and communications systems.

Performance components

1. Assemble and test instruments before transport to site.

2. Transport instruments to site. 

3. Install instruments and communication systems (including simple site preparation).

4. Coach observing/technical staff in operation and maintenance of the instruments (including provision of Standard Operating Procedures (SOP), Standard Operating Instructions (SOI), systems manuals, wiring diagrams, etc.). 

5. Thoroughly test on-site instrument and communications performance, prior to operational cut-over.

6. Complete site classification for variable(s) concerned, prepare and submit instrument and variable metadata to the WMO Integrated Global Observing System (WIGOS) via the Observing Systems Capability Analysis and Review (OSCAR) Tool. 

7. Switch instrument(s) to operational mode.

Knowledge and skill requirements

1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT).

2. Detailed understanding of meteorological instruments and methods of observation.

3. Use of meteorological codes to record observations [e.g., according to the Manual on the Global Data-processing and Forecasting System (WMO - No. 485) and Manual on Codes (WMO - No. 306)].

4. World Meteorological Organization Information System (WIS) set–up.

5. Careful handling of instruments, including during transportation.

6. Electronics and Information Communications Technology (ICT).

7. Correct and safe use of mechanical and electrical tools.

8. Standard Operating Procedures, practices and quality management systems.

9. Occupation safety and health requirements for instruments and systems.

Competency 2: Maintain instrument and system performance

Competency description
Perform preventive maintenance on instruments and communications systems in accordance with Standard Operating Procedures to ensure quality and availability of observational information
.

Performance Components

1. Schedule and carry out preventive maintenance and site inspection following prescribed procedures (e.g., change wet bulb wick or recorder charts, clean pyranometer dome or ceilometer window, change anemometer bearings, and carry out preventive maintenance on more sophisticated pieces of equipment like radars and automatic weather stations as specified in the Standard Operating Procedures).

2. Ensure availability of prescribed spare parts inventories.

3. Monitor data availability and the performances of instruments and communications systems
. 

4. Routinely verify correct functioning of instruments, following prescribed procedures.

5. Perform on-site calibration checks to ensure that instrument performance is within tolerance, following prescribed procedures.

6. Provide guidance and refresher training, remotely if necessary, to on-site staff, to maintain compliance with prescribed methods of operating the instruments, for making observations and with procedures for the reduction of observations.

7. Inspect the exposure of instruments and remove any obstacles nearby if necessary.

8. Record maintenance and site inspection
 events, calibrations, sensor/instrument replacements in maintenance log / metadata repository.

Knowledge and skill requirements
1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT).

2. Detailed understanding of meteorological instruments and methods of observation and particular familiarity with those employed at the site.

3. Care in handling instruments.

4. Accuracy in reading instruments.

5. Maintenance and site inspection manuals, Standard Operating Procedures, practices and quality management systems.

6. Electronics and Information Communications Technology (ICT). 

7. Measurement uncertainty of instruments and calibration traceability.

8. Occupation safety and health requirements for instruments and systems.

Competency 3: Diagnose faults 
Competency description
Diagnose faults in the performance of the observation system (instruments, communications, power supply and auxiliary infrastructure). 

Performance Components

1. Detect abnormality in data acquisition and system operation.

2. Inspect observational instruments, communications systems, power supply facilities and auxiliary infrastructure for faults.

3. Provide guidance, remotely if necessary, to on-site staff to identify and diagnose minor faults.

4. Record all faults and their occurrence time in a maintenance log / metadata repository.

5. If repair is required, order delivery of requisite spare parts.

Knowledge and skill requirements

1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT).

2. Detailed understanding of meteorological instruments and methods of observation and particular familiarity with those employed at the site.

3. Use of meteorological codes to record observations [e.g., according to the Manual on the Global Data-processing and Forecasting System (WMO - No. 485) and Manual on Codes (WMO - No. 306)].

4. World Meteorological Organization Information System (WIS) set–up.

5. Standard Operating Procedures, practices and quality management systems.

6. Ability to interrogate the system both on-site and remotely. 

7. Electronics and Information Communications Technology (ICT). 

8. Occupation safety and health requirements for instruments and systems.

9. Contingency plans to ensure continuity of observations (e.g., in event of power failure, sensor failure, system failure, backup sensors and communications systems).

Competency 4: Repair faulty instruments and systems
Competency description

Repair faulty instruments and systems in the observing network. 

Performance components

1. Provide guidance, remotely if necessary, to on-site staff to repair minor faults. 

2. Assess spare parts requirements and ensure availability.

3. Repair faulty components following prescribed procedures and processes.

4. Perform tests after repair to ensure compliance with performance requirements.

5. Record repair actions taken and time of resuming data acquisition in a maintenance log / metadata repository.

Knowledge and skill requirements

1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT).

2. Detailed understanding of meteorological instruments and methods of observation.

3. Use of meteorological codes to record observations [e.g., according to the Manual on the Global Data-processing and Forecasting System (WMO - No. 485) and Manual on Codes (WMO - No. 306)].

4. World Meteorological Organization Information System (WIS) set–up.

5. Care in handling instruments including during transportation. 

6. Instrument/system design and operation.

7. Repair manuals, Standard Operating Procedures, practices and quality management systems.

8. Ability to interrogate the system both on-site and remotely.

9. Electronics and Information Communications Technology (ICT). 

10. Occupation safety and health requirements for instruments and systems.

Competency 5: Maintain a safe work environment

Competency description

Perform all tasks in a safe and healthy working environment, at all times complying with occupational safety and health regulations and procedures.

Performance components

1. Conduct hazard identification and risk assessment. 

2. Raise safety awareness among other employees and visitors to site.

3. Continuously monitor the workplace for occupational safety and health hazards and correct or mitigate non-conformances.

4. Secure remote site to ensure public safety.

5. Make use of personal protective equipment (PPE).

6. Safely handle, store and dispose of all hazardous chemicals (e.g., mercury, hydrogen and the chemicals used for generating hydrogen, batteries).
7. Perform safely in the proximity of electrical hazards, microwave radiation, weather related hazards and when working at heights or in confined spaces. 

8. Maintain a register of hazards and hazard management.

Knowledge and Skills Requirements

1. ISO 31000 (Risk management: principles and guidelines on implementation).

2. Safety procedures in handling hazardous materials (e.g., mercury, hydrogen and the chemicals used for generating hydrogen, batteries). 

3. Safety procedures for electrical hazards, microwave radiation, weather related hazards and when working at heights or in confined spaces.

4. General occupational safety and health requirements. 

5. Hazard identification, mitigation and registration.

COMPETENCY FRAMEWORK FOR CALIBRATION

The provision of instrument calibration services within a National Meteorological and Hydrological Service (NMHS) or related services might be accomplished by a variety of skilled personnel, including meteorologists, instrument specialists, technicians and engineers. Third party organizations (e.g., private contractors, calibration service providers and laboratories) might also provide calibration services for various meteorological observing instruments.
This document 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.
APPLICATION CONDITIONS

The application of the competency framework will depend on the following circumstances, which will be different for each organization.
A. The organizational context, priorities and stakeholder requirements;
B. The way in which internal and external personnel are used to provide the instrument calibration services;
C. The available resources and capabilities (financial, human, technological, and facilities), and organizational structures, policies and procedures;
D. National and institutional legislation, rules and procedures;
E. WMO guidelines, recommendations and procedures for instrument calibration services.
Calibration: High Level Competencies

1. Calibrate instruments.
2. Check instrument performance.
3. Manage the laboratory work programme.
4. Manage the laboratory infrastructure.
5. Develop and maintain Standard Operating Procedures.
6. Manage the data and record archival
.
7. Maintain a safe work environment and laboratory security 

Competency 1: Calibrate instruments
Competency description

Execute calibrations in accordance with standard calibration procedures, from item handling to editing of calibration certificates.

Performance components

1. Execute routine calibrations on day-to-day basis in accordance with standard calibration procedures.

2. Compute the calibration uncertainty in conformity with the Standard Operating Procedures.

3. Prepare a draft of calibration certificate (not including approval or issuance). 

4. Handle calibration items appropriately.

5. Conduct intermediate checks of working standards in calibration laboratory.

6. Participate in internal and external audits.

Knowledge and skill requirements

1. Laboratory facilities and standards (including software).

2. Standard Operating Procedures for performing calibration and computation of calibration uncertainty.

3. Care in handling instruments.

4. The basics of Metrology and uncertainty computation including knowledge of the International Vocabulary of Metrology (VIM), International System of Units (SI), measurement standards and traceability, measurement uncertainty and errors and calculation of uncertainty using prescribed methods.

5. The basics of meteorological instrumentation including understanding of the working principles of common meteorological instruments and their characteristics and accuracy requirements for measurements (e.g., as specified in the Guide to Meteorological Instruments and Methods of Observation (WMO - No. 8) and other WMO or ICAO regulatory and guidance materials).

Competency 2: Check instrument performance
Competency description

Check instrument performance in the laboratory using measurement standards in accordance with Standard Operating Procedures.

Performance components

1. Prepare the standards to be used for checking instrument performance.

2. Handle standards and items appropriately.

3. Compare the instrument with standards and evaluate its functionality.

4. Record and analyze the measurement errors.

5. Prepare instrument performance reports as required.

Knowledge and skill requirements

1. Handling and use of measurement standards.

2. Standard Operating Procedures for performing instrument checks.

3. Care in handling instruments.

4. The basics of Metrology and uncertainty computation including knowledge of the International Vocabulary of Metrology (VIM), International System of Units (SI), measurement standards and traceability, measurement uncertainty and errors and calculation of uncertainty using prescribed methods.

5. The basics of meteorological instrumentation including understanding of the working principles of common meteorological instruments and their characteristics and accuracy requirements for measurements (e.g., as specified in the Guide to Meteorological Instruments and Methods of Observation (WMO - No. 8) and other WMO or ICAO regulatory and guidance materials).

Competency 3: Manage the laboratory work programme 
Competency description

Develop, prepare, organize and manage the calibration activities of the calibration laboratory.

Performance components

1. Manage the work of the calibration laboratory, including quality and technical aspects (covering traceability of standards, uncertainty budget evaluation).

2. Plan and organize the regular calibrations (either internal or external as required) of reference standards following the Standard Operating Procedures and/or the relevant WMO guidance.  

3. Prepare, plan, design, procure the physical infrastructure for calibration activities (test chambers, standards, fixed point cells, pressure generators, etc.) and the applications required to conduct calibration activities.

4. Monitor the quality of the laboratory calibration activities and determine the laboratory’s applicable Calibration and Measurement Capability (CMC).

5. Provide on-going training to ensure maintenance of competency of the calibration laboratory staff (training, qualification, etc.).

6. Communicate with customers on calibration issues, including explaining the results of calibrations.

7. Conduct internal audits, external audits and where possible inter-laboratory comparisons as recommended by ISO/IEC 17025.

Knowledge and skill requirements

1. Laboratory facilities and standards (including software).

2. Standard Operating Procedures for managing the calibration activities of the laboratory.

3. Advanced metrology and uncertainty computation including, in addition to the basics, detailed knowledge of the “Guide to the expression of uncertainty in measurement” (GUM) or equivalent, application of the GUM uncertainty framework to measurement uncertainty evaluation.

4. Standard Operating Procedures for inter-laboratory comparison and assessment of Calibration and Measurement Capability (CMC).

5. Quality-related requirements [e.g., ISO 9001, ISO/IEC 17025, Good Laboratory Practice (GLP)].

6. Meteorological instrumentation covering the knowledge of the performance characteristics of common meteorological instruments.

7. Current technologies and emerging trends of laboratory instruments.

Competency 4: Manage the laboratory infrastructure 
Competency description

Install and maintain the physical infrastructure for calibration activities (test chambers, standards, fixed point cells, pressure generators, etc.) and the applications required to conduct calibration activities.

Performance components

1. Install and set up the physical infrastructure for calibration activities, including software.
2. Test the equipment to ensure its compliance with the requirements.
3. Maintain the laboratory infrastructure in optimal operational condition.
4. Maintain the quality of the laboratory reference standard instruments.
5. Conduct preventative and corrective maintenance.
6. Manage site environment (air conditioning, secure electric power, etc.).
Knowledge and skill requirements

1. Laboratory facilities and standards (including software), and their maintenance.
2. Asset management.
3. Care in handling instruments.
4. Standard Operating Procedures for managing the laboratory infrastructure.
5. The basics of Metrology including knowledge of the International Vocabulary of Metrology (VIM), International System of Units (SI), measurement standards and traceability.
6. The basics of meteorological instrumentation and its maintenance.
Competency 5: Develop and maintain Standard Operating Procedures
Competency description

Develop, assess and maintain Standard Operating Procedures necessary for the achievement of calibrating activities, including computing calibration uncertainties.

Performance components

1. Develop Standard Operating Procedures taking into account available laboratory facilities and quality management requirements.
2. Establish uncertainty budget for calibration operating procedures.
3. Develop calibration certificate templates.
4. Maintain and upgrade Standard Operating Procedures (including in support of maintenance).
Knowledge and skill requirements

1. Knowledge of best practices relating to Standard Operating Procedures. 
2. Advanced metrology and uncertainty computation including, in addition to the basics, detailed knowledge of the “Guide to the expression of uncertainty in measurement” (GUM) or equivalent, application of the GUM uncertainty framework to measurement uncertainty evaluation, conducting inter-laboratory comparisons and determination of the Calibration and Measurement Capability (CMC) of the laboratory.
3. Laboratory facilities and standards (including software). 
4. Quality requirements [e.g., ISO 9001, ISO/IEC 17025, Good Laboratory Practice (GLP)].
5. Meteorological instrumentation, in particular, those in the national network.
Competency 6: Manage the data and record archival 
Competency description

Ensure the archival of calibration activity measurements, calibration certificates and records.

Performance components

1. Archive calibration activity measurement data and metadata and the associated records.
2. Archive calibration certificates of calibrated instruments.
3. Archive calibration certificates of laboratory instruments.
Knowledge and skill requirements

1. Knowledge of prescribed practices for managing the data and record archival.
Competency 7: Maintain a safe work environment and laboratory security
Competency description

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.

Performance components

1. Safely handle, store and dispose of mercury, and equipment containing mercury.
2. Safely handle, store and dispose of other toxic or dangerous substances, and equipment containing these substances (such as wet cell batteries).
3. Perform safely in the proximity of electrical hazards.
4. Safely perform all calibration tasks in the presence of safety hazards. 
5. Ensure the security (access restrictions, etc.) of the calibration laboratory and instruments under test.
Knowledge and skill requirements

1. Mercury safety procedures.
2. Chemical safety procedures.
3. Electrical safety procedures.
4. Occupational safety and health requirements.
5. Standard Operating Procedures for maintaining staff safety and laboratory security.
COMPETENCY FRAMEWORK FOR OBSERVING PROGRAMME AND NETWORK MANAGEMENT

The management of observing programme and network operation within a National Meteorological and Hydrological Service (NMHS) or related services might be accomplished by a variety of skilled personnel, including programme planners and managers, meteorologists, instrument specialists and technicians, engineers and IT personnel.  Personnel in third party organizations (e.g., private contractors, communication services providers and instrument maintenance agents) and other providers might also supply consultancy and management services for the observing programme and/or equipment maintenance services for the observing network.

This document sets out a competency framework for personnel involved in the management of observing programme and network, 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 managing the observing programme and network operation will have staff members somewhere within the organization or external service providers 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.

In planning and managing the observing programme and network operation, the relevant regulatory requirements and guiding principles from the manual on the WMO Integrated Global Observing System (WMO - No. 1160) should be taken into account (e.g., Appendices 2.1 and 2.5).  The WMO Rolling Review of Requirements (RRR) process (http://www.wmo.int/pages/prog/www/OSY/GOS-RRR.html) in combination with the Observing Systems Capability Analysis and Review Tool (OSCAR) (https:/OSCAR.WMO.int) should be used so that the capabilities of the observing programme can be reviewed and improved to meet the relevant data requirements under various WMO Application Areas.

APPLICATION CONDITIONS

The application of the competency framework will depend on the following circumstances, which will be different for each organization.
A. The organizational context, priorities and stakeholder requirements;

B. The way in which internal and external personnel are used to provide the observing programme and network management services;

C. The available resources and capabilities (financial, human, technological, and facilities), and organizational structures, policies and procedures;

D. National and institutional legislation, rules and procedures;

E. WMO guidelines, recommendations and procedures for observing programme and network management.

Observing Programme and Network Management: High Level Competencies 

1. Plan the observing programme
2. Procure equipment
3. Select and acquire sites
4. Install network components
5. Manage the network operation 
6. Manage the observing programme
Competency 1: Plan the observing programme

Competency description

Ascertain observation requirements and formulate observing programme development plans that satisfy these requirements taking into account the technical, financial and human resources required for implementation, continuous operation and long-term sustainability.
Performance components

1. Assess user requirements for observations (Rolling Review of Requirements).
2. Perform an observation system gap analysis using Observing Systems Capability Analysis and Review Tool (OSCAR). 
3. Identify the required observational instrumentation to fill the identified gaps.
4. Design network topology/structure required to fill the identified gaps taking into account the inclusion of external (so-called 3rd party) data sources.
5. Identify the associated human resources required (quantities and competencies) for the sustainable operation of the proposed observing programme.
6. Identify the required supporting infrastructure (e.g., site, buildings, communications).
7. Prepare a fully costed life cycle plan for the sustainable operation of the proposed observing programme. 
8. Document in detail the proposed observing programme and develop the implementation plan.
9. Check that the final observing programme satisfies the original specified requirements (review and obtain feedback from users).
10. Develop (or update existing) contingency plan and business continuity plan for the observing programme.
Knowledge and Skill Requirement

1. Users’ requirements for data under various WMO Application Areas. 

2. Meteorological instruments and communications systems installed in the observing network, commercially available alternatives and emerging developments.

3. Programme management including knowledge of programme planning, organizational structure, design and scheduling of tasks, liaison with stakeholders, etc.

4. Financial planning and management including knowledge of different financial accounting models e.g., accrual and cash accounting, asset versus recurrent costing, costs benefits analysis, and whole-life costing.

5. Understanding of human resource management including knowledge of planning and developing of human resources, etc.

6. Contingency planning and existing observing system contingency plans.

7. Familiarity with WMO regulations, guidelines and activities (e.g., Guide to Meteorological Instruments and Methods of Observation (WMO - No. 8), Guide to the Global Observing System (WMO - No. 488), Manual on the Global Observing System (WMO - No. 544), Manual on the WMO Integrated Global Observing System (WMO - No. 1160), Rolling Review of Requirements (RRR), Observing Systems Capability Analysis and Review Tool (OSCAR), Instrument Testbeds etc.).

8. Familiarity with the Implementation Plan for the Evolution of the Global Observing System (EGOS-IP) and any national observing system strategies.

9. ISO 9001 (Quality Management Systems).

Competency 2: Procure equipment
Competency description:

Procure instruments and the associated infrastructure (including communications systems, initial spares and staff training) as specified for the implementation, continuous operation and long-term sustainability of the observing programme.

Performance components:

1. Confirm procurement scope with the planning team, including availability of funds meeting capital and operational costs.

2. Conduct market survey to identify the suitable models of instruments meeting observation requirements.

3. Conduct engineering design and/or draw up functional specifications of the instruments to be procured.

4. Initiate tender or purchasing processes for equipment and infrastructure (obtain the necessary approvals) and prepare and issue procurement documents.

· Tender evaluation,

· Purchase recommendation,

· Appoint supplier.

5. Conduct factory acceptance tests. 

6. Conduct site acceptance tests (if required). 

7. Authorize payments subject to satisfactory fulfilment of the contract terms.

Knowledge and Skill Requirements

1. Observing programme including meteorological instruments and communications systems installed in the observing network.

2. Observing technology options (Guide to Meteorological Instruments and Methods of Observation (WMO - No. 8)).

3. Information Communications Technology (ICT) options.

4. National and organizational procurement rules and guidelines.

5. Project Management (especially with significant procurement projects).

6. ISO 31000 (Risk management: principles and guidelines on implementation).

7. Occupational safety and health requirements for instruments and systems.

Competency 3: Select and acquire sites

Competency description:

Select, acquire and commission observing sites for installation of instruments and communications systems.

Performance Components:

1. Identify suitable site for long term observations which meets observational requirements. (e.g., Conduct site survey to ensure representative measurements of the required variables can be taken to satisfy the data requirements of relevant WMO Application Areas).

2. Detailed site planning and site acquisition. [Ensure reliable power supply, communications, ascertain best form(s) of communications (satellite, copper cable, optical fibre, microwave link, GPRS, private wire), road access, site exposure, granting of site lease, acquisition of formal land allocation notification, etc.]. 

3. Prepare site/enclosure (e.g., civil works: clear and level the site, establish power, communications, fencing of site, road access, etc.). 
4. Provide site plan, layout diagrams of observing equipment, power supply, communication links, etc.
5. Conduct joint site inspection and acceptance tests.
6. [Confirm site conditions, e.g., flatness of site, earthing conditions (< 10 ohms) for lightning protection, low EM wave background for lightning location detector, quality of power supply, communications bandwidth, roadways, fencing.]
7. Complete the handover of site (e.g., obtain site acceptance certificates).
8. Prepare and submit site metadata to WMO Integrated Global Observing System (WIGOS) via the Observing Systems Capability Analysis and Review (OSCAR) Tool.
Knowledge and skills requirements

1. Guide to Meteorological Instruments and Methods of Observation (WMO - No. 8) (e.g., Part 1, Chapter 1, in particular Section 1.3, and Annex 1.B, WMO/ISO Siting Classification for Surface Observing Stations on Land; Annex 1.C: Station exposure description).

2. WIGOS, in particular OSCAR requirements and data submission process.

3. Information Communications Technology (ICT).

4. Site leasing process and negotiation skills.

5. Project Management.

6. Occupational safety and health requirements.

Competency 4: Install network components
Competency description

Install, test and commission major
 components of observing networks (e.g. weather radars, vertical wind profilers).

Performance components
1. Assemble, test and calibrate network components (e.g., instruments, communications, support systems) before transport to site. 

2. Transport network components to site or coordinate delivery by supplier.  

3. Install network components and carry out user acceptance tests. 

4. Ensure training is conducted to meet user or operational requirements. (Including Standard Operating Procedures and instructions, systems manuals, wiring diagrams, etc.).

5. Complete site classification for variable(s) concerned, prepare and submit instrumentation metadata to the WMO Integrated Global Observing System (WIGOS) via the Observing Systems Capability, Analysis and Review (OSCAR) Tool. 

6. Switch network components to operational mode.

Knowledge and Skill Requirements

1. Understanding of general meteorology as described in the Basic Instruction Package for Meteorological Technician (BIP-MT) including meteorological codes, and World Meteorological Organization Information System (WIS) set-up.

2. Observing programme including existing network components or new components to be installed in the observing network. 

3. Careful handling of network components, including during transportation.

4. Electronics and Information Communications Technology (ICT).

5. Correct and safe use of mechanical and electrical tools.

6. Standard Operating Procedures, practices and quality management systems.

7. Occupation safety and health requirements.

Competency 5: Manage the network operation 
Competency description

Manage the observing network (observations, instrument calibration and maintenance, etc.) to ensure its continuous operation and timely delivery of quality observations.

Performance components
1. Implement network maintenance (preventive, corrective, adaptive), site inspection and instrument calibration programmes
 to ensure correct and sustainable functioning of all equipment.
2. Develop and employ quality assurance tools (for regular diagnosis of system functions and parameters) for all instrumentation both in-situ and remote sensing.
3. Develop and maintain a data quality monitoring system (for example, manual and/or automated data QC systems) to ensure data traceability and metadata accuracy.
4. Coordinate with external sources (partners, volunteers and other 3rd party sources such as crowd sourcing) regarding the provision of their data to ensure data quality and homogeneity of the integrated network.
5. Prepare contingency plans for network operation and data acquisition including periodic testing of effectiveness.
6. Monitor network performance using appropriate tools and schemes and devise indicators to measure network performance (e.g., data availability, timeliness).
7. Document all operational procedures (e.g., network maintenance, instrument calibration, data QC algorithms, contingency plans, etc.).
8. Maintain an asset register.
Knowledge and Skill Requirements

1. Meteorological instruments and communications systems installed in the observing network.
2. Familiarity with WMO guidelines and regulations on meteorological observations (e.g., Guide to Meteorological Instruments and Methods of Observation (WMO - No. 8), Manual on the WMO Integrated Global Observing System (WMO - No. 1160), WIGOS Framework Implementation Plan, etc.).
3. Detailed knowledge of operational programme management and organizational structure, etc.
4. Contingency plans (to ensure continuity of the observing network).
5. Asset management standards e.g., ISO 55000 and Global Forum on Maintenance and Asset Management (GFMAM).
6. Occupation safety and health requirements for the observing network.
Competency 6: Manage the observing programme
Competency description

Manage the observing programme (technical, financial and human resources, etc.) to ensure observing programme requirements are met safely and sustainably.

Performance Components

1. Develop financial and human resource plans and secure the resources that ensure sustainability of the observing programme.

2. Regularly evaluate and re-assess staff performance and provide on-going training (in liaison with the Training Section if necessary) to ensure maintenance of competency of all staff involved in the observing programme.

3. Co-ordinate with users and as required update data requirements of the observing programme (e.g., real-time observations, NWP applications and climate monitoring).

4. Regularly review short-term and long-term goals of the observing programme, identify areas for its continuous improvement (e.g., improved standardization, network optimization and development).

5. Explore and implement technical solutions to address improvement areas identified taking into account technological change of instrumentation and data communication methods.

6. Promote awareness and compliance of all staff with occupational safety and health requirements.

Knowledge and Skill Requirements

1. Financial planning including knowledge of different financial accounting models e.g., accrual and cash accounting, asset versus recurrent costing, costs benefits analysis, and whole-life costing.
2. Detailed knowledge of programme monitoring and evaluation techniques.
3. Understanding of human resource management including knowledge of performance management and developing of human resources, etc.
4. Meteorological instrumentation and Information Communications Technology (ICT).
5. Familiarity with WMO regulations, guidelines and activities [e.g., WMO Technical Regulations (WMO - No. 49), Guide on the Global Observing System (WMO - No. 488), Manual on the Global Observing System (WMO - No. 544), Manual on the WMO Integrated Global Observing System (WMO - No. 1160), Observing Systems Capability Analysis and Review Tool (OSCAR), etc.].
6. Occupation safety and health requirements.
� See also Competency 2 in Instrumentation Competencies


� 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 meteorological observing infrastructure such as those including radars and wind profilers are covered under Observing Programme and Network Management competencies.


� See also Competency 5 in Observing Programme and Network Management Competencies.


� See also Competency 5 in Meteorological Observations Competencies.


� For site inspection tasks, refer to Guide to Meteorological Instruments and Methods of Observation  (WMO - No. 8), particularly Part I Chapter 1 Section 1.3.5.1, Part IV Chapter 1 Section 1.10.1, Guide to the Global Observing System (WMO - No. 488), particularly Sections 3.1.3.8 and 3.1.3.11, Manual on the Global Observing System – Volume I – Global Aspects (WMO - No. 544), particularly Sections 3.1.5 and 3.1.6., Manual on the WMO Integrated Global Observing System (WMO - No. 1160), particularly Section 3.4.8.


� The meaning of the term “archival” in this context is the function of storing, keeping secure, and ensuring discoverability, accessibility and retrievability of data and information.


� In this document, the competency refers to the performance required for effective management of an observing programme involving large meteorological observing networks such as those including radars and wind profilers.


� Those which comprise a significant investment for an organization, and so require a structured project management approach, as opposed to the implementation of minor pieces of observing infrastructure, the competencies for which are covered under Instrumentation competencies.


� Including for remote sensing equipment: note, for example, detailed guidance on maintenance of radars and wind profilers is given in Guide to Meteorological Instruments and Methods of Observation – (WMO - No. 8), Part II, Chapter 7, Section 7.7 and Operational Aspects of Wind Profilers Radars – (WMO/TD No. 1196), Section 4 respectively. 





