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ON THE JOB TRAINING MANUAL for Guyana Hydro-Meteorological Service
The following operational ‘on-the job’ training manual for Aeronautical Meteorologists who have completed the Senior Level Meteorological Technicians’ (SLMT) at the Caribbean Institute for Meteorology and Hydrology (CIMH), and is based on recommendations and guidelines from WMO No 258 (2002), its subsequent Supplement to WMO No. 258 (2006) and the recommendations from the WMO Executive Council Panel of Experts on Education and Training Task Team on Aeronautical Forecaster Qualifications (2009).
Recommendations from the Task team on Aeronautical Forecaster Qualifications (TT-AFQ)
Supervised On-the-job training (Career levels for Meteorologists, Section 1.3 WMO-No. 258) of approximately 300 hours, where the new personnel are consolidating their meteorological skills and knowledge, improving their procedural knowledge, skills, timeliness and work-attitudes under close supervision (for example this may mean that they work day shift, shadow more experienced specialized operational Meteorologists, practice the operational tasks they will be performing but not independently issuing their forecasts); 

At least three months training - (300 hours)
Month 1 – Operational Training

Month 2 – Operational shift duties under a supervising forecaster
Month 3 – Operational shift work overseen by supervisor
Note that these are minimum recommended training periods and should be extended if the assessor/supervisor determines that the trainee forecaster is not at the required level of competence to move on to the next stage of training.
Month 1 – Office duties familiarization and operational forecast training, and timing
Recommended training schedule – Daily eight hour shifts – the following duties should be preformed daily for a least one month.  This has to be a packed but challenging introduction to the office duties and responsibilities, together with fine tuning forecasting skills and ideally should be undertaken as part of a normal nine to five work pattern. 
1. Duty - Weather observations (twice a day) – 
Reasoning - As future forecast office supervisors, the forecasters should be fully aware of the duties of the observers.  The forecaster also needs to be familiar with the environment of the terminal and the types of weather that may affect aviation operations.  Granted this will not be accomplished in a few weeks but initial familiarization will aid them in the future. 
2. Duty - Documentation Familiarization -ICAO, WMO and local reference documentations

Reasoning - It has been observed that major irregularities have occurred in both METAR and TAF outputs from many of the regional offices.  Note it is mandatory to follow WMO/ICAO regulatory requirements.  In the interest of flight safety all efforts should be made to improve the preparation and dissemination of high quality terminal weather reports and forecasts.  See Appendix IV.
3. Duty - Introduction to local services and regulations - 
Forecasters should have an introduction to local and regional forecast responsibilities; office policies for supervision, interaction with the public and media; organization hierarchy; understanding user requirements.  

Reasoning – Forecasters must be totally aware of the regional forecast responsibilities, their office hierarchy, the preparation of disaster bulletins, media communications and the specific needs of their users. 
4. Duty: Weather analysis- 

a- Use of office systems and processes

Reasoning – All forecaster trainees must learn how to effectively use the office forecast systems and processes.  This will then enable them to more effectively use these systems to forecast the weather and to disseminate their products and services.

b- Chart analysis – using COROBOR data – Daily chart analysis of surface, 850 mb, 500 mb, 300 mb and 200 mb charts.  
Reasoning – Guyana weather is highly influenced by the weather associated with Inter-tropical convergence zone, cross equatorial flow at all levels and continental effects.  Due the variety of the area of responsibility, it is crucial that the forecasters become familiar with the flow pattern at all levels.  Again this is a daily duty where forecasters work on accuracy and timing.
c- Sounding analysis – Forecasters must make daily use of Cayenne sounding data as part of their daily forecast process.

Reasoning – Noting the vertical profile is essential for forecasting and use of the Cayenne sounding will allow the forecaster to evaluate the environmental stability and wind and moisture profiles (See Appendix III – Part 5)
d- NWP models – Forecasters need to verify (against real-time observations) and compare the GFS, ECWMF, NOGAPs and other global models as well as the regional WRF and MM5 models (CIMH or FSU) then interpret and add value to the model output taking due consideration of the strengths, weaknesses and characteristics of the various models.
Reasoning – NWP products are an essential tool for the modern day forecaster particularly at longer forecast lead times.  Forecasters must evaluate the various models on a daily basis to determine biases within the models and note their effectiveness in the region.

e- RADAR data - Integration of RADAR data into the forecast 

Reasoning – The presence of the new Doppler Radar facility and the data it will enable the forecasting of mesoscale and synoptic weather events, as well as its links to hydrological events, particularly in Guyana. Trainee forecasters must be able to demonstrate how they utilise Radar data as in their forecast process. 
f- Weekly weather summary- A weekly review of the weather events, model performance and forecast verifications.

Reasoning – Writing a weather summary and forecast verification is excellent tool for the trainee forecasters: 

i) to analyse the behaviour of weather systems, 

ii) to gauge and track the performance of the various NWP models;

iii) to review and provide evidence of the performance and meteorological understanding of the trainee forecasters;

iv) to start the practice of writing weather summaries which is essential for maintaining a record of significant weather events.

g- Research project- Each trainee forecaster has to produce one research paper and make a presentation on a significant weather event or forecast procedure (Radar, Sounding, NWP, etc,).   
Reasoning – There is a need for continuous research in the region and forecasters must consider their field one of continuous development and growth.  Also as forecasters and future administrators they will be called upon to explain various weather events and give presentations on such.  Thus this practice must be initiated early.   
5. Duty: review of COMET and WMO CAeM training modules

COMET has prepared an Aeronautical training matrix (Appendix II) which contains a wide selection of training modules.  Appendix III contains a list of selected modules recommended for completion by trainees.  As part of the assessment the trainee have to complete one module from each of the section (Parts 1 to 5) and two from Part 6 in Appendix III and have the results sent the CIMH.  Others can be recommended by the OJT supervisor.
The WMO CAeM Expert Team on Education and Training (ET/ET) has also developed a website at http://www.caem.wmo.int/moodle/ which contains the best available aeronautical meteorology training and guidance material sourced from around the world.  Trainees should be encouraged to utilise these resources as means of further improving their practical and technical knowledge.
This should be continued throughout the training period and other modules should be looked at beyond the training period.
Reasoning- the COMET matrix provides an invaluable training guideline and will be one of the suggested training tools for OJT by WMO. Note that it has been proposed that these modules used for continued professional development training and competency testing for operational forecasters. 
In review of the TAFs disseminated from forecast offices in the region and initial results of the TAF verification program at CIMH, it is strongly suggested that emphasis be placed on ‘Effective TAF Writing’.  

 The theory modules are particularly useful for those delegates from a less theoretical background.  
6. Duty:  Attendance of the Caribbean VisitView Focal group and Caribbean Weather online discussions. 

Forecasters must attend and participate in the VisitView and Caribbean Weather Discussions.

Reasoning; The VisitView Focus group and the Caribbean weather discussions make use of satellite data to better understand and focus weather and are geared to build satellite competency.  The VisitView discussion particularly covers South American weather and cross equatorial weather that directly affects Guyana and the north-eastern South American continent.  These sessions allows the forecasters to listen, learn and interact with other forecasters from the region and beyond.  These sessions are sanctioned by WMO and fulfil the recommendation of WMO 258 – Section 7.9 .
Assessment:  Both discussions will be monitored for participation.
Expected Outcomes

1- Forecasters will have a comfortable understanding of the operations of the forecast office;
2- Forecasters will be well verse in the regulations governing the Hydro-meteorological  Organization and its public obligations;

3- Forecasters will be comfortable uses all the tools available to them to forecast for the Guyana and environs;

4- The use of the COMET matrix will aid the forecasters in the training to improve the operational capabilities;
5- Through VisitView and Caribbean Weather Discussion forums the forecasters will establish a communication resource among the regional forecasters;
6- Forecasters should have progressed in the chart analysis, diagnostics, decision making and forecast preparations.
The next two stages of training move in to operational shift duties. Forecasters will be fine tuning their skills whilst being groomed for independent duty.  Note that some of the training duties in Month 1 (especially COMET modules and Satellite discussion sessions) need to be extended into these sessions.  
Month 2 – Supervised shift training
Goals – Timing, competency and accuracy
Forecasters would work alongside operational forecasters, taking turns at some of the operational duties. The forecasters will work on improving timing and decision making capabilities. 
Month 3 – Supervised operational work.
Goals- Assessment of operational duty, forecasting skills and timing.
Forecasters will work on shift under close supervision.  Towards the end of this session forecasters deemed as competent will be expected to undertake work with a lesser degree of supervision although all products and forecasts must still be assessed and checked before being disseminated.
Expected Outcomes

1- Trainee Forecasters will develop and be able to prove their competences and therefore be able to progress to a lesser level of operational supervision
Post training period
It is recommended that of the three (3) months after the preliminary 300 hours, the forecasters work under a probationary period. During this time the work of the trainee forecasters should be checked, periodically. This is consistent with the OJT recommendations made by the TT-AFQ in March 2009.  These recommendations will be considered by the WMO-No. 258 Fifth Edition drafting Team in 2010.
Evaluation

Written evaluations are to be sent to CIMH as well and on portfolio of officer work. Including two consecutives charts analysis, copy of local and terminal forecast (signed by forecasters and supervisor), copy a weather summary and two aviation folder [all from the same week or shift].  Note that the new Senior Level Meteorological Technicians’ evaluation form included sections on work-attitudes which is essential and a main component for a competent forecaster.  CIMH reserves the right to request further documentation if required.
Appendix I
2.1 Duties and tasks in aeronautical meteorological offices

The functions of meteorological offices serving international air navigation are set out in WMO-No. 49, Vol. II, C.3.1, sub-sections [C.3.1.] 3.3 and [C.3.1.] 3.4. The primary duties extracted from that Chapter might be summarised as follows:

(a) Prepare and/or obtain forecasts and other relevant information for aerodromes, flight information regions, routes and flights with which it is concerned.

(b) Maintain a continuous survey of meteorological conditions over the aerodromes, flight information regions and routes for which it is designated to prepare forecasts.

Forecasters working in meteorological offices serving international air navigation must have the knowledge and skills to maintain an appropriate weather watch, to analyse the weather situation and to prepare and communicate weather forecasts. The guidance below is taken from WMO-No. 258, Chapter 2:

(a) Atmospheric processes and phenomena. Know and be able to explain the main atmospheric processes and phenomena from the planetary to local scales; and know the region-specific weather phenomena, and be able to interpret the major meso-local scale particularities of the atmospheric dynamics over the assigned area.

(b) Analysing and monitoring the weather. Analyse and interpret synoptic charts, diagrams and graphics; integrate all available data to produce a consolidated diagnosis; perform real-time weather monitoring, utilising all available remote sensing technologies such as radar surveillance and satellite imagery; constantly monitor the actual weather evolution, particularly the severe weather aspects associated with microclimates in the

assigned area.

(c) Weather forecasting. Know and be able to apply weather forecasting principles, methods and techniques; understand the operation of NWP models; and be able to utilize their strengths while being aware of their weaknesses. Verify, interpret and use NWP output; adding value to model or guidance forecasts where appropriate.

(d) User-specific forecasts and warnings. Elaborate and distribute regional/local and user specific forecasts; verify the ongoing forecasts; identify errors and amend erroneous forecasts as appropriate; issue warnings; and provide reliable emergency services. Comprehend users' needs and risk-taking limitations.

(e) Information technology and data processing. Know and be able to use the operational system technology; and understand and be able to apply basic operating system functions, data processing and visualization technology.

Specific knowledge and skills for aeronautical forecasting

In addition to the general weather analysis and forecasting skills, an aeronautical forecaster is required to have skills in diagnosing and forecasting aviation specific phenomena, knowledge and skills in the use of aviation specific codes and practices, as well as an appreciation of the impact of their forecasts on aviation operations. These, which have been extracted from WMO-No. 258, Chapter 2, are summarized below:
(a) Weather phenomena. Understand the weather phenomena hazardous to aviation, and their analysis and forecasting; understand which meteorological parameters are crucial for the safety and regular operations of aviation user groups.

(b) Aviation specific phenomena. Enable to forecast aircraft icing; turbulence; wind shear; volcanic ash dispersal; other hazardous phenomena.

(c) Weather monitoring. Perform continuous monitoring of weather phenomena relevant to aviation including the use of reports from aircraft where available; understand the evolution of the weather phenomena observed at the aerodrome; carry out the required observations and measurements.

2.4 Competency requirements in aeronautical meteorology

In addition to the knowledge requirements set out above, a practising forecaster should have developed appropriate ‘job competencies’. These comprise the characteristics that should be displayed on a day-to-day basis. They demonstrate not only that a forecaster can apply the knowledge identified in sections 2.2 and 2.3 above, but also that the knowledge has been adapted to the local area. Additional to this, job competencies also demonstrate whether the forecaster has understood the special requirements of the area of operations, and can interpret which elements of the job competencies are of high and which are of lower importance. That balance will change depending on region. 
Job competency will vary from country to country and job to job but the following are the minimum generic competencies that should be demonstrated by all aeronautical forecasters:

(a) Perform weather watch and monitoring, including the ability to detect and forecast hazards relevant to the aviation community, in accordance with ICAO and WMO requirements.

(b) Derive forecast and warning products to the standards required by the user community.

(c) Communicate effectively, using appropriate language, with aeronautical users, including oral briefings to pilots and dispatchers as necessary.

(d) Tailor meteorological products and services to aviation operations, in accordance with local aviation procedures and regulatory requirements.

Appendix II
The following is the COMET Aeronautical forecaster training matrix. The modules are available the COMET website – ‘http://deved.comet.ucar.edu/dl_courses/aero_met/modules.php’. 
	Section
	WMO 258 Supplement 1 Section Title
	COMET Module
	Topics Description
	Criteria

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Principles of Convection 1
	Buoyancy, Soundings, Analysis, Cell Cycle, Downdraft
	Know and explain main atmospheric processes

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Convective Storm Matrix:  Buoyancy and CAPE
	Severe storm models as a function of environmental buoyancy and shear
	Interpret major mesoscale particulars

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Australian Severe Thunderstorm Case Studies
	Squall line formation and evolution viewed from several scales
	Atmospheric Phenomena From Large to Small scales

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Fog and Stratus Forecast Approaches
	Physical basis of rad/adv fog; pre-conditions; advective changes in Skew-T; case study
	Explain main atmospheric processes and phenomena

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Synoptic Weather Considerations:  Fog/Stratus
	Fogs:  frontal, steam, river-valley, rain-induced, occlusion-related
	Know region-specific weather phenomena

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Forecasting Radiation Fog
	Processes for fog formation; case study of a radiation fog event using NWP model data
	Know main atmospheric processes and region-specific phenomena

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	West Coast Fog
	Large scale to local scale effects on fog formation and dissipation
	Interpret mesoscale

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Thermal Circulations: Mountain/Valley Winds
	Mesoscale winds driven by local heating 
	Major Mesoscale Particularities

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Gap winds
	Mesoscale winds driven by local pressure differences
	Major Mesoscale Particularities

	 
	Atmospheric Processes & Phenomena (2.2a)
	Principles of Convection III
	Shear and convective storms
	Know and explain mesoscale atmospheric dynamics

	2.2a
	Atmospheric Processes & Phenomena (2.2a)
	Madden- Julian Oscillation Life Cycle
	Planetary-scale waves
	Analyze diagrams, graphics; monitor changes

	 
	 
	 
	 
	 

	2.2b
	Analysis and Monitor Weather (2.2b)
	Principles of Convection III
	Severe weather
	Monitor atmospheric changes

	2.2b
	Analysis and Monitor Weather (2.2b)
	Principles of Convection I: Buoyancy and CAPE
	Analyze convection diagrams
	Analyze diagrams and graphics

	2.2b
	Analysis and Monitor Weather (2.2b)
	Fog and Stratus Forecast Approaches 
	Monitoring Fog Evolution Via Satellite,
	Monitoring actual weather changes

	2.2b
	Analysis and Monitor Weather (2.2b)
	Forecasting radiation fog
	Physical basis for fog, satellite monitoring, model sounding use, profiles
	Perform real-time monitoring with satellite imagery

	2.2b
	Analysis and Monitor Weather (2.2b)
	Applying Diagnostic and Forecasting Tools
	Synop charts, AMDAR, PIREPS, soundings, models, radar applied to fog, low ceilings
	Integrate available synoptic charts, PIREPS, soundings, and satellite data

	2.2b
	Analysis and Monitor Weather (2.2b)
	West Coast Fog
	Real-time Weather Monitoring Using Remote Sensing
	Real-time Weather Monitoring Using Remote Sensing

	2.2b
	Analysis and Monitor Weather (2.2b)
	Forecasting Dust Storms
	Monitor actual weather changes, particularly severe conditions
	Monitor Actual weather Changes 

	2.2b
	Analysis and Monitor Weather (2.2b)
	SKEW-T Mastery
	Analyse, interpret thermodynamics of soundings related to convective activity
	Analyze and Interpret Diagrams and graphics

	2.2b
	Analysis and Monitor Weather (2.2b)
	Writing TAFs for Convective Weather
	Thorough case study of convective weather weather evolution
	Perform Real-Time Weather Monitoring

	2.2b
	Analysis and Monitor Weather (2.2b)
	Writing TAFs for Low Level Wind Shear
	Case study of changes of low level wind regime at an airport
	Constantly monitor Actual Weather Changes

	 
	 
	 
	 
	 

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Australian Severe Thunderstorm Case Studies
	Evolution of a squall line viewed by various sensors
	Know and apply weather forecasting principles

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Forecasting Radiation Fog
	Use of NWP models for predicting fog:  Relative humidity, vertical motion, winds
	Apply weather forecasting methods and techniques

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Fog and Stratus Forecast Approaches
	Physical Basis of Fog Forecasting
	Adding value to model forecasts

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Applying Diagnostic and Forecasting Tools 
	Use of Models and Adding Value From Observations
	Use of Models and Adding Value 

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Dynamically Forced Fog
	Advection fog  cases;  upslope situations
	Apply Weather Forecasting Principles , Methods, Techniques

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	SKEW-T Mastery
	Many basic tools explained:  stability indices; critical sounding levels, hodographs
	Know and Apply Weather Forecasting Techniques and Methods

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Thermally Forced Circulations I: Sea breeze
	Interpreting satellite and model data during sea breeze-related shower development
	Understand NWP models; use strengths while aware of weaknesses

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Gap Winds
	Adding value to model or guidance forecasts : strong local winds
	Apply forecasting techniques

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Writing TAFs for Convective Weather
	Excellent example of aviation forecast process for thunderstorm situation
	Know and apply weather forecasting principles

	2.2 c
	Weather Forecasting (Principles and Methods) (2.2 C)
	Writing TAFs for Winds and Low-Level Wind Shear
	Using forecast model output, radar tools,  and Metars to prepare wind forecasts
	Interpret and Use NWP Output, Adding Value as Appropriate 

	 
	 
	 
	 
	 

	2.2d
	User Specific Forecasts and Warnings (2.2d)
	Customer Impacts:  Forecasting Fog and Low Stratus
	Incorporating user needs and risk-taking limitations into forecasts
	Understand User Needs and Risk Taking Limitations

	2.2d
	User Specific Forecasts and Warnings (2.2d)
	Applying Diagnostic and forecasting Tools
	Generating use-specific forecasts, verifying and updating forecasts
	Verify forecasts;  understand user needs

	2.2d
	User Specific Forecasts and Warnings (2.2d)
	Forecasting Radiation Fog
	Fog case study with emphasis on impact of changes on users
	Understanding User Needs

	2.2d
	User Specific Forecasts and Warnings (2.2d)
	Thermally Forced Circulations I:  Sea Breeze
	Local forecasts and warnings:  A case study illustrates some issues and interpretations
	Elaborate and Distribute Local Forecasts and Warnings

	2.2d
	User Specific Forecasts and Warnings (2.2d)
	Writing TAFs for Convective Weather
	Practice on sequence to follow in writing TAFS for convection
	Distribute and verify forecasts;  amend erroneous forecasts

	2.2d
	User Specific Forecasts and Warnings (2.2d)
	Writing TAFs for Wind and Low Level Wind Shear
	Tools and methods for preparing  wind forecasts and warnings for aviation
	Identify Errors and Amend Forecasts as Appropriate , Understanding User Needs

	 
	 
	 
	 
	 

	2.3a
	Weather Phenomena (2.3a)
	Fog and Stratus Forecast Approaches
	Radiation Fog; Advection Fog; Rain Fog; Steam fog
	Understand phenomena hazardous to aviation

	2.3a
	Weather Phenomena (2.3a)
	Forecasting Radiation Fog
	Regional variation of important processes; fog persistence
	Crucial Parameters for Stratus and Fog

	2.3a
	Weather Phenomena (2.3a)
	West Coast Fog
	Parameters for fog involving advection and radiation
	Understanding Crucial Parameters for  Aviation

	2.3a
	Weather Phenomena (2.3a)
	Dynamically Forced Fog
	Case studies: physical causes of fog related to divergence, vertical motion, stability
	 Phenomena Hazardous to Aviation and Parameters that are Critical to Users

	2.3a
	Weather Phenomena (2.3a)
	Forecasting Dust Storms 
	Using models, Metars, and satellite data to estimate the scale and intensity of dust
	Understanding Phenomena Hazardous to Aviation

	2.3a
	Weather Phenomena (2.3a)
	Gap Winds
	Forecasting wind speeds in flows affected by barriers
	Understanding Phenomena Hazardous to Aviation

	2.3a
	Weather Phenomena (2.3a)
	Forecasting Icing: Type and severity
	Gain understanding of ice-type affects on wings;  importance of air, wing  temperature
	Understanding which parameters are crucial for aviation

	2.3a
	Weather Phenomena (2.3a)
	Writing TAFs for Winds and Low Level Wind Shear
	Mesoscale wind phenomena and regimes
	Understanding Crucial Parameters for Aviation safety

	2.3a
	Weather Phenomena (2.3a)
	Local Influences on Fog and stratus
	Influence of irregular terrain, shorelines, or ground cover and state on fog/stratus
	Meteorological parameters for aviation safety and regular operations

	 
	 
	 
	 
	 

	2.3b
	Aviation-Specific Phenomena (2.3b)
	Forecasting Radiation Fog
	Role of surface wetness from previous rain or other sources under dryness aloft
	Hazardous phenomena

	2.3b
	Aviation-Specific Phenomena (2.3b)
	Applying Forecasting and Diagnostic Tools
	Detailed case studies of advection and radiation fog and their impact on aviation
	Hazardous phenomena

	2.3b
	Aviation-Specific Phenomena (2.3b)
	Forecasting Dust Storms 
	Physical basis of wind interaction with soils; key wind speeds
	Dust and ash dispersal

	2.3b
	Aviation-Specific Phenomena (2.3b)
	SKEW-T Mastery
	Forecasting Icing; Turbulence; Hail; Gusts
	Icing, turbulence, wind shear

	2.3b
	Aviation-Specific Phenomena (2.3b)
	Forecasting Aviation Icing: Icing Type and severity
	Physics of clouds as it applies to icing formation and accumulation
	Aircraft icing

	2.3b
	Aviation-Specific Phenomena (2.3b)
	Writing TAFs for Wind and Low Level Wind Shear
	Effects of wind shear on aircraft near the ground
	Wind shear

	 
	 
	 
	 
	 

	2.3c
	Weather Monitoring (2.3c)
	Australian Severe Thunderstorm Case Studies
	Doppler radar interpretation
	Understanding weather changes at aerodromes

	2.3c
	Weather Monitoring (2.3c)
	Applying Forecast and Diagnostic Tools
	Prediction, evolution, and decay of fogs based on analysis, climatology, models
	Understanding weather changes at aerodromes

	2.3c
	Weather Monitoring (2.3c)
	Thermally Forced Circulation: Sea Breeze
	Continuous monitoring Including  satellite data, Metars
	Perform Continuous Monitoring of Weather Phenomena

	2.3c
	Weather Monitoring (2.3c)
	Mountain Waves and Downslope Winds
	Continuous monitoring Including  satellite data, wind reports
	Continuous monitoring 

	2.3c
	Weather Monitoring (2.3c)
	Writing TAFs for Convective Weather
	Guidance and practice in monitoring convection
	Perform Continuous Monitoring Relevant to Aviation

	2.3c
	Weather Monitoring (2.3c)
	Writing TAFs for Wind and Low Level Wind Shear
	Case study involving monitoring wind changes
	Know Codes and Criteria for the Forecasts

	2.3c
	Weather Monitoring (2.3c)
	Writing  Effective TAFs
	Codes and criteria for aviation forecasts
	Know Codes and Criteria for the Forecasts

	2.3c
	Weather Monitoring (2.3c)
	Basic Terminal Forecast Strategies
	Emphasizes key cloud levels which can affect terminal operations
	Know Codes and Criteria for the Forecasts

	 
	 
	 
	 
	 

	2.3e
	Satellite and radar interpretation (2.3e)
	Forecasting Radiation Fog
	Location of Fog/Stratus by Satellite,.
	Interpret satellite imagery of fog and stratus

	2.3e
	Satellite and radar interpretation (2.3e)
	Applying Forecasting and Diagnostic Tools
	Case studies of radiation and advection fogs using models and remote sensing
	Interpret satellite imagery of fog and stratus

	2.3e
	Satellite and radar interpretation (2.3e)
	West Coast Fog
	Interpret Satellite and Radar for Location of Fog and Stratus
	Interpret satellite imagery of fog and stratus

	2.3e
	Satellite and radar interpretation (2.3e)
	Mountain Waves and Downslope Winds
	Mountain waves and turbulence; gravity waves in clouds
	Satellite imagery of gravity waves in clouds

	 
	 
	 
	 
	 

	2.3f
	Weather  Forecasting (2.3f)
	Principles of Convection I, II
	Forecasting: Gusts from Convection; Hail; severe Weather
	Forecasting convection: thunderstorms, hail, wind gusts

	2.3f
	Weather  Forecasting (2.3f)
	Australian Severe Thunderstorm Case Studies
	Forecasting hail as a function of freezing level and VIL; winds; flash floods, squalls
	Forecasting hail in thunderstorms

	2.3f
	Weather  Forecasting (2.3f)
	Fog and stratus forecast approaches
	Physical basis of advective and rain-induced fog evolution
	Apply standard methods for forecasting fog and reduced visibility

	2.3f
	Weather  Forecasting (2.3f)
	Dynamically-Forced Fog
	Local effects of sea breezes, coastal jets, and terrain features on advection fogs
	Techniques for forecasting low clouds, fog, and reduced visibility

	2.3f
	Weather  Forecasting (2.3f)
	Applying Forecast and Diagnostic Tools
	Comparing models and observed changes
	Forecasting Low Clouds, Fog, visibility

	2.3f
	Weather  Forecasting (2.3f)
	West Coast Fog
	Standard methods of forecasting low clouds, Fog, visibility
	Apply Standard Methods for Forecasting: Low clouds and visibility

	2.3f
	Weather  Forecasting (2.3f)
	Forecasting Dust Storms
	Combining numerical models, remote sensing by satellite, and surface observations
	Apply numerical tools for forecasting volcanic ash, dust

	2.3f
	Weather  Forecasting (2.3f)
	SKEW-T Mastery
	Apply standard methods for forecasting: gusts, hail, thunderstorms, icing, CAT
	Apply standard methods for forecasting thunderstorms, hail, wind gusts

	2.3f
	Weather  Forecasting (2.3f)
	Gap Winds
	Forecasting strong gusts in channeled or blocked flow by pressure difference
	Standard methods for forecasting channeled winds and gusts

	2.3f
	Weather  Forecasting (2.3f)
	Local Influences on Fog and Low Stratus
	Surface factors for fog onset, delay, coverage, density, and dissipation
	Apply tools for forecasting low clouds, fog, and reduced visibility

	2.3f
	Weather  Forecasting (2.3f)
	Writing TAFs for Convection
	Apply numerical tools for forecasting thunderstorms
	Know numerical tools for aviation forecasting

	 
	 
	 
	 
	 

	2.3g
	Local Forecasts Responsibilities (2.3g)
	Customer Impacts: Forecasting Fog and Low Stratus
	Understanding Local User Operational requirements
	Understanding Local User Operational requirements

	2.3g
	Local Forecasts Responsibilities (2.3g)
	Forecasting Radiation Fog
	Radiation fog case study with application to local needs
	Understand and Appreciate Local Users Requirements

	2.3g
	Local Forecasts Responsibilities (2.3g)
	Writing Effective TAFs 
	Case study of preparing TAFs focusses on users operational requirements
	Dissemination of short-period forecasts
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Appendix III
Part 1: Convective Weather Topics (time: 17-20 hours)

Principles of Convection I: Buoyancy and CAPE    |    Quiz 

description (click to show/hide) 

Description: 
This module provides a brief overview of Buoyancy and CAPE. Topics covered include the origin of atmospheric buoyancy, estimating buoyancy using the CAPE and Lifted Index, factors that affect buoyancy including entrainment of mid-level air, water loading, convective inhibition, and the origin of convective downdrafts. This module delivers instruction with audio narration, rich graphics, and a companion print version.

Objectives: 
Terminal Objectives
By the end of this module you will be able to do the following:
1. Describe how buoyancy contributes to formation of a convective storm and its related updrafts and downdrafts
2. Define CAPE, LI, and CIN and describe how they can be used to forecast convective activity

Enabling Objectives
By the end of this module you will be able to do the following:
1. Define buoyancy and list factors that tend to increase buoyancy
2. Describe the life cycle of a convective storm
3. Define CAPE and describe how CAPE is determined on a skew-T/log-P diagram
4. Define Lifted Index (LI) and describe how LI is determined on a skew-T/log-P diagram
5. Describe how CAPE differs from Lifted Index
6. Define Convective Inhibition (CIN) and list factors that tend to increase CIN
7. Given 2 soundings, choose the soundings that will give the stronger updraft or downdraft

Estimated time to complete: 1 h

Part 2: Fog and Visibility Topics (time requirement: 18-19 hours) 

Applying Diagnostic and Forecast Tools: Forecasting Fog and Low Stratus    |    Quiz
description (click to show/hide) 

Description:
This module discusses how to apply various observational data and remote sensing tools such as satellite, METARS, soundings, profilers, radar, and model analyses to diagnose the potential for fog and/or low stratus. Various forecast tools (such as model forecast fields, forecast soundings, and BUFKIT) used to assess fog and/or low stratus potential onset, intensity, and duration are also examined. This module is part of the Distance Learning Course 1: Forecasting Fog and Low Stratus.

Objectives: 
• Apply various observational data and remote sensing tools such as satellite, METARS, soundings, profilers, radar, and model analyses to diagnose the potential for fog and/or low stratus
• Apply various forecast tools such as model forecast fields, forecast soundings, and BUFKIT to assess fog and/or low stratus potential onset, intensity, and duration 

Estimated time to complete: 3 h

Part 3: Tropical Meteorology Topics (time requirement: 2.5 hours) 

Introduction to Tropical Meteorology, Chapter 3: Tropical Remote Sensing Applications    |    Quiz
description (click to show/hide) 

Description:
Chapter 3: Tropical Remote Sensing Applications, is the first published chapter of the online textbook, "Introduction to Tropical Meteorology." It covers remote sensing—the primary method of observing weather and climate across the global tropics. Learners will become familiar with the scientific basis and applications of radar and satellite remote sensing from examples in which clouds and precipitation are observed by measuring microwave signals using ground-based radar, spaceborne radar, and satellite radiometers. Wind estimation, dust and volcanic ash tracking, vertical sounding techniques, and remote measurement of sea-surface, soil and land surface properties are also covered. The online textbook has many special features, including individual chapter review questions and quiz, topic focus sections, direct access to operational forecasting topics, box sections that elaborate on theoretical concepts, links to resources for further study, critical thinking questions interspersed throughout the text, icons that identify resource links and critical thinking exercises, and science biographies.

Objectives: 
At the end of this chapter, users should understand and be able to describe:

* Why remote sensing is important in the tropics
* Several tropical applications of ground-based radars 
* The advantages and limitations of airborne and spaceborne radar
* Several tropical meteorology applications of satellite radar and microwave remote sensing
* The benefits and weaknesses of satellite estimates of water vapor content
* How GPS satellite signals are used to derive temperature and humidity profiles and how this benefits tropical meteorology
* The benefits and weaknesses of satellite precipitation estimates 
* How lightning is detected by satellite
* The benefits and weaknesses of satellite wind estimation
* Why microwave sensors are useful for identifying surface moisture
* How vegetation and other land use/land cover changes are monitored by satellite
* How meteorologically important features, such as cloud properties, are monitored with satellite imagery
* How satellites are used for air quality assessment, such as dispersion of volcanic ash, chemical pollutants, dust, and smoke 

Estimated time to complete: 100-110 mins

Conceptual Models of Tropical Waves    |    Quiz
description (click to show/hide) 

Description:
Tropical waves are prolific rainfall producers that sometimes form tropical cyclones. Conceptual models of tropical waves are used to help learners understand the dynamical characteristics and evolution of tropical waves. Users will learn about the vertical and horizontal structure of tropical waves and the typical weather changes that accompany the passage of a tropical wave. Four different methods of tracking tropical waves are also provided. The Webcast is presented by Mr. Horace Burton and Mr. Selvin Burton of the Caribbean Institute for Meteorology and Hydrology under the auspices of the MeteoForum Project.

Objectives: 
After completing this Webcast, users should be able to:

· Define tropical waves and state why they are important 

· Describe the typical wavelength, frequency, propagation speed, and direction of tropical waves
· Describe the horizontal structure and vertical structure of tropical waves in terms of winds, moisture and temperature

· Describe the lifecycle of Reihl's Classical easterly wave in terms of wind velocity, relative humidity, clouds, and precipitation 

· Identify tropical waves based on Frank's Inverted 'V' model, i.e., banded clouds in the shape of an inverted 'V' 

· Describe the relationship between the upper and lower troposphere flow in Frank's conceptual model 

· Describe the characteristics of African waves including their origin, wavelength, and relative intensity between inland and the coast 

· Describe the typical distribution of divergence in African waves

· Describe the distribution of vorticity in African waves

· Describe the distribution of clouds and precipitation in African waves

· Understand that inter-annual variations in the frequency and strength of African waves are correlated with the occurrence of intense Atlantic storms

· Detect and track tropical waves using satellite imagery, satellite-derived surface winds, wind profiles, and model output

Estimated time to complete: 35 min

Part 4: Synoptic Meteorology Topics (time requirement: 2 hours) 

Vorticity Maxima and Comma Patterns    |    Quiz
description (click to show/hide) 

Description:
Vorticity maxima signatures are very common and indicate areas of ascending circulation and atmospheric forcing. The correct placement of vorticity maxima is vital to the placement of related dynamic features such as the axis of maximum winds and deformation zones. This module is part of the series “Dynamic Feature Identification: The Satellite Palette”.

Objectives: 
* Identify and predict the vorticity maxima in order to predict areas of positive vorticity advection 
* Identify the related axes of maximum winds, deformation zones and air masses 

Estimated time to complete: 30-40 min

Deformation Zone Analysis    |    Quiz
description (click to show/hide) 

Description:
The quick analysis of deformation zones provides an overview of system-relative atmospheric circulations. Since deformation is a primary factor in frontogenesis and frontolysis, understanding of these system-relative circulations is crucial to the diagnosis of atmospheric processes and weather prediction. This module is part of the series: "Dynamic Feature Identification: The Satellite Palette".

Objectives: 
* Analyze the air masses and circulations 
* Analyze the related paired and companion vorticity centers 
* Analyze the related axis of maximum wind and wind maxima 
* Analyze the location, orientation and shape of the deformation zone 

Estimated time to complete: 75-90 min

Part 5: Mesoscale Meteorology Topics (time requirement: 5- 6.5 hours) 

Skew-T Mastery    |    Quiz
description (click to show/hide) 

Description: 
Meteorologists typically examine atmospheric soundings in the course of preparing a weather forecast. The skew-T / log-P diagram provides the preferred method for analyzing these soundings. This module comprehensively examines the use of the skew-T diagram. It explores thermodynamic properties, convective parameters, stability assessment, and several forecast applications. The module is designed for both instruction and reference. It also comes with an interactive Web-based skew-T diagram that calculates several common forecast parameters. 

Objectives: 
Module Goal
The goal of this module is to teach the novice forecaster to effectively use the skew-T/log-P diagram. After completing the module, they should be able to read and interpret a sounding plotted on a skew-T/log P diagram and apply that information to a weather forecast.

Performance Objectives
1. Given a skew-T/log-P diagram, identify and describe the various lines.

2. Given a sounding plotted on a skew-T/log-P diagram: 

· Read or calculate the thermodynamic properties at various levels.

· Determine the convective levels, including the LCL, CCL, LFC, MCL, EL, and MPL.

· Determine stability indices such as LI, SSI, KI, TT, and SWEAT and use them to assess the potential for severe weather.

3. Describe how CAPE and CIN are determined.

4. List and describe the different types of stability and identify them in a sounding plotted on a skew-T diagram

5. List and describe the different types of lapse rates and relate them to stability.

6. List and describe processes that alter stability and give examples of common cases where those processes occur.

7. Given a suitable synoptic environment and a sounding plotted on a skew-T/log-P diagram, interpret the sounding with regard to common forecast problems.

Estimated time to complete: 6-8 h

Thermally-forced Circulation I: Sea Breezes    |    Quiz
description (click to show/hide) 

Description:
This module describes the phenomena of the sea breeze. It examines factors that lead to the formation of a sea breeze, modifying effects on sea breeze development, how mesoscale NWP models handle sea breezes, and sea breeze forecast parameters. The module places instruction in the context of a sea breeze case from Florida and compares surface and satellite observations to a model simulation using the AFWA MM5. Like other modules in the Mesoscale Meteorology Primer, this module comes with audio narration, rich graphics, and a companion print version.

Objectives: 
Terminal Objectives
By the end of this module you will be able to describe how and why, when and where sea breezes occur

Enabling Objectives
By the end of this module you will be able to do the following:
1. Describe when and where sea breezes form
2. Characterize the sea breeze in terms of strength and horizontal and vertical extent
3. List the principle factors that affect sea breeze formation
4. List the sensible weather associated with formation and passage of a sea breeze front
5. Describe the use and limitations of NWP model simulations of sea breezes. 
6. Describe how satellite imagery can assist in detecting sea breezes

Estimated time to complete: 1 h

Part 6: Aeronautical Forecast Operations Topics (time requirement: 9 hours)

Basic Terminal Forecast Strategies    |    Quiz
description (click to show/hide) 

Description:
“Basic Terminal Forecast Strategies” is the first component of the Distance Learning Course 2, Producing Customer-Focused TAFs. Basic Terminal Forecast Strategies is comprised of two lessons that provide 1) an introduction to understanding aviation customers and their needs and 2) a technique to meet those needs by producing clear, concise, and consistent terminal aerodrome forecasts (TAFs).

Objectives: 
1. Identify aviation customer groups and describe how they use TAFs.
2. Recognize common terminal forecast problems that adversely impact customers.
3. Analyze TAFs to determine which would be considered "good" or "poor" by customers.
4. Describe how overuse of conditional terms (e.g., TEMPO) lowers forecast verification scores and impedes effective customer decision-making.
5. Describe the relationship between aviation verification scores and customer satisfaction.
6. Create a Practically Perfect TAF (PP TAF) that meets common customer needs.

Estimated time to complete: 2 h

Writing Effective TAFs    |    Quiz
description (click to show/hide) 

Description:
This module provides an overview of some of the applicable TAF Amendment and Conditional Group usage rules, as presented in the latest version of the National Weather Service Instruction 10-813 on TAF directives. It also presents a methodology for TAF writing and development that will lead to an effective and user-friendly product. The focus is on the ceiling and visibility aspects of the TAF. This module is part of the Distance Learning Course 1: Forecasting Fog and Low Stratus.

Objectives: 
• Develop an understanding and appreciation for how TAF construction (intelligent vs. excessive use of TEMPO and PROB groups) may impact your aviation customers
• Develop skills in writing an effective “practical” TAF that provides an improved forecast of expected flight category changes, while maintaining a customer-friendly format. Compare effective vs. poor TAF structures for a given scenario
• Develop concise TAFs with sparing use of change or conditional groups such as TEMPO and PROB, as we’ll practice in two small case exercises 

Estimated time to complete: 2 h

Writing TAFs for Convective Weather    |    Quiz
description (click to show/hide) 

Description:
"Writing TAFs for Convective Weather" uses a case to show how special tools and techniques can be used to produce a Practically Perfect TAF (PPTAF) for convection. The unit examines how to create TAFs for different types of convection and how to effectively communicate logic and uncertainty in an aviation forecast discussion (AvnFD) or by other means. It also addresses maintaining an effective TAF weather watch and updating the TAF proactively.

Objectives: 
1. Describe how general convective hazards might impact airport operations.
2. Describe how the unique characteristics of each convective type relate to creating a TAF.
3. List the strengths and weaknesses of using BUFKIT, aircraft weather data, AWIPS Time-of-Arrival (TOA)/Lead Time and Time Series tools, satellite data, climatology, and other special tools for creating a TAF for convection.
4. Explain why the PPTAF procedure needs to be revised for convection and why the use of special tools is so important for this process. 
5. Produce a PPTAF for a mesoscale convective system, air mass thunderstorms, supercell thunderstorms, or microbursts 
6. Effectively articulate forecast logic and uncertainty about a TAF in an Aviation Forecast Discussion (AvnFD).
7. Ensure a TAF is consistent with previous TAFs or other products issued by both local offices and national centers.
8. Be able to run an effective weather watch by identifying beforehand when a TAF update is warranted. 
9. Show the ability to update proactively, rather than in a reactive fashion.
10. Identify when coordination is necessary for the TAF and with whom it should be conducted. 

Estimated time to complete: 2 h

Writing TAFs for Winds and LLWS    |    Quiz
description (click to show/hide) 

Description:
"Writing TAFs for Winds and LLWS" is the third unit in the Distance Learning Aviation Course 2 (DLAC2) series on producing TAFs that meet the needs of the aviation community. In addition to providing information about tools for diagnosing wind and wind impacts, the module extends the Practically Perfect TAF (PPTAF) process to address airport-specific criteria. By understanding the criteria at airports for which they produce TAFs, forecasters will be better able to produce a Practically Perfect Site-Specific TAF (PPSST). The unit also examines how to effectively communicate logic and uncertainty in an aviation forecast discussion (AvnFD) and addresses maintaining an effective TAF weather watch and updating the TAF proactively.

Objectives: 
* Describe the importance of accurate wind forecasts to various customers
Issue Practically Perfect TAFs that are sensitive to airport-specific criteria (i.e., PPSST—Practically Perfect Site Specific TAFs)
* Create a PPSST that meets customer needs for different airports
* Use tools, products, and data to limit uncertainty in wind and LLWS forecasts
* Use  “VRB” (Variable), “G” (Gust), and “LLWS” appropriately in a TAF
* Issue TAFs proactively and identify situations when it is best to “sit on” a TAF
* Make appropriate use of the AvnFD to express uncertainty about these phenomena
* Ensure terminal forecasts are consistent with warning, forecast, and guidance products from national aviation centers
* Demonstrate the ability to collaborate effectively when preparing a terminal forecast 

Estimated time to complete: 3 h

Part 7: Other Topics (time requirement: 5-6 hours) 

Forecasting Aviation Icing: Icing Type and Severity   |    Quiz
description (click to show/hide) 

Description:
This module discusses the current theories of atmospheric conditions associated with aircraft icing and applies the theories to the icing diagnosis and forecast process. The contribution of liquid water content, temperature, and droplet size parameters to icing are examined. Identification of icing type, icing severity, and the hazards associated with icing features are presented. Tools to help diagnose atmospheric processes that may be contributing to icing and the special case of supercooled large drop (SLD) icing are examined and applied in short exercises. 

The use of graphics, animations, and interactive exercises in Forecasting Aviation Icing: Icing Type and Severity helps the forecaster to gain an understanding of icing processes, to identify icing hazards, and to apply diagnosis and forecast tools as aids to evaluate and anticipate potential aircraft icing threats.

The subject matter expert for this module is Dr. Marcia Politovich of
NCAR/Research Applications Program.
Objectives: 
The goal of this training module is to help you improve your icing forecasts by

1. Becoming more familiar with the types, conditions, and hazards of aircraft icing.
2. Learning what factors determine icing type and severity, and how they interrelate.
3. Knowing what physical processes create favorable icing conditions. 
4. Recognizing the types of mesoscale environments that generate such physical processes. 
5. Learning some techniques to apply and patterns to look for when diagnosing data products for possible icing threats. 

Performance Objectives

A. Aircraft Icing 
1. Name and distinguish between the main types of in-flight aircraft icing; rank them in terms of potential hazard to aviation. 
2. Describe the conditions under which the main types of in-flight aircraft icing form. 
3. Name and distinguish between the four icing severity reporting categories used by pilots. 

B. Icing Factors 
1. Name the main factors that determine the type and severity of icing to expect in a given environment. 
2. Identify ranges of values for liquid water content, temperature, and altitude that are most favorable to icing. 
3. Describe the influence of droplet size on ice collection efficiency and accretion pattern. 
4. Predict the most likely icing type and severity level to expect for given ranges of cloud liquid water content, temperature, and droplet size. 

C. Icing Environments and Physical Processes 
1. Describe the impact to icing of each of the six categories of water phase transitions. 
2. Describe several of the most favorable synoptic and mesoscale environments for development of hazardous icing conditions:

• Three patterns that enhance cloud formation and hence icing potential 
• Three environments that are especially conducive to supercooled large drop formation 
• Two physical processes that support supercooled large drop formation 
• Cloud-top conditions most favorable to supercooled large drop formation 

D. Data Assessment 
1. Assess the icing threat in various layers of skew T-log p diagrams. 
2. Identify favorable areas and layers for supercooled large drop formation integrating: 
• GOES 3.9 micron imagery 
• Skew-T diagrams 
• Profiler data 
• WSR-88D reflectivity and velocity 

Appendix IV
The following are additional recommended modules which have not yet be developed.
	Section
	WMO 258 Supplement 1 Section Title
	 Module
	Topics Description

	 
	 
	 
	 

	2.3k
	WMO and ICAO Documentation
	WMO Documents referenced in page 21 of Suppl.N°1 to WMO 258
	Documentary knowledge

	2.3k
	WMO and ICAO Documentation
	ICAO Documents referenced in page 21 of Suppl. N°1 to WMO N°258
	Documentary knowledge

	 
	 
	 
	 

	2.4b
	Derive Forecast and warnings Products
	Writing Warning messages (SIGMET, AD WRNG, WS WRNG, etc.)
	Warnings messages / forecasts

	 
	 
	 
	 

	2.4c
	Communicate effectively, Using appropriate language
	Briefing Pilots on the weather
	Briefing process

	2.4c
	Communicate effectively, Using appropriate language
	Flight routines documentations
	Meteorological documents necessary for the preparing of the flight

	 
	 
	 
	 

	2.4d
	Tailor meteorological Products and services to aviations operations
	Local aeronautical meteorological manuals
	Local aviation procedures and regulatory requirements

	2.4d
	Tailor meteorological Products and services to aviations operations
	Climatological documents related to aviation and that must be available
	Know how to produce the aeronautical climatological documents for aviation purposes


