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Overview

There are a range of job roles providing Tropical Cyclone specific* services in the Bureau of Meteorology including:
1. The senior TCWC forecaster able to generate full range of forecasts, formulate policy, deliver briefings and presentations and perform associated tasks;
2. Forecasters providing technical assistance in the TCWC;
3. Other TCWC support staff providing:
a. media support;
b. logistical and some technical assistance;
c. answering enquiries from users (this includes regional staff in WSO/Field Offices);
4. Meteorologists producing routine TC Outlooks involving cyclogenesis assessment;
5. Meteorologists conducting non-operational tasks such as updating directives, conducting investigations, maintaining the TC database and engaging in TC education processes.

In addition, some forecasters have a specialist role in storm tide warnings without necessarily being proficient in other TCWC services. 

* Note: There are also many staff providing valuable assistance as part of their regular duties such as observers and engineering staff.  A key role is the Incident Manager of the Tropical Cyclone Warning Centre (TCWC) normally the Manager of Weather Services who will organise the roster, assist in policy formulation and provide media support.  The ability to organise the roster is not a specific TC competency so is excluded.  However this role would require competency in ‘general support’ (Unit 1) at a minimum.
Staff in Commercial Weather Services (CWS) provide TC specific products and would require competency in Units 1 and 2 at a minimum.
These competencies have been devised to be consistent with the following:
· The actual work in the TCWC and other tropical cyclone services;
· What is most important in particular with respect to risks to the organisation;
· Other competency plans for fire weather, thunderstorms, tsunami and aviation;
· National standards as set out by the National Training Information Service (NTIS).

Underpinning knowledge, skills and systems
The required primary knowledge and skills fall into four categories:
1 Tropical cyclone science and hazards;
2 The process and tools used to generate TC products;
3 Analysis, forecast and policy formulation skills;
4 Communication and presentation skills.
Communication and presentation skills do not form a separate unit of competency specifically for tropical cyclones but nevertheless are required for the roles in the TCWC.  Given the high risk associated with conveying storm tide potential to users and that the role of determining the storm tide may not rest with the lead forecaster, a separate communication element has been included in Unit 4 on storm tide forecasting.  Media competency is to be treated separately as a generic competency.  In the future it is likely that a separate generic communication competency across all hazards will be implemented for forecasters. It is expected that the communication aspects within this TC competency document will then be superfluous and hence can be removed.
As well as those listed under particular elements, the following are required:
· General weather forecasting and forecast preparation skills.

· General synoptic analysis techniques (including data limitations).
· Ability to analyse and synthesize a range of data types in order to apply relevant weighting to each data type where appropriate.
· Numerical Weather Prediction (NWP) – interpretation of model output; knowledge of model strengths and limitations; and model comparisons.
The specific skills and knowledge are listed under each unit.
Range statement
Each cyclone differs in the availability and quality of data used in the analysis, and the complexity of forecasting requirements.  The cyclone’s location will determine the extent of available observations including distribution and availability of surface and upper air observations, availability of radar and communication outages.
Each cyclone or part of a cyclone’s history will result in differing abilities to analyse and forecast the cyclone, dependent on intensity of cyclone, and variability of movement and intensity changes.

A tropical cyclone that is not expected to affect the coast attracts a low amount of external interest and typically requires only one meteorologist to provide the range of services at any one time.  By comparison a severe TC that is approaching the coast requires several staff to be operational at one time to deal with the significant media interest, liaison with emergency management, storm surge potential and complex decision making with respect of other impacts and the associated production of products.

There are some policy and procedural variations between the three TCWCs including:
· Gales: TC advices for coastal areas are based on the expectation of gales (at least 34 knots) except on the east coast where the expectation is based on strong gales (at least 41 knots) unless the tropical cyclone is expected to cross the coast or islands along the east coast within 24 hours when the threshold reduces to 34 knots.
· Storm surge procedures vary from state to state, as does liaison requirements with the state-based emergency managers.
· Qld TCWC issue products for Solomon Islands, the Fiji Met Service and Norfolk Island, while NT and WA TCWC issue a product for Timor-Leste and Indonesia.
· In Qld TCWC the Cairns and Townsville Met. Offices play a significant role and need to be briefed on a regular basis.
· Extra-tropical transition can occur off the west coast, while ‘hybrid’ lows can form off the east coast.
· Arrangements with local emergency services vary. For example WA has a coloured community alerts system that is appended to BoM advices and NT has their own style of community action statements depending on the level/timing of threat, while Qld has more generic action messages.  Arrangements for briefings to Emergency Services vary between regions and depends upon the level of threat to communities.
The Learning Process
The learning process is facilitated through a number of processes that include:
1.
Being directly involved in operational events, especially if they are being mentored by experienced staff.
2.
Observing experienced staff during operations.
3.
Participating in a simulation exercise, typically as part of preseason training activities.
4.
Receiving other training which may be face-to-face, seminars or online (e.g. COMET).
5.
Informal reading including email discussion lists such as tropical storms or informal discussions with experienced staff.

Key Learning Resources
A summary of the tropical cyclone learning resources are available at: 

http://bmtc.bom.gov.au/cdoe/tc_training.htm
This will link to online training resources that are being developed.
Assessment Guidelines
Assessment will be against the specific competencies and will occur through a combination of methods that may include:
· on-line assessments;
· observations made during face-to-face training by an approved assessor;
· observations by an approved assessor during actual operations or using a case study that simulates operational conditions;
· Authenticated evidence from the workplace from the past five years;
· 3rd party reports from supervisor.
For consistency of assessment the evidence should be gathered over time in more than one case to ensure the person can achieve competency in different situations.
The level of competency expected is that of reasonable forecaster, not “the best forecaster in the world.”

Pre-requisites
Unit 1 is a pre-requisite for unit 2 which in turn is a prerequisite for Units 3 and 6. Unit 1 is also a prerequisite for Unit 4.  Whilst Unit 5 does not require all the elements of Units 1 and 2, staff required to produce the Tropical Cyclone outlooks are generally also required to have completed Units 1 and 2.
_____________

Summary of Tropical Cyclone Competencies
Unit 1.
Provide general support during Tropical Cyclone operations.

Elements

1.1
Access and interpret BoM TC products and services.

1.2
Provide TC information in response to enquiries.

1.3
Provide logistical support to Tropical Cyclone Warning Centre operations.

Unit 2.
Provide forecasting support during Tropical Cyclone operations.
Elements

2.1
Use systems and tools available in the TCWC.

2.2
Assist in the analysis of TC position, intensity and structure and broadscale environment.

2.3
Assist in the forecasting of TC structure, track and intensity.
2.4
Assist in the preparation and issuing of TC products.
Unit 3.
Lead forecasting services during Tropical Cyclone operations.
Elements

3.1
Analyse TC position, intensity and structure and broadscale environment.

3.2
Forecast TC structure, track and intensity.

3.3
Determine potential weather impacts.
3.4
Formulate policy and issue TC products.
3.5
Liaise with internal staff and deliver briefings and presentations to internal and external stakeholders.

Unit 4.
Forecast potential storm tide impacts.

Elements

4.1
Assess predicted tides and observed tides.
4.2
Forecast storm surge and storm tide potential.
4.3
Communicates storm tide potential to users.
Unit 5.
Assess Tropical Cyclogenesis potential.

Elements

5.1
Identify and assess suspect area with a suitable environment for development.
5.2
Forecast potential for development into a TC in the region.
Unit 6.
Conduct re-analyses of TC events and maintain the TC database

Elements

6.1
Compile reports and analyses of events and assist in the maintenance of the national TC database.

6.2 
Assist in the provision of a tropical cyclone information service including educational initiatives, responding to requests for information and engagements with key sectors such as emergency services, industry and media.

6.3
Participate in the review and improvement of the TC warning service including the preparation and maintenance of directives, procedures and guidance material.
____________

Unit 1.
Provide general support during Tropical Cyclone operations.
Unit Descriptor


This competency unit is relevant to all Bureau of Meteorology staff working in the Tropical Cyclone Warning Centres (TCWCs) and those who are required to answer enquiries provide media interviews or make presentations or briefings associated with TC services.  
This may include staff in regional Observing and Weather Service Offices in cyclone-affected regions.  This unit is a prerequisite to all other units except Unit 5.
	Element
	Performance Criteria


	1. Access and interpret BoM TC products and services.
	1.1 Uses the internet and other sources to access the appropriate information.


	
	1.2 Consults with other staff to access appropriate information.


	
	1.3 Interprets TC information effectively.


	
	1.4 Derives key TC messages from products.


	2. Provide TC information in response to enquiries.
	2.1 Identifies requirements and specific needs of the user appropriately.


	
	2.2 Responds clearly, in a timely manner and in accordance with the public sector code of conduct.


	
	2.3 Addresses the enquiry by providing the most appropriate information or refers to relevant source.


	
	2.4 Explains technical information in concise, clear and easy to understand language.


	2. Provide logistical support to TCWC operations.
	2.1 Assists in the maintenance of records, product archive and other information in the TCWC as appropriate.


	
	2.2 Assists in some technical duties such as monitoring of weather observations, checking of web products and external websites as appropriate.



Required Skills and Knowledge
Skills in:
· using technology including internet, presentation software and telephones;
· accessing and interpreting TC information and products;
· interpreting weather observations, satellite and radar imagery;
· communication.

Knowledge of:
· general features of TCs including their structure, intensity, motion and occurrence;
· TC hazards especially wind, rainfall and storm surge;
· the range of available TC products and TC information on the internet;
· Bureau policies and guidelines including the TC directive;
· the TC forecast process.

Regional variations
· Staffing policies;
· local archiving and operational websites;
· regional climatology and impacts (e.g. storm surge inside Great Barrier Reef);
· observation networks;
· variations in policies relating to answering of phone calls.
Key Learning Resources
Refer online: http://bmtc.bom.gov.au/cdoe/tc_training.htm
_____________

Unit 2.
Provide forecasting support during Tropical Cyclone operations.

Unit Descriptor

This competency unit is relevant to forecasters working in the Tropical Cyclone Warning Centre and is a pre-requisite for Units 3 and 6.
	Element
	Performance Criteria


	1 Use systems and tools available in the TCWC.


	1.1 Follows TC process according to standard procedures, timelines and directive.


	
	1.2 Uses TC Module and other systems and tools in accordance with standard procedures.


	2. Assist in analysing the TC position, intensity and structure and broadscale environment.
	2.1 Provides valued assistance to analyse the broadscale environment to assess the likely influence on the disturbance.


	
	2.2 Provides valued assistance to determine location of centre and current movement in accordance with standard procedures.


	
	2.3 Provides valued assistance to determine intensity in accordance with standard procedures.


	
	2.4 Provides valued assistance to determine structure in accordance with standard procedures.


	3. Assist in forecasting the TC track, intensity and structure.
	3.1 Provides valued assistance to interpret NWP-predicted broadscale environment to assess the likely influence on the disturbance.


	
	3.2 Provides valued assistance to determine forecast track in accordance with standard procedures.


	
	3.3 Provides valued assistance to determine forecast intensity in accordance with standard procedures.


	
	3.4 Provides valued assistance to determine forecast structure in accordance with procedures and timelines.


	4. Assist in the formulation of policy and issuing of products.
	4.1 Provides useful input to policy determination.


	
	4.2 Issue forecast products on time, efficiently and using appropriate language free from errors.



Required Skills and Knowledge
Skills in:
· following the TC forecast process;
· using McIdas, Data viewing software and other AIFS/GFE applications;
· using TCModule;
· interpreting radar imagery;
· compiling products.

Knowledge of:
· regional cyclone policy and forecast process;
· observation networks;
· strengths and weaknesses of different data types;
· TC structure conceptual models;
· synoptic factors that affect the intensity including shear, ocean temperatures, upper-level flow, stability, landfall, vorticity and low to mid-level moisture;
· Dvorak technique, ADT, AMSU intensity estimation, SATCON and other intensity analysis guidance;
· interpreting Microwave and scatterometry imagery;
· consensus track forecasting techniques;
· conceptual framework for steering patterns;
· relative strengths and limitations of available models in predicting cyclone movement, structure and intensity;
· Intensity forecasting methods;
· conceptual models of decay;
· product formats and content; 
· pressure-wind relationship.
Regional variations
Refer to those listed in Unit 1.
Key Learning Resources
Refer online: http://bmtc.bom.gov.au/cdoe/tc_training.htm
TC Module User Guide 

_____________
Unit 3.
Lead forecasting services during Tropical Cyclone operations.
Unit Descriptor
This competency unit is relevant to ‘senior’ forecasters working in the Tropical Cyclone Warning Centre at the Bureau of Meteorology. It covers the provision of operational Tropical Cyclone services at an experienced, unsupervised level. It includes:
· TC analysis and forecasting;
· determining the potential weather and storm tide impacts;
· formulating policy and issuing of products; and 
· delivering briefings and presentations.
	Element
	Performance Criteria


	1. Analyse TC position, intensity and structure and broadscale environment.
	1.1 Analyses the broadscale environment to assess the likely influence on the disturbance in a range of situations.


	
	1.2 Determines location of centre and current movement in accordance with standard procedures in a range of situations.


	
	1.3 Determines intensity in accordance with standard procedures in a range of situations.


	
	1.4 Determines structure in accordance with standard procedures in a range of situations.


	2. Forecast TC track, intensity and structure.
	2.1 Interprets NWP-predicted broadscale environment to assess the likely influence on the disturbance in a range of situations.


	
	2.2 Determines forecast track in accordance with standard procedures in a range of situations.


	
	2.3 Determines forecast intensity in accordance with standard procedures in a range of situations.


	
	2.4 Determines forecast structure in accordance with procedures and timelines in a range of situations.



	3. Determine potential weather impacts.
	3.1 Forecast extent of cyclonic winds (e.g. gales, storm force) and onset times for key locations using available guidance in a range of situations.


	
	3.2 Forecast rainfall using available guidance in a range of situations and liaise with Hydrology to determine potential flooding.


	
	3.3 Forecast waves and swell using standard techniques.



	4. Formulate policy and issue TC products
	4.1 Formulates TC policy in accordance with procedures in a range of situations.


	
	4.2 Determines the appropriate key messages for general and technical audiences in a range of situations.


	
	4.3 Issues the range of TC products in accordance with procedures and timelines in a range of situations.


	5. Liaise with internal staff and deliver briefings and presentations to internal and external stakeholders
	5.1 Liaise effectively with internal staff in the development of tropical cyclone policy and the impact on other services.


	
	5.2 Logically structures briefings/presentations to contain relevant, accurate and complete information.


	
	5.3 Delivers briefings/presentations to suit the intended audience explaining technical information in concise, clear and easy to understand language.



Required Skills and Knowledge
Refer to Unit 2.
Also Skills in: 
· using Dvorak technique for cyclone centre location and intensity estimation;
· interpreting microwave and scatterometry imagery;
· interpreting radar imagery;
· analysing wind shear from CIMMS, and NWP shear analyses and prognoses;
· interpreting cloud drift wind;
· assessing the environment for motion and intensity changes;
· interpreting NWP guidance material;
· estimating the intensity from a number of inputs;
· Time Management (to produce the range of products on time);
· assessing rainfall potential including eTRaP, consensus model guidance (OCF, PME) and probabilistic rainfall guidance;
· determining onset and extent of weather phenomena;
· compiling policy and key messages for different audiences;
· delegating and managing other staff;
· facilitating and engaging in communication exchanges including active listening and speaking, and consultation in policy situations;
· clarifying meaning, exploring issues, problem solving or referral, conflict resolution;
· converting technical concepts into concise and easy to understand language;
· using equipment for presentations.

Knowledge of:
· potential impacts in a range of synoptic situations;
· wave and storm surge theory;
· user needs;
· extra-tropical transition potential including the phase-space evolution (Hart) theory;
· contingency plans;
· principles of effective communication, including presentation and interviews and conflict resolution techniques;
· presentation and meeting formats and requirements;
· organisational processes and hierarchy;
· legislation, regulations, policies, procedures and guidelines relating to workplace communication in the public sector such as privacy, confidentiality, freedom of information.

Regional variations
· regional geography especially as how it affects rainfall forecasting;
· regional product differences;
· arrangements for handling external enquiries including international Met. agencies such as Indonesia, Fiji and Solomon Is;
· arrangements for briefing internal staff including met. offices;
· arrangements for briefing external stakeholders.

Key Learning Resources
Refer online: http://bmtc.bom.gov.au/cdoe/tc_training.htm
_____________
Unit 4.
Forecast potential storm tide impacts.

Unit Descriptor
This competency unit is relevant to forecasters providing storm tide warnings in the Tropical Cyclone Warning Centre at the Bureau of Meteorology. 

	Element
	Performance Criteria


	1. Assesses predicted tides and observed tides.
	1.1 Accesses observed and predicted tide levels for locations of concern.


	
	1.2 Determines the significance of the observed and predicted tide levels on the potential for inundation.


	2. Forecasts storm surge and storm tide potential.
	2.1 Uses storm tide software and tools in accordance with standard procedures.


	
	2.2 Assesses storm tide potential considering various track and intensity scenarios and confidence levels (worst case, most likely, alternate track/intensity).


	
	2.3 Issues products on time, efficiently and free from errors.


	3. Communicates storm tide potential to users.
	3.1 Logically structures briefings/presentations to contain relevant, accurate and complete information including uncertainty and alternate scenario information.


	
	3.2 Delivers briefings/presentations to suit the intended audience explaining technical information in concise, clear and easy to understand language.



Required Skills and Knowledge
Refer to Unit 1.
Also Skills in:
· using storm tide guidance software;
· accessing observed tide levels and predicted tide levels; 
· interpreting TC track and intensity forecasts to input information into storm tide software;
· interpreting Numerical Weather Prediction outputs;
· storm surge forecasting;
· producing storm tide products;
· communication including consultation in policy situations.
· time management (to produce the range of products on time).
Knowledge of:
· Storm tide theory and warning techniques;
· the level of threat posed by storm surge heights;
· user needs;
· principles of effective communication, including presentation and interviews and conflict resolution techniques;
· presentation and meeting formats and requirements.

Regional variations
· Storm tide warning techniques;
· differences in complexity of coastal/ocean factors (e.g. GB Reef);
· differences in liaison arrangements with stakeholders;
· differences in Regional products.

Key Learning Resources
Refer online: http://bmtc.bom.gov.au/cdoe/tc_training.htm
_____________
Unit 5.
Assess Tropical Cyclogenesis potential.
Unit Descriptor

This competency unit is relevant to forecasters required to produce Tropical Cyclone Outlook products.

	Element
	Performance Criteria


	1. Identify and assess suspect area and the broadscale environment. 
	1.1 Locates deep convective disturbance and/or significant low/mid-level circulation effectively.


	
	1.2 Identifies whether NWP suggests development of a circulation in the forecast period.


	
	1.3 Determines intensity and intensity trend of the circulation.


	
	1.4 Interprets MJO and other tropical waves for influencing genesis potential in the suspect area appropriately.


	
	1.5 Determines influences of SST, shear, upper-level outflow, low level inflow, land, low-mid level moisture and stability for genesis in the suspect area.


	2. Forecast potential for development.
	2.1 Assesses range of NWP outputs for development potential effectively. 


	
	2.2 Combines current assessment with NWP to assess development potential appropriately.


	
	2.3 Formulates policy in consultation with internal stakeholders effectively.


	
	2.4 Issues TC Outlook products timely and efficiently. 



Required skills and knowledge
Skills in: 
· following cyclogenesis process;
· accessing and interpreting IR/Vis/WV, microwave and scatterometry imagery;
· accessing and interpreting surface observations, analyses and radar;
· accessing and interpreting relevant information via the web, for example:
Darwin Weekly Tropical Climate Note, CIMMS, SST/OHC, MJO guidance, Ensemble Prediction systems;
· interpreting synoptic situation making use of surface and upper observations and satellite imagery;
· analysis of environmental conditions for cyclogenesis:

· upper-air patterns;
· SST/OHC;
· Low wind shear, vertically alignment of circulation;
· Convection, instability, low-mid level moisture;
· Low-level flow, vorticity;
· using software (Kenny, Mcidas, web etc) to access NWP.
· communication and negotiation to liaise with internal stakeholders including resolving border issues; and
· using software to issue products.
Knowledge of:
· Dvorak technique particularly the initial classification;
· current theories regarding the important processes in cyclogenesis;
· MJO and tropical wave features in cyclogenesis;
· relative strengths and limitations of available models in predicting cyclogenesis;
· local climatology of cyclogenesis.
Regional Variations
· Commercial Weather outlooks, primarily off the northwest coast (105-130E), extend the outlook beyond the public range.  Semi-objective techniques are used to produce these outlooks.
· Locally produced NWP guidance formats.
Key Learning Resources
Refer online: http://bmtc.bom.gov.au/cdoe/tc_training.htm , especially Cyclogenesis Training course.
_____________
Unit 6.
Conduct re-analyses of TC events and maintain the TC database

This competency unit is relevant to meteorologists engaged in non-operational work particularly those in the Severe Weather sections.
	Element
	Performance Criteria


	1. Conduct ‘best track’ reanalysis of cyclone events, archive information, compile and publish reports.
	1.1 Conduct reanalysis of cyclone to determine a ‘best track’ according to appropriate standards.


	
	1.2 Compile and publish post-event reports and summaries with appropriate and accurate content.


	
	1.3 Highlights significant scientific aspects of the event.


	
	1.4 Archives relevant information in appropriate format(s).


	2. Review operational performance. 
	2.1 Assesses operational performance following the reanalysis. 


	
	2.2 Promotes findings to stakeholders as appropriate.


	3. Maintenance of the national TC database.
	3.1 Updates the TC database accurately and on a timely basis.


	
	3.2 Extracts information from the TC database effectively.



Required Skills and Knowledge
Refer Units 1 and 2.
Also Skills in:
· TCModule including ADAM interface;
· database management;
· writing reports and investigations with appropriate content;
· editing web pages;
· retrieving archived information and storing it in secure location;
· reviewing performance, products and forecast process; and proposing improvements.
Knowledge of:
· regional cyclone policy;
· TC database structure;
· best track procedures.
Regional Variations
· Regional archiving arrangements including analyses, NWP products, imagery, and products;
· Regional web facility.
Key Learning Resources
Refer online: http://bmtc.bom.gov.au/cdoe/tc_training.htm
Best Track User Guide
TC Module User Guide 
__________
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