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Preface    There seems to be general agreement on the importance of the extended-range time scale (2-6 hours) for weather forecasts in support of strategic planning for traffic flow management.  This time scale was identified by the FAA/ARS (2002) in a study of weather forecast requirements.  Subsequently, the OEP (2002), En Route Severe Weather Plan, and the 3rd Workshop on ATM and Weather (2002) identified weather forecasts with this time scale to be important for TFM decisions.  The boundaries for this period are not precise, and range from 1 to 10 hours, depending on particular circumstances.  However, the longer times (>12 hours) are usually related to pre-flight planning, and the short times (<1 hour) are usually considered tactical.  

The current forecast methodology for this time scale for the forecast of intense convection is the Collaborative Convective Forecast Product (CCFP) developed by AWC.  In broad terms the product consists of three components:  the Collaboration, the Forecast, and the Application.  Supporting projects are Training; Verification and Assessment; and Operational Evaluation and Feedback.   (Statement of User Needs, 2003; Information Paper, 2002)

There are several forecast products covering the period of Extended Range Forecasting (ERF).  The foundation for modern weather forecasting is numerical weather prediction (NWP) models that guide the development of subsequent operational forecasts.  Other examples covering the extended range time scale are terminal forecasts (TAFs) and the CCFP. (Convective Outlooks are also directed to convection, but have a longer lead-time.) The use of the CCFP forecast for aviation is intended to focus attention on this time scale, and to complement other forecasts.

Finally, there are a number of specific products that address the forecast of intense convection on the short term (0-2 hours).  In contrast to the methodologies of ERF, these methods are based on some form of extrapolation of existing convection.  Some examples are the operational Convective SIGMETs, the National Convective Weather Forecast (NCWF), Integrated Terminal Weather Forecast (ITWS), and Corridor Integrated Weather Forecast (CIWS).  As these methodologies mature, they may be able to contribute to the lower end of the ERF forecasting objective; ie, forecasts with a lead time of 2 hours.  Otherwise, these methods are not within the focus of ERF objectives.

1. Introduction
The problem of extended range forecasting (ERF) has been addressed by the National Research Council (NRC, 2003).  Although this capability is a challenge to research meteorologists, it is not beyond reach.  Furthermore, there is substantial value of ERF to the community of traffic flow management (TFM) in the FAA and the industry (principally dispatchers in the airlines). 

The managers, project leaders, engineers and scientists concerned with ERF have different viewpoints on the quality of weather forecasting and the value of applications to problems of traffic flow management TFM).  It is artificial to separate the problem of forecasting and its applications into arbitrary divisions divided simply according to time scale;  nevertheless, it seems practical to do so.  

If we are to succeed in funding, organizing, implementing and improving ERF, we collectively need to bring all constituents together to define a coherent program.  There is no project office. Two federal agencies, two countries, and multiple research laboratories and contracting organizations have a state in ERF. This is an important topic, and in order to succeed, we need to agree, first, on the vision and objective for this work.  Subsequently, we need to have some common understanding of the division of responsibility, funding, transfer of operational responsibility, and timing.  Finally, we all need to support foundation activities such as training, verification, evaluation and operational feedback.

In short, we need agreement on a coherent program in Extended Range Forecasting (ERF) for TFM.

2. Proposed Concepts for Agreement
With this in mind, there are several concepts on which everyone who are engaged in the problem of aviation weather forecasting on the ERF time scale could agree:

2.1. An important time scale for weather forecasts (ERF) in support of TFM is 2-6 hours.  This time scale has been identified by the 3rd Workshop on ATM and Weather, and Lead (POD) within Air Traffic (ATT) for En Route Severe Weather.   The weather forecasting on this time scale is designated as Extended Range Forecasting (ERF).

2.2. The CCFP was the first prototype developed to forecast intense convection on this timescale.  Although it is in operational use today, the forecast methodology is expected to be replaced by more accurate or more efficient methods in the future.

2.3. In addition to the forecast methodology itself, there are several additional elements that are intrinsic to the forecast process, but are independent of the forecast methodology. These need to be improved and sustained:

2.3.1. Collaboration among the Producers of the forecast, 

2.3.2. Application of the forecast to TFM (which may also involve collaboration among Users)

2.4. In the future, the fusion of forecasting, collaboration and applications may occur using statistical forecasts and a systematic analysis of risk.

2.5. Several elements support the forecast process and are independent of the forecast methodology.  These need to be improved and sustained: 

2.5.1. Training

2.5.2. Verification and Assessment

2.5.3. Operational Evaluation and Feedback

2.6. There are several different methodologies on the horizon that have the potential to improve ERF and influence the current operational forecast methodology:
2.6.1. At short lead times (2 hours), the CIWS (Corridor Integrated Weather System) has potential for delivering more skillful forecasts in an automated process.  The current impediments are: limited geographical application; comparable skill values not yet established; uncertain (prototype) status
2.6.2. At longer lead times (4, 6 hours), numerical weather prediction (NWP) models have the potential for skillful, automated forecasts. The use of NWP also holds the promise of Monte Carlo forecasting that would also deliver an estimate of probability in addition to the forecast itself. The current impediments are the lack of horizontal mesoscale observations; limited high-resolution measurements in the vertical; the successful incorporation of radar data into the thermodynamic and dynamic fields; and the tuning of the microphysical processes to meet aviation standards.

2.6.3. At all time scales, empirical (statistic) output models have the potential to improve the information on probability (uncertainty) of the forecast, while continuing the current level of skill. 

2.7. The fusion of forecast methods and their applications is the ultimate goal of the ERF project

3. Participants in ERF

In order to develop an effective, coherent program in ERF, we rely on several different organizations to make their contributions and to integrate their efforts:

3.3.1. We rely on the FAA Aviation Weather Research Program (AUA-430) to invest in weather research that (among other projects) will impact TFM; in particular, ERF.

3.3.2. We rely on the IPT Lead for Traffic Flow and Enterprise Management (AUA-700) and in particular, the Traffic Flow Management Research and Strategic Planning Branch, to invest in the transition from research results into operational practice, and to establish the testing and evaluation that qualifies the product for TFM applications. This office is especially concerned with the determination of the value of weather forecasts as input for TFM tools.  

3.3.3. We rely on the National Weather Service (NWS) for accepting the ultimate responsibility to produce operational weather products, including verification.

3.3.4. We rely on the FAA Aerospace Weather Policy and Standards (ARS-100) office to confirm User Needs as requirements and to identify and coordinate funding to support the components of the ERF forecast.  Subsequently, this office is asked to negotiate a smooth transition between research, implementation, and operational phases.

3.3.5. We rely on NAVCanada to maintain a contract with the Meteorological Service of Canada (MSC) to supply collaborated weather forecasts in Canadian airspace.

3.3.6. We rely on the FAA Tactical Operations Program (ATT) to establish User Training, collect User Feedback, and complete the Annual Assessment for the System Review at the end of the season.  

3.3.7. We rely on the CDM-CR Weather Applications Workgroup to establish User Needs for ERF, and to identify potential opportunities in the out-years that may contribute to improved forecasting or improved value of the forecast to the User in TFM.  The Workgroup provides a means to integrate the effort coming from all the components.

3.3.7.1. The Air Transport Association (ATA) Met Committee contributes an especially significant contribution by through Monthly Producer's Telcon, and by leading the Subgroup on User Requirements in the Outyears.

3.4. In addition to these collaborating organizations mentioned above, there are several important research contributors who can choose to participate and offer their unique capabilities:

3.4.1. MIT/Lincoln Laboratories, Weather Sensing Group

3.4.2. National Center for Atmospheric Research (NCAR), Research Applications (RAP)

3.4.3. NOAA: Forecast Systems Laboratory (FSL); National Severe Storms Laboratory (NSSL).

3.4.4. Independent research laboratories in TFM; eg, MITRE, METRON, CNAC.

4. Conclusions
With this set of concepts the basis for interagency, international and internal FAA collaboration on Extended Range Forecasting (ERF) is established.  Agreement on these concepts and responsibilities by the participants is the first step towards implementing further collaboration.
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