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Executive Summary

A Concise Summary of User Needs for CCFP/2004

1. For the 2004 convective season, the CCFP forecast is required from 1 March through 30 October (section 2 contains the 2004 CCFP production schedule). The domain of the forecast is the continuous states of the US airspace extending into Canada (Ontario and Quebec) up to the 49th parallel.  In addition to geographical location, other forecast parameters are area coverage, max tops, growth/decay rates, speed/direction and forecaster confidence.

2. Collaboration of the forecast is required under AWC leadership, using input from MS Canada, CWSUs and the professional meteorological offices of airlines and service providers in commercial and business aviation.

3. Development of essential tools is needed for the application of CCFP to traffic flow management decisions:  Lessons Learned; a Concept of Use; and Best Practices.

4. Training on the use of CCFP is needed and includes an online Technical Description, and a Training Syllabus.  In addition, Active Training tools need to be initiated.

5. Operational verification is required that now includes forecast accuracy, precision, consistency, as well as echo tops. In addition, the development of several tools is needed:  Object-oriented Verification, and Route Impact Assessment.

6. Operational evaluation and feedback is needed; in particular: Daily Operational Feedback Reports; Assessment of Collaboration; Monthly Evaluation, selected cases for Post Analysis, and a Seasonal Evaluation Report

7. The expectations of User Needs that will sustain the prototyping evolution for CCFP in the out years are also identified.  

STATEMENT OF USER NEEDS
Collaborative Convective Weather Forecast (CCFP)
Preface – Since the CCFP forecast prototype was implemented in 1998, an annual statement of needs or requirements has been made by the groups AvMet Applications (2002), ARS-20 (2001; 2002a,b), and by the Weather Applications Workgroup (WAWG) (2003).  This Statement builds on that previous work.  At the same time the Workgroups of Collaborative Decision Making (CDM) have been deeply involved in the development of the CCFP prototype and have tested different strategies to use a subjective weather forecast product with all its inherent uncertainties in the deterministic context of traffic flow management (TFM).  

The CCFP cannot succeed without the combined leadership and support from the operational corps and the research community; from the federal offices of the FAA and NWS; and from the business and commercial aviation community, both the weather and dispatch offices.

1. Introduction

The origins of CCFP came from a NWS Task Force to commercial aviation (Rodenhuis, et.al., 1998) that established the idea of “rapid prototyping” of the development of weather product for use in aviation. The concept of combining weather forecasting with collaboration (Fahey, et.al., 1998) was a direct result of the changes occurring in commercial aviation and at the Air Traffic Control System Command Center (ATCSCC) in response to increasing delays that challenged the efficiency of traffic flow management of the national airspace system.  It had become clear that efficient management required the collaborative efforts of all elements of the system:  federal, commercial, business, and even meteorological forecasting.  The leadership for system thinking came from the Summer 2000 (S2K) meetings and the formation of the Collaborative Decision Making Workgroups.

The current configuration for CCFP (WAWG, 2003) has become the cornerstone weather forecast product for daily traffic management decisions. The concept of prototyping requires continual improvement in order to attract and sustain federal resources and the participation of Users.  Through their daily use of the product, they will test both the skill and value of CCFP and will feedback improvements to the Producers.

The 2003 forecast experience produced several important changes: doubling the number of forecasts (2 hour update cycle); streamlining the Weather Chatroom; and establishing Operational Feedback Reports.  In addition, a substantial number of extramural studies have been engendered (Reference: Report on CCFP).  This Statement employs the strategy of prototyping, and utilizes the lessons learned from the past season.  

The 2003 season utilized a firm definition of the forecast objective for intense convection, an additional skill parameter (consistency) was developed, and monthly reporting was initiated.  The number of CCFP forecasts were reduced to 11/day in order to gain some additional forecast preparation time (WAWG, 2003). At the conclusion of the 2003 Season, several studies on the concept of use were documented, and several studies documented the impact of weather and the CCFP forecast on traffic.  A Seasonal Report was completed as a first step to defining Lessons Learned. It is intrinsic to CCFP that the prototyping evolution be continued in the out-years.  The expectations of the users have been reinforced during several years of practice:

· Continued focus on improvements to the CCFP production resulting in demonstrated improvements in skill (quality) and utility (value).

· Continued focus on improvements to the CCFP format resulting in demonstrated improvements in the use (value) of the product for the FAA and industry Air Traffic Managers.

As we prepare for the 2004 Season, the users have asked to consider (in addition to technical improvements to the forecast itself): the validation of the forecast in Canadian airspace; improvements in training and technical briefings; and the identification of strategies for using CCFP for traffic flow management.  Further improvements in CCFP rely heavily on critical review and verification studies, and this will require the initiation of some sustained efforts beyond 1 year. Thus, the prototyping of CCFP has grown beyond product development into a more comprehensive responsibility.

At this stage of development, the operational CCFP has three components: 

· Forecasting

· Collaboration

· Application

 The operational delivery of CCFP and the meeting of the continuous prototyping standards require supporting components:  

· Training

· Forecast Verification

· Operational Evaluation and Feedback

· Expectation of User Needs in the out years

1.1. Purpose of  the CCFP
From a User’s perspective the CCFP is designed to be used for strategic planning of air traffic flow management during the en route phase of flight.  It is not intended to be used for traffic flow control in the airport terminal environment, nor for tactical traffic flow decisions.

The primary users of CCFP are air traffic management which includes both FAA and industry elements.  The CCFP is the primary weather forecast product for collaboratively developing a Strategic Plan of Operations (SPO).  The SPO is finalized during the collaborative TELCONS hosted by the Strategic Planning Team and conducted approximately every 2 hours immediately after the issuance of the CCFP (see section 2 for the exact schedule of CCFP forecasts and telcons).

From a Producer’s perspective, the CCFP itself is designed to address two major purposes:

· An accurate representation of the convection of most significance for strategic decisions of air traffic flow management, and
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A common forecast baseline, as consistent as possible, shared among all meteorological organizations responsible for providing forecasts of convection to the air traffic managers within the FAA and/or within commercial aviation organizations.

Figure 1 – An example of a CCFP Forecast with a Lead Time of 2 hours.  At each Issuance Time, 3 forecast maps similar to this example are produced with Lead Times of 2, 4, and 6 hours 

1.2. CCFP Text Message Product
The CCFP will be made available via the National Weather Service Telecommunications Gateway circuit and on the NWS ftp site in an ASCII coded text format. An example of the CCFP ASCII coded text product is shown in Appendix 2. The official CCFP product has been a web-based product only since 1999.  In order to allow users to integrate the CCFP into their computer systems for processing and display, a digital form of the product is required. Data in this digital form shall be geo-referenced and describe the forecast parameters of the CCFP.  The format should comply with WMO formatting standards and be made available via official NWS communication circuits. This format will also serve to meet the NWS archive requirements.

2. Requirement:  The CCFP Forecast

The Baseline Requirements for CCFP in 2004 were established during previous years of operation.  The subsequent sections of this document are built on this foundation that establishes the external appearance and frequency of the forecast product.

The CCFP forecasts are required for areas of convection and thunderstorms every two hours, with lead times of two, four and six hours after the forecast delivery time.  The forecast will be posted to the AWC Web on the hour preceding the ATCSCC SPT Telcons.  (ATCSCC Telcons are currently conducted every 2 hours, at 15 minutes past the odd-numbered hour, Eastern Local Time. 

EXCEPTION:  

In order to insure a sufficient overlap of shifts and improve the continuity of the forecast between forecasters, the users agree to omission of one set of CCFP forecasts that would be normally released at 0500 GMT.  Thus, the CCFP production will deliver 11 sets of forecasts per day.

CAVEAT:   

There will be circumstances where the need for the 0500 GMT chat session will be identified.  This shall be coordinated through the ATCSCC/Users strategic planning telcons.  The FAA ATCSCC will be responsible for coordination with the AWC to insure this is accomplished.

The geographical extent covers the contiguous U.S. extending into Canadian airspace and including the area south of a line from Thunder Bay, Ontario to Quebec City, Quebec. 

The start time for the initial forecast is 0300 EST on Monday 1 MAR 2004.  The concluding forecast will be made on Saturday, October 30, 2100 EDT. The forecast suite will be produced 11 times per day:

	Collaboration Session Open (Eastern Time)
	CCFP Issue (Eastern Time)
	Supported Telcon  (Eastern Time)
	Valid Times (Eastern Time)
	Comments

	0215 - 0245
	0300
	----
	05-07-09
	2, 4, 6 hour forecasts

	0415 - 0445
	0500
	0515
	07-09-11
	2, 4, 6 hour forecasts

	0615 - 0645
	0700
	0715
	09-11-13
	2, 4, 6 hour forecasts

	0815 - 0845
	0900
	0915
	11-13-15
	2, 4, 6 hour forecasts

	1015 - 1045
	1100
	1115
	13-15-17
	2, 4, 6 hour forecasts

	1215 - 1245
	1300
	1315
	15-17-19
	2, 4, 6 hour forecasts

	1415 - 1445
	1500
	1515
	17-19-21
	2, 4, 6 hour forecasts

	1615 - 1645
	1700
	1715
	19-21-23
	2, 4, 6 hour forecasts

	1815 - 1845
	1900
	1915
	21-23-01
	2, 4, 6 hour forecasts

	2015 - 2045
	2100
	2115
	23-01-03
	2, 4, 6 hour forecasts

	2215 - 2245
	2300
	----
	01-03-05
	2, 4, 6 hour forecasts


UTC is +5 hours ahead of Eastern before Daylight Savings (April 4, 2004), and +4 hours ahead of Eastern time during Daylight Savings

2.1. Convection for the purposes of the CCFP forecast is defined as

· A polygon of at least 3000 square miles that contains:

· A coverage of at least 25% with echoes of at least 40 dbZ composite reflectivity, and

· A coverage of at least 25% with echo tops of 25,000 feet, or greater, and

· A confidence of at least 25%

All three of these threshold criteria combined are required for any area of convection of 3000 square miles or greater to be included in a CCFP forecast.  This is defined as the minimum CCFP criteria.  Any area of convection which is forecasted NOT to meet all three of these criteria, will NOT be included in a CCFP forecast.  

NOTES:

· Regarding composite reflectivity:  40 dbZ is roughly equivalent to a VIL of 3.5 Kg/sq.M, and roughly equivalent to a VIP level of 3. 

· Regarding the minimum area:  This area is  the identical value used for 1-hour forecasts of operational Convective SIGMETS.

· Regarding areal coverage:  The threshold coverage for Convective SIGMETS is 40%.  On the other hand a different NWS forecast product (Convective Outlook) covers all categories of areal coverage.  It is issued by the NWS, Storm Prediction Center.

· Regarding heights: Measurements from NEXRADs are Above Ground Level (AGL). CCFP forecasts of echo tops in Flight Levels (FLs) are Above Sea Level (ASL).

2.2. Within each area of convection, coverage will be identified in one of three classes:

· Low

25 – 49%  (Yellow)

· Medium
50 – 74%  (Light Brown)

· High

75 – 100% (Red)

· Lines of coverage shall be displayed as a solid purple line, alone or within an area of coverage.  For purposes of verification:

· The length of the line is 100 nm long, or greater;

· The width of the line is 20nm on either side;

· The coverage is 75%, or greater.

2.3. Within each area of convection, height of maximum Echo tops (the height of   18 dbZ reflectivity) encompassing coverage greater than 25% will be identified in one of three ranges:

· FL250-FL310

· FL310-FL370

· above FL370

The Echo tops will be identified in a marker balloon.

Note: In the past the “maximum cloud top” was used but no other clarifying details were provided.  For 2004 the definition was clarified – the appropriate range is labeled by the forecaster when greater than 25% coverage of echo tops in the listed range is anticipated. 

2.4. Within each area of convection, growth rates will be identified in one of four classes:

· -  = Negative Growth

· NC = No Change

· +  = Moderate Positive Growth

· ++ = Fast Positive Growth

The growth rate will be identified in a marker balloon.

2.5. Each area of convection, the movement will be labeled with an arrow indicating:

· Speed of movement in knots of the entire area

· Direction of movement of the entire area

· For each area of convection, a subjective statement of confidence is required.  This parameter is the forecaster’s confidence that convective weather, as defined by the minimum CCFP criteria, will occur in the forecast polygon at the specified time and place.  The confidence value will be identified with a marker balloon, and identified in one of three classes:

· Low
25 – 49% 

· Medium
50 – 74%  

· High
75 – 100%

NOTE regarding confidence:  the subjective opinion of the forecaster is stated in probabilistic terms (%) and is only addressed to the question of  the existence of the forecast polygon that meets the minimum CCFP criteria ---regardless of any other properties of the forecast convection; i.e., for any configuration (lines and areas); for any growth rates; for any coverage; and for any category of growth/decay rate, speed/direction, or tops.  The confidence is NOT a probability of occurrence unless and until an empirical probability has been calculated, post-facto, from a comparison of a substantial record of forecast confidence with actual observations. 

Notice that this definition has been chosen to avoid the confusion between areal coverage and forecast probability that has been used by forecasters.  A true estimate of probability can only be determined after-the-fact with empirical data, or after a long consistent record of forecasting has been accumulated.  This issue has been identified by Wallace (2001), and others.
2.6. Metrics for forecast skill – Forecast skill is composed of accuracy, precision, and consistency, for all the parameters of the forecast: coverage, height of tops, growth/decay rates, speed/direction, and confidence, as well as the geographical location.  The metrics for verification are discussed in section 7.0.

3. Requirement: Collaboration

Collaboration is the backbone of the CCFP forecast process; it is an opportunity for all system stakeholders to provide input into the convective forecast for their area of responsibility.  The CCFP is the only weather forecast used in the development of the NAS system Strategic Plan that is developed by the Planning Team.

It is in the User’s best interest that a common forecast baseline, as consistent as possible, be shared among all meteorological organizations responsible for providing forecasts of convection.  For this reason it is important that resources be allocated to maintain and to improve, where ever possible, collaboration effectiveness.

The framework for collaboration is the Weather Chatroom Discussion that is executed over the Internet using interactive software.  The priority focus of the CCFP is on the forecast with 4 and 6 hour lead-time.  However, the forecast with 2-hour lead-time is an indispensable link to current conditions.  The collaborated forecast requires the judgment and leadership of the AWC (U.S. Aviation Weather Center of the National Weather Service (NWS) within the US airspace, and of the MSC (Meteorological Service of Canada) within the Canadian airspace to make the best forecast utilizing all contributions.  

The objective of the collaboration is to produce a technically sound forecast that has the support of all the Producers.  Note that the forecast is collaborated, and it is NOT a consensus forecast (the average or the summation of all contributions).

The scope of the collaborated forecasts is the entire designated airspace in the U.S. and Canada.  However, the priority areas of concern are regions of greatest enroute concentration of air traffic; i.e., East of the Rocky Mountains, and especially in the ZNY-ZOB-ZAU corridor, and the adjacent airspace.

To facilitate the Weather Chartroom, a Preliminary Forecast is required prior to the discussion.  Interactive software is needed to allow the collaborators to graphically describe their alternative forecasts, and allow other collaborators and participants to quickly assimilate the essential point being made by viewing a graphical presentation.

The AWC is responsible for the operation of the Weather Chatroom.  The opportunity to participate in the CCFP Weather Chatroom will be limited to 30 minutes for each forecast.  The Weather Chatroom will be conducted prior to each CCFP forecast with sufficient time remaining to complete the final forecast and transmit it to the ATCSCC prior to the SPT Telcon.   The AWC also has the responsibility to insure consistency of other NWS products with the CCFP: current weather, convective SIGMETS, Convective Outlook, and TAFs.  The MSC has the same responsibility for consistency in Canadian airspace, and they collaborate with the AWC to insure a smooth transition across the international boundary.

All meteorological service providers are encouraged to give input to the Weather Chatroom for the development of the forecast with their area of responsibility of concern and responsibility.  The comments from the providers need to be acknowledged by the AWC forecasters and vice versa. For the forecast to meet the needs of service providers and system users, maximum participation is required.  The following offices are needed in the collaboration:

3.1. Collaborators

· Aviation Weather Center (AWC):  The AWC has the responsibility to lead the discussion and encourage collaboration in the CCFP Weather Chatroom. The AWC will maintain the highest technical integrity in the collaborative discussion. They shall make the maximum effort (within operational time constraints) to recognize input from other collaborators, and subsequently perform their professional responsibility as the final authority for US airspace for the development and production for the CCFP forecast.  They are expected to recognize the authoritative input on Canadian airspace from MSC and to rationalize a smooth transition across the international boundary.

· It is the User’s expectation that Collaborators meet a minimum requirement of aviation meteorology training, expertise, and experience.  The CDM Workgroup on Weather Applications will be responsible to monitor and oversee this issue and insure standards for participation of the Collaborators.

· Meteorological Service of Canada (MSC): The meteorologists of the MSC under contract to NAVCANADA are required to provide meteorological input for their area of responsibility; i.e., the Canadian airspace within Quebec and Ontario, South of the 49th parallel.  This input should include a scientific rationale for the forecast (MSC, 2002).  Together with the AWC, the meteorologists of the MSC will insure a smooth and physically realistic transition across the international boundary.

· Center Weather Service Units (CWSU):  All CWSUs are expected to provide meteorological input for their area of responsibility.  This input should include a scientific rationale for the forecast.  NOTE that the different operating hours of the CWSUs prevent their participation at all times of the day.

· Airline and independent weather units: The operational weather units associated with system users are encouraged to provide input to the forecast for the areas or responsibility and concern.  These weather units are collaborating in 2 ways:  by direct participation in the weather chatroom, and/or by submitting a graphical product to the AWC.  In order to give the AWC the maximum opportunity to consider all weather aspects in the short time available, operational forecasts of convection in graphical format are needed from collaborating offices prior to the Weather Chatroom discussion.

3.2. Participants  

· ATCSCC Weather Unit: The WxUnit has the responsibility to monitor CCFP Chat room and to raise issues of special concern to traffic flow management.  They are encouraged to ask for clarification concerning competing physical (weather) processes that may lead to a perception of conflicting forecasts.  The WxUnit is the primary conduit for detailed forecast information to TFM Specialists at the ATCSCC that will be used in the development of the Strategic Plan of Operations (SPO). 

3.3. Observers

· Professional trade organizations that advise on the management of the NAS: the Air Transport Association (ATA) and the National Business Aviation Association (NBAA): These organizations are encouraged to monitor the CCFP Weather Chatroom in anticipation of the development of the SPO.

· ATCSCC Strategic Planning Team (SPT): The SPT is encouraged to monitor CCFP Weather Chatroom in order to clarify weather forecast information that will be used subsequently for the development of the SPO.

3.4. Success Metrics for Collaboration

Statistics on the number and affiliation of collaborators, participants and observers are needed, as described in section 7.2, below.  Data are required to be collected on a daily basis, and statistics computed on a monthly basis throughout the CCFP season.   Additional metrics are described in Section 6.6.  All these metrics must be fed back to the Producers.  At the end of the season a Report with analysis and conclusions is required

4. Requirement:  Application

The third requirement for the CCFP product is the application of weather forecast information to problems of traffic flow management (TFM).

4.1. Lessons Learned – Based on the recent experience of CCFP in previous seasons, there is an urgent need to identify the faults and successes in past practices, and to generalize this list of incidents into some operating principles, or Lessons Learned.

4.2. Concept of Use – After several years of prototyping and adjustment in the product the Producers and Users need to agree on a concept of use of an uncertain weather forecast within a deterministic operating environment.  

4.3. Best Practices – A set of guidelines for the practical use of the CCFP product needs to be developed.  These guidelines, or best practices, need must acknowledge the limitations of the CCFP forecast within the context of the needs of TFM specialists and decision makers at the ATCSCC, the TMUs, and commercial airline dispatchers.

4.4. Success Metrics for Forecast Applications – Immediate feedback is needed to reinforce the application procedures, or to make adjustments in the use of the CCFP forecast.  For that reason the Operational Evaluation and Daily Feedback (section 7.0) are the success metrics for Applications.  In addition, results from the Daily Forecast Verification (section 6.1) will become feedback to the Users after the analyses have been completed.

5. Training

Training needs can be divided into two requirements: training for Producers (meteorologists who participate in the development of a collaborated forecast), and for Users (TFM Specialists at field TMUs and the ATCSCC, Dispatchers at commercial airlines and private service providers).  For the first (meteorologists), the Technical Description is the primary training resource.

To meet the needs of Users, the Technical Description is the foundation for the development of further resources: A Training Syllabus, a CBI module, and active training at all facilities.

NOTE:  It is recognized that training is limited to a technical description until the full development of Lessons Learned, a Concept of Use, and Best Practices (item 4, above).

5.1. Technical Description -- A document describing the product and its technical basis is required to be available online with the CCFP forecast product. The existing technical description must be updated with the current improvements for 2004. The document is directed towards the producers and collaborators of the CCFP product.


5.2. Training Syllabus – Based on the technical description, a Training Syllabus is required, both hardcopy and online, that is directed to the Users of the CCFP.

5.3. Computer-Based Instruction (CBI) – Based on the Training Syllabus, a CBI module is needed to distribute training on CCFP throughout the FAA and commercial units.  Input from documentation achieved in Section 4 (Lessons Learned, a Concept of Use, and Best Practices) will also be utilized.

5.4. Active Training – The Training Syllabus and Technical Description is also the basis for active training, along with the documentation from the applications documents (Section 4: Lessons Learned, a Concept of Use, and Best Practices).  Active training will address Users at FAA field offices and TMUs, the ATCSCC, dispatchers at commercial airlines, and independent service providers.
6. Forecast Verification and Assessment
The foundation for the successful use of the prototyping paradigm for CCFP is verification of the quality (or, skill) of the CCFP forecast.  No forecast should be made without verification. Skill has several parameters: accuracy, precision, and reliability (or, consistency of consecutive forecasts).  The forecast is improved by feedback to the Producers. The first requirement is to sustain the current operational verification with several improvements and some expansion of capability.

Secondly, we recognize that there is a discrepancy between the verification of objects (polygons), and the current verification of fields (with a gridded verification methodology).  Consequently, current verification methods, which are based on gridded fields, do not provide a complete picture of the quality of the forecast. Therefore, the second requirement is to develop an “object oriented” verification method and apply it to CCFP forecasts.  This approach will provide additional, operationally relevant information about the quality of the forecasts.

Third, an operational assessment of value (or, utility) of the CCFP forecasts also needs to be addressed.  Even with perfect skill, the application of weather forecast information may be limited or defective. The Application (Section 4) of CCFP forecasts will be improved through feedback of assessment of value to the Users.  Thus, the third requirement is to develop a useful assessment of the impact of CCFP forecasts on:  1) route capacity, 2) sector capacity, and 3) reduction in terminal capacity.

6.1. Daily Forecast Verification – For each CCFP forecast the accuracy, precision and reliability is required for the geographical location of the forecast polygon within the entire forecast area (US and Canadian airspace); areas without polygons also need to be evaluated with respect to convection that is not forecast.  Stratification of results according to the forecast parameters is needed; coverage, tops, growth/decay rates, speed/direction, and confidence.

· Accuracy Metrics: Probability of Detection (POD/yes), Coverage Error, Area Efficiency, and other skill measures.  Develop and incorporate approaches to account for minimum forecast areas, as appropriate

· Precision Metric:  Bias statistic (B)

· Temporal Consistency Metric: A new index  (R) is needed that applies conventional skill metrics to evaluate the consistency of a sequence of 3 forecast maps with different lead times, but with identical valid times, as well as the observed (verification) field.
· Stratification and Display: Frequency Tables, statistical results, and “Box and Whisker” diagrams showing actual performance for each category of the forecast (location, coverage, growth rate, tops, speed/direction, and confidence) and each forecast lead time.  
· Verification results are required as input to the evaluation of collaboration.  See Section 7.2
· Operational reports on the results of verification are required each month and at the end of the season.  See Section 7.3, 7.5.
· Verification data (NCWD) is now available for Canadian Airspace and needs to be utilized for verifying CCFP forecasts.
6.2. Identify Forecasting Procedures – The basis for the CCFP forecast methodology is weather observations and output from weather forecast models, using physical reasoning and experience of the forecaster.  The forecast methods used by all collaborators (AWC, CWSUs, the MSC, airline and independent weather units) need to be documented.  With this foundation, improvements in methods, data sources, timeliness, and physical reasoning can be made in response to feedback from verification and route impact assessment.  Furthermore a documentation of forecasting procedures will mediate radical changes at the time of shift changes.

6.3. Object-oriented verification – The development of a new verification methodology needs to be initiated that would measure all skill parameters and be appropriate to long-lead convection forecasts (2, 4, 6 hours).  The verification should focus on the forecasted convective object, not the field.  Some consideration of this question has been given by Brown, et.al. (2002).  The goal of object-oriented verification approaches is to measure characteristics of a forecast relative to the characteristics of the best possible forecast that could be issued.  In this regard, a concept of using a more realistic standard for “good forecasts” is given in Brooks, et.al. (1998). Subsequently, the methodology needs to be used to evaluate the CCFP forecasts.  The development of this methodology is expected to extend beyond a year, but CCFP/2003 should be used for testing a prototype verification method and a report written at the end of a year.
6.4. Route Impact Assessment – The development of a new assessment methodology needs to be initiated that would evaluate the effectiveness of the application of the CCFP forecast, not the meteorological skill.  Some of the tools in the current operational verification can be used (Evans, et.al., 2002), but that is not sufficient.  The objective is to empirically relate CCFP forecasts to 1) route impacts and 2) terminal capacity.  The development of this methodology is expected to extend beyond a year, and this is an opportunity to use CCFP for developing and testing a prototype assessment of traffic impacts.   
Unresolved Issues:

· Relationship between CCFP and sector capacity

· Impact of CCFP forecasts on terminal capacity, if any
6.5. Reanalysis – Each season the verification of quality and the assessment of value are fed back to the producers and users who make adjustments and improvements in the seasonal prototype.  However, it is profitable to reexamine the historical records of forecasts for the impact of changes that are made to the forecast methods, to improvements in the verification methodology, or in the assessment of the user's application of the forecasts.  For this purpose a database of the forecasts is needed.  The reanalysis of historical forecasts will identify improvements and trends in skill or value, and will inform the Producers and Users of the past record (a baseline) of performance.
6.6. Collaboration Effectiveness – A process to assess the success of the collaboration process must be developed (reference Section 3.4, Metrics, and Section 8.2 Expectations in the Out Years for Collaboration):

· Forecast accuracy (This requires a sensitive measure of skill.)

· The value of a common CCFP forecast baseline shared among all meteorological organizations responsible for providing forecasts of convection.
7. Operational Evaluation and Feedback 

The final step in the application of a successful prototyping strategy is feedback.  Three elements of feedback are necessary for CCFP:  on the forecast; on collaboration; and on the application.  Operational feedback in near-real-time will have an immediate impact on operations by increase the awareness and sensitivity of both Producers and Users to their actions. 

 However, more thoughtful feedback is possible after statistics have been compiled and some time has been taken to analyze case (anecdotal) studies.  The shortest interval and the conventional period for statistical studies are one month.

Finally, it is extremely important to encourage seasonal reviews and research investigations into selected cases when either forecasting or the application was either extremely good or bad.  The basis for these studies will be both the daily and monthly operational reports, but especially the seasonal summaries of statistics.

It is only through systematic feedback to the Producers and Users can we expect the CCFP forecast, collaboration, and application to improve and fulfill the promise of the prototyping strategy.

7.1. Operational Feedback Reports – A daily assessment of forecast skill and the impact on traffic management is needed.  The daily report is required within 24 hours (near-real-time) after the conclusion of the daily forecast cycle.  (The Report for Friday, Saturday, and Sunday is required by COB on the following Monday. Occasionally, feedback from ATCSCC will require an additional day to complete the report.  Feedback is given directly to the Producers and Users.  The resources for the Report are: 

· The Daily Operations Log from the ATCSCC.

· Input from NAVCanada, including anecdotal reports

· Anecdotal reports from the ATCSCC NTMOs and Weather Unit Coordinators.

· The CCFP Weather Chatroom log.

· Daily CCFP forecasts with verification (NCWD) maps, including the analysis of skill (accuracy, bias and consistency).

7.2. Assessment of Collaboration – A process will be developed to identify positive aspects of the current collaboration methods, and collaboration areas that are in need of improvement.  A verification process will be developed to support decision making regarding whether changes in the collaboration process are required, and if changes are made, whether the changes contributed to an increase in the accuracy (quality and/or value) of the CCFP.

7.3. Monthly Evaluation – At the end of each month of the CCFP season, statistical summaries on the Operational Feedback, Collaboration, Skill, and (if available) Value of the application of CCFP are required.  These reports are required with 2 weeks of the end of the month, and are to be sent to the Workgroup on Weather Applications for evaluation.

7.4. Post Analysis – Diagnostic studies and interpretation of monthly statistics and/or assessment of selected days of interest are needed to investigate deficiencies or successes as they become apparent.  The choice of dates for these post-analyses is made by the persons compiling the data.  Secondly, it is required to announce the availability of these data sets for extramural investigations.  The reports of these investigations should be sent to the Workgroup on Weather Applications and made available to Producers and Users, as appropriate.

7.5. Seasonal Evaluation – Summary reports are needed that will interpret the forecast skill and statistics which have been compiled during the CCFP season.  The objective is to compile the collective experience from the forecast season and identify “lessons learned”.  Reports on operational feedback; operational verification; collaboration; and post-analysis are required within 2 months after the end of the season; i.e., by 31 December.  Reports are to be sent to the Workgroup on Weather Applications, and will be used as input to the annual System Review at the ATCSCC.
8. Expectations for User Needs in the Out Years

It will be the responsibility of the Weather Applications Workgroup, chartered under the Collaborative Routing Subgroup of the Collaborative Decision Making organization, to maintain and update the Statement of User Needs each year prior to the beginning of CCFP.

Commitment to an evolution of a prototype product is an intrinsic requirement of CCFP.  In addition to improving the existing design, there is significant value to users if there is a commitment to develop new techniques or procedures that will enable the extended range forecasting of intense convection for which CCFP is the first concrete product.  Already, this Statement has identified work that needs to be initiated now in order to meet user needs beyond CCFP in the current year; i.e.,

· Section 5.3
Computer-based Instruction (CBI)

· Section 5.4
Active Training

· Section 6.3
Object-oriented Verification

· Section 6.4
Route Impact Assessment

· Section 6.5
Reanalysis

At this time we can acknowledge several trends in the development of capabilities that are valued by the users. With this in mind, additional User Needs can be identified:

8.1. Forecasting
Explicit goals for forecasting skill (accuracy, precision, reliability) will be specified in this document of User Needs. In subsequent years research results are expected to produce probabilistic forecasting of convection. These methods will be incorporated into the use of dynamic weather forecast models of convection.

8.2. Collaboration
The method and processes used for collaboration during the production of the CCFP need to be continually evaluated and improved, as necessary.  Accuracy, as measured by both quality and value of the CCFP end-product, will be used as the measurement for initiating changes and for evaluating the impact of changes.  (Reference Section 3.4, Metrics for Collaboration, and Section 6.6, Collaboration Effectiveness)

8.3. Application
The format of the CCFP as presented to the FAA and Industry traffic flow managers needs to be continually evaluated and improved, as necessary.  Accuracy, as measured by quality and value of the CCFP end-product, will be used as the measurement for initiating changes and for evaluating the impact of changes.  In particular, the development of application methodologies (decision-support tools) that will utilize uncertain weather forecasts stated in probabilistic terms to guide managers, Dispatchers, and Specialists in traffic flow management.

9. Additions and Changes

The development of requirements is based on past history of the development and format of the CCFP/2003 and earlier.  Therefore the translation of this statement of needs into requirements is expected to be facile.  When circumstances change, or some compromise is needed, the Point of Contact (POC) for changes and adjustments to the CCFP should be addressed to:


CoChairs of the Weather Applications Workgroup of CDM.


The POC for the Workgroup is Dave Rodenhuis, Senior Meteorologist, ATCSCC, david.rodenhuis@faa.gov
10. Summary of Documentation Changes for CCFP-2004

The needs and requirements for CCFP/2004 are built on the baseline of actual practice developed during the previous seasons. The outward format of the CCFP will remain the same.    However, several important improvements are needed in order to build on the deficiencies that have become apparent during the past season:

· Updated the CCFP forecast season start and end date and time.

· Clarified radar based heights (AGL) as compared to forecast echo heights (ASL).

· Added a forecast consistency index as an additional operational parameter for measuring skill.

· Changed and defined maximum cloud tops to height of max echo tops, and redefined coverage area and updated height ranges of 3 classes.

· Speed of movement of an area of convection will be in knots.

· Redefined the ranges for Low, Medium, and High confidence to be inline with ranges for coverage.

· Changed reliability to consistency throughout.

· Added chat room acknowledgement requirements.

· Performed editorial changes to update and improve clarity as well as to incorporate changes highlighted above through the entire document.
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A2 – CCFP Text Message Product Description Document 
ATTACHMENT – A1

Information Paper – The Collaborative Convective Forecast Product (CCFP)

D. Rodenhuis, ATT-260

15 August, 2002
Introduction and Background

The CCFP was developed as a prototype by the National Weather Service (NWS) in collaboration with industry and the research community in 1998.  The objective was to address the strategic planning needs of traffic flow management of the FAA and the airlines; ie, improve efficiency of the NAS, reduce delays, and provide shared situational awareness.

 Subsequently, this forecast product became operational in 2000, and has been continuously subjected to incremental improvements in 2001 and 2002.  The product has been endorsed by the Collaborative Decision Making Workgroups.

The requirements for convective forecasting have been written by ARS-100, and are revised each year to meet current needs.  Based on this requirements document from the FAA, the NWS prepares to meet the need using resources that have been established at the AWC.

The CCFP is distributed from the Aviation Weather Center (AWC), National Weather Service (NWS) from their location in Kansas City.   The changes to the CCFP are reviewed by a CDM-Collaborative Routing Workgroup that includes participants and representatives from FAA, NWS, commercial and business aviation, and labor organizations.  The CCFP is monitored at the ATCSCC, Herndon.  A continuous monitoring of skill is made by the Forecast Systems Laboratory, NOAA, in Boulder, CO.  The extent of collaboration is monitored under contract by AvMet Corp.

The CCFP has three components:  collaboration; the forecasts (3 maps); and the application to traffic flow management.  

Weather Collaboration 

The collaboration with meteorologists is led by the AWC from Kansas City, and contributions are solicited from weather offices in commercial airlines, in business aviation, and from the NWS Center Weather Service Units (CWSUs) located at 20 FAA field offices.  The collaboration is conducted in an Internet “chatroom” with interactive graphical component.  It must be emphasized that the resulting forecast is collaborative, but not a simple consensus of professional opinions.  The AWC is expected to exercise its initiative and professional experience to present the best forecast, and to take responsibility for the results.

The Forecast Product
The forecasts of thunderstorms consists of 3 forecast maps over the contiguous US for severe thunderstorms,  2, 4, and 6 hours in advance.  The minimum criteria for a CCFP forecast is an expectation of thunderstorms with areal coverage greater than 25% and tops greater than 25,000 feet.  In addition to the location, the product presents categorical forecasts of area-coverage, tops, growth/decay, movement, and forecaster confidence.  (Figure) The forecast is available on websites at the Air Traffic Control System Command Center (ATCSCC), AWC, and Collaborative Decision Making (CDM).
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Figure – An example of the CCFP forecast format

Application 

Convective weather is the single most disruptive force affecting the National Airspace System (NAS). These disruptions are the largest cause of delays in the system.  Mitigation of delays requires collaboration in thunderstorm forecasting used for traffic flow management (TFM) decisions.  

The CCFP is a cornerstone weather product for traffic flow management is an extended range weather forecast of thunderstorms. The release is timed to coincide with the schedule TELCONS conducted by the Strategic Planning Team (SPT) traffic flow with airlines dispatch offices and FAA field offices (Traffic Management Units).

It should be emphasized that isolated thunderstorms are not expected to be forecast by the CCFP.  Furthermore, in dense traffic regions of the NAS, or near major hub terminals isolated thunderstorms may have a profound impact on NAS operations.  These circumstances are expected to be handled tactically, not strategically.

It is the nature of weather forecasting, especially of the forecasts of thunderstorms, that the skill and reliability of forecasts that range out to 6 hours in advance would be low.  The application of these forecasts to decision-making for traffic flow management is a challenge and is still evolving.

Verification

The Forecast Systems Laboratory, NOAA, Boulder performs a statistical verification of each forecast and compares them with contemporary observations.  The results are available on a public website within 24 hours.  Nominal values of Probability of Detection is 0.3 (out of 1), although values cover a range between 0 and 0.6.

More Information

“products” :  http://www.fly.faa.gov/
verification:  http://www-ad.fsl.noaa.gov/fvb/rtvs/ccfp/index.html
current forecast:  http://cdm.aviationweather.noaa.gov/ccfp/
briefing (“CCFP+” ):  http://cdm.aviationweather.noaa.gov/ccfp/docs/ccfp_brief_files/frame.html
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ATTACHMENT A – 2

Text Message:

 SEQ CHAPTER \h \r 1Collaborative Convective Forecast Product

Product Description Document

 SEQ CHAPTER \h \r 1Part I - Mission Connection
a. Product Description - The Collaborative Convective Forecast Product (CCFP) is a graphical representation of expected convective occurrence at 2-, 4-, and 6-hours after issuance time. Convection is defined as a polygon of at least 3,000 square miles with coverage of at least 25% with echoes of at least 40 dbZ composite reflectivity and at least one echo top of 25,000 feet or greater. CCFP covers the contiguous 48 states and portions of Ontario and Quebec south of 48 degrees north latitude.



b. Purpose - The purpose of the CCFP is to aid in the reduction of air traffic delays, reroutes, and cancellations influenced by significant convective events.

c. Audience - The primary audience for this product is the Federal Aviation Administration’s (FAA) Air Traffic Control System Command Center (ATCSCC) and associated nationwide air traffic centers. This product is also used by the Center Weather Service Units (CWSU), Meteorological Services of Canada (MSC), and private sector dispatchers, primarily commercial airlines.

d. Presentation Format - The CCFP is available via the National Weather Service Telecommunications Gateway circuit in an ASCII coded text format.  An example of the CCFP ASCII coded text product is shown in the following graphic:
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 SEQ CHAPTER \h \r 1The format of the fields in the above graphic are described below.

General Format

CCFP ISSUED VALID


AREA COVERAGE PROB GROWTH TOPS SPEED DIRECTION VERT# 


LAT[1] LON[1] .... LAT[VERT#] LON[VERT#] LATT LONT


LINE VERT# LAT[1] LON[1] .... LAT[VERT#] LON[VERT#]
Forecast Header Format

CCFP

CCFP Forecast Header (UTC)
4 Characters


ISSUED
Forecast Issuance Time (UTC)
CCYYMMDD_hhmm


VALID
Forecast Valid Time (UTC)
CCYYMMDD_hhmm

Coverage Area Format

AREA


AREA Type Header

4 Characters


COVERAGE

Convective Coverage Code





High 
= 1

75-100%





Medium 
= 2

50-74%





Low 

= 3

25-49%


CONF


Confidence






High

= 1

> 70%








Medium 
= 2

40-70%





Low

= 3

< 40%


GROWTH 

Convective Growth Code





++ = 1
Fast Positive







+  = 2
Positive





NC = 3
No Change





-  = 4
Negative


TOPS


Storm Height Code










High

= 1

> 37,000 Feet





Medium 
= 2

31,000 - 37000 Feet






Low

= 3

25,000 - 31,000 Feet


SPEED

Speed




Knots


DIRECTION

Direction Towards


Degrees


VERT#

Number of LAT / LON Pairs
Integer


LAT[x] LON[x]
Vertical Latitude and Longitude Coverage Polygon





Latitude = LAT * 10.0 degrees





Longitude = LON * 10.0 degrees


LATT LONT

Longitude and Latitude of Left Center of Box





Latitude = LATT * 10.0 degrees





Longitude = LONT * - 1* 10.0 degrees

Solid Line Format

LINE


Line Type Header


Integer


VERT#

Number of Lat / Lon
Pairs
Integer


LAT[x] LON[x]
Vertex Latitude and Longitude of Solid Line




 
Of Convection





Latitude = LAT * 10.0 degrees





Longitude = LON * 10.0 degrees

The CCFP is also made available on the Aviation Weather Center AWC) web site as an image.  The following image was created using the ASCII coded text message shown above.
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e.
 SEQ CHAPTER \h \r 1Feedback Method - Feedback is built into the development process for this product. A 30-minute interactive chat room session is conducted prior to the issuance of each forecast that allows both public and private sector meteorological expertise, and the Meteorological Service of Canada, to contribute to the final forecast. In addition, the Statement of User Needs for CCFP specifies several methods of feedback as part of the overall CCFP effort.

Technical and policy questions, and comments concerning the CCFP may be addressed to:



Aviation Weather Center



Attn: Fred Johnson



7220 N.W. 101 Terrace



Kansas City, Missouri 64153-2371



Fred.Johnson@noaa.gov

Part II - Technical Description
a. Format & Science Basis - The Collaborative Convective Forecast Product is created as an image. The graphic contains forecasts of either areas or lines of convection. Areas are defined in term of areal coverage (low:25-49%; medium:50-74%; or high:75-100%), maximum cloud tops (25,000-31,000 feet, 31,000-37,000 feet, or more than 37,000 feet), growth rates (negative, no change, moderate positive, fast positive), forecaster confidence (low, medium, or high), and area movement (as a vector). Convective lines are at least 100 nm line, 40 nm wide, with 75% coverage.

Meteorologists at the AWC combine mesoscale and synoptic scale analysis and model forecasts with personal experience to produce the CCFP.

b. Product Availability - The AWC issues the CCFP eleven times a day, every two hours, from 08Z through 04Z during standard time, and from 07Z through 03Z during daylight time. No amendments are issued. Customers receive this product via the Internet at: http://aviationweather.gov/products/ccfp/. The ASCII coded text CCFP product will be available over the NOAAPort / Satellite Broadcast Network. Additional information on NWS aviation product dissemination is available at: http://weather.gov/om/disemsys.shtml 


The WMO Headers and PIL Identification numbers for the CCFP ASCII Coded text message are:




WMO Headings

PIL Id




------------

------




FAUS27 KKCI

CFP01

FAUS28 KKCI
CFP02




FAUS29 KKCI

CFP03

c. Additional Information - The requirement for the Collaborative Convective Forecast Product is contained in National Weather Service Instruction 10-810, which is available via the Internet at http://www.nws.noaa.gov/directives/010/pd01008010a.pdf. 

Additional guidance on CCFP is available from the Statement of User Needs, Collaborative Convective Forecast Product. A copy of this document can be obtained from the AWC.

� EMBED PowerPoint.Show.8  ���








PAGE  
23

[image: image5.wmf]C:\temp\pix\final_

ncwdp

_national_20020710_1500_2hr_cutoff1.

gif

_1090915364.ppt


CCFP Forecast example from AWC Web Site





Collaborative
Convective
Forecast
Product

Valid Time:
Nov 1, 2000 057

Issuance Tim:
Nov 1, 2000 037

[HEHT, 370+ bl

IPRO: HH
[EvRE: 55— o)

TS COVERAGE AND.
DORNUING DENIED ARES:

soLp.

e 3707
NE

IPRDE: MED
[EvRE: S0-7 2|

Ji

AT 370+
G 3

Tops:

100 oF Feer

GROWTH

" pust posvE
POSTIVE

by
He = hb Ciee
g 4

PROB DF OCCURENGE:
HE = 70~ 100%

IPROE: Low
[ovRG: 25-49%) 5

,}\

"SVIATION WEATHER CENTER (NGEP /NWS /NQAA)








_1107786207.ppt


C:\temp\pix\final_ncwdp_national_20020710_1500_2hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1500_4hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1500_6hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1700_2hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1700_4hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1700_6hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1900_2hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1900_4hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_1900_6hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_2100_2hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_2100_4hr_cutoff1.gif







C:\temp\pix\final_ncwdp_national_20020710_2100_6hr_cutoff1.gif







Ccfp loader

loads gifs from c:/temp/pix

 





Collaborative
Convective
Forecast
Product
Final
RTVS
VERIFICATION

Valid Time:
Jul 10, 2002 172

ovre: 5065
PROS: HIGH

Issuance Time:
Jul 10, 2002 152

Forecast Length:
2hr

PQDy: 0.23
csl” 0.16
Heidke: 0.24
FAR: 0.67
% Area: 332
Bios: 0.70

FORECAST DOVERMGE

HEGH = 74-100%

WED

[CrG: 18.6%
o 1ED

CVRG: 41.9%
ProB: MED

hetul % Coverage
Newo,

L

PROB DF OCCURENCE:
High = 70 = 100%
WED

Low

177

REAL—TME VERIFIGATION SYSTEM / FOREGAST SYSTEMS LABORATORY (GAR/NGAS)




WED
Low

Collaborative
Convective
Forecast
Product
Final
RTVS
VERIFICATION

Valid Time:
Jul 10, 2002 192

Issuance Time:
Jul 10, 2002 152

Forecast Length:
4hr

PQDy: 0.13
€3l 0.09
Heidke: 0.12
FAR: 0.75
% Area:  4.64
Bios: 0.52

FORECAST DOVERMGE

HEGH = 74-100%

s0-745%

—

hetul % Coverage
Newo,

L

PROB DF OCCURENCE:

g
WED
Low

0= 100%
4" een
-,

197

GG

1.2%]

CvRe: 20.4%
PrOB: MED
[avmc: 14.3%]
[FROE: LoW 8
3 1
Cvrs: 20.0%
FRO: eD

[PROB: MED

oG 1257
[Proe: Low

,\\

REAL—TMME VERIFIGATION SYSTEM / FOREGAST SYSTEMS LABORATORY (GAR/NGAS)




Collaborative ,
Convective
Forecast
P%oduct
inal )
RTVS G 1 f
VERIFICATION

Valid Time:
Jul 10, 2002 212 i [ovme: 48,35

% Fros: Lo 3
Issuance Time:

Jul 10, 2002 152 lome: 3107

Forecast Length: = .
6hr [ D - 1

PODy: 0.29
csl: 0.7 L]
Heidke: 0.21 CVRG: 5013
FAR: 0.72 R L = -
% Area: 10.39 R Og F
Bios: 1.03

FORECAST COVERAGE

HEH = 74-100%

MED = S0-74%

Low = 25-45%

(GG 2327
e (0w

[ovRG: 21.1%]
[Proe: ik

hetul % Coverage
Newo,

L

GVRG: 37.0% K
PROB DF OCCURENCE: PRce: Lo N

HIGH = 70 — 100% 217 F, Y
P

ED
-, REAL—TMME VERIFIGATION SYSTEM / FORECAST SYSTEMS LABORATORY (GAR/NGAS)

Low





Collaborative
Convective =
Forecast

Product
Final
RTVS

VERIFICATION

Valid Time:
Jul 10, 2002 192

CvRe: 31,15
PrO: MED

[avmc: 33.0%]
[FROE: oW 8

Issuance Time:
Jul 10, 2002 172

Forecast Length:
2hr

PQDy: 0.22
csl 0.15
Heidke: 0.20
FAR: 0.68
% Area:  6.39
Bios: 0.71

FORECAST DOVERMGE

HEGH = 74-100%

WED = 50-74%

Low = 25-40%

3 it '

Cvrs: 20.0%
FRO: eD

GG st2h S
[PROE VED |

hetul % Coverage
Newo,

L

oG 1257
1 [FROB: oW

m Ny

REAL—TMME VERIFIGATION SYSTEM / FOREGAST SYSTEMS LABORATORY (GAR/NGAS)

PROB DF OCCURENCE:
High = 70 = 100%
WED = 40 - go%
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Forecast Length:
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Valid Time:
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Forecast Length:
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