GSD’s report on the

2nd OS&T Workshop on Communicating Forecast Uncertainty and Decision Support

4-6 August 2009

Boulder, Colorado

GSD conducted the subject workshop at the request of the NWS Office of Science and Technology to address two topics:  the feasibility of routinely preparing gridded probabilistic forecasts, and the future of WFO activities in the area of decision support.  The agenda, including links to access the presentations, is posted to:

http://www.esrl.noaa.gov/gsd/ProbFcst/Meeting_notes/Workshop2.html
OS&T, represented by Doug Hilderbrand, provided funding for the six members of the IFPS Science Steering Team.  Forecasters from nearby offices also participated.  And three social scientists observed the proceedings and added their perspectives.
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Figure 1.  Workshop participants, from left (ISST members in italics):  Dan St Jean, Reid Hawkins, Julie DeMuth, Sheldon Drobot, Paul Schultz, Monica Zappa, Ed Szoke, Amy McCullough, Jim Nelson, Wen-Yih Sun, Tom Hamill, Eve Gruntfest, Greg Mann, Doug Hilderbrand, Chad Gimmestad, Tracy Hansen, Darone Jones, Tom LeFebvre, David Metze, Kirby Cook, Jim Ramer, Brian Motta, and Bob Glancy.

Our agenda was divided roughly into thirds to 1) review probabilistic forecasting concepts and related workstation prototypes, 2) survey current DSS practices via presentations and discussion, and 3) analyze what we’ve learned to develop concepts and recommendations going forward.

To guide discussion, here and elsewhere, we have adopted the premise that communicating weather forecast uncertainty takes three forms:  probabilities, alternative scenarios, and decision support by forecasters.  
This report represents the findings and opinions of GSD; the membership of ISST is preparing a separate report.

The notion of preparing probabilistic forecasts was the subject of the first workshop, held last October.  The conclusion from that workshop was that the task is scientifically reasonable, and that the additional workload was probably manageable assuming the workstation capabilities advanced as envisioned.  Most participants left that workshop expecting that the initial rollout of probabilistic forecasting would entail an expansion of NDFD to accommodate 10%, 50%, and 90% values of the state variables (temperature, dew point, and wind speed), and probabilities for multiple discrete thresholds of precipitation.  The participants of this workshop see the precipitation idea as valid, but see no reason to limit the expression of temperature variability to three points, when in reality there are situations that are clearly bi-modal (will the front get here or not?).  The EKDMOS guidance now being produced by MDL uses 13 discrete values to describe the distribution of state variables, not three.  If probabilistic information is to be included in NDFD it should express the distribution with appropriate resolution in probability space.

The notion of alternative scenarios arises from the needs of institutional users who have decision support algorithms that take weather data as input.  Such users want to see the effects of weather uncertainty in the DSS system outputs they are familiar with.  The primary drivers for this requirement come from hydrology, aviation, and wildfire management.  In practice, alternative scenarios will come exclusively from NCEP; no forecaster envisions WFO involvement with the process of producing them.  However, there is strong sentiment that the alternative scenarios will be very useful for the forecasters to have on AWIPS for situational awareness and providing decision support.  It is recognized that an ensemble of alternative scenarios, presumably numerical forecasts post-processed to remove many biases, would provide well-calibrated probabilistic forecasts of any state variable simply by calculating the ensemble relative frequency of exceeding a given threshold; furthermore, an ensemble of alternative scenarios enables estimates of conditional probabilities (what’s the chance of wind speeds getting over 25 mph if it rains?).  For these reasons, NWP scientists tend to consider this the ultimate solution to computing forecast uncertainty and providing the most-versatile expressions thereof.  In practice, even today, alternative scenarios (e.g., GFS, ECMWF, NAM) have an important role in subjective aspects of forecasting:  there is greater confidence in the forecast if the ensemble members are in general agreement.
The notion of decision support arose from the very uncertainty that is inherent in weather forecasts:  if they were perfect there would be no need.  Of course, decision support is the original requirement of weather forecasts, and activities related to providing this service have been conducted for over 100 years.  Today, the phrase means different things to different offices.  In a simple survey around the room, WFOs have provided decision support in response to hurricanes, volcanoes, dispersion of smoke/chemicals/bioweapons, snowstorms, forest fires, the Super Bowl, national political conventions, and transportation accidents.  We stopped short of asking the forecasters to define the phrase in terms appropriate to NWS/WFO operations, but attempted to describe important attributes.  Weather forecast information for decision support must be easily accessible, it should be well-articulated and actionable. 
It is clear that WFO decision support activities vary by location, by season, by user class, and (most critically) by the population of the office’s CWA. Furthermore, if for no other reason than the general increase in population while WFO office staffing remains constant at best, there will be more DSS activity required of the WFO forecasters as time goes by.  There already exist large imbalances in the relative DSS burden of various WFOs across the country.  Whereas the Great Falls WFO might conduct an average of one GoToMeeting teleconference per week, the Detroit office might average one per day.  Certain offices in the Eastern Region (Boston, New York, Baltimore, Sterling were named) are unable to expand their DSS activities at all, for fear of opening a Pandora’s Box of users seeking personal support.  The current National policy of uniformity of WFO staff size and uniformity of WFO services is apparently about to cause even greater challenges than those experienced today.

Relative to today’s workload in the WFO, the obligation to communicate forecast uncertainty along with the deterministic component of the forecast will increase the workload, because forecasters will have new, additional duties (preparation of probabilistic forecast grids) in addition to increased DSS activities.  In contemplating these realities, the forecasters discussed ways of changing current practices to free up more time to address the new and increased responsibilities.  There is no question that guidance must improve, both the deterministic guidance products and the prototype guidance products (i.e., EKDMOS, downscaled NAEFS, reforecast-based) so that forecasters can more often trust the guidance, and less often feel the need to correct the guidance.  This sentiment is particularly acute on the subject of 4-7 day forecasts, where the great majority of forecasters believe forecasters add no meteorological value.

The outstanding counterexample, where forecasters do in fact add value to guidance for 4-7 day temperature forecasts, was provided by a well-timed email from Larry Dunn MIC/SLC.  This indication appears at several offices across the Western Region, not just SLC.  Workshop participants tried to understand where the margin comes from; one key ingredient is using not the original RTMA for verification, but a terrain-modified version, which may suggest that terrain-related deficiencies in guidance and/or RTMA might be large but easily corrected, compared to the other Regions.  Forecasters also were curious if the forecast quality increment is worth the effort; Dunn claims that the correction process actually improves efficiency to the forecast process overall.  This issue requires further investigation.

Another way forecasters hope to gain office efficiency is by enabling advanced users to get support from on-line tools instead of calling a forecaster.  Today, recorded messages go a long way in this regard and give hope that expanding technological approaches can help.  Paula McCaslin demonstrated the Personal Weather Advisor, which was developed for that purpose.  The PWA is Web-based, it allows the user to enter thresholds for temperature, wind, precipitation, etc., along with estimates of cost and loss.  The PWA will be exposed to beta users in a project this summer with organized interactions among Paula McCaslin, Tracy Hansen, social scientist Eve Gruntfest, and carefully selected users.  Furthermore, the PWA can grow to support or integrate with other online NWS tools such as IRIS and the Activity Planner.  

One more way to improve forecaster efficiency would involve a good downscaling algorithm.  The need for this was highlighted by a talk presented by Lisa Kreiderman IMET/BOU, whose work with wildfires is hampered by grossly inadequate wind and temperature information on the scale of the terrain, which in her applications would be around 100 m.  This is a research goal of NOAA’s fire weather program led by GSD, but others in the room quickly identified other applications, including a way to address the processing tasks used by WR to improve 4-7 day temperature forecasts.  This might also be a way to improve guidance in the vicinity of coastlines, since the downscaling methodologies can address land/sea differences as well as topographical issues.  This would also feed nicely into an on-board, interactive version of HYSPLIT, which is a passive tracer dispersion module that exploits high-resolution weather data to make better nowcasts of plume dispersion (smoke, chemicals, etc.)

What then is the path forward?  Here are our findings and recommendations:
Decisive action on the part of NWS leadership is required.  Today, there is no formal commitment to expanding NWS services to include uncertainty information.  Any R&D activities to advance the concepts are ad hoc, in fact, at this point they appear to be unfunded until October 2012 at the earliest.  A commitment to proceed must come before NWS’s research partners will invest, before Regions will provide resources to enable forecasters to work on the problem, before forecasters will engage the logistical problems that they will face.  (See comment below in Notes.)  Commitment on the national level will also minimize duplication of efforts, as all Regions recognize the need to move ahead.  The goal of avoiding duplication of efforts also applies to the National level:  a decision to systematically pursue probabilistic forecasting will accelerate the pace of plans for consolidating and optimizing the forecast guidance products now in the works, including EKDMOS, downscaled NAEFS, and reforecasts.

The emphasis on DSS implies a migration toward culture-driven, impact-based operations.  An inventory of best practices is warranted.  WR invented and executed a process for analyzing its DSS needs and opportunities, and then implemented a plan to make it successful.  (This includes adding the NWS’ first social impacts meteorologist, Darone Jones.  His plans for proselytizing a proactive approach to DSS are not confined to the Western Region.  As one observer commented, Darone is “strapped to the front of this train.”)  From GSD’s perspective, WR’s approach seems applicable and likely effective across the NWS; see the presentation by Steve Apfel MIC/GGW.

A minimum, baseline level of DSS activities expected of all WFOs should be established.  Today, there are some WFOs that are very responsive to the DSS needs of their communities, and there are WFOs that are much less so.  This is contrary to the NWS tradition of uniformity of service across the US.
Additional notes and comments:

Following the first workshop, a Probabilistic Forecasting Prototype (PFP) project was launched.  This entails forecasters downloading a tarball from GSD containing the AWIPS add-on software for ensemble manipulation and probabilistic forecast production.  There is an email forum that allows forecasters to point out problems and opportunities for improvement, and GSD’s developers can usually get a fix back to the participants in a matter of days.  This was the method used successfully for the Graphical Forecast Editor, and there are small similar successes with the PFP.  However, in the absence of an announced date for probabilistic forecast service rollout, there is no urgency, and in the absence of a mandate from management that leads to some forecaster time devoted to the project, progress has been slow.

Forecasters really want HPC guidance to get down to 2.5 km resolution, and for that guidance to more properly treat coastlines and terrain features.

There seems to be an opportunity for some sort of workshop or forum on graphical expressions of forecast uncertainty.  The University of Washington has some nice approaches, GSD’s Ashvin Mysore has prototyped some attractive displays, OS&T is working with NCAR on interpretation issues, and others are interested in improvements to current practices as well.  One possibility is a half-day session at an AMS Annual Meeting.

This workshop, the prior workshop, and the upcoming workshop on Next Generation Warning Tools are all activities that we at GSD consider to be central to the Operational Proving Ground.  The OPG is a collection of activities that facilitate the transition of NOAA Research into operations, particularly the outputs of NOAA’s testbeds.  These activities include hardening of new data collection platforms, writing or tailoring forecast methodologies to work on AWIPS, conducting forecast experiments to ascertain the role of the forecaster in the context of new guidances or service requirements, and so forth.  The OPG plan calls for careful consideration of social science aspects at all stages of development and transition, including workshops among users, developers, and forecasters.

Inventory of DSS tools in the WFO

Existing:

Ensemble browsing capabilities in D2D

FX-C

Web page enhancements

GoToMeeting.com

Required or desirable:

Personal Weather Advisor

Downscaler

Better ensemble browsing and calculators

Onboard verification and climatology

Analog finders and weather generators

Forecast information tailored to smartphones and other new dissemination technologies
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	Tuesday , 4 August

	  8:30 AM    Donuts, Bagels, Juice, Coffee 

	  9:00 AM    Greetings - Sandy MacDonald, Director, ESRL 

	  9:15 AM    Overview - Doug Hilderbrand, NWS/OS&T

	  9:45 AM    Review of Previous Workshop Outcomes - Paul Schultz, ESRL/GSD

	10:00 AM    Break 

	10:15 AM    Probabilistic Forecasting Guidance: Part 1 - Tom Hamill, ESRL/PSD

	11:00 AM    Weather Briefing - Ed Szoke, ESRL/GSD

	11:30 AM - 1:00 PM Lunch

	  1:00 PM    Overview of ALPS Development - Paul Schultz, ESRL/GSD
       * Recommendation
       * D2D Demo - Jim Ramer, ESRL/GSD
       * GFE Demo - Tome LeFebvre, ESRL/GSD
       * PFP Discussion

	  3:00 PM    Break

	  3:15 PM    Current DS Activities - Steve Apfel, WFO/GGW

	  4:00 PM    Discussion 

	  5:00 PM    Adjourn

	

	Wednesday, 5 August

	  8:30 AM    Probabilistic Forecasting Guidance : Part 2 - Tom Hamill, ESRL/PSD

	  9:15 AM    Applications of Weather Uncertainty Information in DoT - Sheldon Drobot, NCAR/RAL

	 10:15 AM   Break

	10:30 AM    Icons and Forecast Consistency - Doug Hilderbrand

	11:00 AM    Weather Briefing - Mike Baker, WFO/BOU

	11:30 AM    Lunch

	  1:00 PM    How Will We Represent and Communicate uncertainty to Enhance DS? - Tom LeFebvre, ESRL/GSD

	  1:30 PM    EMP3 - Web-based Utility for DS, Paula McCaslin, ESRL/GSD

	  2:00 PM    New Ideas For Graphical Forecast Expression to General Public - Ashvin Mysore, ESRL/GSD

	  2:15 PM    Discussion

	  2:45 PM    Break

	  3:00 PM    DS Activities, Looking Forward - Darone Jones, WR/MSD

	  3:30 PM    Discussion

	  5:00 PM    Adjourn

	

	Thursday, 6 August

	  8:30 AM   IMET Decision Support, Lisa Kriederman, WFO/BOU

	  9:30 AM   AWIPS Prototyping Ideas Based On Previous Days' Discussions

	10:00 AM   Break

	10:15 AM   Conceptualizing the Role of the Forecaster in Communicating Uncertainty / DS

	11:00 AM   Guidance from ISST to GSD; ISST Report to OS&T





