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Alternative Proposal for W&W FY10-14 Planning and Programming

Title of Activity:  Generating and Communicating Forecast Uncertainty Information
Program and Capability:  W&W:  LFW, EMP, ST&I, HYD, (OTHERS?), Climate
Background:   Uncertainty is a fundamental characteristic of fluid system prediction, including the weather, climate, hydrological, and related environmental (hydrometeorological), predictions germane to NOAA’s mission.  The National Research Council has recently reported
 that effective communication of uncertainty  information in hydrometeorological forecasts benefits users' decisions.   Although there are notable exceptions, including hurricane track, river flood stage forecasts, probability of precipitation, certain severe weather and seasonal climate outlooks, most current operational NOAA forecast products and services are based on single-value “deterministic” predictions with no accompanying forecast uncertainty information.  Consequently, decisions by users at all levels are generated largely without the benefit of knowing and accounting for the inherent uncertainties of the forecasts upon which they rely.  This alternative responds to recommendations of the 2006 NRC report1 which calls on NOAA to take a leadership role in transitioning the public-private sector partnership (enterprise) to widespread, effective incorporation of uncertainty information into all hydrometeorological prediction.
Objective:  The objective of this alternative is to increase the national value of NOAA’s suite of forecast products and services by changing the paradigm by which forecasts are generated, communicated, and used.  This alternative will enable NOAA, in collaboration with partners, to improve and introduce new products and services by evolving the forecast process from one of generating and communicating products and services based primarily on best single-value “deterministic” predictions to one based on characterizing and communicating inherent and important uncertainties that accompany all forecasts.  
Why:  Most operational hydrometeorological forecast products and services provided by NOAA (as well as other providers) are based on single-value, “deterministic” forecasts (e.g., the most likely or best forecast).  Although this forecast paradigm has served NOAA and the Nation well, in the end it is limited because many factors including the chaotic nature of fluid systems such as the atmosphere and ocean make all environmental forecasts inherently uncertain.  That is, no forecast can be exact and single-value forecasts do not provide a complete picture of what can occur.  
For optimal decision making, users need to consider all possible future weather, water, and climate scenarios beyond the most likely outcome.  Over the last decade, scientific advancements and increases in computational power have begun to enable ensemble modeling and other techniques to better quantify the uncertainty of forecasts.  However, users of most NOAA forecast products and services have limited access to uncertainty information nor know how to apply it even though this information is of potentially great value to society
.   For example, consistent information about confidence in short-term forecasts and warnings would help people evaluate the uncertainty of hazardous weather and flooding situations and, in doing so, benefit their decisions1.  Better quantification and communication of uncertainties in the track, timing, intensity and other details of approaching winter and tropical storms would save unnecessary evacuations, closings, cancelled activities, and other disruptions and expenses
;  and the Nation’s economy would benefit from the availability and use of more probability forecasts
.  

This alternative will help the Nation mitigate the effects of high-impact hydrometeorological events by providing more information about the spectrum and likelihood of possible outcomes from which decision makers and other users can determine and mitigate risk.   In doing so, alternative will increase U.S. competitiveness and enable economic growth for American industries and consumers as well as increase efficiency by fostering public-private partnerships in the generation and communication of new forecast uncertainty lines of products and services such as the provision and interpretation of probabilistic forecasts.
What:  

This is a cross-program alternative that will result in new and improved NOAA products and services based on enhanced capabilities to generate and communicate forecast uncertainty information.   The necessary capability improvements will occur in the following areas:
· Products and Services Definition and Assessment:
-  A virtual forum for users, social and behavioral scientists, economists, forecasters and partners to define and assess new and improved forecast uncertainty products and services using new verification and assessment tools.
· Observations
- Comprehensive estimates of random instrument and representativeness errors, as well as estimates of systematic observational errors.  New adaptive observation strategies that optimize identification and prediction of forecast uncertainties.  
· Forecast Engine

- Improved techniques and algorithms for data assimilation, numerical models, ensemble methods, and postprocessing and downscaling which yield statistically realiable and resolute forecast uncertainty information.
· Information Technology 
-  Enhanced teleccommunications, data processing, and visualization supporting forecast uncertainty data and information transfer, processing, and interpretation
· Products, Information, and Services Generation and Provision
- Observations, analyses, ensemble model output, and forecast uncertainty information are archived and made available in real-time for use directly as input into user decision support systems.  A dynamic suite of products is generated based on new statistical tools, which can be used to derive the probability of any user-identified event based on an ensemble model output considered as a sample of all possible future scenarios.  New tools allow forecasters to manipulate entire ensemble distributions to help quality control automated forecasts, identify alternate forecast scenarios, and assign forecast confidence and focus on high impact events. New data mining and decision support software which allow users to find optimum decision criterion at which they take action that maximizes the value of weather forecast information for their application. 

· Research and Development and Transition to Operations
Details about the “What, Who, Where, etc” of the program components contributing to each area are provided in the Appendix.
Who:

Where:

NOAA Cross Program Connections Exist:

NOAA Cross Program Connections Not Made:

When and Resources:  The table below is a rollup by area of each contributing Program component detailed in the Appendix. 
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Benefits:

Describe and quantify impact of activity.
Identify risks/barriers to implementation.
Identify dependencies of and on other programs.
Appendix

Details of Individual Program Components Contributing to each Area Capability Improvements Necessary for Forecast Uncertainty Alternative

Area:  Products and Services Definition and Assessment:
What:  

Who:

Where:

NOAA Cross Program Connections Exist:

NOAA Cross Program Connections Not Made:

When and Resources:  
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Benefits:

Describe and quantify impact of activity.

Identify risks/barriers to implementation.

Identify dependencies of and on other programs.

Area:  Forecast Engine:
What:  

A comprehensive suite of ensemble forecast systems (“forecast engine”) that will facilitate the generation of automated forecast uncertainty guidance.

Design of new adaptive NWP. This new adaptive system constitutes the backbone of the new NOAA concept of operations. The design of this new system will exploit guidance from the international THORPEX program whose goals are aligned with the new concept of operations, and the development work can build on related NOAA ST&I/THORPEX capabilities:

· Enhanced data assimilation procedures for high impact events

· Enhanced resolution integrations over areas affecting/affected by high impact weather - Run LAM ensembles or Enhance resolution of variable resolution global model

Many of these special procedures will require new dedicated resources in terms of specially designed observing platforms such as UAS, and increased computational facilities.

· Comprehensive suite of ensemble forecast systems. The generation of high quality automated probabilistic forecast guidance requires the use of sophisticated ensemble forecast systems. Ensemble systems are based on an estimate of the initial state by data assimilation methods, using the observing system (link with GEOSS), using state of the art numerical models. An ensemble of forecasts can  predict the future state of the environment and assess the case dependent uncertainty in such forecast. An adaptive and integrated probabilistic product generation suite will require the following components: 

· Global ensemble forecast system (Days 1-16 days, global coverage)

· Regional ensemble forecast system (Regular runs: days 1-3 days, regional – NA coverage; special high impact runs at longer lead times)

·  Local ensemble forecast system (up to 6-24 hours) for warning type activities, run only in a high impact, adaptive mode

· Seasonal (climate) ensemble forecast system – to provide numerical guidance extending beyond 16 days

· Statistical post-processing and automated probabilistic product generation

· Removal of systematic errors from ensemble/probabilistic forecasts

· Generation of specific products for various high impact events

Activities in Current Program:

· Support of external and internal NOAA research in ensemble-based data assimilation and numerical modeling through the NOAA/THORPEX grant program

· Multi-center ensemble development (statistical post-processing and product development) for the 3-14 day range on the global scales (North American Ensemble Forecast System)

Gap-MOD-06: Develop missing parts of multi-scale unified environmental data assimilation, modeling, ensemble forecast, and probabilistic bias correction system capable of delivering high quality probabilistic information on high impact events on various scales

Alt-MOD-06:

· Description: Generalize data assimilation, ensemble generation, statistical post-processing and product generation procedures developed by THORPEX for global scales for 3-14 day time range and then adapt and apply them to cover local (0-24 hr) and regional (24-72 hrs) scales. Integration of longer than 16-day forecasts (weather-climate linkage) is to be covered under Drought and Water Resources plan.

· Benefit: Provision of automated and seamless suite of probabilistic numerical forecast guidance on scales from hours to seasons

· Responsible Program(s): WWS/THORPEX, EMP
Cost: FY09-13 ($K):
700, 700, 700, 700, 700

Who:

Where:

NOAA Cross Program Connections Exist:

NOAA Cross Program Connections Not Made:

When and Resources:  
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Describe and quantify impact of activity.

Identify risks/barriers to implementation.

Identify dependencies of and on other programs.
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