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Introduction

The National Weather Service modernized its warning infrastructure in the 1990s, its forecast process in 2000’s, and now is in the process of modernizing its services program under the emerging vision of “decision support”.   This transition is analogous to the change seen in the U.S. economy in the late 20th century - from a manufacturing economy to a service economy.  Similarly, the NWS is moving from a “product-based” enterprise to a “service-based” enterprise.  The “service” is “decision support” for community leaders and partners to better help them anticipate, respond to, and recover from meteorological and hydrologic events and minimize impacts to the economy.  For “decision support” to be successful, the NWS must improve its ability to provide forecast and warnings further in advance and for forecasters to adopt more pro-active approaches to ensure that local community leaders understand the threat.
This science vision focuses on the science and technology areas that support improvement of services from near term enabling capabilities out to the 2020s, all leading to expanded decision support.  These services (not all inclusive) are listed in table 1.

Table 1: Decision Support Services out to the 2020s (in no particular order)

	

	4-dimentional weather and water forecasts

	Inclusion of uncertainty in warning and forecasts

	Increased lead times and accuracy of warnings and forecasts

	21st century dissemination of warnings and forecasts

	Climate services – week 2 to decadal trends

	Water resources and drought forecasts

	Air quality warnings and forecasts

	Managing renewable energy resources

	Space weather warnings and forecasts

	Eco-system warnings and forecasts


The SSD Chiefs have identified several challenges and opportunities that must be addressed to move forward to achieve the vision of a services-based decision support enterprise.  These can be characterized under the following categories:

1. Scientific understanding

2. Societal impacts and needs

3. 21st century warning system

4. 21st century forecast system

5. Next Generation Observation/Analysis System
Science and Technology Challenges and Opportunities

1. Scientific Understanding

Focusing research resources on a clearly defined science vision is critical. Continuing and reinforcing the close working partnership that NWS has had with the NOAA labs will be essential.  NWS/NOAA-supported basic and applied research should be focused on the 4 science vision themes suggested in the following text.  The NOAA labs should be given the challenge to develop a science-based strategy to achieve these goals.  The labs should be involved with the development, evaluation, and implementation of these incremental improvements.   Support is also needed to ensure the new science and technology is successfully transferred into operations through the training of the forecast staff.  The SSD Chiefs strongly believe this approach is critical to the success of the NWS.
The NWS employed risk reduction activities during the 1990s to test, evaluate and refine operational concepts prior to national implementation. There are a number of success stories utilizing these test-beds (e.g., GFE, D2D, WSR-88D, etc.). The SSD Chiefs strongly endorse the practice of test-bed (risk reduction) activities where research scientists, software developers and operational forecasters come together to test and evaluate new science and technology in a “real-time environment.”  We believe the test-bed concept is a proven process for rapidly --and successfully-- transitioning research to operations.
2. Societal impacts

There are two issues that the NWS needs to address to better understand society’s need for weather and water information. The first  is to better understand how the environment impacts society and determine what the highest impacts are.   The second and equally important part  is to understand what environmental information is needed by decision makers at all levels and adopt more pro-active means of the forecaster reaching out to ensure that the decision makers understand the threat..  Together, this will signal a major shift in the forecasted priorities and how the forecaster provides services.  The SSD strongly believe the science priorities must be refocused to support this significant change.  Science support must expand to include the social sciences.  

High Impact Events and Societal Science:  The current definition of a high impact event was driven by meteorological/hydrological definitions of an unusual or strong natural phenomenon.  While the societal impacts of these strong meteorological or hydrological events are significant and obvious, these events are infrequent (for any one community), often occurring only once every few years to a decade.  As our society becomes increasingly sophisticated, there is less tolerance of any disruption by a wider variety of meteorological/hydrological phenomena.  Therefore we recommend the definition of a high impact event be: any event, regardless of scale and intensity, that causes a potential threat to life and property, or a disruption to the community and it’s economy. In that regard the NWS needs to:      

· Employ, or engage social scientists (e.g., “WAS-IS”) to more accurately identify societal impacts.  
· Identify a means to document these impacts, and allow local offices to modify office service priorities to better address these impacts.  

· Modify reporting and verification procedures to better support the NWS business case for high impact support.

Improving Decision support to community’s leaders for High Impact Events and future Role of the Forecaster:   A warning or forecast is only as good as the ability of the local community leader to use it effectively.  The lessons learned from every major high impact event teaches the organization that issuing a product is not enough. The NWS provides the meteorological and hydrologic expertise as part of the holistic government anticipation, response and recovery to hazards.  In essence, a NWS forecaster is an integral part of a community’s management team to reduce the impacts of a hazard.  To be effective:

· The NWS must adapt rapidly to emerging technologies to ensure we are able to effectively reach out to local community leaders anytime, any-place, and in any collaborative means.  

· The NWS must redefine the role of the traditional forecaster to one of an “interpreter” of weather information for decision support.  This new role dovetails nicely into the “Warn on Forecast” and “Next Generation Forecast System”.

3. 21st Century Warning System  -- Warn on Forecast
Prior to the 1970’s, the NWS was essentially a “Warn on Report” organization due in large part to limitations in technology and communications. The mode of operation for the forecaster was to wait until a report of significant or severe weather or flooding was received before issuing the warning. 
NWS warning services began to change  to a “Warn on Detection” paradigm with the proliferation of radars (e.g., WSR-57 and WSR-74C) and a telemetered stream flow observational network. By the mid 1980s, these tools allowed the forecaster to detect basic convective signatures and provide a few minutes of warning lead time.  In the 1990s, the NWS Modernization and its networked computers (AWIPS),  GOES satellite imagery, and network “Doppler” radars (WSR-88D) allowed the forecaster to confidently issue warnings and increase average lead time for tornado warnings to 10 minutes. These tools and techniques were adapted to the broader NWS programs to improve performance in winter weather, marine, aviation, fire weather, flooding, etc. The success of the Modernization, and the “Warn on Detection” paradigm were demonstrated through continuously improved False-Alarm Ratios (FARs) and Probability of Detection (POD) across the spectrum of NWS programs.  

Despite this success, the needs of communities and community leaders require even better service.  Storm surveys clearly indicate that warning lead times and specificity  need to increase substantially to allow more time for communities to respond.  This poses a fundamental science challenge to the current “warn on detection” paradigm due to the limitation of waiting for the convective signature to develop.  This fundamental science challenge will limit future warning lead time improvement to a few more minutes.   

A new paradigm is required – “Warn on Forecast”.    The service requirement is to provide the capability to issue a warning/community alert with lead times on the order of an hour or more, providing decision makers the opportunity to make better, more informed choices across a spectrum of short-term events (e.g., tornados, severe thunderstorms, heavy snow bands, dry lightning bursts, flash flooding, etc.).  This presents the NWS with a basic science challenge.    The next quantum jump for storm-scale warnings is to “forecast” the event using local data assimilation and high resolution storm scale modeling to anticipate the development of convection.  This is a significant science challenge that will require a highly organized and focused research to operations effort.  
The SSD Chiefs believe that “Warn on Forecast” is the  general organizing principle that will garner the strong community and political support necessary to underwrite the required science and technical R&D effort over the next two decades. The SSD Chiefs also unanimously agree and strongly endorse the “Warn on Forecast” concept and believe this is a core science requirement that will support improvement across the entire spectrum of NWS services.
4. 21st Century Forecast System  
The generation of gridded forecasts, largely through the use of the Graphical Forecast Editor (GFE), was, in essence, the Modernization of the NWS forecast program. As “Warn on Detection” transformed the warning/advisory process, GFE transformed the way the forecaster approached, and produced the day 1 through day 7 forecast. Simply stated, the forecaster generated a set of gridded surface parameters (two dimensional) from which a variety, but not all, forecast text and web-based forecast products are derived.  GFE was only partially successful due to:  the software required considerable manual forecaster effort during  production, much of the promised supporting science based guidance and techniques to aid forecast preparation were not implemented or have been delayed, and the risk reduction phase of the implementation was largely bypassed.  Local and regional efforts have partially mitigated these shortcomings and the forecast process is slowly improving.
The GFE/NDFD is a two dimensional gridded forecast of surface parameters.  A growing number of users require forecasts that are 3 dimensional (vertical component) and updated on a much more frequent basis.  The current FAA requirements are a good example of the user communities growing need for improved services.  In addition, many of the enhanced services identified in the introduction require a much more complex forecast database.  

The shift from a 2 dimensional, updated a few times a day gridded database to a 3 dimensional, updated hourly with many more forecast fields is a basic science challenge for the NWS.   This is a major science challenge that requires the same level of research and organization as the “Warn on Forecast” goal.    There are basic science questions that need to be answered, such as: 

· What is the best way to produce a 3-dimensional, high resolution forecast fields with rapid updates?
·  How can forecast quality be assessed and controlled in real time?
·  How well can this system forecast rapidly evolving and complex high impact situations?
· What fields, coupled models or uncertainty information needs to be developed to support the evolving services identified in the introduction?
· How do we manage the seam between “Warn on Forecast” (0-2 hours), short range (meso-alpha 6-48 hours), the traditional medium range (1-7 day), and scales stretching into the climatological realm (weeks to months to years)?

·  What is the role of the forecaster in this new forecast process and the infrastructure required to support this approach?  

 The SSD Chiefs believe the forecast system of the future places the meteorologist in the role of managing the forecast process as opposed to the product production.  The SSD Chiefs believe that “21st Century Forecast System” is another key organizing vision that the NWS should focus our research activities on. 

5. Next Generation Observation/Analysis System
A key element for providing adequate decision support services rests on our ability to assess in near real-time the state of the environment.  The Real-Time Mesoscale Analysis (RTMA) and Analysis of Record (AOR) project provides the foundation for intelligently combining observations from a variety of platforms, using a data assimilation system that is tuned to produce the best estimate of the current state of the atmosphere.  Another key is that the analysis system produces sensible weather fields that the NWS predicts, which is what our NWS users experience and what the services should be verified and measured against.  This analysis system supports; 
· the initial zero hour of the forecast database, (the observed conditions),
· real time forecast assessment (forecaster situational awareness),

· real time forecast adjustments schemes such as bias correction, 
· real time diagnostic and verification systems to evaluate and improve forecaster decisions

· the scientific basis to evaluate proposed model and algorithm performance, 
· objective evaluation of observational systems to determine which provides the  greatest impact on the final forecast fields  
Evaluating, choosing and deploying enhanced observation systems are a challenge.   Many viable observation systems are being proposed as single entities, with costs that far exceed realistic budget expectations.   Often observation systems are cast as single technical solutions with minimal regard for the final impact on the services.  It is critically important to make observation deployment decisions based on the NWS service goal, with those decisions directly supporting the key scientific challenges of the 21st century warning and forecast systems 

A key component of the warning and forecast vision is to improve the accuracy of very high resolution models (at storm-scale) that rely on a continuously updated, three-dimensional assessment of the state of the atmosphere for use as an initial state.  Developing an accurate 0-6 hour convective forecast with improved cloud, fog, and visibility parameters calls for a systematic assessment of which observation systems produce the greatest impact on the final forecast.  The accurate depiction of low-level boundary fields -- such as moisture -- is a critical scientific challenge.  We recommend a systematic evaluation of a mix of proposed observation systems, based on the analysis applications given above and a critical long term science vision.   The result should be a new hybrid collection of observation platforms that complement each other, versus the single approach used today. 
Summary:
The Office of Hydrology has developed a sound science vision for the Hydrology program.  The Climate community is developing a similar plan for climate services.  For efficiency, the SSD Chiefs have focused on the basic WFO programs for this paper.  Together they form the basis of the future for the NWS.   

The SSD science vision is to invest in and develop enabling capabilities to produce forecasts and warning information with the improved accuracy and reliability, enabling advanced decision support services which span the needs of many partners.  The NWS needs a well written science vision focused on the 4 key science vision themes.  These science themes should serve as the primary marching orders for focusing NOAA/NWS research and for re-invigorating a close working partnership with the NOAA labs and academia.   
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