
Statement of Need
1.1. Title: THORPEX: A World Weather Research Program (THE Observing system Research and Predictability EXperiment)

1.1.1. Contact:

Zoltan Toth, NOAA Program Manager, EMC/NCEP/NWS/NOAA, 301 763-8000/ext. 7596, Zoltan.Toth@noaa.gov 

1.2. Description:  

GOAL: Increase the lead time and utility of 3-14 day forecasts for high impact weather. NOAA's goal in this World Weather Research Program (WWRP) of the World Meteorological Organization (WMO) is to double the rate of improvement in 3-14 day high impact weather forecasts compared to what was seen over the past decades. This will significantly expand NOAA's operational weather, water, and climate prediction capabilities, leading to greatly increased socio-economic benefits to the nation. For the first time, NOAA will be ready to issue operationally:

a) Detailed precipitation forecasts for days 3-7; 

b) Daily weather forecasts for days 8-14; and 

c) Seamless suite of new probabilistic forecast products ranging from weather to climate time scales (3-90 days)


RESEARCH ARESAS: These goals will be achieved through coordinated research associated with the four main components of the forecast process:
Observing system (associated NOAA strategy: “Monitor and Observe”): Design and test new atmospheric, ocean, and land surface observing systems in the framework of the Global Earth Observing System of Systems (GEOSS) for global weather prediction

Data Assimilation (“Understand and Describe”): Develop and test new methods for the more efficient use of new and existing observations
Numerical modeling and predictability (“Assess and Predict”): Design and test new Numerical Weather Prediction (NWP) techniques, including multi-center ensemble systems
Socio-economic applications (“Engage, Advise, and Inform”): Design and test new weather and water forecast products, and new user application procedures.

DELIVERABLE: The research described above will enable the development of a new NWP forecast paradigm. The new forecast system will be:

a) Integrated – The four main parts of the forecast process will be connected through two-way interactions (e.g., uncertainty information is passed from observations to data assimilation to forecasting and to the users)

b) Adaptive – Different parts of the forecast process will adapt to the variations in weather regimes and user requirements (e. g., special procedures invoked in the presence of tropical storms)

c) User Controllable – Through the two-way interactions and adaptive features the users will be able to exercise influence and control over the forecast process (e. g., use adaptive observations to reduce forecast uncertainty)


COLLABORATORS: In this ambitious global program that runs from 2005-2015, NOAA partners with, and builds on synergistic relationships with the NASA, the U.S. Navy and the NSF, as well as a large number of contributors from countries from five continents, including Canada, China, France, Germany, India, Japan, Korea, United Kingdom, the Russian Federation, and Australia.  

CRITICAL LINKS: The THORPEX program takes advantage of synergistic relationships with, and contributes in a significant way to the success of the following major programs:

a) GEOSS. Weather forecasting is the most mature application of global observations and THORPEX is the global weather forecast component of the Global Earth Observing System of Systems (GEOSS).

b) IPY. The International Polar Year (IPY) is a major global science program focusing on polar processes in general. THORPEX is the global weather forecast component of IPY.

c) WCRP-COPES. The Coordinated Observation and Prediction of the Earth System (COPES) of the World Climate Research Program (WCRP) has the goal of facilitating the prediction of the Earth system on time scales from weeks to centuries. COPES, with its focus on prediction on longer time scales (climate), and THORPEX, with a time scale of up to weeks (weather), can be considered as “sister” programs and as such will closely collaborate.  Expected benefits of this collaboration include advances in (i) intra-seasonal prediction, that can be improved only through a strong collaboration between global weather and climate forecast research and development; and (ii) development of a seamless suite of probabilistic forecast products that cover the full time range of NOAA’s forecast mission.

d) Global Environmental Safety. In addition to improved 3-14 day weather and water forecasts over the US, the enhanced global forecast capabilities will be used to further NOAA's goal of promoting environmental safety across the globe. Advanced weather and water forecast activities within NOAA will be coordinated with other NWP centers and products will be distributed, and their use promoted to developing nations for the prevention and mitigation of environmental disasters in an effort coordinated by the World Meteorological Organization. The North American Ensemble Forecast System (NAEFS) is an operational forecast outlet to be used in Regions 3 and 4 of WMO for disaster mitigation and other purposes. 

e) Overlap with short range / mesoscale forecast activities. Limited Area Models (LAM) are the primary providers of forecast data for days 1-3, and can help refine longer range forecasts as well. The end-to-end global NWP program of THORPEX will provide improved boundary conditions for LAM forecasts, including ensembles; and LAM models will be used to refine longer range global forecasts over critical areas. Therefore a strong collaboration is needed between global and regional NWP observational, data assimilation, forecasting, and application efforts.

[Provide a description of the mission need.  This could be a deficiency or potential efficiency gain.]
1.3. Justification: 

1.3.1.  Origination, Documentation, and Drivers: 

The NWS Science and Technology Infusion Plan, links with THORPEX

a) Observing system research: P. 12-14, objectives 1-4

b) Data Assimilation research: P. 17, Objective 1

c) Numerical Weather Prediction and Predictability research: p.17-19, Objectives 2-3; p.25, Objective 1

d) Socio-economic Applications research: p. 19, Objectives 44-5; p. 23, Objectives 2-3; p.25-27, Objectives 2-5

All operational weather forecast products issued by the NWS/NOAA are based on NWP model guidance. Improvements in NWP model skill are directly linked with the skill of operational models. Therefore an acceleration of improvements in NWP forecast procedures by THORPEX will directly and positively affect all weather forecast products in the 3-14 days time range, and also, building on collaboration with climate programs, in the range out to 90 days.

[Identify the origin of this need, citing appropriate documentation and other drivers]

1.3.2.  Linkages: 

NOAA Strategic Plan – Serve Society’s Needs for Weather and Water Information (Pages 8-9)

NWS Strategic Plan – Serve Society’s Needs for Weather and Water Information (Pages 11-16)

NOAA 5-year Research Plan  - Serve Society’s Needs for Weather and Water Information (page 32-34)

NOAA 20-yeear Research Vision – Weather goals on Page 10.

The NWS Science and Technology Infusion Plan, p. 25.

Weather and Water Goal; Science, Technology and Infusion Program, Capability I: Agency Interagency, International Grants Programs

[Identify how this need links to the NOAA/NWS strategic plans, PPBES, other validated requirements, etc.  Make appropriate document citations.]
1.4. Existing capabilities/capacities and limitations related to the need:

The NWP activities at NOAA are organized under the Environmental Modeling Program (EMP). While this program supports development activities preceding operational implementation, as well as maintains NOAA’s operational NWP capabilities, EMP lacks resources to support research to accelerate the rate of skill improvement sought after by THORPEX.  Therefore EMP identifies the THORPEX research activities aimed at improved global weather forecasting as a gap in the EMP program that needs to be filled in the FY2008-11 budget process.

THORPEX , located in the ST&I Program, is positioned to fill this gap by (a) partnering with external activities (through its external grants program that expands NOAA’s research capabilities in global NWP), (b) supporting applied research and development carried out in the NOAA Research Labs, and (c) supporting transition of research to operational global NWP activities.

 [Identify what existing capabilities/capacities NOAA/NWS has related to the need.  Describe the limitations of these capabilities/capacities or what new ones are needed]

1.5. Benefits and Performance Impact: 

1.5.1. Performance Measure Impacts:

Measure the rate at which the useful range of global NWP model skill extends from the current 7 days during the 2005-2015 period. Compare to the benchmark rate of skill extension observed over 1995-2005 period (that was from 6 to 7 days). Target for 2005-2015: 2 days extension (out to 9 days).

a) Observing System: Number of new observing sensors, platforms, and techniques developed and tested, and a quantitative assessment of their expected/actual impact on the quality and value of 3-14 day global NWP forecasts 
b) Data Assimilation: Number of new techniques developed and tested for the processing and assimilation of remotely sensed (satellite, etc) and in situ data, and a quantitative assessment of their impact on the quality and value of 3-14 day global NWP forecasts 
c) Numerical modeling and predictability: Number of new techniques developed and tested to enhance (i) the realism of global NWP models; (ii) ensemble methods to better describe forecast uncertainty, and a quantitative assessment of their impact on the quality and value of 3-14 day global NWP forecasts 
d) Socio-economic applications: Number of new techniques for (i) the generation of weather forecast products; (ii) the assessment of the total and incremental value and cost of new THORPEX forecast procedures; (iii) the optimal and equitable use of forecast resources on the national and international level, and a quantitative assessment of their impact on the quality and value of 3-14 day global NWP forecasts 
[Identify relevant Government Performance Requirements Act (GPRA) Goals and other performance measure impacts.  Describe how meeting this need would improve these measures]

1.5.2.  Socio-economic Impacts:

Implementation of new THORPEX techniques will lead to new and/or much improved operational probabilistic weather and water forecasts, that in turn will result in economic and other societal benefits for the current user base, and will significantly expand the existing user base. Research under and in collaboration with activities (d) above will (i) Provide cost-benefit analysis for each proposed new method; (ii) Lead to optimal, user-driven choices for selecting the optimal components for the implementation of a new Global Interactive Forecast System (GIFS); (iii) Assess overall socio-economic benefits from the accelerated rate of forecast improvements. It is expected that the socio-economic benefits from THORPEX research will far outweigh the costs associated with running the research program.

[Citing appropriate documentation, quantify any socio-economic benefits that would occur if this need were met.]

1.6. Key Customers and Stakeholders:  
1.6.1. Customers:

(a) All existing users of NOAA/NWS 3-14 day weather and water forecasts: general public; governments, including emergency agencies; private sector, including energy, insurance, agriculture, transportation, etc; international users, including foreign emergency management agencies in WMO Regions 3 and 4, and other areas of the globe

(b) Significant number of new users who will be able to benefit from improved probabilistic weather forecasts for the first time

[Identify who will benefit from meeting this need.]  

1.6.2. Stakeholders:

Internal NOAA:

ST&I program (Provides oversight and resources)

EMP (Observational, Data Assimilation, Numerical Modeling/Ensembles, Applications components of NWP) 

NCEP (Transition to operations and maintenance of operations)

NOAA THORPEX Science and Implementation Committee (NTSIC, coordination of science and implementation work)

Arctic Program (IPY-THORPEX STAP Research Project) 

GEOSS Council (global weather forecasting component of GEOSS)

Climate Programs (10-90 days - intra-seasonal forecasting)

US Interagency:

US THORPEX Committee (Partnering with other US agencies)

JCSDA (Partnering in Data Assimilation research)

NSF (Supports basic research related to weather forecasting)

ONR (Supports research specific to the mission of the US Nacy)

NASA (Supports research specific to the mission of NASA)

International:

WMO International Program Office (IPO) for THORPEX (overall international coordination)

THORPEX Executive Board (TEB, day to day executive body on international level)

THORPEX Science and other Working Groups (International coordination of research and development work)

North American Science Committee (Coordination of North, Central American, and Caribbean efforts)

IPY International Coordination

GEOSS International Coordination

[Identify organizations that should be involved in meeting this need.]

1.7.  Supporting Information: 

Additional resources:

THORPEX:

NOAA THORPEX Research and Implementation Plan:

http://www.mmm.ucar.edu/uswrp/thorpex/NATHORPEX/NOAAplan.pdf
US THORPEX Plan:

http://box.mmm.ucar.edu/uswrp/thorpex/NATHORPEX/US_plan_8-17-04.pdf
International THORPEX Science Plan:

http://www.wmo.int/thorpex/pdf/CD_ROM_international_science_plan_v3.pdf
International THORPEX Implementation Plan:

http://www.wmo.int/thorpex/pdf/CD_ROM_implementation_plan_v1.pdf
NAEFS

http://wwwt.emc.ncep.noaa.gov/gmb/ens/papers/toth_naefs_thorpex_montreal.pdf

IPY:

NOAA IPY/THORPEX Short-Term Arctic Predictability (STAP) Research Plan:

http://www.ipy.org/development/eoi/details.php?id=798

NOAA IPY Presentation (see p. 8, STAP)

http://www.sab.noaa.gov/Presentations/March_2005_meeting/P%2015%20Calder%20IPY%20Presentation_%20final.ppt

International IPY Plan (see p. 13 & 23)

http://www.ipy.org/development/framework/framework.pdf

GEOSS:

US GEOSS Plan (see p. 16 & p. 82)

http://iwgeo.ssc.nasa.gov/draftstrategicplan/IEOS_draft_strategic_plan_111004.pdf
GEOSS International Implementation Plan (see p. 1 & 4)

http://earthobservations.org/docs/10-Year%20Implementation%20Plan.pdf
Background information on GEOSS:

http://iwgeo.ssc.nasa.gov
Weather – Climate connections:

WCRP - COPES (see p. 9)

http://www.wmo.ch/web/wcrp/documents/COPESdiscussiondocument.pdf

Negative consequences in case the gap identified above could not be filled:

THORPEX: A World Weather Research Program (WWRP) is a major international research program of the scale of the Global Atmospheric Research Program in the 1970s. Missing the opportunity for NOAA to participate in a substantive manner in this major effort would lead to:

1) Missing the opportunity to leverage off major investments in the field of global NWP made by the other national and international participants. Due to the absence of synergistic effects, the improvements missed in science and technology would be far greater than that associated with NOAA’s share of the costs (the costs related to the gap identified here)

2) Missing the opportunity to accelerate the increase in lead time and utility of 3-14 day weather forecasts (NOAA’s Strategic Plan, 1st Performance Objective on p. 9)

3) NOAA falling behind in research, development, and operational aspects of  global weather forecasting, losing its leadership on the national and international levels

4) Missing the weather forecast targets of the GEOSS program

5) Missing the weather forecast targets of, and the opportunities for synergistic collaboration with the IPY 

6) Missing the opportunity for synergistic collaboration with the climate community for bridging the gap between weather and climate forecasting

[List any additional supporting information available, i.e. testimonials, potential alternatives/resource needs, work already done, analysis…etc. Note: This section is for information only. Approval of the Statement of Need does not imply approval of any potential alternatives or resources described herein.]
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