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Statement of Need
1.1. Title:
WSR-88D Dual Polarization
1.1.1 Contact: Greg Cate, W/OST11, 405-366-9243 x3510
1.2. Description:      NOAA’s NWS needs additional and improved radar data to improve support to severe weather warnings, flood and flash flood warnings, and general forecast services (reference NWS SON 04-004: Additional Radar Observational Data).  The NEXRAD tri-agencies (DOC, DOD, DOT) have determined that adding Dual Polarization capability to the WSR-88D would provide mission benefits including improved hail detection for severe thunderstorm warnings, improved rainfall estimation for flood and flash flood warnings, rain/snow discrimination for winter weather warnings and advisories, data retrieval from areas of partial beam blockage to improve services in mountainous terrain, and removal of non-weather artifacts such as birds and ground clutter to improve overall data quality for algorithms and numerical model input.

1.3. Justification: 
1.3.1. Origination, Documentation, and Drivers: 
Mandates for warning and forecast services include:

· U.S. Code Title 15 Chapter 9 for warning and forecast services – Directs National Weather Service to forecast the weather, issue storm warnings, etc.

· Public Law 107-253 for inland flood forecasts and warnings – Authorizes NOAA to improve forecast and warning capabilities.

· FEMA’s Federal Response Plan – Tasks Department of Commerce to acquire and disseminate weather data, forecasts, and emergency information.

· BLM Interagency Agreement identifies NWS as official source of meteorological information – Identifies NWS as official source of meteorological information.
1.3.2.
Linkages:
 The provision of local forecasts and warnings supports the Weather and Water goal in NOAA’s Strategic Plan including the goal’s outcomes:

· Reduced loss of life, injury, and damage to the economy.
· Better, quicker, and more trusted weather and water information to support informed decisions.
· Increased satisfaction with quality of weather and water information and services.
1.3.3.  Previous NWS actions:
· Decision Briefing to the NEXRAD tri-agency (DOC, DOD, DOT) Program Management Committee.  Based on positive results of JPOLE, the NPMC approved the Dual Polarization program for operational development.  (2003)

1.4. Existing capabilities/capacities and limitations related to the need:
1.4.1.
Current Capabilities:

NOAA capabilities include the national network of Weather Surveillance Radar -1988 Doppler (WSR-88D) units, also known as NEXRAD.  Radar information on storm strength and wind circulation patterns is provided for a suite of environmental events from severe weather to river and flash flooding, winter storms, tropical systems, aviation weather, and wild fires.  WSR-88D data have been a critical factor in NOAA’s National Weather Service (NWS) improvements in tornado, severe thunderstorm and flash flood warning performance since completion of the NEXRAD deployment in 1995.
1.4.2.
Current Capability Limitations:

The WSR-88D provides high quality storm strength (reflectivity) and velocity information, but the information has a number of limitations, including:
Rainfall Estimation
· Radar estimates of rainfall are based on assumed relationships between reflectivity and rainfall rate.  Such relationship assumptions do not accurately account for variations in rainfall rate versus reflectivity from one storm to another, or for variations within a given storm.

· Reflectivity values, themselves, are often degraded by the presence of ground clutter, anomalous propagation returns, and beam blockage.
Hail Detection
· Reflectivity and velocity data do not directly identify the presence of hail in a storm.  The likelihood of hail is estimated by subjective analysis of storm characteristics and the output of hail probability estimation algorithms.
Winter Weather
· Reflectivity and velocity data do not directly identify areas of snowfall versus rainfall.  This limitation diminishes the usefulness of the WSR-88D for analyses for rain/snow line, snowfall accumulation, freezing rain and aircraft icing.

Velocity and Reflectivity Data Quality
· Velocity and reflectivity estimates are often degraded by the presence of clutter, anomalous propagation returns and birds.  These limitations can result in degraded accuracy in identifying circulation patterns associated with tornadoes, and in the radar information used as input to numerical models.
1.5. Benefits and Performance Impact: 

1.5.1.
Performance Measure Impacts:
Generally, it is not possible to measure the contribution of a single technology improvement to overall NWS warning performance improvements.  The NWS warning program comprises many factors, e.g., observational technology, forecaster education and training, numerical model analysis and guidance, and WFO infrastructure.  Dual Polarization data will, however, contribute to improvements in NWS warning performance, including the elements of the Government Performance and Results Act in the table below.
Dual Polarization impacts on information used by forecasters for severe weather and flash flood warnings have been measured during extensive operation of a modified WSR-88D at NSSL during the proof-of-concept period.  NSSL studies using Dual Polarization data for rainfall estimation have shown increases in accuracy over the current system of a factor of 2 for point locations and a factor of 4 for areal estimations.  The NSSL studies have also shown an increase in hail detection accuracy, a large decrease in hail false alarm rate, and much greater specificity in location of hail within a storm.

	GPRA Measure
	FY 04
	FY 05
	FY 06
	FY 07
	FY 08
	FY 09
	FY 10
	FY 11

	Tornado Warning Lead Time (Minutes)
	13
	13
	14
	15
	15
	16
	16
	17

	Tornado Warning Accuracy (%)
	72
	73
	76
	76
	77
	77
	78
	78

	Tornado Warning False Alarm Ratio (%)
	70
	73
	72
	72
	71
	71
	70
	70

	Flash Flood Warning Lead Time (Minutes)
	50
	48
	48
	49
	49
	50
	50
	51

	Flash Flood Warning Accuracy (%)
	88
	89
	90
	90
	90
	91
	91
	91


1.5.2.
Socio-economic Impacts:
1.6. Key Customers and Stakeholders:  
1.6.1.
Customers:

· WFO forecasters
· RFC hydrologists

· National Centers: EMC, SPC, AWC, HPC, TPC

· FAA Air Traffic Control

· Private sector weather providers

1.6.2. Stakeholders:

Organizations involved in meeting this need include:

· NOAA’s NWS
· DOD & FAA: through upgrades to, and operation of, the WSR-88D network
1.7. Supporting Information

1.7.1
Potential solutions:

A Dual Polarization upgrade to WSR-88D would address current WSR-88D limitations:

Rainfall Estimation
· One of the Dual Polarization parameters responds to the amount of liquid water in the radar beam.  This parameter is relatively unaffected by clutter or anomalous propagation returns, and is accurate even when much of the radar beam is blocked.  NSSL validation studies using Dual Polarization data for rainfall estimation have shown increases in accuracy over the current system of a factor of 2 for point locations and a factor of 4 for areal estimations.
Hail Detection
· NSSL has developed a hydrometeor classification algorithm using Dual Polarization parameters.  NSSL validation studies with this algorithm have shown an increase in hail detection accuracy, a large decrease in false alarm rate, and much greater specificity in location of hail within a storm.
Winter Weather
· NSSL validation studies with a cold season version of the hydrometeor classification algorithm have shown the ability to accurately portray areas of rain and snow within a winter precipitation area, including areas of rain aloft producing freezing rain at the surface.  It is also expected that the improved information on liquid water aloft will improve the analyses and forecasts of aircraft icing potential.
Velocity and Reflectivity Data Quality
· NSSL validation studies with the hydrometeor classification algorithm have shown the ability to distinguish non-weather returns (e.g., clutter, anomalous propagation, birds) from weather.  This increased data quality will have great benefit to all NEXRAD science algorithms, for forecaster subjective analysis of base data patterns, and for input to numerical models.

1.7.2.
Dual Polarization Work to Date
· Proof of Concept development and testing at NSSL, culminating in the Joint Polarization Experiment (JPOLE) which modified the NSSL WSR-88D to Dual Polarization capability and operated for a year with scanning strategies similar to those of operational WSR-88D units.  (2000 – 2003)
· Inclusion of Dual Polarization requirements in approved NEXRAD Product Improvement PPBES document – 300B.  (current)

1.7.3.
Dual Polarization Data Endorsements
· National Research Council 2002 report: “Weather Radar Technology Beyond NEXRAD.”
Recommendation – Near Term:  The Radar Operations Center and the NEXRAD Product Improvement mechanisms should be extended to permit continual improvement to the NEXRAD system.  Provisions should be made to carry features found to be beneficial, such as polarization diversity, over to the succeeding generation of systems.
· National Research Council 2004 report: “Flash Flood Forecasting Over Complex Terrain.”
Recommendation:  To increase the accuracy and lead time of flash flood forecasts and warnings, the NWS should continue to implement new technologies and techniques including (a) the Flash Flood Monitoring and Prediction program at all Weather Forecast Offices, (b) polarimetric modifications to NEXRAD, (c) data assimilation systems that integrate radar and other operational datasets into coupled hydrometeorological and hydrologic models, and (d) data fusion systems.
· NEXRAD Technical Advisory Committee (2003)
Endorsement of scientific maturity of Dual Polarization development at NSS  and readiness for operational development.
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