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Summary of the Problem
With the Appalachian Mountains aligned along the western border of North Carolina, cold air damming is not uncommon for the region (Bell and Bosart, 1988). Wintertime precipitation that occurs coincident with cold air damming can result in significant ice storms (Forbes et al. 1987) that have a significant impact on daily operations through disrupted transportation routes and power outages. Although progress has been made in improved skill of forecasting wintertime precipitation, there is still much to be learned about the unique blend of atmospheric ingredients that contribute to a hazardous ice storm (Ralph et al. 2005). An example of a recent event (Lee and Moore, 2006) is shown in Figure 1 and demonstrates the challenge in predicting both the coverage and amount of freezing precipitation accumulations for western North Carolina. This particular event resulted in the loss of power for approximately 400,000 people in the western Carolinas.
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The proposed COMET Outreach Partner Project is to take observations of vertical profiles of temperature, moisture, and wind during synoptic events that are favorable for mixed precipitation (any combination of snow, sleet, and freezing rain) in order to provide more information about the nature and evolution of the cold air damming that leads to significant freezing precipitation accumulations. These soundings will be leveraged with other observations that will be available in western North Carolina such as the Perry Farm observation center located near Boone, NC; the Greensboro, NC and Blacksburg, VA RAOBs; the Greenville/Spartanburg WSR-88D radar; the Charlotte, NC profiler; and the Charlotte-Douglas International Airport Terminal Doppler Weather Radar. The information obtained from these resources will be utilized both in real-time for operational purposes as well as for research to be conducted on each of the observed events.

The Bosart and Bell (1988) and Forbes et al. (1987) studies examined cold air damming from a regional, large-scale perspective. The proposed study will involve a smaller-scale, higher resolution, local investigation of the interaction between atmosphere and terrain that is not available in the previous investigations. In particular, the study will examine certain aspects of the cold air infiltration through the mountains during damming events. This is a critical component in the process of helping the National Weather Service (NWS) forecast high impact winter weather events in the Asheville area.
Statement of Objectives

The proposed observational study will focus on the evolution of the vertical profile of temperature, moisture, and wind for a single location south or east of Asheville, North Carolina during several potential mixed precipitation events spanning from December 2006 through February 2007. The study addresses two of the highest priority items for research as listed by the NWS Office of Science and Technology (http://www.comet.ucar.edu/outreach/part.htm):
· The effect of topography and other surface forcing on local weather regimes

· Locally hazardous weather, especially severe convection, winter weather, and phenomena that affect aviation

Along with addressing two NWS priority items, the study will also serve to improve the quality of education for the undergraduate students enrolled at the University of North Carolina Asheville (UNCA) through the increased awareness of the NWS operational problems and needs and through the direct involvement of research in conducting the soundings and in analyzing the event case studies.

The proposed study will address some of the issues raised during the U.S. Weather Research Program “Cool-Season Quantitative Precipitation Forecasting” Workshop (Ralph et al. 2005). Specifically, the release of weather balloons during potential mixed precipitation events occurring in western North Carolina will help to address the scientific questions:
· How do frontal-scale systems above the boundary layer, such as warm fronts, trowals, and cold fronts aloft, relate to precipitation substructures?
· What are the thermodynamic and kinematic structures of these free-atmosphere frontal systems (particularly the vertical distribution of moisture and vertical motion)?
· What instabilities and types of mesoscale forcing are controlling the generation and evolution of these precipitation substructures?

· How do winds in the sub-cloud layer transport hydrometeors and how does this transport alter the sub-cloud temperature and humidity profiles?
There is an excellent opportunity in the coming cold season whereby the proposed activity, in conjunction with observations initiated by Prof. Sandra Yuter of NC State, will allow a look at the vertical structure of mixed precipitation events in western North Carolina that has not yet been possible. Prof. Yuter will have in place by December 2006 a Ku-band radar, a disdrometer, and a weighing gauge at the Perry Farm near Boone, NC that together are capable of observing the rain and ice layer depth within storms, air velocity, particle size distributions separated into rain, snow and mixed precipitation subsets, and time series of rainfall and equivalent liquid water content of snowfall. Boone, NC is located about 100 kilometers northeast of the proposed rawinsonde launch site near Asheville. In addition, the study will include some key Environment and Climate Observing Network (ECONet) observations from mountaintop sites (e.g. Wayah Bald and Bearwallow Mountain), coop observer sites (e.g. Grant Goodge on Flat Top Mountain), the Greensboro, NC and Blacksburg, VA RAOBs, the Greenville/Spartanburg WSR-88D radar, the Charlotte, NC profiler, and the Charlotte-Douglas International Airport Terminal Doppler Weather Radar to provide observations on critical weather days.
The collection of observations over western North Carolina for research and real-time operational purposes presents an excellent opportunity for model validation of the operational NAM and of local workstation mesoscale models (e.g., WRF). The high temporal resolution of the soundings will provide a good data set to compare against the model output, including the BUFR soundings.
The coordination of observations and the sharing of data between UNCA, NC State, and the Greenville/Spartanburg (GSP) Weather Forecast Office (WFO) during the upcoming winter season will serve as a learning experience in advance of the anticipated Hydrometeorological Testbed – East (HMT East, http://hmt.noaa.gov/) field experiment currently scheduled to be initiated in the region by the 2008, 2009 winter season.
Another excellent opportunity exists in that the NWS is getting ready to conduct a “Winter Advanced Warning Operations Course (AWOC)” from June through December 2006.  The proposed COMET study dovetails nicely with this national training effort.  An important goal of the proposed project, from the NWS perspective, is to improve their capability to issue accurate and timely warnings for damaging and destructive winter storms in western North Carolina.  Even though the results will not be known until after the AWOC ends, the research from the proposed COMET study will provide excellent training opportunities for next year and beyond. Another outcome of the proposed COMET study is that it directly helps the NWS meet two of its Government Performance Results Act (GPRA) goals: Winter Storm Warning Accuracy (Probability of Detection) and Winter Storm Warning Lead Time.
Specific Tasks to be Accomplished

The WFO GSP forecasters and investigators at the UNCA Atmospheric Sciences Department (ATMS) will keep in close contact with regular conference calls to prepare for potential mixed precipitation events and to coordinate Intensive Observation Periods (IOPs). Once a storm has been identified and an observation timeline has been agreed upon, the UNCA sounding team will dispatch to a pre-determined location near Asheville, NC and release balloon soundings at the agreed upon times. Communication will be maintained between the UNCA sounding team and GSP forecasters in the event that a change of position or of timing appears warranted. Once a single sounding has been completed, the UNCA sounding team will upload the text data file via a wireless connection to a website accessible by GSP forecasters. The GSP office will have real-time access to the sounding information that will allow them an opportunity to confirm or modify their weather forecast.

The funding ceiling for the COMET Outreach Program Proposals will limit the number of soundings to 35 total soundings. If five soundings are released every two hours for a single event, the proposed study will be able to cover a total of seven potential mixed precipitation events.
UNCA tasks during the field program:
· establish data feed from Perry Farm instruments to UNCA
· weekly conference calls with GSP forecasters

· deploy soundings during IOPs

· upload text sounding files to UNCA-ATMS web page

UNCA tasks after the field program:

· analyze case studies in collaboration with GSP
· faculty and student seminar at WFO GSP

WFO GSP tasks during the field program:

· watch for favorable mixed precipitation conditions 48-h in advance of event

· weekly conference calls with UNCA researchers

· provide weather guidance to UNCA sounding team during IOPs and modify observing plan, if necessary

· download text sounding files from UNCA-ATMS web page

· update weather forecasts and discussion, if necessary

WFO GSP tasks after the field program:
· analyze case studies in collaboration with UNCA

WFO GSP/UNCA tasks after the field program:
· share case study findings with neighboring WFOs (Morristown, Blacksburg)
Time Schedule

1 December 2006 – first day of field program and of potential IOP-1

28 February 2007 – final day of field program and of potential IOP-7
Principal Investigators
Douglas K. Miller has been in his position as an Associate Professor in the Atmospheric Sciences Department at UNCA since July 2004 where he focuses on teaching courses in instrumentation, thermodynamics, and physical meteorology. His previous years were spent in a post-doctoral and research professor position at the Naval Postgraduate School studying coastal meteorology and flow interaction with coastal mountains. He received his M.S. in atmospheric sciences at the University of Washington in December 1990 and his Ph.D. in atmospheric sciences at Purdue University in July 1996.
Laurence G. Lee has been the Science and Operations Officer at WFO Greenville-Spartanburg since September 1994.  Previous NOAA/NWS assignments have included the National Climatic Data Center and the NWS Forecast Offices at Anchorage, Atlanta, Raleigh, and Louisville.  During his time at WFO GSP, Mr. Lee has been a participant in the NWS/North Carolina State University collaborative CSTAR research effort studying regional weather forecasting topics.   He received his B.S. in meteorology from the University of Wisconsin-Madison in 1969 and his M.S. in meteorology from the University of Oklahoma in 1972.
Contributions by Participating Organizations

UNCA will donate the time spent by PI Miller in overseeing the release of the soundings during the seven potential IOPs. In addition, the ATMS Department at UNCA will donate the use of Kestrel 4000 weather stations and GPS locators to aid in pinpointing and observing conditions at the point of origin of the sounding launches.

WFO Greenville-Spartanburg will provide forecast advice regarding weather events that are potential targets for study.  In addition, the WFO GSP PI will work with the UNCA PI and student participants in the analysis phase of the project.
Budget Request
UNCA

Two undergraduate research students will be required to assist during the IOPs at a rate of $10.00 per hour over an estimated 83 total hours each, for a total of $1661.44 in wages covering the duration of the three month field program.

Each individual rawinsonde balloon launch will require the purchase of a Vaisala RS-92 series sonde ($186.00 each), a 100 gm balloon ($8.00 each), and a parachute ($10.00 each). A cylinder of 2250 PSI Helium costs $80.00 plus a $20.00 deposit and is good for about eight launches. The total estimated cost for 37 sonde launches is $8048.00. In addition to the launch costs, it is estimated that shipping costs in transporting the Vaisala Mini-Rawin System between the Naval Postgraduate School and UNCA will total $500.00.

The indirect cost rate at UNCA (53%) adds an expense of $880.56 so that the TOTAL project cost estimate is $11082.00.
National Weather Service

An amount of $1500.00 is requested by the WFO GSP to cover travel to conferences and an amount of $2500.00 is requested to cover publication costs for a TOTAL NWS project cost estimate of $4000.00.
References
Bell, G.D., and L.F. Bosart, 1988: Appalachian cold-air damming. Mon. Wea. Rev., 116, 137-161.
Forbes, G.S., R.A. Anthes, and D.W. Thompson, 1987: Synoptic and mesoscale aspects of an Appalachian ice storm associated with cold-air damming. Mon. Wea. Rev., 115, 564-591.
Lee, L.G., and P.D. Moore, 2006: The ice storm of 15 December 2005 in the western Carolinas and extreme northeast Georgia. http://www.erh.noaa.gov/gsp/localdat/lcldata.htm
Ralph, F.M., and co-authors, 2005: Improving short-term (0-48 h) cool-season quantitative precipitation forecasting. Bull. Amer. Meteor. Soc., 86, 1619-1632.












PAGE  
5

