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1. Summary of Problem, Basic Approach, and Operational Relevance

Forecasting the presence, location, intensity, and duration of mesoscale snowbands remains one of the more difficult challenges during the winter season. These bands typically have a length to width ratio at or below the frontal scale, 5-50 km in width and 100-1000 km in length (Banacos 2003). Mesoscale snowbands can produce in excess of 30 cm of snow in 24 h, with gradients of snowfall on the order of 20 cm per 100 km (Schumacher 2003). These sharp gradients imply that small errors in the forecast location can lead to large errors in snowfall totals (e.g., Market and Cissel 2002).

The organization of moisture, lift, and instability in generating banded precipitation has been previously investigated by Nicosia and Grumm (1999), Jurewicz and Evans (2004), Novak et al. (2004), and Moore et al. (2005), among others. Considerable research has focused on the distribution of precipitation in the northeastern U.S. (e.g., Novak et al. 2008, 2009, 2010), with comparatively fewer studies on central U.S. cyclones (e.g., Byrd 1989; Martin 1998a,b; Grim et al. 2007; Han et al. 2007; Baxter et al. 2011). 

Novak et al. (2004) described the variability of cold-season banding environments associated with northeast U.S. cyclones. Composites of 75 northeastern U.S. cyclones featuring banded precipitation (Fig. 1a) and 13 cyclones that did not feature banding (Fig. 1b) were created. 81% of all single precipitation bands were located in the northwestern quadrant of the surface low. Similar studies conducted over different areas demonstrate that the predominant band location is ahead of the warm front (northeast of the surface cyclone) in the Pacific Northwest (Houze et al. 1976) and in the United Kingdom (Browning 1985). The presence of precipitation banding northeast of the cyclone has been anecdotally noted in cases of weak cyclogenesis in the Great Plains and Great Lakes regions by Banacos (2003), as shown in Fig. 2. Indeed, a cursory scan of radar data illustrates examples of both banded (Fig 3a, b) and non-banded (Fig. 3c, d) precipitation to the northeast of the surface cyclone. Novak (2002) demonstrates that bands in the northeast quadrant of the cyclone can transition to the northwest quadrant after the formation of the occluded front, as depicted by Schultz (2011) in Fig. 4. 

The contrast between the anecdotal conceptual model of northeast quadrant banding from Banacos (2003; Fig. 2) and the more quantitatively-based conceptual model of the lack of northeast quadrant banding from Novak (2004; Fig. 1b) invites further research. The goal of the proposed research is to describe the variability of cold-season banded snowfall environments associated with central U.S. cyclones, as this has never been attempted. Cyclones commonly evolve from the open wave stage to the occluded stage in the central U.S., over a longer time and space scale than in the northeast U.S (Zishka and Smith 1980). This may mean that bands in the northeast quadrant of the cyclone are more common in the central U.S. than in the northeast U.S., and a typical pattern of band evolution exists, such as suggested by Fig. 4. 

To achieve our goal, we will examine 5 years worth of composited radar data coupled with surface and snowfall analyses. For dates where a moderate precipitation threshold is met, the structure (banded or non-banded) and distribution (relative to the surface cyclone) of precipitation will be evaluated. Various characteristics of the bands (length, width, resulting snowfall, etc.) will be recorded. Each time in each event will be divided into one of 8 pre-determined categories encompassing precipitation structure and location (to be presented later in the proposal). Surface cyclone-relative composites will be created for each category to create conceptual models based on quantitative data. Finally, a case study of the event that features the heaviest banded precipitation to the northeast of the cyclone will be completed with the aid of high-resolution retrospective WRF-ARW modeling. 

The results of this study will be of great use to operational forecasters. Knowledge of the variability of the events will enhance situational awareness, especially for new forecasters. Existing forecaster training could require updating based on the results of this research. The composites will help forecasters differentiate among the 8 event classes using real-time forecast model data and as the event unfolds. The results will improve warning decision-making, as snowfall amounts will also be composited, providing a typical snowfall accumulation for the physical processes depicted in each of the 8 event classes. The results of this study will also set the stage for further research. The dynamics of all 8 event classes could be investigated in greater detail through high-resolution numerical modeling of select cases. 

[image: ]Figure 1. Conceptual models of (a) a single-banded event and (b) a non-banded event from Novak et al. (2004).

[image: ]Figure 2. Conceptual model of deformation zone (denoted by axis of filled circles and x’s) associated with frontal zones with modest surface cyclone development from Banacos (2003).
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Figure 3. Level-II radar composites for banded precipitation in (a) 21 UTC 12-08-08 and (b) 03 UTC 12-11-10 and non-banded precipitation in (c) 00 UTC 02-02-11 and (d) 21 UTC 01-10-11.

Figure 4. Schematic depiction of the evolution of the location of banded precipitation from Schultz 2011.


2.	Statement of Objectives and Methods

The primary goal of this work is to describe the variability of cold season banded snowfall environments associated with Central U.S. cyclones. 

Completion of the following objectives will facilitate achievement of this goal and will create benefit for both the university and NWS partners.

A. Creation of a 5 year climatology of the structure and distribution of snowfall in central U.S. cyclones

B. Categorization of each time in each event into one of 8 pre-determined categories encompassing precipitation structure and location, followed by creation of composites of these categories
  
C. High-resolution numerical simulation of the event with the heaviest precipitation to the northeast of the cyclone

a. This will be performed by a Central Michigan University undergraduate student, providing the student with research experience, direct interaction with NWS personnel, and experience at preparing and presenting research results.

D. Dissemination of research results through office presentations, Central Region webinars, conference presentations, and peer-reviewed publication

(A) will be accomplished through the creation of a website that allows us to examine radar composite imagery and surface analyses. In order to make certain the viability of the project, this website has already been created and can be viewed at:

http://dendrite.cst.cmich.edu/openlyrs/band.html

Radar data (on a 1 km grid every 15 min) are in GIS format, and come from a Web Map Server at Iowa State University. The website itself was created using the JavaScript OpenLayers toolkit, and allows us to measure the length and width of the precipitation bands (as shown in Fig. 3a, b). The surface analyses were provided to us upon request by HPC and converted from ascii text to kml format for display. Data are available for the 5 winters (October-April) from 2006-2007 through 2010-2011. The domain of study will be the central U.S., from the Rockies to the Appalachians. 

Dates where 0.5” of precipitation fell at any grid point over a 12 UTC – 12 UTC period will be selected for further analysis. The precipitation data used will be the NCEP Stage IV product archived at NCAR. COOP data will be used to determine what areas of precipitation fell as snow.

Next, periods that feature a surface cyclone analyzed by HPC with a closed contour over 6 consecutive hours will be considered potential events. As a result of this criterion, precipitation included in this study must be associated with a transient surface cyclone, and not generated solely by a broad area of warm air advection. Surface and 850 mb charts will be examined to make certain that advection of warm, moist air in the vicinity of precipitation is associated with the surface cyclone. The presence of single bands will be determined according to the definition given by Novak et al. (2004), which follows earlier studies. A spreadsheet of measurements related to the band will be kept, containing such measures as length and width of the band, location of the band, and resulting snowfall, among others. All events featuring precipitation related to the cyclone will be included in the climatology, regardless of banding.

(B) will be completed following the creation of the climatology. Each time in each event will be placed into one of the 8 categories presented conceptually in Figure 5. Times that do not fit cleanly into any of the 8 categories will be placed in a ninth “indeterminate” category. 
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Figure 5. Schematics of 8 categories used to classify different configurations of precipitation structures. Bands indicated by dashed line, non-banded areas by gray shading.



Next, 20 km RUC data archived at NCDC will be downloaded for each time. Composites relative to the surface low will be created for each of the 8 categories. Software that facilitates the creation of such composites in GEMPAK format has been acquired by the PIs from Saint Louis University. This software has been successfully used in previous COMET Partners projects by its creators. All synoptic and mesoscale processes known to be relevant to generating snowfall will be analyzed. This analysis will make clear the differences in the environments of each of the 8 categories. The evolution amongst categories will also be investigated via the composites in search of a typical evolution of precipitation structure for developing cyclones in the Central U.S. 

(C) will be completed on the University PI’s on-campus Linux cluster by a junior-level meteorology major. The University PI has created a step-by-step manual for running the WRF model, and has had students successfully run this model for previous research projects. In addition to this task, the student will be involved in all other aspects of the project and will be present for discussions with the co-PIs. An event featuring heavy snowfall in the NE quadrant will be selected, as few detailed dynamical studies of such events have been conducted.

(D) will primarily be accomplished after (A), (B), and (C) have been completed. The University PI will travel to Sioux Falls and the NWS PI will travel to Mt. Pleasant. As the results are relevant region-wide, a webinar will be given. We plan to present at the January 2013 AMS annual meeting, if the WAF/NWP section is held here. If this is not the case, we will present at the October 2012 NWA Annual Meeting. As abstracts are due for the 2012 AMS meeting and the 2011 NWA meeting this summer, we will be relegated to presenting our work at these later dates. Finally, we anticipate submitting a manuscript to Weather and Forecasting.

3. Description of specific tasks to be accomplished and an approximate time schedule

The following is based on a one-year timeline, as required for a Partners Project. It is likely that an extension will be requested, as the conferences relevant to the research are further than one year after the anticipated start of the project, as previously discussed.

Prior to Grant Proposal Submission
· University PI creates website for viewing cases, discusses with NWS PI

Months 1 and 2 (August, September 2011)
· Download and process precipitation data to create list of dates to examine on case-viewing website
· Each PI processes first year of data individually, followed by discussion on how to best categorize events
· Undergraduate student is familiarized with the project

Months 3, 4, and 5 (October, November, December 2011)
· The remaining 4 years of the climatology are completed, with each PI evaluating 2 years
· A spreadsheet is maintained within Google Documents, giving both PIs the ability to edit the document
· Case is selected for undergraduate student, detailed analysis of observations begins

Months 6 and 7 (January, February 2012)
· RUC data for each case are acquired by the University PI
· Composites are created for each of the 8 categories, with relevant fields analyzed to achieve the goals of the study
· University PI runs code, places imagery on web for NWS PI to view
· Undergraduate student runs WRF model

Month 8 (March 2012)
· NWS PI travels to CMU to work with University PI on final analysis over week of Spring Break
· Undergraduate student analyzes model output

Month 9 (April 2012)
· Prepare results for presentation at either NWA or AMS annual meeting
· University and NWS PIs
· Prepare results for presentation as Central Region Webinar
· Primarily by NWS PI
· Undergraduate student analyzes model output

Months 10, 11, and 12 (May, June, July 2012)
· Undergraduate student prepares presentation for NWA or AMS annual meeting
· University PI visits NWS PI in Sioux Falls to give presentations on this work and other relevant training areas
· Outline for Weather and Forecasting submission is created here by both PIs
· Prepare results for publication in Weather and Forecasting
· Primarily by University PI

October 2012 or January 2013
· Conference presentations given by University PI, NWS PI, and Undergraduate student

4. Brief PI descriptions

Marty Baxter is an Assistant Professor of Meteorology at Central Michigan University. His primary teaching area is synoptic meteorology. His research interests involve the observation and modeling of summer and winter precipitation. He began this position in August of 2006, after completing his PhD in the summer of 2006 at Saint Louis University (SLU). At SLU, he served as a research assistant under Dr. James Moore and Dr. Charles Graves as part of the Cooperative Institute for Precipitation Systems. Research results on snow ratios from his time at SLU have been used at HPC and are included in the Advanced Weather Operations Course Winter Weather Track. His involvement with the COMET program includes serving as Academic Lead Instructor for the 2005 MSC Winter Weather the 2007 COMAP course. Marty is currently the Editor of the National Weather Association’s Electronic Journal of Operational Meteorology. A short vita is attached to this proposal.

Phil Schumacher is the Science and Operations Officer at the National Weather Service in Sioux Falls, South Dakota (FSD). He has collaborated on three COMET Partners grants in the past. All grants were successfully completed and resulted in presentations at NWA and AMS conferences, as well as peer-reviewed publications. He has been a lead instructor for COMAP in 1999 and has provided training on frontal precipitation bands at subsequent COMAP courses as well as at the MSC Winter Weather course.  He has also created training modules at COMET on inverted troughs and participated in development of the Advance Warning Operations Course for Winter Weather Training with the Warning Decision Training Branch. Phil is currently the Editor of the American Meteorological Society’s Weather and Forecasting journal.

Marty Baxter and Phil Schumacher have previously collaborated on a 2007 COMET Partners project. This project culminated in presentations at the 2007 NWA national meeting and the 2009 AMS WAF/NWP meeting, visits to and presentations at each other’s institutions, an NWS Central Region webinar, and a peer-reviewed publication in the Quarterly Journal of the Royal Meteorological Society.

5. Summary of contributions to be made by the university and/or forecast office

	In support of the project, the University PI will donate his time free of cost. The College of Science and Technology and Chair of the Department of Geology and Meteorology have tentatively agreed to release the University PI from one 3-credit course in the Spring of 2011 in support of his research efforts, though this release is not exclusively tied to the proposed work. In addition, computing needs will be satisfied by the University PI’s Linux cluster and large amount of available internet bandwith. The cluster features 20 2.0 GHz Opteron processors, each with 2 GB of memory, and a total of 5 TB of storage. Local NWS facilities would not have a computer system such as this, or the available bandwidth, which are both necessary to conduct the proposed research. The university has a large format printer for printing out conference posters. 

	The NWS PI will contribute vacation time to travel to visit the University PI, if required to do so.

6. Description of budget

The proposed budget includes funding for the University PI and undergraduate student, and the NWS PI.

Three trips are planned: 

1. A research trip for the University PI to the Sioux Falls NWS office.
2. A research trip for the NWS PI to Central Michigan University
3. A conference trip for all three to the AMS annual meeting in January 2013

The trip to the NWS office will take place during a Sunday through Thursday period, with the University PI flying from Grand Rapids, MI to Sioux Falls, SD. A rental car and 4 nights hotel stay are requested. University per diem of $36.00 per day was applied, along with mileage from Mt. Pleasant, MI to Grand Rapids, MI calculated using the University rate of 51 cents per mile. The cost of airport parking is included. Flight, hotel, and rental car costs were calculated using the Travelocity website. The NWS PI’s costs for the trip to CMU were estimated in a similar fashion, and use current federal per diem rates. The total cost of the trips were increased by 15% to account for future variation in costs. 

The AMS conference is to take place 6-10 January 2013. Flight was calculated for the University PI and student worker from Midland/Bay City/Saginaw, MI to Austin, TX. Registration and hotel costs for the conference were estimated by using rates from the 2011 annual meeting in Seattle, WA. Three nights hotel are requested. The University PI and student worker will travel separately over different dates, as the student will attend and present at the AMS Student Conference. A rental car will not be needed, as shuttle travel to and from the Austin airport is estimated. Per diem and mileage rates were again included per the University’s rates. The NWS PI’s costs were estimated in a similar fashion, and use current federal per diem rates. Again, the total cost of the trips were increased by 15% to account for future variation in costs. Any remaining money may be used to support a presentation at an operationally focused regional meeting, such as the U.S./Canada Great Lakes Operational Meteorology Workshop.

The cost of office materials and supplies was estimated to be $400, to include folders, spiral notebooks, blank CDs and DVDs, pens and pencils, printer cartridges (the largest expense), postage, and mailing supplies. 40 hours of long distance phone service at $0.09 per minute (the cost of CMU long distance service) came to $216. The student worker’s salary was calculated using a $9 per hour rate, as specified by the University’s Student Employment Services. 8 months of work at 6 hours per week came to $1728, and no fringe benefits are included. The University’s 43% on campus federal rate was included. 

Charges for a publication in Weather and Forecasting were allocated based on the current $140 per printed page rate, with an approximated 20 pages. 
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