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Outline 

• Large scale pattern 
• Frontal scale forcing 
• Observations 
• Model guidance 
• Dual polarization products 

 



500 mb heights and vorticity 

Presenter
Presentation Notes
A deep mid-level trough moved east from the Ohio Valley toward the mid-Atlantic coast on the 23rd.  The associated 500 mb low deepened considerably in 12 hours, from 544 dm to 536 dm by 12 UTC on the 23rd. 



Sea-level pressure 

Presenter
Presentation Notes
At the surface, low pressure developed along the mid-Atlantic coast and moved north toward southeast New York.  The NAM 12 hour forecast valid at 12 UTC on the 23rd indicated a central pressure of 989 mb over southeast New York at 12 UTC on the 23rd. 



700 mb heights and frontogenesis 

Presenter
Presentation Notes
The 700 mb low tracked northwest from the Delmarva area toward northern Pennsylvania while deepening considerably.  A band of mid-level frontogenesis was forecast to track northward, rotating around the northern edge of the mid-level low. The frontogenesis was maximized over southern New York around 06 UTC on the 23rd. 



Cross-sections 

Presenter
Presentation Notes
The cross-sections on this slide show some classic signatures for the development of heavy, banded precipitation associated with the mid-level frontogenesis. The first slide shows a region of strong lift (contoured) located above and on the warm side of the frontogenesis (shaded) around 06 UTC over central New York. The second slide shows a layer of negative saturated geostrophic EPV (blue shading) above the frontogenesis (contoured), indicating a layer of reduced stability. 



Radar reflectivity 

Presenter
Presentation Notes
The radar loop and observations on this slide shows a band of heavy precipitation moving northwest across the area during the pre-dawn hours on the 23rd.  Temperatures were well above freezing across the entire area as the band approached, however cooling began as the band passed over the area, and rain changed to snow northwest and underneath of the band around 04 UTC.  This evolution suggests that cooling in the snow area resulted primarily from the strong upward motion associated with the band  (“dynamic” cooling), and from cooling due to melting of the associated precipitation.  The heaviest precipitation fell during a 4 to 6 hour period, from around 02 UTC to around 08 UTC.  By 10 UTC, the heaviest precipitation had moved off to the north and west. 



Snowfall 

Presenter
Presentation Notes
Snow accumulations were widely variable across the area, with the heaviest snow concentrating in a band from western Bradford county Pennsylvania north-northeast to southern Cayuga county New York.  Within this band, accumulations ranged from less than an inch at the lowest elevations (generally below 600 feet above sea-level on the Cayuga Lake shoreline including downtown Ithaca, to 3 or 6 inches in many slightly higher areas (generally 600 to 1200 feet above sea level including downtown Elmira)  to as much as 8 to 10 inches at higher elevations.  Outside of this band, accumulations were lighter, but still averaged 1 to 3 inches at many locations over the Finger Lakes and central southern tier of New York.  Once again, elevation played a key role in determining snow amounts, as lower elevation locations such as the city of Syracuse and Watkins Glen New York received little if any snow.  



Summary 

• Heavy snow fell across portions of central NY 
and northern Pa as low pressure tracked up 
the east coast. 

• The heaviest snow fell with an intense band of 
heavy precipitation, accompanied by rain 
changing to snow. 

• Snowfall was highly elevation dependent, but 
even some lower elevation locations received 
snowfall in a small area. 



Model temperature trends 

Presenter
Presentation Notes
Forecasting the timing and location of the change from rain to snow was certainly a difficult challenge.  The data on the next few slides show model trends of temperature, including MOS guidance, valid at Elmira during the 24 hours prior to the onset of the heaviest precipitation. The data on this slide shows the trend in NAM, GFS and SREF mean 925 mb and 850 mb temperature, valid at 12 UTC on the 23rd.  A steady downward trend is indicated, indicating that the models trended cooler as the event approached.  



Model surface temperature trends 

Presenter
Presentation Notes
Model surface temperatures also trended slightly cooler as the event approached.



MOS guidance trends 

Presenter
Presentation Notes
MOS guidance temperatures also trended cooler, and were much too warm, especially 12 to 24 hours prior to the event.  The fact that MOS temperatures were significant warmer than model surface temperature forecasts for this spring-season event may have been related to the season-based climatological input involved in producing MOS forecasts.  Latest information from the MDL MOS web page indicates that the warm season for the MAV and MET equations is defined from April 1st to September 30th.  The fact that warm season equations were in play for this event likely had something to do with the poor performance of the MOS guidance.   



Reflectivity and observations – 04z 

Presenter
Presentation Notes
The next few slides will focus on utilization of dual polarization radar products around the time of change-over from rain to heavy, wet snow.  Rain changed to heavy, wet snow over portions of southern New York around 04z on the 23rd of April.  The data on this slide shows a band of heavy precipitation and melting precipitation over southern New York around the time of the change-over.  Note that the precipitation was mainly in the form of snow west of the band, and rain east of the band.  A mix of precipitation with melting snow flakes was likely occurring underneath the band. Spotter reports indicate that very heavy snow fell near the west edge of this band, with up to 4 inches of snow accumulating at lower elevations, and up to 10 inches at higher elevations in a very short time period. 



0.5 degree ZDR – 04z 

Presenter
Presentation Notes
Differential reflectivity (ZDR) indicated a boundary in precipitation type near the location of the band, with values generally over 1.0 indicating rain west of the boundary, and values generally below 1.0 indicating snow west of the boundary. 



Correlation coefficient – 04z 

Presenter
Presentation Notes
Correlation coefficient was also very low over the band, indicating a mix of precipitation likely occurring in the band. High values of CC east and west of the band indicated a more homogeneous precipitation pattern in those areas.  The combination of observations, Z, ZDR and CC would all lead forecasters to believe that the melting layer was just above the ground at the radar site, coincident with the high reflectivity, gradient in ZDR, and low CC. 



Classification and melting level 

Presenter
Presentation Notes
However algorithm data for this case indicated that the melting layer was much higher.  The hydrometeor classification scheme indicated rain over much of central New York, including many areas where observations were indicating snow. Underneath the band, the HC was indicating hail, graupel, heavy rain and big drops, yet observations indicated that a heavy wet snow was actually occurring. Clearly, the problem with the HC was a faulty determination of the melting level in this case, as the rain / snow line was coincident with the melting layer, outlined on this slide in yellow. 



Melting layer determination 

Presenter
Presentation Notes
This slide shows a review of how the melting layer is determined by the algorithm.  The algorithm identifies wet snow based on thresholds of Z, ZDR and CC, then defines the melting layer based on the area where the majority of wet snow is located.  If a melting layer cannot be determined in this way, then an analysis from the RUC is used. 



RUC time-height temperature forecast 

Presenter
Presentation Notes
This slide shows a time-height diagram of the RUC short-term forecast for a point just west of the KBGM radar early in the morning on the 23rd.  Note that the freezing level was elevated above the 850 mb level for the first few hours of the forecast.  In this case, it appears that the freezing level may have been lowered due to processes such as cooling due to melting, or dynamic cooling. These cooling processes were likely most pronounced in a very small area underneath the band of heaviest precipitation.  It may not be realistic to expect the RUC to perform perfectly in such a situation.  The result in this case was a bad melting layer analysis, and a bad hydrometeorological classification. 



RUC forecast soundings 

Presenter
Presentation Notes
A closer examination of the RUC temperature profile from BUFKIT model soundings near the band shows that the BGM sounding actually included a melting layer aloft, in addition to another melting level near the ground. The dual polarization melting layer algorithm is only capable of detecting one melting layer.  This additional complication may have been another reason for a poor determination of the melting level by the dual polarization melting level detection algorithm. 



Summary 

• The hydrometeor classification scheme failed 
during the change from rain to heavy wet snow 
on April 23, 2012 in southern NY. 

• Failure was related to the incorrect determination 
of the melting level. 

• The melting level was determined by the RUC 
forecast, which was poor. 

• Forecasters should focus on base data, and only 
use the algorithm to confirm analysis from base 
data. 
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