
The May 16, 2009 Severe 
Weather Outbreak

Part I : The pre-storm environment



May 16, 2009

• 3 Tornadoes – 1 EF2 tornado and 2 EFO 
tornadoes

• 9 severe wind reports
• 5 large hail reports



Tornado Tracks

Presenter
Presentation Notes
An EF2 tornado tracked just south of the town of Georgetown, in southern Madison County, just after 4:30 pm EDT.  EF0 tornadoes also touched down in Cortland and Tioga Counties. 



Outline

• Large-scale pattern
• CAPE forecasts and evaluation
• SPC analyses



500 mb heights and vorticity

Presenter
Presentation Notes
At 500 mb, a trough tracked slowly east across western and central Great Lakes during the afternoon on the 16th. The primary trough axis and vorticity centers were well to the west of New York state.



Sea-level pressure and 925 hPa 
temperature

Presenter
Presentation Notes
At the surface a moderately strong cold front moved east across the area during the early evening hours. 



Surface analysis – 18z May 16

Presenter
Presentation Notes
A closer look at surface features during the afternoon on the 16th indicated that the primary surface cold front was located well to the west of the strongest storms.  The storms initially formed along a surface trough located well to the east of the cold front, across central New York.  Another boundary can be seen over northeast Pennsylvania, separating a moist southeasterly flow over eastern Pennsylvania from a southwesterly flow over north central Pennsylvania and central New York. 



WSR-88D Reflectivity – 18z May 16

Presenter
Presentation Notes
A broken line of thunderstorms developed along the surface trough in central New York early in the afternoon.  More details on the evolution of these storms, from a radar perspective, are shown in part II of this presentation. 



MLCAPE and 0-6 km shear

Presenter
Presentation Notes
This 3 hour RUC forecast indicated CAPE values between 600 and 800 J/kg across most of central New York during the afternoon, combined with 0-6 km shear values of 40 to 45 knots.   The combination of modest instability, strong deep layer shear and forcing associated with the surface trough and approaching cold front set the stage for severe thunderstorms on the 16th. 



Summary
• A 500 mb trough was located over the western Great 

Lakes, moving slowly east. Forcing with this trough over 
central NY was minimal.

• A surface cold front was moving east across the eastern 
Great Lakes.

• A surface trough was moving east downstream from the 
front, across central NY. Storms developed along this 
trough.

• Another trough was located over northeast 
Pennsylvania. The flow was from the southeast east of 
this trough, and southwest to the west and north.

• Modest CAPE and strong deep-layer shear combined 
with these features to set the stage for severe weather 
on the 16th. 



Forecasts for SYR made 12z May 
15, 2009

Presenter
Presentation Notes
The amount of CAPE available for this system was highly uncertain prior to the event.  The data on these slides show forecast soundings from the NAM (on the left) and the GFS (on the right), both run at 12z on May 15th and both valid at Syracuse (SYR) during the afternoon on the 16th.  Both forecasts were shown at the time when instability was maximized in the model forecasts. The CAPE on the NAM was 199 J/kg, while the CAPE on the GFS was 1429 J/kg.  The NAM forecast surface dew points were about 3 degrees C lower than the GFS, and the NAM 500 mb temperature was about 1 to 2 degrees C higher.  These differences accounted for the large difference in the CAPE values.  



Forecasts for SYR made at 12z 
May 16, 2009

Presenter
Presentation Notes
The data shown on this slide is the same as on the previous slide, except that the forecasts were from the NAM and GFS run at 12z on the 16th.   The CAPE values in both models increased slightly from the earlier runs, however there remained a large difference between the two models, with the NAM indicating 467 J/kg of CAPE, while the GFS indicated 1525 J/kg.  The primary factor resulting in this difference appeared to be the forecast surface dew points, which were about 3 degrees C higher in the GFS forecast.  



SREF probability of CAPE greater 
than 500 J/kg

Presenter
Presentation Notes
Probability forecasts from the short range ensemble forecasts (SREFs) run at 15z on the 16th indicated a 40 to 60 percent probability of CAPE values exceeding 500 J/kg over central New York on the 16th. 



SREF probability of CAPE greater 
than 1000 J/kg

Presenter
Presentation Notes
The SREFs indicated a 20 to 30 percent chance of CAPEs exceeding 1000 J/kg. 



RUC forecast for SYR at 15z May 16

Presenter
Presentation Notes
The CAPE from the 15z RUC, valid at 17z at SYR appeared to be a compromise between GFS and NAM, indicating a value of 871 J/kg. 



Visible satellite imagery – 15z-18z 
May 16, 2009

Presenter
Presentation Notes
Visible satellite imagery from the late morning and early afternoon on the 16th indicated large holes in the cloud cover over central New York.  Meanwhile, northeast Pennsylvania remained mostly cloudy.  This evolution helped to establish the most unstable air in the area over upstate New York. 



Severe Weather Checklist

Presenter
Presentation Notes
The National Weather Service Binghamton severe weather checklist was run during the morning on the 16th with the parameters indicated on this slide.  The entered CAPE was 1000 J/kg.  The list of dates at the top of the checklist are similar historical events, based on the parameters entered in the checklist. 



Similar historical event – high 
CAPE

Presenter
Presentation Notes
The most similar event was May 1, 2003.  Note that the CAPE for that event, based on a proximity sounding, was 971 J/kg. The primary difference between this event and May 16, 2009 was higher 0-1 km shear on the 16th (30 kts vs. 15 kts). 



Similar historical event – high 
CAPE – radar image

Presenter
Presentation Notes
The convective evolution on May 1st, 2003 featured a fairly impressive squall line moving east across central New York. 



Similar historical event – low CAPE

Presenter
Presentation Notes
Parameters from the 3rd most similar historical event (May 17, 2008), compared to parameters on the 16th, are shown on this slide.  The shear profile between the 2 cases match very nicely, however the CAPE was much lower in the historical event (229 vs. 1000). 



Similar historical event – low CAPE 
– radar imagery

Presenter
Presentation Notes
Convective evolution on May 17, 2008 featured a broken of showers, with some very weak, embedded convection.  Interestingly, while the convection in this event appeared to be very weak, an EF0 tornado was reported with a convective shower over Oneida county, northeast of Syracuse. 



SPC analyzed CAPE – 17z May 16

Presenter
Presentation Notes
The SPC analysis of mixed layer CAPE at 17z on the 16th is shown in this slide.  The estimate of around 1000 J/kg entered into the checklist appears to be reasonable.  This CAPE was significantly higher than forecasts from the NAM, and lower than forecasts from the GFS.  This case demonstrates the difficulty that is often associated with anticipating the amount of instability that will be available for an upcoming convective event. 



Summary
• Anticipating the amount of CAPE available for 

this event was challenging
• The NAM forecast much less CAPE than the 

GFS
• The severe checklist and a look at similar 

historical events indicated that the amount of 
CAPE would have a large impact on the severity 
of the event

• Subsequent RUC forecasts and the SPC 
analysis indicated that the “real” CAPE for this 
event was about mid-way between the NAM and 
GFS forecasts



0-1 km shear and SRH

Presenter
Presentation Notes
An examination of analysis data from the storm prediction center yields additional insight on characteristics of the environment that produced the tornadoes on this day.  The data on this slide shows 0-1 km bulk shear on the left, and 0-1 km storm relative helicity values on the right, analyzed at 17z on the 16th, as storms were developing across the area.  30 kts of 0-1 km shear and 300 J/kg of 0-1 km storm relative helicity were both impressive.



Nomograms – 0-1 km SRH

Presenter
Presentation Notes
The nomograms on this slide are reproduced from a preprint from the 20th AMS Conference on Severe Local Storms, by Edwards and Thompson (see references at the end of this presentation).  The large X plotted on the diagram on the left represents the value of around 300 m2s-2  indicated for this case.  This is well within the range where significant tornadoes are possible. 



LCL height and 0-1 km EHI

Presenter
Presentation Notes
The lifted condensation level for this case was around 750 m.  The 0-1 km energy-helicity index, which is a function of CAPE and helicity from the surface through 1 km, was around 3.0.  



Nomogram – LCL height and 0-
1 km EHI

Presenter
Presentation Notes
This nomogram is reproduced from the same preprint shown 2 slides previously.  The large X represents the 0-1 km EHI and LCL height from this event, as indicated by the SPC analysis.  Again, parameters from the environment for this event appeared to be well within the limits previously determined to be favorable for tornadoes.  



0-3 km CAPE and 0-3 km lapse 
rate

Presenter
Presentation Notes
Low level instability in this case was moderately strong, with 0-3 km CAPE values around 125 J/kg and 0-3 km lapse rates around 7 degrees C per km. 



Nomogram – 0-3 km CAPE

Presenter
Presentation Notes
This nomogram implies that 0-3 km CAPE values in excess of 100 J/kg is favorable for significant tornadoes.  The graphic is from research by Jon Davies (displayed at http://members.cox.net/jondavies1/LIbuoyprimer/cape3rnv2.gif).  Davies notes that model forecasts of low-level CAPE are very sensitive to forecasts of low-level moisture, and are not always reliable.  As such, he recommends that forecasts of low-level CAPE be used in conjunction with other parameters, to more fully evaluate the low-level thermodynamic environment. 



Sig Tor Parameter and 0-3 km 
VGP

Presenter
Presentation Notes
The image on the left side of this slide shows values of the significant tornado parameter, analyzed at 17z on the 16th.  The significant tornado parameter is discussed by Thompson et al. 2004 (see references at the end of this presentation).  Values greater than 1 are favorable for significant tornadoes.  The parameter is a function of deep layer shear, storm relative helicity, mixed layer CAPE and LCL height.  A maximum of greater than 1 was indicated over central New York, in the area where the EF2 tornado occurred.  An analysis of the 0-3 km vorticity generation parameter (VGP) also indicated a maximum of greater than 0.2 across central New York.  The maximum was not as focused as was the maximum of significant tornado parameter. 



Nomogram – VGP vs. 0-1 km 
shear

Presenter
Presentation Notes
This nomogram is from a study by Togstad et al. (see references on the last slide) on the relationship between a supercell’s ability to produce a tornado, and environmental factors.  A collection of supercells was examined at large distance from the radar, and the occurrence of significant tornadoes associated with the supercells was plotted as a function of environmental parameters, such as the 0-3 km VGP and the 0-1 km bulk shear.  Based on the nomogram from their research, the environment for this case was moderately favorable for tornadoes, given that a supercell was observed. 



Summary – The May 16, 2009 
central New York tornado event…
• Occurred in an environment with modest mid-upper 

tropospheric forcing for upward motion
• Occurred along a surface trough, ahead of moderately 

strong surface cold front
• Occurred in an environment characterized by modest 

CAPE and strong deep layer shear
• Occurred in an environment characterized by strong low-

level shear and low LCL heights, resulting in large values 
for some severe weather composite indices (such as the 
significant tornado parameter,  EHI and VGP).

• Model differences in CAPE forecasts prior to the event 
made it difficult to anticipate the event’s severity prior to 
the event onset. 
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