
4/18/2010

1

Severe Weather Forecasting:  A 

Western North Carolina Case Study

Laurence G. Lee
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National Weather Service

Greer, SC

National Weather Service

Plus…

13 River Forecast Centers

22 Center Weather Service Units at FAA Air Route Traffic Control Centers

Spaceflight Meteorology Group – Houston, TX

FAA Academy – Oklahoma City, OK

WFO Greenville-Spartanburg
Greenville-Spartanburg Airport

Successful Severe Weather*  

Forecasting and Warning

• Two Essential Components

– Anticipating favorable environments

– Recognizing severe storms after they develop

*Tornado

*Thunderstorm Wind ≥50 kt (58 mph)

*Hail ≥ One inch in diameter

Severe Storm Forecasting

• Regional and Local Severe Weather Climatology

• Synoptic Pattern Recognition (i.e., conceptual models)

• Physical and Theoretical Understanding of Convective* 
Processes

• Parameter Evaluation
– Temperature

– Dew Point

– Wind

– Instability

– Shear

– ad infinitum

• Forecaster Experience 

or or

*Convection:  Motion within a fluid (e.g., air) that transports and mixes the properties of that fluid

How do we anticipate …

?
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Climatology

No. days per year with ¾ inch* hail

Probability of hail (≥ ¾ inch)* on 

any given day at Asheville

NOAA/NSSL

*Severe hail size criterion now ≥ 1 inch.

Pattern Recognition

Certain recurring features are associated with 

various types of severe weather outbreaks.

These features allow forecasters to construct 

conceptual models of the atmosphere.

However… The devil is in the details!

Conceptual models let the forecaster focus on 

areas where favorable ingredients are in close 

proximity.

For example:  On a particular day, 

the severe weather threat is higher 

in the Southeast than in the Great 

Plains, but will storms occur in 

Buncombe County or in 

Mecklenburg  County?

Physical and Theoretical Understanding 

of Convective Processes

• Ingredients for Deep, Moist Convection
(Doswell 1987)

– Moisture

• Surface and aloft

– Instability

• Temperature lapse rates and boundary layer moisture

– Lift

• Physical mechanism that allows a lifted parcel to reach 
the level of free convection* and become positively 
buoyant

*Level of free convection:  The point at which a lifted parcel of air becomes warmer than its surroundings.
(Corfidi 2006; Byers and Braham 1949)

Typical Thunderstorm Life Cycle

(Corfidi 2006; Moller et al. 1994; Browning and Ludlam 1962)

Environments with Vertical Wind Shear 

Support  Longer-Lived Thunderstorms
Vertical Wind Shear

The production of mid-level rotation is 

more important than separating the 

updraft and the downdraft.

Strong mid-level rotation strengthens 

the updraft.

(Klemp 1987)

UCAR/COMET
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Parameter Recognition Numerical Models of the Atmosphere

4 March 2008 – 0600 UTC (1:00 am EST)                                   

SPC Convective Outlook

Norman, OK

WFO GSP – Forecast Discussion

Surface Analysis

0600 UTC (0100 EST)

4 March 2008

Collaboration

CAE

FFC

MRX

RNK

RAH

GSP

Graphical Forecast Editor Internal NWS Chat

Telephone

Map Analysis – 7:00 am EST
Surface and Aloft

Surface Analysis

Low pressure system

Surface wind convergence

Moisture

850 mb (~ 5000 ft MSL)

Strong southerly wind (60 kt)

Wind convergence

Moisture
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Map Analysis – 7:00 am EST
Surface and Aloft

500 mb (~18,000 ft MSL)

Strong winds (110 kt)

Wind direction - Southwest

Dry air

300 mb (~30,000 ft MSL)

Stronger winds (120 kt)

Wind direction – Southwest

Divergence

Mesoscale Discussion from SPC
10:17 am EST

Regional Radar Mosaic
7:57 am EST

Visibile Satellite Image
10:45 am EST

Prefrontal Rain Band Approaches     

the Mountains
Tornado Watch – 12:05 pm EST

Developing Line of Convective Storms

Regional Radar Mosaic
1:55 pm EST

Peachtree City Sounding
2:00 pm EST

Local Storm Reports

• Graham County… 2:40 pm
– Wind

• Rabun County… 3:25 pm
– Wind

• Macon County… 3:45 pm
– Wind

• Oconee County... 3:46 pm
– Wind

• Franklin County… 4:36 pm
– Wind

• Transylvania County… 5:04 pm
– Wind

• Henderson County… 5:23 pm
– Wind

• Spartanburg County…  6:34 pm
– Wind

• Greenville County…  6:48 pm
– Wind

…and many more…
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Example of Damaging Wind Signature 

on the WSR-88D

Bowing Line Segment

Weak Echo Channel

“Inbound” (green) velocities 40 to 60 kt

Reflectivity – 0.5o Scan                      5:42 pm EST                Velocity – 0.5o Scan                              

Inbound (green)/Outbound (red) couplet at radar 

site indicates south to north wind near surface.

Storms Move Across the Piedmont

7:02 pm EST                                                                                                  7:25 pm EST

7:58 pm EST                                                                                            8:21 pm EST

Tornado

Final Tally

Storm Prediction Center….. 2 Tornado Watches

WFO GSP….. 19 Severe Thunderstorm Warnings

….. 3 Tornado Warnings

….. 1 Flash Flood Warning

Probability of Detection:  0.98

False Alarm Ratio:  0.14

Average Lead Time: 23.1 minutes

Review:  Fundamental Components of 

Severe Weather Forecasting

• Anticipate Favorable Environments
– Climatology

– Synoptic Pattern Recognition (Conceptual Models)

– Physical and Theoretical Understanding of Convective 
Processes

– Parameter Evaluation

– Forecaster Experience

• Recognize Severe Storms After They Develop
– Radar (Primary Tool)

• Must understand radar signatures within the context of their 
environment

– Forecaster Experience

REFERENCES

Browning, K.A. and Ludlam, F.H. (1962): Airflow in convective storms. Quart. J. Roy. Meteor. Soc., 88, 117-135.

Byers, H.R., and R.R. Braham, 1949:  The Thunderstorm Project.  U.S. Weather Bureau, U.S. Department of 

Commerce Tech Rep., 287 pp [NTIS PB234515]

Corfidi, S., 2006:  An Introduction to Severe Weather Forecasting.  National Severe Weather Workshop, Midwest 

City, OK,  2-4 March 2006, Slide Show, 93 slides.

Doswell, C.A., 1987: The Distinction between Large-Scale and Mesoscale Contribution to Severe Convection: A Case 

Study Example. Wea. Forecasting, 2, 3–16. 

Klemp, J. B. 1987: Dynamics of tornadic thunderstorms. Annual Reviews Fluid Mechanical, 19, 369-402.

Moller, A.R., C.A. Doswell, M.P. Foster, and G.R. Woodall, 1994: The Operational Recognition of Supercell

Thunderstorm Environments and Storm Structures. Wea. Forecasting, 9, 327–347.

The End


