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 Lightning Prediction Objectives: 

Develop techniques to improve the prediction 

of all CG lightning (wet or dry thunderstorms) 

 

Apply these techniques using input data from 

ANY analysis or model forecast 

 

Develop techniques to forecast storms with 

low and high number of CG flashes 

 

 2010-2011:  Apply PPF technique to Short 

Range Ensemble Fcsts (SREF) model input  

 (GT. 21 models, but only ~16% # vert. levels) 

 

 



Method:  

Perfect Prog Forecast (PPF) Technique 

 Dev. Data - RUC 40 - 2006-2008. 

Monthly equations. 

Principal Component Analysis (PCA) 

 1) data compression plus  

 2) better understanding of physical processes 

Lightning climatology  

 1) for forecasters and 2) input into the PCA  

Logistic regression 

40 km grid resolution at 3 hour time 

intervals (2003-2011).  Alaska 10 km-2009 



New Input model data for 2011 

• RUC 18 hrs - 3 hrly forecasts every hour 

• NAM 84 hrs - 3 hrly 

• GFS 180 hrs - 3 hrly 

• SREF 84 hrs - 3 hrly (21 members, plus 

time lagged NAM and Max/Min/median 

fields) 

• All 40 km except have 12 km NAM using 

12 km climo…… 

 



Current Perfect Prog 

Probabilities * 
• 1 or more CG flashes 

• 3 or more 

• 10 or more 

• 30 or more 

• 100 or more 

• All Severe 

• Hail 

• Wind 

• Tornado 

• Sig severe (any Sig hail, wind or tornado) 

• Sig hail (GE. 2.0 inch) 

• Sig wind (GE. 65 kts) 

• Sig tornado (F2 or greater) 

 

 * “perfect” for applying to total lightning! 



However:  Prediction of CG 

lightning is only part of the picture. 

• Examples of current CG lightning 

prediction will be shown and, 

• How the perfect prog method could be 

applied to total lightning 



Importance of Total Lightning 

• Predict the onset of Severe Weather-tornadoes, hail, 
microbursts, flash floods  

• Track thunderstorms and warn of approaching lightning 
threats (also ending of lightning threat) 

• Improve airline routing around thunderstorms; improving 
safety, saving fuel, and reducing delays 

• Provide real-time hazardous weather information, 
improving the efficiency of emergency management 

• Locate Lightning strikes known to cause forest fires and 
reduce response times 

 



Examining new flexibilities in 

looking at probabilities 

 

 

 

• Examples of new (2011) CG lightning prediction 

 (all runs are about as fast as one model (orig)) 

• Starting with 7.5 day forecasts using GFS input 

data 



3 hour observed lightning from 00 to 03 UTC 9 July 2011 

(contours of 1, 3, 10, 30, 100, 300, and 1000  CG flashes) 

Fcst 

boundary 



3 hour observed lightning from 00 to 03 UTC 9 July 2011 

(contours of 100, 300, and 1000  CG flashes) 



7 day fcst 6 day fcst 

4 day fcst 

5 day fcst 

3 day fcst 

1 day fcst 

2 day fcst 

12 hr fcst 

Green contours - 5,10,15,20,25%....prob of 100 or more CG flashes Valid 00 to 03 UTC 9 July 2011 

Using GFS Input 

Red contours - 10 and 40 % probability of 1 or more CG flashes Valid 00 to 03 UTC 9 July 2011 

OBS 1 or more CG 



7 day fcst 6 day fcst 

4 day fcst 

5 day fcst 

3 day fcst 

1 day fcst 

2 day fcst 

12 hr fcst 

Red contours - 10 and 40 % probability of 1 or more CG flashes Valid 00 to 03 UTC 9 July 2011 

Green contours - 5,10,15,20,25%....prob of 100 or more CG flashes Valid 00 to 03 UTC 9 July 2011 

Using GFS Input 

OBS 100 or more 



24 hour lightning from 12 to 12 

UTC 8-9 July 2011 



24 hour “significant” lightning (100 or more 

CG flashes) 12-12 UTC 8-9 July 2011 
Brown hatching is Dry 

Thunderstorm Potential 

Index (DTPI) 



Probability 1 or more (red-10%int.), 100 or more (green-5%int.) 

using 12 UTC RUC input.  Valid - 12-09 UTC 8-9 July 2011 

(21 hr (RUC), 24 hr (NAM, GFS) using max probs) 



Probability 1 or more (red-10%int.), 100 or more (green-5%int.) 

using 12 UTC NAM input.  Valid - 12-12 UTC 8-9 July 2011 



Probability 1 or more (red-10%int.), 100 or more (green-5%int.) 

using 12 UTC GFS input.  Valid - 12-12 UTC 8-9 July 2011 



Comparison of Multi-model Forecasts 

The Perfect Prog forecasts valid from 00 to 

03 UTC 9 July 2011 for the SREF, GFS, 

NAM and RUC will be compared for 

forecasts of 10, 20, 30, 40, 50, 60 and 70% 

probabilities of 1 or more CG flashes.  

 “A Super Ensemble” 

Probabilities for the SREF include using the 

mean and median of all input fields as well 

as the mean and median of all probabilities 



10% - COMPARE SREF/NAM/GFS/RUC 
SREF- Brown 

GFS – BLUE 

NAM – Green 

RUC - Magenta 



20% - COMPARE SREF/NAM/GFS/RUC 
SREF- Brown 

GFS – BLUE 

NAM – Green 

RUC - Magenta 



30% - COMPARE SREF/NAM/GFS/RUC 
SREF- Brown 

GFS – BLUE 

NAM – Green 

RUC - Magenta 



40% - COMPARE SREF/NAM/GFS/RUC 
OBS LTG 



50% - COMPARE SREF/NAM/GFS/RUC 



60% - COMPARE SREF/NAM/GFS/RUC 



70% - COMPARE SREF/NAM/GFS/RUC 



  
SREF Mean/median/max/min 



Probability of 1 or more CG flashes 00-03 UTC 9 

July 2011 (15 to 18 hr fcst using SREF input data) 

Mean-light blue/median-purple 



Probability of 1 or more CG flashes 00-03 UTC 9 

July 2011 (15 to 18 hr fcst using SREF input data) 

max prob-light blue/min prob-purple 



The Perfect Prog Method can be applied to the prediction of 

Total Lightning – leading to improvements in these areas: 

 Predict the onset of tornadoes, hail, microbursts, flash 
floods 

 Track thunderstorms and warn of approaching lightning 
threats (also ending of lightning threat) 

 Improve airline routing around thunderstorms; improving 
safety, saving fuel, and reducing delays 

 Provide real-time hazardous weather information, 
improving the efficiency of emergency management 

 Locate lightning strikes known to cause forest fires and 
reduce response times 

 

 

 



Perfect Prog applied to “Proxy data 

sets” 
• The perfect prog technique can easily be 

adapted to proxy data sets* currently existing 
(and/or under development) and forecasts can 
be tested and verified. 

• GOES-R era will allow further refining and 
widespread application of predicting total 
lightning 

…leading to better forecasts and warnings 

 

 

 * such as CC (or IC) flash location and Flash 
Extent Density (FED) 

 



RUC 21 hour fcst-12 UTC 12 July 2011 

 

“Southern Thunder”  in Norman ?? 



12 -12 UTC 1 or more LTG 12-13 July 2011 

 



12 -12 UTC 100 or more LTG 12-13 July 2011 



Questions:  

phillip.bothwell@noaa.gov 

Thanks for the 

memories-

Southern 

Thunder 2009 



Backup slides 

Lightning Forecasts for Fire Weather 

Forecasts for 10 or more CG 

flashes merged with fuel 

conditions – for significant dry 

thunderstorm prediction and, 

Alaska Perfect Prog Forecasts 



A New Tool for Fire Management Decision Support 

 Forecasts of 10 or more CG flashes 

  

  

Lightning Probability Forecasts and Combined Fuel Dryness 



SPC Fire Weather 

   

• Cooperative venture with Predictive 

Services/NWS Western Region and GACCs 

• 2010-2011 addition of Predictive Services Fuel 

Dryness values (in addition to Pred. Svc Areas) 

– Moist – (green) little if any threat for large fires  

– Dry –(yellow) Low threat for large fires when 

significant weather is absent 

– Very Dry – (brown) Moderate threat for large fires 

when significant weather is absent. 

– These aid in verification…used with Fosberg FWI 



 



 



12 UTC 19 (22) June 2008 GFS input 

84-87 (12-15) hour forecast 

“closing in on the event!” 

84-87 hr forecast         
1 or more CG Forecast 

12-15 hr forecast    

1 or more 

200-540 CG 

flashes in 3 hours 

Alaska 2008 case (45 km resolution) 

Significant Lightning Event  

00-03 UTC 23 June 2008 

19 June 22 June 



Major CG flash event - 00-03 UTC 23 June 2008 

Forecast well in advance – forecasts normally 

improve as event nears. (45 km)  
(Left figure-same as previous slide -12-15 hr fcst.  Right figure is forecast 

for 10 or more CG flashes for same time period-00-03 UTC) 

200-540 CG 

flashes in 3 hours 
1 or more 

CG flashes 
10 or more 



  10 km PPF Forecats for Alasaka Summer 2009 -2011 

 (1 or more CG flash forecast)  Using GFS input data 

81-84 hr fcst valid 21 UTC 20 June to 00 UTC 21 June 2009 

Lightning during valid time period – green plotted numbers 

Approximate location 

of lightning ignited 

wildfire complex 

Probability of 1 or 

more CG flashes 

at 10 km resolution 


