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1. Introduction1. Introduction

2. Data2. Data

Cloud to ground lightning flash density (flashes 
km -2 warm season-1) on a 2.5x2.5 km grid  for the 
warm season months of May-Sept. 1989-2002.

Study Objectives:Study Objectives:

••Develop a statistical scheme Develop a statistical scheme 
that provides improved forecast that provides improved forecast 
guidance for warm season CG guidance for warm season CG 
lightning within eleven coastal lightning within eleven coastal 
areas of the Florida Peninsula areas of the Florida Peninsula 
that are serviced by FP&Lthat are serviced by FP&L

••NoonNoon--midnight time periodmidnight time period

••Florida leads the nation in cloud to Florida leads the nation in cloud to 
ground (CG) lightning strikesground (CG) lightning strikes

••Atlantic and Gulf of Mexico sea Atlantic and Gulf of Mexico sea 
breezes influence lightning patternsbreezes influence lightning patterns

••Lightning causes power Lightning causes power 
disruptionsdisruptions-- problematic for power problematic for power 
companies such as Florida Power companies such as Florida Power 
and Light Corporation (FP&L) and Light Corporation (FP&L) 

••Accurate forecasts of the location Accurate forecasts of the location 
and amount of lightning can reduce and amount of lightning can reduce 
manpower and repair costsmanpower and repair costs

Study Areas:Study Areas: Radiosonde Data:Radiosonde Data:

Lightning Data:Lightning Data:

••National Lightning Detection National Lightning Detection 
Network (NLDN)  Network (NLDN)  

••16 years (198916 years (1989--2004)2004)

••Daily noon Daily noon -- midnight and midnight and 
6am 6am -- noon counts tabulated noon counts tabulated 
for each areafor each area

••1200 UTC sounding data for 1200 UTC sounding data for 
JAX, XMR, MFL, and TPAJAX, XMR, MFL, and TPA

••597 parameters calculated to 597 parameters calculated to 
serve as candidate predictorsserve as candidate predictors

••Layer averaged wind direction Layer averaged wind direction 
and speed, stability, moistureand speed, stability, moisture

••Assumptions: 1) Conditions Assumptions: 1) Conditions 
will not change significantly will not change significantly 
from the sounding time through from the sounding time through 
the end of the forecast period, the end of the forecast period, 
2) No spatial variations within 2) No spatial variations within 
each radiosonde domain each radiosonde domain 

4. Results4. Results

Final Prediction EquationsFinal Prediction Equations
Example: MiamiExample: Miami--Dade AreaDade Area

Probability of at least one CG flash:Probability of at least one CG flash:
PredictorPredictor CoefficientCoefficient PP--valuevalue
SSISSI -- 0.1700.170 0.0000.000
Sin(wdirSin(wdir)) -- 1.0011.001 0.0000.000
MNSPDMNSPD -- 0.0940.094 0.0000.000
MNSPDMNSPD 22 0.2200.220 0.0000.000
Morn yes/no   Morn yes/no   1.2401.240 0.0000.000
PD yes/noPD yes/no 0.9190.919 0.0000.000
(PD yes/no)x(T925)(PD yes/no)x(T925) 0.2970.297 0.0040.004
ConstantConstant 1.3251.325 0.0000.000

••All predictors statistically significant at All predictors statistically significant at 
== 95% level (p95% level (p--value value == 0.05)0.05)

••Sin(wdirSin(wdir): sine of the layer averaged ): sine of the layer averaged 
wind direction has strongest influence wind direction has strongest influence 

••Showalter stability index (SSI) and KShowalter stability index (SSI) and K--
index (KI) are importantindex (KI) are important

••NonNon--linear and interaction effects also linear and interaction effects also 
were selectedwere selected

NonNon--Linear Relationships:Linear Relationships:

PredictedPredicted

Obs.Obs. Q1Q1 Q2Q2 Q3Q3 Q4Q4 hit ratehit rate within 1Qwithin 1Q

Q1Q1 117117 77       34      22        47%          78%77       34      22        47%          78%

Q2Q2 74      74      8282 61      33        33%          87%61      33        33%          87%

Q3Q3 39      57       39      57       7777 73        31%          84%73        31%          84%

Q4Q4 20      33       77    20      33       77    121121 48%          79%48%          79%

Total:       40%         Total:       40%         82%                                                       82%                                                       

Persistence:      36%          75%Persistence:      36%          75%

Skill score:     6.4%        28.7%Skill score:     6.4%        28.7%

Quartile Scheme: MiamiQuartile Scheme: Miami--DadeDade

5. Conclusions & Future Work 5. Conclusions & Future Work 

SUMMARY & CONCLUSIONSSUMMARY & CONCLUSIONS

••Speed and direction of lowSpeed and direction of low--
level wind was found to be the level wind was found to be the 
dominant factor contributing dominant factor contributing 
to the likelihood of lightning in to the likelihood of lightning in 
each areaeach area

••Guidance for all eleven areas Guidance for all eleven areas 
superior to persistencesuperior to persistence

••Considerable skill predicting Considerable skill predicting 
whether at least one CG flash whether at least one CG flash 
will occurwill occur

••Quartile scheme does best Quartile scheme does best 
predicting to within one predicting to within one 
quartile of the observedquartile of the observed

••Also does well distinguishing Also does well distinguishing 
upper two quartile events from upper two quartile events from 
lower two quartile eventslower two quartile events

••Guidance is currently being Guidance is currently being 
used operationally by FP&L used operationally by FP&L 
during the warm seasonduring the warm season

FUTURE WORKFUTURE WORK

••Use of morning soundings was Use of morning soundings was 
based on several assumptions based on several assumptions 
that are not always valid that are not always valid 

••Interactions with smaller scale Interactions with smaller scale 
circulations (i.e., lake and river circulations (i.e., lake and river 
breezes) and cloud microphysics breezes) and cloud microphysics 
were not consideredwere not considered

••Future work will utilize  Future work will utilize  
mesoscale model output to mesoscale model output to 
create spatial forecast fields of create spatial forecast fields of 
lightning probability and amount lightning probability and amount 
for the entire Florida Peninsulafor the entire Florida Peninsula

••Model data will be more location Model data will be more location 
and time specific than a static and time specific than a static 
morning sounding morning sounding 

••Incorporation of modelIncorporation of model --derived derived 
cloud microphysics hopefully cloud microphysics hopefully 
can be related to charging can be related to charging 
mechanisms mechanisms 

••Warm season months: June Warm season months: June 
through Augustthrough August

••Logistic regression equations Logistic regression equations 
predict whether at least one predict whether at least one 
flash will occur, and the amount flash will occur, and the amount 
of lightning conditional on at of lightning conditional on at 
least one flash occurringleast one flash occurring

Binary Logistic Regression:Binary Logistic Regression:

••Best results were achieved Best results were achieved 
having separate equations to having separate equations to 
determine:determine:

1. Probability of a Q1 event1. Probability of a Q1 event

2. Probability of 2. Probability of == Q3 eventQ3 event

3. Probability of a Q4 event3. Probability of a Q4 event

••One logistic regression model  One logistic regression model  
for each binary outcome:for each binary outcome:

lnln [[ππ/(1/(1-- ππ)] = f (X)] = f (XKK))

f (Xf (XKK) =) = bb00 + + bb11XX11 + . . + + . . + bbKKXXKK

ππ = = exp(fexp(f (X(XKK)) / [1 + )) / [1 + exp(fexp(f (X(XKK))]))]

••Probability bounded between 0Probability bounded between 0--11

••Less stringent assumptions than Less stringent assumptions than 
linear regression methodslinear regression methods

••Statistical Package for the Social Statistical Package for the Social 
Sciences (SPSS) usedSciences (SPSS) used

••Forward stepwise selectionForward stepwise selection

••Test for backward eliminationTest for backward elimination

••Decision trees constructed to Decision trees constructed to 
determine the most likely quartile determine the most likely quartile 
based on probability thresholds for based on probability thresholds for 
the three logistic equationsthe three logistic equations

••Thresholds chosen so that the Thresholds chosen so that the 
scheme would not have a prediction scheme would not have a prediction 
bias toward any one quartilebias toward any one quartile

••LogLog--odds of a Q4 event is maximized odds of a Q4 event is maximized 
for for sin(wdirsin(wdir) between ) between --0.65 and 0.65 and --0.45, or 0.45, or 
wind directions between 205wind directions between 205°° --220220°° (SW)(SW)

••Opposing flow results in greater Opposing flow results in greater 
convergence along sea breeze frontconvergence along sea breeze front

••Likelihood of Q4 event peaks for Likelihood of Q4 event peaks for 
KI values between 25 and 30KI values between 25 and 30°° C, C, 
then declines for larger KI then declines for larger KI 

3. Equation Development3. Equation Development

Lightning over Portions of the Florida Peninsula Lightning over Portions of the Florida Peninsula 
A Statistical Procedure to Forecast Warm Season A Statistical Procedure to Forecast Warm Season 

JAX (1995- 2004): 
1. Flagler/ St. Johns

XMR (1992 -2004): 
2. Volusia
3. Brevard
4. Martin/ St. Lucie/ Indian River

MFL/PBI (1989 -2004): 
5. Palm Beach
6. Broward
7. Miami-Dade
8. Collier
9. Lee
10. Charlotte

TBW (1989 -2004): 
11. Manatee/ Sarasota

••To develop equations that predict To develop equations that predict 
whether at least one flash will whether at least one flash will 
occur, binary lightning indicators occur, binary lightning indicators 
were assigned to each day in the were assigned to each day in the 
dataset, i.e., dataset, i.e., ““11”” if at least one flash if at least one flash 
was observed, or a was observed, or a ““00”” otherwiseotherwise

••To predict the amount of lightning, To predict the amount of lightning, 
flash counts in each area first were flash counts in each area first were 
subdivided into 4 quartile groups:subdivided into 4 quartile groups:

Predictands:Predictands:

Forecast AreaForecast Area Q1Q1 Q2Q2 Q3Q3 Q4Q4

MiamiMiami--DadeDade 11--11             1211             12--52            5352            53 --166           >166166           >166

BrowardBroward 11--7                 87                 8--43            4443            44 --137           >137137           >137

Palm BeachPalm Beach 11--11             1211             12--67            6867            68--235           >235235           >235

Martin/St. Lucie/Martin/St. Lucie/IndInd. R.. R. 11--1818 1919--113        114113        114--378378 >378>378

BrevardBrevard 11--1111 1212--7777 7878--268268 >268>268

VolusiaVolusia 11--1616 1717--99          10099          100--324324 >324>324

Flagler/St. JohnsFlagler/St. Johns 11--1818 1919--115        116115        116--404404 >404>404

Manatee/SarasotaManatee/Sarasota 11--2020 2121--8888 8989--269269 >269>269

CharlotteCharlotte 11--88 99--3131 3232--103103 >103>103

LeeLee 11--1212 1313--4646 4747--137137 >137>137

CollierCollier 11--1313 1414--4444 4545--124124 >124>124

Conditional probability of a Q4 event:Conditional probability of a Q4 event:
PredictorPredictor CoefficientCoefficient PP--valuevalue
KIKI22 -- 0.3100.310 0.0070.007
Sin(wdirSin(wdir)) -- 1.7071.707 0.0000.000
Sin(wdir)Sin(wdir)22 0.3400.340 0.0000.000
PD quartile   PD quartile   0.2630.263 0.0000.000
(PD quart) x (SSI)  (PD quart) x (SSI)  -- 0.1040.104 0.0180.018
(PD quart) x (MNSPD)(PD quart) x (MNSPD) -- 0.1310.131 0.0000.000
ConstantConstant 1.3901.390 0.0000.000
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Results for Dependent Data:Results for Dependent Data:

Yes/No Equation: MiamiYes/No Equation: Miami--DadeDade

Upper 2Q model

Q1 model Q4 model

250 249 249 249 

Q1

>= 0.3584

Q2

< 0.3584

Prob (< 12 flashes)

< 0.4980

Q3

< 0.3717

Q4

>= 0.3717

Prob (> 166 flashes)

>= 0.4980

Prob (>= 53 flashes)

Skill Scores for All AreasSkill Scores for All Areas

Model ForecastModel Forecast Model PerformanceModel Performance

ObservedObserved Yes         No          CSI:         0.77Yes         No          CSI:         0.77

Yes             915         82           FAR:       0.17Yes             915         82           FAR:       0.17

NoNo 190        183          POD:       0.92190        183          POD:       0.92

Bias:       1.10Bias:       1.10

Persistence CSI:       0.69           Hit rate:   0.80Persistence CSI:       0.69           Hit rate:   0.80

Model skill score:   25.4%Model skill score:   25.4%

Forecast AreaForecast Area Model CSIModel CSI Persistence CSIPersistence CSI Skill scoreSkill score

VolusiaVolusia 0.750.75 0.640.64 32.0%32.0%

Flagler/St. Johns                   Flagler/St. Johns                   0.770.77 0.660.66 31.6%31.6%

BrevardBrevard 0.780.78 0.690.69 27.0%27.0%

CollierCollier 0.770.77 0.690.69 25.7%25.7%

MiamiMiami--DadeDade 0.770.77 0.690.69 25.4%25.4%

Palm BeachPalm Beach 0.760.76 0.680.68 25.3%25.3%

BrowardBroward 0.740.74 0.650.65 24.5%24.5%

Manatee/SarasotaManatee/Sarasota 0.770.77 0.710.71 23.6%23.6%

LeeLee 0.750.75 0.680.68 21.4%21.4%

Martin/St. Lucie/Martin/St. Lucie/IndInd. R.  . R.  0.800.80 0.750.75 20.5%20.5%

CharlotteCharlotte 0.720.72 0.660.66 15.6%15.6%

Skill scores for all eleven areasSkill scores for all eleven areas

••Scheme best forecasts Q1 & Q4 Scheme best forecasts Q1 & Q4 
events, and predicting to within events, and predicting to within 
one quartile of the observedone quartile of the observed

••Scheme more skillful than Scheme more skillful than 
persistence (% improvement over persistence (% improvement over 
persistence is positive)persistence is positive)

Forecast AreaForecast Area Quartile HRQuartile HR Quartile HRQuartile HR Skill scoreSkill score

ModelModel PersistencePersistence

Flagler/St. JohnsFlagler/St. Johns 0.460.46 0.330.33 20.0%20.0%

Brevard                   Brevard                   0.400.40 0.300.30 14.4%14.4%

Martin/St. Lucie/Martin/St. Lucie/IndInd. R.. R. 0.400.40 0.310.31 13.3%13.3%

Manatee/SarasotaManatee/Sarasota 0.400.40 0.320.32 11.2%11.2%

CollierCollier 0.400.40 0.320.32 11.2%11.2%

LeeLee 0.380.38 0.310.31 10.8%10.8%

VolusiaVolusia 0.380.38 0.310.31 9.2%9.2%

Palm BeachPalm Beach 0.400.40 0.340.34 9.1%9.1%

BrowardBroward 0.380.38 0.320.32 9.1%9.1%

MiamiMiami--DadeDade 0.400.40 0.360.36 6.4%6.4%

CharlotteCharlotte 0.350.35 0.310.31 6.4%6.4%

KK--fold Crossfold Cross--ValidationValidation

••Results for dependent data do not Results for dependent data do not 
assess how well the equations will assess how well the equations will 
predict cases that were not involved predict cases that were not involved 
in model developmentin model development

••A kA k--fold crossfold cross--validation was validation was 
performed for the Flagler/St. Johns performed for the Flagler/St. Johns 
and Charlotte forecast areas and Charlotte forecast areas 

••Results showed only a slight Results showed only a slight 
reduction in skill compared to the reduction in skill compared to the 
dependent data, and still were more dependent data, and still were more 
skillful than persistence! skillful than persistence! 


