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The results presented in this study will allow forecasters in the NWS Miami Weather Forecast
Office, in a more quantitative basis, to increase their knowledge on the atmosphelitons suitable
for active lightning days and provide a better understanding of the performance of the Florida State
University/Florida Power and Light Corporation (FSU/FPL) model admting lightning. The FSU/FPL
model produces statisticallyerived forecast spatial fields of categorical lightning occurrence at various
times throughout the day using meteorological parameters as input. This presentation will outline how
the lightning forecasts for the 2012 convective season (:3uleptember) we analyzed in two ways:
1) comparing the forecast lightning from the FSU/FPL SREF model to the observed lightning from the
National Lightning Detection Network in South Florida; and 2) analyzing the weather conditions that
caused the highest frequencylightning.

The FSU/FPL model predicted 53% of all the lightning in the highest probability range for 152,
67% of all the lightning for 182, and 57% of all the lightning for 21Z in the highest probability range
indicating that the model was able to pretlie general area where lightning was observed for the 2012
convective seasoharge fluctuations in 500 mb temperature can explain one of the important physical
processes related to lightning activity over South Florida. Decreases in 500 mb tempesereires
generally correlated with an increase in lightning activity. However, a decrease in 500 mb temperature
did not result in an increase in lightning activity if sufficient moisture was not available, if cleed co
inhibited surface heatingy if the surface wind speeds were too strong to allow for intensification of sea
breeze fronts. Diagnosing the 500 mb temperatures alone was not sufficient to explain why lightning
occurred on certain days but not others, as there are many atmospheric varziiegl®. The
combination of low 500 mb temperatures with a moist airmass at the leading edge of a Saharan air mass
led to increases in lightning activity in South Florida. In addition to these results, images of detailed
weather patterns intended toméhe NWS Miami forecasters identify the days with the greatest potential
of active lightning will be presented.
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1.0 Introduction
The National Severe Storms Laboratory states that 62 pdmpbnd 300 are injured from being
struck by lightning on average in the United States every year. There were 74 recorded deaths in the state
of FIl orida alone from 1998 0t08802008 n( RWOilgZht ntihneg ND
Service reportedd deaths that occurred due to lightning in Florida, two of them in South Florida

(ALightning Safetyo).

This project is a collaborative effort between the Rosenstiel School of Marine and Atmospheric
Science at the University of Miami, the National Weat®ervice (NWS) Miami Weather Forecast Office
and the Meteorological Development Laboratory, both a part of the National Oceanic and Atmospheric
Administration (NOAA). The project aims to look at an existing statistical model for predicting lightning
and toverify the guidance using lightning observationstfte 2012 convective seasower land inSouth
Florida. Along with the verification of the guidance, a meteorological analysis of the atmospheric
conditions for days with high number of strikes will be performed as well as analyziogrititions for

days withlow lightning activityover land ad adjacent coastal waters

The model that is to be used to verify is the Short Range Ensemble Forecast (&E)afer
produced the existing lightning guidance as his Ph.D. dissertation at the Florida State University for
Florida Power and Light (FP&). The project focused on the regions in Midb@de and Broward
Counties to which FP&L provides services. The model was created to predict where dangerous lightning

could occur from noon to midnight that could lead to pomgages in the region (Shaf04).

The biggest producer of lighting during the convective season in South Florida is the sea breeze
front (Wexler 1946; Simpson 1994; Shafer 200#he shape of Florida in the south is very narrow
allowing the region to experience sea breezes froim bodsts: the west and the east. Another important
feature of South Florida is that the majority of the center is made up of wetlands, the Everglades. This

area can develop its own circulation that can interact and converge with the sea breeze front. The



metropolitan areas of South Florida lie close to the coast. This location creates favorable conditions for
l'ightning when the sea breeze comes from the east
direction and speed of the low level winds gitay a major role in how strong and how far inland the sea

breeze will propagate. A strong east wind will create a weak sea Hreatzéhat will affect the west

coast of South Florida, whereas a light east wind will be favorable for a strong seaftmelpeated on

or near the east coast affecting the metropolitan gtegez and Holle 1987; Arritt 1993; Lericos et al.

2002; Shafer 2004)Other factors that create convection and lightning in South Florida are outflow

boundaries from already existisgprms, synoptic distbances and lake breezes (Sh2f@04).

The lightning guidance was createdridg the convective seasorfrom 1989 to 2004Shafer
2004) The atmospheric variables important for sea breeze formation were considered in the gaieration
the lightning guidance: wind, stability and moisture. These parameters were extracted from the 12Z
radiosonde soundings from West Palm Beach and Miami, Florida. Days affected by synoptic disturbances
and tropical cyclones were removed from the datavbetreas atmospheric variables important to the
formation of lake breezes and outflow bournesmere not considered (Shagf04). The end result was
a statistical model produced and evaluated for the yearsZ2(@B9to predict where at least one lighthin

strike could occur during the convective season in Miami Dade and Broward Counties.

This project will verify the accuracy of the statistical model in predicting lightning strikes for the
2012 convective seasaver the landn South Florida. The obsemtdightning for the time period is
obtained from the National Lightning Detection Network (NLDN) of Vaisala Inc., and compared with the
guidance for verificatiof A Nat i onal Li ght ni Thgpuase of this studynis toNgive wor k 0
forecasters athe Miami National Weather Service Office detailed information about the accuracy of the
lightning model to increase the situational awareness of thditmns favorable for activightning in
the region. This will help improve the convective foreca$te forecasters will be presented with the
meteorological analysis of the 2012 convective season describing the atmospheric conditions that were

present for high number of lightning strike days and for days with few strikes.



2.0 Methods

This section explais how the obseed and forecast lightninmformation was collected and
compared to each other as well as which data was @edd to ground lightning observations are
obtained from the NLDN run by Vaisala Inc., which contains a little over a hundred sensors across the
United States. This network detects the cloud to ground lightning with the IMProved Accuracy from
Combined Tebnology (IMPACT) method (Cummins et al. 1998; Shal®04). The observations are
collected just for the South Florida regiand adjacent waterfor the whole day from 00Z to 00Z from

June 1st through September 30th, 2012. The notaberof lightning stikes for the day wasecorded.

2.1 Lightning Observations Maps

This sectionexplairs the reasoning for creating lightning magde KML file that contains
detailed information about the lightning (the time of each strike, the multiplicity and if ttke &ri
positive or negative) is utilized in the analysis. It needs to be noted that for June and July there was some
missing data due to an issue in archiving the observations. June had five missing days of lightning data
(June 15) and July had sixteen msiag days of lightning data (July-16). The lightning maps were
created to visually understand the accuracy of the model compared with the actual lightning that occurred
for each active day in the convective seasdme model data exists only for the laatkas, therefore
lightning observations over the ocean were removed when comparing lightning observations to the model
lightning forecastLightning observation maps were created first to visually see where lightning occurred
in comparison to the probabiés created by the model. The second maps were built from the first
lightning observation maps, except instead of the observed lightning, the number of lightning strikes that
occurred in each probability created by the model were displayed. This it aonpmmber on theisual
observation map. é¢Pcentages were calculated to assess the accuracy of the model to the lightning that
occurred.Lastly, lightning densities were calculated to account for the different areas of the probability

ranges, whiclproducea more accurate verification of the model.



The KML file is converted into a layer in the ArcGIS 10 program. This allows for manipulation
of a large data set into an organized image representing the lightniegdiorday. The symbology is
changed to display the location of positive lightning strikes and negative lightning $trikes South
Florida region. The Soutltlorida Forecast Zoneshapefile is added to the data frame for spatial
reference. The attribute tables of each KML filepresenting different days in the summer of 2012 is

edited to maximize the information that can be displayed in the map.

The lightning guidance data comes from the Short Range Ensemble Forecast (SREF) model and
for this project will only look at the praibility of 1 or more cloud to ground lightning strikes in a three
hour period.The SREF was choséo be verified due to a previoamalysis comparing the accuracy of
the different lightning modeldy the National Weather Service of Miami. Thairoject assssed the
accuracy of six different models by how well each of them preditghtning from the 18 to ZLtime
period during the 2[R convective seasonh@& SRERperformed the best over the other models. Therefore
we chose the SREF for this studfhe SRE guidance data is provided in a form compatible with ArcGIS
10.This project is to verify the day 1 forecast from the 15Z model run valid for ti8251821Z, and
21-00 periodsFor example, the 18Z model run includee model valid time from 121Z. Each forecast
time is valid for three hars prior to the forecast hourhe file is placed into ArcMap and the symbology
is changed to display the probability of oneroore strikes. The data is interpolated by an inverse
distance weighted (IDWinterpolaton to display the probabilities as a sudarather than gridded points.

With both the observed lightning data and the guidance data in ArcMap, the process of verifying the
guidance can begin. The obged lightning layer is plottedo just include the fecast times in the
guidance dataThe observed lightning data layer for the correct times is placed over the interpolated
guidance layer. From this, it is seen where the guidance lines up most wittstreeanl lightning. Maps

aremade for each forecasme.



2.2 Total Number of Observed Lightning for each SREF Probability Maps

From the set up produced by creating the lightning observations mapp éomeach forecast
time isproduced showing the numbef lightning strikes that fallén eachforecastprobability range. The
probabilities poduced by the SREF model aaganged intdhe followingranges: €10%, 16020%, 20
40%, 40-60%, and 6680% The datas joined with the observed lighing datato be able to quantitatively
show how many strikesccurred in each pbability range. This map is creattm each foreast time for
each day andisplays a number in each probability range representing the lightning strike total for each

range.

2.3 Percentagesand Lightning Densities of Observed Lightning in Top Two Probability
Ranges

The percentages that were created give a quantitative picture of how well the model did at
predicting the observed lightning. The two probability ranges tlaeealuated are only the top tviar
each time period, 15,8land 21Z.These percentages are calculated in ArcGIS by using the previously
created map with the total number of lightning strikes per probability range. Starting with the 15Z period,
the top probability r ange 6 s mberootlightning strikehforthe whgle i s d i
time period. The second highest probability rang
lightning strikes for the whole time period. This process is repeated for the other two time periods, 18 and

217.

The probabilities produced by the moaeake up different areafor this reason the data was
normalized to account for these different areas. Lightning densities were calculated for each time period
and the top two probability ranges. The densities wezated by taking the number of lightning strikes in
the highest probability range and dividing it by the area, in square kilometers, of the highest probability

range. The same was done for the second highest probability range.



2.4 Atmospheric ConditionsAnalysis

Along with verifying the guidance for the probability of lightning in the convective season of
2012 in South Florida, a meteorological analysis is also conducted. The analysis provides insight to the
meteorological conditions present that fatloe most activéightning days, compared with dawydgth very
little lightning activity. Thi s includes observing t he sur fac
Hydrometeorological Predication Cen{&lPC) for 21Z for each daynd the 500 mb mean temperature
andgopotential heights for the day fr @SRLNM&OWYAOGS Ez&¢
mean composites, moisture and stabilithe 00Z atmospheric sounding for &a of the days is also
analyzed. It should be noted that active days contain more maastdiiestability Howevet atmospheric
conditions change frequently throughout the day. The convection towards the end of the convective
season is lesdfacted by other dynamics unlike in Jurglect soundings for active and nactive days

are displayedh Appendix J and K

For each day in the summer of 2012 the 500 mb temperatures, interpolated freezing level and
precipitablewater areobtained from both the 12Z and 00Z atmospheric sounding. With this data each
variable is averaged for the active daps for thenon-activedays and placed in table Bihe days in the
summer with lightning data are plotted together in a bar graph as seen in figure 1. This graph shows each
day and the number of lightning strikes that occurred during thewkeniand and djacent watersFrom
this figure the active days aaebitrarily defined aglays withgreater than 2,000 strikesid the noractive

daysare defined as daysith less than 2,000 strikes.

The Miami National Weather Serviegea forecast discussiofsFDs) are reviewed for each of
the active days to rule out any days where lightning waduased by synoptic forcingrhe only days to
be considered are ones where the sea breeze is the main forcing mechanism behind the lightning
generationCertain patterns arexpected to come out of these area forecast discussions that will help

narrow down certain weather patterns that lead to the most lightning or least lightning activity.



3.0 Resultsand Discussion

There were 97 days in the convective season of 2012uséhlelightning datafor this project
Of the 97 days with data, 31 d¢fdse days hagreater than 2,000 strikes and were considered active days.
There were seven active days in June, six days in July, thirteen in August and five in September. June had
five missing days of lightning da{@une 15) and three daysJune 18, 19 and 2@jith a record of zero
strikes for the day. July had sixtemissing days of lightning data (Julyl®) and one dayJuly 25,with
zero strikesThe day with the greatestimber of lightning strikes for the Z#bur period was on June'5

with 8,972 strikegFigurel).
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Figure 1. Plot of observed lightningver land and adjacent waters of South Flofiiahe whole convective season indicabgdthe orange bar graph with the green tegicting
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To assess the accuracy dghe model two maps were createdne showng the interpolated
probabilitiesthat at least one strike or more will occur within akb® radius of a pot during a three
hour period and th#cation of the observed lightning for the dayd anothemap showing the same
interpolated probabilities with the number of lightning strikes that occurred within those interpolated
probabilities. The maps for each active day in June, July, August apdeShber can be dmd in
AppendicesA, B, C and D Figure 2 is of June 15 the most actie day of the convective season. Figure
2a showsa map with all three time periods, 157, 187, and 21Z. This indicates that there was lightning
activity present in althree time periods. This is not always the case for every active day asseamkia
the Appendix. The map on the left in Figur@igually represents where the observed lightning occurred
during each time period depicted by blue minus signs for nefjatbharged lightning strikes and gray
positive signs for positively charged lightning strikes. The colors represent the probabilities that were
created by the SREF model to predict where lightning can occur. This map visually lets the viewer see if
the olserved lightning fell into the probability range that was highest indicating where lightning activity
should occurThe map on the right in figurelas the same information present keeping the probabilities
interpolated by the model, but removing the fighg positions and adding numbers in each colored
polygon. The numbers represent the number of observed lightning strikes that occurred in each
probability range (colored polpm). From this informationstatistics of how well the model did at

predcting the lightning activity arealculated.
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Figure2. ArcGIS maps produced from analygithe SREF model depicting on the hefhere the observed lightning occurred in
respect to the model &iad, 1p4,18Adancc2l4 anchos thd righiow raaaycliphtning strikes qeaairred

in each probability range for each time period, 15Z, 18Z and 21Z. In figure a) the observed lightning is representeaiysblue

signs for negatively charged and gray positive signs foitipely charged lightning and the probabilities are represented by
colored polygons. In figure b) the probabilities remain the same represented as colored polygons and the numberseepresent th
number of observed lightning strikes that occuffeceach pobability zones

Quantitative results derived from the verification maps are shown in tabBesTable 1
represents all data from the 15Z time period €18Z). Thedays that had lightning strikes during this
time period are listed and eaistgiven a percentage based on how many lightning strikes out of the total
for the time period occurred in the highest probability range andettand highest probability range as
well as the lightning densities for the two probability ranJésese probability ranges can be explained
using figure 2. It should be noted that both maps have the same probabilities for, the tth@ye were no
changes made to the modék stated inhe methods, the probabilities are arranged into the following
ranges for every single active day10%, 1020%, 2040%, 4060% and 6680%. In figure 2 for 15Z,
there is only one probability, 10. This 10 indicates the probability range frbd8®0 During he 18Z time
period for June 1%(figure 2) the model produced probabilities 10, 20 and 30. This corresponds to the
probability ranges of 00%, 1620% and 280%. The reason 30% is not 40 as indicated in our
arrangement of the ranges is because the pitilesbproduced by the model for that tirperiod did not
exceed 30%. For the 18Z time perithie top probability range is 280% and the second highest
probability range is 120%. It should be noted the different areas of each probability range. The top
probability range has a smaller area than that of the second highest probabilityr heng&Z time period

for June 18 (figure 2) had model probabilities of 10, 20, 40, 60, and 66. This corresponds to the
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probability ranges of 00%, 1020%, 2040%, 4060% and 6866%. The highest probability range for

this time period would be 666% and the second highest probability range would b&046. Analyzing

the probabity rangesagain it i s evident that the highpasetl proba
to the second highest probability rangi@is occurdor almost every active day shovim appendices A

D.

The lightning densities were created to account for the differences in the areas of the top two
probability ranges. The values are found in$hene table (table 2). By doing the lightning densities, 10
out of the 19 day$53%), had the highest probability range predict the greatest eumb lightning
strikes The second highest probilitly range only predicted 4% of all the lightning in the 15Z time
period for all 19 daysTo continue to analyze June™ 8he percentagefor 15Z were not included in
table 1 because there was only one probability range and the model predicted this probability for all of
South Fleida. Therefore there would be no comparison of the highest and second highest probability

ranges as there was only one range.

Date Highest Lightning Density | Second Highest | Lightning Density
Probability Range | for Highest Range| Probability Range | for Second Highes
(%) (strikes/kn) (%) Range

(strikes/km)

June 8 21.40 0.158 78.20 0.115

July 17 28.51 0.072 63.21 0.012

July 22 49.50 0.031 49.40 0.038

July 23 0.00 0.00 14.20 0.006

July 24 0.00 0.00 100.0 0.001

July 30 28.30 0.011 71.70 0.004

August 3 35.40 0.483 43.60 0.223

August 5 9.62 0.003 90.40 0.004

August 9 0.00 0.00 100.00 0.00004

August 13 88.00 0.002 12.00 0.0001

August 14 29.50 0.016 70.20 0.014

August 16 50.30 0.067 46.30 0.027

August 17 16.10 0.004 83.90 0.001

August 22 0.00 0.00 100.00 0.002

August 27 70.00 0.057 30.00 0.007

September 4 0.00 0.00 75.00 0.003

September 6 27.20 0.032 39.00 0.012

September 20 0.00 0.00 25.30 0.002
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September 27 1.18 0.014 74.00 0.015

Total 21.10 53% 78.95 47%

Table 1. Lightning densities calculated for the highest and second highest probability ranges to account for the different areas of
each probability range during the 15Z time periBércentagesvere also calculatedf the lightning fallng in the highest
probability range or the second highest probability range interpolated from the SREF statistical model

Time Period Number of Days (out of 31)
152 19
182 30
2172 28

Table 2. Table of the number of active days per time period

Table 3refers to the active days with lightning that occurred during the 18Z time period (182
217). There are 30 out of the 31 active days that had lightning occur in the 18Z time (fsied)
Accounting for the differences in areas by calculating the lightning densities (table 3), the highest
probability range predicted the greatest nemtif lightning strikes at &3 for the 30 days with lightning
during the 18Z time period, whereas the second bigheoballity range only predicted 38. Now
analyzing the lightning densities for Juné1the lightning density for the highest probability ramgges

0.173 strikes/kf whereas the lightning density for the second highest probability remged.082

strikes/knf.

Date Highest Lightning Density | Second Highest | Lightning Density
Probability Range | for Highest Range| Probability Range | for Second Highes
(%) (strikes/km) (%) Range

(strikes/km)

June 6 92.30 0.022 7.69 0.0002

June 8 34.90 0.103 60.50 0.035

June 9 19.20 0.025 80.60 0.096

June 10 97.60 0.129 2.40 0.001

June 14 0.00 0.00 15.00 0.0002

June 15 31.30 0.173 68.00 0.082

June 16 72.60 0.008 22.60 0.004

July 17 12.20 0.0111 43.68 0.0114

July 21 0.00 0.00 97.20 0.057

July 22 39.10 0.011 35.10 0.007

July 23 2.80 0.047 88.80 0.073

July 24 3.60 0.033 76.80 0.084

July 30 22.50 0.036 45.20 0.035

August 2 11.10 0.019 88.70 0.066

August 3 40.20 0.130 42.60 0.047

August 4 69.30 0.025 30.50 0.015

August 5 44.50 0.063 52.00 0.021

August 9 4.40 0.023 87.80 0.005




13

August 13 21.70 0.089 73.70 0.042
August 14 64.40 0.063 35.50 0.037
August 16 34.00 0.051 57.40 0.029
August 17 25.20 0.082 61.00 0.030
August 21 0.11 0.064 61.10 0.084
August 22 0.00 0.102 51.10 0.040
August 23 16.20 0.056 83.80 0.034
September 4 0.00 0.00 0.81 0.001
September 5 0.00 0.00 64.10 0.089
September 6 16.00 0.166 69.00 0.102
September 20 16.90 0.216 76.40 0.084
September 27 1.14 0.065 17.00 0.052
Total 80.00 67% 20.00 33%

Table 3. Lightning densities calculated for the highest and second highest probability ranges to account for the different areas of
each probability range during the Z8time period. Percentages were also calculated of the lightning falling in the highest
probabilty range or the second highest probability range interpolated from the SREF statistical model

Table 4represents the active days that had lightning strikes during the 21Z time peried (21Z
00Z2). There are 28 of the 31 active days with lightning activitynduthe 217 time periotable 3. The
lightning densities for the 21Z time period are also presented in table 4 to account for the differences in
area. There were 16 out of the 28 dé&y&») that had the lightning density of the highest probability
rangepredict the greatest numbef lightning strikes The lightning densities for the second highest
probalility range only predicted 48 of the lightning strikes for the 28 days that had lightningndytihe
217 time period.The lightning density for the higst probability range on June ™%vas 0.017
strikes/kn? whereas the lightning density for the second highest probability range was 0.157 stfikes/km
In this case, June %t 217 was one of the 12 days where the lightning density for the second highest

probability range was greater than that of the highest probability range.

Date Highest Lightning Density | Second Highest | Lightning Density
Probability Range | for Highest Range| Probability Range | for Second Highes
(%) (strikes/kn) (%) Range

(strikes/kn)

June 8 14.80 0.032 65.80 0.049

June 9 14.40 0.152 69.80 0.063

June 10 68.90 0.062 30.20 0.010

June 14 7.21 0.093 91.70 0.079

June 15 0.59 0.017 63.10 0.157

June 16 51.70 0.010 48.30 0.003

July 17 59.20 0.035 40.85 0.004

July 21 0.30 0.00 68.20 0.053

July 23 88.30 0.091 11.70 0.019
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July 24 88.50 0.096 11.50 0.029
July 30 5.80 0.078 54.10 0.127
August 2 21.30 0.066 33.90 0.057
August 3 98.00 0.009 1.96 0.0001
August4 52.40 0.121 43.30 0.085
August 5 19.30 0.005 9.20 0.002
August 9 2.01 0.116 89.70 0.197
August 13 55.80 0.163 43.30 0.064
August 14 54.70 0.045 44.80 0.023
August 16 18.40 0.003 81.60 0.004
August 17 58.30 0.222 41.30 0.063
August 21 0.00 0.00 25.90 0.104
August 22 70.70 0.429 29.30 0.040
August 23 0.19 0.010 12.40 0.062
September 4 2.40 0.021 20.60 0.044
September 5 0.00 0.00 8.04 0.021
September 6 39.30 0.022 53.40 0.009
September 20 39.80 0.028 46.90 0.018
September 27 37.10 0.021 61.10 0.011
Total 42.86 57 % 57.14 43 %

Table 4. Lightning densities calculated for the highest and second highest probability ranges to account for the different areas of
each probability range during the Zltime period. Perceages were also calculated of the lightning falling in the highest
probability range or the second highest probability range interpolated from the SREF statistical model

From this analysis of the statistical model, for the 2012 convective s¢hsbighest probability
range predicted the majority of the lightning that was observed oveetlomdhighest probabilityange.
Interpretingthe mapshat were created (AppendicesDA the highest probability ranges seemed to be
small specific areasBy normalizing the data into lightning densities, the highest probability range
predicted the greatest number of lightning strikes by accounting for the differences in theTareas
concludethe model predicted 88 of allthe lightning in the highest probdibi range for 15Z, 6% of all
the lightning for 18Z, and 3% of all the ightning for 21Z in the highest probability ranigelicating that
the modelwas able to predidthe general area where lightning wabservedfor the 2012 convective

season.

To assgss the atmospheric conditions that were present dthingctive days anthe 12Z and
00Z 500mb temperature, freezing level and precipitable water were anahgt#d.5includes500 mb
temperatures, freezing levels and precipitable water for both tive aod the nofmctive days at 00 and

127. The variabledreezing level and precipitable watbave very little variability from active to nen
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active dgs. Even though there is some correlati@®f = 0.2) between the freezing level and 500 mb
temperatures, the colder the 500 mb temperatures the more unstable the atmosphere will be, which will
allow for clouds to grow vertically above the freezing level. For example, in South Florida, the average
freezing evel height is 4,439 m and the average 500 mb temperatures height is 5,500 m. When the
freezing level is colder the cloud has the opportunity to grow more effectively. In this case this

corresponds to 1,000 m of the cloud located in the mixed phase whinbwn to enhance lightning.

Month 127 500mb | 00Z 500mb | 12Z 00z 127 00z
Temperaturel Temperaturel Freezing | Freezing | Precipitable | Precipitable
() (©) Level (ft) | Level (ft) | Water (in) | Water (in)
JUNE
Active (7) -8.2 -7.6 14743.4 14648.5 1.77 1.82
Non-Active -6.7 -6.6 15343.0 15491.8 1.87 1.88
(15)
JULY
Active (6) -7.9 -7.8 14803.4 14808.4 1.94 1.98
NontActive (8) | -7.1 -7.0 15433.3 15427.1 1.54 1.65
AUGUST
Active (13) -6.9 -7.0 14738.0 15388.1 1.96 2.03
Non-Active -6.5 -6.2 15587.0 15538.4 1.92 2.02
(18)
SEPTEMBER
Active (5) -9.2 -8.3 14476.7 14179.1 1.90 2.07
Non-Active -6.7 -6.7 14663.4 14801.7 1.84 2.00
(25)

Table 5. Atableof 12 and 00Z 500 mb temperatures, freezing level, and precipitable water from atmospheric soundings for the
active days and neactive daysThenumber of active and negctive days isioted for each month in parenthesizes

Figure lincludes the 500nb tamperatures foD0Z represented by the green lifdde 12Z 500
mb temperatures wereompared td00Z and found to have the same trends with minor differences
therefore only the 00Z 500 miiemperatures are displayed igure 1.From visual analysisf figure 1
there are highs and lows tihelightning activity grouped together afar most of the days th@ipshighs
in the 500 mb temperaturesrrelate to increasédecreasedightning activity. It should be noted from
figure 1 that when the 500 mb temperatures re@ategrees C lightning is actually suppres3dw days
for which this wasan exceptiorare explained later ofzrom this figure days withgreater than 2,000
strikes were considerdgd beactive. To better understand the active days and what atmospheric set up

allowed for the high activity the average 500 mb temperature for each day were produclddram 6 s
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Earth System Research Laboratory (ESRL) reanalygisitning is enhanced whethe midlevels coo|
bringing in instability that allows for convective initiation and stronger updréafisther variable that is
important and needs to be present when theleviels cool is sufficient moisturénalysis of the 500 mb
temperature mapshows trends in the geographic distribution of the-lenels. The cooler midevels are

found to increase lightning activity on days conducive for sea breeze formation. The mechanism by which
this occurs is that when the rvliglvels are cooler and therel@v level convergence due to the sea breeze,

the difference in temperature between the surface andewets increase instability allowing for an
active lightning day.Along with these maps a corresponding 21Z surface map was incliéed.
pointing outspecific features the AFD for the day was analyzed to add and verify the fedtoees.

analysis of the active days for the whole convective seagoesgnted in Appendices F, G, H and I.

PN R T R— BT

WD#/ESFL Physkal Schness Divlstan 258

500mb Air Temparatyre (K) Composite Mesan
B/9/12

NCER/NGAR Reanalysis

Figure 3. The two figures are of the synoptic-sgt for August ith the image on the lefieing a reanalysis map from
NOAA6s Earth System Resear ch L alhther5a80tmb tepperatlires Brid jhe ichagé dnthe me a n
rightbeingasurfaceanalyi s map for 21Z from NOAAS6s Hydrometeorol ogical

An analysis of August'9is presented in figure 3 with the mean 500 mb temperatures in figure 3a
and the21Z surface analysis in figure 3ugust 9" had 3050 lightning strikes for the dand is
considered an active dayhe mean 500 mb temperatures indicate an area of higher temperatures across
the central United States with a trough of lower temperatures in the NortAeday. in June with this

same general synoptic pattern is Jurf® Bor July, the 28 mean 500 mb temperatures indicate lower

co
P

temperatures in the Northeast and warmer temperatures across the central United States. In September the
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pattern is a bit more northward but follows the sayamseral synoptic setp. September"shas lower
temperatures across the northern portion of the country and warmer temperatures across the southern
portion of the country. This sefp can be found in all of the active dapsAppendices H. Another

feature that is found in some active days is a cold pool just south of South Florida. This feature is present
in figure 3a but not as strong as other days. This cold pool tends to be present in most of the active days in
SeptemberFor August9™ the AFD stats that dry air was located over the Bahamas and expected to be
travelling towards the forecast area due to deep ridging over central Florida. The storm activity was

expected to occur by diurnal heating and collision of sea breeze fronts.

Investigating thénighs and lows in the 500 mb temperatureBguare 1 and figure 4is important
to understand why lightning occurred and why it did not. Generally speaking, over the month of June
there is strong variability in the 500 mb temperatures with lightning depénon the500 mb
temperature, but as the season progretiseyariability becomes small and less dependethi®500 mb
temperaturaccording to figurelFr om NOAAG6s Earth System Research
of the 500 mb temperature monthly mean from 1981 to 2010 was crastadreference to use in
investigating figure 1These climatologies can be found in Appendix E. The June 500mb temperature
climatology indicates a 500 mb temperature of ab@uio -8 degrees C. The July 500 mb temperature
climatology from the reanalysis shows a temperature of affotd -8 degrees C. The August 500 mb
temperature climatology indicates a temperature of akbub -7 degrees C. The September 500 mb
temperature climatology indicates a temperature of aifotet-7 degrees C.Theclimatology of 500 mb

temperatureshows that temperatures increase as the summer progresses.
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Convective Season 2012 - Lightning
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Figure 4. Plot of observed lightningver land and adjacent waters of South Flofidahe whole convective season indicated by the orange bar graph with the green line depicting
the 00Z 500 mb temperatures. The blue squares over the lightning represent the days with lightning strikes greatesthikas2,006 green circles at tA@®00 level indicate a

very high Saharan Dust event and the green circles at 1,500 indicate a moderate Saharan dust event. Note the Sahasaontiuavdaable for July. The circles A, B, C, D,

andE indicate areas to be analyzed
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Beginning with the month of Junearalyzing figure 4, ovalA, there is a dipin 500 mb
temperatures at Jun& With only 365 strikes. It is indicated in the AFD that mostly cloudy skies were
expected due to a frontal boundary to the north of the forecast area whichkeeplactivity, especially
from diurnal heating, at a minimum. The mostly cloudy skies allow for an increase in stability in the
lower levels inhibiting convective initiatioll.he next area of concern in ovAlin figure 4for the active
daysis June 8 and 10" where 500 mb temperatures were relatively warm. Both days had abundant
moisture and ability for the sea breezes to initiate convection but the wind speed on"Jioned ®n the
21Z surface analysis plot in Appendix F is about 15 knots. Strongspieedswill inhibit the sea breezes
from becoming well developed to initiate convectidhe next dipin the 500 mb temperaturds figure
4, oval Acorresponds to thmos active day in the seasdnne 18 and then an increase in temperature
with a decrease in activity until a major drop in the 500 mb temperatures on Judei28 23 recorded
980 lightning strikes. The AFD states there is abundant moisture from utieedp flow but mentions
mostly cloudy skies over the forecast area for the afternoon. The beginnings of tropical storm Debby were
locatedin the eastern Gulf of Mexico and from satellite analysis indicated that the location of tropical
storm Debbie kepthe forecast area under cloudy skies during the day of JuheTgpically tropical
cyclones warm the mitkvels due to their warm core characteristidhe decrease in 500 mb
temperatures associated with this day was just a small pocket of cold aiat@sbwith the tropical storm
to enhance lightning activityfeven though the 500 mb temperatures were low and near that of the most
active day, June 15 the conditions did not allow for any significant activity to occline rest of the
month saw an inease in 500 mb temperatures and decrease in lightning activity after tropical storm

Debby moved through bringing dry air into the forecast area.

The month of July is interestingecause the National Weather Service of Miamalyzed the
Saharan dust evesthat affected the forecast area in the month of July 284&lyzing figure 4 ovaB,

warmer temperatures correspond to a decrease in lightning activity and cooler temperatures correspond to
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an increase in lightning activity. July 2%vas a day depicting a dip the 500 mb temperatures. This day
produced only 78 lightning strikes. From analysis of the-B&0 mb relative humidity (RH) map at 12

and 00Z for this dayhere is significantry air presen{Appendix L) This knowledge cabe related to

the dust events that occurred amererecorded for the onth of July (figure Fas July 28 was a day

during a dust eveniTable 6relates these dust events to the amount of lightning that occurred the day
before the event, the days durithgg event and the day after the ev@&nist could affectthe number and

updraft strength in thunderstorms, possibly causing more updrafts during a dugSersamt et al. 2009;
Estupifiaret al 2012. At the leading edge of the dust airmass, an existimgaais with ample moisture is

still present over the area. The combination of this existing moisture with the possibility of increased
updrafts, as found by Susan et al. 2009, could be a possible explanation for the increased lightning
activity at the inteiace of the two airmassed:rom the results itable 5 lightning activity is increased

the day before an event and the day after. It should be noted that dust was found in small amounts on the
27" and 28 which could be why the lightning activity was not as intense as other days before or after the

event.

The month of August has very little variability in the change of 500 mb texnyes as indicated
in figures 1 and 4This month was the most active wit3 out of the 31 days being considered active, and
only 9 days with lightning less than 1,000 strikes. Augu&t\28s a noractive day with one of the only
notable dips in the 500 mb temperatures for Aufmsnd in figure 4, ovaCC. The moisture contémwas
analyzed by the 85800 mb relative humiditynapand the 850 mb winthapfound in Appendix L. The
AFD stated a subtropical ridge was over the forecast area with a frontal boundary to threndaatty
activity would be diurnalforced by sea breezebhe 850500 mb moisture map indicated a dry patch of

air to the east of South Florida at 12Z with some moisture but nothing ideal for convective initiation.
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Figure 5. The plot is of July 2012 plotted with aerosol optical depth to indicate when the Saharan Dust events occurred. Red
circles and corresponding mbers above indicate a Saharastcevent Estupifiaret al2012

Event Number Time Frame off Number ofStrikes | Number of Strikes| Number of Strikes
Dust Event Day Before Days During Day After
3 18" 20" 17" 2396 18"1185 21°- 2884
19"-75
20"- 364
4 21°- morning of| 20™ 364 21°-2884 23% 4894
22" 22" 3563
5 24" 26" 23% 4894 24"-4345 27" 359
25"0
26" 93
6 29" 30" 28" 395 29"-78 31 1615
30" 4817

Table 6. Days n July affected by the Saharan dugeris and the associated number of lightning strikes for each day before,
during and after

The winds from the 850 wind map indicdtet it would advect high moisture into the area by August
21st at 00Z and push out that dry patch. To conclude on the lack of activity the ideal moisture was not
able to make it into the air until early evening.eTéne notable active day with increased lightning but
very warm 500 mb temperatures was August @igure 4, ovalC). Tropical Storm Isaac was located in

the eastern Gulf of Mexico during this day and was, according to the AFD, continuing to brintgaouter
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bands to the forecast are®ith widespread clouds it can decrease significantly the convection
initialization over the local area and reduce lightning activity by keeping the land from heating up during
the day. This does not allow for a sufficieatrperature gradient between the ocean temperature and the

land temperature producing a weak to+saistent sea breeze front.

September had more variation in changes in the 500 mb temperatures than August but
corresponded to the same pattern seen forother months(figures 1, 4) The pattern is when the
temperatures increase there is a lack or decrease in lightning activity and wbe0 thbtemperatures
decrease there is an increase in activity. The biggest increase in temperatures is at the lmégimain
month with little activity Shortly after the increase in temperatutbg, 500 mbtemperatures decrease
and activity sharply increas¢Bgure 4, ovalD). The end of the month has a sharp decrease in 500 mb
temperaturesn oval E where investigadbn of the moisture content in Appendix L indicates significant
levels of moisture to aid in convective initiation. The AFD stated for tHg&7 active day) that a mid to
upper level shortwave in the area would help to enhance convection createcéy breeze with a mid
to upper level low located over the eastern Gulf of Mexico on tf¢t28 was expected to either enhance
or bring subsidence into the forecast avsfer this dip in temperatures, it rises again at the end of the

month with very litle activity.

4.0 Conclusiors

The convective season of 2012 and associated observed lightning was used to verify the statistical
model created by Philip Shafer used to predict where lightning can ddwufd.5Z model cycle was used
for the verification. The valid times verified were the 15, 18 and 21Z for day one. Two different lightning
maps were created to visually show how well the observed lightning matched up with the probability of
lightning that ca occur from the modePercentageand lightning densitiesere produced to analyze the

accuracy of the model to the observed lightning in the top two probability ranges. Certain atmospheric
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conditions, 500 mb temperatures, stability, moisture, and signigattures, were analyzed to determine

what conditions lead to an enhancement or decrease in lightning activity.

The following are the main conclusions:

(1) The forecast lightning is verified with the Vaisala lightning dater the land onlyBy

analyzng the model byightning densities, it was found that the different areas of the probability
ranges did matter i n WJeemodel predctgd 58% & allthe ligktding 6 a c c
in the highest probability range for 157, 67% of all the lighgnfor 182, and 57% of all the

lightning for 21Z in the highest probability range indicating thatmodel was able to predict the

general area where lightning was observed for the 2012 convective season.

(2) The changes in the 500 mb temperatures wamaed in figure 1land 4as it correlated with

a relativeincrease or decrease in the lightning actiater South Florida and adjacent waters
Diagnosing the 500 mb temperatures alone is not enough to explain why lightning occurred on
certain days ovedays where little activity occurred, as there are many variables to coridider.

500 mbtemperature conveyhe overall trend well but it does not explain the entire physical
process.A decrease in 500 mb temperatures does not necessarily correlatanerease in
lightning activity if there is not sufficient moisture available or the surface wind speeds are too
strong to allow for intensification of sea breeze fromisother inhibiting factor would be

significant cloud cover decreasitigeamount of lghtning developed ovéandduring the day.

(3) It was found that lower pressure across the northeastern United States and higher pressure in
the central United States at the Aedels helps to funnel in colder air into South Florida to bring
instability in the middle atmosphere to help initiate thunderstorm activigyeass in lightning

activity were also noted with mitkbvel cutoff lows around the Florida peninsula.

(4) From the small amount of Saharan dust data in July, a conclusion was maderb#sed o

amount of lightning that occurred during the dust events. Lightning activity tends to increase
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before the dust arrives and right after the dust event is ibvepossible that the combination of
the dust and the dry air associated with it combiwéti the moisture still present along the

leading edge of the dust could be enhancing the lightning activity.

(5) Tropical cyclones that brushed by South Florida in 2012, Debbie and Isaac, brought
significant cloud cover over the area and broughdriyn air behind each storrand limited
activity. As stated prior, cloud cover diminishegyorous daytime convectioover the land

therefore decreasing the overall lightning activity.

(6) It should be notethat this was a study ainly one convective seastimat examinedrends in

500 mb temperatures along with variables like moisture and stability that are of use to cgleration
meteorology. Future workvould include adding more convective years to the study, and
investigating further the relationship betweSaharan dust and lightning activiiyhe lightning

data that was obtained was for a 24 hour perfgtbther question that could be investigated
would be if the ooling of the midievels increasethe number of hours lightning activity occurs

in South Floida. A more detailed analysis otlter variables possibly affecting lightning can be
investigated in the futur@e.g. upper level divergence, low level convergence, vorticity maxima,

etc.).

The results will allow forecasters in the South Florida Forgd#ate to increase their knowledge
on the atmospheric conditions suitable for lightning and provide a better understanding of the model and
how it performs in predicting lightninggmall changes in the00 mb temperatures can have a significant
effect in he overall lightning activity expected on a given day. The combination of cool 500 mb
temperatures with a moistraiass at the leading edge ofSaharan air mass can lead to increases in
lightning activity in South Florida. The images presented in therajipes of this paper will help the

Miami forecasters identify the days with the greatest potential of active lightning.
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Appendix A. June Lightning Maps
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Probability of At Least One Strike From SREF Model Overlaid with Observed Lightning Total Observed Lightning in Probability Zones
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ArcGIS maps produced from analyzing the SREF model for active days in June depicting in a, c, e, g, i, Kk,
m where the observed | ightning occurred in respec

18Z and 21Z and in b, d, f, h, j, I, mlv many lightning strikes occurred in each probability range for

each time period, 15Z, 18Z and 21Z. In figures a, c, €, g, i, k, m the observed lightning is represented by
blue minus signs for negatively charged and gray positive signs for positivetyedhiightning and the
probabilities are represented by colored polygons. In figures b, d, f, h, j, I, n the probabilities remain the
same represented as colored polygons and the numbers represent the number of observed lightning strikes
that occurred. Notéhat not all active days had lightning that occurred during all three tinn@dpét5,

18 and 21Z)June & and 1%' had all lightning activity during all three time period&om thesecond

map, figures b, d, f, h, j, | and n, the statistics were &atied to evaluate the accuracy of the SREF
model.
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ArcGIS maps produced from analyzing the SREF model for active days in July depicting in a, cke, g, i
where the observed | ightning occurred in respect
18Z and 21Z and in b, d, f, h, j, | how many lightning strikes occurred in each probability range for each
time period, 15Z, 18Z and 21Z. In figurasc, €, g, i, k the observed lightning is represented by blue
minus signs for negatively charged and gray positive signs for positively charged lightning and the
probabilities are represented by colored polygons. In figures b, d, f, h, j, | the pradmbdihain the

same represented as colored polygons and the numbers represent the number of observed lightning strikes
that occurred. Note that not all active days had lightning that occurred during all three time periods (15,
18 and 21Z). For July, the ?2id not have lightning during all three time periods, only during the 18 and

21Z time periods. From the second mgures b, d, f, h, j and the statistics were calculated to evaluate

the accuracy of the SREF model.
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Appendix C. August Lightning Maps
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Probability of At Least One Strike From SREF Model Overlaid with Observed Lightning
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Probability of At Least One Strike From SREF Model Overlaid with Observed Lightning Total Observed Lightning in Probability Zones
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ArcGIS maps produced from analyzing the SREF model for active days in September depicting in a, c, €,
giwhere the observed | ightning occurred in respect
18Z and 21Z and in b, d, f, h, j how many lightning strikes occurred in each probability range for each
time period, 15Z, 18Z and 21Z. In figures agecg, i the observed lightning is represented by blue minus
signs for negatively charged and gray positive signs for positively charged lightning and the probabilities
are represented by colored polygons. In figures b, d, f, h, j the probabilities réimaianbe represented

as colored polygons and the numbers represent the number of observed lightning strikes that occurred.
Note that not all active days had lightning that occurred during all three time periods (15, 18 and 21Z).
August 21, 23 and 37did not have lightning activity during all three periods. August 21 ardi2&d

activity only in the 18 and 21Z time periods, whereas Augu$th2id lightning during the 15 and 18Z

time periods.From the second map, figures b, d, f, h, j, I, n, p, r, t, \and z, the statistics were
calculated to evaluate the accuracy of the SREF model.

Appendix D. September Lightning Maps
| a. | b.




36

Probability of At Least One Strike From SREF Model Overlaid with Observed Lightning
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ArcGIS maps produced from analyzing the SREF model for active days in September depicting in a, c, €,

g, i where the observed lightning occurred in res
18Z and 21Z and in b, d, f, h, j how many liging strikes occurred in each probability range for each

time period, 15Z, 18Z and 21Z. In figures a, c, €, g, i the observed lightning is represented by blue minus
signs for negatively charged and gray positive signs for positively charged lightninigeamiababilities

are represented by colored polygons. In figures b, d, f, h, j the probabilities remain the same represented

as colored polygons and the numbers represent the number of observed lightning strikes that occurred.
From the second map, figurbsd, f, h, and j the statistics were calculated to evaluate the accuracy of the
SREF model.

Appendix E. 500 mb Temperatures
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Figures of each month in the convective season depicting in a, c, e, g the meant&@tpenatures for

the month in 2012 and for figures b, d, f, h, a 29 year climatology from 1981 to 2010. Figures obtained
from NOAAG6Gs Earth System Research Laboratory (ES
climatology indicates a 500 mb temperatofeabout-7 to -8 degrees C. The July 500 mb temperature
climatology from the reanalysis shows a temperature of afjotd -8 degrees C. The August 500 mb
temperature climatology indicates a temperature of albub -7 degrees C. The September 500 mb
temperature climatology indicates a temperature of ab®ub -7 degrees C. Comparing these with the

2012 monthly averages for each month (figures a, c, e, g) June had a rahge-éfcoming in a degree

warmer than the climatology, and the rest oftfenths, July, August and September had the same range

as climatology for the 2012 average.

Appendix F. June Analysis
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NGea/ERRL Physkal Sclnees Dilaon

500mb Air Temperaturs (K) Composite hean
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The two figures are of the synoptic sgt for the active days in June with a, c, e, g, i, kK, m being a
reanal ysis map from NOAAG6s Earth System Research
500 mb temperatures and b, d, f, h, j, I, n being aascrge anal ysi s ma p for 21.
Hydrometeorological Predication Center (HPC). Upon examination of all the mean 500 mb temperatures,

the pattern seems to be the same for each day. There is an area of warmer temperatures located in the
central United Sttes with lower temperatures located along the Northeastern coast of the United States.

Appendix G. July Analysis
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ND&A/ESRL Physkal Sckncss Bivlatan
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The two figures are of the synoptic sgt for the active days in July with a, c, e, g, i, k being a reanalysis

map from NOAAO6s Earth System Research Laboratory
temperatures and b, d, f, h, j, | being a surfaeelary si s map f or 21Z from NOAAO
Predication Center (HPClYpon examination of all the mean 500 mb temperatures, the pattern seems to

be the same for each day. There is an area of warmer temperatures located in the central United States
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with lower temperatures located along the Northeastern coast of the United States. There is a slight
difference to three of the days in July. For Juli} {ffgure a), July 2% (figure c) and July 30(figure k)
there is a cold pool located south of South Florida.

Appendix H. August Analysis
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The two figures are of the synoptic-ggt for the active days in August with a, ¢, e, g, i, k, m, 0, Q, S, U, w,

y being a reanalysis map from NOAAOGs Earth Syst
composites of the 500 mb temperatures and b, dj,fl,m, p, r, t, v, X, z being a surface analysis map for

21Z from NOAAbds Hydrometeorological Predication C
500 mb temperatures, the pattern seems to be the same for each day. There is an area of warmer
temperaures located in the central United States with lower temperatures located along the Northeastern
coast of the United Statedust like in July there are days that include a cold pool south of South Florida.

For August there a lot more days that do so timafuly. One day that was different was August' 27

(figure y) that had a warm pool over and south of South Florida rather than a cold pool.

Appendix |. September Analysis
| a. | b.
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The two figures are of the synoptic gt for the active days in September with a, c, e, g, i being a
reanal ysis map from NOAAG6s Earth System Research
500 mb temperatures and b, d, f, h, j being a surfacé gmai s ma p for 21z fr
Hydrometeorological Predication Center (HPC). Upon examination of all the mean 500 mb temperatures,

the pattern seems to be the same for each day. There is an area of warmer temperatures located in the
central United States th lower temperatures located along the Northeastern coast of the United States.

For every active day in September, besides SeptembBée(fig0re g) and September 2figure i), there

was a cold pool located around the South Florida drea.differencawith the 2@ and the 27 was that

the cooler temperatures covered the entire United States.
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SkewT diagrams at 00Z for 15 of the 31 active daptained from Wyoming Weather W.ebhe order of

the soundings iplaced from left to right by greatest number of strikes. The order goes as follows: June
15, June 8, August 3, August 22, August 14, June 9, August 21, July 23, July 30, September 5, July 24
August 17, September 6, June 10, and August 13.
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