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1. INTRODUCTION 

 
 Total lightning detection arrays, or those that 
measure both intracloud (IC) and cloud to ground (CG) 
lightning, detect very high frequency (VHF) sources 
associated with lightning breakdown processes.  The 
information from these networks may be useful to 
National Weather Service (NWS) offices for diagnosis of 
the potential for severe weather associated with a 

particular convective cell.  Currently, NWS forecast 
offices receive information from the National Lightning 
Detection Network (NLDN), a network of over 100 
sensors that record the position and polarity (positive or 
negative) of CG lightning in the continental United 
States.  Total lightning detection networks  
provide information in three dimensions about all 
lightning types within a thunderstorm, and cover a 
limited geographic area when compared to the national 

coverage of the NLDN.  A nine-sensor* Lightning 
Detection and Ranging (LDAR) II network owned by 
Vaisala, Inc., is currently in operation in the Dallas/Fort 
Worth (D/FW) metropolitan area.  Data from this 
network are sent in real time to NWS Southern Region 
Headquarters, and then passed to the Fort Worth/Dallas 
Weather Forecast Office (WFO FWD).  Meteorologists 
at WFO FWD can display the data using the Display 2-

Dimension (D2D) application that is part of the 
Advanced Weather Interactive Processing System 
(AWIPS) (Patrick and Demetriades 2005).  
 Past studies of total lightning in the warning 
decision process have focused on the use of flash rates 
as an indicator of severe weather from a convective cell 
(Williams et al 1999, Goodman et al. 2005).   Large 
jumps in the flash rate have preceded tornado reports at 

the surface by up to 20 minutes (Bridenstine et al 2005).  
In addition, a decrease in the height of the 95

th
 

percentile of the total lightning sources precedes 
tornadogenesis in some supercells (Steiger et al. 
2007a).  Plots of VHF source density and flash extent 
density (FED) in supercell thunderstorms show features 
such as lightning holes or lightning hook echoes 
(Demetriades et al. 2002, Lang et al. 2004, Murphy and 

Demetriades 2005) that appear to correspond to 
bounded weak echo regions (BWERs) and updrafts 
within the thunderstorm (Krehbiel et al. 2000, 
MacGorman et al. 2005).  The evolution and location of 
these features may prove useful in corroborating severe  
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Figure 1. Locations of the KFWS WSR-88D site and the 

D/FW LDAR network sensors that were active on the 
dates in this study. The center of the LDAR network is at 
D/FW International Airport (sensor site “A”). Adapted 
from Patrick and Demetriades (2005). 
 
storm signatures obtained from the Weather 
Surveillance Radar - 1988 Doppler (WSR-88D) 
(Krehbiel et al. 2000, MacGorman et al. 2005). 

 Three severe weather days over North Texas will 
be examined in this analysis. In the first case, from 25 
April 2005, a dryline located to the west of the D/FW 
metroplex served to initiate numerous showers and 
thunderstorms during the afternoon, including two 
tornadic supercells that moved across portions of 
Tarrant, Dallas, Johnson and Ellis counties.  Earlier that 
same month, on 5 April 2005, a broken line of 
thunderstorms developed in the afternoon hours across 

sections of Collin, Dallas, and Ellis counties.  Within this 
line, a supercell with left deviant motion moved across 
Dallas County and produced several reports of severe 
weather.  The final case is from 13 April 2007, when a 
linear mesoscale convective system (MCS) moved 
across the D/FW metroplex, including an embedded 
supercell crossing across northern sections of Tarrant 
and Dallas counties.  This cell was responsible for 

several reports of tornadoes and large hail across the 
network domain.  In order to investigate the use of total 
lightning observations in the warning decision process 
over North Central Texas, data from the LDAR network  
 
* On the dates included in this study, only 7 LDAR II 
sensors were installed and in operation  



 
Figure 2. Right hand shift in FED track for cell two on 
25 April 2005. Times are: (a) 2212 UTC, (b) 2216 UTC, 

(c) 2218 UTC, (d) 2222 UTC. 
 
will be combined with radar reflectivity and velocity 
images from the KFWS WSR-88D and storm reports 
from official Storm Data publications produced by the 
National Climatic Data Center (NCDC). 
 
2.  METHODOLOGY 

 
For this study, the D/FW LDAR II network was 

comprised of 7 sensors with baselines between 20 and 
30 km.  These sensors detect VHF radiation sources 
from lightning breakdown processes, which are then 
plotted in three dimensions by calculating their time of 
arrival at multiple sensor sites.  The flash detection 
efficiency of the network is believed to be greater than 

95% within the interior of the network, with a flash 
detection efficiency of 90% or greater out to a range of 
120 km.  The location accuracy of the sources is 
believed to be 200 m when the source is within a 30 km 
radius of the network center at D/FW International 
Airport.  The position error is expected to be less than 2 
km out to range of 150 km from the center of the 
network (Demetriades et al. 2002, Carey et al. 2005).     
 The data from the LDAR network is sent in real 

time to WFO FWD through the NWS Southern Region 
Headquarters.  The data is ingested into AWIPS via the  
Local Data Acquisition and Dissemination (LDAD) 
system at WFO FWD.  For the purposes of this study, 
only the LDAR data products available to forecasters at 
WFO FWD were used to analyze the total lightning 
activity during the severe weather event.  There are 
currently two data sets available for display within D2D, 

Gridded Source Density (GSD) and FED.  GSD plots 
the total number of sources per square kilometer 
(Murphy and Demetriades 2005).  FED is a measure of 
the total number of flashes that pass through one 
square kilometer (Lojou and Cummins 2005).  Each 
product displays data from a two-minute period, with 
images updated every two minutes.  This information is 
produced after the VHF sources are grouped into 

individual lightning flashes using a clustering algorithm.  
The data for both products are color coded and 
displayed in a manner similar to that of radar reflectivity. 
The color scheme in use was custom designed for the 
D/FW network by one of the co-authors (Greg Patrick, 

the Science and Operations Officer (SOO) at WFO 
FWD), and Nick Demetriades of Vaisala, Inc. GSD 
images are available in vertical slices through the 
Volume Browser menu in D2D.  Available vertical 
ranges are 0-20 km, 0-3 km, 3-6 km, 6-9 km, 9-12 km, 
12-15 km, and 15-18 km.  Currently, FED is the 
preferred product for most situations, as it is vertically 
integrated, and is less susceptible to range effects than 

simple source density plots, which suffer from a 
decrease in VHF source detection efficiency with 
increasing range (Carey et al. 2005). 
 Data on storm structure and evolution was 
obtained from the KFWS WSR-88D radar site, which is 
located about 44 km to the southwest of the center of 
the LDAR network (Fig. 1).  During the severe weather 
events the radar was operating in severe mode using 

Volume Coverage Pattern (VCP) 11.  VCP 11 provides 
both reflectivity and velocity images from 14 elevation 
angles, or “tilts” between 0.5 degrees and 19.5 degrees.  
Due to the number of samples taken, the update time 
between images is approximately 5 minutes (NOAA 
FMH-11).  This update time means that there are 
roughly two LDAR images produced for each radar scan 
update. 

 Reports of severe weather were taken from 
preliminary Storm Data reports available from WFO 
FWD and the official Storm Data published by NCDC.  
While these reports are generally in good agreement 
with the timing and location of convective cells from the 
KFWS data, the times listed on these reports may be up 
to 5 or 10 minutes off of the correct time due to the 
nature of the reporting method. 
 

 
Figure 3. FED and GSD images of cell one lightning 
hole at 2128 UTC on 25 April 2005. Images are: (a) 6-9 
km GSD, (b) 9-12 km GSD, (c) 12-15 km GSD, (d) FED. 
 
 



 
Figure 4. FED and radar reflectivity/cross section (line 
“D”) images of cell one lightning hole at 2128 UTC on 25 
April 2005. Note the weak echo region that extends 
upward 2-3 km in the lightning hole.  Radar images are 
from 2127 UTC. 

3. RESULTS 
 
3.1 25 April 2005 
 

On this date, an advancing dryline was moving 

eastward and was located just to the west of the D/FW 
metroplex by mid afternoon.  Several cells fired along 
this boundary, including the two supercells that were the 
main focus from this date.  At 2100 UTC, these two cells 
were located in eastern Tarrant and central Johnson 
County, and moved southeastward into Dallas and Ellis 
counties during the analysis period.  By 2300 UTC, the 
northern cell (cell one) had begun to dissipate, and cell 

two had moved into northeastern Navarro County.    
 The FED of cell one, the northern (Tarrant county) 
storm, exhibited a rightward shift in direction between 
2112 and 2118 UTC.  This FED shift to the right of the 
previous storm track corresponded to a similar shift in 
radar reflectivity data, and is discussed in detail in 
Patrick and Demetriades (2005).  The FED maxima of 
cell two, the southern (Johnson county) storm, also 

turned to the right, later in the study period, between 
2210 and 2222 UTC (Fig. 2).  However, this shift in FED 
maxima lagged behind the shift in radar reflectivity, 
which began around 2200 UTC (not shown).   
 Cell one displayed a minimum in FED and GSD in 
southeastern Tarrant county at 2128 UTC (Fig. 3).   This 
lightning hole was just to the east of a well-pronounced 
hook echo at low levels in the KFWS radar reflectivity 

data.  A north-south cross section of radar data through 
this FED minima shows that it corresponds to an area of 
relatively low radar reflectivity values up to an altitude of 
2 to 3 km (Fig. 4).  Another similar area of minimum 
FED values occurred at 2234 UTC, corresponding to an 
area where no sources were present in the GSD data 
(Fig. 5).  This region also corresponded to an area of 
weak reflectivity (25.5 - 27.5 dBZ) on the KFWS radar 
data at the 5.3 and 6.0 degree elevation angles, at 

altitudes of 7.2 km (23.7 kft) and 8.3 km (27.4 kft) above 
ground level (AGL) (not shown).  However, this lightning 
minimum corresponds to relatively high values of radar 
reflectivity (~55 dBZ) on the 0.5 and 1.5 degree 
elevation scans, at altitudes of approximately 1.1 km 
(3.7 kft) and 2.6 km (8.5 kft) AGL (not shown).    Each 
minimum in lightning activity was observed on only one 
two-minute image of either FED or GSD.  However each 

minimum was followed by a notch in the FED and GSD 
data that persisted for several images, corresponding to 
the updraft region of the cell as shown on the KFWS 
data. 
 Another interesting observation was the presence 
of appendages on cell one that appeared in displays of 
both FED and GSD at several points in the evolution of 
the storm.  They were present at 2116 UTC (Fig. 7c in 

Patrick and Demetriades 2005), and again between 
2132 and 2144 UTC (Fig. 6).  No similar features were 
observed in the FED or GSD images of the second cell.  
At 2158 UTC, another appendage was observed to form 
on the southern edge of the FED maxima from cell one 
(Fig. 7).  This appendage evolved over the next five 
FED images into a separate area of relatively high FED 
values separate from cell one.  During this time, the 



Figure 5. GSD and FED images of second cell one 
lightning hole at 2234 UTC, 25 April 2005.  Images are: 
(a) 6-9 km GSD, (b) 9-12 km GSD, (c) 12-15 km GSD, 

(d) FED. 
 

 
Figure 6. FED time series of cell one leading 
appendage (circled) from 25 April 2005.  Times are: (a) 

2132 UTC, (b) 2134 UTC, (c) 2138 UTC, (d) 2142 UTC.  
Updraft notches are marked with arrows. 
 
maximum FED value observed with this new feature 
was 16.8 flashes min

-1
km

-2
.  Cell one displayed a 

decrease in both the value and extent of the FED 
maxima during this ten-minute period.  At 2210 UTC, 
the two FED maxima merged on the D2D display into 
one feature.  FED values associated with the merged 

feature began to increase at 2216 UTC on the 
southwest side of the cell, with FED values approaching 
9 flashes min

-1
km

-2
.  This intensification continued until 

a maximum of over 17 flashes min
-1

km
-2

 was observed 
at 2226 UTC.  Trends in GSD for this event were similar 
to those displayed by the FED (Fig. 8), however an area 
of relatively high GSD was apparent at 2154 UTC, four 
minutes prior to being a prominent feature in the FED 

display.  The two GSD maxima remained distinct until 
2216 UTC when they were observed to merge.  GSD 
values reached a maximum of 30.4 sources min

-1
km

-2
 at 

2226 UTC, corresponding to the time of highest FED 
values. 

 Past research has shown that sharp peaks in 
lightning flash rate often precede reports of severe 
weather.  Williams et al (1999) found that these peaks 
occurred between 1 and 15 minutes before the severe 
weather, with flash rates increasing at a rate between 
20 and 100 flashes per minute per minute. Bridenstine 
et al (2005) found similar results from the North 
Alabama Lightning Mapping Array (LMA), with peaks in 

flash rate occurring between 3 and 20 minutes prior to 
tornado touchdowns.  FED values for both cells were 
variable throughout the study period, however several 
large changes in maximum FED values were readily 
observed.  Cell one displayed increasing FED values 
between 2124 and 2140 UTC, reaching values in 
excess of 30 flashes min

-1
km

-2 
(Fig. 9).  A drop in FED 

values then followed at 2142 UTC, where the maximum 

value was just over 21 flashes min
-1

km
-2

.  FED values 
quickly increased after this drop, with maximum values 
again above 30 flashes min

-1
km

-2
 by 2146 UTC (not 

shown).  Storm reports indicate that a tornado was 
spotted on the ground at 2135 UTC in Cedar Hill (NCDC 
2005).  Another “jump” in FED for cell one occurred just 
after 2200 UTC.  FED values increased between 2200 
and 2204 UTC, reaching a maximum value of 21.6 

flashes min
-1

km
-2  

(not shown).  The maximum FED 
value dropped below 10 flashes min

-1
km

-2
 at 2206, and 

continued to drop as a second FED maxima (discussed 
previously) approached from the southwest, but no 
severe weather was reported.  The FED increased 
again between 2220 and 2226 UTC after the apparent 
merger of these two features.  Maximum values reached 
just over 17 flashes min

-1
km

-2
 before dropping to below 

11 flashes min
-1

km
-2

 by 2230 UTC.  A report of 2.50 cm  

 

 
Figure 7. New FED maxima developing to the south of 
cell one and then merging with cell one.  Times are: (a) 
2158 UTC, (b) 2200 UTC, (c) 2206 UTC, and (d) 2210 

UTC on 25 April 2005. 



(1.00 in) hail was reported in Ferris in far northern Ellis 
County at 2221 UTC, corresponding roughly to a slight  
decrease in FED values as these two features merged. 
(NCDC 2005).  Cell two exhibited similar features in the 
time evolution of its FED values.  At 2128 UTC, 

maximum FED values with cell two reached a maximum 
of 14.7 flashes min

-1
km

-2
 just to the east of Alvarado.  At 

2130 the maximum FED value dropped to 5.51 flashes 
min

-1
km

-2
 before increasing again at 2132 UTC (not 

shown).  A tornado was reported 1 mile west of 
Alvarado at 21:25, and 2.50 cm (1.00 in) hail was 
reported in Alvarado at 2130 UTC (NCDC 2005).  
Another strong increase in FED occurred with this cell in 

western Ellis County between 2142 and 2148 UTC with 
values reaching a maximum value of 15.5 flashes min

-

1
km

-2
 at 2148 UTC (Fig. 10).  On the 2150 UTC image, 

FED values were observed to drop significantly, with a 
maximum of only 6.85 flashes min

-1
km

-2
 (Fig. 10).  A 

tornado was reported near the community of Maypearl 
at 2156 UTC (NCDC 2005). 
 

3.2 05 April 2005 
 
 LDAR data from this date was examined beginning 
at 2200 UTC.  At that time, a solid line of convection 
extended from southern Oklahoma down through Collin 
County.  This line extended further south and west as a 
broken line of cells from Collin to Bosque County.  The 
primary cell of interest on this date forms at 

approximately 2254 UTC on the tri-county border 
between Tarrant, Dallas and Ellis counties.  This cell 
undergoes a split beginning at 2309 UTC on the KFWS 
imagery, and the left moving cell rapidly moves 
northeast across Dallas county before merging with 
another cell in far eastern Collin county at approximately 
2348 UTC (Fig. 11). 
 This left moving cell exhibits similar updraft 
signatures in FED and GSD images to the northern 

supercell from 25 April.  Several “FED notches” were 
noted with this cell, corresponding to tight reflectivity 
gradients on the northwestern side of this cell (Figs. 12-
13).  FED values with this cell were much lower than 
those from the 25 April northern supercell, but two 
distinct peaks in FED activity were noted.  The first peak 
occurred at 2314 UTC with a maximum FED value of 
10.3 flashes min

-1
km

-2
 (Fig. 12).  FED values peaked 

with this cell again at 2326 UTC, with a maximum value 
of 10.1 flashes min

-1
km

-2
 over northeastern Dallas 

County (Fig. 13).  At 2322 UTC 2.50 cm (1.00 in) hail 
was reported 5 miles northeast of Dallas, and 3.75 cm 
(1.50 in) hail was reported two miles north of Garland 
(northeast of Dallas) at 2336 UTC.  A report of 2.50 cm 
(1.00 in) hail was reported in Blue Ridge, in eastern 
Collin County at 2350 UTC, immediately after the 

merger of the left moving cell with another cell in the 
line.  While there was some increase in FED values 
associated with this new cell prior to this severe weather 
event, an apparent loss of FED data at 2338 UTC 
(manifested as a significant drop in FED values across 
all cells for one image) makes it difficult to make an 
accurate statement on the lightning activity leading to 
this severe report.  A third, smaller cell began to develop 

 
Figure 8. Comparison of GSD and FED at 2154 UTC on 

25 April 2005.  Images are: (a) 6-9 km GSD, (b) 9-12 km 
GSD, (c) 12-15 km GSD, (d) FED.  Note highlighted 
region in (a), this feature evolved into the second 
maxima of FED displayed in Fig. 7, although it was not a 
distinct feature in FED until 2158 UTC, four minutes 
after appearing on the GSD display. 
 

 
Figure 9. Increasing values of FED associated with cell 
one at (a) 2124 UTC, (b) 2130 UTC, (c) 2136 UTC, and 
(d) 2140 UTC on 25 April 2005. 
 
northeast of Desoto in Dallas County at approximately 
2334 UTC.  This cell had a peak in FED of 14.4 flashes 
min

-1
km

-1
 just to the west of the town of Mesquite at 

2340 UTC, but no severe weather was reported at the 

time.  Again, data from this cell is also hampered by the 
apparent data loss mentioned previously, but after 
dropping off from 2340 UTC, FED values on the 
northeast side of this cell begin to rise again at 2358 
UTC in northeastern Rockwall County.  This activity 
peaked at a value of 15.5 flashes min

-1
km

-1
 (the highest 

seen on this date) at 0002 UTC (not shown).  FED 
values began to decline on the 0004 UTC image, which 



 
Figure 10. FED from cell two on 25 April 2005 from 
2148 and 2150 UTC. Note the dramatic decrease in 
FED between the two images. 
 
was the last image of FED data available for this study.  
Although this cell showed higher values of FED than the 
supercell in this case, no severe weather was reported 

with this cell. 
 The left moving supercell in this case displayed 
lightning appendages on the left flank of the cell similar 
to those seen on the right flank of the northern cell from 
April 25.  The first appendage developed at 2314 UTC 
and became more pronounced on the 23:16 UTC image 
(Fig.12).  The radar reflectivity image from 2319 UTC 
showed that the cell had shifted to the left of its track 

from the previous 6 volume scans (not shown).  A 
second appendage and an associated FED notch 
develop at 2328 UTC (Fig. 13).  After each of these 
appendages developed, the FED values appear to turn 
towards them, and the higher values of FED shift farther 
to the left.  The composite reflectivity data from KFWS 
showed what appears to be another, smaller, deflection 
to the north of the previous cell track beginning at 2334 

UTC (not shown). 

 
Figure 11. Evolution of left moving supercell from 05 
April 2005 from KFWS composite reflectivity.  Position 
of this cell is displayed at (a) 2309 UTC, (b) 2319 UTC, 

(c) 2329 UTC, and (d) 2339 UTC. 
 
3.3 13 April 2007 
 
 On this date, a dryline across North Central Texas 
served as a triggering mechanism for the formation of a 
broken line of isolated cells to the west of the 
Dallas/Fort Worth metroplex that soon formed into a 
solid linear MCS.  At the center of this line, an 

embedded supercell developed and moved across 
Tarrant and Dallas counties, producing several reports 
of tornadoes and hail up to 7.50 cm (3.00 in).  Due to 
concerns with network communications, only data after 
2300 UTC were considered in this study.  Additionally, 
at 2336 UTC, values of FED began to decrease for all 
cells, until all VHF data across the network were lost at 
23:43 UTC (not shown).  After this image, FED values 

began to slowly climb through the 2354 UTC image 
where values returned to their magnitudes before this 
data loss.  This loss in data occurred as areas of strong 
convection crossed several of the sensor sites. 
 The first feature of interest from this date occurs at 
2316 UTC in southern Denton County.  A large “hook” 
appendage developed on the southern edge of a large 
FED maximum (Fig. 14).  When compared to radar 

data, the FED minimum encircled by this appendage 
was located in an area with reflectivity values between 
40 and 45 dBZ (Fig. 15).  An area of cyclonic rotation 
and a radar hook echo develop on the southern end of 
this storm by 2332 UTC (Figs. 16 & 17).  This feature 
quickly dissipates within the next two radar volume 
scans as the activity to the south of this cell rapidly 
moves eastward.     

 At 2324 UTC, a notch begins to develop on the 
west side of the FED maxima located in Denton County 
(Fig. 18).  This feature persists into the network data 
loss period between 2336 and 2352 UTC.  After this 
data loss, the feature becomes most pronounced on the 
2354 UTC FED image as a sharp notch of low FED 
values extending into the large FED maxima that had  



Figure 12. Development of leading appendage on the 
left moving supercell and subsequent shift of FED 

maximum at (a) 2312 UTC, (b) 2314 UTC, (c) 2316 
UTC, and (c) 2318 UTC on 13 April 2007.  Updraft 
notches are marked with arrows. 
 

 
Figure 13. Development of second leading appendage 

associated with the left moving supercell from the 05 
April 2005 case.  Times are: (a) 2124 UTC, (b) 2126 
UTC, (c) 2128 UTC, and (d) 2130 UTC.  Updraft 
notches are marked with arrows. 
 
crossed into Collin County (Fig. 19).  At 2347 UTC, 
velocity data from the KFWS radar showed outbound 
velocities of over 80 knots in southeastern Denton 

County at approximately Outbound velocities at 
approximately 3.9 km (13.0 kft) and 3.0 km (10.0 kft) 
were 77 and 54 knots, respectively.  The 4.3 and 3.4-
degree tilts at this time also show a slight bow in 
reflectivity in this area.  At 0001 UTC, the bowing 
reflectivity was observed on the 2.4 and 1.5-degree tilts, 
and outbound velocities from the 2.4-degree tilt had 
increased from 54 knots at 2347 UTC to greater than 64 

knots.  Outbound velocities in this area on the 1.5-

degree scan were greater than 51 knots, at an altitude 
of approximately 2.1 km (7.1 kft) AGL (Fig. 20).  A wind 
gust of 50 knots was reported 0.9 miles northeast of 
Allen in south central Collin County at 0015 UTC (NCDC 
2007).  

 Another minimum of FED appears in Dallas 
County at 2354 UTC, associated with the supercell 
embedded within the convective line (Fig. 21).  This 
feature is located in an area of relatively low radar 
reflectivity values to the south of a tight radar reflectivity 
gradient and to the east of a radar hook echo that 
develops on the 2356 UTC 0.5-degree radar tilt (Fig. 
22).  A strong area of cyclonic rotation persists in this 

area for several volume scans, as shown on the 2356 
UTC velocity image (Fig.23).  At 0000 UTC on 06 April, 
a tornado was reported 4 miles to the east-northeast of 
Dallas (NCDC 2007). 
 
4. DISCUSSION AND CONCLUSIONS 

 

 Displays of FED and GSD have shown the ability 

of total lightning data to highlight key characteristics of 
supercell structure on the dates examined in this study. 
FED and GSD imagery successfully highlight the updraft 
regions of the cells, as shown by the lightning holes 
present at two separate times with the northern cell on 
April 25.  The radar reflectivity cross section through the 
first lightning hole on April 25

th
 clearly shows the vaulted 

shape corresponding to the updraft region of the parent 
thunderstorm.  Although each of these lightning holes 

themselves were only apparent on one image of either 
FED or GSD, both holes evolved into a persistent notch 
in the lightning data at the same location in the cell as 
the radar reflectivity hook echo or updraft notch, similar 
to the lightning notch described in Demetriades et al. 
(2002).  It is also worth noting that each lightning hole 
was far more evident in GSD rather than FED, as the 
method by which FED is calculated tends to fill in  

bounded areas without VHF sources.  This advantage of 
GSD over FED is good reason for forecasters to check  
 

 
Figure 14. Hook shaped FED appendage in Denton 
County at 2316 UTC on 13 April 2007. 



 
Figure 15. KFWS 0.5 degree reflectivity image from 
2317 UTC on 13 April 2007.  Highlighted area is the 
area encircled by the FED hook appendage in Fig. 14. 

 

 
Figure 16. 0.5 degree reflectivity image from KFWS 
radar at 2332 UTC on 13 April 2007 showing a radar 
hook echo that developed in southern Denton County. 
 

both products, at least at ranges close enough that GSD 
isn’t degraded by decreasing detection efficiency    
 On April 5

th
, similar updraft notches were present 

in FED imagery of the left moving supercell that crossed 
Dallas County.  In this case, the FED provides even 
greater benefit, as this cell tended not to have a well-
defined radar hook echo around the updraft region.  The 
presence of the updraft notch in FED in addition to the 

tight radar reflectivity gradient on the northwest side of 
this cell served to highlight  it as a left moving supercell, 
despite the lack of the “classic” supercell shape.   
 The embedded supercell from April 13

th
 also 

showed a minimum in FED at 2354 UTC that was 
clearly associated with the updraft region of this cell.  
Although this minimum appears to be visually similar to 
the lightning hole seen with the northern supercell on 25 

 
Figure 17. KFWS 0.5 degree velocity image from 2332 
UTC on 13 April 2007.  Highlighted location is the same 
as that in figure 16.  Note the velocity couplet co-located 

with the hook echo shown in Fig. 16. 
 
April, this may be a consequence of its location between 
the FED maximums associated with the convective core 
of the supercell and the flanking line to the south.  
Regardless of whether this feature is a true lightning 
hole, it does bring the forecaster’s attention to the 
updraft region associated with the main cell.  

Additionally, the lightning “hook echo” and associated 
FED minima that developed along the convective line in 
Denton County at 2316 UTC appears to have preceded 
the development of a mesocyclone north of the main 
supercell.  Although this hook feature only persisted for 
two LDAR update images, a small hook echo in radar 
reflectivity did develop by 2332 UTC, and an associated 
area of low-level rotation was observed in the velocity 

data.  Again, this was short lived, most likely due to the 
rapid speed of advance of the reflectivity line segment 
immediately to the south of this rotation, cutting off the 
inflow to the updraft in a similar manner to the death of 
the main supercell shortly after 0000 UTC.  It is 
interesting that in this particular case the development 
of the lightning “hook” and associated notch occurred 
roughly 15 minutes before it was observed in the radar 

data.   
 As a consequence of these results and those of 
other studies it appears that forecasters can use 
lightning data in D2D as a secondary indication of the 
presence of a strong updraft associated with a particular 
cell, as regions within the cell with little intracloud 
lightning have shown a strong correlation with the 
updraft region of the thunderstorm (Krehbiel et al. 2000, 
Goodman et al. 2005, Murphy and Demetriades 2005). 

 In a similar fashion, the rear notch in FED 
associated with the cell moving across southern Denton 
and Collin counties on 13 April 2007 appears to 
highlight an apparent rear inflow jet in this part of the 
convective line similar to the results of Steiger et al. 
(2007b).  This notch, which first formed at 2124 UTC, 
became most pronounced on the 2354 UTC FED  



 
Figure 18. FED notch developing at 2326 UTC on 13 

April 2007 on the back side of the cell in Denton County. 
 

 
Figure 19. FED notch from the same cell as figure 18 at 
2354 UTC on 13 April 2007.  A severe wind report was 
recorded just north of the town of Allen (located on the 
east side of the cell) at 0015 UTC. 

 
image.  The development of this feature preceded the 
descent of strong outbound radar velocities to low levels 
in the KFWS volume scans.  No rear inflow notches 
were readily apparent in radar reflectivity data during 
this time period with this line.  The occurrence of a 
severe wind gust near Allen in southern Collin County at 
0015 UTC suggests that this rear notch may be an FED  
signature of the potential for severe straight line wind 

gusts associated with a linear MCS as in Steiger et al. 
(2007b).  This feature is not to be confused with the 
“updraft” notches also described in the text.  The rear 
notch in FED from 13 April is a much larger and more 
pronounced feature than the updraft notches, and not 
located in an area of the cell that would suggest an 
updraft.  More cases involving linear systems with 
severe straight-line winds need to be investigated to 

determine whether this is an isolated feature or a 
reliable indication of severe weather potential.   
 Another very interesting result from this study is 
the occurrence of FED appendages that appear to 
signal a tendency for deviant motion with a supercell.  

On 25 April, the northern supercell develops two 
appendages during its lifetime that appear to be just to 
the east of the updraft region of the cell.  These 
appendages develop at 2116 and between 2132 and 
2144 UTC.  During both of these times the cell was in 
the process of shifting to the right of its previous track.  
Right moving supercells were favored on this day as 
shown by the 1900 UTC sounding from WFO FWD (not 

shown).  Additionally, two similar appendages were 
observed to develop with the left moving supercell from 
April 5

th
.  Again, each of these appendages developed 

at approximately the same time as the cell motion 
became more deviant, this time to the left.  After the 
development of each of these appendages, the highest 
values of FED appeared to “roll” towards these 
appendages, placing the highest FED values above the 

strongest reflectivity gradient with the cell.  This 
tendency appears to follow the observation from Steiger  
(2007) that the highest values of FED are found with the 
strongest gradients in reflectivity.  These observations 
appear to show that FED not only indicates updraft 
regions of a supercell but may also indicate when a new 
updraft is developing on the preferred side, leading to a 
shift in cell track.  This ability to highlight updraft 

development and propagation on a timescale faster than 
the update time of the WSR-88D makes the LDAR data 
an important resource for forecasters to maintain 
situational awareness during warning operations. 

 
Figure 10. KFWS radar reflectivity and velocity images 
from 0001 UTC 14 April 2007, showing bowing 

reflectivity and strong straight line winds just to the west 
of the town of Allen.  Images are 0.5 degree: (a) 
reflectivity and (b) velocity, and 2.4 degree: (c) 
reflectivity and (d) velocity.  
 
 
 
 



 
Figure 11. FED minimum associated with the 
embedded supercell in Dallas County at 2354 UTC on 
13 April 2007. 
 
 The results in this study also appear to support the 

hypothesis that trends in FED intensity show promise in 
indicating the potential for severe weather from a cell.  
Several efforts have been made to correlate changes in  
total lighting flash rates with the occurrence of severe 
weather at the surface (Williams et al 1999, Goodman et 
al 2005, Bridenstine et al. 2005, Steiger et al. 2007a,b), 
with some interesting results in regard to spikes in total 
flash rate and changes in altitude of lightning activity.  

Although FED values cannot be considered 
interchangeable with flash rates, as they are a derived 
product, they do appear to show a similar trend with 
respect to severe weather reports.  Spikes in FED 
values on April 25

th
 were visible in D2D before two 

reported tornadoes with the Johnson County cell, as 
well as large hail reports for each of the two cells.  The 
left moving supercell from April 5

th
 also showed two 

distinct spikes in lightning activity prior to reports of 
severe hail in Dallas County.  While this is encouraging 
evidence that the lightning data can aid in the warning 
decision process, the FED values with each cell varied 
substantially throughout the entire study period.  In the 
case of April 5, the cell with the highest FED values 
showed FED spikes without producing any severe 
weather, indicating that there are possibly other 

considerations beyond the maximum flash rate or FED 
value.  More research is needed to quantify what rates 
of change of FED or GSD are significant in order to 
reduce the false alarm potential associated with jumps 
in the lightning data. 
 The usefulness of the LDAR network also appears 
to be highly dependent upon the distance of the cell 
from the network and the performance ability of the 
network on a given day.  On April 25

th
, the southern cell 

consistently displayed much lower values of FED and 
GSD than the northern cell, despite having higher 
values of radar reflectivity and more severe weather 
reports.  It is unclear whether this is due to the detection 
ability of the network in the region transited by this cell,  

 
Figure 22. KFWS 0.5 degree reflectivity image from 
2356 UTC on 13 April 2007.  Highlighted location is the 
position of the FED minimum shown in Fig. 21, just to 
the east of a radar hook echo. 

 
or if perhaps the presence of another highly active cell 
closer in to the network acts to mask the farther storm, 
similar to the attenuation of radar energy passing 
through areas of strong convection.  While the 
installation of two more LDAR sensors on the southern 
side of the network should work to mitigate situations 
such as this, forecasters at WFO FWD must be 

educated on both the strengths and weaknesses of the 
LDAR data if they are to be able to accurately apply the 
lightning data into the warning decision process in real 
time.  Additionally, issues such as precipitation induced 
phase distortion, which can disrupt telecommunication 
paths and result in the loss of real time data, must also 
be understood by forecasters if they are to correctly 
interpret the lightning products.  A good example of 
such a situation occurs in the April 13

th
 case, as 

detected values of both FED and GSD drop off and 
return with all cells between 2336 and 2354 UTC.  While 
sharp decreases in FED values for one particular cell 
should signal a forecaster that a severe weather event 
may be imminent, a similar decrease with all cells is 
more likely a network detection issue, and not the 
harbinger of widespread severe weather.  As detection 
ability can vary day to day given the status of the 

network sensors, forecasters should be kept aware of 
any situations (maintenance, communication problems, 
etc.) that would affect the data being sent to the WFO, 
so that artificial signals are not treated as indicative of 
the actual convective or severe activity within a given 
cell. 
 Although the lightning images often exhibit trends 
that are quite similar to Doppler radar images in D2D, 

the LDAR network does present one clear advantage 
over the WSR-88D, which is the ability to rapidly update 
images during an event.  The total lighting data can be 
updated on any time step required, whether two minutes 
or every 30 seconds, as opposed to the radar, which 
currently updates each scan every four to six minutes.   



 
Figure 23. Four panel display of low level velocities 

over Dallas county at 2356 UTC on 13 April 2007.  
Images are: (a) 0.5 degree, (b) 1.5 degree, (c) 2.4 
degree, and (d) 3.4 degree velocity scans.  Encircled 
region is the location of the FED minimum shown in Fig. 
21. 
 
Thus, if a cell were producing high total lighting flash 
rates, it could be possible to display as many as ten 

lightning images per radar update.  While this is a very 
exciting proposition, more work will need to be done in 
order to quantify what amount of data needs to be 
displayed in each time step, and what changes in FED 
or GSD are significant over each time period, as trends 
may differ significantly for 30 second images as 
opposed to the current default 2 minute images.  
Additionally, while the potential for rapid updates is quite 
useful, it should be remembered that currently the 

primary sensor for the detection of sever weather is the 
WSR-88D radar, and LDAR data must be used in such 
a way that it does not detract from the forecaster’s 
ability to monitor the radar output.  While images of FED 
and GSD are useful, the analysis of these images takes 
up both display space within the AWIPS system and 
time from the forecaster in which they will not be able to 
monitor data from the Doppler radar.  In this regard, in 

future work it may be beneficial to develop an algorithm 
to track total lightning characteristics of a cell, similar to 
the storm cell identification and tracking (SCIT) 
algorithms currently in use with AWIPS. Such an 
algorithm could be set to trigger an alarm if certain 
thresholds in lightning activity (say total flash rate or 
source altitude) were reached.  Additionally, an 
algorithm could be used to detect issues with network 

performance, such as phase distortion, and disregard 
changes in the data that are unphysical.  This is 
perhaps the best way to use the LDAR data on days 
when widespread convection is occurring, as it can be 
used to highlight cells that may be more likely to 
produce severe weather, which could then be monitored 
with greater emphasis by the warning forecaster 
(Goodman et al. 2005).  By using the LDAR data in 

conjunction with Doppler radar measurements, the 

potential for predicting severe weather events could be 
increased. 
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