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Executive Summary 

The purpose of this report is to document the Applied Meteorology Unit’s (AMU) evaluation of the 
Cell Trends display as a tool for radar operators to use in their evaluation of storm cell strength.  The 
objective of the evaluation is to assess the utility of the WSR-88D graphical Cell Trends display for local 
radar cell interpretation in support of the 45th Weather Squadron (45 WS), Spaceflight Meteorology Group 
(SMG), and National Weather Service (NWS) Melbourne (MLB) operational requirements. 

The evaluation guidelines, along with the selected case days, were determined by consensus among the 
45 WS, SMG, NWS MLB, and AMU.  Four case days for a total of 52 cells were selected for evaluation: 
29 March and 23 April 1997 (cold season cases) and 11 July 1995 and 13 August 1996 (warm season 
cases).  The WSR-88D (Level II) base data from the NWS MLB was used along with WATADS (WSR-
88D Algorithm Testing and Display) Build 9.0 from the National Severe Storm Laboratory (NSSL) as the 
analysis tool.  WATADS allows for the replay of historical data and has all the algorithms used in the 
WSR-88D Build 9.0 operational system so it closely matches the WSR-88D Principal User Processor 
(PUP) product output. 

The analysis procedure was to identify each cell and track the maximum reflectivity, height of 
maximum reflectivity, storm top, storm base, hail and severe hail probability, cell-based Vertically 
Integrated Liquid (VIL) and core aspect ratio using WATADS cell trends information.  One problem noted 
in the analysis phase was that the Storm Cell Identification and Tracking (SCIT) algorithm had a difficult 
time tracking the small cells associated with the Florida weather regimes.  The analysis indicated numerous 
occasions when a cell track would end or an existing cell would be given a new ID in the middle of its life 
cycle. 

Analysis of the four case days has shown that most cells associated with significant weather do show a 
trend in certain cell attributes (a signature).  Hail was classified as an event if there was observed or 
reported .50 inch or greater in the vicinity of a cell.  Wind cases were classified as an event if there was 
reported wind damage or if a microburst signature (gust GT 35 kt) was observed on CCAS wind tower 
network.  Cells that exhibit a rapid increase or decrease in their height of maximum reflectivity and cell-
based VIL over the same time period can be associated with significant weather.  Those cells that do not 
show these changes are typically not associated with significant weather events.  Other Cell Trends 
attributes did not show any useful signatures.  As an example, the Hail Probability 100% threshold was 
indicated on 90% (47/52) of all storms. 

This investigation has found that most cells, which produce large hail or damaging microburst events, 
have discernable Cell Trends signatures.  Forecasters should monitor the PUP’s Cell Trends display for 
cells that show rapid (1 scan) changes in both the height of maximum reflectivity and cell-based VIL.  For 
microburst development, there is generally 

• A 8000 ft or greater decrease in the height of maximum reflectivity (initially at 
18000 ft or greater) and  

• A decrease in cell-based VIL by 10 kg/m2 or greater prior to the wind event. 

For the hail events there is generally a rapid (1 volume scan) 

• Increase in the height of maximum reflectivity by 8000 ft or greater to 18000 ft or 
greater and  

• The cell-based VIL increased by 10 kg/m2 or greater prior to the hail events. 

It is important to note that this is a very limited data set (four case days).  Fifty-two (52) storm cells 
were analyzed during those four days.  The above mentioned trends increase in the two cell attributes for 
hail events (reported ½ inch or greater) and decrease in the two cell attributes for wind events (observed or 
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reported wind damage) were noted in most of the cells.  Lead times ranged from 5 to 20 minutes.  The 
probability of detection was 88% for both event types.  The False Alarm Rate (FAR) was 36% for hail 
events and a respectable 25% for microburst events.  In addition the Heidke Skill Score (HSS) is 0.65 for 
hail events and 0.67 for microburst events.  For a random forecast, the HSS is 0 and for a perfect forecast, 
the score is 1. 

Radar operators need to monitor storm cells and watch for trends that change quickly.  Any quick 
change in a cell’s structure is usually a precursor that a cell characteristic has changed or is changing.  
These changes can be associated with the development or decay of a severe storm.  Using the WSR-88D 
PUP Cell Trends display can help the forecaster in highlighting trends in a cell’s attributes of: maximum 
reflectivity, height of maximum reflectivity, storm top, storm base, hail and severe hail probability, and 
cell-based VIL.  The AMU found that two of the important attributes to monitor are height of the maximum 
reflectivity and cell-based VIL.  By monitoring these two attributes a forecaster can have a better advantage 
for determining if a storm cell is becoming severe and may produce a microburst or large hail. 
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1.0 Introduction 

1.1 Applied Meteorology Unit Tasking 

Under the Instrumentation and Measurement Systems Evaluation Task (003), Subtask 4, the Applied 
Meteorology Unit (AMU) evaluated the use of Cell Trends as a tool for operators to use in their evaluation 
of storm cell strength.  The goal of the AMU’s analysis was to determine if there were any thresholds or 
signatures in the Weather Surveillance Radar 1988 Doppler (WSR-88D) NEXRAD Cell Trends display 
that would help forecast storm intensity.  Consensus between the 45th Weather Squadron (45 WS), 
Spaceflight Meteorology Group (SMG), and the National Weather Service Melbourne (NWS MLB) 
determined the evaluation methodology and the case day selections.  Four cases were selected for 
evaluation, two (29 March 1997 and 23 April 1997) cold season cases and two (11 July 1995 and 13 
August 1996) warm season cases. 

1.2 Purpose and Organization of the Report 

This report documents the results of the AMU’s evaluation of the WSR-88D Cell Trend attributes.  
Section 2 describes the WSR-88D Build 9.0 Cell Trends display, Section 3 details the data collection and 
analysis process, Section 4 describes the results of the analysis, and a summary and list of 
recommendations are included in Section 5. 

2.0 WSR-88D Cell Trends Background 

WSR-88D Build 9.0 added several new capabilities, products, and algorithms to the WSR-88D 
Principal User Processor (PUP) display.  The AMU was tasked to analyze one of the new displays, the Cell 
Trends display.  Cell Trends is a user selectable product that the radar operator is able to choose from the 
graphics tablet.  It uses the new Storm Cell Identification and Tracking (SCIT) algorithm which is used to 
identify, track, and forecast the movement of storm cells. 

2.1 Cell Trends Display 

Cell Trends is a PUP graphical display that provides users with a volume scan history (up to 10 
previous scans) of important parameters for any user-selected algorithm-identified storm cell.  Cell Trends 
is not a product, but is a display which is derived "in real-time" from information that is stored in the Storm 
Structure (SS) alphanumeric product.  As a display an operator must wait for the SS product to arrive in 
their PUP database prior to displaying Cell Trends on a selected cell.  The SS data is derived from the Build 
9.0 SCIT algorithm.  The Cell Trends display can assist forecasters by illustrating a history of important 
radar-derived parameters.  In particular, the display can help in the assessment of a particular storm’s 
potential severity.  A large amount of information about an individual cell is displayed in a single easy-to-
interpret display (OSF 1996). 

The PUP Cell Trends display consists of four graphical illustrations of the history of the following 
parameters: 

• Upper Left: Cell Top, Cell Base, Height of Centroid, and Height of Maximum 
Reflectivity 

• Upper Right: Probability of Hail (POH), Probability of Severe Hail (POSH) 

• Lower Left: Cell-based VIL 

• Lower Right: Maximum Reflectivity 
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The right side of the display (the Status and Annotations area) provides the Cell ID; the AZRAN 
(AZmiuth and RANge), a small graphical plot of cell location in relation to the Radar Data Acquisition 
(RDA), and a list of volume scan times included in the trend data.  Times listed in gray mean the cell did 
not exist at that time (Figure 1). 

 
Figure 1. Example of the four-panel WSR-88D PUP Cell Trends Display. 

Cell Top/Base are used in reference to the height (in 1000s feet, Kft) of the highest/lowest cell 
components detected.  Cell bases or tops which are found on the lowest or highest elevation slices are 

 the height in Kft of the 3-
dimensionial center of mass of the cell.  Height of Maximum Reflectivity is the height of the beam 
cent

indicated on the height line with a "v" or "^", respectively.  Centroid Height is

erpoint in Kft of the component which has the highest reflectivity for the cell.  Cell-based VIL is the 
integrated water computed from the maximum reflectivity of all cell components.  Probability of Hail is 
defined as the probability of hail of any size, and Probability of Severe Hail is defined as the probability of 
hail greater than or equal to 3/4 inch.  Maximum reflectivity is measured from zero to 80 dBZ. 

2.2 Cell-based VIL Display 

One of the essential components of the Cell Trends display is the Cell-based VIL.  It is calculated for 
each cell by vertically integrating the maximum reflectivity values of the storm cell centroids at each 
elevation angle (Figure 2).  This is a different calculation than the gridded VIL product, which integrates 
the values above a fixed surface point. 
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Figure 2. Comparison of cell-based VIL  (left) to gridded - based VIL (right). 

Although the new SCIT algorithm has demonstrated improvement in the identification of cells in close 
prox

, a single-reflectivity threshold of 30 dBZ was used to identify storms.  
The ity greater than 30 dBZ (i.e., squall lines, Mesoscale Convective 
Com

lence.  These gaps are significant between the 
rada

ata from the SS product stored in the 
c keyboard cannot be used to display 

Cell Trends.  Radar operators who anticipate frequently using the Cell Trends display should add the SS 
alph

o cells are very close, it will display 
the Cell Trends of the closest cell to where the operator places the cross hairs of the puck. 

imity to the radar, errors may still occur in the cell attributes if a cell is too close to the radar and/or if 
its reflectivity core is not in the lowest elevation angle.  The Storm Cell Centroids subfunction compares 
the proximity of the center of each cell with those in adjacent elevation scans and vertically correlates each 
component.  If at least two components are vertically correlated, a cell is identified and the cell-based VIL 
attributes are calculated (Johnson 1998). 

Prior to the release of Build 9.0
refore, large areas of reflectiv
plexes, tropical storms rain bands) were identified as one storm.  This resulted in poor storm tracking 

and forecast performance.  The new SCIT algorithm in Build 9.0 uses seven thresholds (30, 35, 40, 45, 50, 
55, and 60 dBZ) and shows an improvement in the identification, tracking, and forecast movement of 
individual cells in lines or clusters. 

The accuracy of cell-based VIL, Cell Top and Base, Height of Maximum Reflectivity, etc. can be 
adversely affected depending on the scan strategy.  Large errors can occur in attributes of cells close to the 
RDA, especially in Volume Coverage Pattern (VCP) 21, where there are large gaps between the beams at 
higher elevation angles, and in cells within the cone of si

r and the CCAS area (Taylor 1994).  The limitations on these attributes should be considered anytime 
the operator uses the PUP Cell Trends display. 

2.3 Cell Trends Request 

 The Cell Trends display is generated at the PUP and it uses d
PUP database.  Since Cell Trends is not a product, the alphanumeri

anumeric product to the current Routine Product Set (RPS).  One-time requests can also be made for 
the SS.  Once the SS product is received at the PUP (toward the end of the scan as it is a derived product), 
the Cell Trends display can be used.  However, for remote users this may not be very timely.  The SS 
product can be archived.  Cell Trends information can be displayed later by retrieving the SS product from 
the archive.   

Cell Trends can only be displayed using the CELL TRENDS box on the Graphic Tablet, which is 
located in the OVERLAYS section, colored blue.  The operator must first click the puck button within four 
km (2.2 nm) of an algorithm identified storm in any geographic product, then select the CELL TRENDS 
box for the Cell Trends to be displayed on either PUP monitor.  If tw
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2.4 Cell Trends Limitations 

Cell Trends information is dependent on the scanning strategy used to sample the environment.  The 
VCP selected by the operator can have a noticeable impact on the Cell Trends display, especially on trends 
which use the altitude of a parameter.  It is even possible that the display will indicate an increasing or 
decreasing trend in cell intensity when the cell’s intensity is not changing.  These false trends may be due 
to data gaps between beams of different elevation angles.  VCP 11, which has fewer gaps between beams, 
should be used whenever Cell Trends will be used.  If the Cell Trends display is needed on particular day, 
users should coordinate with the RDA operator to reconfigure the radar to use VCP 11.  NWS MLB has a 
local policy to use VCP 11 during convective weather. 

roid Height, and Altitude of 
within 60 nm.  Inaccuracies 

imity to the radar.  Trends of cell attributes may be 
.   

3.0

is was to determine if there were any thresholds or signatures in the 
WSR splay that would help indicate storm intensity.  Each cell’s attributes of Maximum 
Refl Maximum Reflectivity, Storm Top, Storm Base, Hail Probability, Severe Hail 
Probability, and Cell-base orded during the cell’s life cycle.  This was accomplished by 
analyzin  its life cycle during the four pre-selected case days.  The WSR-88D 
(Level II) base data from the NWS in Melbourne, Florida was used.  WATADS (WSR-88D Algorithm 

ns.  The study days were 11 July 1995, 13 August 1996, 29 March 1997, and 23 April 1997. 

n a cell track would end or an existing cell would be given a new ID in the middle 
of its life cycle.  T s tracking cell attributes and analyzing trends of particular cells. 

Radar users will notice more variability of the Maximum dBZ Height, Cent
Cell Top and Base using VCP 21 as compared to VCP 11, especially for cells 
in cell attributes often occur when cells are in close prox
misleading anytime cells are within 20 nm of the RDA

 Data Collection and Analysis Procedures 

The goal of the AMU’s analys
-88D Cell Trends di

ectivity, Height of 
d VIL were rec

g each cell’s attributes during

Testing and Display) from the National Severe Storm Laboratory (NSSL) was utilized as an analysis tool in 
this evaluation because of its post-processing capability of Level II data and its superior data analysis and 
display capabilities and products.  In addition, all of the WSR-88D Build 9.0 algorithms are integrated into 
the software so it closely matches the WSR-88D PUP product output. 

The four selected case days were chosen by consensus from the SMG, 45 WS and the NWS MLB 
organizatio

The analysis procedure was to identify all cells and track the maximum reflectivity, height of 
maximum reflectivity, storm top, storm base, hail and severe hail probability, cell-based VIL and core 
aspect ratio in the Central Florida area (Figure 3) using WATADS Build 9.0 cell trends information.  Early 
in the analysis period (April - May 1997) there were some problems noted in the WATADS software but 
NSSL issued an updated release.  Therefore, all of the previously analyzed data had to be re-analyzed.  This 
was done to make sure the same algorithms were used for each case day.  The SCIT algorithm had a 
difficult time tracking the small cells associated with the Florida weather regimes.  The analysis indicated 
numerous occasions whe

his created problem
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Figure 3. Map of central Florida with counties and essential cities identified. 

Fou ncluded 
two warm se y days, 11 July 1995 and 13 August 1996, and two cool season case study days, 
29 Marc 9

The weather pattern on 11 July 1995 was typi l for an east-central Florida summer day.  High 
pressure dominated with weak southwesterly flow ov  the region.  This flow pattern is favorable for the 

and horizo
interesting ty.  This fire 
would partially contribute to storm development over the Cape Canaveral Air Station (CCAS) in the 
after

d fire in east Orange County had produced a smoke plume that drifted to the east-
ndary from some cells to the southwest collided with this smoke plume and 

rapi

4.0 Individual Case Study Analysis  

r case study days with a total of 52 cells were chosen for analysis.  These case study days i
ason case stud

h 1 97 and 23 April 1997. 

4.1 11 July 1995 

4.1.1 Weather Discussion 

ca
er

development of thunderstorms over the region.  Interactions between the east coast sea breeze boundary 
ntal convective rolls (HCRs) would also play a role in the development of thunderstorms.  An 
feature developed by late morning when a wild fire developed in east Orange Coun

noon. 

By afternoon, the wil
northeast.  An outflow bou

d storm development occurred.  As the cells developed, their movement was to the east toward CCAS.  
Another set of cells developed to the north in Volusia County and started propagating to the south along the 
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sea breeze boundary.  Eventually the two sets of cells would converge over the northern portion of CCAS.  
As this occurred a short-lived F0 tornado was reported near Complex 40 and a microburst was reported 
over CCAS.  Other significant weather reports included .75” hail in Osceola County, Rockledge, and Palm 
Bay (Brevard County). 

4.1.2 Analysis of Data 

Nineteen cells were tracked from 1700 to 2000 UTC on 11 July 1995.  Cell trends were monitored for 
each of the 19 cells.  Of those 19 cells, eight could be associated with significant weather events.  Hail was 
classified as an event if there was observed or reported .50 inch or greater in the vicinity of a cell.  Wind 
cases were classified as an event if there was reported wind damage or if a microburst signature (gust GT 
35 kt) was observed on CCAS wind tower network.  There were three reported hail events and five reported 
wind events.  There was no apparent velocity signature (i.e. tornado or MESO) for the F0 tornado over 
Complex 40.  This is typical of short-lived waterspout/landspout ‘tornadoes’ during Florida’s wet season.  
However, the Cell Trends display for this cell did feature a trend indicative of a possible microburst.  
During the time period from 1845 - 1850 UTC, Cell 76 (Figure 4) was characterized by 

• A 8000 ft or greater decrease in the height of the maximum reflectivity (initially at 
18000 ft or greater) and  

• A decrease in the cell-based VIL by 10 kg/m2 or greater. 

A 53 kt microburst was reported over CCAS at 1900 UTC, 10 minutes after the signature was noted on 
the Cell Trends display.  The same trends were noted in four other cells on 11 July 1995.  Microburst w  

noted in th  20 minutes after the Cell Trend signatures.  Though this lead-
time is less than 45 WS requirements, it is substantial for warning on convective cells. 

 
ind

events (rapid increase/change of 35 kt or greater, noted by a tower or 2 within 4 miles of each other) were 
e CCAS wind tower network 5 to

Cell 76, CCAS

40

50

10

30

20

0

Time (UTC)

Hgt Max Reflectivity (Kft) 18 19 24 12 10 10 10

Cell-based VIL (kg/m**2) 26 27 32 16 12 12 14

1835 1840 1845 1850 1855 1900 1905

Units

hat produced a microburst at 1905 UTC on 11 July 1995.  Highlighted are the rapid 
 between 1845 - 1850 UTC. 

 
Figure 4. Cell trend information on the height of the maximum reflectivity and cell-based VIL for a storm 

cell t
changes in the cell attributes

For the hail events, a Cell Trends signature was observed on two variables: height of the maximum 
reflectivity and cell-based VIL.  The observed signature is characterized by 
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• The height of the maximum reflectivity increased by 8000 ft or greater to 18000 ft or 
greater and  

• The cell-based VIL increased by 10 kg/m2 or greater prior to the hail events. 

Figure 5 depicts the trends for a cell observed in Osceola County on 11 July 1995.  A rapid change in 
both the height of the maximum reflectivity and cell-based VIL can be observed between 1822 and 1827 
UTC.  Hail was reported near this cell at 1835 UTC. 

Cell 12, Osceola Co.

30

40

50

0

10

20

Time (UTC)

Hgt Max Reflectivity (Kft) 12 12 13 14 26 22 18

Cell-based VIL (kg/m**2) 20 26 34 35 50 34 24

1807 1812 1817 1822 1827 1832 1837

Units

 
Figure 5. Cell trend information on the height of the maximum reflectivity and cell-based VIL for a storm 

observed in Osceola County (Deer Park) on 11 July 1995.  Hail was reported at 1835 UTC.  
Highlighted are the rapid changes in the cell attributes between 1822 - 1827 UTC. 

Hail was also reported from storm cells in Rockledge and Palm Bay.  The aforementioned signature 
was noted from both cells except the Palm Bay cell.  This cell may have been too close to the WSR-88D to 
detect the hail signature. 

trends are o
show some
(i.e. one cel ute displayed trend but the other did not) was observed on many of the cells on 11 July 
1995.  

Figure 5 displays the trend analysis for a typical non-severe (no observed or reported damage due o 
wind or hail) storm cell observed on 11 July 1995 in SW Volusia County.  None of the above mentioned 

bserved in the height of the maximum reflectivity and cell-based VIL.  The cell-based VIL does 
 fluctuation but the height of the maximum reflectivity remains fairly flat.  This type of pattern 
l attrib

 t
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Cell 60, SW Volusia Co.

0

10

20

50

Time (UTC)

30

40

1715 1720 1725 1730 1735 1740 1745

Hgt Max Reflectivity (Kft) 18 17 13 18 13 12 12

Cell-based VIL (kg/m**2) 20 22 30 22 20 18 16

Units

 
Figure 6. Height of the maximum reflectivity and cell-based VIL trend information on a typical non-

significant cell on 11 July 1995. 

On 11 July 1995, 19 storm cells were tracked.  Of the 19 cases, four were classified as hail events and 
five as wind events.  Eight of the nine cells showed a detectable trend (See Attachment 1 for all cell 
attributes).  One hail event in Palm Bay did not show this trend.  The Palm Bay storm was probably too 
close to the WSR-88D radar to get a good vertical analyses of the cell.  In addition, five storm cells could 
not be tracked for analysis because their tracks were too short (5 - 10 minutes) or they were not assigned a 
cell ID by the SCIT algorithm.  The Cell Trends hail probability showed very poor results as an indicator 
with 15 out of 19 storm cells indicating a 100% chance of hail. 

4.2 13 August 1996 

4.2.1 Weather Discussion 

A weak frontal boundary was located well to the north of central Florida in the south Georgia - north 
Florida panhandle area during the day.  A surface ridge was located in south Florida producing a southwest 
surface wind flow between 5 - 10 kt over most of south and central Florida.  An upper level trough was
draped across the southeastern United States with numerical models predicting several shortwaves to move
thr an
over the Florida breeze 
(ECSB) developed late in the day and remained near the coast.  With the southwesterly mean steering flow 
(100

nd the other three 
produced high wind events.  No velocity signatures (MESO or tornado) of the F0 tornadoes were observed 
in th  

Two the KSC/CCAS area between 2030 - 2115 UTC.  Of the two events, 
one displayed the microburst signature (rapid decrease in the height of the maximum reflectivity and cell-
base

 
 

ough the me  trough.  This resulted in a deep westerly flow through the lower half of the troposphere 
peninsula.  With a steady southwest to west low-level flow, the east coast sea 

0 - 700 mb), an increased threat of afternoon thunderstorms was expected near CCAS.  Convection 
would likely increase as the west coast sea breeze (WCSB) moved across the state and as HCRs interacted 
with the ECSB. 

4.2.2 Analysis of Data 

Throughout the afternoon, 13 storm cells could be tracked and trend information gathered.  Of those 13 
cells, five were associated with significant weather.  There were two F0 tornadoes a

e analysis of the data.

 microburst events affected 

d VIL) prior to the microburst (Figure 7). 
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Cell 1,  Over CCAS
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Cell trend information on the height of the maximFigure 7. um reflectivity and cell-based VIL for a storm 
cell that produced a microburst at 2050 UTC on 13 August 1996.  Highlighted are the rapid 

nt was 37 kt where the other event  (Cell 1) produced a 46 kt gust. 

changes in the cell attributes between 2030 - 2035 UTC. 

The cell trend information from the other microburst-producing cell (produced a microburst near the 
Banana River) was characterized by a decrease in height of the maximum reflectivity of 8000 ft or greater 
but the cell-based VIL only decreased by 7 kg/m2 prior to the wind event (Figure 7).  The wind gust 
observed with this eve

Cell 60, Near CCAS
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Cell trend information for the storm cell that produced a microbFigure 8. urst over the Banana River west 
of CCAS at 2200 UTC on 13 August 1996.  Cell-based VIL decreased by 7 kg/m2 between 
2135 - 2140 UTC.  Highlighted are the rapid changes in the cell attributes between 2135 - 2140 
UTC. 
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Another storm cell developed northwest of Patrick Air Force Base (AFB) and propagated southeast 
along the ECSB.  An F0 tornado and a microburst occurred at Patrick AFB between 2130 - 2150 UTC from 
this cell.  The cell associated with this weather even roximately 19 miles from the MLB WSR-

based VIL  than observed in other detected microburst cells.  This may be related 
to its proximity to the radar (less than 30 miles) and the associated loss of vertical storm coverage.  The top 
of th

e observed F0 tornado.  The rapid decrease between 2140 - 2145 UTC is 
related to another microburst observed at Patrick AFB as the storm cell passed overhead (Figure 9).  
How  of the height of the maximum reflectivity did not show the same pattern (i.e. rapid 
decrease in height).  It never reached above 17 Kft due to the radar coverage limitation. 

t was app
88D.  Consequently, the radar did not capture the complete vertical extent of the storm.  When this cell first 
developed northwest of Patrick AFB, it displayed a decrease in the height of maximum reflectivity and cell-

but at a lower magnitude

e radar volume scan was at 15 Kft over Patrick AFB and at 20 Kft where the cell first developed.  Even 
with approximately half the storm cell above the top of the radar volume scan, the cell-based VIL increased 
rapidly and then decreased rapidly between 2115 - 2120 UTC.  This was approximately 15 minutes prior to 
the first reported microburst and th

ever, the time series

Cell 64, Near Patrick AFB 
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 UTC. 

Figure 9. Trend analysis of a cell that produced a microburst and F0 tornado at PAFB between 2135 - 
2145 UTC on 13 August 1996.  Highlighted are the rapid changes in the cell attributes between 
2115 - 2120 and 2140 - 2145

Figure 10 depicts the WSR-88D VCP 11 scan strategy.  From the radar out to 10 nm (19 km) very little 
of an echo structure can be displayed (cone of silence).  If a cell forms within this area very little storm 
structure can be analyzed and an forecaster must rely on other radars, satellite images and/or other data sets 
to get an understanding of a cells environment.  The CCAS/KSC area is outside the cone of silence and 
most of a cell structure can be analyzed.  The top of the scan at Port Canaveral is approximately 41000 ft 
and extends higher as you go further away from the WSR-88D (Melbourne, FL). 
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Fi

ree high wind events, one displayed a rapid decrease in the height of maximum reflectivity 
and cell-based VIL.  Another cell that produced a weaker microburst (35 kt) showed the same trends but 

data.  Tren
identified b ility showed very poor results 
as a

awinsonde showed that the atmosphere was conditionally unstable.  
Tampa’s rawinsonde was moist up to 700 mb with a westerly steering flow.  The CAPE (Convective 
Available Potential Energy) was just under 2000 J/kg, the LI (Lifted Index) was -6, and there was a weak 
disturbance (in the mid-levels) over the Gulf of Mexico that would be over central Florida by afternoon.  
Afternoon heating and ECSB development would likely trigger thunderstorms just north of central Florida. 

4.3.2 Analysis of Data 

Of the storms that developed on 29 March 1997, eight storm cells were analyzed using WATADS.  
Microbursts were the main weather event and three microburst events were identified using the Cell Trends 
information and reported wind damage or an observed wind gust.  One microburst event occurred near 
Orlando and the other two events occurred in Titusville and over the Kennedy Space Center (KSC). 

The first microburst event of the day occurred near Oviedo (Orange County), at approximately 1815 
UTC.  The radar imagery showed two cells merging just west of the town.  Wind damage was reported 
shortly after these cells merged.  The cell attributes of height of maximum reflectivity and cell-based VIL 
decreased rapidly  (1805 - 1810 UTC, Figure 11) prior to the wind event. 

gure 10. WSR-88D VCP 11 scan strategy showing vertical resolution (The vertical solid bar 
indicates the location of PAFB and the rectangle highlights the CCAS/KSC area). 

A total of eight storm cells were tracked on this day.  Of the eight storms, three produced high wind 
events.  Of the th

the magnitude of the decrease in cell-based VIL was only 7 kg/m2.  The third cell that affected Patrick AFB 
was within 30 miles of the radar and consequently, trend data was not available because of limited radar 

d information for five cells was not available because of their short life cycles or not being 
y the SCIT algorithm as storm cells.  The Cell Trends hail probab

n indicator with six out of seven storm cells indicating a 100% chance of hail. 

4.3 29 March 1997 

4.3.1 Weather Discussion 

The 1200 UTC XMR (CCAS) r
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Cell 7, Near Oviedo
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Cell attributes of height of the maximum reflectivity and cell-based VIL for a cell that produced 
a microburst near Oviedo at 1815 UTC on 29 March 1997.  Highlighted are t

Figure 11. 
he rapid changes 

in the cell attributes between 1805 - 1810 UTC. 

SC by 1900 UTC.  Both Titusville and KSC reported strong winds with KSC 
observing winds greater than 58 kt.  As it approached Titusville, the storm cell displayed a rapid change in 
its cell-based VIL and the height of maximum reflect ity.  The height of maximum reflectivity decreased 

event (Figu

As this line of cells continued to develop and move to the east, a new cell developed to the west of 
Titusville and moved over K

iv
rapidly, as did the cell-based VIL, 10 minutes prior to the Titusville event and 20 minutes prior to the KSC 

re 12). 

Cell 34, Titusville /KSC
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Figure 1 T orm 

c ed a microburst at Titusville and KSC on 29 March 1997.  Highlighted are the 
ra

2. ime series of cell attributes of height of maximum reflectivity and cell-based VIL for a st
ell that produc
pid changes in the cell attributes between 1935 - 1940 UTC. 
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Many storm cells did not produce any significant weather on this day.  An analysis of the five non-
significant cells that were identified by WATADS indicated no dual pattern as noted earlier.  In Figure 13 
the trends of cell-based VIL and height of maximum reflectivity are displayed for a cell that developed 
northwest of Melbourne.  Though there are significant changes in the cell attributes, no dual pattern of a 
rapid decrease or increase are noted.  The changes in the two cell attributes are slightly offset in time. 

Cell 41, NW of MLB
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Figure  attribut  height of ma m reflectivity and cell-based VIL for a n significant storm 

29 M  1997. 

On th ot able to identify because of lost cell 
identificatio  to one or two scans.  
The

 Severe weather had already been reported with this cold front as it 
m

4.4. ysis of Data 

A total of 6 cells were tracked and analyzed on this day.  Of those cells, seve re associated with 
significant we burst and th ail events were ed with WATADS.  Several cells in 
the Cocoa to Melbourne Beach area that produced significant weather events were not accompanied by cell 
trend information since the WSR-88D SCIT  identify these storm cel s. 

The first storm cell for the day occurre d in both Osceola 
and Brevard C unties.  All cells were asso as moving to the 
southeast whil he individual cells moved se days, this day 
had the most trackable and greatest variety

13. Cell es of ximu on-
cell on arch

is day, there were seven cells that WATADS was n
n (i.e. no trend information or no cell ID) or too short of a track, limited

 Cell Trends hail probability showed poor results as an indicator with four out of nine storm cells 
indicating a 100% chance of hail. 

4.4 23 April 1997 

4.4.1 Weather Discussion 

On 23 April 1997, a slow moving cold front was located over the western Florida panhandle.  There 
was a diverging dual jet structure aloft, with one branch going to the northeast and the other branch going 
to the east.  This diverging jet pattern caused divergence aloft.  Dewpoint temperatures in central Florida 
were in the upper 60’s to lower 70’s. 

oved through Alabama and Georgia. 

2 Anal

 2 n we
ather; four micro ree h observ

 algorithm did not l

d in Seminole County and the last cells occurre
ciated with a line of developing storms that wo

e t  along the line to the northeast.  Of the four ca
 of storms. 
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The trends associated with t ttributes that was discussed 
earlier.  Three of the four wind events met the c  the maximum reflectivity and change in 
cell-based VIL signature requirements. 

Figure 14 displays the trend f a cell th ved thr  the myrna ach sia County) 
area between 1 00 U Between 1 5 - 1435 here is a 
signature for a p microbu 1425 - 1430 TC) and  (1430  UTC d r microburst 
(1450 - 1455 UTC).  The cell was west of N 1430 UTC and there were no reported 
weather events.  As the storm cell moved ove U  F0 to do ported.  No 
identifiable velocity signature (i.e. MESO or to d in th r data f the do. 

hese cells had the same variation of cell a
hange in height of

s o at mo ough New S  Be  (Volu
415 and 15 TC.  42 UTC the cell displayed a trend where t
ossible rst (  U  hail  - 1435 ), an anothe

ew Smyrna Beach at 
r 50 the city at 14
ado) was no

TC an
e rada

rna
or 

was re
F0 tornarn te
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Figure 14. Time series of cell attributes of height of maximum reflectivity and cell-based VIL for a storm 

cell that moved through the New Smyrna Beach area between 1445 - 1500 UTC on 23 April 
1997.  Highlighted are the rapid changes in the cell attributes. 

Another storm cell developed and moved through Winter Park (Orange County) between 1515 - 1530 
UTC.  Wind damage was reported in the area at 1530 UTC.  Figure 15 shows the rapid decrease in the 
height of maximum reflectivity and cell-based VIL between 1510 - 1515 UTC when the storm cell was 
west of the city. 
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Cell 27, Winter Park
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 - 1515 UTC. 

ained strength prior to 1450 UTC.  Between 1430 and 1435 UTC, a rapid increase in both 
attributes is noted.  Though there was no reported hail at this time, the storm cell may have been over an 
unpopulated area.  Another rapid increase can be observed between 1440 - 1445 UTC, five minutes before 
the reported hail event occurred.   

Figure 15. Time series of cell attributes of height of maximum reflectivity and cell-based VIL for a storm 
cell that produced a microburst in Winter Park at 1530 UTC on 23 April 1997.  Highlighted are 
the rapid changes in the cell attributes between 1510

Figure 16 displays the cell attribute trends for a cell that moved through Forrest City (Orange Co.) 
between 1430 - 1450 UTC.  Hail was reported near this cell at 1450 UTC.  This cell displayed several 
impulses as it g

Cell 13, Forrest City
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Figure 16. Time series of cell attributes of height of maximum reflectivity and cell-based VIL for a storm 

cell that produced hail in Forrest City at 1450 UTC on 23 April 1997.  Highlighted are the rapid 
changes in the cell attributes between 1430 - 1435 and 1440 - 1445 UTC. 

Figure 17 displays the cell attribute trends for one of the non-significant storm cells.  Though there are 
some rapid changes in both cell trend attributes, neither shows the concurrent increase or decrease pattern 
as noted in the earlier cells. 
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Cell 12, East of O rlando
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Fi 7. e seri s of ce ttribu  of h  of e m um ectivity and cell-based VIL for a 

-seve orm on 23 A 1997

e n lls t WA DS d not tify as sto ells due to the SCIT algorithm 
defi es  thei mity  the WSR-88 r.  veral hese cells in Brevard County had hail or 
hi nd e ts rep  in  vici . 
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Table 1 lists the total number of storm cells investigated alo
veral cells which had seve

ng with the total number of severe weather 
events ts associated with them could not 
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of orm s too ort (i.e inu  one e scan). 

fied as  even here had to be  report .e. N S St  Data or observation) of hail (.50 
in gre ) o am .  In addition e KSC/CCA er network data was used for the 
ve tion micro  eve n th CAS C are (gust  35  

le 1 evere Weat Eve

Dat W nd Eve l Ev  lls w  No Total Cells Analyzed 

 on ea
e classi

ch case 
d be

day.  Se
use the S

re wind 
S did

or hail eve
not ide

n
tify anIT alg rithm i AT

 the st  wa sh . 5 m tes, volum

To be veri
ch or 

an
r wind d

t t
age

a
, th

 (i W
S wind

orm
 towater

rifica of burst nts i e C /KS a  GT kt).

Tab .   S her nts 

e i nts Hai ents Ce ith  ID 
7/11/  5/0 3/1 19 95 5 
8/13/  /2 0/0 7 96 2 5 
3/29/  3/0 0/0 8 97 7 
4/23/  5/0 4/0 18 97 9 

N :  Rat  - cases e teria ses  didote io  that m t cri  / ca that  not 

Results for the rificat ell T ds h and cro  signatures are listed in Table 3.  
Tabl s an example of the fou l co ingency tabl ed.  It is im ant to note that this a very limited 
da  (fou ase da s).  Fifty-two st  cells were a zed ring e four days.  The statistics show a 
better trend in forecasting wind events than Howeve nly re noted versus 22 
m rst ts.  I  additio ll of e non rified ail a ic st cell signatures were over low-
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Table 3.   Cell Trends Attributes Statistics 
ail aH  Sign ture 

  Obse  = 0.36 rved FAR
   No  = 0.88 Yes POD

Forecast Yes 4  = 0.58 7 CSI
H o 25  = 0.65 ail N 1  HSS
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One method to observe a storm on the WSR-88D PUP is to
 storm track information overlaid.  A forecaster can then 

 monitor the composite reflectivity product 
with use the puck and select a storm of interest 
(u hi  r ) a isp at cell’s tr in i  a storm cell trend information 
m e precurso inform n as ribe  this ort rni ay be needed for that cell.  During 
this an  the averag e p riod o king a cell was 20 inutes with the longest being 1.3 
ho
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Tables 4 – 7 list all the cell attributes that were analyzed during this study.  Highlighted in bold with 
th s W in  ( r erif in  en ghlighted in bold (no letter W or 
H he d a gn res w o o rved rification (false alarms). ID = storm identification 
num  ng = Azim h/Range of cel , MR axim m Reflectivity, HMR = Height of 
M m Reflectivity, ST = rm Top, SB = Storm B e, S  = Storm VIL, CAR = Core Aspect Ratio. 

.  ll Attr ute Data for 11 H - h nd) 

e letter  (w d) and H hail) a e the v ied w d and hail ev ts.  Hi
) are t

ber by
win
WATA

nd hail si
DS, AzR

atu ith n
ut

bse ve
l  = M u

aximu Sto as VIL

 
Table 4  Ce ib  July 1995 ( ail W - wi
Ti  ID AzRng MR HMR SB SVIL CAR me ST 
1840 30  57 6 40 5 60 600 

1845 30  57 8 40 5 60 610 

1850 30  57 14 40 5 60 660 

1855 30  57 14 30 5 55 600 

1900 30  57 14 18 5 55 480 

1905 30  57 14 18 5 55 560 

1910 30  57 8 24 5 55 660 

1915 30  57 10 24 5 55 660 

1920 30  56 14 30 5 40 640 

1925 30 351/37 56 14 30 5 44 640 

1930 30  56 14 30 5 44 610 

1935 30  55 12 28 5 30 470 

1940 30  55 12 20 4 30 380 

1945 30  53 10 20 2 22 280 

1910 64 327 55 16 40 5 50 400 

1915 64  55 16 40 5 50 460 

1920 64  55 16 42 5 52 600 

1925 64  55 12 42 5 48 550 

1930 64  55 10 38 5 38 460 

1935 64  55 10 38 5 36 380 

1940 64  55 8 30 5 24 380 

1900 100 30  60 18 30 5 250 

1905 100  65 20 38 5 60 500 

1910 100  65 20 38 5 60 500 

1915 100  63 18 38 5 60 420 

1920 100  65 18 38 5 60 400 

1925 100  65 22 32 5 58 380 

1930 100  65 22 32 5 58 380 

1935 100 360  67 24 28 5 55 W 

1940 100 255/9 280 68 12 25 5 44 W 

1700 70  55 22 42 4 36 600 

1705 70  55 22 42 5 36 540 W 

1710 70  52 14 38 4 20 280 W 

1715 70  50 10 30 4 10 200 

1720 70 295/31 45 10 18 4 5 100 

1725 `  45 10 18 6 5 100 
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Table 4.   Cell Attribute Data for 11 July 1995 (continued) 
Time ID AzRng MR HMR ST SB SVIL CAR 
1730 70  50 17 22 6 16 100 

1735 70  51 17 22 6 16 100 

1740 70 332/54 53 14 25 6 22 260 

1745 70  53 14 25 6 22 2 

1750 70  50 14 22 6 16 160 

1800 3  54 18 26 10 20 400 

1810 3  55 18 30 10 24 420 

1820 3  53 12 20 10 18 300 

1825 3 322/31 50 16 20 10 20 300 

1835 3   50 18 20 10 26 500 

1840 3  50 19 20 10 27 500 

1845 3  54 24 30 10 32 620 W 

1850 3  54 12 30 10 16 400 W 

1855 3  50 10 20 10 12 300 

1900 3  50 10 20 10 12 340 

1905 3 346/40 45 10 20 10 14 600 

1910 3  40 8 20 5 12 440 

1915 3  40 8 20 5 12 440 

1920 3  45 14 30 5 22 580 

1925 3  45 14 30 5 22 580 

1930 3  52 18 24 8 18 400 

1935 3  52 18 24 8 18 400 

1940 3  45 11 22 5 18 220 

1945 3  5/37 30 13 24 8 16 440 

1920 53  45 18 30 5 10 440 

1925 53  45 18 30 5 10 440 

1930 53  50 18 30 5 20 400 

1935 53  50 18 30 5 20 460 

1940 53  55 18 30 5 40 400 

1945 53  55 18 30 5 40 360 

1950 53  57 18 30 5 44 250 

1955 53  57 18 30 5 44 360 

2000 53  60 18 44 5 38 460 

2005 53 328/40 50 18 30 5 20 280 

1935 68  55 16 20 2 20 320 

1940 68  55 11 20 2 22 320 

1945 68  55 11 20 2 22 320 

1950 68  56 16 30 2 24 300 

2000 68  55 14 20 2 24 280 

2005 68  55 14 20 2 24 280 

2010 68  60 18 22 2 24 180 
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Table 4.   Cell Attribute Data for 11 July 1995 (continued) 

Time ID AzRng MR HMR ST SB SVIL CAR 
2015 68 157/7 60 19 25 2 24 200 

2020 68  60 19 25 2 24 200 

2025 58 125/7 60 10 18 2 20 200 

1805 46 246/32 55 18 32 16 30 600 

1810 46  55 18 32 16 30 540 

1815 46  55 18 32 16 40 500 

1820 46  55 18 32 16 40 500 

1825 46  56 18 32 16 30 400 

1830 46  45 18 32 16 18 500 

1935 14 237/4 62 18 20 4 24 0 

1940 14  60 18 20 4 24 0 

1945 14  65 16 18 2 20 0 

1950 14  66 16 18 4 20 50 

1955 14  66 16 18 4 20 50 

2000 14  55 4 6 2 4 10 

1807 12  55 12 24 4 20 400 

1812 12  55 12 24 4 26 460 

1817 12 500  55 13 34 4 34 

1822 12 14 36 4 500   55 35 H

1827 12 26 42 4 220   55 50 H

1832 12 290  55 22 40 4 34 

1837 12  55 18 10 500 35 24 

1842 12  55 16 32 4 30 340 

1847 12  55 16 30 4 30 200 

1852 12 269/32 55 10 28 4 30 240 

1742 38 327/32 55 10 28 4 20 200 

1747 38  50 20 28 4 20 200 

1752 38  47 20 24 8 55 400 

1757 38  50 20 24 5 55 440 

1802 38  55 12 38 6 50 640 

1807 38  55 12 38 6 50 600 

1812 38  55 12 45 6 44 500 

1817 38  55 12 45 6 44 500 

1822 38  55 12 45 6 22 540 

1827 38 329/28 46 20 38 6 22 370 

1832 38  55 20 40 6 20 360 

1837 38  55 22 40 6 24 380 

1842 38  60 22 40 6 32 600 

1847 38  55 22 40 6 32 480 

1852 38  50 20 40 6 30 360 

1857 38  55 24 45 6 30 620 
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Table 4.   Cell Attribute Data for 11 July 1995 (continued) 

Time ID AzRng MR HMR ST SB SVIL CAR 
1902 38  55 17 35 6 20 500 

1907 38  55 16 15 6 10 380 

1912 38  55 16 15 6 10 360 

1917 79  55 18 20 6 22 200 

1907 79 345/18 60 15 30 2 38 320 H 

1912 79  62 26 30 2 50 500 H 

1917 79  63 18 30 8 40 200 

1922 79  63 18 30 6 42 300 

1927 79  61 16 20 2 38 260 

1932 79  61 16 20 2 38 250 

1937 79  65 14 18 2 32 200 

1942 79 360/9 55 2 16 0 8 150 

1932 59 246/6 260 63 17 20 4 22 

1937 59  63 17 20 4 22 240 

1942 59  63 16 20 10 240 24 

1947 59  63 16 20 10 24 150 

1952 59  66 16 20 4 22 150 

1957 59 150  66 16 20 4 22 

2002 59   55 4 10 0 8 0 

1900 59  60 20 36 8 60 260 

1905 59 400  60 20 36 5 60 

1910 59 400  65 24 40 2 60 

1915 59 500  60 22 38 2 60 

1920 59  60 22 38 2 60 540 

1925 59 370  64 23 30 2 60 

1930 59 259/13 65 12 28 2 57 300 

1715 60 326/56 55 18 22 12 20 200 

1720 60  60 17 22 8 22 120 

1725 60  55 13 22 5 30 300 

1730 60  53 18 20 5 22 240 

1735 60  50 13 20 5 20 240 

1740 60  50 12 20 5 18 220 

1745 60  50 12 18 5 16 220 

1750 60  49 12 16 5 14 220 

1755 60  48 10 16 5 10 200 

1800 71  54 18 30 5 20 400 

1805 71  55 18 30 5 22 500 

1810 71  55 18 30 5 22 460 

1815 71  55 18 30 5 20 400 

1820 71  55 18 30 5 20 400 

1825 71  58 18 20 5 12 520 
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Table 4.   Cell Attribute Data for 11 July 1995 (continued) 

Time ID AzRng HMR SVIL CAR MR ST SB 
1830 71 344/48 52 18 20 5 14 300 

1835 71 300  52 18 20 5 14 

1840 71  59 18 32 5 30 600 

1845 71  59 18 32 5 30 600 

1850 71  54 18 30 5 24 480 

1855 71  54 14 30 5 24 400 

1900 71  52 12 32 5 10 380 

1905 71 346/40 56 12 32 5 10 420 

1910 71  60 14 44 5 44 440 

1915 71  48 27 42 5 50 500 W 

1920 71  45 10 40 5 38 380 W 

1925 71  45 10 40 5 38 380 

1930 71  45 10 38 5 32 300 

1935 71  42 10 38 5 32 300 

1940 71  42 10 38 5 32 300 

1945 71 355/33 53 8 38 5 22 300 

1950 71  53 8 30 5 20 240 

1955 71  53 8 30 5 20 240 

2000 71 359/29 53 8 20 5 10 240 

1830 8 340/21 55 18 40 10 20 240 

1835 8  55 18 40 5 20 240 

1840 8  57 20 44 5 40 560 

1845 8  57 20 44 5 40 540 

1850 8  57 14 40 5 40 380 

1855 8  57 14 40 5 40 380 

1900 8  55 14 40 10 25 580 H 

1905 8  60 24 37 5 45 380 H 

1910 8  60 24 37   380 

1915 8  60 18 35 5 45 240 

1920 8  60 18 35 5 45 200 

1925 8  60 17 28 5 40 200 

1815 59 270/36 57 14 30 5 20 200 

1820 59  55 27 40 5 40 390 

1825 59  55 20 40 5 40 380 

1830 59  55 18 42 5 44 500 

1835 59  55 18 40 12 40 340 

1840 59  55 18 32 14 22 200 

1845 59  55 18 32 5 20 200 

1850 59  55 12 30 5 20 280 

1855 59  51 6 24 5 10 180 

1825 8 349/11 49 14 20 5 20 300 

 26



____________________________________________________________________________ENSCO 

Table 4.   Cell Attribute Data for 11 July 1995 (continued) 

Time ID AzRng MR HMR ST SB SVIL CAR 
1830 8  50 14 20 5 20 300 

1835 8  56 18 34 12 30 220 

1840 8  55 18 42 5 42 60 

1845 8  55 18 42 5 38 60 

1850 8  55 12 20 5 20 60 

1917 36  5/23 200 40 10 20 5 16 

1922 36  40 10 20 5 16 200 

1927 36  42 12 22 5 20 100 

1932 36  55 18 30 12 32 320 

1937 36  55 18 30 10 36 360 

1942 36  55 18 42 5 42 360 

1947 36  55 20 30 5 35 450 W 

1952 36  55 12 28 5 23 230 W 

1957 36  40 12 26 5 20 200 

2002 36  36 8 20 5 10 100 
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Table 5.   Cell A D r 1 6 (H - hai inttribute ata fo 3 August 199 l W - w d) 
Time ID AzRng HMR S  MR ST SB VIL CAR 

1930 5 321 57 6 40 5 38 520 

1935 5  56 14 40 5 36 340 

1940 5  55 14 18 5 30 240 

1945 5 321/30 55 8 24 5 28 180 

1950 5  55 14 30 5 28 220 

1955 5  55 14 30 5 30 220 

2000 5  57 10 20 2 30 220 

1932 34 313 58 12 18 5 36 150 

1937 34  55 19 30 5 30 200 

1942 34  55 18 37 5 32 300 

1947 34  55 18 40 5 40 400 

1952 34 313/26 57 18 18 5 27 220 

2020 1 348/22 62 20 30 2 25 220 

2025 1  66 24 40 2 56 220 

2030 1  65 24 40 2 55 560  W

2035 1  50 11 45 2 40 340  W

2040 1  50 10 45 2 40 380 

2045 1  50 8 40 2 38 200 

2050 1  52 8 38 2 38 180 

2055 1  55 8 36 2 30 200 

2100 1  55 10 30 2 22 380 

2105 1  55 8 30 2 22 200 

2110 1  55 8 30 2 22 200 

2115 1 13 8 /2 53 8 27 2 15 200 

2120 1 15 9 /2 50 5 22 2 10 170 

2105 64  55 24 20 2 27 200 

2110 64  60 20 20 2 23 360 

2115 64  62 23 20 2 23 420  W

2120 64  65 15 20 2 15 200  W

2125 64 326/7 65 17 20 2 25 240 

2130 64  67 17 20 2 27 260 

2135 64  67 17 20 2 32 240 

2140 64  60 17 24 2 34 420  W

2145 64  60 12 24 2 22 200  W

2150 64  55 6 24 2 28 300 

2155 64  55 6 24 2 28 200 

2200 64  55 6 24 2 22 200 

2022 3  47 6 18 5 10 240 

2027 3  50 5 18 5 14 300 

2032 3  55 5 24 5 20 340 

2037 3  55 18 34 5 20 600 
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Table 5.   Cell Attribute Data for 13 August 1996 (continued) 
Time ID AzRng MR HMR ST SB SVIL CAR 

2042 3  55 16 34 5 22 410 

2047 3  53 12 28 5 20 380 

2052 3  55 12 28 5 20 380 

2057 3  55 12 27 5 15 380 

2102 3 322/31 50 10 10 5 10 280 

2040 60  62 12 24 5 30 280 

2045 60  62 14 26 5 34 240 

2055 60  57 12 30 5 30 200 

2100 60  57 12 30 5 30 250 

2105 60  57 18 24 10 28 400 

2110 60  60 18 24 8 28 250 

2115 60 320/26 65 22 22 5 28 200 

2120 60  65 25 24 5 36 160 

2125 60  65 25 24 5 36 180 

2130 60  63 23 24 5 33 100 

2135 60  60 23 24 5 35 260  W

2140 60  5/37 58 10 24 5 24 80 W 

2022 3 322/31 56 18 27 5 36 200 

2027 3  57 20 30 5 40 300 

2032 3  57 24 36 12 40 400 

2037 3  63 24 44 5 60 620 

2042 3  65 24 44 5 60 560 

2047 3  60 22 44 5 53 370 

2052 3  60 22 44 5 54 300 

2057 3  58 22 40 5 50 360 

2102 3  60 20 40 5 50 390 

2107 3  63 12 38 5 40 180 
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Table 6.   Cell Attribute Data for 29 rch 1 7 (H d Ma 99  - hail W - win ) 
Time ID AzRng HMR S  MR ST SB VIL CAR 

1755 7 304/65 44 6 40 5 5 200 

1800 7  48 13 40 5 10 200 

1805 7  55 24 18 5 40 370  W

1810 7  55 8 24 5 30 110  W

1815 7  52 14 30 5 30 320 

1820 7  55 15 30 5 32 440 

1825 7  54 12 24 5 32 320 

1830 7  55 10 20 2 30 200 

1817 1 312/53 58 7 32 5 30 400 

1822 1  58 13 38 5 30 400 

1827 1  58 13 40 5 28 400 

1832 1  58 12 40 5 26 320 

1837 1  35 15 28 5 36 220 

1842 1  52 12 28 5 20 300 

1757 2  54 10 30 5 20 300 

1802 2  56 6 30 5 24 200 

1807 2  57 10 34 5 30 400 

1812 2  57 14 34 5 40 400 

1817 2  62 12 30 5 34 420 

1822 2  60 12 30 5 34 400 

1827 2  57 12 28 5 30 350 

1832 2 313/48 57 6 24 5 28 240 

1837 2  57 10 26 5 30 240 

1842 2  58 14 30 5 35 300 

1847 2  58 21 40 5 44 420  W

1852 2  58 8 42 5 22 200  W

1857 2 321/41 57 10 42 5 20 220 

1835 34  54 11 24 5 20 220 

1840 34  54 20 30 5 30 360 

1845 34  56 24 34 10 32 410 

1850 34  56 22 40 5 40 460 

1855 34  57 18 42 5 44 440 

1900 34  57 18 44 5 48 440 

1905 34  60 20 44 5 55 440 

1910 34 334/32 67 24 44 5 62 480 

1915 34  65 16 38 5 62 420 

1920 34  65 13 36 5 50 380 

1925 34  65 20 40 5 55 480 

1930 34 360/26 62 22 37 5 34 290 

1935 34  62 21 20 5 34 290  W

1940 34 332/31 58 8 10 5 20 80 W 
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Table 6.   Cell Attribute Data for 29 March 1997 (continued) 
Time ID AzRng MR HMR ST SB SVIL CAR 

1932 31  42 10 10 2 6 0 

1937 31  40 11 11 2 6 0 

1942 31  44 11 18 2 6 0 

1947 31  44 12 22 2 8 0 

1952 31  48 12 25 10 8 0 

1957 31  53 12 26 10 6 0 

2002 31  55 12 20 8 6 0 

2007 31  55 8 8 2 7 0 

2012 31  55 8 8 2 7 0 

2017 31 245/14 54 6 6 2 3 0 

1817 41  5/37 44 10 18 5 10 100 

1822 41  45 10 20 5 10 100 

1827 41  50 10 20 5 10 200 

1832 41  52 10 22 5 10 200 

1837 41  48 6 22 5 10 240 

1842 41  45 10 20 5 10 240 

1847 41  50 15 22 5 20 240 

1852 41  55 22 26 5 20 260 

1857 41  50 22 22 10 10 200 

1902 41 306/30 50 22 22 18 10 100 

1817 73 277/41 45 10 18 5 10 100 

1822 73  45 10 20 5 10 100 

1827 73  45 10 22 5 10 200 

1832 73  48 8 22 5 12 100 

1837 73  45 8 22 5 12 200 

1842 73  45 10 18 5 12 200 

1847 73  50 12 22 5 15 300 

1852 73  55 22 28 5 20 360 

1857 73  53 22 26 12 17 200 

1902 73  50 22 24 18 15 100 

1840 41 307/5 45 8 22 5 10 220 

1845 41  50 8 22 5 12 240 

1850 41  55 10 22 5 24 240 

1855 41  55 10 20 5 12 200 

1900 41  55 14 18 5 10 100 

1905 41  55 18 20 5 22 100 

1910 41  50 18 24 5 22 240 

1915 41  57 16 26 5 23 240 

1920 41  55 10 24 5 20 220 

1925 41  48 14 24 8 12 200 

1930 41  46 14 24 12 10 110 
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Table 7.   Cell Attribute Data for 23 April 1997 (H – hail W - wind) 
Time ID AzRng MR HMR ST SB SVIL CAR 

1430 40  52 6 40 5 18 100 

1435 40  52 14 40 5 18 100 

1440 40  58 14 36 5 18 100 

1445 40  60 14 18 5 34 200 

1450 40  60 8 24 5 50 400 

1455 40  60 12 26 5 53 420 

1500 40  64 14 30 5 60 450 

1505 40  65 14 30 5 64 300 

1510 40  60 14 26 5 40 300 

1515 40 306/39 55 10 20 5 28 300 

1430 24  57 23 42 5 50 300 

1435 24  57 23 42 5 52 500 

1440 24  60 25 42 5 52 520 

1445 24  59 25 42 5 50 500 

1450 24  59 28 44 10 40 360 

1455 24  60 26 42 10 40 240 

1500 24  60 18 44 5 38 100 

1445 36 284/52 60 10 30 5 32 100 

1450 36  60 10 30 5 32 140 

1455 36  59 10 32 5 36 200 

1500 36  60 22 42 5 50 400 

1505 36  65 25 44 5 64 500 

1515 36  65 14 40 5 40 240 

1520 36  60 14 38 5 35 260 

1525 36  57 14 38 5 30 460 

1530 36  55 14 36 5 30 420 

1535 36  50 14 30 5 30 420 

1540 36  50 12 30 10 25 400 

1545 36  29 10 25 10 18 220 

1545 19 326/27 57 18 34 5 28 200 

1550 19  56 22 34 10 32 220 

1555 19  60 17 32 5 40 400 

1600 19  60 17 18 5 26 300 

1605 19  64 18 38 5 40 200 

1610 19  64 18 40 5 40 200 

1615 19  60 12 40 5 34 100 

1425 3 306/52 58 18 32 5 44 400 

1430 3  58 22 44 5 50 440 

1435 3  58 21 42 5 55 520 

1440 3  58 17 40 10 40 330 

1445 3 322/31 62 25 40 5 52 440 

1500 7   60 24 42 5 50 500 
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Table 7.   Cell Attribute Data for 23 April 1997 (continued) 
Time ID AzRng MR HMR ST SB SVIL CAR 

1505 7  60 24 44 5 24 220 

1510 7  60 22 44 5 38 400 

1515 7  60 12 42 5 50 600 

1520 7  60 20 40 5 30 420 

1525 7  60 20 40 5 40 340 

1530 7  63 14 40 5 60 400 

1535 7  62 14 40 5 55 440 

1540 7  62 14 38 5 55 440 

1545 7  60 6 38 5 52 480 

1550 7  5/37 60 22 36 5 54 290 

1430 27  55 10 24 5 20 200 

1435 27  52 5 24 5 18 240 

1440 27  55 14 30 5 30 300 

1445 27  57 14 34 5 34 300 

1450 27 328/33 57 10 34 5 34 400 

1455 27  57 18 42 5 40 420 

1500 27  60 22 42 5 42 450 

1505 27  60 26 44 5 50 480 

1510 27  64 27 44 5 65 540 W 

1515 27  60 16 40 5 45 300 W 

1520 27  60 15 40 5 38 300 

1525 27  57 15 38 5 35 240 

1425 2  50 17 34 5 40 260 

1430 2  57 12 40 5 33 180 H 

1435 2 314/45 57 24 44 5 50 440 H 

1440 2  57 18 44 10 50 300 

1445 2  62 24 42 5 55 520 

1450 2  60 26 44 5 55 500 W 

1455 2  58 18 44 18 40 200 W 

1500 2  60 18 44 5 30 400 

1505 2  60 20 44 5 35 400 

1510 2  60 18 40 5 35 300 

1515 2  60 16 40 5 40 280 

1520 2  64 24 44 5 60 400 

1525 2  64 20 44 5 60 400 

1530 2  60 12 44 5 60 410 

1535 2  60 12 40 5 60 430 

1540 2 351/34 60 12 44 5 60 440 

1545 2  57 6 40 5 60 500 

1550 2   55 20 38 5 62 330 

1435 22 300/44 57 20 42 5 50 220 

1440 22  58 20 41 7 52 260 
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Table 7.   Cell Attribute Data for 23 April 1997 (continued) 
Time ID AzRng MR HMR ST SB SVIL CAR 

1445 22  62 20 41 7 50 300 

1450 22  60 24 43 5 57 330 

1455 22  57 26 41 14 35 400 

1500 22  60 22 41 8 30 400 

1509 22  60 12 41 5 55 370 

1515 22  62 20 38 5 38 330 

1520 22 325/35 65 14 38 5 62 200 

1507 20 306/39 57 12 42 5 60 260 

1512 20  58 20 40 5 50 460 

1517 20  58 20 40 5 45 400 

1522 20  62 14 41 5 30 220 

1527 20  60 12 40 5 15 200 

1440 50 348/51 53 14 18 12 20 180 

1445 50  55 18 32 8 38 240 

1450 50  56 18 36 18 32 200 

1455 50  57 12 22 8 26 140 

1500 50  57 8 38 8 40 300 

1505 50  54 8 36 5 20 200 

1510 50  50 8 30 5 17 50 

1515 50  45 8 25 5 12 30 

1520 39  64 20 40 5 55 180 

1525 39  60 12 38 5 60 400 

1530 39  60 13 40 5 60 410 

1535 39  60 13 40 5 60 410 

1540 39  58 10 38 5 60 400 

1545 39  60 12 38 5 55 420 

1550 39  60 6 37 5 50 240 

1555 39 318/24 60 22 34 5 62 390 

1600 39  60 18 18 5 38 200 

1427 12 304/53 58 18 32 5 42 400 

1432 12  58 22 42 5 46 440 

1437 12  58 22 42 5 54 500 

1442 12  59 20 41 8 50 480 

1447 12  60 18 40 12 44 300 

1452 12  62 26 40 5 50 420 

1457 12  60 24 40 5 60 520 

1502 12  60 25 42 18 35 200 

1507 12  60 20 42 5 60 600 

1512 12  60 10 40 5 30 200 

1517 12  64 15 40 5 35 300 

1522 12  64 20 40 5 60 400 

1527 12  62 14 40 5 55 400 
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Table 7.   Cell Attribute Data for 23 April 1997 (continued) 
Time ID AzRng MR HMR ST SB SVIL CAR 

1532 12  62 12 40 5 58 420 

1537 12  60 10 40 5 60 460 

1542 12  60 14 42 5 58 420 

1547 12  60 15 40 5 60 300 

1552 12  60 24 37 5 58 200 

1557 12  58 19 22 5 40 200 

1447 27 304/42 55 18 40 5 40 200 

1452 27  62 24 42 5 62 420 W 

1457 27  60 12 42 16 30 300 W 

1502 27  64 22 40 5 30 360 

1507 27  62 21 38 5 30 350 

1512 27  64 14 38 5 30 420 

1517 27 322/28 65 19 40 5 64 320 

1420 13 335/71 55 17 30 6 35 200 

1425 13  55 15 40 6 33 200 

1430 13  60 10 40 6 32 200 H 

1435 13  60 18 50 20 44 400 H 

1440 13  60 16 44 20 44 380 H 

1445 13  62 26 44 20 60 200 H 

1450 13  63 25 47 6 60 400 

1455 13 346/66 55 24 47 6 60 260 

1422 6 307/65 55 24 30 6 20 100 

1427 6  57 6 36 6 40 400 

1432 6  57 20 38 8 38 120 

1437 6  57 20 40 18 30 160 

1442 6  57 20 42 18 34 340 W 

1447 6 318/61 57 10 44 6 22 130 W 

1422 7 298/57 55 12 30 6 52 280 

1427 7  57 18 36 6 58 400 

1432 7  57 20 38 6 58 440 

1437 7  57 22 42 6 58 480 

1442 7  57 24 44 6 60 540 W 

1447 7 315/54 60 12 40 12 48 280 W 

1452 7  62 22 40 6 57 500 

1457 7  57 26 40 16 59 360 

1427 47 299/62 55 14 30 5 29 300 

1432 47  55 14 32 5 31 220 H 

1437 47  62 27 40 5 47 520 H 

1442 47  55 23 28 5 39 280 

1447 47 317/56 55 12 38 5 27 440 

1452 47  55 12 35 5 27 400 

1457 47  60 10 30 5 30 300 
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Table 7.   Cell Attribute Data for 23 April 1997 (continued) 
Time ID AzRng MR HMR ST SB SVIL CAR 

1427 17 320/72 60 10 30 5 30 300 

1432 17  57 12 50 5 40 180 

1437 17  62 30 44 22 40 200 

1442 17  62 22 46 5 40 430 

1447 17 339/63 62 22 46 5 12 250 

1552 17 344/59 64 28 50 5 65 440 
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