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Executive Summary

This report presents a 15-year climatological study of severe weather events and related severe weather
atmospheric parameters. Data sources included local forecast rules, archived sounding data, Cloud-to-Ground
Lightning Surveillance System (CGLSS) data, surface and upper air maps, and two severe weather event databases
covering east-central Florida. The local forecast rules were used to set threat assessment thresholds for stability
parameters that were derived from the sounding data. The severe weather events databases were used to identify
days with reported severe weather and the CGLSS data was used to differentiate between lightning and non-
lightning days. These data sets provided the foundation for analyzing the stability parameters and synoptic patterns
that were used to develop an objective tool to aid in forecasting severe weather events. The period of record for the
analysis was May — September, 1989 — 2003.

The results indicate that there are certain synoptic patterns more prevalent on days with severe weather and
some of the stability parameters are better predictors of severe weather days based on locally tuned threat values.
The results also revealed the stability parameters that did not display any skill related to severe weather days.

An interactive web-based Severe Weather Decision Aid was developed to assist the duty forecaster by
providing a level of objective guidance based on the analysis of the stability parameters, CGLSS data, and synoptic-
scale dynamics. The tool will be tested and evaluated during the 2005 warm season.
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1. Introduction

The 45th Weather Squadron (45 WS) Commander’s morning weather briefing includes an assessment of the
likelihood of local convective severe weather for the day in order to enhance protection of personnel and material
assets of the 45th Space Wing, Cape Canaveral Air Force Station (CCAFS), and Kennedy Space Center (KSC). The
severe weather elements produced by thunderstorms include tornadoes, convective surface winds > 50 knots, and/or
hail with a diameter > 0.75 inches. Forecasting the occurrence and timing of these phenomena is challenging for 45
WS operational personnel. The AMU has been tasked with the creation of a new severe weather forecast decision
aid, such as a flow chart or nomogram, to improve the various 45 WS severe weather watches and warnings. The
tool will provide severe weather guidance for the day by 1100 UTC (0700 EDT).

An Internet, journal article and periodical search was conducted to find and review work done in the area of
forecasting severe weather. Very little current information was discovered or valid for the central Florida region.
Most research has been done on storms in the Midwest or on weather events several decades ago.

The AMU developed databases for reported severe weather events, synoptic weather patterns associated with
severe and non-severe weather events, and Cloud-to-Ground Lightning Surveillance System (CGLSS) lightning
data. Current severe weather forecast indices, procedures and/or signatures in east-central Florida (KSC/CCAFS)
and other similar locales were investigated. Guidelines for stability index thresholds and other severe weather
thresholds that are locally applicable were explored. Based on the results of the analyses, an interactive web-based
Severe Weather Decision Aid was developed to assist the duty forecaster by providing a level of objective guidance
based on the analysis of the morning CCAFS sounding stability parameters, CGLSS data, and synoptic-scale
dynamics. This tool improves upon the original 45 WS Severe Weather Checklist (4.Appendix A) because it is
based on a statistical climatology of 15 year’s worth of data tuned to east-central Florida, it is more objective and it
is presented in a user-friendly interactive web-based GUI.
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2. Data Methodology

It is important to determine how experienced Florida forecasters have tackled severe weather forecasts — to
understand what data and rules-of-thumb they use, what triggers are believed important, what parameters are
specific to Florida severe weather and how all the information is pulled together. Armed with this knowledge, five
distinct data sets were developed and then merged together. The data sets included local forecast rules, severe
weather events, cloud-to-ground lightning, synoptic weather patterns, and sounding stability parameters. All five
types of “data” were important to tackle this difficult forecast problem. Each data type has some relevance to
forecasting the threat of convection in Florida and if evaluated properly could help forecast the threat of severe
weather at KSC/CCAFS.

2.1 Local Forecast Rules

The 45 WS provided the AMU with their Severe Weather Worksheet (Appendix A) and numerous forecasters
discussed their procedures for developing a severe weather forecast. With the exception of the launch weather
officers, most of the 45 WS forecasters have limited experience forecasting at KSC/CCAFS due to the transitory
nature of military assignments. Forecasters typically stay in one place for about three years which hampers their
ability to develop their own personal experience in forecasting for the local area.

Members of the AMU staff visited with three Florida NWS forecast offices to further develop the forecaster
experience database for this task. They visited Melbourne, Jacksonville, and Tampa NWS offices to discuss how
their forecasters evaluate the probability of severe weather on any particular day. NWS forecasters tend to stay at
one forecast office for many years and develop a keen sense for the local nuances that play a role in severe weather
forecasting. Of the three offices visited, only Jacksonville had a severe weather checklist (Appendix B) that is used
occasionally by the forecasters. In general, the three NWS forecast offices relied on the knowledge and expertise of
each individual forecaster. They do not have or utilize any decision aids or checklist. Each forecaster is well trained
in the local environment and relies on NWS national, regional and local training programs.

2.2 Severe Weather Events

Severe weather events included tornadoes, convective surface winds > 50 knots (> 26 m s™), and/or hail with a
diameter > 0.75 inches (> 1.9 cm). Severe weather occurrence reports were found in the National Climatic Data
Center (NCDC) U. S. Storm Events Database (NCDC 2004), and from the Storm Prediction Center (SPC) database
(Hart and Janish 2003). Severe weather events from six east central Florida counties were extracted from the NCDC
and SPC databases. Reports from the six counties were needed to make sure the database had enough events to
derive meaningful statistical relationships since so few events occur in the KSC/CCAFS area. Figure 1 shows a map
of Florida with the six counties highlighted in yellow. There are three coastal counties (Volusia, Brevard, Indian
River) and three inland counties (Seminole, Orange, Osceola), all of which are typically in the same large-scale air
mass as KSC/CCAFS on most warm season days. The main triggers of convection in the warm season are the
location, movement, and strength of the local sea breeze front and storm outflow boundary collisions. Two sources
of reported severe weather were used to create the severe weather events database for this task.

The NCDC database was the primary data source used and contains data from the following:
e Severe weather events from 1993 — 1995 (except 6/93 — 7/93) with no latitude/longitude, and
e Severe weather events from 1996 — Current including latitude/longitude.
Additional data from the SPC database include:
e Tornadoes from 1950 — 1992,
e  Thunderstorm winds > 50 knots from 1955 — 1992, and
e Hail > 0.75 inches from 1955 — 1992.

The NCDC data were cross-checked with the SPC data. The SPC data are available through a graphical
database developed by SPC called SeverePlot (Hart and Janish 2003). SeverePlot contains data files available from
1950 — current, updated every July, and allows users to create custom maps showing the locations of tornadoes and
severe hail and wind events (Figure 2). Tabular data can be saved in ASCII format for use in other programs.
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Figure 1. Map of Florida showing the six counties (shaded in yellow)
included in the severe weather events database. The location of KSC and
CCAFS are shown on the map and both reside in Brevard County.
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Figure 2. Screen capture from the SPC SeverePlot graphical database program.
All reports of tornadoes, hail > 0.75 inches and convective surface winds > 50
knots from 5/1/89 — 10/1/03 over central Florida are shown. Tornadoes are
represented by the red dots, tornado tracks by the red lines, hail by the green
dots, and convective wind events by the blue plus signs.
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The SPC and NCDC databases were merged into one database for this task since both contained some severe
weather events the other did not have. The final database included only severe weather events in the six east central
Florida counties for 1989 — 2003 and only during the warm season (May — September). The commercial-off-the-
shelf graphical information system software package ESRI® ArcMap™ was used to display all tornado, hail and
wind events included in the database used for this task (Figure 3).

Wet Season Severe Weather Events
May 1989 - September 2003

s Tornado EventsiTracks
]K Wind Events

£\ Hail Events

Figure 3.Locations of all tornado, wind, and hail events in the database used for this task.
Tornadoes are represented by the red dots, tornado tracks by the red lines, hail by the green
triangles, and wind events by the red severe thunderstorm symbols.

The database contained a total of 635 reported severe weather events of which 40 were tornadoes, 270 hail, and
325 wind gust. Many of the reports in the database are recorded at the same latitude and longitude resulting in fewer
than 635 plots in Figure 3. The reason they are recorded at the same latitude and longitude is because the storm data
is entered into the NCDC and SPC databases as a distance in miles and a direction on 16-point compass scale from a
known location, usually a town or city. For example: 4.5 miles ESE Orlando. The NWS uses a database of over
106,000 cities and towns including their latitudes and longitudes. Using an algorithm, the location 4.5 miles ESE of
Orlando can be derived from the known latitude and longitude of Orlando. These latitude and longitude pairs are
generated by the NWS and populated into the database (NCDC 2004).

Of the 635 reported severe weather events, rawinsonde data from the morning (~1000 UTC) sounding at
CCAFS was available for 364 days (some of the days had multiple severe events). The rawinsonde data were
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available for 27 tornadoes, 137 hail events, and 200 wind events. It is important to note that the database contains
only those severe weather events that were reported by human observers (general public, law enforcement, NWS
spotters, etc.). Severe weather events can only be recorded when observed by people in the vicinity, and then only if
the proper authorities are notified. Results from a study by the KSC Weather Office (Ward 2004) indicated that
many severe weather events likely go unreported in east central Florida due to low population densities in many
areas of the six-county region. For the 15 year period, for days with a morning CCAFS rawinsonde that could be
used to compute stability indices, about 82% of all days had lightning observed by the CGLSS in at least one of the
six counties considered while only 13% of these days had reported severe weather. This does not mean severe
weather did not occur on the other 87% of the days with lightning, it just was not reported. When interstate
highways and major roads are superimposed on the map from Figure 3 as shown in Figure 4, there is a clear
correlation between severe weather reports and population/popular roadways. This fact makes the unambiguous
separation of severe weather days from non-severe weather days in the database impossible. Severe weather days are
more accurately described as “reported” severe weather days. However, in order to determine relationships between
the data and severe weather occurrence, an assumption had to be made that severe weather only occurred on
reported severe weather days. In this work, days with reported severe weather were classified as severe days, days
with CGLSS-observed lightning were classified as lightning days, and days with no CGLSS-observed lightning or
reported severe weather were classified as non-lightning days.
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Figure 4.Interstate highways (thick black lines) and major roads (thin black lines)
superimposed on the severe weather events map.
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2.3 CGLSS

The CGLSS is a lightning detection network of six sensors (Figure 5) that collects date/time, latitude/longitude,
strength, and polarity information of cloud-to-ground strikes in the local area. The CGLSS data provided to the
AMU covered a 2° x 2° latitude/longitude area approximately centered at KSC as shown in Figure 5. The CGLSS
data were required to segregate the days with lightning from days without lightning. Even though the goal of this
task was to increase the objectivity of and improve severe weather forecasts, it became obvious during the synoptic
pattern and atmospheric stability analyses that it would be difficult to distinguish severe weather days from all other
days with significant objectivity. It was decided to first determine if there was an objective way to forecast days
without lightning versus days with lightning, regardless of whether or not a severe weather event wa