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    Abstract 

    This thesis uses statistical analysis to forecast the probability of meeting or exceeding the maximum allowable wind speeds for each of the launch pads at the Kennedy Space Center (KSC) and Cape Canaveral Air Station (CCAS). Wind data were collected from the Weather Information Network Display System (WINDS), a collection of 47 meteorological towers located throughout KSC and CCAS, over a period of five winters. A Fortran program was written to calculate conditional probabilities of meeting or exceeding a given threshold speed during eight consecutive one-hour periods, using the current wind direction and peak wind speed as inputs. Forecast probabilities were displayed in a table according to time period and wind direction. 

    Accuracy was measured by constructing contingency tables and calculating various measures of accuracy. Results were tested for significance by calculating p-values for the chi-square test. This method was found to have very little skill in forecasting maximum wind speeds. It is not recommended for operational use. 
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    Use of Climatology to Predict Maximum Wintertime Wind Speeds at the Kennedy Space Center and Cape Canaveral Air Station 

  I. Introduction 
1.1 Background 
Launch Weather Officers (LWOs) at the 45th Weather Squadron (45 WS), Patrick Air Force Base (PAFB), are responsible for making “go/no-go” decisions during the space launch countdown based on the probability of violating various weather constraints. One of the biggest problems the LWOs face is accurately forecasting peak winds during the winter season, which is defined as November through March, at the K
enn
edy Space Center (KSC) and Cape Canaveral Air Station (CCAS). About eight hours before the launch time, the structure that supports the rocket and protects it from the elements is rolled away from the rocket, leaving it exposed and unsupported. If the wind speeds are too strong during this eight-hour countdown, a collision could occur between the rocket and its supporting structure. Therefore, if the wind speeds are expected to exceed a particular threshold, which varies depending on the launch vehicle and the wind direction, the launch must either be delayed or rescheduled. Of the 32 NASA and Air Force launches in 1999, six were delayed due to weather-related problems, costing the government up to $616,000 per day to postpone a launch (Frank, 2000 and White, 2000). 
Strong winds at KSC and CCAS can occur at any time of the year. In the summer season, these winds are usually caused by thunderstorms and microbursts. Thunderstorms are rare in the winter season, however, and frontal passages are the main
 cause of strong winds. The four types of fronts affecting central Florida are discussed in Chapter 2. 
Wind data are collected using one of the most densely instrumented meteorological mesonetworks in the United States, the Weather Information Network Display System (WINDS). It consists of 47 meteorological towers located throughout KSC and CCAS and covers an area of approximately 1200 
km
2
,
 with an average station density of one tower per 27 
km
2
.
 All of these towers measure wind speed, wind direction, and temperature, and selected towers also measure relative humidity. The sensors on these towers range in height from 6 feet to 492 feet. Observations are recorded at one- and five-minute intervals for a total of up to 8580 observations each minute (Raytheon, 1998). 
1.2 Problem Statement 
Personnel at the 45 WS have a vast amount of information available to them via the WINDS network. However, the LWOs have little guidance to help them forecast maximum wind speeds during the winter. Storch (1999) attempted to forecast wintertime wind speeds for KSC and CCAS using a neural network, but his results were inconclusive. In addition, there have been no previous climatological studies of wintertime wind speeds for KSC and CCAS. Thus, the goal of this thesis is to design a climatology-based, short-term (less than 8 horns) forecasting tool to assist the LWOs with their wind forecasts. 
1.3 Scope 
This project focuses on developing a conditional climatology program to help the LWOs predict peak winds more accurately. Personnel at 45 WS requested that only the WINDS towers located close to the launch pads be used in this study. These towers are listed in Table 1 and can be found on the map presented in Figure 1. 
Only data from the 1994-95, 1995-96, 1996-97, 1997-98, and 1998-99 winter seasons have been included in this study because unreliable equipment reported inaccurate wind observations at the launch pads prior to 1994 (Roeder, 1999). In 
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Table captionTable 1 WINDS towers used in this study. 
addition, previous studies on mesoscale systems such as thunderstorms, microbursts, and sea breezes have vastly improved wind forecasts during the summer (Roeder, 1999). The winter season continues to be a problem because LWOs are unfamiliar with how the relatively infrequent frontal passages affect wind speed, especially when the peak winds are already within a few knots of the threshold value. 
1-4 Thesis Organization 
The remainder of this thesis explores the viability of predicting 
maximum
 
wind speeds over an eight-hour period at KSC and adjacent CCAS using conditional climatology developed from a limited database. Chapter 2 presents a brief overview of weather systems which affect central Florida and discussed recent studies which have looked at this same problem. Chapter 3 includes sensor accuracy and a description of the data, including a discussion of observed winds and their causes, as well as statistical methods used in the analysis of this data. Chapter 4 describes the steps taken to conduct this study and discusses the results. Chapter 5 draws conclusions about how the algorithm performed. Observed wind frequency tables for all of the WINDS towers used in this study and contingency tables used in the verification of the output are contained in the appendices. 
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        Figure 1 Location of the WINDS towers. Dark gray triangles represent WINDS towers. Thin rectangles represent launch pads. Towers of interest are 0002, 0036, 0393, 0394, 0397, 0398, 1101, and 1102. 
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        II. Literature Review 
Due to their locations in the northern hemisphere subtropics, PAFB and CCAS are affected by the subtropical ridge known as the Bermuda high throughout the year. The central Florida coast experiences two main seasons: the airmass regime, which runs from mid-May to late September, and the frontal regime, which takes place from late November to mid-March. During the frontal regime, winds can be tricky to forecast as relatively infrequent frontal passages occur. Additionally, two short transition seasons take place, one in the spring and another in the fall. A brief overview of each of the seasons is presented here. Seasonal descriptions were obtained from the 
Terminal Forecast Reference Notebook
 (1987). 
2.1 Airmass Regime 
The Bermuda high is strongest during the airmass regime, when it is centered around 30 degrees north latitude. The position and strength of the high prevents frontal passages from advancing over Florida, as shown in Figure 2. This season is dominated by maritime tropical air, also due to the position of the high. The days are characterized by a nearly continuous easterly wind and convective activity, both of which can cause strong winds. 
2.2 Frontal Regime 
Florida’s frontal regime takes place from late November to mid-March. This regime is a mild winter, during which the Bermuda high weakens and retreats to around 20° north latitude, and true frontal passages occur. The four types of cold fronts which affect central Florida during the winter are categorized according to their orientations: north/south, northeast/southwest, east/west, and northwest/southeast. All of these fronts can cause strong winds at the launch pads. 

        
        [image: Picture #29]
        

        Figure 2 Position of the Bermuda high during the summer season. 
2.2.1 North/South Oriented Fronts.
 The north/south oriented front is associated with a maritime polar front. As shown in Figure 3, the low-pressure center is positioned over east-central Alabama or west-central Georgia, and the highpressure center is located over or just north of the central Gulf of Mexico. This synoptic situation can cause surface winds in excess of 35 knots along the east coast of central Florida. 
2.2.2 Northeast/Southwest Oriented Fronts.
 The northeast/southwest oriented front can occur with either a maritime polar or continental polar airmass. The low-pressure center is usually located between North Carolina and Bermuda and the high-pressure center is located over Arkansas or Tennessee. “This type of front produces the most severe weather in Florida in the form of thunderstorms with high winds and hail” (
Terminal Forecast Reference Notebook,
 1987). However, because the front usually decelerates and weakens when it reaches the Florida Panhandle, 
most of the severe weather occurs in the northern part of the state. See Figure 4 for an example of this situation. 
2.2.3 East/West Oriented Fronts.
 East/west oriented fronts are associated with a continental polar airmass. The low-pressure center is located northeast of Bermuda and the high-pressure center is located in eastern Ohio or western Pennsylvania. Northeasterly winds behind the front can exceed 20 knots. See Figure 5 for an example of this situation. 
2.2.4 Northwest/Southeast Oriented Fronts.
 An east/west oriented front occasionally stalls between Jacksonville and Daytona Beach. Sometimes it begins to move south again, this time with a northwest/southeast orientation as shown in Figure 6. Strong westerly winds occur ahead of the front and become northeasterly behind the front. 
2.3 Transition Seasons 
The spring transition season lasts from late March to mid-May, when the subtropical ridge strengthens and shifts to the north. Frontal passages are less frequent, and winds become easterly. 
The fall transition season lasts from early October to mid-November. Weak fronts begin to move through the area, and winds become northerly. 
2/ Previous Studies 
As mentioned in Chapter 1, the problem of predicting winds at KSC/CCAS was examined by Storch (1999), who developed a neural network to forecast winds for the launch pads. Storch’s results showed that his neural network performed no better than persistence. Cloys (2000) continued research in the neural network 
field. Cloys developed his network using a different method and found that his model performed better than persistence late in the forecast period. 
Bermuda 
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        Figure 4 Typical synoptic pattern for the Northeast/Southwest oriented front 
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        Figure 6 Typical synoptic pattern for the Northwest/Southeast oriented front. 
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