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ABSTRACT
This study examines the use of radar echo tops to predict severe weather with seasonal influence.  Two years of data were examined and compared to find seasonal differences in the heights of radar echoes.  A radar echo top was found for each severe weather report during the two year period.  The radar echo tops of severe storms were compared with radar echo tops of non-severe storms during the two seasons.  The data shows there is a significant difference of radar echo tops producing severe weather between the summer and spring months.  There is also a significant difference in the radar echo tops of severe to non-severe storms.  Thus, a seasonal difference of radar echo tops producing severe weather is evident and higher radar echo tops can be associated with severe weather, but only on the seasonal scale.
_________________________________

1. Introduction

Radar reflectivities from the Weather Surveillance Radar 1988 (WSR-88D) have been used by forecasters to predict short term weather for years.  Specifically, radar can aid in the prediction of severe weather.  Radar products derived from radar have been shown to have relationships to particular types of severe weather.  One such product is Echo Tops (ET).  Echo Tops are composed of 16 data levels displaying the heights of echo-tops based on the highest elevation angles at which radar beams are deflected.  The minimum reflectivity the radar can detect is 18 dBZ.  (Klazura and Imy, 1993).

As early as 1974, numerous studies were done to try to show how the height of the tropopause in the atmosphere was related to the severity of a particular storm (Dent, White, and Cressman, 1974).  This would seem to indicate forecasters could use radar echo top to indicate whether a storm is severe or not.  This study will look at the seasonal difference in these heights across Iowa to see if there are specific ranges of echo tops associated with each season in the state.
Additional studies have been conducted to find relationships between severe weather and other radar algorithms.  One such study performed by Silverman, Kitzmiller and Przybylinski (1996) found severe weather was best identified by Vertical Integrated Liquid (VIL).  VIL is a function of reflectivity and height.  VIL is the equivalent liquid-water content of a storm (Amburn and Wolf, 1996).  If VIL can be used to indicate severe weather and it is related to the height of radar echoes, then there could also be a relationship of radar echo tops and severe weather.  
Since the National Weather Service (NWS) is involved in the short term prediction of severe weather, it would be useful to have another tool to help improve this task.  Looking at the seasonal variation in echo top data producing severe weather will also be useful in adjusting forecasting techniques between the spring and summer seasons.  
2. Data

Radar echo top data for this study was obtained from archived WSR-88D radar data from the National Weather Service.  The data archive was located online at Iowa State University on the Iowa Environmental Mesonet.  Radar data in this archive ranges from 2001 to present.  The radar sites used for this study included Omaha (OAX), Sioux Falls (FSD), Des Moines (DSM), La Crosse (ARX), and Davenport (DVN).
The radar echo top images are stored in zip files in this archive.  The zip files had to be downloaded then opened by using the following UNIX command:

tar –zxf filename

This put the images into a directory called NET.  Then gempak, a powerful operating system, had to be used to view the individual radar echo top images.  More specifically, a command in gempak called gpmap had to be used.  To view the image using gpmap, three criteria had to be set for the image to appear.  These commands are:

garea=ia+

projection=rad

radfil=filename
An image of radar echo tops can be seen in Fig. 1.  The orange and red on the image indicate the higher radar echo tops.

For each non-severe or severe storm, the procedure of extracting the individual images from the zip file had to be used and involved a large amount of time, since over 1000 severe and non-severe storms had to have a radar echo top assigned to them.  The radar echo tops had to be recorded to the nearest 5 km due to the resolution of the radar data.  The radar, when operating in severe weather mode, only captures a radar image every 5 minutes.  Thus, when a severe weather report occurred between one of these 5 minute frames, the radar image with the closest time stamp was used.
This study looks at comparisons of severe storms to non-severe storms.  Dates and times of non-severe storms were obtained from the National Center for Atmospheric Research (NCAR) Website.  To locate the non-severe storms, a loop of radar data had to be used for each individual day where no severe weather occurred. A total of 61 non-severe storms were located.

Data of severe weather reports was obtained from the National Climatic Data Center and the Storm Prediction Center websites.  There were a total of 1376 severe weather reports found between April 14, 2002 and September 26, 2003.  For each of these severe weather occurrences, a radar echo top was found.  
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Fig. 1. Radar echo tops from the Des Moines NEXRAD on July 26, 2002.

A storm was considered to be severe if it had winds equal to or greater than 58 mph, hail equal to or greater than ¾ inch, or a tornado.  These are the same requirements the National Weather Service currently uses for their classification of severe weather.   
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Fig. 2. Doppler Radar Precipitation Volume Coverage Pattern (National Weather Service, 2003).
When collecting the severe storm reports, the range of the radar had to be taken into account.  The highest radar scan elevation angle is 19.5 as shown in Fig. 2.  A storm that has a higher angle relative to the radar could be missed by the radar.  In Fig. 1, a circle around central Iowa indicates this feature and is called the cone of silence.  For instance, a storm 10 miles away from the radar with an echo top of 40 km would be missed by the radar.  This means that severe reports within 25 miles of the radar had to be excluded in this study, since no radar echo top data could be obtained for those storms.
3. Procedure
To test if the radar echo top means are equal in the spring and summer, a t-test was conducted to find if there is significance between the means.  A confidence level of .95 was used in the calculation.  To conduct this test, an assumption of equal variances had to be applied which seemed reasonable.  The equations used to conduct these tests for significance are below (Vardeman, 2001):
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The first equation was used to calculate the pooled standard deviation, and the second equation was used to calculate the T statistic.  The T statistic is used to find the significance when given a percent confidence and degrees of freedom which are defined by the number of observations minus the number of samples, which in this case is two.

The best way to compare the two seasons in this study was to plot side by side box plots of the data.  This would allow easy comparisons of the distributions of the radar echo top heights.  This also applies when comparing severe storms to non-severe storms.  We can then compare how much overlap occurs in the two distributions to see if any significant differences can be found.  Box plots also allow us to see any outliers in the data sets.

Due to the numerous number of severe weather reports, it was necessary to average the radar echo tops for each day.  This would eliminate any biases towards individual anomalous days.  When the severe storm days were all averaged, there was a total of 85 days of severe weather in the two year period that this study was conducted.  This came out to approximately 40 days in each season.

4. Results
Using a t-test comparing the difference in means between the summer and spring shows considerable significance.  This indicates the summer severe weather reports had considerably higher radar echo tops with only a few exceptions.  We can also see the difference of the means in Table 1 is about 6 km. 
	
	Echo Top Mean (meters)
	Echo Top Std. Dev. (meters)

	Spring
	39075
	6128

	Summer
	45268
	6431


Table 1. Means and Std. Dev. of radar echo tops during the summer and spring.
The box plot in Fig. 3 shows the distribution of the radar echo top means in each season.  The shaded area of each box plot represents 75 percent of the severe weather radar echo tops. This region also represents the largest majority of the observations.  As the figure shows, there is very little overlap between the two seasons.  The largest uncertainty occurs around 41 km when trying to assign a radar echo top to a particular season.  There were no instances of average daily radar echo tops above 50 km in the spring, so storms in the summer could be classified as severe if they have echo tops over 50 km in this study.
There were 2 outliers observed in both the summer and spring seasons.  The two outliers in the spring occurred on April 4, 2002 and May 13, 2002.  On these two days, low level instability was very high, especially between the surface and 850 mb.  The temperature difference of these two levels was greater than 20 degrees Celsius. Thus, these storms were most likely surface based and probably did not extend upwards into the upper atmosphere.  It was also noted there was a few reports of tornadoes on these days which would also be an indication that the storms on these days were surface based.  
The 2 outliers in the summer occurred on August 20, 2002 and June 27, 2003.  These outliers appeared to occur because the weather was setting up more like spring time scenario.  In each case, storms occurred along a warm front stretched across Iowa. However, temperatures were abnormally cool for the summer and were in the 70s to the south of the front in both cases.  Dew points for severe weather are typically close to 70 in the summer, but in this case dew points were only in the low to mid 60s.  These cooler dew points and temperatures indicate that the tropopause may have been slightly lower than is typically seen in the summer.  This would seem to indicate a strong connection with radar echo tops and tropopause level in the atmosphere as well.
   Looking at the plot of daily averaged radar echo tops in Fig. 4 for each year, a clear bell shaped curve can be observed.  During the spring, echo tops have relatively low heights, but then they peak around July and August.  The radar echo tops decrease again as fall approaches in both years.
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Fig. 3.  Side by side box plots showing the average daily radar echo top distribution between spring and summer severe weather seasons.
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Fig. 4. (a)Averaged daily severe weather radar echo tops plotted for 2002. (b) Averages daily severe weather radar echo tops plotted for 2003.

This study also looked at non-severe storms compared with severe storms for each season.  Box plots comparing the distribution of radar echo tops for non-severe and severe storms during the spring and summer are shown in Fig. 5 and Fig. 6, respectively.  

Both plots do not show any signs of significant overlap when considering the severe verses non-severe aspect of the two graphs.  In Table 2, you can see that the means for severe weather are considerably higher than the means for non-severe weather.  The t-test again shows high significance in the difference of the two means for each season.  However, both the outliers for severe weather in each case fall below the median for non-severe storms.  Although there is a significant difference between the medians in each plot, there are circumstances where radar echo tops cannot be a good indicator of severe weather. 

	
	Severe (meters)
	Non-Severe (meters)

	Spring
	39074
	30925

	Summer
	45267
	35000


Table 2. Comparison of means of severe and non-severe storms between the summer and spring.
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Fig. 5.  Box plot showing the difference between severe and non-severe thunderstorms during the spring.
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Fig. 6.  Box plot showing the difference between severe and non-severe thunderstorms during the summer.
5. Conclusions

This study shows using a consistent forecasting criterion for radar echo tops is not sufficient over the course of an entire year in the state of Iowa.  The mean radar echo tops in the spring were considerably lower than the summer.  However, radar echo top can be a good indicator of severe weather within a particular season over Iowa.  A radar echo top that would not produce severe weather in the summer would be more likely to produce severe weather in the spring.  Thus, radar echo top can be a good indicator of severe weather on a more seasonal scale.  
However, as this study has shown, some severe weather occurred with abnormally low radar echo tops, so even if using radar echo top data, other factors such as VIL, wind shear, and instability should be considered to avoid making assumptions of severe weather based only upon radar echo tops.  This study showed specifically that low level instability can lead to surface based convection and severe weather which would not be evident by looking at a radar echo top.
A significant difference was also found between severe and non-severe storms in both seasons.  However, there were a few cases that overlapped.  This would tend to suggest that for the majority of instances, echo tops can be used to determine severe weather, but forecasters still have to be cautious of the storms with lower echo tops, because occasionally they can become severe.

The limitations of this study focus around the limited amount of data that could be collected.  This study looked at only 2 years, but it may be possible to get more reliable information if more data had been available.  This study could be expanded to cover a larger span of time.
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