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Figure 5: Comparing composite reanalysis soundings on the outbreak day shows additional

differences between HETO (red H) and METO (black M) events. The differences, highlighted by

violet ovals, show that HETO events generally have higher dewpoint temperatures, stronger low-

level jets, and steeper lapse rates compared to METO events.

Figure 2: The plots above compare HETO (red H) anomalies and statistical significance to METO (black M) anomalies and statistical significance 1 day before the composited outbreaks

occurred. For the 500 hPa height, 850 hPa equivalent potential temperature, and sea level pressure plots, the shading shows weighted anomalies, black solid contours show composited

means, and the red dashed contours show two-tailed student’s t-test at the 95th and 99th confidence intervals. For the 250 hPa zonal wind plot, the shading shows the composited mean, black

solid (dashed) contours show positive (negative) anomalies, and the dashed red contours again show the t-test. Analyzing a day before the outbreaks for HETO and METO events side by side

shows the differences in the time immediately preceding an outbreak.

Figure 3: The plots above compare HETO to METO events as in Fig. 2, but for the day of the outbreak. Examining the synoptic settings for both composites during the outbreaks shows key

synoptic differences between high-end and moderate tornado outbreaks.

Composite Plots
1 Day Before Outbreak Day of Outbreak

3.) Results/Conclusions
After examining the differences between HETO and METO events, the HETO events

showed stronger, more pronounced features in every case:

4.) Future Work
The datasets used for the HETO and METO

composites were just one particular set of data.

In the future, comparing different percentiles of

number of tornadoes, and using 48 or 72 hour

NCEP Reanalysis 2 data to create the

composites would result in additional data for

HETO to METO comparison. Moreover, looking

at more severe weather-related variables, such

as CAPE and helicity, would better describe the

difference between high-end and moderate

tornado outbreaks.
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1.) Introduction/Motivation

Atmospheric conditions and patterns preceding high-end tornado

outbreaks (HETO) are important to understand as such events

often lead to loss of life and property. This study examines the

synoptic conditions in the days surrounding a HETO to identify

large-scale atmospheric structures that can be used to improve

forecasts of HETO events. The domain in this study includes

Alabama, Georgia, Kentucky, Mississippi, the Carolinas, and

Tennessee. Tornadic events were examined using NCEP

Reanalysis 2 from 1 January – 31 May, 2001 – 2014, inclusive.

This time of the year encompasses the peak severe weather

season for the southeast United States.

2.) Data and Methodology
• Examined primary tornado season history in the Southeast for 2001 – 2014 and

categorized tornado events in the following way:

• Composites of daily NCEP Reanalysis 2 data were produced for the HETO and

Moderate-end tornado outbreak (METO) cases. Each composite consisted of

20 cases. Composites were compared qualitatively side by side and

quantitatively by comparing to the 30-year climatology.

• Using Gempak, soundings and several atmospheric variables were plotted in

order to compare HETO and METO cases side-by-side

Figure 1: The red polygons in the plots above show tornado reports (Storm Prediction Center Archive Database). These two plots show the difference

between a HETO and a METO in this study. Examining the differences in synoptic-scale precursors and characteristics between such outbreaks was the

main motivating factor in this study.
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Figure 4: The 250 hPa zonal wind plots above compare HETO to METO events as in

Fig. 2 and Fig. 3, but for 2 days before the outbreak. While most variables 2 days before

the outbreak showed weak synoptic features, the 250 hPa zonal winds showed strong jet

maximums over the Eastern Pacific, Southern Plains, and the Northeast.

Qualitative

• Stronger upstream upper-level jet streak two

days before the outbreak.

o Dual jet divergence region over the

southeast United States the day of

the outbreak.

• Deeper, more negatively tilted 500 hPa

trough with a closer proximity to the

southeast.

• Warmer equivalent potential temperatures

with an accompanying stronger low-level jet

from the Gulf of Mexico.

• Deeper surface low pressure system with

stronger pressure gradients.

Comparing sounding composites of the HETO

and METO cases showed additional differences

between high-end and moderate outbreaks:

• Higher dewpoint temperatures

• Steeper low and mid-level lapse rates

• Stronger veering wind profiles from the

surface to 500 hPa

Quantitative

• Anomalously high zonal 250 hPa wind over

the Southern Plains and Northeast United

States for the two days prior and the day of

the outbreak.

• Anomalously strong negative 500 hPa heights

centered over Kansas with strong positive

anomaly heights in the downstream ridge.

This set up a well-defined ridge-trough-ridge

pattern centered on middle part of the country.

• Positive equivalent potential temperature and

negative sea level pressure anomalies existed

in the two days before and the day of the

outbreak. These anomalies encompassed a

majority of the Southeast by the day of the

outbreak.

• From Figs. 2-4, there are statistically

significant anomalies in every HETO event.

The areas with statistical significance are

considerably larger in the HETO events

compared to METO giving a quantitative

description of the difference between the two

categories of outbreaks.
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