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Abstract 

Baker, Bradley Wayne. Ph.D. The University of Memphis. December 2019. Southeast 

U.S. Severe Thunderstorm Climatology and 1932 Tornado Outbreak. Major Professor: 

Dorian Burnette, Ph.D. 

There is a poor understanding of severe thunderstorm variability over the Southeast U.S. 

due to the lack of a reliable, homogeneous, long-term observational records.  A potential 

avenue to address severe thunderstorm variability involves computing environmental 

indices derived from reanalysis datasets and use those as proxies for severe thunderstorm 

days.  Unfortunately, reanalysis datasets have known issues with inhomogeneity that are 

not related to climatology.  Thus, this research first sought to reconstruct a climatology of 

severe thunderstorm days back to 1925 from the Twentieth Century Reanalysis (20CR) 

dataset, while developing methods that potentially minimize non-climatic 

inhomogeneities.  Severe thunderstorm day proxies were reconstructed from 20CR by 

computing two separate time series using two thresholds of the significant severe 

parameter.  Analysis of each time series included change point analysis, two-proportion 

z-tests, autocorrelated conditional Poisson models, and verification of a random sample 

of days before and after 1950 using archived sources.  Results suggested an overcount in 

severe thunderstorm days prior to 1950, and a bias correction factor was determined and 

applied to the time series that seems to improve the estimate of severe thunderstorm days.  

The Southeast also has a high climatological risk for tornado outbreaks, and several 

notable tornado outbreaks impacted the region in the 1930s.  A particularly deadly 

outbreak occurred 21-22 March 1932 across the region, but no formal study has 

examined this historic event.  Alabama suffered the greatest loss with approximately 268 

fatalities and 1,874 injuries.  This research reconstructed a series of surface maps using 



 

v 
 
 

archived meteorological observations that depict the progression and synoptic patterns of 

this outbreak.  A comparison of these surface maps to 20CR derived surface maps 

suggest that 20CR generally reproduced the broad synoptic patterns of this outbreak.  

Further, archived newspapers and tornado databases assisted in describing the societal 

impacts of three violent F4 tornadoes that impacted north and central Alabama.  The 

findings of this doctoral research contribute to the understanding of severe thunderstorm 

variability and tornado outbreak vulnerability in the Southeast U.S. during the 1930s and 

1940s.  These results could assist weather forecasters and emergency managers better 

address vulnerability to severe thunderstorms and tornado outbreaks in the region. 
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Chapter 1: Introduction 

The Southeast U.S. is vulnerable to severe thunderstorms (i.e., a thunderstorm that 

produces hail of 2.5 cm or greater in diameter, wind gusts of 95 km h-1 or greater, or a 

tornado) (Kelly et al. 1978; Ashely 2007; Simmons and Sutter 2013; Coleman and Dixon 

2014), but severe thunderstorm variability is poorly understood in the region prior to the 

1950s.  A significant challenge to understanding severe thunderstorm variability is the 

lack of homogeneous, long-term observational records of severe thunderstorms (Brooks 

et al. 2003; Brooks 2013; Allen et al. 2015).  Observational records of severe thunderstorms and 

tornadoes extend back to the early 1950s, though these records are subject to inhomogeneity due to 

population and observation biases and historical changes in reporting, damage rating, and 

technology (Doswell and Burgess 1988; Verbout et al. 2006).  Therefore, environmental indices 

computed from reanalysis datasets have been used as proxies to estimate severe thunderstorm 

variability (Brooks et al. 2003; Trapp et al. 2007; Diffenbaugh et al. 2013; Allen et al. 2015).  

Unfortunately, research has yet to focus on severe thunderstorm variability prior to 1950.  These 

past studies used the National Centers for Environmental Protection (NCEP)/National 

Centers for Atmospheric Research (NCAR) and North American Regional Reanalysis 

(Kalnay et al 1996; Mesinger et al. 2006), but there are issues with these datasets such as 

the changing mix of observations, biases in observations and models, and the lack of 

observational constraints.  These issues result in inhomogeneities within the datasets.   

Twentieth Century Reanalysis (20CR) is a global meteorological reanalysis 

dataset that remarkably spans the twentieth century (Compo et al. 2011).  The dataset was 

developed using the most consistent available observations to minimize issues with 

homogeneity related to non-climatic biases.  20CR dates back farther than any other 
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reanalysis dataset, extending back to 1851, but discontinuities were detected prior to 1950 

(Ferguson and Villarini, 2012, 2014).  An opportunity exists to use historical research 

methods to validate results obtained from 20CR.  Reconstructed past severe thunderstorm 

variability could potentially benefit from archived data, which often provides invaluable 

personal accounts of past events (Grazulis 1993).  Archived newspapers are often great 

sources of detailed weather records (Mock 2000, Mock et al. 2007) and these records 

exist in the Southeast during the 1930s and 1940s.   

Extensive drought plagued the Great Plains during the 1930’s Dust Bowl, and 

persistent La Niña conditions occurred during this period (Schubert et al. 2004; Seager et 

al. 2005a, b).  Allen et al. (2015) and Lee et al. (2016) note an increased potential for 

tornadoes over the Southeast during La Niña events, and a series of tornado outbreaks 

have been documented historically in the 1930s (Grazulis 1993; Schneider et al. 2004; 

Murray 2015).  Case study reconstructions provide historical perspectives of past tornado 

outbreaks and may assist in early detection of future events.  Reconstruction of past 

tornado events has been accomplished through the use of archived meteorological 

observations and charts (Ludlum 1975; Maddox et al. 2013), and these observations 

extend back to the 1930s.  A historic tornado outbreak reconstructed using archived 

observations could also be used to evaluate the reliability of 20CR.  Inhomogeneities 

have been detected in long-term trends of 20CR prior to 1950 (Ferguson and Villarini 

2012, 2014; Brönnimann et al. 2012), but recent research suggests that 20CR represents 

individual storms relatively well (Ernst et al. 2017; Meyer et al. 2017).   
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Research Goals and Objectives 

The goals of this doctoral research are 1) to extend the current knowledge of 

severe thunderstorm variability over the Southeast back to the 1930s and 1940s, 2) to 

reconstruct a climatology of severe thunderstorm days, 3) to develop methods that 

potentially minimize non-climatic inhomogeneities, and 4) to reconstruct a historic 

tornado outbreak from the 1930s.  Data used to address these goals include 

meteorological reanalysis and archived historical data.  Understanding long-term severe 

thunderstorm variability enables weather forecasters, emergency managers, and the 

public to be more prepared (Brooks et al. 2003), and this research may assist in reducing 

society’s vulnerability.   

Objective 1 

The first objective seeks to establish a detailed severe thunderstorms climatology 

for the Southeast U.S. from 1925 to 2014.  The significant severe parameter is computed 

from 20CR (version 2c) dataset and used as a proxy to develop a climatology of severe 

thunderstorm days.  The sensitivity of the significant severe parameter is tested between 

two different thresholds (10,000 and 20,000) by reconstructing and analyzing two 

separate time series.  Given inhomogeneities have been detected in the dataset prior to 

1950 due to the changing density of the observations, the time series is visually and 

statistically analyzed for inhomogeneities.  The time series is further evaluated by 

sampling and verifying severe thunderstorm days before and after 1950 using 

documentary data and severe weather datasets.  Methods are explored to potentially 

minimize inhomogeneities identified in the time series before 1950.  This objective 

addresses three research questions. 
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1. Is there a systematic bias in severe thunderstorm day proxies derived from 20CR before 1950?  

If so, can bias correction be applied to improve the estimate of severe thunderstorm days?  

2. Is the verification of severe thunderstorm days sensitive to different thresholds of the significant 

severe parameter? 

3. How well does 20CR derived proxies perform as a first guess for locating past severe 

thunderstorm days?   

Objective 2 

The second objective investigates and reconstructs the synoptic conditions and 

societal impacts of a historic tornado outbreak that impacted the Southeast from 21-22 

March 1932.  Tornado tracks from the event are mapped and spatially analyzed based on 

length, number of fatalities and injuries, and Fujita-scale rating.  Archived meteorological 

observations are located, digitized, and used to reconstruct a series of synoptic charts.  

Analysis of these charts, in conjunction with archived Weather Bureau (WB) synoptic 

charts and pilot balloon observations (pibals), assisted in identifying synoptic features 

(e.g., pressure systems and frontal boundaries).  New meteorological analysis is presented 

for this historic tornado outbreak and compared to 20CR derived surface charts.  Impacts 

of three violent F-4 tornadoes that devastated Alabama during this tornado outbreak are 

described by locating and examining documentary data.  This objective examines two 

questions. 

1. What were the synoptic patterns and regional impacts of the 1932 Deep South 

tornado outbreak? 

2. Is the synoptic pattern of the 21-22 March 1932 Deep South tornado outbreak 

reproduced in 20CR? 
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Dissertation Overview 

 This dissertation is organized into two separate journal articles that will be 

submitted for publication in refereed journals.  Chapter 2, “A climatology of severe 

thunderstorm days over the Southeast U.S., 1925-2014,” reconstructs a climatology of 

severe thunderstorm days and employs methods to minimize inherent inhomogeneities 

between 1925 and 1949.  Chapter 3, “The Deep South tornado outbreak 21-22 March 

1932,” reconstructs and describes the synoptic conditions and societal impacts of a 

historic tornado outbreak that impacted the Southeast 21-22 March 1932.  The last 

chapter, “Discussion and Conclusions,” integrates the results of chapters 2-3, presents 

major findings and discusses the significance of this work and future research.    
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Chapter 2:  A Climatology of Severe Thunderstorm Days Over the Southeast U.S., 

1925-2014 

 

Abstract 

The Southeast U.S. is vulnerable to severe thunderstorms, but a poor 

understanding of severe thunderstorm variability exists in the region prior to the 1950s.  

In this chapter, the significant severe parameter is computed from version 2c of the 20th 

Century Reanalysis (20CR) dataset and used as a proxy to develop a climatology of 

severe thunderstorm days for the Southeast from 1925 to 2014.  This research tested the 

sensitivity of the significant severe parameter to different thresholds (10,000 and 20,000) 

by reconstructing and analyzing two separate time series.  20CR is embraced for its long-

term record, but inhomogeneities have been detected in the dataset prior to 1950 due to 

the changing density of the observations.  Initial assessment of the time series included a 

visual examination, change point analysis, and two-proportion z-tests.  Thus, a further 

evaluation of the reconstructed time series involved sampling and verifying severe 

thunderstorm days before and after 1950 using archived newspapers and severe weather 

datasets.  This analysis fit an Autoregressive Conditional Poisson (ACP) model to the 

time series and calibrated it using severe thunderstorm days after 1950.  Results indicate 

an overcount bias in severe thunderstorm days before 1950, which seems to be due a 

CAPE bias in 20CR.  This chapter concludes that applying a monthly, proportionally-

based bias correction factor to the time series before 1950 shows promise in minimizing 

non-climatic biases.   
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Introduction 

 Climate scientists postulate that climate change will impact the frequency and intensity of 

severe thunderstorms (i.e., large hail, high winds, and/or tornadoes), and previous studies have 

begun to address this relationship (Del Genio et al. 2007; Trapp et al. 2007, 2009; Van Klooster & 

Roebber 2009; Diffenbaugh et al. 2013; Brooks 2013; Gensini et al. 2014a; Tippett et al. 2015; 

Seeley & Romps 2015; Hoogewind et al. 2017).  However, uncertainties regarding the response of 

severe thunderstorms to a warming climate still exist, and the Intergovernmental Panel on Climate 

Change’s (IPCC) Fifth Assessment Report (2013) limited its discussion of severe thunderstorms to 

approximately one page.  A considerable limitation is the lack of homogeneous, long-term 

observational records of severe thunderstorms (Brooks et al. 2003a; Brooks et al. 2007; Brooks 

2013; Diffenbaugh 2013; Allen et al. 2015; Tippet et al. 2015).  The U.S. officially began collecting 

and recording observations of severe thunderstorms in the 1950s.  The resulting Storm Events 

Database contains reports of tornadoes (1950-present), hail (1955-present), and thunderstorm wind 

gusts (1955-present).  However, these reports are subject to inhomogeneity because of population 

and observation biases and historical changes in reporting, damage rating, and technology (Doswell 

and Burgess 1988; Brooks et al. 2003b; Doswell et al. 2005; Verbout et al 2006; Tippett et al. 

2015).   

 Inhomogeneities in observational records pose challenges to constructing severe 

thunderstorm and tornado climatologies.  Therefore, studies have used environmental indices from 

reanalysis datasets as proxies to estimate severe thunderstorm variability in the present and future 

climate (Brooks et al. 2003a; Trapp et al. 2007; Diffenbaugh et al. 2013; Allen et al. 2015).  
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Previous research has derived environmental indices from many different parameters relating to 

instability, wind shear, low-level dynamics, or a combination of these parameters.  The product of 

convective available potential energy (CAPE) and bulk wind shear can distinguish non-severe and 

severe thunderstorm environments (Rasmussen and Blanchard 1998; Brooks et al. 2003a).  Brooks 

and Craven (2004) developed the significant severe parameter, which they found to be the best 

discriminant between non-severe, severe, and significant severe thunderstorms.  The significant 

severe parameter is calculated as the product of Mean Layer CAPE and 0-6 km shear.  Severe 

thunderstorm environments tend to occur when the significant severe parameter exceeds key 

thresholds of 10,000 and 20,000 (Brooks et al. 2003a; Craven and Brooks 2004; Gensini and 

Ashley 2011).   

CAPE represents the instability and low-level moisture needed for deep convection.  

Vertical wind shear organizes and helps sustain thunderstorm updrafts.  Research has indicated that 

in a warmer climate CAPE could increase due to an increase in specific humidity in the lower 

troposphere, whereas vertical wind shear could decrease because of a decrease in the latitudinal 

thermal gradient (Trapp et al. 2007; Diffenbaugh et al. 2013; Hoogewind et al. 2017).  This 

decrease in vertical wind shear could lead to a decrease in severe thunderstorms.  However, the 

consensus among climate scientists is that increased CAPE will offset the decrease in vertical wind 

shear, and the mid and late twentieth-first century could have an increase in environments favorable 

for severe thunderstorms.  However, uncertainties remain regarding the regional and seasonal 

distributions of these future environments (Diffenbaugh et al. 2013; Gensini et al. 2014a), 

convective initiation (i.e., thunderstorm development; Trapp et al. 2009; Tippett et al. 2015) and 

convective hazard types (i.e., tornadoes, hail, and damaging winds; Trapp et al. 2007; Brooks 

2013).  
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Climate models have several limitations representing convective processes.  First, subgrid-

scale convection (e.g., thunderstorms) cannot be resolved because of the coarse horizontal 

resolution of the models.  Therefore, models represent deep convection by employing a convective 

parameterization scheme (Emori et al. 2001; Zhang et al. 2009; Straub et al. 2010; Han and Pan 

2011).  Several different convective parameterization schemes exist, and each applies different 

assumptions and methods for triggering deep convection, which CAPE is sensitive to (Trapp et al. 

2007; Diffenbaugh et al. 2006, 2013; Marsh et al. 2007, 2009; Straub et al. 2010; Allen et al. 2011).  

Marsh et al. (2007) compared mean CAPE values between the National Centers for Environmental 

Protection (NCEP)/National Center for Atmospheric Research’s (NCAR) global reanalysis and 

NCAR’s Community Climate System Model version 3 (CCSM3) from 1980 to 1999.  Each dataset 

used a different convective parameterization scheme to represent convection.  Despite this, they 

found that the spatial distribution of CAPE was comparable between the two datasets.  Second, 

large convective inhibition (CIN) values potentially prevent thunderstorms from developing, 

whereas low CIN values may trigger non-severe thunderstorms.  CIN is the energy in the boundary 

layer that must be overcome before convection can occur.  Unfortunately, the coarse vertical 

resolution in climate models and reanalysis datasets limit the detection of vertical gradients, which 

are important for resolving CIN (Brooks et al. 2003a; Trapp et al. 2007; Brooks 2013).  

Consequently, convective parameters derived from climate models must be used with caution.  

Climate scientists have a considerable understanding of climate variability over the modern 

record (i.e., since the late-19th century) because of high-quality observational records.  For example, 

reliable instrumental records indicate that global temperatures have increased significantly since the 

1880s (IPCC 2013).  Unfortunately, the poor quality of severe thunderstorm observational records 

makes it difficult to assess if changes in severe thunderstorm variability have occurred (Brooks 
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2013).  Gensini and Ashley (2011) compared observed storm reports to significant severe 

thunderstorm environments (i.e., calculated as the product of 0-6 km Bulk Wind Difference and 

Most Unstable CAPE exceeding 20,000) from 1980 to 2009 and found no significant trend over the 

30-year period.  They determined that the environmental proxies overestimated significant severe 

thunderstorm events, but the annual cycle of significant severe environments closely followed that 

of observed storm reports.  A study by Tippett et al. (2012) used Poisson regression to compare 

monthly averaged tornado observations to monthly averaged environmental parameters, and they 

determined good agreement between the two datasets.  Gensini and Mote (2014) dynamically 

downscaled a global climate model into a high-resolution regional climate model to resolve a proxy 

of hazardous convective weather from 1980 to 1990.  They compared model output to historical 

severe thunderstorm reports and found good spatial agreement.  Altogether, these studies suggest 

that a long-term record of severe thunderstorm environments could be used as a proxy to past 

severe thunderstorm days, which can be accomplished using reanalysis datasets.  Reanalysis 

datasets are constructed by assimilating past climate observations into climate models, which results 

in estimates of climate variables in regions relatively devoid in data.  Unfortunately, even reanalysis 

datasets are challenged by inhomogeneities.  Previous research has used NCEP/ NCAR and North 

American Regional Reanalysis (NARR) (Kalnay et al 1996; Mesinger et al. 2006) datasets, but 

there are issues with these datasets such as the changing mix of observations, biases in observations 

and models, and not all modeled data are constrained by observations.   

The 20th Century Reanalysis dataset (20CR) has been embraced for its long-term record, 

and data within 20CR could be used as a proxy to develop severe thunderstorm climatologies.  

Compo et al. (2011) purposefully developed 20CR using observations that were consistently 

available backward in time to minimize issues with inhomogeneity related to non-climatic biases.  
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20CR version 2c (V2c) now goes back to 1851, which is much further than any other reanalysis 

dataset.  Unfortunately, even the latest version of 20CR contains discontinuities before 1950 

(Ferguson and Villarini 2012, 2014).  Several recent studies have utilized 20CR to analyze long-

term climate trends, but the quality of the full reanalysis has had mixed results.  Ferguson and 

Villarini (2012) used three different statistical changepoint techniques to compare surface air 

temperature and precipitation between 20CR and observations from the Climate Research Unit in 

the central U.S.  They determined that abrupt changepoints occurred during the warm season in the 

1940s and 1950s.  Brönnimann et al. (2012) used 20CR to analyze extreme winds in the Northern 

Hemisphere back to 1871.  They found that 20CR is comparable with observations from individual 

historical storms, but they stressed interpreting long-term trends in extreme winds before 1950 with 

caution.  A study by Krueger et al. (2013) examined Northeast Atlantic storminess from 1881 to 

2004.  They used upper percentiles of geostrophic wind speeds from 20CR as a proxy for 

storminess and compared it to observations.  The 20CR derived proxies and observations were 

inconsistent before 1940, which they attributed to a lack of observations that were assimilated 

during the early portion of the reanalysis.  Altogether, these studies demonstrated that 20CR data 

should be used carefully before 1950, and it is perhaps best to use 20CR in conjunction with 

verified historical observations.  

Previous studies that have reconstructed past extreme weather events have utilized archived 

historical documents (Grazulis 1993; Chenoweth and Landsea 2004; Dodds et al. 2009; Burnette et 

al. 2010; Burnette and Stahle 2013; Taszarek and Gromadzki 2017).  Newspapers and diaries often 

provide detailed descriptions of societal impacts from past weather events.  Mock et al. (2010) 

showed that personal storm accounts from newspapers, diaries, and ship logbooks provide good 

narratives of weather conditions before and after tropical cyclones.  There is potential to verify past 
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