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Abstract 

 

 Previous analyses of the relationship between tornadoes and El Nino Southern 

Oscillation (ENSO) have been complicated by biases in tornado counts. Here I analyze 

winter tornado activity across the eastern United States using sounding-based tornado 

environments rather than tornado counts to determine the possible effect of El Niño Southern 

Oscillation (ENSO) phase on both the frequency and intensity of tornadoes. A pre-existing 

tornado environment database spanning 1958-2000 was used as an objective indicator of 

tornado activity. The database was analyzed in totality and partitioned by environment 

severity class.  Results indicate that during La Niña there is an increase in the frequency of 

tornado environments over what would be expected by chance. This result holds for both 

weak and strong environments. This stands in contrast with previous studies using tornado 

counts, where only strong tornadoes could be linked to ENSO.  El Niño results display an 

apparent southward shift in the frequency of tornado environments relative to neutral 

conditions. During neutral conditions, the frequency of tornado environments is widespread 

across a region to the south of the Ohio valley extending from Texas to Florida.  Broadly 

speaking these results confirm conclusions drawn using count data. 
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Chapter 1: Introduction 

 

 In the early 20
th

 century, British director general of observatories Sir Gilbert Walker 

noticed the infrequent failure of monsoon rains affecting India. His observations revealed 

that sometimes the monsoon was unapparent during a given year and the local weather 

changed from a wet to dry condition. Walker’s early tests detected a change in the position of 

the low pressure system that generally resides over India. The shifting in the location of the 

localized pressure system is the part of a larger phenomenon known as El Niño. Jacob 

Bjerknes further developed this research in 1958 by observing barometric pressure 

differences over the South Pacific and Indian Ocean during a major El Niño event. His 

research showed that under normal conditions, the monsoonal system is affected by the 

presence of a high-pressure system in the tropical eastern Pacific. Airflow out of the northern 

edge of the high drives the east-west flow of the trade winds, which in turn move warm water 

westward and support the wet conditions in the western Pacific (Stevens 2001). Occasionally, 

the southeast trade winds relax in an El Niño event, causing the flow of warm water to 

decrease. The decrease in trade winds also limits the coastal and equatorial upwelling that 

brings the colder, deep water to the surface (Cane 1983). In turn, the resulting relatively 

warm surface waters lead to abnormally heavy precipitation. Customarily referred to as El 

Niño-Southern Oscillation (ENSO), the phenomenon is now understood to have an anti-El 

Niño phase called La Niña, and to comprise a coupled ocean/hydrological system. 

 Since the initial discoveries of the El Niño weather phenomenon, important research 

has found that El Niño affects atmospheric behavior well outside the tropical Pacific. In 
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particular, El Niños result in a southward track of weather systems across much of the United 

States (Nash 2003), and among other things, are thought to have an impact on tornado 

frequency (Cook and Schaefer 2008; Knowles and Pielke Sr. 2005; Schaefer and Tatom 

1999; Noel and Changnon 1998).  

There has been much research in the physical sciences concerning the effects of El 

Niño on tornado activity; however, the results have been contradictory (Etkin et al. 2001; 

Knowles and Pielke Sr. 2005; Noel and Changnon 1998; Sankovich et al. 2004; Cook and 

Schaefer 2008; Schaefer and Tatom 1999). The following literature is divided into two 

sections. The first section provides an overview of tornado forming processes and their 

environments. The second section reviews the current scientific literature that has addressed 

the correlation between El Niño events and tornado activity in the United States in order to 

support the research design. 

 

1.1 Tornadoes 

 

A tornado, as defined by the National Weather Service, is a rotating column of air in 

contact with the ground. Tornadoes commonly form within a larger weather system known as 

a supercell thunderstorm. The initial process of tornado formation begins with the presence 

of a mesocyclone. A mesocyclone is a rotating column of air a few kilometers wide. 

Tornadoes form in a mesocyclone having strong vertical wind shear; i.e. when the upper 

winds travel faster relative to those below. This wind shear creates a rolling motion about the 

horizontal axis. Provided there exists a strong updraft within the storm, this horizontal 
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rotation shifts to the vertical axis and provides the initial rotation within the cloud interior. 

Further development of the tornado occurs as the mesocyclone provides a further increase in 

winds and a decrease in the area of rotation. The resulting column of rotating air descends 

from the main supercell to form the wall cloud. This is an area characterized by a strong 

updraft of relatively cool, humid air. As the system further develops, a funnel cloud forms 

when a rotating vortex forms at the base of the wall cloud. A tornado is classified when the 

funnel cloud touches the ground (Aguado and Burt 2010). 

My research focuses on the environmental conditions present for the formation of a 

tornado. Tornado conditions can be recorded through the use of radiosonde observations to 

create proximity soundings. Three main types of supercell thunderstorm soundings have been 

identified (Schaefer 1986): A Type I sounding is characterized by moist surface air separated 

from dry air aloft by a temperature inversion. Winds increase steadily with height and mid-

level flow is nearly normal to surface flow. A Type II sounding is characterized by one deep 

layer of warm, moist, conditionally unstable air. Winds decrease with height and exhibit little 

variation in direction. Finally, a Type III sounding is characterized by one deep, relatively 

cool, moist, conditionally unstable layer. Wind increases and veers with altitude. Through the 

analysis of various sounding-based parameters, it is possible to differentiate between tornado 

environments leading to strong tornadoes versus non-tornadic storm events. Menne (2005) 

used a set of sounding-based severe weather parameters (Lifting condensation level, 

convective available potential energy, lapse rates, wind speed and shear, etc.) to assess the 

possibility of differentiating between tornadic and other types of storm environments and 

also to create a time series of environments favorable to tornado formation that is 
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independent of bias associated with tornado counts. By combining the soundings recorded 

from supercell thunderstorms and the severe weather parameters quantifying thermodynamic 

and kinematic factors, Menne (2005) created a method for classifying a sounding into one of 

six storm environments. The classification, which includes “no storm” as a possibility, is 

given in Table 1.1. 

By noting the relative frequency of the various categories, Menne (2005) produced an 

objective record of storm environments uncontaminated by bias in storm counts (i.e. due to 

advances in tornado forecasting and reporting through time). 

The proposed research will use this data as an alternative approach to tornado counts 

in order to remove some of the uncertainty associated with counts. The following section will 

go into more detail referencing previous research where tornado counts have been used and 

the inherent problems associated with them. 

 

1.2 Tornadoes and ENSO 

 

Much of the research that has been done concerning the effects of El Niño on 

tornadoes has used tornado counts as the primary indicator of tornado events. Results from 

the literature reveal uncertainty in linking tornado counts with El Niño weather systems. An 

analysis on the southern oscillation and its effects on tornado activity in the United States by 

Knowles and Pielke Sr. (2005) acknowledge this uncertainty by observing the frequency of 

tornado counts through time. Averages for the 1950’s and 1960’s were just under 500 and 

600, respectively, while the 1970’s and 1980’s was over 800. This observed increase in 



5 

 

tornado frequency was concluded to be due to an increase in emphasis to report and confirm 

tornado occurrences, rather than an actual increase in the number of tornadoes developing. 

 In addition to the bias associated with using tornado counts, there also has been an 

inconsistent evaluation of the effects of ENSO on tornado activity. Although ENSO alone 

cannot be responsible for individual tornado outbreaks, it does have an effect on atmospheric 

circulation which can affect the environments under which tornadoes form. During different 

phases of ENSO, changes in atmospheric circulation can either enhance or suppress the 

formation of severe storms capable of producing tornadoes. Etkin et al. (2001) analyzed 

tornado activity during different phases of ENSO across Canada over an 80-year period. 

Their research contained two main analyses: a frequency analysis and a comparison of means 

analysis on the number of tornado events during El Niño, La Niña, and neutral years. The 

frequency analysis showed that western Canada, relative to neutral years, displayed more 

tornadoes during the summer of El Niño conditions and a suppression of tornado activity 

during La Niña years. In El Niño extreme years, more tornadoes occur in summer and 

annually (Etkin et al. 2001).  

 In contrast, Knowles and Pielke Sr. (2005) examined the southern oscillation and its 

effects on tornado activity in the United States and found that there was little difference in 

the total number of tornadoes between El Niño and La Niña events. Their research found that 

total tornado numbers were close to the yearly average during the seven strongest El Niño 

events and higher than average during the five strongest La Niña years, but the difference 

was not statistically significant. They did however find a significant difference in the number 

of violent tornadoes and large number of tornado outbreaks. They found that during the 
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strongest El Niño years the numbers for violent tornadoes were much lower than the average, 

and during La Niña the numbers were much higher than the yearly average. 

In addition to the research in correlating the strength of tornadoes during ENSO 

years, studies have also examined the frequency of cyclones during specific seasons of 

ENSO. Noel and Changnon (1998) investigated the frequency of cyclones during winter 

based on the following ENSO parameters: 1) the intensity of the equatorial Pacific sea 

surface temperature anomaly, 2) the intensity of the Tahiti-Darwin sea level pressure 

anomaly, and 3) the location of the 28
o
C isotherm. They chose to use winter cyclones 

because it appears that during the winter season ENSO events are strongly linked to 

midlatitude locations. Their research suggested that during El Niño years there is an increase 

in cyclones (50%) over California and off the southeast coast of the United States. During La 

Niña years they found an increase in cyclones over the western and northern regions (10-

30%) of the United States. Sankovich et al. (2004) also researched winter tornado activity 

across the southeastern U.S. in relation to ENSO phase. Through the analysis of proximity 

soundings of severe thunderstorms they concluded that severe weather occurs regardless of 

ENSO phase. They did, however, find shifts in thermodynamic and kinematic upper-air 

profiles that were associated with ENSO. In a more recent article, Cook and Schaefer (2008) 

examined the relation of ENSO to winter tornado outbreaks. Their results show that the 

percentage of tornado days occurring during each phase is quite similar to the percentage of 

winters classified as El Niño, La Niña, and Neutral. This also leads to the conclusion that 

ENSO phase has little effect on the frequency of tornado activity.  
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 Contradictory results based on the strength of tornadoes during ENSO events are 

apparent by the research of Schaefer and Tatom (1999). Their research analyzed the total 

annual number of tornado counts and the annual number of violent tornadoes based on El 

Niño, La Niña, and neutral years. They applied the method of least squares to create a line of 

best fit for the tornado data by comparing the actual reported tornadoes per year with the 

“expected” number of tornadoes per year. The results were statistically insignificant for the 

majority of the data and only a weak correlation of observed strong tornadoes occurring over 

Florida. Cook and Schaefer (2008) explored shifts in intensity and total square area affected 

by tornadoes as a function of ENSO by calculating a Chi-Square statistic and determined that 

both stronger and longer track tornadoes are more frequent during La Niña and neutral 

winters than during El Niño winters.  

 The goal of this research is to further explore the occurrence of winter tornado 

environments during various phases of the ENSO cycle. Previous research has focused on the 

potential correlation between El Niño and tornadoes by analyzing the total number of tornado 

reports based on various El Niño events, but many of the statistical analyses performed have 

been unintentionally biased due to aforementioned advances in observing technology. In 

1953, the U.S. weather bureau initiated the first official tornado watches and subsequent 

tornado warnings. Since then, there have been several advances in the forecasting of tornadic 

thunderstorms and an increase in the number of trained tornado spotters able to report the 

occurrence of a tornado. Thus, although observed tornado counts have more than doubled 

since the 1950’s, it is not clear whether this increase is due to improved observations or 

represents real increases in tornado frequency. 



8 

 

The problem of biased counts obviously confounds efforts to link tornadoes and El 

Niño events. This project will adopt the Cook-Schaefer (2008) approach of analyzing the role 

of ENSO on winter tornado activity by means of a Chi-Square statistic, but replaces tornado 

counts with an objective time series of tornado environments developed previously by 

Menne, 2005. By using tornado environments instead of counts, the statistical analysis will 

hopefully avoid artifacts arising from improvements in tornado detection which may 

artificially bias the tornado data. 
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Chapter 2: Methodology 

 

The focus of this research paper is to further explore the occurrence of winter tornado 

environments during various phases of the ENSO cycle. The first step is to determine an 

appropriate coverage area under which the statistical analysis will be performed. The second 

step is to collect and organize data on tornado environments and ENSO years. The third step 

is to select and run a statistical test on the dataset appropriate for the research question. 

 

2.1 Study Area 

 

The study area for the Cook-Schaefer (2008) paper was across the contiguous United 

States, but the present research project will focus only on the states that correspond to the 

radiosonde stations that were used in the reconstruction model for tornado environments 

(Menne 2005; listed in Appendix A). The data from each station were compiled to create a 

time series spanning from 1958 to 2000. 

 

2.2 Data Sources 

 

Following the Cook-Schaefer approach, this research paper uses the same database of 

winter (January-March) ENSO phases (Table 2.1) as determined by the Climate Prediction 

Center (CPC), but modified to only include those years that correspond to the tornado 

reconstruction model developed previously by Menne (2005). 
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The ENSO phase observations are based on the three-month reconstructions of sea 

surface temperatures in the Niño 3.4 region (Figure 2.1). The Niño 3.4 region is used because 

it is an area within the equatorial Pacific where sea surface pressure anomalies and sea 

surface temperature anomalies are correlated (Trenberth and Hoar 1996). According to the 

CPC, an El Niño is identified by observing sea surface temperature anomalies within the 

Niño 3.4 region that are greater than 0.5
o
C above the average temperature. La Niña occurs 

when sea surface temperature anomalies are lower than -0.5
o
C, and neutral conditions are 

identified by anomalies ranging between -0.5 and 0.5
o
C. 

 

2.3 Chi-Square Statistic 

 

Although it analyzes different data, the statistical approach used for this research is 

the same as that in the Cook-Schaefer paper, a Chi-Square statistic. The Chi-Square statistic 

is given by: 

 

 

 

The test is based upon the squared differences between the expected (Ej) and 

observed (Oj) frequencies over k number of classes, with the degrees of freedom (df) being 

 (Burt et al., 2009). 
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2.4 Data Organization 

 

The data were organized by ENSO phase: El Niño, La Niña, and neutral years. Based 

on the 43 winter seasons explored in this study from 1958-2000, 11 (25.6%) occurred during 

an El Niño year, 12 (27.9%) occurred during a La Niña year, and 20 (46.5%) occurred during 

neutral years (Table 2.2).  

The tornado environment dataset (Menne 2005) was partitioned by storm type to 

include only those soundings indicative of a tornado (Type 3 – Weak Tornado and Type 6 – 

Strong Tornado). A total of 650 observations of tornado environments were recorded based 

on the reconstruction, of which 134 (20.6%) occurred during an El Niño year, 240 (36.9%) 

occurred during a La Niña year, and 276 (42.5%) occurred during neutral years (Table 2.3). 

My research also sought to explore the differences in tornado strength based on 

ENSO phase. Thus tornado environment frequencies were analyzed separately for the two 

severity classes. According to the predefined storm types (Menne 2005), a Type 3 storm is 

associated with a weak tornado (F0 or F1) while a Type 6 storm is defined as a strong 

tornado (F2 or greater); observations of the two storm types are shown in Table 2.4. 

Of the 134 tornado sounding categories that occurred during an El Niño year, 85 were 

classified as a Type 3 storm (63.4%) and 49 were of Type 6 (36.6%). During La Niña 

conditions, 121 of the 240 tornadoes were Type 3 (50.4%) and 119 of the 240 were Type 6 

(49.6%). Under neutral conditions, 141 of the 276 tornadoes were Type 3 (51.1%) and 135 of 

the 276 were Type 6 (48.9%). 
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2.5 Distribution of Tornado Environments by ENSO Phase 

 

In order to evaluate the distribution of tornado environments by ENSO phase, I ask if 

the distribution of tornado environments by ENSO phase categories is any different than 

would be expected by chance. In this context “chance” means random assignment with 

frequencies proportional to the abundance of each ENSO category. For example, if La Niña 

occupied 25% of the record, we would expect 25% of tornado environments to occur during 

La Niña periods under the randomness assumption. If environments occur more or less often 

than expected, it would suggest La Niña either favors or inhibits tornado environments. 

 The observed deviations from expected in Table 2.5 are obviously non-zero, but they 

should be tested for statistical significance. The framework described above calls for 

choosing between a null hypothesis of no ENSO effect and an alternative hypothesis that 

ENSO is related to tornado environments: 

 Ho: The total number of observed tornado environments in a given ENSO phase is 

directly proportional to the length of record occupied by that phase. In other words, tornado 

environments appear randomly by ENSO phase, and ENSO status has no effect on the 

likelihood of a tornado environment. 

 Ha: The total number of tornado environments during a given ENSO phase is more or 

less than expected by chance. Equivalently, tornado environment frequency is affected by 

ENSO phase.  
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2.6 Distribution of Tornado Strength by ENSO Phase 

 

2.6.1 Weak Tornado Environment 

 

The second statistical analysis explores the relation of ENSO phase to the strength of 

a tornado environment. I ask if the distribution of a weak tornado environment by ENSO 

phase categories is any different than would be expected by chance. Again, the departures 

from expected are tested for statistical significance.  

The null hypothesis is no ENSO effect and an alternative hypothesis that ENSO is 

related to weak tornado environments: 

Ho: The number of observed weak tornado environments in a given ENSO phase is 

directly proportional to the length of record occupied by that phase. In other 

words, weak tornado environments appear randomly by ENSO phase, and ENSO 

status has no effect on the likelihood of a weak tornado environment. 

Ha: The number of weak tornado environments during a given ENSO phase is more 

or less than expected by chance. Equivalently, weak tornado environment 

frequency is affected by ENSO phase. 
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2.6.2 Strong Tornado Environment 

 

The third statistical analysis continues to explore the relation of ENSO phase to the 

strength of a tornado environment. I ask if the distribution of a strong tornado environment 

by ENSO phase categories is any different than would be expected by chance. Again, the 

departures from expected are tested for statistical significance.  

The null hypothesis is no ENSO effect and an alternative hypothesis that ENSO is 

related to strong tornado environments: 

Ho: The number of observed strong tornado environments in a given ENSO phase is 

directly proportional to the length of record occupied by that phase. In other 

words, strong tornado environments appear randomly by ENSO phase, and ENSO 

status has no effect on the likelihood of a strong tornado environment. 

Ha: The number of strong tornado environments during a given ENSO phase is more 

or less than expected by chance. Equivalently, strong tornado environment 

frequency is affected by ENSO phase. 

 

2.7 Regional Distribution of Tornado Activity by ENSO Phase 

 

 The final statistical analysis examines the role of ENSO on the regional distribution 

of tornado environments, which is based upon the observed and expected frequencies within 

each state. Cook and Schaefer (2008) explored shifts in tornado activity within the U.S. by 

using cumulative counts of tornadoes for each state based on ENSO phase. In addition, they 
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calculated an expected number of tornadoes for each state as a measure of tornado activity 

independent of ENSO. This value was calculated by multiplying the cumulative number of 

tornadoes for each state, by ENSO phase, with the ratio of the number of seasons under each 

ENSO phase to the total number of seasons in the study. The corresponding states were then 

coded based on three classifications: 1) The observed tornado counts are within 25% of the 

expected value, 2) the observed tornado counts are less than 75% of the expected, or 3) the 

observed tornado counts are greater than 125% of the expected value. Following the Cook-

Schaefer (2008) approach, three maps were created to display the relative proportion of 

tornado activity by ENSO phase for each state, but using tornado environments instead of 

tornado counts. (Figures 2.2, 2.3, and 2.4, respectively). These maps are then compared to the 

results from the Cook-Schaefer (2008) paper (Appendix B) in the discussion section. 
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Chapter 3: Results 

 

The first chi-square test examined the role of ENSO phase on the frequency of 

tornado environments. The calculated chi-square statistic given in Table 3.1 is 27.49 with 

two degrees of freedom. The probability of exceeding this value is extremely low (1.07x10
-6

) 

and thus we can reject the null hypothesis and accept the alternative hypothesis that the 

frequency of tornado environments is affected by ENSO phase.  

The second chi-square test examined the role of ENSO phase on the strength of a 

tornado environment. The data in Table 3.2 shows that weak tornado environments are much 

more common during La Niña phases than expected and concurrently less frequent during 

both El Niño and neutral phases. A X
2
 value of 8.44 was obtained for weak (type 3) tornado 

environments, corresponding to a less than one percent probability (1.47x10
-2

) of occurring 

by chance. Thus we can reject the null hypothesis and accept the alternative hypothesis that 

the frequency of weak tornado environments is affected by ENSO phase. 

The third statistical analysis continued to explore the relation of ENSO phase to the 

strength of a tornado environment. The data in Table 3.3 reveals that strong tornado 

environments are much more common during La Niña phases than expected and less 

frequent during both El Niño and neutral phases. The calculated chi-square statistic for strong 

(type 6) tornado environments is 26.99 with two degrees of freedom. The probability of 

exceeding this value is 1.38x10
-6

 and thus we can reject the null hypothesis and accept the 

alternative hypothesis that the frequency of strong tornado environments is affected by 

ENSO phase. 
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The final analysis sought to explore the spatial distribution of tornado environments 

by ENSO phase and the comparison of observed and expected frequencies by state. During 

El Niño (Figure 3.1), 9 of the 19 states (47%) experienced observations of tornado 

environments within 25% of the expected values, 7 of 19 (37%) experienced observations 

below 75% of the expected value, and 3 of 19 (16%) experienced greater than 125% of the 

expected values. During La Niña (Figure 3.2), 5 of the 19 states (26%) experienced 

observations of tornado environments within 25% of the expected values, 3 of 19 (16%) 

experienced observations below 75% of the expected value, and 11 of 19 (58%) experienced 

greater than 125% of the expected values. Under neutral conditions (Figure 3.3), 16 of the 19 

states (84%) experienced observations of tornado environments within 25% of the expected 

values, 3 of 19 (16%) experienced observations below 75% of the expected value, and no 

states experienced greater than 125% of the expected values. 

 

  



18 

 

Chapter 4: Discussion 

 

4.1 Distribution of Tornado Environments by ENSO Phase 

 

The data from Table 3.1 shows that tornado environments are much more common 

during La Niña phases than expected and less frequent during both El Niño and neutral 

phases. In particular, there is a 32% excess of tornado environments than expected in La 

Niña phases, with about 19% less than expected in El Niño winters. The departure during 

neutral years is about -9%. In contrast, Cook and Schaefer (2008) using tornado counts found 

corresponding values of 1%, 0%, and 0% for El Niño, La Niña, and neutral years, 

respectively. These results lead Cook and Schaefer (2008) to conclude that ENSO phase has 

little effect on the frequency of organized tornado activity across the contiguous United 

States. My research however shows that there is a statistically significant relationship 

between ENSO and tornado environments.  

 

4.2 Distribution of Tornado Strength by ENSO Phase 

 

This research explored the differences of tornado environment strength (weak – type 

3 and strong – type 6) by ENSO phase categories. The data from Table 3.2 shows that weak 

tornado environments are much more common during La Niña phases than expected and less 

frequent during both El Niño and neutral phases. During La Niña phases, the frequency of 
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weak tornado environments is about 22% greater than expected. During an El Niño phase, 

the frequency of weak tornado environments is within a few percent of what would be 

expected under the randomness assumption. Under neutral conditions, weak tornado 

environments are about 15% less common than expected.   

The values from Table 3.3 for strong tornado environments show a sharp increase 

(46.4%) in the frequency of observed strong tornado environments compared to what would 

be expected by chance during La Niña phases. By contrast, El Niño phases show a sharp 

decrease (-33.7%) in the frequency of observed strong tornado environments compared to 

what would be expected by chance. The values during neutral conditions show a slight 

decrease (-8.7%) in the frequency of observed tornado environments compared to what 

would be expected by chance. Cook and Schaefer (2008), however, suggest that stronger and 

longer-track tornadoes occur more frequently during La Niña and neutral years compared to 

El Niño years, with neutral years displaying the highest.  

The distribution of weak and strong tornado environments compared to the total 

number of observed tornado environments is quite similar, with a slight increase in the 

number of observed weak tornado environments. Thus, it is safe to say that segregating 

tornado environments based on strength does not affect the overall distribution of tornado 

environments. 
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4.3 Regional Distribution of Tornado Activity by ENSO Phase 

 

The results from this study compared to the results of Cook and Schaefer (2008; 

Figures B1, B2, and B3 for El Niño, La Niña, and neutral years, respectively; in Appendix B) 

reveal differences in both the spatial distribution of winter tornado activity and the frequency 

of observations. During El Niño years, my study shows a distribution of observed tornado 

environments that are within 25% of the expected across much of the central and southern 

portion of the study site, whereas Cook and Schaefer (2008) reported observations less than 

75% of the expected across much of the central study region. Florida has the greatest 

difference between my study and Cook and Schaefer (2008). Here the observed value is less 

than 75% of the expected value, in contrast to Cook and Schaefer (2008) where observed 

values were 125% of expected. In addition, through the use of the destruction potential index 

(DPI) Cook and Schaefer’s (2008) data indicated that Florida was the only state with stronger 

and longer track tornadoes observed during El Niño winters. My data however stands in 

contrast to theirs indicating that Florida has fewer tornado environments than would be 

expected and that there are significantly fewer strong tornado environments than expected. 

During La Niña years, my study shows many similar results to those of Cook and 

Schaefer (2008), in particular the concentration of states with observations that are greater 

than 125% of their expected values occurring along the southern Gulf coast and extending 

northward. In addition, the number of strong tornado environments observed during La Niña 

compared to the other phases of ENSO in my research support earlier studies (Knowles and 

Pielke, 2005; Bove 1998) that also discovered a difference between the number of strong 
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tornadoes occurring during La Niña compared to other ENSO phases. The main difference 

between the observed and expected data exists for Florida (FL) and Georgia (GA). My data 

reveals an observed value greater than 125% of the expected in both FL and GA, whereas 

Cook and Schaefer (2008) report observed values less than 75% of the expected. Their 

findings lead to the conclusion that during La Niña phases, the concentration of tornado 

activity lies in a southwest-northeast band extending from Louisiana to Michigan with 

reduced activity occurring on other side of the band. My data suggests a more south-north 

band that includes the southeastern states of GA and FL, extending northward into Michigan. 

During neutral years, my research does not suggest a trend for more or less tornado 

environments than what would be expected by chance, with 16 of the 19 states (84%) 

experiencing observed values within 25% of the expected. There are a few states in the 

northern region of my study area that display observations that are less than 75% of what is 

expected, but given the small number of observed tornado environments (often zero), this is 

not surprising. By comparison, Cook and Schaefer (2008;  figures in Appendix B) showed 

that there are a number of states that experience greater than 125% of their expected values, 

with a spatial distribution extending in a west-east zone across the midsection of the country. 

In addition, Cook and Schaefer (2008) reported fewer observed tornadoes than expected (less 

than 75%) in Louisiana and Mississippi, whereas my study shows observed values within 

25% of the expected. 
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Chapter 5: Conclusion 

 

This study sought to explore the distribution of winter tornado activity according to 

ENSO phase by substituting tornado environments for tornado counts to reduce potential 

temporal biases in the data. Through this analysis it was discovered that tornado 

environments are affected by ENSO phase and that tornado environments are more common 

during La Niña phases than expected. During El Niño phases, there are fewer than expected 

strong tornado environments and a small increase in the frequency of weak tornado 

environments. During La Niña phases, the data suggests more of both weak and strong 

tornado environments, with a greater increase in the frequency of observed strong tornado 

environments. Under neutral conditions, the data reveals fewer weak and strong tornado 

environments, with a greater decrease in the frequency of observed weak tornado 

environments. The spatial distribution of tornado environments varies across phases of 

ENSO, with a largely south-north band extending from Florida to Michigan that displays 

greater than expected tornado environments occurring during La Niña. El Niño shows fewer 

than expected tornado environments occurring within the southeastern U.S. states of AL, GA, 

and FL. During neutral years, no trend is observed for either more or less tornado 

environments than would be expected.  
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List of Figures 

 

Figure 2.1: Niño 3.4 region outlined by the CPC 

Figure 3.1: Tornado environment occurrences by state during El Niño phase, 1958-2000. 

Numbers in parentheses represents expected values. States filled with dark color represent an 

observed vs. expected difference of greater than 125%, states with light color indicate and 

observed vs. expected difference less than 75%, and states filled with stripes have an 

observed vs. expected difference within 25%. 

Figure 3.2: Tornado environment occurrences by state during La Niña phase, 1958-2000. 

Numbers in parentheses represents expected values. States filled with dark color represent an 

observed vs. expected difference of greater than 125%, states with light color indicate and 

observed vs. expected difference less than 75%, and states filled with stripes have an 

observed vs. expected difference within 25%. 

Figure 3.3: Tornado environment occurrences by state during neutral phase, 1958-2000. 

Number in parentheses represents expected values. States filled with dark color represent an 

observed vs. expected difference of greater than 125%, states with light color indicate and 

observed vs. expected difference less than 75%, and states filled with stripes have an 

observed vs. expected difference within 25%. 
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Figure 3.2 
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Figure 3.3 
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Storm Type Definition 

0 – No event 
No storm even reported within the space 

and time proximity window 

1 – Thunderstorm 

Small hail (up to 0.75 inches/1.9 cm 

diameter) or weak thunderstorm wind ( up 

to 50 knts/ 128 ms
-1

) 

2 – Strong Thunderstorm 

Moderate hail (0.75 inches/1.9 com to 

2.00 inch/5.91 cm diameter) or moderate 

thunderstorm wind (50 knts/128 ms
-1

 to 

65 knts/167 ms
-1

) 

3 – Weak Tornado 

F0 or F1 rated tornado, but no significant 

thunderstorm wind or hail (see types 4 & 

5) 

4 – Significant Thunderstorm Wind 
Severe thunderstorm wind (greater than 

65 knts/167 ms
-1

) and no reported tornado 

5 – Significant Hail (non-tornadic 

supercell) 

Hail greater than 2.00 inches/5.1 cm 

diameter; no reported F2 or greater rated 

tornado 

6 – Significant Tornado F2 or greater rated tornado 

Table 1.1: Severe local storm event classification criteria (Menne 2005) 
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El Niño La Niña Neutral 

1958 1962 1959 

1966 1965 1960 

1969 1968 1961 

1973 1971 1963 

1977 1974 1964 

1983 1975 1967 

1987 1976 1970 

1988 1985 1972 

1992 1989 1978 

1995 1996 1979 

1998 1999 1980 

 2000 1982 

  1984 

  1986 

  1990 

  1991 

  1993 

  1994 

  1997 

Table 2.1: ENSO years according to phase during winter, 1958-2000 (Climate Prediction Center) 
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ENSO Phase Occurrences Total # Seasons % Total 

El Niño 11 43 25.6% 

La Niña 12 43 27.9% 

Neutral 20 43 46.5% 

Table 2.2: ENSO phase frequency, 1958-2000 

 

ENSO Phase 

Tornado 

Environment 

Frequency 

Total # Tornado 

Environments 
% Total 

El Niño 134 650 20.6% 

La Niña 240 650 36.9% 

Neutral 276 650 42.4% 

Table 2.3: Frequency of tornado environments with ENSO phase, 1958-2000 

 

ENSO Phase and 

Storm Type 

Observed 

Frequency 

Total # 

Observations 
% Total 

El Niño - - - 

Weak (type 3) 85 134 63.4% 

Strong (type 6) 49 134 36.6% 

La Niña - - - 

Weak (type 3) 121 240 50.4% 

Strong (type 6) 119 240 49.6% 

Neutral - - - 

Weak (type 3) 141 276 51.1% 

Strong (type 6) 135 276 48.9% 

Table 2.4: Observations of weak and strong tornado environments according to ENSO phase, 1958-2000 
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ENSO 

Phase 
# Winters % Total 

Observed 

Soundings 

Expected 

Soundings 

% 

Difference 
(O-E)

2
/E 

El Niño 11 25.6% 134 166.279 -19.413% 6.266 

La Niña 12 27.9% 240 181.395 32.308% 18.934 

Neutral 20 46.5% 276 302.326 -8.708% 2.292 

Total 43 100.0% 650 650 - 27.492 

P-value - - - - - 1.07x10
-6

 

Table 3.1: Values for weak (type 3) and strong (type 6) tornado environments, 1958-2000 

 

ENSO 

Phase 
# Winters % Total 

Observed 

Soundings 

Expected 

Soundings 

% 

Difference 
(O-E)

2
/E 

El Niño 10 23.8% 85 82.619 2.882% 0.069 

La Niña 12 28.6% 121 99.143 22.046% 4.819 

Neutral 20 47.6% 141 165.238 -14.669% 3.555 

Total 42 100.0% 347 347 - 8.443 

P-value - - - - - 1.47x10
-2 

Table 3.2: Values for weak (type 3) tornado environment observations, 1958-2000 

 

ENSO 

Phase 
# Winters % Total 

Observed 

Soundings 

Expected 

Soundings 

% 

Difference 
(O-E)

2
/E 

El Niño 10 24.4% 49 73.902 -33.696% 8.391 

La Niña 11 26.8% 119 81.293 46.385% 17.490 

Neutral 20 48.8% 135 147.805 -8.663% 1.109 

Total 41 100.0% 303 303 - 26.991 

P-value - - - - - 1.38x10
-6

 

 

Table 3.3: Values for strong (type 6) tornado environment observations, 1958-2000 
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Appendix A 

Location of Radiosonde Stations 
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Appendix B 

 

Figures from Cook and Schaefer (2008) 

 

 

Figure B1: Tornadoes occurring by state during El Niño phase. Numbers in parentheses 

represents expected values. States fi lled with dark color represent an observed vs. expected 

difference of greater than 125%, states with light color indicate and observed vs. expected 

difference less than 75%, and states filled with stripes have an observed vs. expected difference 

within 25% (Cook and Schaefer, 2008).  
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Figure B2: Tornadoes occurring by state during La Niña phase. Numbers in 

parentheses represents expected values. States filled with dark  color 

represent an observed vs. expected difference of greater than 125%, states 

with light color indicate and observed vs. expected difference less than 75%, 

and states filled with stripes have an observed vs. expected difference within 

25% (Cook and Schaefer, 2008). 
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Figure B3: Tornadoes occurring by state during Neutral phase. Numbers in 

parentheses represents expected values. States filled with dark color 

represent an observed vs. expected difference of greater than 125%, states 

with light color indicate and observed vs. expected difference less than 75%, 

and states filled with stripes have an observed vs. expected difference within 

25% (Cook and Schaefer, 2008).  


