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Andrew Kunz
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ABSTRACT

In May of 2003, 516 tornadoes touched down in the central portion of the United 
States, which is a record for the most tornadoes for any single month. There were 
fourteen deaths associated with those tornadoes that touched down for that month. 
This thesis examines the events that led up to this massive outbreak at all time and 
space scales. For a while, meteorologist were aware that the possibility of severe 
weather existed; they could have not foreseen the massive quantities of severe weather 
that occurred. The thesis examines many possible factors. In particular, a thorough 
looked at a rare phenomena known as “double blocking” was carried out in the region. 
The paper also takes a critical look at the timing involved with how it played a big role 
in having such a massive amount of tornadoes to occur in chaotic phenomena such as 
weather. We compare this outbreak to the 2004 outbreak which was fairly similar. An 
improved analysis at how could such a large amount of severe weather could happen 
in such a short time will better help everyone to be prepared if another such massive 
tornado outbreak occurs, even if it is not of quite the same scale as this one was.
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Chapter 1: Introduction
1. Introduction

In recent decades, there has been very little study done regarding the direct 

infl uence of the large-scale on the smaller scale events (e.g. Gyakum and Roebber, 

2001).  The fi rst thing to ask about the May 2003 severe weather situation is what 

possible unusual large-scale factors might have been there that would not typically 

be present in a wave of tornado events of this caliber. One of the factors that do come 

to mind is that the cyclonic systems that developed during the week seemed to repeat 

themselves in roughly two-day blocks during that week (see Fig. 1.1). On 4 May, the 

storms started to occur roughly in the central sections of Oklahoma, Nebraska, and 

Kansas. The storms proprogated eastward through Oklahoma City, Oklahoma; Kansas 

City, Missouri; and Springfi eld, Missouri in two days time. On the second day, the 

storms regenerated and headed towards St. Louis, Missouri and then moved towards 

Paducah, Kentucky and all of Tennessee, and northern Alabama and Georgia. The 

exact locations of the tornadoes, wind gusts, and hail damage did vary; nevertheless, 

the general locations of these storms were the same during the two-day period of these 

storms for six days straight. Notice in Fig. 1.1, that the area of coverage where severe 

weather events occurred is roughly the same location, particularly May 4th and 6th. 

The fi rst low pressure cell gave way to another low-pressure cell that followed nearly 

the same path. Even though this cyclone was weaker; it still produced tornadoes in the 

same locations as it had done earlier in the week, even though the numbers of reported 

sightings diminished during the week (Storm Prediction Center, 2004). 

A secondary problem is judging the actual complexity and organization of the 

week’s storms. Speculation early on was that the storms’ organized nature was due to 

concentrating baroclinic energy on smaller scales in the Midwest and the funnelling 

of energy the largest time and space scales to the smallest time and space scales. This 

clearly shows the a funneling mechanism that helped channel potential and kinetic 

energy exchanges, such that the entire week’s severe weather events were clearly 

stronger and more numerous than had been suspected by forecasters, even though 

the intensity of the synoptic-scale cyclone storms was correctly forecasted. Part of the 
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reasoning for missing the potential severe weather is a simple understanding that at a 

basic level meteorological models cannot predict the exact number of potential tornado 

touchdowns that any number of cyclones might produce. What a model can do is predict 

the energy level that these storms would have to feed on, in that kind of indirect way a 

gauging of the storms’ severe potential can be done.

On 4 May 2003 tornado outbreaks in several states began what would be a week 

of record numbers of tornado occurrences. In total, over two-hundred tornadoes would 

touch down from 4 May through 9 May, which would be the bulk of a month’s record 

516 tornadoes that touched down in the United States that month. In comparison, the 

3 - 4 April 1974 tornado outbreaks spawned 148 tornadoes. There were 285 tornadoes 

that were reported for the week of 31 March - 4 April 1974, including the 3 - 4 April 

1974 outbreak.  On average, over a thousand tornadoes touch down in United States 

in a year. Because of the sheer number of tornadoes events during this week, it was 

interesting and amazing that there were no more than two billion dollars worth of 

property, agricultural, and infrastructure damage and that only 16 people died because 

of the tornadoes (NCDC, 2005).

 Why did so many tornadoes touch down in the United States in a month’s span? 

Where in the immediate past did this energy come from that was needed to spawn so 

many tornadoes? This thesis looks at the events that led up to this massive outbreak 

at temporal and spatial scales beginning with the planetary-scale. Forecasters could 

have not foreseen the quantity of severe weather that did occur, even the potential for 

signifi cant severe weather situations were correctly forecasted. 

One of the many factors that this thesis examines is the unique occurrence of 

“simultaneous blocking” near the coasts of North America and as well as a discussion 

over climate variables and effects, such as the possible infl uence of El Niño. The paper 

also takes a critical look at the timing involved in having such a massive numbers of 

tornadoes to occur in a complex fl ow regime. An investigation into how such a large 

quantity of severe weather could occur in such a short time will better help everyone 

to be prepared should another such massive tornado outbreak occurs. Especially 

interesting in this regard is a look at how often the double-blocking feature occurs near 
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Figure 1.1. Preliminary Severe Weather Reports as it was given for the days from May 4th through May 
9th. Images courtesy of the National Weather Service, © 2005.

North America.

There have been many studies that were done to relate large-scale events with 

previous outbreak and their effect on energy levels of the atmospheric system. Such 

studies include the Gyakum, et. al. (1992) study which notes that a change in the 

planetary-scale fl ow can affect cyclogenesis. However, few have been done determine 
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such an event with a tornado situation as of this writing (Roebber, et. al., 2002). 

However, the impact of the planetary-scale on a meso-scale phonemenon has been 

analyzed in the Gyakum and Roebber (2001) article. In this article, he suggested that 

the intensity of an ice storm, and more critically on the longevity, could be attributed in 

part due to the confi guration of the planetary scale on the event (Gykum and Roebber, 

2001).

Recent blocking studies suggested that blocking generally has the most impact 

on planetary and synoptic level interactions through synoptic-scale cyclones. In the 

case of Burkhardt and Lupo (2005), potential vorticity was the primary measure used 

to examine blocking dynamics, which in turn determined the cyclones that could fl ow 

around a single block. Previous studies also have been done showing the impact of the 

synoptic-scale cyclones on the planetary-scale mechanisms and vice-versa (e.g., Tracton 

1990). In almost all of these cases the blocks in these studies were typically a string of 

single blocks that slowly propagated through a region, staying stationary in a region 

long enough to meet the criteria of a block. These blocks are still a problem for the 

modeling community since they are typically not accounted for in longer-range forecast 

model (Tibaldi, et. al., 1994; Watson and Colucci, 2002; Pelly and Hoskins, 2003). The 

mere occurrence of a blocking event is diffi cult to predict a few days out.

The May 2003 tornadic episode shows an event that was positively predicted to 

occur days in advance. While the models could have not have predicted the number 

of severe weather events, the severity and intensity of the synoptic-scale events was 

correct. 

It is interesting to note that there was also a considerable breakout of severe 

weather that took place in the month of May in 2004. There were some similarities 

in the nature of how and why the number of storms were close to that of 2003, but 

there were not quite as many reported tornado sightings between May of 2004 versus 

May of 2003. The mean intensity of the tornado events was slightly lower too (Storm 

Prediction Center, 2005).

The purpose of this study is to show that there is defi nite linkage between the 

double-blocking event and the cyclonic events from 4 May through 9 May. In addition, 
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analysis of the fl uid trapping and Dymnikov variants of the Lyapunov exponentials 

function suggests both a solid diagnostic as well as a workable prognostic tool (e.g. 

Dymnikov, et. al 1992; Cohen and Schultz, 2005). May 3rd, 4th, 8th and 9th were 

good prognostic forecasts while there was more uncertainty for the days of May 6th 

and 7th. This is especially important because for many forecasters, there was a clear 

expectation for a very large outbreak for the day of May 3rd and 4th, but not for any of 

the other days examined in this thesis.
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Chapter 2: Methodology
 2. Methology

a. Data

Data on constant pressure maps were obtained from the National Center for 

Atmospheric Research (NCAR) weather analysis data fi les. These re-analyses maps 

are 2.5° longitude by 2.5° latitude gridded analyses available on seventeen mandatory 

levels ranging 1000 hPa to 10 hPa at 6 h. intervals. Standard variables in the gridded 

re-analysis include geopotential heights, temperature, dew point, relative humidity, 

vertical motion, wind vectors, and surface information such as surface temperature, 

wind, rainfall amounts, and 2 m winds. In order to fi t the reanalysis to appear more 

like raw sounding data, the mandatory level data were quadratically interpolated at 

fi fty hPa level increments (Lupo and Bosart 1999). Additional planetary-scale maps 

came from the NCEP Reanalysis work, which is also from NCAR. The dates of the data 

fi les and maps started from 25 April 2003 to 20 May 2003. Only the 0000 UTC and 

1200 UTC from the NCEP Reanalysis maps for those days’ data fi les were used at 1000 

hPa and 500 hPa levels. 

After the maps were produced and developed, an analysis of these maps was 

done to become familiar with the ongoing situation, as well as analyzing for possible 

signs or clues for what might have caused the outbreak of tornadoes.

In addition, Archive Level II mosaic and basic refl ectivity radar and satellite 

archived data from the United States Weather Research Program and NOAA Radar 

Operation Center were used to help more fully understand the events of the week as 

well as to confi rm where the tornadoes touched down and how they moved according to 

the Storm Prediction Center (SPC). In addition, the satellite and radar loops allow one 

to get at least a qualitative sense of things that map analysis might not be able to show 

very easily, such as the fl ow of the jet streams and the water vapor gradients. 

b. Methods

The NCAR-NCEP Reanalyzes were used to determine the situation on the 

planetary scale, while daily weather maps were used for the synoptic-scale level. 

Radar and satellite imagery were also viewed on the synoptic-scale as well as on the 
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mesoscale and smaller states, even that analysis is not without some higher levels of 

doubt. When evaluating the storms from 4 May    through 9 May of 2003, it is clear 

that at the planetary scale, blocking was the cause of the anchoring of the jet stream 

into position across North America.  

According to Lupo and Smith (1995), a standard meteorological defi nition of a 

“block” is an anticyclone fl ow region at 500 hPa that stays in a certain location for at 

least fi ve days, ±30° of longitude, and amplifi es the wave by at least 5° latitudes. The 

index of Lupo and Smith (1995) is a combination of the subjective Rex (1950) criterion 

except split-fl ow around a block should persist for at least ten days. A Hovmoller 

diagram was generated for the case period. The zonal index indicated blocks as areas 

of persistent, weak, or negative values. This defi nition, except for the duration of a 

block, is based upon the objective criteria of Lejenäs and Økland (1983). For two co-

existing blocking high-pressure systems to develop fully, the two blocks must be able to 

maintain their position for the duration of at least a day together.

Theoretically, the double-blocking scenario that is studied here locked the jet 

stream into position across the southern tier of North America. Then, having a strong, 

long-lived squall line system parade through the region could possibly be a signal 

of a case of a double-blocking event during the spring (Weismann 2004). What is 

interesting in our own reanalysis is how rare such a case exists in the North American 

hemisphere. There are only 90 days known of a double-blocking event that occurred in 

the Northern Hemisphere since 1968. Since the defi nition of a blocking event requires 

the system to remains at least quasi-stationary for at least fi ve days, a double-blocking 

event requires a rather lengthy period of time, since both blocks must have operating 

at least a few days simultaneously within the blocking mechanism.

Of those 90 historical events, only fi ve affected North America, which is about 

5.55% of the total double-blocking incidents. Of these fi ve events, there was only one 

other event of a double-blocking event that strictly affected North America, an event in 

January 1991. All of the other events effected either Western Europe or Eastern Asia. 

This means for such an event to solely happen in North America, let alone the United 

States, is a very an unique event or at an extremely rare occurrence.
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To determine the strength of the blocks, we used the formula found in Lupo and 

Smith (1995), and which was modifi ed by Wiedenmann (2002). The formula can be 

written as (Wiedenmann 2002):

 Bs is the blocking score, while Rc is the relative strength of the blocks compared 

to the nearby system. Bp is the central height block while C1 and C2 are upstream and 

downstream cyclones to determine the effective strength of the block. The general 

strength of the wave is not factored in directly, but Wiedenmann et. al. (2002) 

demonstrated that Bs is empirical and proportional to the gradient of height, which is 

related to C1. In addition, according to Wiedenmann, et.al. (2002), a Bs score of at least 

4.2 would be classifi ed as a strong block.

A series of blocking events occurred during the period of 23 April through 18 

May of 2003. The dates of the blocks and their averaged strengths are listed in Figs. 2.1 

and 2.2. On average, it was the second block of the original double block that was the 

strongest. While none of the averages of the blocks was strong enough to be considered 

a strong block, they maintained their positions for a lengthy period of time. So, it seems 

that as long as a double block has enough energy to maintain its position for a period 

of time it should be enough to allow systems and their related potential and kinetic 

energies to channel into a particular area, which in this case was the central portion of 

the United States.

What the planetary scale blocking does to the rest of the time-space scales is 

to focus in on a certain area of the system. We can see that an orderly transition of 

energy from the planetary scale (zonal and eddy potential energy) is converted into 

kinetic energy in the synoptic and mesoscales which is evident by the strength of the 

thunderstorms and tornadoes that were generated. This concentration of potential 

p
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Figure 2.1. The Blocking Strength of the four blocks. Block 1 lasted from 23 April - 3 
May; Block 2 lasted from 27 April - 3 May; Block 3 lasted from 5 - 13 May; and Block 4 
lasted from 10 - 19 May.
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Figure 2.2 The blocking strength as measured in twelve-hour intervals.
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energy is more than enough for there to be a signifi cant synoptic trigger point to occur 

on the leeward side of the Rocky Mountain region. This could be the reason why the 

severe weather events, especially the tornadoes, could have reoccurred in the same 

general locations on 6-9 May, allowing forty-eight hours for the systems to progress 

through the affected region.

This is not to say that the planetary scale is the sole reason for the number of 

outbreaks that occurred within that month period. Another important aspect is the 

synoptic-scale pre-storm environment. The best way to examine the large-scale problem 

is by using the NCEP reanalysis data (Kalnay, et. al, 1996). The Eta model output was 

deemed to have the most consistent modeling data with the best available resolution 

(80 km). It was decided to use the RUC also for mesoscale analysis (20 km). Additional 

modeling output came from the archive model data from Iowa State University. The 

forecast output for this research were used to acquire various variables that could not 

be adequately found in the NCAR-NCEP reanalysis. These data additionally provided 

insights as to how the models had viewed the events at the time. Only the days from 4 

- 11 May were used for the purposes of this thesis.

i. Lyapunov Exponents

One other area of research that was examined was the Lyaponov exponent 

functions, which was calculated using a GEMPAK. Two methods were evaluated. One 

method was calculated following Cohen and Shultz (2005) as:

This is a measure of the exponential divergence of trajectories in a system 

with respect to time as it approaches infi nity. If it is assumed that the system is two-

dimensional and non-divergent, then this version is known as the “fl uid trapping” 

diagnostic. Note that for a system to exhibit aspects of fl uid trapping, at least one of the 

Lyapuanov exponents must have a positive value (Lorenz 1993). 

The second version of this combines all positive values of the Lyapuanov 

exponents into a single expression. The largest Lyapuanov exponent (λ+) is often the 

( )
122 21 D E

2
⎡ ⎤λ = ± −ζ⎢ ⎥⎣ ⎦

(2.3)
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only exponential factor that is positive.

Regardless of which variant used the Lyapunov exponent measures stability 

of a particular fl ow. Correctly interpreted, Lyapunov exponents should be low during 

blocking, which in turn indicates the low height characteristics of the blocks. These can 

tell us the predictability of certain phenomena (Dyminkov et. al. 1992).

In general, Lyapunov exponents quantify stability characteristics of a system, 

particularly the fl ow regime of an atmospheric system. Through Chaos Theory (Lorenz 

1993), it can be shown how chaos can develop within a system by analyzing the 

Rayleigh - Barnard convection problem (Lorenz 1963). Lyapunov exponents are values 

that determine the mean rate of divergence or convergence of trajectories nearby the 

system. Mathematically speaking they are eigenvalues values, while physically they 

describe the motion within a system. The number of Lyapunov exponents will depend 

on the physical dimensions of a given system.

The summation of all of the Lyapunov exponents in an atmospheric system 

implies the degree of predictability for forecasting that particular fl ow regime. 

Assuming that atmospheric fl ow can be best analysized in a two-dimensional, non-

diverging fl ow, the trajectories are separated by the total distance (Δr). 

The rate of change is therefore:

Applying a Taylor expansion, and assuming that the linear terms of (2.5) 

dominates the expression, one can obtain the following new equations, where the right-

hand side is simply the linear strain of the system. 

( )2
A

dA +ζ = λ∑∫∫ (2.4)

ˆ ˆr xi yjΔ =Δ +Δ (2.5)

( ) ( )x y
t t t
∂ ∂ ∂

= Δ + Δ
∂ ∂ ∂

(2.6)
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 In matrix form, this becomes (2.7), which by solving for determines the 

eigenvalues.

The eigenvalues values yields a quadratic equation.

Where J is the Jacobian of the wind fi eld while D is the divergence. Solving for 

λ generates the Lyapunov exponents. Lyapunov exponents were determined through 

a series of map analysis that details essentially the relative vorticity. The computer 

program, written in Fortran, used the following formula to determine where areas of 

positive vorticity occur with respect to divergence.

u u
x xx yd
y v v ydt

x y

⎛ ⎞∂ ∂ ⎟⎜ ⎟⎜⎛ ⎞ ⎛ ⎞Δ Δ⎟⎜∂ ∂ ⎟⎟ ⎟⎜ ⎜⎜ ⎟⎟ ⎟⎜ ⎜⎜= ⋅⎟⎟ ⎟⎜ ⎜⎜ ⎟⎟ ⎟⎜ ⎜Δ ∂ ∂ Δ⎜ ⎟⎟ ⎟⎜ ⎜⎝ ⎠ ⎝ ⎠⎟⎜ ⎟⎜ ⎟⎜∂ ∂⎝ ⎠

(2.7)

u u
x y

0 det v v
x y

⎛ ⎞∂ ∂ ⎟⎜ −λ ⎟⎜ ⎟⎜∂ ∂ ⎟⎜ ⎟⎜= ⎟⎜ ⎟∂ ∂⎜ ⎟⎟⎜ −λ⎟⎜ ⎟⎜ ∂ ∂⎝ ⎠
(2.8)

( )2 D J u,v 0λ −λ + = (2.9)

( )2 2
1,2

1 D E
2
⎡ ⎤λ = ± −ζ⎢ ⎥⎣ ⎦

(2.10)

u v
x y

∂ ∂
ζ= −

∂ ∂ (2.11)
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Equation (2.13) represents the instanteous Lyapunov exponential function. D is 

the divergence term, while E is a deformation term, and ζ is the relative vorticity term. 

The deformation and vorticity terms are originally squared, so in a sense the Lyapunov 

exponential function deals less with the actual meteorological terms than their rate 

over time and space. Because of the terms, it is the negative term from the vorticity on 

which we tend to focus because the other two terms rarely are found in a negative or 

neutral state. 

ii. Phase Diagram

A phase diagram maps the fi rst time derivative versus the time series itself. 

Most time-series can be assumed to be sinusoidal in nature, under this form.

X(t) represents a time-series of variable t. A(t) is the amplititude, ω(t) is the 

period, and φ(t) represents the initial phrase of the series. This is the term used in the 

general Sturm-Liousville equation:

The analyses of phase diagrams is relatively straightforward. In general, a 

sinusoidal oscillation will result in a set of circular trajectories. If a dampening term 

is added to () then a spiral that seems to heading inwardly can be considered to be a 

stable situation, while an outward turning spiral indicates instability.

To determine when the phase change occurred, a few verifi cations had to be 

made. An indication would be if there were reductions in the amplitude of the wave 

structure. The best way to determine this is through a phase-plot diagram, which 

graphs the maximum height of one event versus the fi rst derivative with respect of 

Shear Streching
u v v uE E E
x y x y

⎛ ⎞ ⎛ ⎞∂ ∂ ∂ ∂⎟ ⎟⎜ ⎜⎟ ⎟= − = − + +⎜ ⎜⎟ ⎟⎜ ⎜⎟ ⎟⎜ ⎜∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠
(2.12)

( )2 21 E
4
−ζ

= (2.13)

( ) ( ) ( ) ( )[ ]X t A t sin t t= ω + φ (2.14)

X X 0+ω = (2.15)
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time (see Mokhov, et. al. 2004). Through Fourier analysis and power structure analysis, 

a non-linear equation can be developed that would contain chaotic characteristics that 

best refl ect the situation during the month (Lupo and Smith 1995).
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Chapter 3: Synpotic Scale Analysis
3. Synpotic Scale Analysis

To maintain parallelism with the entire structure of the paper, this 

section is divided into three distinct sections: a planetary scale, synoptic 

scale, and a mesoscale analysis of the data in chronological order. In some 

instances, the events of the day will be described briefl y, and for other days, 

there will be a more detailed analysis of the event.

On 23 April 2003 at 0000 UTC, an area of high pressure develops and 

sits over the northern Yukon and Alaska region (Fig. 3.1). This high pressure 

was classifi ed as a block using the criterion of Lupo and Smith (1995), where, 

a block is defi ned as a high-pressure center that lasts for a minimum of fi ve 

(5) days and is quasi-stationary. To this end, the duration criterion follows 

most of the criteria of several case studies (Lupo and Smith 1995).

By April 25, at 0000 UTC (Fig. 3.2), the weather situation is that the 

Northern Hemisphere exhibited a wave pattern number three where there 

were now two strong ridges, including the two blocking anticyclones (not 

shown). The ridge over the Northeast Pacifi c, just off the coast of the United 

States and Canada, was much stronger than any other in the Northern 

Hemisphere. It trapped one cyclone center located over the Pacifi c Ocean 

near the Seattle, Vancouver, and Juneau shorelines, while the ridge itself 

was capped by an anticyclone still located over the Northern Arctic region 

above the Yukon and Northeastern Alaska. There was a second ridge located 

in between Hudson Bay and the Saint Lawrence Seaway. As time progresses, 

the second anticyclone strengthens a little and maintain its form, while the 

fi rst anticyclone drifts slightly and weakens. The effect of the anticyclones 

is to “drag” the subtropical jet stream more northward and to hold it there 

long enough for it to channel energy downward to the smaller scales at a very 

concentrated vertical level.

By 0000 UTC on 29 April (not shown), the second anticyclone 

had intensifi ed from a starting point of 5470 gpm to a very strong 5300 
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Figure 3.1: 500 hPa geopotential heigh diagrams, minus the the height countours on 
23 April 2003 at 0000 UTC. The  indicates the fi rst blocking high. Image provided by 
the NOAA-CIRES Climate Diagnostic Center, © 2005.
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Figure 3.2:  500 hPa geopotential heigh diagram on April 25, 2003 at 0000 UTC. The 
 and  indicates the blocking highs. Image provided by the NOAA-CIRES Climate 

Diagnostic Center, © 2005.

gpm, a difference of approximately 30 gpm. In contrast, not only is the 

fi rst anticyclone weakening, the size of its lowest height is growing. The 

deformation of this anticyclone altered the course of the subtropical jet 

northward and stretched it out to encompass most of the United States. 

Storms that form here for the next few days must go through this region. 

Clearly based on the gradient thickness of the area, there is a lot of energy 

that is being channeled through here.

On 1200 UTC on 29 April (not shown), the blocking systems began 

to weaken and move away from the United States. The event over western 

Atlantic maintained its core integrity for sometime, but the other one has 

drastically weakened. From here to the 1200 UTC on 30 April, the vorticity 

moving around these blocking systems was very intense, until it reached a 

climax at 1200 UTC of 28 April. The subtropical and polar jets will actually 

merge for a brief time over the eastern part of the United States and 

Canadian border.



Large Scale Disccusion 18

Figure 3.3: Top Mean 
Geopotential Height at 12 
hour intervals, starting 
at 20 April. The colors 
represent the average 
height over North 
America at various boxed 
latitudes segments:
Red: 40˚Lat. x 60˚Long.
Blue: 30˚Lat. x 50˚Long.
Green: 25˚Lat. x 40˚Long.
Magenta: 15˚Lat. x 
30˚Long.
Cyan: 10˚Lat. x 25˚Long.
Bottom The Average 
Geopotential Height 
segmented 40˚Lat. x 
60˚Long. boxes.

Somewhere between 1200 UTC on 30 April and 0000 UTC on 1 May, 

there was an phase shift in the large-scale fl ow, which is seen in the phase 

diagram (Fig. 3.3). The wave number has transistioned from three to two, 

and the Northern Hemispheric fl ow has become more zonal. The polar jet 

continued to merge with the subtropical jet while a second anticyclone began 

to move to the North Atlantic. 

By 1200 UTC on 29 April, the Northern Pacifi c Ocean cell leaves while 

a new anticyclone moves southward from the arctic. It does intensify but 

does not stay. In addition, even if the cell did stay and become a new block, 

it is working all alone, as the other one drifted to the middle eastern portion 

of the Pacifi c, and slowly decays until it is completely dissipated by 1200 

UTC 3 May. That is the beginning of the tornadic event. The anticyclones 
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Figure 3.4. This 
phase diagram 
maps show the fi rst 
deviation of height 
with respect to time 
versus the height of 
the blocks. This phase 
diagram is for period 
of 25 April - 20 May 
2003; blocks were 
measured at 500 hPa 
level (meters). 

themselves weaken in strength, move, and are no longer considered blocking 

systems. However, they continue to be a factor in the general weather pattern 

until the 23rd May. One leaves at 1200 UTC while the other leaves twelve 

hours earlier at 0000 UTC.

At some point, there was a shift in the hemispheric wave amplitudes 

from what could be considered a higher amplitude state to a lower amplitude 

state.  One can infer a change of state when the phase diagram is examined. 

The diagram starts out in a rather tight spiral. A spiral means that the 

atmospheric fl ow was moving towards a fi xed point, which is stable. In this 

case, the blocks were in a high amplitude fl ow region. After 1 May, the curve 

begins to move outward instead, and becomes much looser after 4 May. This 

implies instability in the fl ow regime. The phase diagram does not seem 

to indicate that the state becomes quasi-stable again until near the end of 

the period. This change in stability correpsonds to the fl ow regime that has 

changed from an effi cient and high amplitude state to a lower amplitude 

state.

As seen from Figs. 3.3, 3.4 and 3.5 the system oscillated from one state 

to another state and then back to the initial state from the way the phase 

diagram progressed. If we return to the timeline of the events on 28 April 

the system was in a particular set state. This state can be qualifi ed as a 
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Figure 3.5: 500 hPa map for 3 May 2003 @ 0000 UTC.  and  indicate the two 
blocking areas. Image provided by the NOAA-CIRES Climate Diagnostic Center, © 
2005.

higher amplitude state based on the graphical analysis, which showed a tight 

spiral that continued for a few days onward. Around 1 May, the large-scale 

system transitioned to a different energy state as the graph indicates a spiral 

outward progression. After May 1st the double block dissipates, and a single 

block is re-established after 6 May. The Yukon block moved to the middle 

part of the Canadian highlands and remained stationary, long enough to be 

considered a separate block (#3) while the block over the Western Atlantic 

drifted out to the Atlantic dissipated. The transistion of amplitude states of 

the atmosphere had a slight delay for that fateful week. Then the synpotic 

events, three of them produced tornadoes outbreak beginning of 3 and 4 May 

and concluding with 10 and 11 May.

In 2004, there was also a large amount of tornadoes that infl uenced 
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the United States during the month of May (Fig. 3.6) . However, unlike 2003, 

there were two interesting differences to note from these periods. First, both 

of them were associated with a blocking event that situated itself over the 

Alaska coastline into the Northwest Territories. Unlike the 2003 blocking 

event, this was just a single blocking event. In this case, the downstream 

baroclinic zone was not anchored in place over North America, as evidently 

as it was in 2003. In spite of this, there were four days in May 2004 in which 

there were more than fi fty tornadoes, but that occurred towards the end of 

the month. However, if we examine the number of outbreaks that occurred 

in which the number of reports in a single day were forty tornadoes or 

more, then there were six such days in May of 2003, compared with four 

in 2004. Clearly, the double-blocking event allowed for more a stable fl ow 

confi guration over North America than the single blocking event did in 2004. 

The tornado events of May 2004 was similar to that of May 2003 

because of the placement of the block upstream.  Early on, the geopotential 

height wave patterns were defi nitely meridional with a very strong series of 

ridge - trough - ridge - trough pattern. And as the pattern moved into North 

America, a strong baroclinic zone was established, which increased the 

potential energy. Because there was not a second block to help anchor the jet 

stream over North America, there were fewer changes for ideal conditions for 

severe weather outbreaks. Notice also that according to Fig. 3.6, that the bulk 

of the tornadoes that were reported for the month of May in 2004 occurred 

towards the end of the month while the events of 2003 occurred towards 

the beginning of the month. This is especially interesting in light of the fact 

that in both cases blocking events occurred in the week or two prior to the 

severe weather period. Thus, it is possible that the occurrences of blocking 

may infl uence the probabilities of severe weather outbreaks indirectly by 

infl uencing the position of storm tracks (jet stream).

Furthermore, it was not just the amount, but the intensity of these 

tornadoes showed how potent were these storms. In May of 2004, there 



Large Scale Discussion 23

were 51 tornadoes reported that had reached a maximum Fujita scale of at 

least of an F2. The year before there were 112 such similar tornadoes. The 

economic damage as well as physical loss of life was also sobering to note. 

For May of 2003, there was an estimated $931,136,000 worth of property 

and crop damage done by these reported tornadoes; for 2004 there was 

“only” $293,541,000. The number of fatalities due to the tornado were 41 in 

2003, but only seven in 2004 for that month (NCDC 2005). While one could 

attribute the location of these storms as a major factor towards why there 

was such a decline in the amount of the storms, the intensity likely played a 

factor.
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Chapter 4: Small Scale Discussion

Figure 4.1: The surface, 850 hPa, 500 hPa, and 300 hPa maps respectively for 1 May 
at 0000 UTC. Included in this maps are the following variables. A) sea level pressure, 
thickness (contoured every 4 hPa) and precipitable water (mm, contoured every 12.5 
mm); B) Heights (30 gpm), temperatures (K, 5 K), and wind vectors at 850 hPa; C) 
Heights (60 gpm), vertical velocities (μbar s-1) and wind vectors at 500 hPa; D) Heights 
(120 gpm) and winds (ms-1) at 300 hPa.
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 4. Synpotic Scale Discussion

a. Synoptic-scale Events

It is interesting to note that even though the concentration of potential energy 

takes place in latter portions of April; it does not manifest itself until the fi rst week of 

May. 

One of the few days that has been noted to not have been accurately forecasted 

was the last day of the week long tornado event, 11 May 2003 (Stuart 2004). According 

to Stuart, the reason behind the forecast error was the inaccurate forecasting of 
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Figure 4.2: The surface, 850 hPa, 500 hPa, and 300 hPa maps respectively for 4 May 
at 0000 UTC. Included in this maps are the following variables. A) sea level pressure, 
thickness (contoured every 4 hPa) and precipitable water (mm, contoured every 12.5 
mm); B) Heights (30 gpm), temperatures (K, 5 K), and wind vectors at 850 hPa; C) 
Heights (60 gpm), vertical velocities (μbar s-1) and wind vectors at 500 hPa; D) Heights 
(120 gpm) and winds (ms-1) at 300 hPa.
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low-level forcing throughout the region. Taking a more planetary-scale view of the 

mesoscale defi ciency indicates that by this time the concentration of baroclinic energy 

was no longer strong, thus the potential for an outbreak of tornadoes following 11 May 

was reduced. Since the planetary-scale mode had already “shifted” into a different 

mode.

When evaluating the synoptic-scale storms from 4 May to 9 May, it is clear that 

the planetary-scale was instrumental via the jet streams and air masses to create 

strong baroclinic zones over the southern tier of North America. It is felt that the 

double blocking was responsible for the unusual confi guration. A single block alone 

would not be able fully to “funnel” potential and kinetic energies downard from the 
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Figure 4.3: The surface, 850 hPa, 500 hPa, and 300 hPa maps respectively for May 5th 
at 00:00 UTC. Included in this maps are the following variables. A) sea level pressure, 
thickness (contoured every 4 hPa) and precipitable water (mm, contoured every 12.5 
mm); B) Heights (30 gpm), temperatures (K, 5 K), and wind vectors at 850 hPa; C) 
Heights (60 gpm), vertical velocities (μbar s-1) and wind vectors at 500 hPa; D) Heights 
(120 gpm) and winds (ms-1) at 300 hPa.
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planetary-scale to the mesoscale.

What was done here was to analyze several synoptic maps coming from various 

sources as well as the models that had forecast the interaction. The models came 

from archived data from the “mtarchives” found at with the Department of Geological 

and Atmospheric Sciences within Iowa State University. The maps were analyzed 

to determine the mechanisms by which the energy fl owed from the larger scales to 

the smaller scales. Because of the classical organizational structure of the cyclonic 

storms themselves throughout the entire week, the focus was on the intensity of these 

storms. In this way, it was hoped to determine the relative effi encency of the energy 



Small Scale Discussion 27

Figure 4.4: A skew-T diagram from Springfi eld, Missouri on 4 May at 0000 UTC.

distribution.

The synoptic scale tells the tale of the series of events. At 0000 UTC at 1 May 

2003 (Fig. 4.1) the fi rst block was settling into place over the eastern Pacifi c, close to 

the Alaska boarder. At 0000 UTC on 4 May 2003 (Fig. 4.2 A), we notice that there was 

clearly a moist layer that had lifted into the eastern part of Texas and western parts of 

Kansas. The moist layer was deep enough to be found at the 825 hPa level in roughly 

the same areas as it was on the surface. By 1200 UTC, 4 May, the wedge of the moist 
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Figure 4.5: Skew-T fi gure from OAX (Omaha, Nebraska) for 4 May 2003 @ 1200 UTC.

air had moved eastward to the eastern Kansas and southeast Nebraska (not shown). 

That wedge is where most of the tornadoes occurred that day, although the storms 

associated with those tornadoes had blossomed along a dry line diagnosed across the 

Kansas and Colorado border, trailing southwestwardly. What is more interesting is 

that the moist air had spread over a slightly larger area when one takes a look at the 

850 hPa analysis map at 1200 UTC on the 4 May (Fig. 4.2 c). Clearly, there is ample 

moisture and kinetic energy via shear to trigger storms. The bulk of the damaging 
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Figure 4.6: Lypunov Exponents for 3 - 4 May at 0000 UTC and 1200 UTC respectively.
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Figure 4.7: The initial tornado outbreak as it approaches the southern portions of 
Kansas City suburbs on 3 May 2003 at 2245 UTC. The tornado outbreak resulted in 
one death. The most interesting thing about this particular outbreak was how close it 
came to destroying some of Kansas City’s more well-known attractions including the 
Woodlands (grayhound & horse race track), Kansas Speedway (NASCAR and other 
racing speedway). It also forced Kansas City International Airport to close down for 
roughly thirty minutes.

tornadoes that had touched down on the 4th occurred in southwestern Missouri 

centered in Springfi eld, with two additional smaller centers of tornadic concentrations 

centered on Kansas City, Missouri and Memphis, Tennessee. It is interesting to 

note that the wind and hail damage that accompanied these tornadoes came in two 

distinctive groupings. The hail damage occurred over most of the eastern Kansas and 

western Missouri, with additional hail damage associated with the Memphis area 

tornadoes.

By 0000 UTC 5 May (Fig 4.3), a low pressure that had been in southwestern 

Colorado had moved near Kansas City, Missouri and with it, the mass of moist air had 

shifted such that the core of the moist tongue of the mass had reached central Missouri. 
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Figure 4.8: Lyapunov exponents maps for 5-6 May 2003 at 0000 and 1200 UTC 
respectively for all two days.

Clearly, the storms would be the most severe along a line trailing southeast from Saint 

Louis into the center portions of Tennessee and northwestern sections of Alabama.

b. Sounding Analysis

Upon examining forecasts, Skew-T diagram from 1200 UTC, 4 May, in  Omaha, 

Nebraska (OAX) it is obvious that the temperature and dew point of the sounding come 

together above the 925 hPa mark up to approximately 600 hPa. Below the 925 hPa 

mark, the dew point sounding dries slightly, but also above 600 hPa up to roughly 400 

hPa, where the dew point temperatures there are at around -37°C. The temperature 
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Figure 4.9: Upper air sounding from the Topeka NWS on 4 May 2003 at 0000 UTC. 

sounding decrease, but after a small inverted layer until the 800 hPa level (Fig. 4.5). 

This inverted layer diminished the potential CAPE value to exactly zero J/Kg, with a 

SWeaT index of 308. However, twelve hours later (5 May 2003 @ 1200 UTC) the dew 

point increases dramatically to the point where from roughly 900 hPa to 675 hPa the 

temperature and dew point are virtually the same. However, this does not increase the 

CAPE or the SWET index any at 6 J/Kg and 377 respectively. This is partially because 

there was an inverted layer from 800 hPa to the 675 hPa. However, it was clear from 

WSR-88D RADAR imagery and from analysis storms were occurring.

Another forecast sounding in Springfi eld illustrates this even further (Fig. 
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Figure 4.10: Composite RADAR images of the Central Plains region of Kansas and 
Western Missouri at 0430 UTC on 4 May 2003. The storm, in Nebraska, is in the very 
early stages and starts to proprogate across the northern part of Nebraska.

4.4). Again, the SWET index and CAPE is not very large at 0000 UTC, 192 and 6 J/

Kg respectively. However, even after the diminished dew point depression the lifted 

index values do not increase that much at all. In fact, the CAPE values (surface based) 

decreases to zero J/Kg.

A possible conjecture is that the energy channeling was so focused because of 

the planetary-scale ridge that the energy was evenly distributed among all time-space 

scales for the duration of the double-block. Such an effi ciency in energy would be very 

hard to resolve using the synoptic observations, and thus it would not be resolved on 

the models. Such an energy channeling would be best described in an energy-time 

derivative plot like the one mentioned in the previous section.

It would be interesting to speculate why in the forecasts soundings, the middle 

of the energy propagation downward did not pick up there was more energy being 
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Figure 4.11: Composite RADAR images of the Central Plains region of Kansas and 
Western Missouri at 0630 UTC on 4 May 2003. An appendage has proprogated ahead 
of the main storm which allows even further cells to form southeast of the main cell 
as it approachs MCI (Kansas City). These are the cells that will produce the fi rst 
tornadoes.

released into the system, especially when calculating sounding forecasts. One possible 

reason was that the time-steps and the grid spacing are simply too coarse for such 

minute changes to be noted. One other possibility is that models are not designed 

to weigh in past events beyond a day’s time span, especially the Rapid Utility Cycle 

(RUC), which has a usefulness of roughly twelve hours.

c. Lyapunov Exponents (Fluid Trapping)

A possible area for further study is the look into Lyapunov exponent analysis 

to determine the stability of the anticyclones aiding in the stability of fl ow regime. 

Lyapunov exponents are a measure tracking the rate of divergence in a system, 

based on the simple solutions of a differential equation. Deformation and vorticity 

are measures of the character of a parcel or a group of parcels and these can be used 
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Figure 4.12: Composite RADAR images of the Central Plains region of Kansas and 
Western Missouri at 0800 UTC on 4 May 2003. The two series of cells have almost 
formed, and it is not too long afterward that a wave of tornadoes will proprogate 
through the south-west Missouri and southeast Kansas. Hail and damaging winds are 
reported through out the Springfi eld, Kansas City, and Omaha NWS regions.

to evaluate whether or not a system is decaying. A negative Lyapunov number, as 

calculated in using Eq. 2.3,  indicates that the cyclone is maintaining its integrity, 

indicating a high degree of predictability; a positive number suggests that the system is 

undergoing decay. It is equivalent to the notion of cyclogenesis and cyclolysis.

The blocking event that was guiding the most powerful cyclones to produce 

the tornadoes was the upstream event over the north Pacifi c. Starting on 1 May, 

the cyclonic systems that moved through North America were highly stable, with 

Fluid Trapping numbers running in the -2 to -3 x 10-8 s-1. Such negative numbers 

indicate that the vorticity were so great within the cyclonic structures that they 

were maintaining the event’s integrity and withstanding the deformation forces 

that typically lead a cyclone into decay. As time progressed, the cyclone rode along a 
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Figure 4.13: Lyapunov exponents for 8 - 9 May 2003 at 0000 and 1200 UTC.

quasistationary trough and this is one of the reasons why the tornadoes appeared to be 

touching down in roughly the same location. Over the continental United States, the 

cyclonic storms were the most intense at 0000 UTC on 5 May, which coincided with the 

tornadic storms occurring over the Kansas City region.

Earlier, the sounding profi les of selected cities were examined and it was 

discussed that the energy that was unleashed with these classic supercell structures 

were not necessarily noticeable when a sounding was looked into. The Lyapunov 
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Figure 4.14: Composite RADAR images of the Central Plains region of Kansas and 
Western Missouri at 0900 UTC on 9 May 2003. Yet another series of squall line storms 
started to form over the region. There were not as many tornadoes that generated with 
this storm as it was for the 4 May 2003 cases.

Exponent maps (Fig. 4.6) show that the energy coming out of the planetary-scale has 

gone mostly towards maintaining the integrity of the synoptic-scale system. This 

allowed the trapped fl uid to maintain itself and allowed the trapped fl uid to maintain 

their independent eddies. 

In our maps it was found that during the days of the 4th and 5th as well as the 

8th and 9th (Fig. 4.8), the fl uid maps were highly negative. This allowed the functions 

to have a certain level of predictability level since, the vorticity kept its integrity for the 

length of its journey until the storms commenced forming tornadoes.

To validate this, let us look at the vertical velocity fi elds at 500 hPa for the 

same period from 1 through 9 May (Figs. 4.1c, 4.2c, 4.3c). The quasi-geostropic Omega 

equation describes the upward motion that is generated due to the contrast of air 

masses in the atmosphere. Here the key is to deduce how much energy converted due 
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to the lifting in these cases and therefore, deduce the redistribution of the energy from 

the planetary-scale towards entropy. At 0000 UTC on 4 May, the situation was that 

at 500 hPa, the upper level cyclone was spiraling in the Plains, with its center being 

north of Pierre, South Dakota. The vertical velocity numbers were large, exceeding -4 

μb· s-1. A secondary low hovered around the southeast corner of Utah, and the vertical 

motion generated with this was slightly weaker, with a maximum vertical vorticity 

being around -3 μb· s-1.  The jet stream at this time at 300 hPa was streaking in two 

sections, one off the Pacifi c Ocean from Alaska heading south southeastward to San 

Francisco, CA; another one was passing through the Baja California region, arching 

upward through the areas that would be affected by the tornadoes later on in the day. 

And of course, by the time of the tornado outbreak, Missouri was in the left exit region. 

It would not take very long for the storms to manifest itself.

Finally, as seen in Figs. 4.1c, 4.2c, and 4.3c, the most important feature of 

these Dymnikov graph was that the Lyapunov exponents as calculated by Dymnikov 

was relatively higher during the 6 - 7 May portion of outbreak than the previous and 

ensuing days. This corresponds with fl uid trapping for the each time (Figs. 4.1, 4.2, 

4.3).

d. Forecasting Implications

The mesoscale storms themselves were what several severe weather experts 

classify as a “classic supercell structure.” These storms started at about 1930 UTC 

on 3 May in northwestern panhandle of Nebraska. As it progressed, a squall line 

of thunderstorms started to trail southwestwardly from the strong line of severe 

convection. It would be this line of storms that would start to commence and the 

majority of the tornadoes that would occur in this area.

What is interesting is that the forecasts for such a wide-scale outbreak was not 

a diffi cult forecast. The conditions were all there and it became obvious since the 1200 

UTC forecast on 3 May, from the Storms Prediction Centre in Norman, OK. Even at 

this time, there was a large 35% region where they were suspecting that if there were 

going to be any tornadoes, within an area as seen in Fig. 4.14. However, the wording of 

the early documents suggested that severe weather were expected.
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Figure 4.15: Top  Lyapunov exponent graph. The time is measured in days and the 
positive lyapunov exponents are to 10-8 s-2. Bottom  The graph of the median height in 
blocking region (meters) versus time.
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This is further varifi ed by Hamill, et al. (2005) in which they discussed the 

synoptic scale predictability on 3-4 May 2003. Hamill showed that the synoptic scale 

conditions were right for a supercell outbreak, and this was accurately foreseen as far 

back as fi ve days ago using the fi ve-day NCEP-MRF forecast models. The “persistence 

of the pattern...was the key to the longevity of the outbreak” and allowed the models 

to easily recognize the fi rst wave and the largest portion of the tornado outbreaks 

(Hamill, et.al., 2005).

However, what Hamill did not address is the poor forecasting for 6-7  May, 

which is clearly illustrated in poorer correlation between the Fluid Trapping/Lyapunov 

exponents and the actual tornado events, nor the improved forecast for May 8th and 
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Figure 4.16: Convective Outlook Probability of Severe Weather, issued 3 May 2003 at 
0800 UTC. (Day 2 Outlook).

9th, which is also shown through the Lyapunov exponents. Hamill, et.al. (2005) also 

does not attempt to link the synpotic events to any kind of planetary-scale events 

that would make such a massive tornado outbreak easier to sustain. The persistence 

of the patterns is acknowledged, but the article did not attempt to explain why the 

persistence occurred.

By 1630 UTC of the same day, the 5% region was much larger, and it was 

generally located in the region of which the severe weather would start to proprogate 

at the beginning on the fourth. By 0603 UTC on the 4th, the forecast for later on in 

the day suggested a 15% or greater chance for tornadic activity to occur in the western 

Missouri, which was consistent in the movement of the supercells and its continuing 

increasing strength. Again, none of these nowcasting projections were not by the 3rd. 

Obviously, it would be hard to forecast the number of such tornadic touchdowns as it 

did for that time period. 

As the supercells proprogated across Nebraska, a secondary squall line started 

to proprogate centering in Gosper County in Nebraska. These two squall lines merged 
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Figure 4.17: Convective Outlook Probability of Severe Weather, issued 3 May 2003 at 
1730 UTC. (Day 2 Outlook).

at around 0700 UTC on the fourth. This would be the squall line that would further 

strengthen proprogation of the squall line down through eastern Kansas.

At the same time that this was happening, an unorganized series of cells started 

to proprogate in eastern Kansas. This started to be noticed on WSR-88D RADAR by 

roughly 0430 UTC on 4 May (Fig 4.10). The fi rst wave was not very well organized, but 

the energy released with these beginning storms allowed a series of storms to bloom 

afterward, each time the cells showed. By 0730 UTC, the two systems linked up and 

the supercells were far better organized than at the beginning, with the help of the 

supercell masses in Nebraska. 

By 0830 UTC, the supercells initiated a fi rst wave of severe weather in the 

Greater Kansas City vicinity. However, as the Topeka, KS sounding at 0000 and 1200 

UTC indicates there was a lot more potential energy that had to be released before the 

storms could be generated (Fig 4.11).

The storms pass through the Kansas City region by 0930 UTC, by which point 

it has weakened considerably. However, this was just the ebb and fl ow of the diurnal 
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cycle (Fig 4.12) By 2130 UTC on 4 May, there was another squall line that formed and 

proprogated through the Kansas City region again. A new cluster of supercells formed 

and proprogated across west-central Illinois. This laid the groundwork for the next day 

storms, which erupted throughout Illinois and Indiana (Fig. 4.13).

Meanwhile, the same squall line that proprogates through the Kansas-Missouri 

border has also generated cells in Arkansas. These would be where the next series of 

tornadoes would begin to generate.  By 0000 UTC on 5 May, a supercell proprogates 

throughout the central Arkansas region. There, a new wave of tornadic activity 

emerges. This sequence of events happens again over the next four days in about the 

same areas as described before. 

There are differences, through. If you look at the preliminary storm report 

damage, the while the frequency of the events vary, and in fact, it is clear that May 

4th and the 5th are the days where the energy of the storms was at their peak, the 

area of which the storms affected the same area. Still, the energy level was at a certain 

threshold that allowed these storms to continue to maintain their force and their 

intensity.
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Chapter 5: Conclusion
5. Conclusion

Numbers are often overrated, but never are they ignored. Two hundred 

tornadoes within a week will get the attention of the meteorological community. Five 

hundred tornadoes in a single month attracts the attention of researchers. What the 

author has learned from these events is that meteorology should not merely deduce 

that a particular event can be isolated to a particular time or space scale, or aspect of 

an event. Every scale is interdependent on the scales above and below it.

In this case, the primary cause for the events was a double-blocking event that 

allowed the concentration of baroclinic energy to be focused and concentrated for a 

small region over North America. As it would be shown by examining the following 

year’s situation, it seems that the second block was needed to ensure that the energy 

level would be sustained for that week. Moreover, because the blocks happened on the 

planetary scale, meteorologists should not ignore the planetary scale, a scale that the 

computer models seem to have trouble incorporating to develop good forecasts.

However, the smaller scales (in time and space) can not be ignored as well. 

At the synoptic level, the available potential energy allowed for classic super-cell 

structures to form and proprogate with a level of intensity that is rarely seen. As it has 

been shown, the number of tornadoes that were measured on the Fujita scale of F2 or 

greater numbered at least one hundred. The environment that spawned the tornadoes 

were of ideal conditions, even though the CAPE and SWeaT indexes were not indicative 

of severe potential. The addition of suffi cient moisture allowed the storms to emerge 

in a well-organized matter and to generate tornadoes at a fairly high and consistent 

Fujita rating.

The rarity of the double-blocking event makes it a good precursor to potentially 

interesting weather events in the future. We calculated that the likelihood of a double-

blocking event to primarily effect the North American continent is 9% of the time, 

which makes such an event to occur once every thirty years or so. We found that 

because of the double-blocking event, the intensity in a particular area was magnifi ed; 

this allowed for repeat tornadic activity throughout the same area. If the situation is 
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identifi ed, it can become a predictable outcome for the forecaster to handle.

We also found that a particular kind of mathematical function, the Lyapunov 

exponent function could be a potential analysis tool to determine if a disturbance 

might have the potential to produce severe and tornadic weather. However, this is very 

preliminary and the mathematical uncertainty surrounding the physics of the function 

does not yet bear this out.

Understanding of the importance of planetary scale phonemena and newer 

techniques such as the Lyapunov exponents gives such papers as the Hamill, et. 

al. (2005) a greater sense of depth than before. It is certainly clear that this kind of 

tornado outbreak could not have occurred without the classic supercell outbreaks and 

its familiar pattern of tornadogenesis. However, Hamill does not completely explain the 

unusualness of the outbreak. While it does focus on that week, it was part of a month-

long tale of outbreak that seemed to continue the weather pattern’s longevity.

And while the National Weather Service should be rightly praised for its 

foresight in recognizing the potential for an unusually strong events of the 3rd and 

4th fi ve days in advance, the 6th and 7th of May were not as well forecasted. Simply 

put, forecasters were not expecting a similar pattern of tornado outbreaks in roughly 

the same regions so soon after the 3rd and 4th. The models are now able to recognize 

weather situations that will only help to confi rm a forecaster’s initial suspicions. But, it 

can not still identify minute patterns, which the Lyapunov exponents confi rmed.

And even though the double-blocking events are rare and the Lyapunov 

exponents should not be yet considered an functioning tool for meteorologist to use 

in prognostication, it has been shown that there can be some functionality with 

identifying synpotic events, and recognizing where things can go wrong. And to 

that end, when the next great outbreak emerges, we will be less surprised and more 

prepared to look at such lesser used tools.
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