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Introduction 
 

The thrill of witnessing a tornado on the ground is hard to surpass. Each year thousands of 
storm chasers converge on the United Statesô Great Plains to get a shot at seeing this 
atmospheric phenomenon. The elements of adventure, awe, and curiosity draw people from all 
walks of life to get into their vehicles and travel the desolate expanses of Tornado Alley in 
search of severe weather. By reading this guide youôve already expressed an interest in storm 
chasing and might be considering a storm chasing vacation if you havenôt already booked one. 
Some of you may be reading this guide from the comfort of a Great Plains hotel room or in a 
storm chasing vehicle en route to a severe weather target area. Whatever the case may be, this 
short crash course is intended to give you better insight into how storm chasing works and 
prepare you for some of the things youôll see while out in the field. The amount of meteorology, 
technology, and observation that goes into finding tornadoes and severe weather is 
tremendous. Advances in each of these fields over the past decade have led to higher storm 
chasing success rates, but in the end Mother Nature has the final say in what kind of weather 
youôll see. Donôt forget that tornadoes arenôt the only type of severe weather worth searching 
for. Hail, violent straight line winds, and otherworldly  storm structures are also awe-inspiring 
and can sometimes stir the same amount of excitement that a tornado would. If youôre 
planning to chase storms with us soon or have already embarked on your adventure, I hope 
that you learn a great deal about how powerful our atmosphere is and witness some 
spectacular severe weather. Enjoy this guide and have fun! 

 

Ryan Hoke 
Storm Chasing Adventure Tours Guide/Internet Developer  

 

Types of Severe Thunderstorms 
 

The Supercell 
Supercell thunderstorms are the most preferred 
type of storm for storm chasers in the Great 
Plains. This single-celled storm has only one 
dominant updraft  of moist, feeding air and one 
dominant downdraft  of cooled air, rain, and 
possibly hail. The supercellôs compact 
cumulonimbus  structure makes it easy to 
observe and keep up with and its tendency to 
rotate makes it the most likely to produce 
strong, long-lived tornadoes. Supercells tend to 
rotate because the updraft lifts horizontally 
rotating air (a property known as vorticity) into 
a vertical column so that the axis of rotation is 
perpendicular to the ground. This rotating updraft of air is called a mesocyclone  and is a 
precursor to the development of a tornado. Supercells typically move from southwest to 
northeast, but there are exceptions to this caused by abnormal wind direction and when a 
supercell splits into two  separate storms. 
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Wind shear  allows the downdraft of this storm  to be blown away from the updraft, which 
lengthens its lifespan considerably and differentiates it from standard airmass and pulse 
thunderstorms . The supercellôs rain -free updraft base is easily seen in most cases in the Great 
Plains of the US, but there are instances when rain can wrap around and obscure it. The 
visibility of this updraft base is crucial because that is generally where tornadoes form. There 
are three classes of supercell thunderstorms: Low Precipitation  (LP) , Classic , and High 
Precipitation  (HP) . In a Low Precipitation  (LP) supercell, the amount of rain that falls from 
the downdraft is minimal and the updraft base and other structure of the storm are clearly 
visible. LP supercells are great for storm chasing because of their visibility. Classic supercells 
have a much more balanced look because they appear to have equal areas of rain-free updraft 
space and rain-filled downdraft space. A High Precipi tation supercell is the most difficult 
category to chase because the core of the rain and possibly hail-filled downdraft can wrap 
around the rain -free updraft base. This makes any additional development such as a funnel 
cloud or tornado very difficult to see. Supercells can either be one of the aforementioned types 
or morph into any or all of them during the different developmental stages of the storm. 

 

Supercells have a few main components that are identifiable on Doppler radar: 

 

Hook Echo : An easily 
identifiable visual ñhookò on 
radar that indicates where the 
rising updraft of the supercell 
meets the rear flank downdraft, 
or the secondary downdraft of air 
that channels rain and hail 
around the north and west side of 
the storm. The tip of t his hook 
shape is generally where you 
would find tornadoes.  

 

Inflow Notch : The inner 
eastern (right) side of the hook 
echo where warm, moist air is sucked into updraft of the storm. 

 

Forward Flank  Downdraft /Anvil : The right side of a supercell that tends to fan out on 
radar is the spreading anvil cloud that drifts away from the main core of a supercell. This area 
contains the powerful  primary  downdraft  that  produces heavy rain and in some cases very 
large hail. The storm can taper off on the right side of this feature in a v-shaped fashion, which 
is called a V-notch. 
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Mesoscale Convective System (MCS) 
A mesoscale convective system (or 
squall line)  differs from a supercell 
in that it is made up of multiple 
updrafts and downdrafts  in 
different stages of development 
and is usually linear in shape. The 
cooled air from the interconnected 
downdrafts forms a cold pool on 
the backside of the system. The 
descending air in this cold pool 
pushes the entire linear system 
forward and can lead to the 
development of a wind-driven bow 
echo , or an MCS that has gains a 
bowing, arc shape on radar and 
produces intense straight-line 

winds. Tornadoes can form within 
mesoscale convective system where 
small notches in the linear shape of 

the system allow eddies of air to circulate. MCS-spawned tornadoes are usually short-lived and 
not terribly strong, but nevertheless can produce significant damage. It is very difficult to chase 
tornadoes in an MCS because chasers must either travel to the southern tip of the system 
where broken supercells can occur (ñTail-End Charlieò) or look for stronger portions of the 
system that have rotation. 

 

The visual tell-tale sign of a mesoscale 
convective system is the appearance of a 
shelf cloud, which is a type of arcus cloud. 
This phenomenon is caused by 
undercutting of the warm inflow of the 
system by cold outflow air from the rear. 
The shelf cloud usually delineates the 
gust front  of the storm, or the sharp 
boundary of intense wind and cold air 
that precedes an MCS. Gust fronts can 
sometimes be just as dangerous as 
tornadoes because of the incredible straight-line winds they produce. 

 

Tornadoes 
 

The most sought-after component of severe weather for storm chasers is without a doubt the 
tornado. While this phenomenon  is both feared and revered by people around the world, it is a 
relatively rare occurrence since only 30% or less of supercells produce tornadoes.1 Both 
supercells and MCS-type severe storms can produce tornadoes as previously mentioned, but 
the supercell is a better candidate for strong tornado production due to its longevity and 
inherent rotational characteristics. The exact reasons behind why some supercells produce 
                                                           
1
 NWS Louisville: Supercell Structure and Dynamics. http://www.crh.noaa.gov/lmk/soo/docu/supercell.php 

Image Credit: NWS WFO Kansas City/Pleasant Hill, MO 
                        http://www.crh.noaa.gov/eax 
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tornadoes and why others donôt are currently unknown. Given these uncertainties, most 
tornadoes do form underneath a wall cloud , or a compact, rotating cloud that hangs down 
from the larger rain -free base underneath the mesoscylone. 

 

It is well -known that the United States has the most tornadoes of any country in the world. The 
Great Plains in the center of the country plays a key role in this because it is a wide, 
uninterrupted ex panse of flat land that allows cold, dry air masses from Canada to meet with 
warm, moist air masses from the Gulf of Mexico. This meeting of the two types of air masses in 
the spring generates severe weather and 
the best conditions for tornado 
development. The Southern region of the 
United States also experiences quite a few 
tornadoes, but the amount of thick 
vegetation and hill -laden topography 
makes it extremely difficult to chase them. 
The Great Plainsô notoriety for tornadoes 
in the spring has led to its nickname of 
Tornado Alley , which is commonly used 
in the media and colloquially among 
residents of the US. On the right, youôll 
see a map of the most current area 
defined as ñTornado Alley,ò which has 
changed slightly over the years due to new 
research and statistics. 

 

It is important to know the  exact 
definition of a tornado before trying to visually identify one. It is defined as ña localized and 
violently destructive windstorm occurring over land characterized by a funnel -shaped cloud 
extending toward the ground.ò 2 Particular emphasis should be placed on the phrase 
ñextending toward the groundò because many people confuse funnel clouds , which are 

                                                           
2
 http://wordnetweb.princeton.edu/perl/webwn?s=tornado 

Image Credit: Tarp, Keli - Clues from Climatology: When and Where Do 
Tornadoes Occur?        

http://www.research.noaa.gov/spotlite/archive/spot_climatology.html 
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essentially the early stages of tornadoes that havenôt touched the ground yet, and actual 
tornadoes. For a funnel cloud to be considered a tornado it  must extend all the way to the 
ground or a visible distu rbance of dust called a debris cloud must be present. Tornadoes that 
have debris clouds under them, but do not have a funnel that reaches all the way to the ground 
simply donôt have the right conditions for water droplets to condense out of the air to create a 
visible funnel. On the previous page youôll find some examples of funnel clouds, tornadoes, and 
tornadoes without funnels reaching the ground.  

 

Tornadoes in the United States are classified by the Enhanced Fujita Scale (EF) , which is 
an update to the original Fujita Scale devised in the 1970ôs. The scale goes from EF-0 to EF-5 
with ascending tornado intensity, but the rating assigned to a specific tornado does not come 
from a measured or estimated wind speed as commonly thought. Instead, the National 
Weather Service assigns ratings to tornadoes based on damage surveys conducted by engineers 
and meteorologists. The EF rating assigned to a tornado from a damage survey contains an 
estimated wind speed, but again, measuring the actual wind speed of a tornado is nearly 
impossible without the correct mobile radar equipment. Below youôll find a chart of the 
Enhanced Fujita Scale and the damage associated with each rating. 

 

Rating Wind Speed (mph) Wind Speed (km/h) Damage 

EF0 65ï85 105ï137 
Minor or no damage. Peels surface off some roofs; 
some damage to gutters or siding; branches broken off 
trees; shallow-rooted trees pushed over. 

EF1 86ï110 138ï178 
Moderate damage. Roofs severely stripped; mobile 
homes overturned or badly damaged; loss of exterior 
doors; windows and other glass broken. 

EF2 111ï135 179ï218 

Considerable damage. Roofs torn off well-constructed 
houses; foundations of frame homes shifted; mobile 
homes completely destroyed; large trees snapped or 
uprooted; light-object missiles generated; cars lifted off 
ground. 

EF3 136ï165 219ï266 

Severe damage. Entire stories of well-constructed 
houses destroyed; severe damage to large buildings 
such as shopping malls; trains overturned; trees 
debarked; heavy cars lifted off the ground and thrown; 
structures with weak foundations are badly damaged. 

EF4 166ï200 267ï322 
Extreme damage. Well-constructed and whole frame 
houses completely leveled; cars and other large objects 
thrown and small missiles generated. 

EF5 >200 >322 

Total Destruction. Strong framed, well built houses 
leveled off foundations and swept away; steel-reinforced 
concrete structures are critically damaged; tall buildings 
collapse or have severe structural deformations. 

Source: Storm Prediction Center    http://www.spc.noaa.gov/efscale/ef-scale.html 

 

Hail 
 

Hail is a particularly hazardous form of precipitation that originates from severe 
thunderstorms and weaker storms in high elevations. These irregular lumps or stones of ice 
range in size from peas to grapefruits and in some cases even larger. Hail with diameter of one 
inch (2.5 cm) and greater is considered severe and has the ability to cause severe damage to 
crops, vehicles, animals, and even permanent man-made structures. The formation of hail 
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focuses mainly on the anvil  portion (or top) of a 
thunderstorm, where liquid water freezes on 
contact with particles (nuclei) to initiate hail 
formation. The strong updraft of a severe 
thunderstorm prevents the forming hail stones 
from falling until theyôve reached a certain weight 
at which the updraft can no longer support their 
continued circulation around the storm. This  
convective circulation of developing hail stones 
from the top to bottom of a storm and back again 
causes melting and refreezing. This process gives 
hail its distinctive white coloring and concentric 

ring pattern  when an individual stone is cut 
in half.  

 

In regard to storm chasing, hail makes 
intercepting a supercell thunderstorm more 
cumbersome because of avoidance measures 
that have to be taken. Getting caught under 

the main ñhail coreò of a thunderstorm can spell big trouble because these storms can easily 
produce baseball-size hail stones. Damaged or broken 
windshields, vehicle body damage, and even bodily 
harm can occur if a storm chaser is not mindful about 
their location relative to the hail core. Usually, a 
majority of hail falls inside of the main downdraft of 
rain and cold air, so it is relatively easy to identify and 
avoid that portion of the storm. The problem is that 
the edge of this hail -prone area of a supercell lies 
right next to the rain -free updraft base where 
tornadoes form. As long as a storm chaser is aware of 
their  location relative to these features and moves 
accordingly, the risk of hail damage remains low. 

 

The table on the right has a comparison of hail sizes 
and common objects, along with the updraft wind 
speed needed to produce hail of a certain size. Itôs 
worth noting that the use of the term ñmarbleò size 
hail is slightly amb iguous because marbles tend to 
come in all shapes and sizes. Itôs best to find an object 
like a coin or other specific item to compare hail size 
to in order not to confuse the recipient of th e hail 
description.  

Image Credit: NC State ï Severe Weather Hazards        

http://www.nc-climate.ncsu.edu/edu/k12/.SevereWeather 

Image Credit: The National Weather Service 
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Severe Weather Ingredients 
 

Severe weather requires the gathering of multiple atmospheric ingredients in just the right 
way. While there are many variables that go into the genesis of severe storms, the chief of these 
are instability, lift, moisture, and shear. In the Great Plains of the United States, the right 
amounts of these ingredients usually come together in the spring and sometimes early summer 
to form severe thunderstorms and tornadoes. 

 

Instability 
Atmospheric instability is characterized as an 
air parcelôs tendency to lift from a lower level of 
the atmosphere to a higher level. For this to 
happen, the air parcel (usually near ground 
level) needs to be warmer than the air above it. 
Since warmer air is less dense than cooler air, 
this parcel is allowed to rise to a level where the 
air is the same temperature or until it cools to 
reach the surrounding air temperature at a 
certain altitude. While this parcel rises and 
cools, the moisture contained in it condenses 
and forms a cloud. Greater instability can build 
clouds that reach higher altitude, which is 
essential for developing the towering 
cumulonimbus cloud that makes up a supercell 
thunderstorm.  

 

 

Even if a layer of air near the surface is very 
warm and full of moisture, sometimes it does 
not rise due to a capping inversion , which is 
the presence of a warmer layer of air above it. 
This warmer layer above the surface can be 
overcome by solar heating of the surface, which 
in turn heats up the layer of air just under the 
cap. Once the surface air mass surpasses the 
temperature of the ñcappingò layer, it can then 
proceed to rise. Sometimes a capping inversion 
is so strong that it does not allow any air 
parcels to rise, thus not allowing thunderstorms 
to form. Ironically, a capping inversion is 
actually essential to severe weather outbreaks. 
This limiting layer of air acts as a filter that 
allows air parcels with very strong upward 
motion (instability) to punch through while 
suppressing parcels that donôt have enough 

upward momentum to make it through this layer. This limits the nu mber of storms that form, 
which means each individual storm has more resources to work with because the number of 
surrounding thunderstorms is limited.  The lack of surrounding thunderstorms prevents 
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contamination of the updraft for an individual supercell storm and allows it to grow to a 
greater strength and size. 

 

The amount of instability present in an air mass is measured as CAPE (Convective Available 
Potential Energy). CAPE values above 1500 J/kg are regarded as conducive to severe weather 
and supercell formation, but most significant severe weather outbreaks in the Great Plains 
occur when CAPE values surpass 2000 J/kg. Instability alone is not enough to make severe 
weather, but sometimes the lack of instability can be made up for by other elements like lift 
and shear. 

 

Lift 
For thunderstorms to form there needs to be a 
triggering lift mechanism  that begins the 
upward motion of air parcels. There are a host of 
different phenomena that contribute to lift, but 
the main sources that storm chasers look for are 
fronts, outflow boundaries, and orographic lift . 
Fronts are fairly simple sources of lift b ecause 
they are easy to find on a map and span many 
hundreds of miles. A cold front  is usually the 
trigger for more widespread severe weather 
outbreaks because of its strong division between 
cold air from the north and west with warmer, 
moister air to the south and east. The dense cold 
air behind this front creates lift as it displace s 
warmer, less dense air upward. A cold front 
branches off of the southern portion of an area of 
low pressure, or mid -latitude cyclone, to which a warm front lies to the east. 

 

Warm fronts can also act as lift 
mechanisms for storms, but generally they 
do not have the right winds, moisture 
flow, and temperatures to produce severe 
weather. A dry line is another type of front 
that storm chasers generally look for when 
forecasting storms. While this feature may 
not have the word ñfrontò in its name, it 
shares quite a few things in common with 
a front. A dry line  is simply the boundary 
between moist air to the east and dry air to 
the west, which is sometimes called a 
ñdewpoint frontò. So instead of 
temperature being the dividing factor as a 
standard front has, the dry  line divides air 
of different moisture content (dewpoint).  
As the dry line moves eastward during the 

daytime, the dry air behind the line wedges under the moister air to the east and thus creates 
lift for thunderstorm formation. This feature is commonly found in Texas, Oklahoma, and 

 

 

Image Credit: 
http://cimss.ssec.wisc.edu/oakfield/cyclone.htm 

Image Credit: National Severe Storms Laboratory         
http://www.nssl.noaa.gov/news/may3rd/satellite.html 
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Kansas and is often the focus for the formation of supercell thunderstorms, either isolated or 
scattered. 

 

In combination with  the more widespread lift 
mechanisms of fronts and the dry line, smaller 
sources of lift like outflow boundaries act as 
immediate triggers for storm development. An 
outflow boundary  is the division between the 
cold outflow from a thunderstorm and t he 
surrounding air. These small areas of advancing 
rain -cooled air act as lift mechanisms that can 
trigger a thunderstorm when all the other 
ingredients are in place. Often youôll see the 
convergence or collision of outflow boundaries, 
which usually results in the  formation of a 
thunderstorm where this takes place because of 
the enhanced lift generated by this event. 
Detecting outflow boundaries on radar requires a keen eye because of how subtle they can be, 
but the availability of higher -resolution radar data over the past few years has made this easier. 
When all other ingredients are in place, outflow boundaries act as a fantastic source of isolated 
lift for the formation of supercell thunderstorms.  

 

Finally, the other major source of lift involved in severe thund erstorm development is 
orographic, or upslope flow . This is a relatively simple source of lift because it involves air 
rushing up the eastern slopes of the Rocky Mountains. This mainly occurs on the gently sloping 
grasslands of Eastern Colorado, which often serves as a reliable zone for storm development 
because of the always-present source of lift. Upslope flow thunderstorms arenôt as famous for 
their severity as storms generated by the dry line and cold fronts, but they are very capable of 
producing torna does and even more so producing hail because of the increased elevations. 

 

Shear / Winds 
For severe weather to develop, winds at different levels of the atmosphere must have differing 
speeds and directions. This property known as wind shear  is crucial because it dictates how 
long a storm will last and what kind of rotational characteristics it will have. For most severe 
weather setups in the Great Plains, winds at the surface need to be out of the southeast or east 
while winds aloft at 500mb  (18,000ft or 5,500m) need to come from the southwest. The winds 
at 500mb usually ñsteerò the storms that form, so thatôs why most supercells in the Plains move 
from southwest to northeast. This change in wind direction  with height , also known as helicity, 
is also important because it blows the anvil and downdraft of a supercell away from the updraft 
base where tornadoes form.  

 


