
 
 
 
 
 

A GUIDE TO DEVELOPING A 
SEVERE WEATHER EMERGENCY PLAN 

FOR SOUTHEAST TEXAS SCHOOLS 
 

Also including information for 
Instruction of Severe Weather Safety 

 
 
 
 
 
 

National Weather Service 
Houston/Galveston Forecast Office 

1353 FM 646, Suite 202 
Dickinson, TX 77539 

http://www.srh.noaa.gov/hgx 

 

 

 

For additional information, contact: 

Dan Reilly 
(Warning Coordination Meteorologist) 

Telephone: 281-337-5074 



 

2 
 

 
Spring 2009 

 
 
 
 
Dear School Superintendent, 
 
The National Weather Service is pleased to present you with the enclosed 
comprehensive ñGuide to Developing a Severe Weather Emergency Plan for 
Southeast Texas Schools.ò This Guide gives you the information necessary for 
you to develop (or update) plans for the safety of students, teachers, and all other 
school personnel before, during, and after a weather emergency. 
 
This Guide has been adapted specifically for Southeast Texas. The original 
document was developed in the Central U.S. by Ms. Barbara Watson. It describes 
weather phenomena and recommended actions (precautions) that schools can 
take before, during, and after a Watch or Warning is issued. For example, under 
what circumstances should buses or a soccer game be delayed? It addresses 
how to determine the high wind safety zones in your school. The Guide informs 
you about the NOAA Weather Radio with a detailed listing of Emergency Alert 
Radio Stations to monitor. There is a section on common misconceptions (such as 
opening the windows if a tornado approaches). If you desire additional 
information, there are names and phone numbers for the Houston/Galveston 
National Weather Service Forecast Office. 
 
Our mission is to protect life and property. We hope that you will take the time to 
ensure that you have an established severe weather emergency plan for your 
schools. Hopefully, this Guide will help schools be well prepared for the upcoming 
severe weather season and seasons to come. If you have any questions, please 
refer to the contacts enclosed. Thank you very much for your help. 
 
 
 
Sincerely, 
Gene Hafele  
Meteorologist-In-Charge 
National Weather Service Houston/Galveston
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INTRODUCTION 

A GUIDE TO DEVELOPING 
A SEVERE WEATHER EMERGENCY PLAN 

FOR SCHOOLS IN SOUTHEAST TEXAS 
 

A. Purpose and General Layout of the Guide 
The purpose of this guide is to provide assistance to school administrators and teachers in 
designing a severe weather emergency plan for their school. While not every possible situation 
is covered by the guide, it will provide enough information to serve as a starting point and a 
general outline of actions to take. The majority of material focuses on thunderstorms and the 
hazards these storms produce: lightning, hail, tornadoes, and flash floods. Thunderstorms can 
occur suddenly, with little warning. To ensure safety, actions must be taken quickly. This will 
become more apparent in Section 1: ñUnderstanding the Danger: Why an Emergency Plan is 
Neededò.   
 
Once you comprehend the scope of the problem, you can begin to address how to reduce the 
potential hazards. Section 2 of the guide, ñDesigning Your Plan,ò details more specifically how to 
get your weather information, how teachers and students can be alerted to the emergency, and 
what actions under what circumstances should be taken to reduce the danger. Safety is always 
the foremost concern. The ultimate goal is to ñquickly inform teachers and students anywhere on 
the school grounds of the threat of severe weather and to move them as quickly as possible to 
pre-designated shelters.ò This section also discusses school bus actions in severe weather.   
 
For any plan to work efficiently, it must be practiced. It is recommended that schools conduct 
semi-annual drills and that severe weather safety instruction be a part of this phase. It is 
important to understand why certain actions are being taken, to know the weather terms that are 
being used, and to know what visual clues can signal you to potential dangers ahead. Section 3 
of the guide will provide some basic severe weather background on how thunderstorms evolve, 
what signals to watch, and how the National Weather Service (NWS) detects and tracks severe 
weather. 
 
The appendices in this guide are loaded with reference materials to assist you in both designing 
your plan and gathering educational materials for severe weather instruction. There is a 
glossary of weather terms, an NWS products list, safety tips for the various types of weather 
hazards (not just thunderstorms), and a list of NWS contacts if more assistance is needed. 
 

B. Who Will Develop Your Plan? 
Before you begin, it is recommended that one person be designated as the ñSevere Weather 
Coordinator.ò Such a person may be a teacher or administrator with an interest in weather who 
is willing to attend local NWS spotter training programs (no fees). The coordinator would be 
responsible for developing the plan and working with the local school board, administrators, and 
teachers to implement the plan.  
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SECTION 1 
UNDERSTANDING THE DANGER: 

WHY AN EMERGENCY PLAN IS NEEDED 
 

A. Lightning 
Itôs a warm afternoon and the football team is on the field 
practicing. Some parents and a few other spectators sit in the 
bleachers watching the play. The sky to the west is darkening 
and a warm breeze has picked up. The rumble of thunder can be 
heard in the distance. Keeping a watchful eye to the sky, the 
coach figures he can get through most of the practice before the 
rain comes. There is a big game on Saturday and only one 
practice left. He canôt afford to let up now. 
 

The practice continues, the thunder gets louder and the sky a bit darker. A cool, gusty wind now 
blows in from the west, but still no rain. A parent walks over to the coach and asks about the 
chance of practice being called early. The coach smiles and says, ñIôve been watching that 
storm and it appears to be passing north of us now.ò The sky begins to lighten to the west and a 
couple sun rays beam down from beneath the towering clouds. Suddenly, a white streak hits the 
uprights in the end zone with a deafening roar. Players, near that end of the field, tumble to the 
ground. 
 
There is confusion. What happened? Where did the lightning come from? The storm was at 
least 5 miles away and none of the previous strokes were anywhere near the school. It seemed 
to just come out of the blue! In 1988, eleven players on the Silver City, NM football team were 
taken to the hospital after lightning struck their practice field. Fortunately none were killed, but 
four were seriously injured. Every year lightning hits ball fields during little league and soccer 
games. Many games are not called until the rain begins, and yet it is not the rain that is 
dangerous. Ball fields provide a lot of potential lightning targets such as poles, metal fences, 
and metal bleachers. The fields themselves are wide open areas where players are often the 
tallest objects around. 
 
Lightning is the most common thunderstorm threat. Nationally, lightning kills an average of 85 
and injures 250 people each year. This number may not seem high, yet when you look at the 
individual cases, most could have been prevented. The basic rule of thumb is ñIf you can hear 
thunder, you are close enough to the storm to be struck!ò Thunderstorms extend 5 to 10 miles 
into the atmosphere. Winds aloft can blow the upper portion (anvil) of the storm many miles 
downstream. Lightning can come out of the side or anvil of the storm striking the ground 10 to 
15 miles away from the rain portion of the cloud. 
 

B. Flooding 
Heavy rains from thunderstorms had been occurring all day in the Virginia foothills and the 
National Weather Service issued a Flash Flood Watch around noon. The rain had let up by the 
time the children loaded the buses at Hillboro Elementary School. With a full load of children, 
Fred started the bus and pulled out. 
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Fred had been driving this route for over five years and had never encountered any flood 

problems. He didnôt expect any today. About halfway through his route, he turned onto Dark 

Hollow Road. The road crosses a small stream and this afternoon, the stream was out of its 

banks and flowing across the road. Fred slowed the bus as he approached the water. If he 

turned around, it would take him an extra hour to get the remaining children home. The water 

looked less than a foot deep. Certainly, the bus could safely cross that. He decided to move 

forward. 

The bus moved easily through the water, but as it approached 
the bridge, the front tires fell into a hole. With the water over the 
road, Fred hadnôt seen that the pavement had been 
undermined. He attempted to back out, but the bus wouldnôt 
budge. What was worse, the water was continuing to rise and 
was now more than a foot and a half above the road! Fred 
knew he better act fast. There were still eleven children on the 
bus. 

 
About fifty yards away was higher ground, a hillside. They would head there. The current was 
picking up. He would have to carry the smaller ones. His third and last trip from the bus to the 
hill was a hard one. In just ten minutes, the water had risen to waist deep and he could barely 
keep his footing. Grabbing onto trees and bushes along the way, he pulled himself and the last 
child to the hillside and out of the water. He was exhausted. He wouldnôt have made it if he had 
to carry one more. As he turned around to look back at the bus, the bus overturned and washed 
into the raging waters. 
 
Floods occur every year in Texas. Nationally, floods are the number one weather-related killer 
averaging 150 deaths per year. Half of these deaths occur in automobiles. NEVER ENTER 
FLOODED WATERS! If caught in rising water, abandon your vehicle immediately and move to 
higher ground. Fred and the children were lucky. He acted quickly and got them to safety, but he 
never should have attempted to cross the flooded area to begin with. 
 

C. Severe Thunderstorms: Hail, Downbursts, and Tornadoes 
It is 1:30 pm and the principal has just learned that the 
National Weather Service has issued a Severe Thunderstorm 
Watch. Thunderstorms are building to the west and are 
expected to hit the school district in less than an hour. He 
decides to cancel all outdoor activities and make an 
announcement to inform the teachers and staff. 
 
 
At 2:05 pm, it begins to get very dark outside and there is a rumble of thunder. The principal 
steps out to have a look. The sky appears as if itôs boiling and has taken on a green tinge. The 
wind picks up and the trees begin to sway. A cool blast hits him and a cloud of dust blows 
across the parking lot. ñThis storm doesnôt look good.ò He reenters the building and is told the 
National Weather Service has just issued a Severe Thunderstorm Warning for their county. 
Suddenly, he hears a roar of wind and a crash. The storm has let loose a downburst - a sudden, 
strong rush of wind. He rushes toward the source of the noise. A branch from a nearby tree 
shattered a window in a classroom. A few children were injured from the flying glass. Two will 

SECTION 1: Understanding the Danger 
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need stitches. He evacuates the classrooms on the windward side and moves the children into 
the interior music room which has no windows. They will be safe in there. 
 
Hail begins to fall and grow larger in size. The physical education instructor is barely heard 
above the roar of the hail striking the gymnasium roof and skylights. She moves the students 
into the locker rooms where it is safer. Large hail can impact at 100 mph. Suddenly, the 
skylights shatter. The principal decides to play it safe and move all students into the interior 
hallways. The lights flicker and the power goes out. He canôt announce it on the PA system so 
he grabs a bull horn and begins rapidly moving through the school. The students and teachers 
empty out of the classrooms, a little confused. Some are excited by the commotion and some 
are scared by the storm. The hallways are noisy with anxious voices, but quiet down when a 
roar, similar to the sound of a train drowns them out. 
 
Teachers yell, ñGet down! Drop to your knees and cover your head!ò Glass is heard breaking 
somewhere in the building. It was all over in just a couple minutes. Only ten minutes had passed 
since the thunder began. A tornado struck the school. The classrooms on the south side of the 
school were destroyed. The cafeteria and gymnasium roofs were gone. Children and teachers 
were shaken, but injuries were relatively minor. Because the principal in this scenario took the 
proper actions, lives were saved. No one was killed. 
 
 

D. Conclusions 
Flash floods, severe thunderstorms, and tornadoes occur with rapid onset and perhaps, no 
warning. Decisions must be made fast and actions taken immediately. One cannot wait for the 
storms to strike to plan what must be done to save lives. Get prepared now and develop an 
emergency action plan for your school. Schools may want to consider what to do when 
hurricanes, winter storms, excessive cold or excessive heat is expected to affect the school 
district. This type of weather, however, is usually predicted at least a day in advance allowing 
more time to make decisions about the operations of the school. These weather hazards are 
discussed further in Section 2, Part G. 
 
Having a clear weather policy lets parents, teachers and students know what to expect. 
Because this policy is based on a safety issue, there is less likelihood of problems implementing 
it, even if it means delaying or canceling a championship sports event due to lightning. A clear 
policy leads to consistent actions and hence less confusion or doubt about actions to take. A 
clear policy makes it easier to make the hard decisions when the time comes and to make them 
quickly if necessary. 

SECTION 1: Understanding the Danger 
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SECTION 2 

DESIGNING YOUR PLAN 
 

A. How to get Emergency Weather Information: 
Because tornadoes and severe thunderstorms occur with little, if any, 
warning, minutes and even seconds can mean lives. In just five minutes, 
a tornado may travel two to four miles on the ground. From the time the 
National Weather Service (NWS) issues a warning, to the time you 
receive that warning via radio or television, ten minutes may have 
elapsed. Also, you must be listening at the critical moment that the 
warning is announced or an even greater amount of time will pass! 
 

The fastest, most accurate and reliable means of receiving critical weather information at your 
school is through a NOAA Weather Radio (NWR) with a ñtone alertò feature. You will receive the 
warning directly from the N WS in just a couple of minutes from its issuance. These radios can 
be purchased in electronic stores and generally cost between $40 and $80. When the NWS 
issues a tornado warning, the ñtone alertò (1050 Hertz) is instantly sounded followed by warning 
information.  
 
In addition to the tone-alert, a digital burst of information is sent out. In some cases, such as a 
tornado warning, television and radio stations use this digital information for activation of the 
Emergency Alert System (EAS). You can now program special NWR receivers that use the 
digital burst to only warn you when weather is to affect your county. The N WS refers to this 
digital burst as ñSpecific Area Message Encodingò (SAME). 
 
The radioôs ñtone alertò feature and SAME is used for the issuance of all weather warnings as 
well as severe thunderstorm, flash flood, hurricane, and tornado watches. (See the appendix for 
Watch/Warning definitions). NWR broadcasts 24 hours a day, seven days a week with the latest 
weather information from daily forecasts to special weather statements about sudden shifts in 
the weather patterns or the development of potentially hazardous weather. (For more 
information on NWR see the appendix).  
 
If your school is not in a reliable NWR listening area (due to interference from tall buildings or 
other sources) and attaching your radio to an exterior antenna does not help, then below are 
some suggested alternatives: 
 

1. If you have cable television access, The Weather Channel uses NWS products and 
broadcasts warnings immediately upon receipt from NWS via a satellite link. Warnings 
are continuously scrolled across the bottom of the screen. 

2. Some cable companies include a channel with a local NWS radar display and use NWR 
as a voice-over.  

3. Monitor your local news radio station for EAS messages and special statements from the 
NWS. EAS operates on a cooperative agreement between broadcasters and federal, 
state, and local government agencies. EAS is activated for tornado warnings and severe 
flash flooding. 
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Phone (call-down) systems in some counties are not advised for receipt of warnings and for 
information due to: 
 

1. time elapsed in relaying information, 
2. chance of incorrect or incomplete information being passed, 
3. lack of reliability of phone systems during storms, and 
4. NWS advises people not to use telephones during an electrical storm. 

 
Your radio or television should be located in the main office or near the person(s) responsible 
for enacting the plan. Main offices are good because generally there is always a number of 
people around who could hear the alert, and in a quick emergency, it is close to the public 
address (PA) system. If using a NWR, the radio should be set at all times in ñAlertò mode. Some 
radios will automatically turn on when an alert sounds while others must be manually turned on 
after the tone is heard. It is probably better to have the type that automatically turns on in case 
you are out of the room when the tone is activated. If using NWR, the information cycles every 
few minutes, so if you donôt get all the information you need the first time through, it will repeat 
shortly. More expensive NWR models include features such as a tie in to your PA system, ability 
to set off a pager or telephone someone, flashing lights for new warnings and a button to play 
the warning back with a date/time stamp. 
 
Listen for the type of watch or warning and where it is in effect. The person(s) monitoring must 
know what action they should take based on this information. It is suggested you have a map 
nearby for easy reference to counties and towns to locate storms and their movement in 
reference to your school. There is no need to take emergency action if the warning is not for 
your location. It should, however, heighten your awareness to the potential for severe weather to 
affect your school district, especially if the warning is for a county near you and the storms are 
moving your way! 
 

B. How will the School Administration Alert Teachers and Students to Take 
Action? 
Most schools utilize a PA system to talk directly to students and teachers. In some cases, 
electricity may be lost during a storm before you have activated your plan. Therefore, it is critical 
to have a backup alerting device such as a compressed air horn or megaphone. 
 
If your school has mobile classrooms or detached gymnasiums that are not part of a public 
address or intercom system, then special arrangements must be made to notify these areas. 
Sending ñrunnersò outside to mobile classrooms is not advisable due to the danger posed by 
lightning and the approaching storm. Wireless communication devices are an effective means 
for such communication. ñWalkie-talkiesò may be the least expensive. 
 
Handicapped or learning-disabled students may also require special attention. You may want a 
teacher to be assigned to each student requiring special attention to see that the student moves 
to the appropriate place of safety. Any students that are in a position not to hear the warning 
must be taken into account. 
 
To insure appropriate action and understanding of your ñCall to Action,ò you must exercise your 
plan. A section entitled ñNeed for Periodic Drills and Severe Weather Instructionò will follow later 
in this section. 

SECTION 2: Designing Your Plan 
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C. Determining Tornado and High Wind Safety Zones in Your School: 
This may be the most time consuming and important phase of designing your plan. Schools are 
sufficiently complex and diverse in design that it is impossible to describe a plan that will apply 
to every school. Due to this complexity, it is recommended that this phase of the plan be 
accomplished with the help of an engineer or architect familiar with the schoolôs design. You can 
also contact your local NWS office and ask the Warning Coordination Meteorologist for help. 
Below, you will find some general guidelines and basic concepts to help you. 
 
The greatest threat from high winds (caused by tornado, hurricane, thunderstorm downburst, or 
a strong pressure surge behind a cold front) is: 

1. roof failure 
2. breaking glass, and 
3. flying debris (airborne missiles) 

 
The most dangerous locations are generally large rooms with big expansive roofs such as 
cafeterias, gymnasiums, and auditoriums. The collapse of the roomôs outer load-bearing wall 
can lead to the failure of the entire roof. Roofs tend to rely on gravity to keep them attached. 
When strong winds act on a structure, pressure differences are created causing outward 
pressures forces that act to lift the roof. 
 

 
 
 
 
 
 
 
 
 
 
 

 

D. Determining When to Activate Your Plan; When it is Safe to Return to 
Normal Activities: 
When deciding to activate a plan, you must use as much information as possible about the type 
of storms, expected impact and time of impact on your school district to access the risk. A plan 
may work best with phases of activation. For instance, outdoor activities will be the most 
susceptible to weather hazards with lightning being the greatest threat. If thunder is heard or 
lightning is seen, outdoor activities should be delayed with students and spectators moved to 
safety immediately. Do not wait for the rain. The delay in activities should last until the storm has 
safely passed. This means that thunder is not heard and lightning is not seen for 30 minutes. 
 
In a tornado or severe thunderstorm watch, outdoor activities should be postponed. As the 
storms approach, you may want to move students from the most susceptible areas of your 
school, such as mobile classrooms and gymnasiums, to safer areas as a precaution even 
though a warning has yet to be issued. You might also do this for ñHigh Wind Warningsò. For 
potentially severe thunderstorms, you may want to post teachers or school personnel trained in 
spotting severe weather to watch the storms as they approach for the need to take special 
actions (see section 3 on severe weather spotter training). 

SECTION 2: Designing Your Plan 
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If a severe thunderstorm warning is issued, all of the above actions are warranted. In addition to 
strong damaging winds, severe thunderstorms may contain large hail and students should be 
moved out of areas with skylights. If you have areas where large exterior windows may be 
struck by the stormôs winds, it is advised to kept students out of these areas as well until the 
storm passes. 
 
If a tornado warning is issued and you have determined that your school is in the path of this 
storm, an immediate and complete ñCall to Actionò is needed. If the storm has not yet reached 
your school, move students from unsafe areas as listed above and post a trained teacher or 
school employee to keep an eye on the stormôs approach. From your drills you should know 
approximately how long it will take to move students into ñtornado safe areas.ò 
 
As the tornadic storm begins to hit, all students should be in the designated tornado safe areas. 
If winds pick-up outside the school, if a roar like that of a freight train is heard, if large hail is 
falling, or you hear breaking glass, everyone should drop into the protective position 
immediately (see picture below). 
 

Winds may pick-up at the onset of the storm and may or may not drop off 
prior to the tornado. It may get very dark out. Rain, lightning, and/or hail 
may, or may not, be occurring. Large hail is a signal that you are near the 
part of the storm in which the tornado would occur. 
If there has been no warning and students and teachers are still in their 
classrooms when that freight train is heard or the sound of breaking glass 
or structure failure (whether from wind or even a bomb), the safest thing 
for everyone to do is to drop beneath their desks and take the position 
shown in the picture. 
 
Once the storm has past, students may return to classrooms. Stay alert 

for the possibility of additional storms. 
 
One complication to activating a full ñCall to Actionò plan is if it occurs during class changes 
when the halls are crowded and students may not know where to go. It may be best to hold 
classes beyond regular dismissal time until the severe weather threat has passed. Likewise, at 
the end of the school day, students may need to be held from boarding busses until the danger 
has passed.  
 
You should have at least a couple people who know how to shut off the main power (electricity) 
and gas (if applicable). If a tornado or severe thunderstorm has significantly damaged your 
school, shut off the gas and electricity for safety purposes. 
 
Rooms with large windows that may shatter from being struck by airborne missiles or from 
pressure stresses are also extremely dangerous. While windows on the side of the school facing 
the storm are most susceptible, as the storm passes, any windows could potentially shatter. 
Once winds enter a building, additional damage is likely and can be like a domino effect. This is 
one of the reasons that YOU NEVER OPEN WINDOWS WHEN A STORM APPROACHES! 
Greater damage may occur from this action and valuable time that should be used getting to 
safety is often lost. 
 

SECTION 2: Designing Your Plan 
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Small interior rooms, bathrooms, and windowless, interior hallways that are away from exterior 
doors offer the best protection. All doors should be closed, if possible. Interior load-bearing walls 
(with short roof spans) provide better protection than temporary or non-load-bearing walls and 
structures. If your school has more than one level, evacuate the upper floor of the school. The 
lowest level is always the safest. 
 
Schools designed for the ñopen classroomò concept used in the early 1970s have a difficult task 
of finding safe areas due to a lack of interior load-bearing walls, large spanning roofs and the 
use of a lot of glass. You may not be able to find enough ñidealò space to occupy your whole 
student body. It may be a matter of determining the lesser of evils. Below is a list beginning with 
the highest probability of failure: 

1. Mobile Classrooms 
2. Rooms with large roof spans (gymnasium, auditorium, cafeteria) 
3. Windows on exterior walls 
4. Roof 
5. Exterior walls of upper level 
6. Interior walls of upper level; exterior walls of lower level; interior glass and interior, lower 

level, non-load-bearing walls. 
 
Fortunately, the majority of tornadoes will not destroy well constructed buildings and damage in 
about 75% of cases should not go beyond #4 and 90% of cases should not go beyond #5. Using 
these considerations you may want to rank areas according to safety. Then begin by filling the 
safest areas first with students and continue until you have found space for the entire student 
body. 
 
Again, it is best to have an engineer or architect advise your school on the safest areas 
since schools are built with varied designs and purposes. The priorities listed above are 
based on broad generalities.

SECTION 2: Designing Your Plan 
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E. Determining When to Hold Departure of School Buses: 
You will want to consider holding the departure of students to buses whenever watches or 
warnings are in effect. There are two primary considerations: 

1. Upon departure, how long will it take before all students have been deposited safely at 
home? Include time for the students to walk from their bus stop to their home. 

2. How much time do you have before the storms impact your district? Severe thunderstorm 
and tornado watches are sometimes issued a couple hours in advance of thunderstorm 
development. 

 
Watches are generally issued for large areas, so even once storms have developed; it might be 
a couple hours before the storms reach you. On the other hand, it may be a rapidly developing 
situation with less than an hour before the storms impact. 
 
If condition 2 is less than condition 1, then a delayed departure is recommended. Busses 
provide no protection from severe storms. The next section will discuss what bus drivers should 
do if faced with a tornado approaching or flood waters in their path. 
 
It is not advisable for parents to be running to the school to pick up their children in severe 
weather. They should be made to understand that the child is far safer at the school with the 
severe weather plan in place than on the road when a storm strikes. Other considerations may 
include if a large number of children from your district live in mobile homes. The school would 
provide a far safer environment. Mobile homes are extremely susceptible to high winds (even 
when properly anchored and tied down). A storm that would produce very minor damage to a 
school could completely destroy a mobile home and kill its occupants. 
 
1. TORNADOES - NEVER ATTEMPT TO OUTRUN A TORNADO! 
If a bus driver has reason to believe a tornado is approaching, the following steps should be 
taken. 

a) If you have the time to get the students to a well-constructed building, then certainly do 
so as fast as possible. Move them into the interior or basement of the building away from 
windows and doors.  

b) If no well-constructed building is available for shelter, then look 
for a ditch or low lying area (preferably without water). Stop the 
bus downwind from the location you have selected. You do not 
want the wind to roll the bus toward where the students will be. 
Unload the students and 

c) Move them to the ditch or low-lying area and have them get in 
the protective position with their hands over the head. 

 
2. FLOODING - NEVER ATTEMPT TO DRIVE THROUGH FLOOD WATERS! 
If your bus route takes you across small streams and creeks or along a river, you need to have 
either determine an alternate route to travel or have a contingency plan to return to the school 
once flood waters are encountered. Major river flooding and coastal flooding generally is well 
forecast with warnings issued early enough that schools and drivers can plan their strategy prior 
to placing the students on the bus. However, flash flooding, a sudden, dramatic and dangerous 
rise in water levels, usually does not occur with much warning. It is this type of flooding for which 
drivers need to understand what to do and what not to do, well in advance.

SECTION 2: Designing Your Plan 
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In general, a shallow ponding of water on the roadway is usually not a 
problem. As soon as the depth of the water comes into question such 
that you can no longer see the road, do not enter. The road may have 
been undermined or the water may be deep enough to stall the bus and 
place all of it occupants in danger. Do not enter underpasses that are 
filling with water. If the water appears to be flowing (moving across the 
road), do not enter. The bus will act as a barrier and the water will 
attempt to lift and move the bus. If water is flooding over or around a 
bridge, do not cross it, it might collapse from the weight of the bus. The 
foundation of the bridge may have been compromised. 
 
Water levels can rise extremely rapidly and the force of that water against an automobile or a 
bus can be amazingly powerful. If the driver is caught in an unavoidable situation, seek higher 
ground immediately.  If the bus stalls, and water is rising, abandon the bus and seek 
higher ground before the situation gets out of control. 
 
3. EXPOSURE - TOO COLD OR TOO HOT 
Children awaiting the school bus in the morning, standing exposed to a cold wind without proper 
clothing for protection may develop hypothermia. School bus drivers as well as teachers should 
be taught to recognize symptoms of hypothermia and frost bite described in the appendix. 
On hot, humid days, where the heat index exceeds 100 °F, some children may have difficulty 
handling the heat. They may be boarding the bus from an athletic event or coming from a hot 
classroom. A child may be dehydrated and starting to show signs of heat exhaustion. Again, 
drivers should be taught to recognize symptoms of heat stress. See appendix.  
 
F. Special Considerations for Other Weather Hazards: 
 
1. HURRICANES - 

A hurricane is a large spiraling complex of 
thunderstorms up to 300 miles in diameter. 
Hurricanes and tropical storms have produced 
extreme coastal flooding, flash flooding, and river 
flooding. This flooding is responsible for the majority 
of hurricane related fatalities. Winds can gust over 
100 mph and hurricanes may spawn tornadoes. 
These are the major concerns. 
 
By listening to statements from your local National 
Weather Service Office and your local emergency 
management, you should know what is expected to 
occur in your school district prior to the storm 
striking and can make your decisions accordingly. If 

school is in process when a hurricane or tropical storm strikes, then the threat and actions to 
take are similar to those mentioned for flooding, lightning, and strong damaging winds. Schools 
susceptible to river or coastal flooding may be asked to evacuate. Other schools may become 
shelters for people in flood prone areas or those living in mobile homes. Actions taken by those 
sheltered at the school should be the same as if the school were in session. 
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2.  WINTER STORMS AND EXCESSIVE COLD - 
About 60 percent of deaths in winter storms occur in 
vehicle accidents on icy and snowy roads. Some deaths 
occur from exposure to the cold, whether trapped out in the 
storm or caught indoors without heat or electricity. Those 
most susceptible to the cold are young children (under 2 
years old) and elderly (over 60 years old). Some deaths 
occur from fires started by improper use of alternative heat 
and light sources such as fireplaces, candles, wood stoves, 

and space heaters. When the NWS issues a Winter Storm Warning, people should not venture 
out. Proper preparedness, wearing appropriate winter clothes, and following safety procedures 
will save lives. See appendix C on winter storm safety. 
 
In addition to Winter Storm Warnings, schools need to also be concerned about exposure to 
cold as students stand awaiting buses to pick them up or during an outdoor recess. The degree 
of exposure the student will experience will be a function of the temperature, the wind, the 
clothes they wear, and the amount of time they are exposed. The NWS issues Wind Chill 
Warnings when the wind chill temperature is expected to reach -18°F or colder. At -30°F, 
exposed flesh can become quickly frost bitten. If the morning temperature is 5°F and the wind is 
blowing 15 mph; the wind chill temperature is -13°F. The NWS issues Wind Chill Advisories 
when the wind chill is expected to reach 0°F or colder. 
 
In cases of extreme cold, proper clothing is very important and needs to be stressed to the 
students. Teachers should be taught to recognize symptoms of frost bite and hypothermia. See 
Appendix C. 
 
Outdoor activities should be canceled. Delaying school hours may or may not solve the problem 
of students standing at bus stops in the cold if the temperature rises enough. Bus stop shelters 
would help protect the students from the exposure to wind. 
 
3) EXCESSIVE HEAT - 
While most heat waves hit when school is out, temperatures can soar into the 90ôs almost year 
round in southeast Texas. Like wind to cold, humidity adds to the effects of heat. A ñheat indexò 
is used to combine these effects. The NWS headlines the heat index in its forecasts when it is 
expected to reach 108°F. At these values, a Heat Advisory is in effect and heat disorders such 
as cramps, heat exhaustion, and heatstroke are possible. Students should be kept out of the 
sun and strenuous activities should be eliminated. Encourage students to drink lots of water and 
wear light-colored, lightweight clothing. Teachers should learn the symptoms of heat disorders 
and the appropriate first aid procedures. See appendix C. 
 

G. Need for Periodic Drills and Severe Weather Safety Instruction: 
In order to have an effective severe weather emergency plan, you must have periodic severe 
weather drills and severe weather safety training. Drills not only teach students and instructors 
the actions they need to take, but will allow you to evaluate your planôs effectiveness. Did 
everyone hear the message, did they understand what to do, and were they able to get to the 
designated areas of safety in a reasonable amount of time? It is suggested that you conduct 
drills in conjunction with a severe weather education and awareness programs so that students 
and teachers understand the dangers of severe weather and better comprehend the actions that 
they are asked to take. 
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The NWS in conjunction with the state office of emergency management runs a statewide 
weather awareness campaigns. Tornadoes are usually addressed the first week in March before 
the onset of the severe weather season. This campaign is coordinated through the local 
government emergency management agencies and the news media and usually includes a 
proclamation from the governor. This may be an opportune time for your school to conduct a 
drill and program.  
 
You can contact your local NWS office or emergency management office if you would like a 
speaker to come to your school and discuss severe weather safety. It is also suggested that a 
tornado drill is conducted in September, the beginning of the school year and then again in 
March. The September drill will instruct new students of procedures and act as a refresher for 
returning students. The March drill will get everyone ready for the start of the thunderstorm 
season. 
 
While severe thunderstorms and tornadoes are often advertised as a ñspringtime or 
summertimeò event, in southeast Texas, outbreaks of severe thunderstorms and tornadoes 
often have occurred year round. 
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SECTION 3 

Thunderstorms and Severe Weather Spotting 
 

Nature provides clues that can help one realize that threatening weather is approaching and that 
action needs to be taken. Understanding these clues can be the difference in getting to safety in 
time when weather suddenly turns for the worst. 
 

A. Basic Facts about Thunderstorms 
Thunderstorms occur in all 50 states. They can occur, at any time, day or night, throughout the 
entire year. Thunderstorms are most common in the late afternoon and evening during the warm 
months. 
 
Approximately 1800 thunderstorms are in progress at any given moment around the world and 
lightning strikes the earth 100 times every second. Thunderstorms are basically beneficial 
providing necessary rainfall. In the United States, only about five percent of thunderstorms 
become severe and only about one percent of thunderstorms produce tornadoes. 
 
What makes a typical thunderstorm? 
Thunderstorms range between 5 and 25 miles in diameter making it a very localized storm. 
There are three essential ingredients necessary to grow a thunderstorm: 

1. Moisture - Moisture is necessary to form the cloud and rain. 
2. Instability - Warm air is less dense (lighter) than cold air. The sun warms the ground and 

the ground warms the air above it. Evaporation of moisture from the ground or bodies of 
water increases the humidity. The warming of the air and the increase in humidity cause 
the air mass to destabilize. If there is cooler, drier air above, the tendency would be for 
the air to want to overturn with the cooler air is sinking and the warmer air rising. This is 
instability. 

3. Lift - This is the trigger that starts air rising and focuses storms. Examples of Lift : 
 a) Air moving up a mountain;  
 b) Air colliding with a front. A front is a boundary between two different air masses. 
Where the air masses collide, the less dense air (warmer or more humid) will rise over 
the other.  
c) Cool air blowing from an ocean or lake can form a sea-breeze front as it collides with 
the warmer air inland. 
d) The cool outflow from a thunderstorm forms a ñgust frontò which may in turn cause the 
development of new thunderstorms. These are all sources of lift. If instability and 
moisture is the fuel, than lift is the spark that ignites the storm. 

 
The thunderstorm life cycle: 
1) Towering cumulus stage - Imagine a parcel of air like a balloon. If the air in the balloon is 
warmer than the environment around it, it will rise. As the balloon (air parcel) rises, the air cools, 
eventually cooling to its condensation point. A cloud becomes visible. As the air condenses, 
heat is released which helps the air parcel remain warmer than its surrounding environment, 
and so, it continues to rise, building up speed. This rising air forms the updraft, a thermal. A 
towering cumulus cloud has grown with crisp, hard edges forming a puffy or cauliflower look to 



 

18 
 

the cloud. The height of the cloud is usually equal to or greater than the width of the cloudôs 
base. 
2) Mature thunderstorm stage - The warm air continues to rise until eventually it has cooled to 
that of its surrounding environment. This is often not until it hits the tropopause and the more 
stable air of the stratosphere. The storm may now have reached a height of 5 to 10 miles above 
the ground. The rising air has been moving at speeds near 40 mph. Now as it slows, the upper 
level winds begin to fan out the cloud forming the anvil. With strong winds aloft and longer 
lasting storms, anvils can spread 100 miles downwind. 
 
A thunderstormôs updraft can carry 8000 tons of water aloft per minute! The water vapor 
condenses to cloud droplets which collide and grow in the rising updraft. Eventually, the weight 
of the droplet overcomes the rising air and it falls. The falling rain droplets begin to drag the air 
down around them and a downdraft forms. The rain also is falling into unsaturated air and so 
some evaporation occurs. Evaporation is a cooling process (your body cools when sweat 
evaporates from your skin). This rain cooled air is now cooler than its surrounding environment 
and it sinks, helping to form and intensify the downdraft. A thunderstorm with concurrent 
updrafts and downdrafts is considered mature. As little as 20 minutes has elapsed since the 
cloud began to form. 
 
3) Dissipating stage - As the downdraft hits the ground, the rain-cooled air begins to spread out 
in all directions. Eventually, this more stable air (since it is cool) chokes off the warm inflow that 
was driving the stormôs updraft. With no new fuel to keep the storm alive, it dies. The downdraft 
dominates and the storm rains itself out. Sometimes, all that is left it the anvil. 
 
This entire thunderstorm life cycle from the growing cumulus cloud to the dissipated storm can 
take only 30 minutes. This is why thunderstorms can strike so quickly and with little if any 
warning. The NWS predicts the likelihood of thunderstorms to develop, but does not warn for 
lightning nor general thunderstorms. 
 

What causes thunder? 
A lightning stroke carries an electrical potential of 100 million volts. This tremendous release of 
energy is converted to heat. Air around the lightning channel explosively expands as it is heated 
to nearly 50,000°F! After the discharge, the air rapidly cools and contracts. This sudden 
expansion and contraction of air molecules produces the sound wave which we identify as 
ñthunder.ò Because the speed of light is a million times faster than that of sound, we see a 
lightning stroke before we hear it.  
 
You can estimate the distance (in miles) to a lightning stroke by counting the number of seconds 
between seeing the lightning and hearing the thunder, then divide by five. Just remember that 
lightning can come from the anvil portion of the thunderstorm and strike the ground 10 to 15 
miles from the rain portion of the storm. So, just because you are estimating lightning at a 
distance of 2 or 4 miles away, doesnôt mean that the next strike wonôt be right next to you! 
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Understanding the Dangers of Lightning: 
If you are outside and there are thunderstorms within 10 miles, you are at risk of being struck. In 
rare cases, lightning has been known to travel as far as 15 miles from the storm. There are four 
different types of lightning: within cloud, cloud-to-cloud, cloud-to-air, and cloud-to-ground. 
Lightning can occur from any portion of the thunderstorm cloud. Thunderstorms can extend up 
to 10 miles high in the atmosphere and they are often tilted by stronger winds aloft. High clouds 
above you may be part of a thunderstorms anvil. Often during the dissipating stage of a 
thunderstorm, lightning will strike from the upper reaches of the storm including the anvil. 
 
A study on lightning conducted in Florida found that the average distance between one lightning 
strike hitting the ground and the next was two to three miles. That means that (using the 
technique described in the section on thunder above) you may have just seen a lightning stroke 
in the distance and it took a full 15 seconds before the thunder reached you. It seemed a long 
way away and yet, on average, the next strike could be right next to you. 
 
The most common mistake made by people is to let an outdoor activity continue because it 
appears as though a thunderstorm is too far away to be a danger. Many people think that if it is 
not raining, then they are okay, yet it is not the rain that can kill them. People who have been 
struck by lightning have noted that they heard some distant thunder, but there was blue sky 
overhead and so they perceived no threat. 
 
The rule is simple: If you can see or hear thunder, take action immediately. The activity 
can be resumed when it appears as though the storms have passed and lightning has not 
been seen nor thunder heard for at least 30 minutes. 
 
Shelter: Everyone needs to move inside a building or a car. In buildings, do not remain standing 
in the door way and close windows and doors. Do not use telephones and computers. In a car, 
truck, or bus, windows and doors need to be closed. Convertibles, even with the tops up, are not 
protected. If an activity is postponed to let the storm pass, try not to allow spectators to linger in 
unprotected areas. At a Lacrosse game in the District of Columbia, the game was called as a 
thunderstorm squall line rolled into the city. The teams went inside to the locker rooms to wait 
out storm. A group of spectators, who had been watching the game, took cover under a tree. 
The tree was struck. A 16 year old boy was killed and 10 others were injured. 
 
Lightning will be attracted to the tallest object. Tall trees are a prime example. Sports fields are a 
high risk area. The tallest object may be the players, or goal posts. Lightning may strike both 
players and goal posts at once. Metal bleachers, tall lights for night-time play, and metal fences 
around ball fields are all at risk of being struck. Even the dugouts are not safe. 
 
Thunderstorm Clues: 

1. Static on your AM radio 
2. A sudden increase in wind or a sudden change in the wind direction. Leaves on trees 

may flip over so you see their underside. You might smell rain before it arrives or feel a 
sudden drop in temperature with the breeze. 

3. Darkening and billowing clouds or darkening haze. 
4. Distant flashes of lightning or the sound of thunder. 
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B. Severe Thunderstorms 

The more unstable the air mass and the stronger the lifting mechanism, the stronger the 

thunderstorm updraft becomes and the more likely the storm will be severe. Increasing winds 

with height also help the stormôs ability to maintain itself. The longer a storm lasts, the greater 

chance it has of becoming severe. The NWS defines a severe thunderstorm as a storm 

producing three-quarter inch or larger hail and/or winds greater than 58 mph. When 

thunderstorm updrafts reach speeds of 70 mph, they can support the growth of hailstones. 

 
A hailstone is a lump of ice that falls from a thunderstorm. It can range from pea size to the size 
of grapefruit. Such large hail can impact the ground at nearly 100 mph demolishing crops, 
breaking windows, and damaging roofs, cars and airplanes. Hail begins as rain droplets which 
are carried by strong updrafts to high altitudes (well above the freezing level) where they are 
frozen into ice pellets. 
 
The ice pellets collide with more water droplets which freeze to the surface of the developing 
hail stone increasing its size. The stone continues to grow until the updraft can no longer 
suspend its weight and the hail falls to the ground. 
 
Long-lasting thunderstorms, sometimes referred to as supercells, are more likely to be severe. 
For a thunderstorm to last, it must be able to sustain both its updraft and its downdraft. One way 
that this occurs is with increasing winds with height. If the horizontal wind, blowing into the 
storm, is stronger in the mid and upper reaches of the storm, the rising updraft becomes tilted. 
Now the rain is carried downwind of the updraft instead of collapsing upon it. Another important 
factor is if the horizontal wind, blowing into the storm, veers with height (changes direction in a 
clockwise motion), and the stormôs updraft may begin to rotate. The combination of veering and 
increasing winds with height can produce a tilted and rotating updraft. This rotating 
thunderstorm, called a mesocyclone, is able to maintain its updraft and warm inflow region 
independent of the stormôs rain-cooled outflow. The rotating updraft of this type of thunderstorm 
is where the tornado can form and descend to the ground. 
 
 
 
 
 
 
 
 
 
 
 
The Downburst: So far, we have discussed how strong updrafts can produce hail and rotating 
updrafts can produce tornadoes, but what about downbursts or damaging straight-line winds 
from thunderstorms? A downburst is a powerful, concentrated downward burst of air that 
occurs in the downdraft region of the thunderstorm. Looking at the map view of a severe 
thunderstorm above, it tends to occur in the moderate to heavy rain region of the storm. One 
theory for how downbursts originate is that a layer of drier air, between perhaps 10 and 20 
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thousand feet high, is entrained into the thunderstorm. As rain falls through this drier air, it 
evaporates, rapidly cooling the air. This cold ball of air, now denser than its surrounding 
environment, descends toward the ground. The momentum of the winds in this mid-level dry 
layer (the wind blowing into the storm) is now tilted downward and is accelerated by gravity. The 
burst of rain-cooled air smacks the ground and spreads outward. Wind speeds produced by 
downbursts can reach over 100 mph and produce damage similar to a tornado. However, 
downbursts damage paths are usually broader than tornado paths. 
 
The term straight-line wind when referring to a thunderstorm wind is the rain-cooled air of the 
downdraft as it spreads out and away from the thunderstorm. The wind is moving in a straight-
line as opposed to rotating like a tornado. Therefore, straight-line damaging winds from a 
thunderstorm are generally caused by a downburst. In aviation, the term wind shear is used. 
Wind shear is the change of wind speed and direction. A downburst is extremely dangerous to 
aircraft on takeoff and landings because of the strong wind shear. Wind speed and direction is in 
constant flux and the pilot cannot compensate fast enough. A microburst refers to a small 
downburst (less than 2 miles across). A downburst larger than that would be called a 
macroburst. 

 

C. Basic Severe Thunderstorm and Tornado Spotting Techniques 
Your local NWS Office provides severe weather spotter training under a program called 
SKYWARN. It is provided free of charge with the request that when you do encounter severe 
weather, you report it to the NWS. The spotter training class includes over 150 slides that help 
you learn how to pick out visual clues from clouds to help determine the severity of a storm. It is 
highly recommended that at the least one person from your school, preferably the ñSevere 
Weather Coordinatorò for your school emergency plan, take the training. The following 
information is not a substitute for official training. 
 
Color: A very dark (black) thunderstorm or one taking an eerie look (brownish, green, or yellow 
cloud colors) may be an indication of a severe thunderstorm. The colors and darkness of the 
cloud are caused by the stormôs massive size and the blockage of sunlight. This storm may 
bring hail, very heavy rain, and damaging winds. Take protective action immediately. 
 
Sound: The sound of a freight train is the roar of wind as it moves through trees and buildings. 
It may indicate an approaching tornado or severe downburst. The rapid rotation of winds in a 
tornado also sometimes makes a high pitch whistling or whirling noise. In any of these cases, 
you should take protective action immediately. 
 
Swirling Debris: Tornadoes are sometimes obscured by rain, low clouds, trees, or buildings 
that block your view of the funnel. A visible funnel need not even be touching the ground (it may 
only extend half or two-thirds of the way from the cloud toward the ground). But even with weak 
tornadoes, swirling debris or debris rising up in the air can often be seen. This is a sure sign of 
significant damaging winds and protective action must be immediate. 
 
Shelf Cloud / Roll Cloud: The rain-cooled air flowing out of a thunderstorm forms the gust 

front. Warm air ahead of the gust front rises up into the storm 
forming a wedged-shape cloud called a ñshelf cloudò on the leading 
edge of the storm. The sharper or more defined that this cloud is, 
the stronger the winds are below. As the cool wind continues to 
blow out ahead of the storm, the shelf cloud can become detached 
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from the storm forming a ñroll cloudò. This horizontal cloud is not a tornado. It marks the gust 
front (the gust front is the leading edge of the rain-cooled outflow from the thunderstorm). If you 
see a well-defined roll cloud rolling toward you, prepare for strong and possibly damaging winds 
as it passes. 
 

Mammatus Clouds: These clouds hang down from the anvil portion of the thunderstorm. They 
look like cumulus cloud turned upside down. Mammatus clouds are often an indication that the 
storm is severe. Prepare for possible hail and damaging winds. 
 

Rotating storms: Sometimes it is possible to see the entire thunderstorm rotating. Generally, to 
see this you are located south of the storm or behind it. The storm is usually then moving away 
from you. A rotating thunderstorm is likely severe and may produce a tornado. If the storm is, by 
chance, moving toward you, prepare for severe winds and hail. Otherwise, report your sighting 
to the NWS. 
 

Rotating Wall Cloud: This is created when there is a lowering of 
clouds from the rain free cloud base (updraft region) of the storm. It is 
circular in shape and can be seen slowly rotating. Sometimes a tail 
forms from the wall cloud toward the rain area of the storm. Air is 
moving in and rising up into this portion of the cloud. This is a sign of 
a tornadic thunderstorm. If a tornado is to form it will generally 
descend from the storm near or within the wall cloud. Take cover 
immediately if this is approaching you. Otherwise, contact the NWS 
or any law enforcement agency with your sighting. 
 

Funnel / Tornado: A funnel is a small rotating funnel-shaped cloud. It does not touch the 
ground. If the funnel-shaped cloud is touching the ground, it is a tornado. Only about 50 percent 
of funnels turn into tornadoes. It is possible for the rotating column of damaging winds from a 
tornado to be on the ground with the visible funnel only extending half-way to the ground. Look 
for debris, leafs and dust rising into the air and listen for the sound of a freight train. 

 
Waterspouts: When a tornado moves over water, it is called a 
waterspout. Waterspouts can also occur in more benign situations and 
these are not severe but still may have winds of 35 to 50 mph. 
 

Squall lines: Sometimes thunderstorms form a solid line of storms 
called a ñsquall line.ò The squall line thunderstorm can also become severe and is unlike the 
supercell thunderstorm discussed earlier (see diagram showing side and map views of a typical 
severe thunderstorm under section B). The supercell storm has its updraft on the right-rear 
quadrant of the storm. With a squall line, the warm air feeding the storm is all out ahead of it, so 
the updraft on the front (approaching) portion of the storm dominates. 
 

When a squall line approaches, you will see the shelf cloud which is the leading edge of the 
storm (see discussion on shelf clouds). Tornadoes rarely occur with squall lines and they tend to 
be less severe than those with supercell storms. Still, winds can reach 100 mph which is enough 
to damage roofs, break windows and drop trees. The tornado in this case will precede the rain. 
The tornado would be found in the updraft region of the storm behind the shelf cloud. 

 
For additional information severe weather spotting, try the following link: 

http://www.srh.noaa.gov/oun/stormspotting/ 
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D. NWS Methods of Detecting and Tracking Severe Weather 
The NWS uses a combination of radar, satellite, lightning detection, and surface observations 
including volunteer spotter reports for detecting and tracking severe weather. NWS Doppler 
radars installed around the country in the early 1990s have greatly increased the NWSô ability to 
pinpoint severe thunderstorms and possible tornadoes and warn the public as to where these 
severe storms are moving. Spotter reports give forecasters the ground truth that verifies what 
the radar is showing and adds details such as the size of hail, the amount of rain, the depth of 
flood waters over a road, if wind damage is occurring, or if a tornado is sighted. 
 
1) Doppler Weather Radar: 

The WSR-88D (Weather Surveillance Radar - 1988 Doppler) is the radar 
system used by NWS and the Department of Defense (DOD). It is a very 
powerful radar designed specifically for the detection of weather 
phenomena and in particular, violent tornadoes. The computers that 
compile the radar data can produce as much as 100 different radar 
products every 5 minutes for forecaster to look at.  
 
Typically radar has been used to tell meteorologists where precipitation is 
occurring, how intense it is, and where it is moving. The ability of Doppler 
radars to detect radial velocity (movement of radar targets, such as rain, 
toward or away from the radar-derived from the ñDoppler Effectò) allows 

meteorologists to see rotation of thunderstorm updrafts and sometimes the development of the 
tornado vortex. 
 
Mesocyclones displaying strong radar signatures such as storm rotation can sometimes mean 
10 to15 minutes lead-time on warning for a tornado before it touches down. Computer and 
mapping skills with this radar combined with automated rainfall gauges help meteorologists 
determine maximum rainfall amounts and pinpoint areas with potential flash flood problems. 
 
Like all technology, radars have their limitations. Radar beams cannot see through mountains. 
This means that weather within the valleys on the other side will not always be detected. 
Because of the curvature of the earth, as the radar beam moves away from its source, it gets 
higher and higher in the atmosphere and is no longer sampling the lower portion of the storm 
clouds. The NWS compensates by using trained severe weather spotters which help forecasters 
to fill in the gaps. 
 
2) Satellites:  
Geostationary satellites (stationary above a point over 
the equator) and polar orbiting satellites allow 
meteorologists to watch the development of clouds 
and weather systems. Satellites are extremely useful 
for tracking weather systems over the vast ocean 
areas where there is no radar and few surface 
observations. For example, satellites greatly improve 
meteorologistsô ability to detect the formation and 
movement of hurricanes over the tropical waters. 
Satellites also help meteorologists to track movement 
of air masses that are either very dry (such as off the 
mountains) or very moist (such as northward from the 
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Gulf of Mexico). This can greatly influence a stormôs development. Cloud patterns also tell 
forecasters about the strength and movement of the jet stream which plays a large role in storm 
development. Meteorologists can watch the formation of cumulus clouds along boundaries and 
their growth into thunderstorms. They can watch the change in cloud top temperatures to help 
determine if thunderstorm complexes are growing or weakening.  
 
While satellites provide meteorologists with much information, they too have their limitations. A 
satellite is viewing a cloud from above. Only in very rare cases can you tell that a tornado has 
formed below. You cannot know from a satellite that winds are blowing down trees or that 
softball size hail is falling or water is flooding a bridge. 

 

3) Lightning Detection: 
Lightning detection systems map where cloud-to-ground lightning strokes are occurring. While 
this allows meteorologists to know that thunderstorms are indeed in progress and the frequency 
of lightning strokes, it tells little about the severity of the thunderstorm. 
 
4) Surface Observations: 
Surface observations are the ñground truthò for tools such as radar and satellite. Because 
thunderstorms are very localized (the severe weather portion of the storm may only affect an 
area a mile wide), it would be impossible to have weather observers everywhere. Most surface 
observations are automated and these automated sensors give you temperature, humidity, 
pressure and wind information, but do not tell you hail size, do not see tornadoes nearby, or 
thunderstorm clouds. 
 

5) SKYWARN Spotters: 
SKYWARN is a volunteer program of trained severe weather 
spotters. Some are also amateur radio operators who use their 
added skills to pass information on to the NWS. They provide critical 
details to forecasters about what the storms are doing. SKYWARN 
training is conducted by the NWS at no cost and all are welcome to 
take the basic spotter training class. For more information about 
SKYWARN, check out our webpage: 

http://www.srh.noaa.gov/hgx/severe/skywarn.htm. 
 

E. Summary 
It is the combination of surface reports from automated sensors and spotters and remote 
sensing tools such as radar, satellite and lightning detection that bring the entire picture together 
for forecasters and increases their ability to issue effective, informative, and timely warnings. 
While new technology has enhanced the meteorologistôs ability to issue a timely warning, it will 
be of little use if the people do not receive the warning or receive the warning but do not know 
what safety actions to take. 
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APPENDIX A 

NATIONAL WEATHER SERVICE PRODUCTS 
(What to listen for) 

 
1. WARNINGS - The hazard (tornado, flash flood, etc) is imminent. The probability of occurrence is 
extremely high. Warnings are issued based on eyewitness reports or clear signatures from remote 
sensing devices such as radar and satellite. Lead-time for thunderstorm type events is generally 30 
minutes or less. Lead-time for hurricanes, river floods, and winter storms can be 6 to 18 hours. 
 
2. WATCHES - Meteorologists have determined that conditions appear right for the development of the 
hazard. Probability of occurrence is greater than 60% in the watch area. Watches generally cover larger 
areas than warnings. In the case of thunderstorms, less than 30% of the watch area may experience the 
hazard. However, with larger storms such as hurricanes and winter storms, the entire watch area may be 
affected. Severe thunderstorm and tornado watches are usually issued 1 to 2 hours before the event 
begins. With flash floods, it can be 3 to 12 hours. For hurricane, river flood, and winter storm watches, 
lead-times are usually 12 to 36 hours. 
 
3. ADVISORIES - An advisory is issued for weather that is expected to be a disruption to the normal 
routine and an inconvenience, but it is not expected to be life-threatening. Advisories are issued for less 
than 2 inches of snow, dense fog, minor street flooding, etc. The time frame is similar to that of a 
warning. 
 
4. STATEMENTS - statements are issued to update current weather situations or highlight significant 
changes to come. Statements are also used to explain why watches, advisories, or warnings have been 
issued. Three special types of statements are: 
 

a) Hazardous Weather Outlook - The NWS issues ñHazardous Weather Outlooksò each morning 
discussing upcoming weather events. The Tropical Prediction Center issues ñTropical Weather 
Outlooksò discussing the potential development of tropical cyclones during the hurricane sea on 
(June 1 - November 30) . The Storm Prediction Center issues special statements when there is 
the potential for a severe thunderstorm or tornado outbreak. 

b) Short-Term Forecasts - These statements discuss the short-range forecasts for the next 1 to 6 
hours. During active weather, these statements may be issued hourly. 

c) Public Information Statements - These statements provide information of special interest such 
as a summary of recent records set, snowfall, weather safety information, special activities 
(weather related) that may be occurring, etc. 

 
5. FORECASTS - general weather information provided daily. 
 

a) Seven day forecasts for specific counties and cities are issued twice a day at approximately 4 AM 
and 4 PM. Forecast updates can be issued at any time. Special weather events are highlighted 
with headlines at the top of the forecasts. 

b) ñShort-Term Forecastsò are issued to highlight forecast conditions over the next 1 to 6 hours. 
These forecasts are also for specific counties and cities and are updated on a weather driven 
basis.  

c) State Forecasts are issued twice a day (5 AM and 5 PM) and provide a generalized forecast for 

days 1 through 5 for the entire area designated. 
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APPENDIX B 
 

GLOSSARY OF WEATHER TERMS 
 
Weather terms are listed by topic. 
 
THUNDERSTORM TERMS: 
1. Cumulus cloud - a cauliflower shaped cloud with a flat base and sharp edges. Tufts are rising 
columns of air condensing. As the cloud and cloud droplets grow in size, the base will begin to turn gray. 
 
2. Towering cumulus cloud - a cumulus cloud that continues to grow so that its height is taller than or 
equal to its width. It is first stage to growing into a thunderstorm. It may be producing a shower. 
 
3. Thunderstorm (cumulonimbus) - the towering cumulus cloud has continued to grow in height and 
width and now lightning is occurring. The storm may extend 5 to 10 miles high into the atmosphere and 5 
to 25 miles across. Heavy rains and gusty winds often accompany the storms. 
 
4. Precipitation shaft - a visible column of rain or hail falling from the base of the cloud. 
 
5. Hail - Precipitation in the form of balls or clumps of ice. 
 
6. Squall line - a solid line or band of active thunderstorms. 
 
7. Anvil - The spreading out (by strong winds) of the upper portion of the thunderstorm. It usually has a 
fibrous or smooth appearance. With long lasting thunderstorms, the anvil may spread 100 miles 
downwind. 
 
8. Mammatus - these clouds appear to be hanging, rounded protuberances or pouches on the underside 
of the cloud. With thunderstorms, it is usually seen under the anvil and often accompanies severe 
thunderstorms. 
 
9. Gust front - the leading edge of the thunderstormôs downdraft of air as it spreads out away from the 
storm. It is usually felt as a change to gusty cool winds and often precedes the thunderstormôs rain by 
several minutes. 
 
10. Shelf cloud - a low-level, wedge-shaped cloud attached to the thunderstorm. It forms above the gust 
front as warm air ahead of the storm rides over the cool outflow from the thunderstorm. 
 
11. Roll cloud - on rare occasions, a shelf cloud may turn into a roll cloud. The motion of the warm air 
riding up and over the cool air moving down and under creates a swirling of air or an eddy. The cloud 
takes on the shape of a horizontal tube that appears to be rolling. It is detached from the thunderstorm 
on its leading edge. 
 
12. Rain-free base - the dark underside of a cloud (its base) that has no visible precipitation falling from 
it. This marks the updraft of a thunderstorm. 
13. Wall cloud - this cloud appears as an abrupt lowering of the cloud base from the relatively flat rain-
free base. It is attached to a thunderstorm and may be rotating. This is the portion of the thunderstorm 
from which the tornado often descends. 
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14. Funnel cloud - a funnel-shaped cloud extending from a towering cumulus or thunderstorm. It is 
associated with a rotating column of air that has condensed to form a cloud. 
 
15. Tornado - a violently rotating column of air in contact with the ground and extending to the 
thunderstorm base often seen extending from near the wall cloud. It can be a few yards across to a mile 
wide. 
 
16. Flanking line - A line of cumulus clouds connected to and extending outward from the most active 
portion of a parent cumulonimbus, usually found on the southwest (right, rear) side of a storm. The cloud 
line has roughly a stair step appearance with the taller clouds adjacent to the parent cumulonimbus. It is 
most frequently associated with strong or severe thunderstorms. 
 
17. Hook echo - A radar pattern sometimes observed in the southwest (right, rear) quadrant of a 
tornadic thunderstorm. The rain echo forms the hook pattern as air rotates around the strong updraft. 
The updraft is the hollow portion of the hook (looks like a backwards ñJò or a 6) and is where the tornado 
would most likely be found (if the storm were to produce one). 
 
18. Scud clouds - Low cloud fragments often seen in association with and behind thunderstorm gust 
fronts. These clouds are ragged and wind torn and are not usually attached to the thunderstorm. 
 
19. Updraft - Warm, moist, rising air. As the air rises, it condenses into a visible cumulus or 
cumulonimbus cloud. The updraft fuels the storm. In an ordinary thunderstorm, air rises at 40 mph and in 
a severe thunderstorm speeds may reach over 100 mph. 
 
20. Downdraft - A column of cool air that sinks toward the ground. It is most often accompanied by rain. 
 
21. Downburst - A sudden rush of cool air toward ground that can impact with speeds over 70 mph and 
produce damage similar to that of a tornado. It usually occurs near the leading edge of the storm or may 
occur in heavy rain. 
 
22. Microburst - A small downburst affecting an area less than 2.5 Km in diameter. 
 
23. Macroburst - A larger downburst affecting an area greater than 2.5 Km in diameter. 
 
24. Severe thunderstorm - A thunderstorm producing damaging winds or winds greater than 58 mph 
and/or hail three-quarter of an inch or greater. 
 
HURRICANE TERMS: 
1. Tropical disturbance - A moving area of thunderstorms in the tropics that maintains its identity for 24 
hours or more. 
 
2. Tropical depression - A cluster of thunderstorms in the tropics that maintains its identity and shows 
rotary circulation at the surface with constant wind speeds of 38 mph or less. 
 
3. Tropical storm - Evolves from a tropical depression or may be a hurricane in its dissipating stage. 
Rotary circulation is distinct and constant wind speeds range from 39 to 73 mph. 
 
4. Hurricane - Evolves from a tropical storm. Rotary circulation has become pronounced and an eye is 
detectable. Constant wind speeds are 74 mph or greater. 
 
5. Eye - The center of the hurricane where winds are light and skies are clear to partly cloudy.  The eye 
is rimmed by massive thunderstorms producing torrential rains and extreme winds. 
 




