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A STUDY OF EMERGENCY MANAGEMENT POLICY REGARDING THE USE OF 

TORNADO SIRENS DURING SEVERE WEATHER IN THE STATE OF MISSOURI 

Nicholas W. Ebner 

Dr. Anthony R. Lupo, Thesis Supervisor 

 

Abstract 

In recent years there have been many devastating tornadoes which have hit 

cities of all sizes across the state of Missouri, including St. Louis (April 22, 2011) 

rated EF 4, Joplin (May 22, 2011) rated EF 5 and Sedalia (May 25, 2011) rated EF-2. 

These, along with other catastrophic tornadoes in cities such as Tuscaloosa and 

Birmingham, Alabama, have increased the conversation regarding public policy of 

the use of tornado sirens. 

 In many Missouri counties, guidelines and procedures regarding when to 

warn the public are inconsistent. After the media, emergency management directors 

and tornado sirens are the largest source and fastest way of informing the public of 

impending severe weather with the capability of producing tornadoes. With 

inconsistencies from county to county in Missouri and a lack of oversight by the 

state, uncertain and unregulated policies can cause citizens to be confused as to the 

specific meaning of these sirens. These variations in policy can range from who has 

responsibility over siren activation to the circumstances in which sirens are 

sounded. Frequently, in these time-sensitive situations, emergency managers do not 

have the sole responsibility of when to sound sirens. This decision is often left up to 

an assortment of individuals such as the police or fire department. It is well 
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documented that citizens have become desensitized to tornado sirens based on the 

frequent number of soundings that have proven either to be a false alarm or siren 

activation provoked by other non-tornadic weather events. This occurs because 

many counties use their tornado sirens for reasons other than to alert citizens 

specifically of the immediate threat of tornadoes.   

 Using a survey and archival research to gather information such as the 

jurisdiction policies on who activates sirens and the activation guidelines, a better 

understanding of how the warning process throughout Missouri was achieved. 

Suggestions are made that can be used by Emergency Management Directors 

(EMDs) when siren activation may be necessary. The goal is to use this research to 

assist the development of statewide guidelines on appropriate activation of tornado 

sirens during severe weather events. If the suggested policies are considered by 

EMDs, it is hopeful a unified policy throughout the state can be developed. Thus, the 

desensitization of the public to sirens can be reduced and allow for the effective use 

of tornado sirens in warning the public. 

. 
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1 Introduction 

 The emergency management community has an important job in the 

protection of citizens during potentially serious and dangerous severe weather. To 

protect citizens from severe weather threats, Emergency Management Directors 

(EMDs) are required to make time sensitive decisions. Outside of the media, the 

biggest source of hazardous weather information comes from EMDs (Philips et al 

2008). Informing the public has evolved from using only tornado sirens to involving 

mediums such as social media platforms (e.g.,Twitter and Facebook) and mobile text 

messages, among many others. 

 Like the media, EMDs become a critical connection between the public they 

protect and the local National Weather Service offices that issue severe weather 

warnings based on the current weather threats. From this point, EMDs are the 

individuals coordinating storm spotters, such as emergency officials or trained local 

citizens to gain an up to date understanding of what is occurring within their 

jurisdiction (Philips et al 2008). 

 The role of an EMD is constantly evolving and changing from season to 

season, and region to region. They can be tasked with various responsibilities such 

as developing and maintaining disaster response plans to coordinating responses 

once a disaster has occurred. Emergency managers must be skilled and 

knowledgeable in a variety of fields since hazardous events can either be natural or 

man-made. These can range from earthquakes, floods, tornadoes, to hazardous 

materials spills and terrorist attacks. However, the scope of this research project 
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will only focus on the threats from severe weather, with specific analysis of tornadic 

procedures.  

 (Morris and Ralph 2007) discussed a general decision cycle that emergency 

managers follow during hazardous weather events. This cycle begins in the pre-

event stage where the potential for hazardous weather is identified and 

preparedness and mitigation begin. As an event becomes imminent, increased 

readiness and event-specific preparation occurs, which leads to a responsive-ready 

state. From that point, if conditions warrant, a response stage is reached. This step 

of the warning process during severe weather events where siren activation occurs 

is an important part of emergency management operations. Analyzing this stage will 

help gain a better understanding of the flow of information to the public and the use 

of tornado sirens. Finally, following the event, the recovery and deactivation stage 

occurs with the preparedness and mitigation phase beginning again for the next 

event (Morris and Ralph 2007). 

 Within the state of Missouri, 114 counties and the independent city of St. 

Louis, each has their own EMD or personnel acting in that role, as well as 

independent severe weather policies. There are also numerous cities that have 

designated EMDs, apart from the county level. The Missouri State Emergency 

Management Agency’s (SEMA) emergency manager list has over 200 county and city 

emergency managers. This lack of standardization and diversity makes studying 

emergency management directors complicated (Philips et al 2008). The knowledge, 

training and equipment of each emergency manager, as well as the policies and 
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responsibilities of each jurisdiction, make quantifying these variables difficult. With 

no oversight from the state of Missouri, regulations as to when to warn the public of 

severe weather, and more specifically, tornadic activity, vary by jurisdiction. This 

can be either county to county or city to city, and can become confusing to the public 

that rely on these warnings as notification to take action. 

 Many problems arise from the lack of standardized polices between 

jurisdictions. EMDs are free to sound tornado sirens whenever they deem it 

necessary to protect the public. While this sounds logical, at times, this allows each 

emergency manager to interpret the weather threat affecting their jurisdiction. 

When tornado sirens are used for other purposes rather than of specifically warning 

the public of a tornadic threat, the meaning for those sirens becomes diluted. 

However unintentional this may be, false alarm soundings lead to the common “cry 

wolf” syndrome and disband the credibility of this important tool. Circumstances in 

which EMDs activate sirens for situations other than a tornadic threat could be 

looked at as akin to Broadcast Meteorologist issuing their own tornado warnings to 

viewers watching their severe weather coverage based on personal criteria. This 

situation would cause extreme confusion by the public in deciphering whether a 

warning was issued by the NWS or local broadcast meteorologist.  

 In recent years there has been a drive to intergrade social science research 

with meteorological research. The American Meteorological Society recently 

published a statement that addressed the integration of meteorology and social 

science (AMS2013). Even with the advancements in knowledge and technology 
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within the meteorological community, understanding the societal impacts of the 

weather, and essentially how people interact with it, is important in continuing to 

prevent the loss of life and property. In the statement it is noted that “there is a need 

to better understand how people receive information, perceive risks, make 

decisions and take protective action” (AMS 2013) .The goals of this research are 

tangential to the ideals presented by the AMS, as it is hoped by creating a standard 

and more efficient policy for activating sirens, the public will perceive risks in a 

more alert state, and thus take protective action in a timely fashion.  

 This integration of meteorology and social science is especially evident after 

major natural disasters such as devastating hurricanes and tornadoes where the 

National Weather Service (NWS) creates teams of meteorologists to do post-event 

analyses of these disasters along with social scientists. These survey assessment 

teams are then able to look at not only the meteorological side of the event, but the 

societal impacts of the local residents as well. Using both fields allows for 

recommendations and improvements to be made in a variety of areas. 

 One of the more recent National Weather Service assessments, NWS (2011a), 

came after the Joplin, Missouri tornado on May 22, 2011. This EF-5 tornado, with 

estimated winds of over 200 mph, became one of the deadliest tornadoes in United 

States history. It was the first tornado in over 50 years to cause at least 100 deaths. 

Over 1,000 injuries were reported as well as 161 deaths. In the following months, 

the NWS assessment team discovered many findings. First, and unsurprisingly, the 

assessment found that most residents did not immediately take protective action 
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once they were made aware of the tornado warning, regardless of how they 

obtained the warning. They also discovered that a majority of Joplin residents 

surveyed cited the frequency of siren soundings as a reason why they did not 

immediately seek shelter. These actions led to the idea that Joplin residents had 

become desensitized to the meaning of the sirens and the credibility to trust the 

sirens had been lost by many. A majority of residents indicated that tornado sirens 

were generally their first signal for an approaching tornadic threat.  Combined with 

the desensitization of the citizens, the true magnitude of the warning was not 

inherently felt by most. The NWS Joplin tornado assessment states that “most 

importantly, the perceived frequency of siren activation in Joplin led the majority of 

survey participants to become desensitized or complacent to this method of 

warning. This suggests that initial siren activations in Joplin (and severe weather 

warnings in general) have lost a degree of credibility for most residents – one of the 

most valued characteristics for successful risk communication” (NWS 2011a). This 

leads to a fractured relationship between false alarm soundings and the creditability 

of warning by the public. A study done by Sherman-Morris and Brown (2013) after 

an EF-5 tornado hit the Mississippi town of Smithville during the 2011 Deep South 

Tornado Outbreak, saw similar results as the Joplin assessment. Here, the most 

common first source of the tornado warning for the local residents was from local 

tornado sirens, which illustrates what a powerful tool tornado sirens can be, when 

trusted by the community.  

 Another discovery by the assessment team was the policies regarding the use 

of the Joplin tornado sirens. In the city of Joplin, sirens are not specifically sounded 
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after an official NWS tornado warning is issued. The report of a tornado moving 

toward the city (not associated with an official tornado warning) or thunderstorm 

winds in excess of 75 mph can prompt siren activation in Joplin. The emergency 

manager of Joplin/Jasper County may also use their own personal judgment and 

activate the sirens at his discretion (NWS 2011a). The National Institute of 

Standards and Technology’s technical investigation of the Joplin tornado noted that 

sirens would also be activated when the NWS issued tornado warnings for not only 

Jasper County but Newton County, Missouri, located directly south, and Cherokee 

County, Kansas, located directly west, of Jasper County (NIST 2011). 

 A study by League et al. (2010) of Oklahoma EMDs found that 60% of EMs 

always take action to warn the public after an official NWS tornado warning has 

been issued. This means that 40% of the EMDs seek other information to make a 

decision on whether or not to warn the citizens in their jurisdiction. This is the 

response of an EMD when asked to detail his decision process to disseminate a 

warning after a tornado warning has been issued by the NWS: “No, I do not send out 

warnings automatically just because I’m included in the warning area. Some 

jurisdictions have that as a policy, we do not. I consider warning areas, but I also 

want to make sure there’s an imminent threat, because we found that if you put out 

too many warnings, people become complacent, and also if you put out a warning 

too early, then they don’t react in the way that we want them to.” In contrast, 67% of 

EMDs surveyed said they would activate sirens before a NWS tornado warning was 

issued, if they believed there was a threat to their jurisdiction (League et al. 2010). 
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 Contrary to popular belief by some in the public, damaging tornadoes don’t 

only strike states like Kansas, Oklahoma and Texas - some do hit Missouri. While the 

occurrence of rather large tornadoes is relatively rare, they do occur. A brief 

climatology of tornadoes provided by the NWS office in St. Louis (LSX) for 2000- 

2012 shows that there have been 734 tornadoes in the State of Missouri causing 239 

deaths and 2039 injuries. These occurred in cities of all sizes. Several notable 

tornadoes that have occurred since 2010 include the Joplin tornado, as well as 

several tornadoes which have hit the St. Louis metropolitan area in just the past 

three years. These include an EF-4 on April 22, 2011, an EF-3 on December 31, 2010 

and May 31, 2013 and an EF-2 on April 10, 2013. Two smaller cities that have been 

hit by EF-2 tornadoes include Sedalia and Branson on May 25, 2011 and February 

29, 2012, respectively.   

 The policies described in the above reports are not unique to just the city of 

Joplin such as citizens having difficulty interpreting the meaning of sirens during 

these events. The assessment team tasked with surveying the April 2011 Deep 

South Outbreak also found variation in the criteria for sounding sirens. One example 

of these variations included different blast patterns to be implemented that 

depended on whether a watch or a warning had been issued. This caused many 

citizens to be unsure as to what the variations of the sirens meant. Others surveyed 

once again had similar thoughts regarding “sirens [going] off all the time” (NWS 

2011b).  
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 As mentioned before, when local jurisdictions activate their sirens for 

reasons other than tornado warnings, the credibility of the siren warnings 

decreases. It must be noted however, that EMDs cannot be held fully accountable for 

the notion by the public that tornado sirens are over-sounded. A large majority of 

false alarms can be attributed to false alarms from official tornado warnings by the 

NWS. Nationally, the false alarm rate for severe weather warnings is 54%; with 

severe weather defined as hail of one inch or greater and/or winds greater than 60 

knots. The false alarm rate is substantially higher for NWS tornado warnings at 74% 

(1 Oct 2007- 1 April 2011) (NWS 2011a). With the already elevated false alarm rate, 

it can be assumed that when local jurisdiction activate sirens on any other occasion 

other than from official NWS tornado warnings, the false alarm rate will continue to 

increase. However, part of the false alarm problem is certainly out of the control of 

emergency managers. As the NWS continues to improve on decreasing their false 

alarm rates, EMDs should also seek to improve their FARs, so that the overall 

perception by the public of excess siren activations can be decreased. 

 While there is no state with an official statewide policy regarding the 

circumstances in which tornado sirens should be strictly activated, this idea is not 

new. The National Weather Service in Fort Worth, TX worked with the emergency 

preparedness group of the North Central Texas Council of Governments to develop 

uniform siren guidelines for the Dallas-Fort Worth area (NWS 2011a). The 

communities in the Oklahoma City metropolitan also have developed standard 

guidelines, in order to limit the confusion for the residents of the area. Even in 

Missouri, the counties in SEMA Region H, made up of 15 counties in Northwestern 
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Missouri, have developed standard guidelines on the use of sirens that counties are 

suggested, but not required, to follow.  

 The scope of this research looks at many aspects regarding the emergency 

management community in Missouri, as well as the policies of their jurisdictions 

during severe weather. This includes investigating the specific reasons why tornado 

sirens are activated as well as informational sources that influences the decision to 

activate tornado sirens. Also investigated was the severe weather training and 

knowledge of EMDs in Missouri and who makes the final decision to activate 

tornado sirens.  

 The main objectives of this research were to demonstrate a better 

understanding of the severe weather policies and methods from counties and cities 

across the State of Missouri. Suggestions and improvements were developed to 

allow tornado sirens to be more effective at warning the public of a possible 

tornado. Best practices were developed, through recommendations, which can be 

used to encourage clear and unanimous state-wide guidelines on how tornado 

sirens should be used during severe weather events. These recommendations fill 

three main needs including the utilization of sirens, training of the emergency 

management community and public education.  
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2. Data and Methods 

2.1 Methods 

 The data used came from a survey (Appendix A) developed to better 

understand policies and procedures of county emergency managers in the state of 

Missouri. It consisted of 42 questions in a variety of areas.  These ranged from 

understanding which county personnel make the decision to activate tornado sirens 

to where they receive their information for activation. There were several types of 

questions used in the survey including yes/no, select all that apply and fill in the 

blank.  

2.1.1 Emergency Management Directors (EMDs) 

 Several steps were followed in obtaining the contact information for Missouri 

County EMDs. The original plan sought the help from SEMA directly, as a means of 

relaying the survey to ensure all county EMDs within the state would receive the 

survey, to maximize results. However, SEMA was not able to assist in this 

distribution of the survey. That led to the development of another strategy. 

  The first step used the SEMA Missouri Emergency Management Director 

Listing found at http://sema.dps.mo.gov/Reports/EMD_Listing.aspx  to get a 

complete listing of all EMDs in Missouri. The listing did not provide email addresses, 

so further internet research was done to locate EMD email addresses. This proved 

difficult as most websites for county offices of emergency management did not list 

specific email addresses for their EMDs. In addition, many counties did not have any 

official office of emergency management that could be located for contact 

http://sema.dps.mo.gov/Reports/EMD_Listing.aspx
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information. Beneficial sources for email addresses came from many local regional 

planning commissions and regional councils of government websites throughout 

Missouri. The remaining contact information came from extensive internet 

searches; however, not all EMDs were able to be located. With the contact 

information that was found, an email with a link to the survey and an explanation of 

the survey and research project were sent to each EMD individually. Not all EMDs 

responded to the survey the first time. A second email was distributed roughly two 

months later to obtain more respondents.   

2.1.2 Hazardous Mitigation Plans (HMPs) 

 Another source of supplemental information came from archival research of 

county hazardous mitigation plans (HMPs), and specifically, natural hazardous 

mitigation plans, to find official policy statements. Internet searches were also 

performed to find HMPs for all counties in Missouri. This was done to cite specific 

examples of policies that are currently in practice and identify what type of 

documentation existed for severe weather procedures for Missouri counties.  

2.2 Data 

2.2.1 Emergency Management Directors 

 Although SEMA does have an EMD for each of the 114 counties and the 

independent city of St. Louis listed in its directory, a problem occurred because 

many smaller, less populated counties don’t have an official position of emergency 

manager. Many times county officials such as a fire chief or sheriff are also the 
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designated county EMDs. This leads to speculation as to why contact information 

was not readily found for all EMDs that SEMA had listed for each county.   

 As mentioned before, a majority of the data for this research came from 

survey responses by Missouri EMDs. The already limited sample size for county 

EMDs in Missouri made researching them difficult from the start. The number of 

EMDs that were contacted to take the survey was 70; only 28 responded to the 

survey.  While that is a 40% response rate of those who were contacted, it was only 

24% of all EMDs in Missouri.  This overall percentage may appear low for a study of 

this nature, but this still gave a good indication of the policies and practices that 

EMDs use regarding the utilization of tornado sirens. Because contact information 

was found on various internet sites, it could not be determined whether the email 

addresses used were the most up-to-date and accurate for each EMD. This is another 

plausible idea for why the response rate from the contacted EMDs was lower than 

expected. A few of the survey results had a sample size slightly less than 28, as a few 

counties indicated they did not have sirens, and thus,  did not respond to every 

question included in the survey. Generally, the responses were not concentrated in 

any one region of the state, but equally spread out. They were also distributed fairly 

equally between more populated and less populated counties.  

2.2.2 Hazardous Mitigation Plans 

 Hazardous mitigation plans were also evaluated for the study with 90 found 

through extensive internet searches. This is 78% of Missouri counties in which 

official policies were examined to determine the amount documented procedures on 
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sirens utilization. Although most did not provide significant information, each HMP 

was reviewed and excerpts were pulled out regarding documented policies on 

county tornado sirens. These documents were then classified into three categories, 

based on the amount of information provided in each document. This scoring 

system was developed as a means for a simple qualitative analysis.  
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3 Analysis 

 One of the questions this research looked to answer is how tornado siren use 

can be improved to provide a more effective tool at prompting the public to seek 

shelter during a tornadic threat. For siren use to be at the highest level of 

effectiveness, an understanding of how sirens are utilized must first be examined.  

3.1 Siren activation  

 The data showed some surprising results as to how counties in Missouri use 

their sirens during threatening weather. Figure 3.1 looks at why, specifically, 

tornado sirens are sounded throughout Missouri. Analyzing this becomes important 

because, as mentioned previously, tornado sirens are not used strictly to warn the 

public of the potential for tornadic activity. A first look at the results showed some 

unexpected responses to the question. Ninety six percent of the respondents said 

they activate tornado sirens when an official NWS tornado warning has been issued 

with 88% indicating they would also activate sirens if there were reports of a 

tornado or funnel cloud even before an official NWS tornado warning was issued. 

Many EMDs also use sirens to warn of strong to severe wind within their county. A 

small percentage of EMDs indicated that siren activation occurs for severe weather 

during a tornado watch, a threat for severe hail, and/or for a tornado warning in an 

adjacent county. Policies like these, with numerous reasons for activation, should be 

examined further as a means of preventing the desensitization to tornado sirens.  It 

also should be noted that because some respondents indicated they don’t have 
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sirens in their county, the sample size for this question and the next five discussed is 

25 instead of the original 28.  

 

 

Figure 3.1: Multiple circumstances in which EMDs may activate tornado sirens.   

  

 Figure 3.2 shows a siren log for a city in Missouri that was obtained though 

the survey sent to EMDs. One goal of this research was to gather as many siren logs 

from counties and cities across the state as possible, then cross-check siren 

soundings with official NWS storm reports and warnings that were issued over a 

two year period. One question of the survey asked EMDs to provide siren activation 

logs through a feature that allowed documents to be uploaded. However, only one 

siren log was obtained, and thus, a true analysis couldn’t be performed for the 
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number of times sirens were activated without either a tornado warning or a report 

of a tornado. However, this log still illustrates, in a real world example, how sirens 

were activated numerous times for thunderstorm warnings. 

 The log indicates that out of the nine times this particular city activated their 

sirens due to the weather, seven of those were due to a severe thunderstorm 

warning. When cross checking the instances where sirens were activated during 

severe thunderstorm warnings with NWS storm reports, there was only one 

occurrence in which winds were estimated above 70 mph. Not only were sirens 

activated on numerous occasions with no tornadic threat, there was only a minimal 

severe wind threat for a majority of the activations during severe thunderstorm 

warnings. While this is only one example, it certainly isn’t an extreme case for the 

state of Missouri.  

 

Figure 3.2:  A log of all siren activations for a city in Missouri for a two year period.  
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 The previous question was used to investigate the many reasons why 

tornado siren activation occurs throughout Missouri. Many of these resulted from 

situations in which there was not a true tornadic threat. Obviously, the primary 

responsibility of EMDs is to protect their citizens from life-threatening weather, and 

often times, tornado sirens are the dominant tool. The question in Figure 3.3 was 

posed to identify how counties across the state classify their siren systems. It could 

be speculated that with almost three fourths of EMDs classifying sirens as outdoor 

warning sirens instead of the better known tornado sirens, this could be a reason for 

the large variance of why sirens are activated. It may be that different EMDs view 

the use of sirens differently, leading to the multiple policies. Whether they are 

advertised as outdoor warning sirens or not, further research might be useful in 

understanding if the general population still perceives any siren of this nature as a 

tornado siren. 

 

Figure 3.3: How counties in Missouri classify their siren system. 

 Another practice, while not common, that needs to be addressed is the 

activation of tornado sirens after an event is over, as a notification that there is no 
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longer a threat. Figure 3.4 shows that 8% do in fact use their siren system to signal 

an ‘’all clear” state.  This is another policy that warrants further evaluation for 

improvements. A policy like this may be due to an out of date mentality, dating back 

to the cold war era, when all clear sirens were used in conjunction to air raids 

threats.  

 

Figure 3.4: The percentage of counties that utilize an all clear siren. 

3.2 Siren Activation with or without a NWS Tornado Warning 

 EMDs were asked to respond to questions regarding whether they would or 

would not activate tornado sirens if an official NWS tornado warning has not been 

issued. Figure 3.5 shows that 85% of EMDs would activate sirens before a tornado 

warning was issued if they believe there was a threat, and 15% indicated they 

would not. In contrast, after the NWS has issued a tornado warning, 31% of EMDs 

don’t immediately activate their sirens, but seek further information before siren 

activation. The remaining 69% surveyed said they would immediately sound the 

tornado sirens. As mentioned previously, a similar study (League et al. 2010) saw 

comparable results from Oklahoma EMDs. If EMDs receive sufficient training then 

seeking further information should be encouraged for all EMDs, as it allows them to 

identify any threats first and then make a decision on how to act.  



 

 
19 

 

 

Figure 3.5: The percentage of EMDs that would or would not activate sirens whether an official NWS 
tornado warning has been issued. 

3.3 Siren Jurisdiction  

 Another aspect of this study attempts to evaluate whether county EMDs have 

complete control over all sirens within the county or if individual cities have control. 

The results showed an assortment of arrangements regarding who activates 

tornado sirens. Figure 3.6 illustrates that 37% of county EMDs make the decision to 

sound sirens for the entire county. This means that the county office of emergency 

management either directly sounds all sirens within the county or instructs smaller 

municipalities to activate sirens at the city level. On the other hand, 63% indicated 

that the siren activation decision is made at the city level for either the entire county 

or at least a portion of the county. The county office of emergency management, at 

most, recommends when sirens should be activated. One response to another 

question details this scenario well: “Since I work for the county, we do not work 
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with the storm sirens.  The cities within the county are responsible for setting their 

criteria on when and how long to activate sirens.” When smaller municipalities and 

cities have their own guidelines and procedures, there could potentially be unique 

policies for each city throughout an entire county. This alone could cause confusion 

in an already volatile situation for citizens who might travel from one community to 

another during a severe or tornadic event.  

 

Figure 3.6: The percentage of counties in which sole responsibly of sirens belongs to the county. 

 If necessary, many counties have the capability to only activate sirens in 

certain sections of the county. It can be seen in Figure 3.7 that 46% of surveyed 

counties have the capability to activate only portions of the county’s siren system as 

compared to 54% that do not have a sectionalized siren system. 
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Figure 3.7: How many counties in Missouri have a sectionalized siren system. 

3.4 Training 

 Because EMDs make the decisions on when to warn the public of tornadic 

weather, and in some cases severe weather, it was necessary to evaluate their 

training and knowledge to make the entire process of warning the public more 

effective.  The survey included two questions asking EMDs to identify the threshold 

for severe hail and severe wind. The results showed that a large majority of EMDs 

could not correctly identify the appropriate thresholds.  The National Weather 

Service’s official criterion for severe hail is one inch in diameter and 58 mph the for 

severe wind.  Figure 3.8 indicates that only 25% of EMDs correctly identified the 

level of severe hail and 32% identified the severe level for winds correctly. Because 

a portion of EMDs surveyed indicated they do in fact activate sirens for severe wind, 

and a majority of EMDs did not correctly identify those important severe thresholds, 

it raises the question as to whether circumstances in which siren activation occurs 

due to strong or severe wind are actually a hindrance. Thus, there may not be an 

actual threat when sirens are activated, because of the wrong interpretation of 

severe winds.  
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Figure 3.8: EMDs responses to what is the severe threshold for wind and hail. 

 All three NWS offices in Missouri provide free severe weather and storm 

spotting classes annually. Typical attendees are local citizens and emergency 

response personnel.  A positive point came from a question shown in figure 3.9, 

however, where 100% of the respondents indicated that they have received training 

from NWS spotter training.  There appears to be a large interest in continued 

training. EMDs indicated that if available, they would like additional training 

regarding severe weather and tornadoes. A large majority surveyed said they would 

like training on radar interpretation. Because the NWS is the dominant source for 

severe weather training for EMDs, they should consider the idea of more adequate 

training for what the position as an EMD might require. If the NWS or even SEMA 

can provide additional training on aspects such as radar interpretation, it could help 

EMDs better identify and understand threats to their jurisdiction. One EMD showed 

strong eagerness to this question by replying with “all we can” for more training in 

this field. This eagerness should persuade SEMA or the NWS to look into providing 

more specialized training for these EMDs, to help them be as prepared as possible.  
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 One organization that SEMA could look to as a guide for the development of 

more in-depth training for emergency management personnel is the OK-First 

Program in Oklahoma. This is a program that provides real-time weather 

information to the emergency management community to aid in the decision-

making process. First, this program provides training through workshops with an 

intense emphasis on computer literacy and applications regarding the use of 

weather information that emergency managers will have available. This training is 

required before they are granted access to the extensive weather information 

provided by the OK- First program, so that emergency personnel understand the 

products and data they are given. In the training sessions they also learn about 

severe weather, the basics of meteorology and climatology, flooding and fire 

weather, partially through the use of case studies of hazardous events that have 

occurred.   

 This program first began as a grant from the Department of Commerce and is 

now funded by the Oklahoma Department of Public Safety because of its success.  

OK-First has shown that when public safety personnel are trained correctly and 

provided with real-time weather information, such as radar imagery, more 

beneficial decisions can be made to protect life and property (Morris et al 2001a).  

 Morris et al (2001b) elaborated on the operational success of OK-First 

trained individuals in numerous situations from the deadly outbreak of tornadoes in 

Northeastern Oklahoma on May 3, 1999. This system made outstanding and positive 

impacts on the warning process and saved lives in many communities that day. The 
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program is a key link in the improvement in mitigation of hazardous weather 

events, connecting the NWS, important weather information and data to emergency 

personnel. This program was mainly developed to assist rural communities 

throughout Oklahoma since should appeal to Missouri, with a majority of 

communities in Missouri are classified as rural. A program of this nature could 

provide benefits to both rural and urban counties. 

 

Figure 3.9: Additional training the EMDs would like to receive. 

 Finally, all respondents were asked to respond to the question in Figure 3.10 

regarding their role as an emergency manager in their county. Sixty four percent of 

EMDs indicated that they were the fulltime emergency manager for the county and 

32% are part time emergency managers with duties unrelated to emergency 

management. One EMD responded by indicating they were only a volunteer 

emergency manager for their county.  
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3.5 Review of Hazardous Mitigation Plans  

 Ninety HMPs were also reviewed and analyzed to further understand what 

types of official, documented policies exist. These ranged from no documentation, to 

fairly well-documented and clear policies regarding how counties utilize their 

sirens. A very simple scoring system was used to quantify the amount of information 

that could be found within each HMP. Twenty nine percent of the reviewed HMP had 

no documentation on the use of tornado sirens included within the plan. This 

research also classified 45% of the documents as having an insufficient amount of 

information. In these, only minimal information was included regarding the use of 

tornado sirens or severe weather policies for their county. The information that was 

included was generally uninformative and lacked any real details.   

 Two examples (Figure 3.11) depict documents labeled as insufficient. The 

two excerpts taken from the Texas County and Audrain County HMPs show large 

deficiencies compared to the sufficient documents.  These provided little 

information regarding how the county’s siren system is operated, and like many, 

simply stated that the county did have tornado sirens. At most, the HMPs listed the 

cities where they are located. Generally, there was minimal to no information as to 

exactly why sirens may be activated or who holds the responsibility to do so.  While 

reviewing the documents, especially those that were deemed insufficient, an 

interesting trend was discovered: Numerous county HMPs were extremely similar 

in structure and wording. It is speculated there is the possibility some counties 

outsourced their HMPs to consulting-type firms to be written, which may also 
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explain why many HMPs lacked detailed information. It could also be that those 

counties just lack any official policies on the use of tornado sirens.  

 

Figure 3.10: Excerpts of Texas County (top) and Audrain County (bottom) Hazardous Mitigation Plans.  

 Furthermore, 26% contained a sufficient amount of information. The HMPs 

labeled as sufficient had a considerable increase in the amount of information 

regarding the policies and practices of their county for the use of tornado sirens. 

Figure 3.12 illustrates HMPs from two counties, Lawrence and Callaway, which 

contained thorough and detailed information. Lawrence County not only specified 

the number of sirens within the county, but the number located within each city. 

More importantly, the HMP then specified reasons that sirens would be activated, 

who holds the responsibility for sirens in every city, as well as other procedures of 

relaying information during hazardous weather. Similar to Lawrence County, 

Callaway County also has detailed documentation regarding their use of a siren 

system. Since their siren system has the capability to be sectionalized, the HMP for 

Callaway County also elaborated on the different ways the siren system can be 

sounded. Other counties who had HMPs classified as sufficient were similar to the 

provided examples.  
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.  

 

Figure 3.11: Excerpts of Callaway County (top) and Lawrence County (bottom) Hazardous Mitigation 
Plans.  

 Analysis of Missouri HMPs, revealed that unclear and possibly just unwritten 

policies exist for counties throughout the entire state. This alone illustrates how 

oversight at the state level could standardize policies statewide, including counties 

that do not have a written policy. Having well-documented and detailed policies 
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regarding how tornado sirens are utilized is key to making sure all personnel 

involved in the warning process are aware of their county and city guidelines. This 

is especially important where the county makes the decision but siren activation is 

done at the city level. Unclear or unwritten policies can lead to confusion at all levels 

during time-sensitive and life-threatening weather events.  

3.6 Other notification systems 

 With the advancements in technology, sirens are not the only source for 

EMDs to notify citizens within their jurisdiction of threatening weather. Shown in 

Figure 3.13, are numerous mechanisms by which EMDs are able to alert their 

jurisdiction in an emergency. Twelve percent surveyed indicated they utilize a 

reverse 911 system while 35% also use the police department to notify citizens; 

Facebook is used by 50% of EMDs and Twitter by 15%. The largest other sources of 

notifying the public was the use of either text messages or email to alert citizens in a 

threatening situation.   

 

Figure 3.12: Other mediums by which the public can be alerted of severe weather. 
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4. Policy Analysis and Recommendations  

 Not only did this research look to analyze the practices of EMDs and review 

the official documentation that existed for this matter, it was also done as an avenue 

to make suggestions that will help EMDs better warn their citizens of tornadic 

weather. 

 Currently, there is no official state policy on how sirens should be utilized in 

Missouri; Suggested guidelines aren’t even available for EMDs to access as a source 

of information. At the minimum, if this could be developed, EMDs would have some 

guidance to their approach of activating sirens if they so desired. This would also be 

a chance for Missouri to spearhead a first-in-the-nation project like this in 

developing some type of standardization. Below is a list of best practices developed 

through recommendations on siren activation. 

4.1 SEMA Region H Guidelines 

 While going through the research, it was discovered that even though there is 

no official state policy, the counties from SEMA’s region H, located in northwestern 

Missouri, have devised a set of guidelines that counties within that region’s domain 

are suggested to follow. After reviewing them, many aspects are similar to the ideas 

presented in this research. The guidelines are a worthwhile foundation for a set of 

standardized policies and indicate awareness by EMDs of some of the issues 

currently facing the emergency management community. The polices suggested in 

in this paper are similar to those that appear in the SEMA Region H guidelines and 

will be pointed out to illustrate how, in some places, policies are already in use 
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within the State of Missouri. The counties of Region H include: Andrew, Atchison, 

Buchanan, Caldwell, Clinton, Daviess, DeKalb, Gentry, Grundy, Harrison, Holt, 

Livingston, Mercer, Nodaway, and Worth 

4.2 Evaluating Survey Results 

 With the variety of reasons that EMDs have indicated  that provoke the 

activation of sirens, examining these are important in determining whether those 

reasons hold validity, and are beneficial to citizens relying on sirens for alerts. The 

argument that many counties classify their sirens as outdoor warning sirens, and all 

natural hazardous events have the potential to need siren activation , will be 

neglected. This is done in conjunction with a proposed question regarding whether 

the public views any sirens as tornado sirens, and not necessarily severe weather 

sirens. The following will provide suggestions on several practices that could 

increase the effectiveness of tornado sirens as well as the awareness of the public to 

the meaning of those sirens. While this will primarily reference county EMDs, most 

suggestions can directly apply to EMDs at the city level as well. The following 

suggestions and recommendations can be encompassed within three general 

categories: Siren policies and utilization, emergency management training and 

public training.  

4.2.1- Siren Activation for an Adjacent County Warning  

 It is not suggested that siren activations occur simply due to a tornado 

warning in an adjacent county. A tornado warning in one county does not 
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necessarily mean there is a threat to an adjacent county. This is either because a 

tornadic threat has a track away from an adjacent county or the threat is a 

substantial amount of time out that it would not be appropriate for siren activation 

at that time. When the public seeks more information and discover they are not 

under a tornado warning, there becomes no value in unnecessarily activating sirens 

in this situation (SEMA Region H 2013). 

  For example, a tornadic supercell in Cole County, MO, might initiate a 

tornado warning, with the storm moving due east. If Boone County, directly north of 

Cole County, activates its sirens because of an adjacent county policy, citizens will be 

alerted without an actual threat. On the other hand, if the same situation occurred, 

with a tornadic supercell in Cole County moving toward Boone County, activating 

sirens too far in advance, because Cole County is under a tornado warning, could 

provide too much lead time for citizens.  The threat may not become present 

immediately, or conditions could change in that extended period of time, with the 

threat diminishing before the storm makes it to Boone County. 

  It wouldn’t be out of the question that a NWS tornado warning could only be 

issued for a small portion of an adjacent county, and possibly fairly distant. 

Furthermore, tornadoes usually have limited path lengths and could potentially 

dissipate before reaching another county. Brooks (2004) found that the mean path 

length for EF0 tornadoes is roughly 1km, increasing to roughly 50 km for EF5 

tornadoes. However, roughly 95% of all tornadoes in the US are below EF3 status 

with 75% of tornadoes classified as weak tornadoes, EF0 or EF1 (NCDC). With a 
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large majority of tornadoes classified as weak, and those in turn, having statically 

short paths, the threat of a tornado moving into an adjacent county, unwarned, 

would be extremely low. For EMDs that question the occurrence of rare violent 

tornados, EF4 or EF5, which are shown to have much longer path lengths, Keene et 

al. (2008) found in the ten years included in their study, there was not a single 

occurrence of a violent tornado unwarned. This should give reassurance to decision 

makers that even in the event of EF4 or EF5 tornadoes, with longer paths, there is an 

extremely high rate of warnings in these situations.   Until there is an immediate 

threat to the county or a NWS tornado warning, sirens should not be activated.  

4.2.2 Siren activation based on reports 

 Reports of tornadoes or funnel clouds that instigate the activation of tornado 

sirens should be carefully evaluated by the personnel making the decisions. With 

the minimal training that spotters and other local emergency officials often receive, 

a lack of knowledge of the structure of severe convection can make it very easy to 

misidentify certain features of a thunderstorm as a danger that poses some type of 

threat. The data shows that a large majority of EMDs could not correctly identify the 

appropriate thresholds for severe weather and may not be well trained. If they are 

not well trained, the likelihood of other county officials such as, storm spotters and 

other acting in that role, would likely have even less training. Polk County is an 

example of a county that has numerous storm spotters that may be used during 

severe weather. While it says they receive training, there are no specifics on the 
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degree of training of spotters. The Polk County HMP states they have 60 spotters 

made up of firefighters, citizens and ham radio operators (Polk County 2005). 

 At times, for example, even the well-experienced may find difficulty in 

identifying features such as wall clouds or funnel clouds from cumulus fractus 

clouds. So caution should be used as to how to use reports in order to make the most 

accurate decision on the current threat to the county. With more detailed training 

for EMDs on aspects such as radar interpretation, some issues like this could be 

alleviated. EMDs could then observe radar imagery with the location of storm 

reports to make a better informed decision as to a possible tornadic threat to their 

county. Echoed by SEMA Region H (2009), each county should develop a system to 

ensure only quality and accurate reports are used in the decision-making process.  

4.2.3 Severe Weather during a tornado watch 

 A very small percentage of EMDs used tornado sirens during a tornado watch 

while severe weather is occurring. This criterion should absolutely never be used in 

any situation.  This is because a tornado watch simply means that conditions are 

favorable for tornadic development. However, a majority of severe thunderstorms 

that develop in conjunction with a tornado watch do not evolve into a thunderstorm 

with a tornadic threat.  

 Keene et al (2008) indicates that during a tornado watch the probably of 

detection (POD) of tornado warnings is roughly 90 percent. This should also give 

personnel responsible for activating sirens reassurance that in the event of a 
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tornado watch for their jurisdiction, any convection that develops with a tornadic 

threat has a very high chance of being warned by NWS. There is also a substantial 

increase in the lead time of tornado warnings when a tornado watch has been 

issued compared to situations when there is no tornado watch but tornadic weather 

develops. Whether there is or is not a tornado watch, it is suggested siren activation 

only occur after a tornado warning has been issued or a tornadic threat has been 

identified by a reliable source.  

4.2.4 Severe Thunderstorm Winds 

 The case where sirens are activated due to severe thunderstorm winds 

becomes a complicated component in this discussion. Thirty one percent of 

surveyed EMDs indicated that they activate sirens for strong or severe winds. 

However, a majority of EMDs could not even correctly identify the severe threshold 

for wind. This research could not identify a minimum level in which EMDs activated 

sirens due to severe winds. However, in one siren log that was obtained, sirens were 

activated for winds that were at times just slightly above the severe level. 

 With that being said, there are circumstances in which siren activation 

should be considered in regard to severe winds. In the scope of severe weather, 

there are times in which winds from a severe thunderstorm may be stronger than 

even weak tornadoes. This might occur with mesoscale convective systems or 

derechos, in which winds have the potential to be in excess of 75 to 80 mph. 



 

 
35 

 

 Using the NOAA National Climate Data Center’s Storm Event Database, a 

review of all NWS storm reports for Missouri, from 1 Jan 2010 to 27 Sept 2013, was 

performed to evaluate what percentage of reports exceeded a certain threshold. It is 

important to note that the NWS uses estimated wind gusts for a majority of their 

storm reports, unless an actual measurement is able to be obtained.  

 During the last 4 years, there have been 1884 reports of severe level winds, 

classified as winds in excess of the severe threshold of 58 mph. Shown in Table 4.1, 

only 80 reports (4.2%) have been over 80 mph, and 130 reports (6.9%) over 75 

mph in that time period. That percentage increases substantially when analyzing the 

number of severe wind reports above 70 mph. The data indicates there were 401 

reports (21.3%) of wind above 70 mph out of the 1884 total reports taken by the 

NWS. 

Wind 
Speed 

2013 
(through 
27 Sept) 

2012 2011 2010 Total % of total 
wind 
reports 

>80 mph 19 3 32 26 80 4.2 

>75 mph 38 7 53 32 130 6.9 

>70 mph 71 48 182 100 401 21.3 

>58 mph 324 248 730 582 1884 100 

 

Table 4.1: NWS severe wind reports broken down by the previous four years and thresholds of > 80 mph, 
75 mph, 70 mph and 58 mph. 

 Because it is relatively rare for non-tornadic winds to become this strong, 

siren activation should be considered for only the strongest severe thunderstorm 

winds. Seventy-five mph is a suggested threshold, because roughly 93% of severe 
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wind reports are below 75 mph. If siren activation occurs for winds 58-75 mph, that 

will dramatically increase the number of activations, as a large majority of severe 

wind reports are in this threshold.  Reports of these winds in advance of a 

thunderstorm of this nature should also be verified, if possible, before activating 

sirens. For any thunderstorms with winds below 75 mph, sirens should not be 

activated, since winds below this threshold do occur quite regularly during severe 

thunderstorms, but don’t necessarily pose a threat to people or property. Several 

counties such as Jasper County, MO already use this criterion in regards to severe 

winds (NIST). Besides using strictly the statistical occurrence of strong winds, 

further research should be done to discover what threshold would begin to cause 

damage to life and property, to farther enhance the effectiveness of a recommended 

policy such as this.  

4.2.5 All Clear Siren 

 After a threat has diminished, an “all clear” siren should never be used. A 

practice like this only enhances confusion during a threatening situation, as citizens 

would not necessarily be aware if an all clear siren is the result of the end of the 

threat or a continuation of the sirens during an event. “Using the sirens to signify 

that there is no threat diminishes the value of the outdoor warning siren system” 

(SEMA Region H 2013). 
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4.2.6 Siren Jurisdiction  

 In 2007, the National Weather Service implemented a new system of warning 

the public called storm-based warnings (SBWs), also known as the polygon warning 

system. This was developed to decrease the false alarm rate for severe weather or 

tornado warnings by eliminating warnings that encompass an entire county, 

including the unaffected areas. By using the SBWs, warnings are issued for only 

areas that will be directly affected by severe or tornadic weather, usually issued in 

the shape of a polygon.  

 Even though the new SBWs help reduce the false alarm rate for tornado 

warnings, the progress made by this reduction is nearly zero for situations where all 

sirens within a county are activated when any portion of the county is under a 

tornado warning (Mullins et al 2012).  It is realized that some counties only have the 

option to activate all sirens at once, and thus, have no means to avoid this 

circumstance. Many times, however, even with this technology, EMDs err on the side 

of caution and activate all sirens within the county. In a story regarding this topic 

from KOMU-TV in Columbia, Missouri, a local EMD cited that she would "rather have 

everyone in the county be prepared rather than trying to guess where this is 

happening” (Spain 2012). With the advancement in technology and knowledge in 

this field, meteorologists have a very good understanding of how tornadic storms 

move. Issues discussed in that statement should no longer be an issue for today’s 

EMDs making those types of decisions.   
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  However, many EMDs also indicated either they have a sectionalized siren 

system in place for their county, or individual communities within the county have 

control of the sirens. When these communities within a county do have control of 

their siren system, it essentially becomes the same idea as a sectionalized siren, as 

this enables only certain parts of the county to activate their tornado sirens. 

Counties that have this technology should observe which areas of their county are 

under a tornado warning and activate only the sections that are threatened, as best 

as possible. This also applies to smaller communities, where not all cities in a county 

need to activate tornado sirens when one part of a county is under a tornado 

warning. SEMA Region H (2013) also encourages only jurisdictions covered in a 

NWS polygon to active their sirens.  

 Figure 4.1 below is an illustration of a fictitious tornadic supercell moving 

east over Boone County, Missouri. This is used to depict how tornado sirens could 

be used in different situations in order to maximize effectives and minimize 

excessive warnings which can be applied to any county facing a similar situation. In 

this figure, a well-defined supercell thunderstorm with a strong tornadic threat is 

pictured in central and northern Boone County. Specifically, the southern portion of 

the storm, with the hook-like feature, would be the location of a potential tornado. 

The red polygon located over central Boone County is a tornado warning in the form 

of a storm-based warning (SBW), which could theoretically be issued for this 

particular cell. It should be noted that neither the entire county nor entire 

thunderstorm are encompassed within the SBW.  
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  If this situation were occurring and Boone County had the technology to 

sound only portions of the county, only the sirens north of I-70 would warrant 

activation, as there would be no threat in southern Boone County. On the other 

hand, if Boone County were one that has established the protocol that cities make 

the decision to activate sirens, only cities such as Columbia and Hallsville would 

need to activate sirens. Centralia, while still experiencing part of the storm, would 

only be facing the threat of severe weather and no tornadic threat. Theoretically, in 

this situation, a city such as Ashland could be experiencing clear skies from a storm 

of this nature. If this were the case, siren activation would greatly increase the 

desensitization of those citizens. This is why it is critical that if possible, counties do 

not use practices of sounding an entire county and instead a sectionalized system.  

 

Figure 4.1: A supercell located in Boone County, Missouri, to illustrate the polygon warning system.    
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4.2.7 Sirens and Non-Meteorological Events 

 Left out of the discussion and this research is the utilization of sirens in 

circumstances not related to atmospheric conditions. In many counties and cities, 

policies exist for events such as hazardous materials spills and nuclear power plant 

radiation releases, which require the activation of sirens. Since these events rarely 

occur, policies that pertain to situations of this nature should remain in place. An 

example of this would be from Callaway County (2012) in which sirens are 

authorized to be used if an incident occurs at the Callaway County Nuclear Power 

Plant.  

4.2.8 Siren Testing 

 Just as it is proposed in SEMA Region H (2009) guidelines, a standard set of 

guidelines should include a specific time and date at which all sirens within in the 

state are tested. A set time for all sirens would end confusion of citizens who hear 

sirens being tested while in a location in which they are unfamiliar with the local 

procedures.  

 While most jurisdictions do this, siren testing should not occur in any type of 

threatening weather. This includes rain, thunderstorms or simply ominous-

appearing clouds. If there is a forecasted severe threat for the day of testing, it is not 

advised to test. This could confuse citizens into believing there is an actual threat 

from severe weather that may have been well publicized in the previous days by 

individuals such as local broadcast media.  
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4.2.9 Extracurricular siren activation  

 One area not addressed in the research, because of the vast area it can cover, 

is reasons why tornado sirens may also be activated that don’t encompass a real 

threat to the community. One example, found on the Mercer County, Missouri 

Sherriff’s office website, is sirens used to alert the Mercer County Fire Department 

that they are needed (Mercer County 2013). While a different blast pattern is used, 

the constant use of sirens for this purpose would certainly lead to a decrease in 

awareness to sirens, especially if these sirens are used on a daily basis. In a situation 

where the fire department is needed during threatening weather, this could cause 

extreme confusion. The NWS disaster assessment team tasked with surveying the 

April 2011 Deep South Outbreak also found different blast patterns were 

implemented depending on whether a watch or a warning had been issued (NWS 

2011b). While this is slightly different from Mercer County, the same principles 

apply where many citizens became unsure as to what the variations of the sirens 

meant. 

 Another example of these extracurricular uses for sirens is discussed by 

SEMA Region H (2013) where many towns with a deep history in the railroad 

industry would blow their sirens at predetermined times throughout the day. These 

circumstances also help to cause desensitization towards sirens.   

  Communities that have irregular policies such as the ones described above 

should take into strong consideration abolishing those practices and finding other 

more appropriate means of informing their citizens for the given circumstances.  
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4.2.10 Other Notification Systems 

 As seen from the results of the survey, most counties have the capability to 

notify their citizens through numerous mediums other than strictly sirens. It is 

advisable that all counties attempt to utilize more than one source for notifications. 

This is especially true when sirens may be the only notification system. Many of the 

other mechanisms that are being utilized are free of charge, such as Facebook and 

Twitter. This should appeal to all counties and cities, especially those with limited 

budgets, which may not have the means to purchase other notification systems. 

Unlike sirens, these mediums allow EMDs to elaborate on potential threats and give 

constant updates throughout the event, in ways that sirens cannot. SEMA Region H 

(2009) also strongly encourages alternative methods to distribute time-critical 

severe weather information. 

4.2.11 County-wide Policies 

 At a minimum, until a state-regulated set of policies is issued, all 

communities within a county should adhere to a single set of guidelines regarding 

the use of tornado sirens. Because many residents travel between communities for 

home, work and activities, a single set of guidelines will also help decrease the 

confusion as to the meaning of diverse sirens policies shown in this research. This is 

especially true for counties that place the responsibility of determining when siren 

activation occurs to individual cities.   
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4.3 Public Education 

 All counties and cities should strive to educate the public on the policies 

within their jurisdiction. This is a key step in continuing to bring awareness to the 

functions of tornado sirens and their purposes within each county. This is especially 

true for communities in which siren systems are classified as not only tornado 

sirens but outdoor warning sirens. If counties or cities do advertise their sirens as 

outdoor warning sirens, and choose to use them for other reasons beyond tornadic 

threats, a strong public outreach program should be developed and implemented to 

ensure citizens understand that oftentimes siren activation occurs for reasons other 

than tornadoes. The emergency management community in Missouri should also try 

to encourage residents to purchase NOAA weather radios and educate the public on 

the idea that sirens are not meant to be heard indoors.  
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5 Conclusion 

 From county to county throughout Missouri, policies and procedures 

regarding the utilization of tornado sirens show large inconsistencies. After the 

media, Emergency Managers Directors, through the use of notification systems such 

as tornado sirens, are the largest information sources during threatening weather. 

This is why clear and distinct policies should be developed and enacted to ensure 

that when warning the public becomes necessary, it is as efficient as possible.  

 With the lack of oversight by the state of Missouri and unregulated policies of 

any sort for the use of tornado sirens, gaining a firm understanding of how tornado 

sirens are used throughout the state of Missouri was key in determining ways to 

improve the warning process and make it as efficient as possible. Doing this will 

help in decreasing the desensitization of the public towards tornado sirens and help 

to restore the public trust in tornado sirens, as well as create a set of suggested 

guidelines that could be used to develop a true set of state-regulated policies for the 

entire state of Missouri.  

 This desensitization of the public to tornado sirens has been well 

documented in research done after major tornadic outbreaks such as the April 2011 

Deep South Outbreak and the 2011 Joplin, Missouri tornado, when the public 

neglected to take immediate action once sirens had been activated. The NWS 

Assessment on the 2011 Joplin, Missouri tornado clearly illustrates this: “Most 

importantly, the perceived frequency of siren activation in Joplin led the majority of 

survey participants to become desensitized or complacent to this method of 
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warning. This suggests that initial siren activations in Joplin (and severe weather 

warnings in general) have lost a degree of credibility for most residents – one of the 

most valued characteristics for successful risk communication” (NWS 2011a). 

Situations such as the one described above are exactly what this research looks to 

reduce and then prevent.  

 A better understanding of the warning process was achieved with the use of 

a survey disseminated to Missouri EMDs and archival research of Hazardous 

Mitigation Plans for Missouri counties. Through this, suggested policies and 

recommendations that Missouri counties and cities are encouraged to use, were 

developed. Many of these recommendations are the basis of the guidelines 

developed by the counties of SEMA Region H. These include: 

 Sirens should not be activated based solely on a tornado warning in an adjacent 

county. Until there is an immediate threat to the county or a NWS tornado warning 

has been issued, sirens should not be sounded.  

 Each county should develop a system to ensure only quality and accurate reports 

are used in the decision making process. 

 Whether there is a tornado watch or not, siren activation should only occur after a 

tornado warning has been issued for a thunderstorm or a tornadic threat has been 

identified by a reliable source. 

 An all clear siren should never be utilized after a threat has diminished, as this 

causes confusion as to whether there is another approaching threat.  

 If technology allows, or for cities that have responsibility over their own sirens, only 

areas that are within storm-based warnings (or polygons) should have sirens 

activated, to prevent unthreatened areas from being alerted.  
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 Siren testing should occur at a predetermined time, once a month.  

 Siren should also not take place if there is threatening weather occurring, ominous 

looking skies, or well-publicized forecast that includes severe weather. 

 Means, other than sirens, should be used to alert a community for situations such as 

the time or to alert a local fire department. 

 EMDs should try to utilize more than one source of notifications for threatening 

weather. Mechanisms such as Twitter and Facebook should be taken advantages of 

by all counties, especially those with limited budgets. 

Other policies that should also be considered but not included in the SEMA Region H 

guidelines would include:  

 Siren activation should be considered for only the strongest severe thunderstorm 

winds in situations such as mesoscale convective systems or derechos where winds 

could be in excess of 75 mph. 

 Current policies regarding the use of sirens and non-meteorological events such as 

hazardous material spills should remain in place as these events rarely occur.  

 No matter what the designated policies are for any county and city, developing a 

public education campaign can bring awareness to citizens as to the purposes of 

tornado sirens. 

 At a minimum, until, if ever, state regulated policies are enacted, all communities 

within a single county should adhere to the same procedures.  

 

 Missouri should follow the lead of areas such as the Oklahoma City 

Metropolitan area and Missouri SEMA Region H counties in developing a set of 

common policies at the state level for the use of tornado sirens. If this can be done, 
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all individuals responsible for making the decision of activating sirens will have 

clear and distinct guidelines in the time-sensitive situations when potentially life 

threatening weather is occurring. More enhanced and specific training, such as that 

found in the OK-First program, should also be developed to give the emergency 

management community in Missouri as much knowledge and tools as possible. 

 Higher education institutions, such as the University of Missouri, could also 

be used to educate emergency management personnel and the public regarding 

these topics. Workshops could be developed by different departments such as 

meteorology and geography to provide training that will enhance the knowledge of 

EMDs and bring more awareness to the general public of severe weather. 

 There is currently transitional period regarding tornado sirens. A question 

that will undoubtedly be looked at is whether this tool will travel into the future 

with the constant change in technology.  In an age of digital technology, sirens, an 

analog tool, will either have to change with evolving digital technologies, such as 

storm-based warnings and GPS-precise tools such as smartphone or become 

obsolete.  This is likely to occur over a period of time as communities begin to invest 

more in digital technologies to match the improvements seen from broad county-

wide warnings to smaller and more accurate storm based warnings.  

 Finally, if future research occurs in this area, it would be beneficial for the 

same project to be done in the state of Missouri with a much larger sample size. The 

same tasks should be performed for cities in Missouri as well. Secondly, it would be 

interesting to compare the results from Missouri with those from states such as 
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Kansas and Oklahoma, where more severe weather and tornadic activity occurs, to 

evaluate any differences.  

 A true understanding of how the public perceives any use of sirens for 

hazardous weather events would be very beneficial to the arguments laid out in this 

research.  Finally, if siren logs could be obtained for all counties in Missouri, it would 

be usuful to quantify the number of times siren activation occurred without a 

tornado warning or the report of a tornado. This would provide real statistical 

information on the false alarm rate of siren activation within Missouri. 
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