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Abstract 

 

The present study aims to explore current perceptions associated with the diverse user groups 

which utilize National Weather Service (NWS) Blizzard Warnings.  This study is intentionally 

broad in an attempt to isolate areas in which the communication of NWS Blizzard Warnings can 

be improved based on findings from this research.  The study’s domain is restricted to eastern 

Nebraska and western Iowa and focuses on eight different sampling groups chosen in an attempt 

to reflect the diversity that is known to exist within the broader NWS user population.  A focus 

was placed specifically on decision-making groups which rely on NWS Blizzard Warnings to 

make routine decisions.  An emphasis was also placed on procuring a representative sample of the 

general public within the study’s domain to compare decision-making respondents to members of 

the general public to interrogate whether differences existed with regard to knowledge of local 

climatology along with overall understanding of what constitutes a Blizzard Warning.  A mixed-

mode survey was implemented to gather information from the aforementioned user groups to 

maximize response rates.  Accepted statistical analysis methodologies were employed to measure 

the central tendency of users’ responses.  A knowledge score was also created to measure the 

understanding of NWS Blizzard Warnings across various user groups.  This study suggests that 

overall understanding of a Blizzard Warning is low across all groups sampled in this study and 

that a knowledge gap exists between the NWS and its user base with regard to the threats 

associated with a Blizzard Warning. 
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1. Introduction 

Severe winter weather impacts large portions of the United States annually from the 

Northern Plains east to New England.  One of the most severe forms of winter weather is a 

blizzard, due to the combination of very strong winds, snowfall, and the resulting reduction in 

visibility experienced during such events.  Schwartz and Schmidlin (2002) defined the area from 

North and South Dakota east through western Minnesota as the “Blizzard Zone” due to the 

frequency with which this area experienced these storms, with each county in the region having a 

50 % annual probability of at least one event occurring.  While this is considered the geographic 

area most prone to experiencing them, blizzards can and have occurred across a much larger 

region including the Central Plains, portions of the Southern Plains and the Mid-Atlantic.  The 

effects of blizzards have been well-documented historically (Call, 2005; Changnon and 

Changnon, 1978; Rooney, 1967; Weisman, 1996).   Typical impacts include an abeyance of 

transportation, economic loss and a disruption of societal activity.  These events also pose 

substantial risk to human life and destruction of property (Changnon and Changnon, 1978).   

The formal definition of a blizzard evolved from more casual uses of the term in 

historical contexts.  The first known usage of the word “blizzard” occurred in 1746 by Henry 

Ellis while he was traveling along the coast of the Hudson Bay, but the intended meaning remains 

unclear (Schwartz and Schmidlin, 2002).  Wild (1997) reports the first usage in the context of 

winter weather in the United States by South Dakota newspapers with subsequent usage in Iowa 

in 1870 (Ludlum, 1968).  The definition of a blizzard has been inconsistent in the United States as 

various sources employ different and conflicting criteria (Wild, 1997).  The definition used in the 

present study is that of the National Weather Service (NWS), the federal agency responsible for 

issuing Blizzard Warnings.  The NWS defines a blizzard as a severe winter weather event that 

produces sufficient falling or blowing snow to reduce visibilities to 400 m (0.25 miles) or less 
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with winds sustained at 16 m s
-1 

(35 mph) for 3 h or longer (NWS Glossary, 

http://w1.weather.gov/glossary/index.php?word=blizzard, accessed 1  April 2015).  These criteria 

were established for internal NWS purposes including issuing and verifying Blizzard Warnings.   

The goal of this research is to identify how perceptions of Blizzard Warnings vary across 

the NWS’ user groups.  Beginning to understand the perceptions of these groups will help the 

NWS better communicate hazardous weather information to its end-users.   Given the multi-

disciplinary nature of this research, both atmospheric science and social science methodologies 

were  leveraged to elicit the perceptions of Blizzard Warnings held by both professional and 

public decision-making groups in eastern Nebraska and western Iowa (see Fig. 1).  The survey 

domain was chosen given the relative frequency with which severe winter weather is observed 

(see Fig. 2).  Counties across eastern Nebraska and western Iowa were determined to have 

between a 25 to 49 % chance of experiencing at least one blizzard event annually (Schwartz and 

Schmidlin, 2002).  A survey was administered to seven professional user groups and one random 

sample of the general public within the aforementioned geographical domain and their responses 

were analyzed using accepted statistical analysis methodologies.   This research attempts to 

determine how the knowledge of winter weather climatology is stratified across these user groups 

along with whether an increased knowledge leads to an increased understanding of Blizzard 

Warnings. This manuscript also explores how rural and urban settings influence the perceptions 

held by various populations of the frequency and severity of blizzards along with how sources of 

weather information influence respondent’s knowledge of what constitutes a blizzard.  It is 

hypothesized that there are significant discrepancies between the NWS definition of a blizzard 

and the perception of what constitutes blizzard conditions from an end-users’ perspective.  This 

research also suggests that key decision-makers across the research domain lack sufficient 

understanding of the NWS definition of a blizzard. 
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There continues to be only a relatively small amount of research available which analyzes 

how end-users of weather information procure, utilize, and perceive weather information.  

Beginning to answer some of these interrelated and multi-disciplinary questions will undoubtedly 

bolster the NWS and weather enterprise as a whole, enabling more effective communication of 

hazardous weather information.  Lazo et al. (2009) demonstrated how large the weather industry 

actually is by quantifying how many people follow weather-related news.  Their research 

estimated that nearly half of the public within the United States followed weather-related news.  

A Harris Poll (2007) examined individuals’ sources and usage of weather information stratified 

across categories such as age, gender and geographic location and further affirmed that this 

information is both obtained and used diversely across user groups.  The Harris poll indicated that 

roughly 44% of those surveyed acquired weather information from local television with an 

additional 17% turning to sources such as the Weather Channel.  National websites such as 

Weather.com were equally as popular at 17% while sources such radio and local newspapers fell 

to 8% and 3%, respectively.   Demuth et al. (2011) profoundly expanded upon previous relevant 

studies as their study employed a rigorous statistical analysis attempting to isolate empirical 

patterns in how users receive, use and perceive forecast information.  Demuth et al. (2011) largely 

focused on members of the public and further emphasized that a large variance exists in how 

people access weather information.  It innovatively analyzed individual uses of forecast 

information (e.g. “work” versus “leisure”) and the frequency with which users access the 

information with the end-goal of uncovering emerging patterns in users’ behavior.    Given the 

intricacies of the informational environment that currently exists, along with such large and 

diverse user groups of weather information, the present research moves back toward isolating 

individual user groups and restricts the geographical domain to eastern Nebraska and western 

Iowa.  
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In chapter 2 of the present study, a review of the research methodologies used during the 

data-gathering and research phases of the project is provided.  This includes survey design, data 

sampling methodologies, and survey techniques.  Also included in this section is a description of 

the statistical analysis methodologies used by the author.  Additionally, a brief description of the 

Institutional Review Board (IRB) process is provided in Chapter 2.  Chapter 3 presents the results 

of the research.  The final chapter of the thesis summarizes the major findings of the research.   
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Figure 1.  Map of the spatial domain used for the study.   
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Figure 2.  Annual probability of experiencing one blizzard event by county (Schwartz 

and Schmidlin, 2002). 
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2. Data and methods  

a. Survey design 

The survey was designed in accordance with accepted mixed-mode distribution 

methodologies for mail, internet and telephone surveys (Dillman, 2009).   While this is a 

common research practice within the social science discipline, there were limited 

examples to follow with application to atmospheric science.  Questions were developed 

with collaboration from NWS personnel as well as colleagues at the Societal Impacts 

Program (SIP) at the National Center for Atmospheric Research (NCAR).   The survey 

was comprised of four sections, each aimed at elucidating the knowledge and perceptions 

held by the respondents.  It should be noted that two slightly different versions of the 

survey were developed to account for inherent differences between the professional and 

public user groups.  These differences largely concerned small changes in survey 

structure to account for questions that did not apply to the general public group as well as 

survey quality control.  These differences did not impart any known biases to the public 

respondents and were implemented out of necessity for the survey administration process.  

Both versions are shown in Appendix A.   

Section 1 of the survey (see Appendix I) addressed climatological variables where 

respondents were asked a total of four questions (Q2-Q5).  Q2 and Q3 addressed basic 

climatic variables where the respondents’ answers could be compared to the “true” 30-

year climatic period of record values.  Using this approach, an assessment of each 

group’s knowledge of winter weather could be performed.  Q4 and Q5 were different in 

that they specifically addressed the winter of 2010, which was the winter previous to 

when the survey was administered.  This winter was used because it was particularly 
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harsh and perhaps memorable to the respondents.  Several blizzard events were observed 

during the 2010 winter across the survey domain (Stormdata), which made it possible to 

ask questions specifically about many times a location received six or more inches of 

snow (Q4, Q5) and how many times a respondent experienced blizzard conditions at his 

or her location (Q5, Q6).  In comparing the “correct” values to the respondents’ answers, 

the perceptions held by each group of the previous winter could be documented.  

Section 2 of the survey focused on how people acquired weather information.  

The seven professional groups were asked two questions (Q6-7).  Q6 focused on personal 

use of weather information and Q7 focused on how the respondent’s place of 

employment acquired weather information.  In designing this section of the survey, it was 

hypothesized that groups which sought out or paid for weather information would 

demonstrate more skill in quantifying the amount of snowfall or number of blizzards that 

occurred during the winter of 2010.   A similar methodology was used for the public 

group; however, only Q6 was asked as not all public respondents were employed or used 

weather information in a professional setting. 

Section 3 of the survey was multi-purposed.  It was designed to elicit which 

elements of a winter storm respondents found most important when making work-related 

decisions as well as to determine each group’s understanding of a Blizzard Warning.   To 

achieve this, the definition of a Blizzard Warning was broken down into its three 

components: visibility (less than 400 m), winds (sustained or frequent gusts greater than 

16 m s
-1

), and duration (lasting 3 h or longer).   An ordinal scale with verbal descriptors 

was used to rank nine different winter storm variables according to their importance to 

the user when making decisions directly related to their job.  Three of these nine variables 
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are part of the true definition of a Blizzard Warning with the other six chosen as distracter 

variables designed to bury the correct answers (Dillman, 2009).  This prevents visual 

recognition absent of true understanding of the definition.  The order of the options was 

also randomized from one copy of the survey to another  to mitigate potential biases from 

survey fatigue or other factors that could lead to preferential selection by the respondent 

(Dillman, 2009).  Q10 uses a similar framework as Q8, however, the question is posed 

such that the respondent is asked which variables the NWS takes into consideration when 

issuing a Blizzard Warning.  The same options were used in Q10 as in Q8 with the 

exception of the “timing of the event” variable.  Respondents were then asked to answer 

follow-up questions (Q11-17) for each variable that the respondent believed to be 

included in the formal definition of a Blizzard Warning.  Because the NWS definition 

contains specific numerical criteria for visibility, wind, and duration of the event, the 

follow-up questions were designed to force the respondent to assign a numerical value or 

range of values to the variables that they believed were included in the NWS definition.  

These responses could therefore be used as a metric for gauging each group’s knowledge 

of a Blizzard Warning through the analysis of its individual components.  An optional 

open-ended question (Q18) was asked to the respondents as a catch-all for any other 

variables that the survey did not specifically address. 

 b. Sampling methodology and response rates 

The survey instrument was administered to eight different decision-making 

groups, seven of which were professional groups with one being a random sample of the 

general public living in the survey domain.  The groups included child care providers, 

school superintendents, street superintendents, emergency managers, highway 
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superintendents, emergency medical technicians (EMTs), snow plow operators, and the 

general public.  Given the diverse population of professional groups that utilize NWS 

weather information (Demuth et al. 2011), it was necessary that the study capture the 

breadth of this end-user diversity to be more fully representative of the population that 

the NWS serves.  The seven professional groups were chosen based on the unifying fact 

that severe winter weather directly impacts routine decisions or daily operations of that 

profession (e.g., school superintendents decide whether or not to hold school, emergency 

managers allocate appropriate resources, etc.).   

The seven professional group samples were populated from publicly available 

state or local government websites.  The diversity of the groups necessitated that different 

sampling strategies were needed in populating the sample set for each user group which 

presented unique challenges.   

1) CHILD CARE CENTERS 

Rosters of licensed child care centers were obtained from the websites of the 

Nebraska Department of Health and Human Services and the Iowa Department of Human 

Services.  There were 721 total facilities identified within the survey domain.  From this 

larger sample, a random sample of 207 respondents was selected to receive the survey 

(Table 1).  The surveys were sent to the directors of each child care facility.  This user 

group was not represented well in rural areas as there simply were not licensed child care 

providers in many of the smaller cities and townships of the survey domain.  This is a 

known bias of the user group and a limitation to the study.  A total of 51 responses were 

received from this group with a response rate of 24.80 percent.   
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2) SCHOOL SUPERINTENDENTS 

This group was populated through publicly available lists provided by the 

Departments of Education for both Nebraska and Iowa.  These lists were hosted on each 

department’s respective website where 138 total potential respondents were obtained.  All 

138 such individuals were sent the survey instrument.  91 responses were received for a 

response rate of 65.50 percent, which was also the highest of all decision making groups. 

3) STREET SUPERINTENDENTS 

The Nebraska Department of Roads maintains a database of city street 

superintendents.  This user group presented a unique challenge in that not all 

communities in Iowa have such a position and the responsibilities of such a position were 

often distributed among several individuals within Iowa community governments.  

Because a consistent sample could not be populated for both Nebraska and Iowa, only 

street superintendents for communities in Nebraska received the survey.  A total of 59 

potential respondents were obtained and all 59 were sent the survey instrument.  11 

responses were received for an 18.60 percent response rate. 

4) COUNTY EMERGENCY MANAGERS 

For each of the counties in the survey domain, the county emergency manager 

was identified, either from state records, county records, or through calls to the county 

courthouse.  In populating this group, it was found that in some cases, duties from 

multiple counties were managed by one emergency manager which further limited the 

total sample size.  A total of 39 emergency managers were gathered with all 39 receiving 

the survey.  21 responses were received for 53.80 % response rate. 

5) COUNTY HIGHWAY SUPERINTENDENTS 
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The Nebraska Department of Roads maintains a database of county highway 

superintendents.  In Iowa, the analogous position is called a “county highway engineer”, 

and rosters of such individuals can be obtained from the Iowa Department of 

Transportation.   All 38 decision makers in the region received the survey with 15 

responses received.  The response rate for this group was 38.50 percent. 

6) EMTs AND FIRST RESPONDERS 

In Nebraska, the Department of Health and Human Services maintains a roster of 

all individuals who serve as EMTs, License Practical Nurses (LPNs), First Responders, 

paramedics, and similar positions.  A similar database is available from the state of 

Iowa.  The number of individuals who serve their communities in such a manner -- 

whether as a job or in a voluntary capacity -- is very large.  A random sample of 207 such 

individuals was chosen to receive the survey.  A total of 31 responses were received for a 

response rate of 15 percent.   

7) SNOW REMOVAL SERVICE DISPATCHERS 

This user group presented a sampling challenge in that neither state’s government 

maintains a database listing private snow removal services.  To populate this sample, a 

Google search was performed within the area of study.  In total, 80 dispatchers were 

obtained.  In practice, most of the snow removal services that were found in this manner 

were in the Omaha or Lincoln metropolitan areas.  All 80 of these firms received the 

survey instrument in a letter addressed to their “Snow Removal Service Dispatcher”.  Out 

of the 80 dispatchers that were sent the survey, 10 responses were received for a response 

rate of 12.50 percent which was the lowest amongst all groups. 

8) THE GENERAL PUBLIC 
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The general public group was sampled differently than the professional groups in 

that a random sample had to be purchased from InfoUSA.  The survey domain was 

provided to InfoUSA where a random sample was generated and sent to the authors.  

From the larger sample generated from InfoUSA, smaller subsets of 100 names were 

generated and called to exhaustion before moving on to the next 100 names.  51 

responses were recorded and a response rate was not calculated for this group. 

c. Conducting the survey 

A two-tiered methodology was applied in sampling the professional user groups 

to maximize response rates.  Initially, all surveys were mailed to the respondents with a 

cover letter explaining their privacy options along with providing a small incentive of a 

free NOAA Weather Radio given to five randomly selected participants.  Respondents 

were given the choice of completing the survey by hand and returning via a postage-paid 

envelope, or completing the survey at a URL hosted on a server by Creighton where 

responses were recorded online.  This multi-modal response structure was employed to 

maximize response rate.  Responses were organized and filed upon receipt and stored 

under lock and key according to IRB protocol.  Respondents who failed to respond to the 

initial survey were called by the authors as a reminder to complete the survey and also 

given the option to complete the survey over the phone where their answers were 

recorded online at that time.  The group of general public respondents was only 

administered the survey instrument by phone with their responses recorded online at a 

later time. 

d. Statistical analysis methodologies 
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A main goal of this research was to quantify the understanding that user groups 

possessed with respect to the NWS definition of a blizzard.   To do this, a composite skill 

score was created by combining the responses from two questions.  According to survey 

methodologies, to enhance the validity of this question, the three correct criteria were 

buried in the question by other similar, but incorrect responses.  This forces the 

respondent to demonstrate understanding of the definition as opposed to selecting the 

correct answer by chance. 

The first question (Q10) used in the composite skill score presented the 

participants with a list of seven variables accompanied by two check boxes labeled “Yes” 

and “No” (see the Appendix).  Respondents were asked to mark whether or not they 

believed the NWS takes the listed variables into account when defining blizzard 

conditions.  A point was assigned to each variable, making seven total points possible. 

One point was given for each correct answer, so if a respondent marked “No” to all 

distracter variables, and only responded “Yes” to visibility, wind, and duration of event, 

then he or she would receive a perfect score of seven. Thus, an index was created which 

measured the respondent’s ability to answer these questions, indicative of his or her level 

of understanding of the NWS’ definition of a blizzard.   

 The second portion of the composite skill score was designed to elucidate how 

familiar the respondents were with the numerical values associated with the correct 

variables.  Seven follow-up questions (Q11-17) were then asked about each variable 

listed in Q11. For the questions to which the respondent answered “Yes”, they were 

required to answer the follow-up multiple-choice question associated with that variable to 

further demonstrate their understanding of the variable.  For example, if the respondents 
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marked “Yes” that they believe the NWS takes visibility into account when defining a 

blizzard, they would then be asked follow-up multiple choice questions presenting them 

with five numerical values or ranges of values associated with that variable.   Only one of 

the choices was correct as a criterion used by the NWS. Therefore, if the respondent 

marked “Yes” to the three correct variables (visibility, wind and duration of event) in 

Q10, there were an additional three questions to be answered by the respondent.  If “No” 

was marked for all variables in Q10, then the respondent skipped Q11-17, and received a 

composite score of zero.  Upon completion of the survey, these answers were also scored. 

One point was given for each correct answer and the possible scores ranged from zero to 

three. A high score of three indicated that the respondent selected the correct numerical 

criteria based on the NWS definition of blizzard. A low score of zero indicates that the 

respondent either did not answer the follow up question based on their answers on Q10 or 

were asked the question but did not respond with the correct answer.  

 A final composite variable was built by summing the respondents’ scores on each 

of these variables. The possible scores ranged from zero to 10. A zero score indicated that 

the participant was unable to answer any of these questions correctly. A score of 10 

indicated that the respondent successfully answered each of these questions and further 

suggests a high level of understanding of the NWS definition of a blizzard.  This includes 

the components of the definition as well as the numerical values associated with the 

components.  

 Once the composite skill score was calculated, the scores were analyzed to see if 

they varied across sampling groups. Average scores were calculated to measure the 

central tendency of the respondents’ answers.  Since the data were collected from sample 
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populations, tests of significance were needed to determine if the averages between the 

two groups were statistically different or occurred through random chance.  A student’s t-

test was used to test the differences between the sample means.  Given the small size of 

the sample, a student’s t was selected as the test statistic over a z score.  

 Possible differences in perceptions of blizzards between groups in urban and rural 

settings were also examined using the following stratifications as defined by the Census 

Bureau and shown in Table 2.  A bias analysis was performed on the climatology 

questions (Q2-Q5) which allows inferences to be made about how rural and urban 

settings influence the perception of climatological variables as well as general 

perceptions toward snowfall accumulation and blizzard conditions.  A bias analysis was 

used to quantify the tendency of a user group to over or underestimate the variable in 

question.  In addition, a confidence interval of 95% was chosen to determine statistical 

significance between groups. 

 In addition to a bias analysis, the Mean Absolute Error (MAE) was also calculated 

for Q2-Q5 for each population group.  A 95% confidence interval was once again used to 

determine whether each group’s error was statistically different than another’s – that is, if 

one group possessed greater skill than another in estimating the variable in question. 

e. IRB certification 

The Institutional Review Board (IRB) is designed to oversee research conducted 

on human subjects.  The purpose of the IRB is to protect the rights of these subjects 

throughout the research process.  The main purposes of the IRB are to: 
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 Determine whether human subjects have volunteered for a research endeavor by 

means of informed consent;  

 Determine whether risks to these subjects are outweighed by potential benefits to 

them and/or society; and to 

 Evaluate the importance of the knowledge to be gained by the research endeavor. 

A survey was used as the main instrument for gathering information in this research.  

The survey was administered to seven different professional groups and one general 

public group.  The survey was developed to (1) test the level of knowledge held by these 

groups concerning winter weather and (2) elicit the perceptions these groups have about 

winter weather.  The purpose of the research requires that the level of knowledge of the 

overall group be presented in the results, however; the individual identities of the 

members composing the groups will be protected.   

All participation in the research was voluntary and all participants were aware of the 

voluntary nature of the research as it was outwardly expressed in a cover letter preceding 

the survey.  The risk to the respondents was deemed minimal as no physical or 

psychological harm was to be caused through the research.  For the professional groups, 

the participant’s or institution’s name, address, and area of responsibility was publicly 

available, however, a number was assigned to each as an identifier and the order was 

randomized.  For the general public, no identifiable information was needed as they were 

associated with a town, not an individual’s address.  Basic demographic information 

(e.g., age and gender) were collected for both the professional and general public groups. 



18 
 

Both the individual and society as a whole stand to benefit from this research as the 

results from this research highlight deficiencies in understanding of forecasts and 

advisories issued by the NWS as well as defective communication lines between the 

NWS and the respondents.  Improving the communication of the risk from the hazard 

between the respondents and the NWS could mitigate the risk to vulnerable populations 

under the jurisdiction or responsibility of the respondents. 
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Child 
Care 

School 
Sups 

Street 
Sups 

EMs 
Hwy. 
Sups 

EMTs 
 Plow 

Operators 

Responses 51 91 11 21 15 31 10 

# Surveys 
Sent 

206 139 59 39 39 206 80 

Response 
Rate 

24.80% 65.50% 18.60% 53.80% 38.50% 15% 12.50% 

 

Table 1. The sample size of each group is shown along with the number of responses 

received.  Response rates were calculated for each group. 
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3.  Results  

 a. Climatology section 

 1) FIRST DATE OF SNOWFALL 

Respondents were asked to estimate the annual first date of snowfall for their 

respective locations.  All groups indicated a positive bias in their responses; that is, all 

groups estimated that the annual first date of snowfall was later than the true 

climatological annual first date of snowfall (see Fig. 3a).  The error bars display +/- 2 

standard deviations from the average, therefore error bars that do not span the zero line 

indicate at 95% confidence, that the average bias for that group is not zero.  Directors of 

childcare facilities, EMTs and general public were the only groups that demonstrated 

non-zero positive biases at 95% confidence, meaning that they were the farthest off in 

recalling the annual first date of snowfall for their respective locations .  The three groups 

that demonstrate biases nearest to zero were school superintendents, street 

superintendents and emergency managers.  Even though emergency managers 

demonstrated a positive bias of less than five days, this may be an artifact of inaccurate 

opposing estimates which effectively canceled each other out.  When the absolute value 

of the difference between the respondents’ estimates and the climatological value was 

taken, a more representative estimate of the overall group’s skill in estimating the 

climatic variable is obtained (see Fig. 3b).  An average absolute error of nearly 17 days is 

noted in the emergency manager group’s average estimate.  Street superintendents 

showed the greatest skill in estimating the average first date of snowfall while snow plow 
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operators displayed the least with an average error of around 21 days.  Street 

superintendents also showed the most consistency in their estimates evidenced by the 

clustering of responses near the average, while snowplow operators were the least 

consistent in their estimates. 

2) ANNUAL SNOWFALL 

Respondents were asked to estimate the annual snowfall that their respective 

location receives as another metric to gauge how familiar each decision-making group 

was with local winter weather climatology.  All groups indicated a mean negative bias 

meaning that annual snowfall was underestimated (see Fig. 4a).  Only directors of 

childcare facilities, school superintendents, and the general public showed negative biases 

that were non-zero at 95% confidence.  Emergency managers, highway superintendents 

and EMTs showed biases closest to zero with directors of childcare facilities and the 

general public having the largest mean negative bias in their estimates.  In order to assess 

which groups were the most accurate with their estimates, the absolute value of the error 

was once again taken (see Fig. 4b).  Street superintendents, emergency managers and 

highway engineers showed the most accuracy with their estimates with directors of 

childcare facilities and the general public being the least accurate.  While street 

superintendents were one of the more accurate groups as a whole, they also showed the 

largest variance in response.  The general public were the least variant in their estimates; 

however, they were also the least accurate. 

3) NUMBER OF SIX-INCH SNOWFALLS 
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Respondents were asked to indicate how many times their respective locations 

saw snowfall events which were greater than or equal to six inches during winter of 2010.  

All groups exhibited a positive bias in their estimates meaning that they overestimated 

the number of times their locations actually experienced snowfalls of six inches or greater 

(see Fig. 5a).  Street superintendents demonstrated a bias nearest to zero while EMTs and 

the general public greatly overestimated the number of snowfall events greater than or 

equal to six inches.  Of particular note is the fact that even at two standard deviations 

below the mean, no group underestimated the number of these events.  For this reason, 

the bias analysis is also a good representation of the error in the groups’ estimates.    The 

absolute value of the groups’ errors mirror the bias values due to the non-canceling nature 

of the estimates (see Fig. 5b).  Street superintendents were the most accurate with EMTs 

and the general public again being the least accurate.  School superintendents 

demonstrated the greatest consistency in their estimates with the average error being less 

than one six inch snowfall event.  EMTs were the least consistent displaying a large range 

of overestimated values with a mean error of nearly four events. 

4) NUMBER OF BLIZZARD EVENTS 

Respondents were also asked to indicate the number of times that their respective 

locations experienced blizzard conditions during the previous winter.  Once again, all 

groups indicated a positive bias in their estimates.  All groups believed more blizzards 

occurred than how many actual blizzard events were observed using the NWS definition 

(see Fig. 6a).  Snow plow operators exhibited a bias that was nearest to zero while county 

highway engineers possessed the largest positive bias.  Similarly to Q4, it was shown that 

all groups overestimated the number of blizzard events at 95% confidence.  The absolute 
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value of the error again echoed the results of the bias analysis in that all groups 

overestimated and respondents’ individual estimates were non-canceling in nature (see 

Fig. 6b).  Snowplow operators demonstrated the most accuracy in their mean estimate 

while county highway engineers were the least accurate with a mean overestimation of 

nearly four events.  Emergency managers showed the largest variance in estimates while 

EMTs were the most consistent.  It should be noted EMTs were the most accurate along 

with being the most consistent demonstrating greater skill than most groups in 

determining the actual number of blizzard occurrences. 

b. Comparison of urban versus rural respondents 

To more fully explore the perceptions of severe winter weather held by decision-

makers, respondents were also stratified with respect to rural and urban settings.  Census 

Bureau definitions of Urban Area (UA), Urban Cluster (UC) and Rural Area (RA) were 

used to stratify the respondents (Table 2).  Responses from the climatology section of the 

survey were once again used in this analysis to determine if population size was a 

predictor in whether or not respondents would possess greater skill in estimating 

climatological values associated with their area of responsibility.  A bias analysis was 

performed along with a calculation of the MAE using the aforementioned stratification of 

respondents. 

In performing the bias calculation on responses from Q2, a positive bias was 

observed across all classes indicating that the mean estimates of the first date of snowfall 

were later than the true date (see Fig. 7a).  Interestingly, UAs demonstrated a positive 

bias which was statistically different than both UCs and RAs.  To better assess whether or 
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not population was a predictor in respondents’ skill toward estimating climatic variables, 

the average error was once again computed for each class by taking the absolute value of 

the difference.  In this case, all such errors were again positive (see Fig. 7b).  UAs 

demonstrated the largest mean error but no group was statistically different than another. 

UCs were the most accurate showing the smallest mean absolute error and UAs were the 

least accurate.  The RA class was the most consistent in its estimate showing the least 

variance.  

 All population classes demonstrated a negative bias in the mean estimate of 

annual snowfall indicating an underestimation (see Fig. 8a).  No two classes 

demonstrated a bias that was statistically different from another.  The bias analysis 

showed parity between all classes as calculated biases all fell between negative five and 

negative six inches.  MAE was also calculated for the classes as defined above, RAs were 

most accurate in estimating annual snowfall with their responses also showing the least 

variance (see Fig. 8b).  UCs were the least accurate with an average error of over 12 

inches while also showing the least consistency in their estimates.   

 

Respondents’ answers estimating the number of six-inch snowfall events were 

also interrogated using the stratification as defined in Table 2.  All population classes 

demonstrated a positive bias in estimating the number of six-inch snowfalls during the 

previous winter at their respective locations (see Fig. 9a).  That is to say, all classes 

overestimated the number of six-inch snowfall events.  While no one group showed a 

bias that was statistically different from another, RAs overestimated the number of these 
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events by nearly three events.   UCs demonstrated the least biased estimate at just over 

two events.  In computing MAE, no two classes’ errors were statistically different but 

UCs were the most accurate with a mean absolute error near 2.5 events (see Fig. 9b).  

Both UAs and RAs overestimated the number of six-inch snowfall events by three events. 

In stratifying the respondents by population as defined by the Census Bureau, 

responses from Q4 were analyzed through a bias and MAE analysis.  All population 

classes demonstrated a positive bias in estimating how many blizzards were observed at 

their respective locations indicating that all classes perceived more blizzards to have 

occurred than what was actually observed using the NWS definition (see Fig. 10a).  

Respondents living in the RA classification demonstrated a positive bias that was 

statistically different from the other classes.  The RA class overestimated the number of 

blizzard events that occurred by over three events.  Interestingly, this may not necessarily 

indicate less skill than respondents in the UA or UC class.  Rather, it may reflect the fact 

that less surface roughness in a rural landscape increases the likelihood of perceived 

blizzard conditions.  When MAE was calculated, RAs again showed the greatest error in 

their estimates (see Fig. 10b).  In this calculation, the errors were not statistically 

different from one another but the mean absolute error from respondents living in an RA 

classification was shown to be more than one full event more than both the UC and UA 

classes.  This confirms that a perceived difference in the number of blizzard events from 

the 2010 exists between respondents in the RA class and respondents in the UC and UA 

classes.  UAs showed the most consistency in their estimations with RAs showing the 

least. 

c.   Comparison of superconsumers and non-superconsumers 
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It was also examined whether or not using certain sources of weather information 

correlated to a user group demonstrating better knowledge of general winter weather 

variables.  To do this, respondents were stratified into two groups; superconsumers and 

non-superconsumers.  Similar statistical analysis methodologies to the above analyses 

were used to test the two groups identified in this stratification.  A bias calculation was 

performed along with determining the MAE for each group.  These tests were performed 

using a 95% confidence interval.  The hypothesis tested in this analysis was that users 

that paid for subscription-based websites to make personal or work-related decisions 

would demonstrate more skill in estimating climatological variables for their respective 

areas.  Those that used subscription-based websites were deemed superconsumers and all 

other respondents were considered non-superconsumers.   

Using the definition described above for superconsumers and non-

superconsumers, the mean bias and MAE for each group was calculated using responses 

from Q2 asking respondents to indicate the average first date of snowfall for their 

respective locations (see Fig. 11a).  Non-superconsumers demonstrated a large positive 

bias of nearly nine days, indicating that they estimated the annual first date of snowfall to 

be later than the true date.  Superconsumers performed well demonstrating a near-zero 

bias indicating that the group as a whole demonstrated a general understanding of when 

the annual first date of snowfall falls.  At 95% confidence, the biases of these two groups 

were determined to be statistically different.  Although superconsumers demonstrated a 

bias near zero, they did show more variance in their response as evidenced by the larger 

error bars.  MAE was also calculated on the responses from Q2 to assess the accuracy of 

each group in this stratification (see Fig. 11b).  Superconsumers again demonstrated more 
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accuracy in their mean estimate with an error near 12 days.  Non-superconsumer’s MAE 

was calculated at near 16 days.  While superconsumers did demonstrate better overall 

understanding of when the annual first data of snowfall was for their respective locations, 

it could not be determined that the MAE from each group was statistically different. 

Responses from Q3 were again analyzed to assess whether one group was able to 

better estimate annual snowfall over another.  Both groups showed similar negative 

biases between five and six inches indicative that both groups over-estimated annual 

snowfall for their respective locations (see Fig. 12a). The mean biases of these estimates 

could not be determined to be statistically different from one another at 95% confidence.  

When the MAE was calculated, parity was observed across both groups (see Fig. 12b).  

MAEs between 10 and 11 inches were observed indicating that there was no difference 

between each groups mean estimate.  Superconsumers again showed larger variance in 

their estimated as compared to non-superconsumers. 

Responses from Q4 were interrogated to determine whether or not 

superconsumers would demonstrate greater skill in estimating how many six-inch 

snowfalls were observed during the winter of 2010.  The mean bias for each group was 

calculated with both groups over-estimating the number of six-inch snowfalls by over 

two events (see Fig. 13a).  Both groups’ biases were similar and could not be determined 

to be statistically different from one another at 95% confidence.  When MAE was 

calculated for each group, similar results were found.  Both groups averaged an absolute 

error between 2.5 and three events (see Fig 13b).  No one group using the superconsumer 

stratification was shown to estimate the number of six-inch snowfalls during the previous 

winter better than another. 
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Bias and MAE calculations were again performed using the responses from Q5 to 

interrogate how many blizzards each group perceived to have occurred during the 

previous winter.  Superconsumers demonstrated a positive bias of over four events while 

non-superconsumers demonstrated a bias of around two events.  While non-

superconsumers possessed a bias nearest to zero, it is important to note that both groups 

overestimated the number of blizzard events at their locations.  Non-superconsumers 

were very consistent in their estimates while superconsumers showed highly variable 

responses as evidenced by the error bars in Figure 14a.  MAE calculations showed 

similar patterns in respondents’ answers as superconsumers’ MAE was near 4.5 events 

while non-superconsumer’s MAE was much less, near 2.5 events (see Fig. 14b).  The 

means of both the bias calculation and MAE calculation could not be determined to be 

statistically different from one another at 95% confidence. 

d. Composite variable results 

1) ALL SAMPLING GROUPS 

A composite variable was built and knowledge scores were calculated for each 

group to assess how understanding of an NWS Blizzard Warning varied across groups.  

Potential scores range from a low score of zero, indicating a person or group possessing 

limited knowledge, to a high score of 10 indicating a person or group possessing a high 

level of understanding of the NWS definition of a blizzard.  The mean knowledge scores 

for each group were calculated with Directors of Child Care Centers scoring the lowest 

with a composite knowledge score of 4.27.  Snow Removal Service Dispatchers scored 

the highest with a score of 4.80.  Scores varied the most within the Emergency Managers 

group and least within the sample of the general public (Table 3). 



29 
 

 To determine whether or not the mean knowledge scores from each group were 

different, single factor analysis of variance (ANOVA) tables were computed based on the 

responses from each group.  As shown in Table 4, a p value of 0.70 was obtained 

indicating that it cannot be determined that the means differ from one another and the 

null hypothesis (namely, that the means of the knowledge scores for all eight groups were 

equal) cannot be rejected.   There was no statistical difference between each group 

indicating that no one group demonstrated a higher level of understanding of the 

definition of the NWS definition of a Blizzard Warning than another.  This suggests that 

the overall knowledge of the technical NWS definition of a blizzard is low across all 

groups. 

2) COMPARISON OF PROFESSIONAL AND PUBLIC 

 It was also hypothesized that the professional population would demonstrate 

better technical understanding of a blizzard as compared against a sample of the general 

public.  To do this, all respondents who had decision-making responsibility were grouped 

and tested against the general public sample population.  A p value of 0.91 (see Table 5) 

was obtained indicating that it cannot be determined that the means of these two groups 

are different based on the answers provided by the participants.  That is, professional 

groups who use NWS information regularly could not be shown to have a better 

understanding of the technical definition of a blizzard than members of the general 

public.  Knowledge scores of 4.62 for the professional group and 4.64 for the general 

public group further validate that overall knowledge across a large and diverse sample 

population is low (see Table 5). 
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3) COMPARISON OF URBAN AND RURAL 

 To further explore whether certain subsamples possessed a higher level of 

understanding of the NWS definition of blizzards, respondents were again stratified using 

the Census Bureau’s definition of Urban Area, Urban Cluster and Rural as shown in 

Table 2.  The resulting p value of 0.70 (Table 6) demonstrated that once again the null 

hypothesis cannot be rejected and that no statistical difference exists between these 

subsamples.  In this case, respondent’s location within an urban or rural setting had no 

bearing on whether they possessed a more robust understanding of the definition of a 

blizzard.   

4) SOURCES OF WEATHER INFORMATION 

 An interrogation of respondents’ sources of weather information was also 

performed to explore whether respondents who used certain sources of weather 

information were more likely to possess a higher level of understanding than other 

sources of weather information.  To do this, a single factor analysis of variance table was 

computed for each source of weather information (Tables 7-15).  There was no 

statistically significant difference between mean knowledge scores from one source of 

weather information to another at a 95% confidence interval.  Therefore, it cannot be 

determined whether or not certain sources of information correlated to higher knowledge 

scores.  

While there was no statistically significant difference at the 95% confidence 

interval, there were several correlations at lower confidence intervals.  For example, 

individuals that used newspapers as a source of weather information had a mean 
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knowledge score lower than individuals who did not at an 85% confidence interval 

(Table 13).  A slightly weaker correlation existed for those who used mobile devices as a 

source of weather information.  Respondents who used mobile devices to seek weather 

information were shown to score higher than those that do not at an 80% confidence 

interval (Table 14).  Overall, the source of weather information was not determined to 

influence whether or not an individual would demonstrate a higher level of understanding 

with regard to NWS Blizzard Warnings.   

Although the source of weather information was not shown to influence 

respondent’s knowledge scores, the number of sources a respondent used to acquire 

weather information was also tested.  Nearly all respondents indicated that they used 

more than one source to acquire weather information (see Fig. 15).   A correlation 

coefficient of .01 was obtained when testing respondent’s knowledge scores against the 

number of sources they used to receive weather information.  In the sample population 

used in this study, there was no correlation between the number of sources used to obtain 

weather information and an individual’s knowledge score. 

 The sample population was stratified numerous different ways to explore whether 

or not certain groups of people possessed a higher level of knowledge with respect to the 

technical NWS definition of a blizzard.  No matter how the sample population was 

stratified, no one group demonstrated better understanding than another.  Further, given 

the low knowledge scores across all stratifications and associated groups, it appears that 

overall understanding of the NWS technical definition of a blizzard is low. 
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a.) 

 

 

b.) 

 

 

Figure 3.  (a) Average bias in the estimate of the annual first date of snowfall across 

eight sampling groups, stratified with respect to their professional responsibilities.  A 

positive bias means that the group estimated a date later than the true climatological date.  

(b) Average error (that is, the absolute value of the difference between the estimate and 

the correct value) in the estimate of the date of the first snowfall.  In both panels, the error 

bars show +/- 2 standard deviations of the average.    
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a.) 

 

 

b.) 

 

 

Figure 4.  (a) Average bias in the estimate of the annual snowfall across eight sampling 

groups, stratified with respect to their professional responsibilities.  A positive bias means 

that the group over-estimated annual snowfall.  (b) Average error (that is, the absolute 

value of the difference between the estimate and the correct value) in the estimate of the 

annual snowfall.  In both panels, the error bars show +/- 2 standard deviations of the 

average.   
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a.) 

 

 

b.) 

 

 

Figure 5.  (a) Average bias in the estimate of the number of six-inch snowfall events 

across eight sampling groups, stratified with respect to their professional responsibilities.  

A positive bias means that the group estimated more six-inch snowfall than what was 

actually observed.  (b) Average error (that is, the absolute value of the difference between 

the estimate and the correct value) in the estimate of the number of six-inch snowfall 

events.  In both panels, the error bars show +/- 2 standard deviations of the average.    
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a.) 

 

 

b.) 

 

 

Figure 6.  (a) Average bias in the estimate of the number of blizzard events during the 

previous winter across eight sampling groups, stratified with respect to their professional 

responsibilities.  A positive bias means that the group over-estimated the number of 

blizzard that occurred.  (b) Average error (that is, the absolute value of the difference 

between the estimate and the correct value) in the estimate of the number of blizzard 

events in the previous winter.  In both panels, the error bars show +/- 2 standard 

deviations of the average.    
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a.) 

 

 

b.) 

 

Figure 7.  (a) Average bias in the estimate of the date of the first snowfall across three 

sampling groups, stratified with respect to population as defined by Census Bureau 

criteria.  A positive bias means that the group came up with a date that was later than the 

true climatological date.  (b) Average error (that is, the absolute value of the difference 

between the estimate and the correct value) in the estimate of the date of the first 

snowfall.  In both panels, the error bars show +/- 2 standard deviations of the average.   
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a.) 

 

 

b.) 

 

Figure 8.  (a) Average bias in the estimate of the annual snowfall across three sampling 

groups, stratified with respect to Census Bureau criteria.  A positive bias means that the 

participant came up with an estimate that was snowier than the true amount.  (b) Average 

error (that is, the absolute value of the difference between the estimate and the correct 

value) in the estimate of the annual snowfall.  In both panels, the error bars show +/- 2 

standard deviations of the average.   
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a.) 

 

 

b.) 

 

Figure 9.  (a) Average bias in the estimate of the number of six-inch snowfall events 

across three sampling groups, stratified with respect to population as defined by Census 

Bureau criteria.  A positive bias means that the group estimated more six-inch snowfall 

events than what was actually observed.  (b) Average error (that is, the absolute value of 

the difference between the estimate and the correct value) in the estimate of the number 

of six-inch snowfall events.  In both panels, the error bars show +/- 2 standard deviations 

of the average.   
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a.) 

 

 

b.) 

 

Figure 10.  (a) Average bias in the estimate of the number of blizzard events in the 

previous winter across three sampling groups, stratified with respect to population as 

defined by Census Bureau criteria.  A positive bias means that the group over-estimated 

the number of blizzard events that occurred.  (b) Average error (that is, the absolute value 

of the difference between the estimate and the correct value) in the estimate of the 

number of blizzard events in the previous winter.  In both panels, the error bars show +/- 

2 standard deviations of the average.   
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a.) 

 

 

b.) 

 

Figure 11.  (a) Average bias in the estimate of the date of the first snowfall for 2 groups, 

stratified with respect to how much weather information the participants use.  A positive 

bias means that the participant came up with an estimate that was later than the true date.  

(b) Average error (that is, the absolute value of the difference between the estimate and 

the correct value) in the estimate of the date of the first snowfall.  In both panels, the error 

bars show +/- 2 standard deviations of the average. 
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a.) 

 

 

b.) 

 

Figure 12.  (a) Average bias in the estimate of the annual snowfall for 2 groups, stratified 

with respect to how much weather information the participants use.  A positive bias 

means that the participant came up with an estimate that was snowier than the true 

amount.  (b) Average error (that is, the absolute value of the difference between the 

estimate and the correct value) in the estimate of the annual snowfall.  In both panels, the 

error bars show +/- 2 standard deviations of the average.  
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a.) 

 

 

b.) 

 

Figure 13.  (a) Average bias in the estimate of the number of 6-inch snowfall events for 2 

groups, stratified with respect to how much weather information the participants use.  A 

positive bias means that the participant came up with an estimate that was snowier than 

the true amount.  (b) Average error (that is, the absolute value of the difference between 

the estimate and the correct value) in the estimate of the number of 6-inch snowfall 

events.  In both panels, the error bars show +/- 2 standard deviations of the average.   
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a.) 

 

 

b.) 

 

Figure 14.  (a) Average bias in the estimate of the number of blizzard events in the 

previous winter for 2 groups, stratified with respect to how much weather information the 

participants use.  A positive bias means that the participant came up with an estimate that 

was snowier than the true amount.  (b) Average error (that is, the absolute value of the 

difference between the estimate and the correct value) in the estimate of the number of 

blizzard events in the previous winter.  In both panels, the error bars show +/- 2 standard 

deviations of the average. 
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Figure 15.  Number of sources plotted against knowledge scores showing the overall 

distribution of the sample.  No statistically significant correlation exists between these 

variables with a returned correlation coefficient of 0.01.   
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Urban Area (UA) Urban Cluster (UC) Rural (R)  

>50,000 Between 2,500 and 50,000 <2,500 

 

Table 2.  Census Bureau definitions of population size for Urban Areas (UA), Urban 

Clusters (UC) and Rural Areas (RA) 
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Decision-making Groups Knowledge Scores Variance 

Directors of Child Care Centers 4.27 1.07398 

School Superintendents 4.70 2.21236 

Street Superintendents 4.73 2.018182 

County Emergency Managers 4.70 2.115789 

County Highway Superintendents 4.73 1.92381 

EMTs and First Responders 4.77 1.980645 

Snow Removal Service Dispatchers 4.80 1.733333 

The General Public 4.65 1.272941 

 

Table 3.  All sampling groups are provided along with their associated knowledge score 

built as described in the composite variable methodology section.   
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SUMMARY 

    Groups Count Sum Average Variance 

Directors of Child Care Centers 49 209 4.265306 1.07398 

School Superintendents 90 423 4.7 2.21236 

Street Superintendents 11 52 4.727273 2.018182 

County Emergency Managers 20 94 4.7 2.115789 

County Highway Superintendents 15 71 4.733333 1.92381 

EMTs and First Responders 31 148 4.774194 1.980645 

Snow Removal Service 

Dispatchers 10 48 4.8 1.733333 

The General Public 51 237 4.647059 1.272941 

 

ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 8.267775 7 1.181111 0.669682 0.697685 2.043708 

Within Groups 474.4326 269 1.76369 

   

       Total 482.7004 276         

 

Table 4:  ANOVA tables explaining variation in the knowledge scores associated with 

various groups sampled. 
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SUMMARY 

    Groups Count Sum Average Variance 

Professionals 226 1045 4.623894 1.86236 

The General 

Public 51 237 4.647059 1.272941 

 

ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.022329 1 0.022329 0.012722 0.91028 3.875495 

Within Groups 482.678 275 1.755193 

   

       Total 482.7004 276         

 

Table 5:  ANOVA tables explaining variation in the knowledge scores associated with 

all decision-making professionals and the general public. 
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SUMMARY 

    Groups Count Sum Average Variance 

Urban Cluster 86 392 4.55814 1.89658 

Urban Area 67 317 4.731343 2.199457 

Rural 120 551 4.591667 1.403291 

 

ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 1.250237 2 0.625118 0.356558 0.700411 3.029218 

Within Groups 473.3651 270 1.753204 

   

       Total 474.6154 272         

 

Table 6:  ANOVA tables explaining variation in the knowledge scores associated with 

all individuals in urban clusters, urban areas, and rural areas. 
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       SUMMARY 

     Groups Count Sum Average Variance 

  No 13 61 4.692308 1.730769 

  Yes 264 1221 4.625 1.756179 

  

       

       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.05613 1 0.05613 0.031982 0.858199 3.875495 

Within Groups 482.6442 275 1.75507 

   

       Total 482.7004 276         

 

Table 7: ANOVA table explaining variation in knowledge scores with respect to whether 

or not the respondent uses local TV as a source of weather information. 
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SUMMARY 

     Groups Count Sum Average Variance 

  No 115 528 4.591304 1.699924 

  Yes 162 754 4.654321 1.792807 

  

       

       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.267081 1 0.267081 0.152244 0.696703 3.875495 

Within Groups 482.4333 275 1.754303 

   

       Total 482.7004 276         

 

Table 8: ANOVA table explaining variation in knowledge scores with respect to whether 

or not the respondent uses cable TV as a source of weather information. 
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SUMMARY 

     Groups Count Sum Average Variance 

  No 119 555 4.663866 2.021649 

  Yes 158 727 4.601266 1.553374 

  

       

       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.265992 1 0.265992 0.151622 0.697291 3.875495 

Within Groups 482.4344 275 1.754307 

   

       Total 482.7004 276         

 

Table 9: ANOVA table explaining variation in knowledge scores with respect to whether 

or not the respondent uses radio as a source of weather information. 
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SUMMARY 

     Groups Count Sum Average Variance 

  No 150 688 4.586667 1.505861 

  Yes 127 594 4.677165 2.045744 

  

       

       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.563248 1 0.563248 0.321264 0.571311 3.875495 

Within Groups 482.1371 275 1.753226 

   

       Total 482.7004 276         

 

Table 10: ANOVA table explaining variation in knowledge scores with respect to 

whether or not the respondent uses a NOAA Weather Radio as a source of weather 

information. 
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SUMMARY 

     Groups Count Sum Average Variance 

  Column 1 81 377 4.654321 1.654012 

  Column 2 196 905 4.617347 1.796415 

  

       

       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.078353 1 0.078353 0.044646 0.832813 3.875495 

Within Groups 482.622 275 1.754989 

   

       Total 482.7004 276         

 

Table 11: ANOVA table explaining variation in knowledge scores with respect to 

whether or not the respondent uses free weather websites as a source of weather 

information. 
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SUMMARY 

     Groups Count Sum Average Variance 

  No 248 1146 4.620968 1.661421 

  Yes 29 136 4.689655 2.578818 

   

 

 

      ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.122497 1 0.122497 0.069806 0.791818 3.875495 

Within Groups 482.5779 275 1.754829 

   

       Total 482.7004 276         

 

Table 12: ANOVA table explaining variation in knowledge scores with respect to 

whether or not the respondent uses paid weather websites as a source of weather 

information 
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SUMMARY 

     Groups Count Sum Average Variance 

  No 214 1004 4.691589 1.904436 

  Yes 63 278 4.412698 1.181772 

  

       

       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 3.78566 1 3.78566 2.173783 0.141524 3.875495 

Within Groups 478.9147 275 1.741508 

   

       Total 482.7004 276         

 

Table 13: ANOVA table explaining variation in knowledge scores with respect to 

whether or not the respondent uses newspapers as a source of weather information 
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SUMMARY 

    Groups Count Sum Average Variance 

 No 163 740 4.539877 1.657351 

 Yes 114 542 4.754386 1.868343 

 

      

      ANOVA 

     Source of 

Variation SS df MS F P-value 

Between Groups 3.086756 1 3.086756 1.769879 0.184499 

Within Groups 479.6136 275 1.744049 

  

      Total 482.7004 276       

 

Table 14: ANOVA table explaining variation in knowledge scores with respect to 

whether or not the respondent uses a mobile device as a source of weather information 
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SUMMARY 

     Groups Count Sum Average Variance 

  No 169 777 4.597633 1.872852 

  Yes 108 505 4.675926 1.566892 

  

       

       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.4039 1 0.4039 0.230299 0.631683 3.875495 

Within Groups 482.2965 275 1.753805 

   

       Total 482.7004 276         

 

Table 15: ANOVA table explaining variation in knowledge scores with respect to 

whether or not the respondent uses word of mouth as a source of weather information 
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4.  Conclusions and future work 

The goal of this study was to thoroughly examine the perceptions associated with 

blizzards and Blizzard Warnings within the survey domain across the diverse user groups 

which utilize NWS information with regularity.  The survey was designed such that data 

could be collected on respondent’s knowledge of local winter weather climatology, where 

they receive weather information, and general understanding of what constitutes a 

Blizzard Warning as defined by the NWS.  Relationships could therefore be developed 

between data sets and analyzed to see if patterns emerged with respect to blizzard 

knowledge across various stratifications of the respondents.  Identifying the patterns and 

perceptions associated with Blizzard Warnings will help the NWS more effectively 

communicate the hazards associated with severe winter weather to its end-users. 

The respondents were asked a series of questions relating to the weather and local 

winter weather climatology of their respective areas to gauge their familiarity with these 

values along with how the knowledge of these variables varied across user groups and 

also several stratifications of the data.  It was clear that when respondents were stratified 

by professional responsibility, there was no indication that any one group was 

consistently more knowledgeable than another of local climatology - such as when the 

annual first date of snowfall typically occurs.  However, patterns did emerge when all 

groups were looked at as a whole.  There was a recurring pattern in respondents’ answers 

with regard to variables where they were forced to estimate the number of times a 

weather event occurred (such as a six-inch snowfall or blizzard).  The survey was 

designed such that respondents were forced to recall weather events from the winter 
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previous to when the survey was administered.  This methodology was employed in an 

attempt to elicit the perceptions of how many times these weather events occurred in 

comparison to how many actually occurred.  A general over-estimation was observed 

when respondents were asked how many six-inch snowfalls occurred during the previous 

winter along with how many times blizzard conditions were observed during the previous 

winter.  The most interesting aspect of this pattern is the over-estimation of the number of 

blizzard events that occurred across the survey domain during the winter of 2010.  In 

general, respondents remembered a more severe winter than what was actually observed 

which potentially speaks to how impactful it was on the respondents.  Respondents’ 

answers were compared to Stormdata which catalogs the number of blizzard events per 

county.  A potential explanation for this disparity between respondents’ recollections of 

the events and the observed number of blizzards per county is that the perception of what 

constitutes a blizzard differs from the technical definition used by the NWS to classify 

blizzards.   

Respondents were not only stratified by profession, but also by population using the 

Census Bureau criteria as outlined in Table 2.  The same survey questions (Q2-5) were 

analyzed using this stratification which uncovered potentially significant differences 

between how blizzards are perceived in urban and rural environments.  Once again, the 

most interesting result was found when responses from Q5, asking respondents to recall 

the number of blizzard events during the previous winter, were analyzed.  Once again, all 

groups over-estimated the number of blizzard events that occurred.  The estimates of both 

UAs and UCs were very similar with an overestimation around 1.5 blizzard events.  

Interestingly, RAs over-estimated the number of blizzard events by nearly double this 



62 
 

amount at just over 3 events.  The positive bias demonstrated by RAs was determined to 

be statistically different than both UAs and UCs at a 95% confidence interval.  This is a 

significant over-estimation when conceptualized by the fact that blizzards are rare events 

by climatological standards.  This result potentially suggests that rural populations 

perceive more blizzard events than urban populations do.  A potential physical influence 

behind this result is that surface roughness prevents blizzard criteria from being reached 

as often in UAs and UCs as compared to RAs where friction is less and snow is more 

easily lofted restricting visibility.  This finding further suggests that impacts on residents 

are likely more significant in rural areas.  It may be beneficial to explore further how 

threats associated with Blizzard Warnings are communicated given the perceived 

differences in impacts across population sizes. 

While eliciting the perceptions of blizzards held by decision-makers was one of the 

main goals of this research, another goal was assessing how knowledge and 

understanding of a Blizzard Warning varied within the NWS’ user base.  It was 

hypothesized that a knowledge gap exists between the NWS and its users with respect to 

what constitutes a blizzard.  To explore this concept, a composite variable was built to 

quantify the understanding possessed by the respondents.  Because the NWS’ definition 

of a Blizzard Warning is technical in nature, the knowledge score was created to reflect 

this.  The survey instrument was designed to not only force respondents to demonstrate 

understandings of what the individual components of a Blizzard Warning are, but to also 

be able to quantify them.  The validity of the question was enhanced by also forcing 

respondents to rule out variables that are not part of the NWS’ technical definition.  A 

low score of zero represents a respondent showing no understanding of a blizzard and a 
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high score of 10 represents a high level of understanding of a Blizzard Warning.  The 

overall knowledge score represents the respondent’s ability to identify the components of 

a Blizzard Warning and also the numerical values associated with the components. 

Respondents were again stratified several different ways, not all of which will be 

discussed in this section.  In examining respondents when stratified by profession, snow 

removal service dispatchers scored the highest while directors of child care centers scored 

lowest.  There was no clear pattern to the scores and no two scores were determined to be 

statistically different from one another.  This is an important finding in itself as groups 

such as emergency managers were no more skillful in identifying the components and 

numerical criteria of a Blizzard Warning than the general public.  The range of mean 

knowledge scores across all professional groups ranged from 4.27 to 4.80.  This indicates 

a general lack of understanding of Blizzard Warning criteria across all groups sampled in 

the study.  The sample of the general public performed as well as any professional group 

sampled.  To test the idea that professionals who used NWS information regularly would 

score higher than the general public, all professional groups were aggregated and tested 

against the sample of the general public.  Mean knowledge scores from the professionals 

and general public were 4.62 and 4.65, respectively.  While the scores were not 

determined to be statistically different, this result further affirms that professional user 

groups do not possess a greater understanding of a Blizzard Warning than the general 

public. 

The data set was again stratified by population as defined by the Census Bureau to 

interrogate whether urban and rural settings were a predictor in respondents having a 
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higher or lower understanding of a Blizzard Warning.  Once again, it was determined that 

no two knowledge scores were statistically different from one another.  Similar to other 

stratifications, knowledge scores were similarly low and further indicate that blizzard 

knowledge is low across all respondents. 

It was also examined whether or not sources of weather information that individuals 

use were associated with higher levels of understanding of a Blizzard Warning.  For 

example, it could be hypothesized that a more weather-savvy end-user who uses a NOAA 

Weather Radio as a source of weather information would also have a higher knowledge.  

However, it was determined that no such relationship exists and no one source of weather 

information was indicative of a respondent or group of respondents scoring higher or 

lower.   

Respondents were stratified numerous ways in an attempt to isolate patterns that 

could potentially exist within the sample population with respect to blizzard knowledge.  

The central finding from this research is that the understanding of an NWS Blizzard 

Warning is low across all user groups who participated in this study.  While this study 

certainly only represents a small fraction of the larger NWS user base, it captures the 

diversity of the user base well.  No matter how the respondents were stratified, the only 

pattern that emerged was that poor understanding of the technical definition of what 

constitutes a Blizzard Warning currently exists.  This is significant in the fact that it 

highlights a potential deficiency in the communication of the threats associated with a 

blizzard across a large and diverse user-group.  While the study would need to be 
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expanded in size and scope to say with definitiveness that this is the case, it provides 

future studies with a place to begin. 

 One of the larger findings of the present research is that general knowledge of the 

technical definition of the NWS Blizzard Warning is low.  The methodology used by this 

research was rigorous in that it forced respondents to not only identify the components of 

a Blizzard Warning, but also quantify the values used in the definition.  The overall 

knowledge score takes into account both of these aspects of the NWS definition which 

includes respondents’ answers from Q10-17 on the survey.  While comprehensive, this 

methodology does not shed insight into the patterns associated with respondent’s 

knowledge.  It would be beneficial to know the components of the definition that are 

understood and the components that are not, both across and within the sample 

populations.  This would provide actionable information for interested parties to 

potentially improve how the threats associated with blizzards are communicated. 

 Given the large dataset collected through the survey instrument, opportunity 

exists to expand the scope of the analysis to examine subsets of the data that were not 

explored.  Of particular interest is Q20 which provides respondents with a list of 

statements about the NWS or Blizzards Warnings and uses a Likert scale to measure 

respondent’s positive or negative response to the statement.  Further exploration into 

sources of weather information is also a potential area to expand the study.  While 

information was gathered with respect to general sources of weather information, such as 

“subscription-based websites,” it would be beneficial to know which websites were being 

used.   
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 In general, this study was broad-scale in that it attempted elicit perceptions 

associated with Blizzard Warnings to provide focus for future research.  One of the more 

interesting relationships that emerged was the difference between the number of blizzards 

observed during the harsh winter of 2010 between rural and urban environments.  

Respondents in rural areas estimated more blizzards to have occurred during the harsh 

winter of 2010 than respondents in urban environments using the Census Bureau criteria 

for Urban Area, Urban Cluster and Rural Area.   This difference was determined to be 

statistically different and provides a concrete starting point for future research to 

specifically examine this relationship.  If there is indeed a perceived difference between 

populations in rural and urban environments with respect to how often blizzard 

conditions occur, this could indicate that the communication of the threats occurring 

within these environments needs adapted to reflect this.  A more focused study on this 

relationship needs to be conducted to determine that this is the case. 
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