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Heading for Higher Ground: Factors Affecting Real and  

Hypothetical Hurricane Evacuation Behavior 

 

Abstract 

The purpose of this paper is to assess the determinants of hurricane evacuation behavior 

of North Carolina coastal households during Hurricane Bonnie and a future hypothetical 

hurricane. We use data from a telephone survey of North Carolina coastal residents. 

Hypothetical questions are used to assess whether respondents will evacuate and where in 

the case of a future hurricane with varying intensities. We examine the social, economic, 

and risk factors that affect the decisions to evacuate and whether to go to a shelter or 

motel/hotel relative to other destinations. When making the evacuation decision 

households are more likely to go someplace safer during a hurricane when given 

evacuation orders. Objective and subjective risk factors also play an important role when 

making evacuation decisions. Social and economic factors are the primary determinants 

of the destination decision.
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Introduction 

 Until 1996 Hurricane Hazel (1954) was the benchmark storm used by most North 

Carolinians to gauge the severity of the adverse impacts to life and property inflicted on 

the coast state by natural disasters. The convergence of two trends have transformed that 

perception and led to a heightened perception of vulnerability along the coast and inland 

throughout the entire coastal plain. First, after over 40 years without a serious Hurricane 

strike, the North Carolina coast has suffered five major hurricane landfalls during the last 

four storm seasons – Bertha and Fran in 1996, Bonnie in 1998, and Dennis and Floyd in 

1999.  For a variety of climatic reasons, most predictions are that such increased 

hurricane activity will continue into the foreseeable future (Gray, 1999). Yet, hurricanes 

are disasters only to the extent that they threaten populations and property.  Thus, the 

second trend causing eastern North Carolina’s increased vulnerability to repetitive 

weather events is the explosive development and population density especially in its eight 

ocean counties that has occurred in the post-Hazel period.   

Coastal zones are experiencing tremendous development and population pressures 

worldwide and the U.S. is no exception.  Between 1960 and 1990 coastal population 

density in the United States increased by 45% from 275 to 400 persons per square 

kilometer (Population Reference Bureau, 1993). Nationally about 55-60% of the 

population resides in counties adjacent to the Atlantic, Pacific or Gulf coasts, with about 

75% of the population projected to do so by 2025 (Hinrichsen, 1998). While coastal 

North Carolina remained relatively undeveloped through the sixties and seventies, rapid 

development and population growth has been the defining phenomenon in the region in 

recent years. With the exception of Hyde and Onslow, North Carolina’s ocean counties 
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experienced anywhere from a near doubling to quadrupling of population since the 

1970s. During the nineties, the most dramatic growth is seen in Brunswick (32% since 

1990), Currituck (24%), Dare (24%), and New Hanover (25%) counties.  These patterns 

compare with about 14% overall growth in the state during the nineties, and comparably 

modest growth in other counties in eastern North Carolina (east of Interstate 95). Thus, 

during the nineties, five of the ocean counties (Brunswick, Currituck, Dare, New 

Hanover, Pender) grew at a much more rapid rate than the state as a whole; one, Carteret, 

grew at the same rate; and two (Hyde and Onslow) had negative growth.  

This trend toward increased coastal development and population shows no signs 

of abating, and in years to come North Carolina may well outpace the national average in 

this race to the coast. The relatively recent transformation from sparsely populated 

agricultural and fishing communities to concentrated coastal development, higher 

property values, and increased population density has created a situation in North 

Carolina where storms need not occur more frequently to cause substantially more 

damage than in the past.  Moreover, because much of the new residential and commercial 

development has occurred in locations with a demonstrably higher risk of severe storm 

impact, the region has been caught ill-prepared for the level of risk it now faces from 

repetitive weather related natural hazards.   

It is with this background that at 2:00 p.m. Wednesday, August 26 Hurricane 

Bonnie made landfall on the coast of North Carolina near Cape Fear, 20 miles south of 

Wilmington. During the next two days Bonnie wove its way up the North Carolina coast, 

and then took a northwesterly course. At landfall Bonnie was a low Category 3 storm and 

quickly diminished to a Category 1. Much of coastal North Carolina experienced Bonnie 
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as a tropical storm (Avila, 1998). 

Three out of four North Carolina coastal households did not evacuate for 

Hurricane Bonnie.  Prior research indicates that about one household in two evacuates 

when confronting a major disaster (Drabek, 1986: 103-05) with typical evacuation rates 

as high as 83% among those at high risk from a major hurricane (Baker, 1991).  By 

comparison the 26% evacuation rate for Bonnie appears to be low and is probably linked 

to Bonnie’s rapid weakening to tropical storm status. Indeed, over two-thirds did not feel 

Bonnie posed a serious enough threat to merit evacuation (Maiolo, et al. 1999).  Other 

considerations informed decisions to evacuate or not. More than half of those who did 

evacuate cited the perceived risk to them personally or to their family posed by the 

approaching storm.  By contrast some stayed at home to look after their property and 

pets, or for work-related reasons. A small percentage wanted to evacuate, but did not do 

so because they were unsure about where to go. Only about one coastal resident in eight 

reported that the decision to evacuate was a difficult one to make, while the vast majority 

reported making that decision easily (Maiolo, et al. 1999).  

Our analysis here will identify factors that influenced coastal North Carolina 

households to evacuate or not for Hurricane Bonnie and examine how future evacuation 

decisions would be affected by storms of varying intensities. Specifically this paper will 

model the decision process of households during a hurricane threat and compare this to 

future household evacuation behavior. We examine the likelihood of household 

evacuation using data from a survey of North Carolina coastal residents (Maiolo, et al. 

1999). Previous research suggests that individuals believe that storm severity will affect 

their evacuation decisions; however, no research has systematically assessed what factors 
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affect evacuation decisions at different levels of storm severity. Hypothetical questions 

are used to assess whether respondents would evacuate and where in the case of future 

hurricanes with varying intensities. We examine the social, economic, and risk factors 

that affect the decisions to evacuate and whether to go to a shelter, motel/hotel, the homes 

of friends/family, or to other destinations.   

Literature Review 

Baker (1991) and Gladwin and Peacock (1997) review recent empirical studies of 

hurricane evacuation focusing on household behavior and assessing possible predictors of 

evacuation. Our review relies extensively on their work.  Research in this area suggests 

that individuals make evacuation decisions in a context of varying levels of actual and 

perceived risk, and social and economic constraints.  While some research has been 

conducted on factors that affect evacuation destinations, less is known in this area. 

While Dow and Cutter (1997) find no differences in factors such as age, race, 

gender, and past experience between evacuees and non-evacuees, other research suggests 

that social and economic factors do affect evacuation decisions. Household size and 

presence of elders or children decreased the probability of evacuation during Hurricane 

Andrew in Florida (Gladwin and Peacock, 1997). Gladwin and Peacock (1997) also 

examined race-ethnic differences in evacuation with mixed results, finding that black and 

Hispanic households were less likely to evacuate than whites in limited models including 

demographic and household attributes, but excluding indicators of objective and 

perceived risk. With risk indicators included there were no race-ethnic differences, yet in 

a related analysis limited to households living in an evacuation zone African American 

households were less likely to evacuate than whites (1997:70).  By contrast, income is 
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positively associated with evacuation (Gladwin and Peacock, 1997), as is education 

(Maiolo et al., 1999). 

While some demographic and socioeconomic patterns in evacuation behavior 

have been found, Dow and Cutter (1997) find that the strongest determinants of 

evacuation behavior are tied to personal risk perception.  In general, those who do not 

feel safe staying at home tend to evacuate, while those who do feel safe tend not to. 

Housing is a risk proxy used by both households and emergency managers.  For example, 

residents of multi-unit buildings are less likely to evacuate than those living in single-

family dwellings, who often remain to protect their property (Gladwin and Peacock, 

1997). Moreover, mobile home owners are more likely to evacuate than other housing 

groups and evacuation information is often targeted directly at this group (Baker, 1991).  

Since housing is strongly associated with economic status, analyses examining the effect 

of each individually may not be able to single out whether economic constraints or 

housing type has the more salient impact on individuals’ decisions. 

The dissemination of evacuation orders is another important factor in the 

evacuation decision (Baker, 1991). During Hurricane Frederick (1979), 63% of the 

residents of Mobile, Alabama evacuated after being ordered to do so.  Out of those who 

heard from public officials that they should evacuate, 84% left; of those who did not hear 

but were under an evacuation order, only 20% did so. Response to Hurricane David 

(1979) also followed this pattern in Miami Beach, Florida, where the difference was 88% 

to 8%.  Gladwin and Peacock suggest that personally receiving evacuation information 

from friends, relatives, neighbors or authorities, rather than simply relying on the media 

would make one more likely to evacuate. Their analysis of evacuations for Hurricane 
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Andrew finds that households who were personally told to evacuate by such non-media 

sources were more likely to evacuate in a limited model of evacuation predictors, but this 

association was reduced to non-significance after demographic measures and housing 

type were included (1997: 68).  

Results of a survey by Dow and Cutter (1997) suggest that households are making 

use of the information disseminated by mass media.  There was more reliance on the 

forecast of the storm itself, than on what other households were doing.  The role of media 

coverage in the decision-making process varied, however, with its timing, personal 

relevance, and credibility.  In general, most information-related variables tend to have 

little or no association with the evacuation decision.  Baker (1991) cites the following as 

examples: households’ primary source of news information, the source of initial 

information, the attention devoted to monitoring the storm, confidence in hurricane 

forecasts, and the recall of forecast information.  

Some researchers have found that length of residence in a hurricane-affected area 

is negatively related to the likelihood of evacuation (Gladwin and Peacock, 1997). Yet, 

overall the literature shows no clear correlation between hurricane zone tenure and 

evacuation decisions.  Because of lack of experience in a specific area or with hurricanes 

generally newcomers may misjudge the destructive potential of approaching storms. 

Some newcomers may under-estimate the risk of an approaching hurricane out of 

ignorance and lack of experience. Other newcomers may well over-estimate their actual 

risk for similar reasons.  Along the same lines, long-term residents tend to have more 

hurricane experience than newcomers, suggesting more accurate perceptions of risk. 

However, they are also more likely to have experienced “false alarms” which are thought 
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to make them less likely to evacuate without incontrovertible evidence that the intensity 

of the current storm poses a more substantial threat than those previously experienced. 

Yet, no consistent relationship has been documented for whether or not individuals who 

have had a “hurricane experience” are more likely to evacuate.  

Dow and Cutter (1997) assess the impact of false alarms on the credibility of 

emergency managers and household evacuation decisions. They performed a survey of 

residents of Hilton Head and Myrtle Beach, S.C. and Wilmington, N.C. to examine the 

"crying wolf" effect.  The survey included three specific questions that individuals were 

asked to consider.  Were there any differences in their evacuation responses for 

Hurricanes Bertha and Fran?  Was there an action or a specific piece of information that 

convinced them to evacuate, and did this vary between the two hurricanes?  What was the 

major source of “reliable” information influencing the decisions to evacuate and did this 

differ in the two hurricane events?  Of the respondents 39% evacuated for both 

hurricanes, 37% stayed home for both, 21% did not evacuate for Bertha but evacuated for 

Fran. Dow and Cutter found a significant reduction in the credibility of government 

officials and emergency managers from Fran to Bertha, so much so that they were, in 

many cases, irrelevant in the households’ decision. More weight might be placed on 

whether or not an individual has had a recent hurricane experience, or if they have had a 

“false alarm.”   

Clearly, perceptions of risk related to varying storm intensities appear to be a key 

factor in evacuation behavior. Consequently hurricane researchers have used hypothetical 

scenarios in which survey respondents are asked what they would do if confronted with 

storms of greater or lesser severity.  Peacock and Gladwin (1992) conducted a survey of 
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1300 households throughout Dade County, Florida, three to four months after Hurricane 

Andrew.  The survey included a hypothetical question used to examine household 

response in the case of a future hurricane. The critical question asked the respondent to 

consider the approach of a future hurricane. They gave households the following options: 

"stay home," "go to safer building," "leave the area entirely," "depends on the strength of 

the storm," and "don’t know."  Almost half (47%) of the sample reported that it would 

depend on the strength of the storm. The remaining respondents were split almost entirely 

between "stay home" (22%), and "leave the area entirely" (21%).  

Their results were compared with a survey that the Institute of Public Opinion 

Research (IPOR) at Florida International University has conducted annually on the entire 

state of Florida.  The IPOR poll was conducted in October, immediately following 

Hurricane Andrew, while the Dade County survey was conducted in December.  

Individuals in the IPOR poll were asked what they would do if a hurricane like Andrew 

were to strike their area. They were given the same options as individuals in the Dade 

County survey excluding the "depends on storm severity" option.  The IPOR poll 

produces much higher percentages of individuals who would leave the area.  The timing 

of the survey, and the nature of the question (dropping the "depends on storm severity" 

option), may account for some of this difference, as well as the scope of the sample 

(entire state of Florida vs. Dade County alone).  

Dow and Cutter also examined the hypothetical behavior of respondents in the 

case of a future hurricane. The largest portion (48%) reported that their evacuation 

decision would “depend,” referring predominantly to the severity of the storm.  The next 

largest group (21%) reported that they would not evacuate with a future hurricane threat.  
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Of these individuals, only 2% stated that it was because of past “false alarms" and 81% of 

them did not evacuate in either Bertha or Fran.  

This review suggests several generalizations about household behavior during a 

hurricane threat.  Household residence, as a measure of hurricane risk, is one of the best 

predictors of the evacuation decision. Wording and dissemination of evacuation advice 

and orders is another important factor in the household decision to evacuate. “Recent” 

hurricane experiences and “false alarms” seem to be factors that affect the credibility of 

government warnings and evacuation orders.  Some demographic and socioeconomic 

factors appear to affect evacuation decisions; however, it is unclear to what extent these 

patterns might be related to objective and subjective risk.  

Most disaster research takes a case study approach. Yet, previous research 

suggests that the severity of storms matters to individuals’ decisions. From the case study 

research reviewed here we cannot conclude to what extent it does matter, and how the 

factors that effect evacuation decisions might vary across storms of different severities.  

The analysis of hypothetical storm scenarios presented below goes beyond previous 

evacuation research to systematically assess the impact of varying storm intensities on the 

likelihood of evacuation.   

Survey Design 

The data for this analysis comes from a January 1999 telephone survey of North 

Carolina residents who were affected by Hurricane Bonnie in the summer of 1998 

(Maiola, et al. 1999).  The survey used a random digit dial sample of households in the 

eight North Carolina ocean counties: Brunswick, Carteret, Currituck, Dare, Hyde, New 

Hanover, Onslow, and Pender. Of the households contacted, 76% completed the 
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interview. The original data has 1029 cases. Cases with missing values on key variables 

were deleted from the sample leaving 895 cases. 

Respondents were asked if they left their home for someplace safer during 

Hurricane Bonnie, how far they drove, and whether they went to a hotel/motel, public 

shelter, the home of friends or family or somewhere else. Respondents were then told that 

Bonnie was a category 3 storm and asked hypothetical questions concerning a future 

hurricane with a randomly assigned hurricane storm intensity based on the Saffir-

Simpson Hurricane Scale (National Hurricane Center, 1999). Given a hurricane watch 

and randomly assigned storm intensity, respondents are asked if they would evacuate 

their home. If they say no, the second hypothetical question asks if they would evacuate 

if they were issued a voluntary evacuation order. If they say no, the third question asks if 

they would evacuate given a mandatory evacuation order. Finally, if they still say no, the 

fourth question asks if they would evacuate given a hurricane warning. If the respondent 

states that they would evacuate, they are then asked the number of miles they would drive 

and whether they would go to a hotel/motel, public shelter, the homes of friends or family 

or something else. 

Measures 

We assess the effects of social, economic, and risk variables on evacuation 

decisions under these randomly assigned storm severities and with varying evacuation 

recommendations (Table 1). Objective hurricane risk variables include whether the 

respondent received a voluntary or mandatory evacuation order during Bonnie and 

whether they lived in a mobile home. Evacuation orders measure information received by 

households that suggest they are in a high hurricane risk area. Sixteen percent of the 
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sample received a voluntary evacuation order during Bonnie. Fourteen percent of the 

sample received a mandatory evacuation order. Residents of mobile homes face greater 

risk because of the instability of the structure when faced with strong winds. Fifteen 

percent of the sample lives in mobile homes.  

In addition to these objective risk measures we include two variables that measure 

perceived risk from hurricane force winds and flooding. These variables are equal to one 

if the perceived risk is "medium" or "high" and equal to zero if perceived risk is "low." 

Eighty one percent perceive their wind risk to be medium or high while 42% perceive 

their flood risk to be so.  

Social and economic factors include income, education, pet ownership, 

race/ethnicity, and sex.  Household income is measured in 1999 dollars. Average annual 

household income is $42,250. Education is measured in number of years.  Average 

education is almost 14 years. Pet ownership is coded 1 if the respondent had a pet in the 

household, 0 if not.  Two-thirds of the sample has at least one pet. Since pets are not 

allowed in most shelters or motels, the existence of a pet acts as a constraint on 

evacuation behavior and we expect its effect on evacuations to be negative. The variable 

“white” indicates whether the respondent is white or nonwhite. Eighty-four percent of the 

sample is white. “Female” indicates whether the respondent is female or male. Sixty-two 

percent of the sample is female. Other variables were included in preliminary models, 

including neighborhood effects, information sources, and hurricane experience, but were 

dropped due to a lack of statistical significance or multicollinearity (Maiolo, et al. 1999).  

Empirical Models 

In order to examine the magnitude and direction of independent variables on the 
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evacuation decisions we use a logit and multinomial logit regression models. The logit 

model is a choice probability model that uses the evacuation decision as the dependent 

variable. A choice of an evacuation is coded as 1 and a choice of no evacuation is coded 

as zero. The probability of evacuation is then estimated as 

X
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where α is a vector of regression coefficients and X is a vector of independent variables 
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Where the k = 3 destinations are: j is equal to 0 if friends or family or other, 1 if 

motel/hotel, and 2 if shelter. The coefficients for the base case destination, 

friends/family/other, are normalized to β0 = 0. The multinomial logit model produces 

coefficient vectors for both alternative choices (Greene, 1997). In both logit models the 

exponential of the coefficient estimates can be interpreted as the odds ratio of the 

independent variables. 

Empirical Results 

Twenty-six percent of households evacuated during Hurricane Bonnie (Table 1). 

Combining all storm scenarios, thirty-five percent of households state that they would 

evacuate during a hurricane watch (Table 2). Sixteen percent of those respondents 

hypothetically remaining in their homes state they would evacuate if a voluntary 
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evacuation order were given. Fifty-three percent of those respondents hypothetically 

remaining in their homes after the voluntary order would evacuate if a mandatory 

evacuation order were given. Only a small percentage of the remaining respondents 

would evacuate during a hurricane warning. We do not consider this response in the 

remainder of the paper.  

When asked the hypothetical questions, individuals responded in the expected 

way with respect to storm intensity (Table 2). Those who faced a stronger hypothetical 

storm as measured by the Saffir-Simpson Hurricane Scale were more likely to evacuate.  

For those faced with a category 1 hurricane, 19% stated that they would evacuate under a 

hurricane watch. An additional 14% of those remaining would evacuate given a voluntary 

evacuation order. An additional 47% would evacuate given a mandatory evacuation 

order. The evacuation frequencies are increasing in storm intensity (down the rows). The 

marginal evacuation frequencies are positive with increasing risk information (across the 

columns). 

Most households that evacuated during Hurricane Bonnie went to stay with 

friends or family (Table 3). Sixteen percent went to a hotel/motel. Five percent went to 

shelters and 8.5% went or did something else. The hypothetical evacuation destinations 

are similar. Most respondents state that they would go to stay with friends or family. The 

percentage going to friends or family is about 10% less than in the revealed evacuations. 

Almost one-fourth state that they would go to a hotel/motel while only 12% would go to 

a shelter. Four percent would go someplace or do something else.  

Evacuation Choice 

The logit model results indicate that several factors affect evacuation during 
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Hurricane Bonnie (Table 4). The vector of coefficients is jointly significantly different 

from zero according to the Model χ2 statistic. The model predicts almost 80% of the 

evacuations correctly. The coefficients on the voluntary and mandatory evacuation order 

variables are statistically different from zero at the .01 level. Individuals who received a 

voluntary evacuation order were almost three times more likely to evacuate than those 

who did not receive an order. Those who received a mandatory evacuation order were 

almost eight times more likely to evacuate.   

Flood risk and mobile home residence were both significantly different from zero 

at the .05 level.  Households with higher perceived flood risk were almost twice as likely 

to evacuate than those without, increasing with the level of flood risk.  Mobile home 

residents were almost seven times more likely to evacuate than other residents. The 

coefficients on income and education are not significantly different from zero. White 

individuals were more likely to evacuate than all other racial groups. Households with 

pets were less likely to evacuate. 

Next we estimate factors that affect the hypothetical evacuation decisions under a 

hurricane watch, with a voluntary evacuation order, and with a mandatory evacuation 

order (Table 4). The sample size for the hurricane watch scenario is equal to the sample 

size for the Hurricane Bonnie model. In the evacuation order models we consider only 

those who were asked the specific question. That is, in the voluntary (mandatory) 

evacuation order model we exclude households who state that they will evacuate under a 

hurricane watch (voluntary evacuation order). Since we randomly vary the storm 

intensity across respondents we include four dummy variables for storm intensity with 

the category 3 storm as the omitted variable.  
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 The logit model results indicate that several factors will affect future evacuation 

behavior under a hurricane watch (Table 4). The vector of coefficients is jointly 

significantly different from zero according to the Model χ2 statistic. The model predicts 

almost 73% of the evacuations correctly. Residents of mobile homes are almost five 

times more likely to evacuate than others. Households who perceive their flood risk to be 

medium or high are more than twice as likely to evacuate. Households with pets are 

slightly less than twice as likely to not evacuate than others. The other variables in the 

model are not significantly different from zero.  

Storm intensity is a strongly significant predictor of evacuation under a hurricane 

watch. Relative to a category 3 storm, households who are faced with a category 1 storm 

are more than twice as likely to not evacuate. Households that are faced with a category 2 

storm are less than twice as likely to not evacuate when compared to category 3 

households. When comparing category 1 and category 2 households, category 2 

households are less likely to evacuate than category 1 households, which is an 

unexpected result. However, the two coefficients are not significantly different from each 

other (χ2 = .70[1 df]). When faced with category 4 and 5 storms, households are more 

than twice and five times as likely to evacuate relative to households faced with a 

category 3 storm. This difference in odds ratios is significantly different from zero (χ2 = 

10.22[1 df]). 

Next, the hypothetical evacuation decision of all those who decide to stay in their 

homes with the approaching hypothetical storm is estimated with a voluntary order. The 

overall model is not significantly different from zero. Only the female variable is 

significantly different from zero and of the other variables only the category 5 variable 



 17 

approaches statistical significance. The model predicts almost 84% of the responses 

correctly but this statistic is misleading since all respondents are predicted to stay home. 

Since about 16% of respondents evacuate with a voluntary order, 84% of the outcomes 

are predicted correctly. 

Finally, the evacuation decisions of all those who decide to stay in their homes 

with the approaching hypothetical storm after a voluntary order are asked if they would 

evacuate with a mandatory order. The overall model is significantly different from zero at 

the .05 level. Women are almost twice as likely to evacuate when given a mandatory 

order. When given a mandatory evacuation order during a category 1 storm, households 

are almost twice as likely not to evacuate than those in a category 3 storm. Households 

who perceive that wind risk is low are more likely to evacuate with a mandatory order. 

The direction of this effect is unexpected and we are not able to satisfactorily explain it. 

Destination Choice 

The hypothetical evacuation destination choice is modeled with the multinomial 

logit model (Table 5). The sample includes all those households who state that they 

would evacuate in the hypothetical storm (n = 673). The multinomial logit model 

assesses the probability that each destination will be chosen relative to evacuating to 

friends, family, or other. The overall model is statistically significant according to the 

Model χ2 statistic. A model with the motel/hotel and shelter coefficient vectors 

constrained to be equal to each other is rejected (χ2=66.44[24]). In other words, the 

motel/hotel and shelter destinations are statistically different alternatives. 

In this analysis we again include dummy variables for the hypothetical storm 

category with Bonnie coded as a category 3 storm. However, storm intensity does not 
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play a major role in the evacuation destination choice. Only the category 2 variable for 

the motel/hotel choice is significantly different from zero.  

Households are more likely to choose the motel/hotel destination if they have 

higher incomes although the size of the effect is small. For each increase of $10,000 in 

income, the probability of choosing a motel/hotel increases by only 2%. Respondents 

who live in mobile homes, who perceive medium to high flood risk, who have pets, who 

are white and with more education are less likely to choose a motel/hotel, rather than stay 

with friends or family (or other). Residents of a mobile home are almost twice as likely to 

not choose a motel/hotel. Households who perceive significant flood risk and households 

with pets are almost one and one-half times less likely to choose a motel/hotel. Whites 

are almost twice as likely to not choose a motel/hotel. Each additional year of education 

reduces the probability of a motel/hotel choice by 3%. 

Households are less likely to choose the shelter destination if they have higher 

incomes although, again, the size of the effect is small. Respondents that have pets, who 

are white, who are female, and who have more education are less likely to choose a 

shelter. Respondents with pets and female respondents are a little more than one and one-

half times less likely to choose a shelter. White respondents are almost five times less 

likely to choose a shelter. Each additional year of education reduces the probability of a 

shelter choice by 1%. 

Conclusions   

In this paper we consider the behavior of North Carolina households during 

Hurricane Bonnie and the threat of a hypothetical hurricane. While a number of studies 

have drawn important conclusions about hurricane evacuation behavior from past storms, 
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none has been able to assess the role that storm intensity plays when households make 

evacuation decisions. Also, to our knowledge, this is the first study to examine the effect 

of storm intensity on evacuation destination patterns.  Presentation of hypothetical storm 

scenarios to respondents is essential when assessing the role of storm intensity on  

evacuation behavior.   

Our finding about the determinants of evacuation under real storm conditions 

generally confirm past research. When making the evacuation decision households are 

more likely to go someplace safer during a hurricane when given a mandatory order 

relative to a voluntary order. While this effect is in the expected and intended direction, 

the behavioral response to a voluntary evacuation order is especially small when holding 

storm intensity constant. We find that households rely on their perceived risk from 

flooding but not from wind when making evacuation decisions. Households in objective 

risk groups, such as mobile home dwellers, are more likely to evacuate. In fact, it is these 

risk factors, and not income, that predict evacuation decisions; income is insignificant 

when housing type is included in both the Bonnie and hypothetical models.  Social 

constraints on behavior, such as pet ownership, also restrict evacuations. 

We find several additional results when considering hypothetical storm 

evacuation behavior. Households do rely on the most important measure of risk, storm 

intensity, when making evacuation decisions. Since the number of shelter and motel/hotel 

evacuees in our random sample was low during Hurricane Bonnie, we rely on the 

hypothetical evacuation scenarios to assess this behavior. The socioeconomic profile of 

those who evacuate to motels/hotels differs substantially from those who evacuate to 

shelters. Mobile home residents are less likely to go to a motel/hotel. Females are less 
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likely to go to a shelter.  

Motel/hotel and shelter evacuees also have much in common. Non-white 

households, pet owners and those with more education are less likely to go to either a 

motel/hotel or shelter, preferring instead to stay with friends or family. The evidence on 

the effect of risk factors and destination choice is mixed. Storm intensity does not play a 

role in the evacuation destination decision. However, those who perceive medium to high 

flood risk are less likely to choose a hotel/motel.  These results are consistent with 

previous studies which find that poor and minority families and those with young 

children or elderly members are more likely to evacuate to the homes of family members 

or to a shelter (Quarantelli, 1960; Drabek and Boggs, 1968; Bolin, 1982; Perry and 

Mushkatel, 1986), while others are more likely to evacuate to the privacy of a hotel. 

This paper has several implications and directions for future research for natural 

hazards social science. The construction of hypothetical storm scenarios is a valuable tool 

for understanding the behavior of households beyond the range of historical experience. 

However, the current application of this method could be improved upon in future 

research. While we randomly assigned storm intensities across households, we 

sequentially confronted respondents with risk information: hurricane watch, voluntary 

and mandatory evacuation orders, and a hurricane warning. The sequence of information 

may have affected respondents’ answers to the hypothetical questions. A random 

assignment of this information may better reveal the behavioral response to evacuation 

orders and watches and warnings. Also, we presented respondents with static and general 

information about the storm, relying on a one-shot storm description using the Saffir-

Simpson Hurricane Scale to convey the risk information. Presentation of more specific 
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and dynamic hypothetical storm information, as given by hurricane forecasters during an 

actual storm, would better replicate the situation faced by those considering an 

evacuation.  

Our results also have several implications for emergency managers. We find that 

the voluntary evacuation order is not an effective method for generating the intended 

number of evacuees. In our hypothetical scenarios, few households evacuate when given 

a voluntary order after a hurricane watch is announced. While, the reason for this is not 

clear, a speculation is that the term “voluntary” does not convey the necessary risk 

information to households. The converse of this result is that perhaps too many low risk 

households are evacuating early under a hurricane watch. Further research into the effects 

of voluntary evacuation orders and other information on the perceived risk of a hurricane 

is needed. Pet-friendly shelters or other accommodations would also increase the safety 

of coastal residents during a hurricane.  

Of course, more reliable hurricane prediction technologies would be helpful to 

emergency managers when delivering evacuation orders. This improved information 

would also decrease household uncertainty and allow people to make better evacuation 

decisions when confronted with more reliable evacuation orders and watches and 

warnings. However, the uncertainty of hurricane tracks makes significant improvements 

in forecasting in the short term unlikely.  

During 1999, Hurricanes Dennis and Floyd landed at the North Carolina coast. 

Hurricane Dennis at first missed North Carolina, stalled off the coast for two days, then 

strengthened, headed west and landed on the North Carolina coast (Bevin, 2000). Many 

North Carolina households evacuated their homes twice during Dennis. Two weeks later, 
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Hurricane Floyd generated mandatory evacuations in Florida, Georgia, and South 

Carolina before landing on the North Carolina coast leading to the largest peacetime 

evacuation in United States history (Pasch, Kimberlain, and Stewart, 1999). These events 

will only increase the uncertainty about hurricane forecasts and increase the possibly of 

“crying wolf” effects during future planned evacuations.
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Table 1. Data Summary
Variable Description Mean SD

Voluntary Order 1 if given voluntary evacuation order, 0 
otherwise 0.16 0.37

Mandatory Order 1 if given mandatory evacuation order, 0 
otherwise 0.14 0.35

Income Household income ($1000s) 42.36 30.97

Mobile Home 1 if lives in mobile home, 0 otherwise 0.15 0.36

Wind Risk 1 if perceived wind risk is high or 
medium, 0 is low 0.81 0.40

Flood Risk 1 if perceived flood risk is high or 
medium, 0 is low 0.42 0.49

Pets 1 if owns pets, 0 otherwise 0.67 0.47

White 1 if white, 0 if non-white 0.84 0.37

Female 1 if female, 0 if male 0.62 0.49

Education Years of education 13.68 2.17

Evacuate 1 if evacuated during Hurricane Bonnie, 0 
otherwise 0.26 0.44

Cases 895



SSHS Cases Percent Cases Percent Cases Percent
1 189 19.0 153 14.4 131 46.6
2 193 20.7 153 14.4 131 49.6
3 185 30.3 129 17.1 107 58.9
4 173 47.4 91 15.4 77 51.9
5 155 64.5 55 27.3 40 67.5

Total 895 35.1 581 16.4 486 52.7

Table 2. Hypothetical Evacuations by Saffir-Simpson Hurricane Scale (SSHS)
Hurricane Watch Voluntary Order Mandatory Order



Table 3. Hurricane Bonnie and Hypothetical Evacuation Destinations

Cases Percent Cases Percent
Hotel/Motel 37 15.7 159 23.6
Shelter 13 5.5 82 12.2
Friends/Family 165 70.2 403 59.9
Other 20 8.5 29 4.3

Bonnie Hypothetical



Table 4. Logistic Regression Analaysis of Evacuation Decision
Dependent Variable = Evacuate

Variable Coefficient t-stat Coefficient t-stat Coefficient t-stat Coefficient t-stat
Constant -3.443 -5.07 -1.756 -2.82 -1.826 -2.12 0.889 1.21
Voluntary Order 0.995 4.56
Mandatory Order 2.181 9.39
Income 0.003 0.85 0.000 -0.09 -0.003 -0.77 0.004 1.23
Mobile Home 1.901 8.09 1.600 6.99 0.147 0.38 0.066 0.20
Wind Risk 0.246 0.99 0.342 1.59 -0.287 -1.05 -0.645 -2.65
Flood Risk 0.594 3.28 0.809 4.88 0.178 0.74 0.245 1.22
Pets -0.521 -2.68 -0.496 -2.79 -0.188 -0.75 -0.258 -1.21
White -0.026 -0.11 -0.279 -1.25 -0.369 -1.19 -0.005 -0.02
Female 0.439 2.33 0.113 0.68 0.579 2.28 0.484 2.49
Educaton 0.069 1.49 0.034 0.80 0.042 0.73 -0.029 -0.58
SSHS 1 -0.762 -2.91 -0.252 -0.76 -0.534 -1.99
SSHS 2 -0.530 -2.08 -0.183 -0.55 -0.353 -1.31
SSHS 4 0.895 3.78 -0.025 -0.07 -0.248 -0.80
SSHS 5 1.654 6.66 0.602 1.54 0.405 1.02
Model χ2 [df]
% Correct
Cases

Hurricane Watch Voluntary OrderHurricane Bonnie

210.74[10] 16.98[12]
79.33
895

205.60[12]
72.29
895

83.65
581

Mandatory Order

59.67
486

23.24[12]



Table 5. Multinomial Logit of Hypothetical Evacuation Destinations

Variable Coeff. t-stat Coeff. t-stat
Constant 1.843 2.46 2.728 2.78
Income 0.012 3.36 -0.012 -1.66
Mobile Home -0.528 -1.82 -0.411 -1.18
Wind Risk 0.076 0.31 -0.100 -0.32
Flood Risk -0.325 -1.63 0.014 0.05
Pets -0.377 -1.80 -0.465 -1.69
White -0.560 -2.03 -1.535 -5.24
Female 0.245 1.18 -0.467 -1.73
Education -0.180 -3.46 -0.170 -2.37
Category 1 -0.093 -0.31 0.164 0.39
Category 2 -0.587 -1.89 -0.091 -0.21
Category 4 -0.384 -1.29 -0.011 -0.03
Category 5 0.103 0.37 0.531 1.32
Model χ2
% Correct
Cases 673

99.90[24]
65.08

Motel/Hotel Shelter


