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 This thesis presents hypothetical return plans for hurricane evacuees who have 

previously evacuated their residence in southern Rhode Island.  Using Geographic 

Information Systems software, appropriate time tables for evacuees to return to their 

homes are generated.  Two case scenarios based on Category 3 and 4 intensity hurricanes 

making landfall in Westerly, Rhode Island were simulated.  Over the last century, 

population and especially home values in coastal Rhode Island have increased leaving 

great risk to those in the area.  Statistically, hurricanes are less likely to strike Rhode 

Island than the Gulf Coast or the Southeastern United States.  However, within the last 

century dangerous and damaging hurricanes have affected Rhode Island.  This lower 

frequency of hurricanes decreases awareness and emphasizes the need for further 

research.  Reentry zones for each scenario are defined and ranked by severity of damage 

using debris, building damage, potential economic loss and population displacements 

with HAZUS software.  Results from both Category 3 and Category 4 test cases show 
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that the downtown census tract experiences the greatest amount of damage and longest 

return times for evacuees. 
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I.  INTRODUCTION 

 

 

 

 Hurricanes threaten the United States every year, primarily along the Gulf Coast 

or the Southeastern states.  They also make landfall in the Northeastern states, though less 

frequently.  Coastal Rhode Island is one such location which has experienced a 

landfalling storm, though not recently.  Memories of damage resulting from previous 

hurricanes fade away as each year goes by without a direct strike (Diaz and Pulwarty, 

1997).  Meanwhile, the population has increased as have the number of properties and 

property values (Fig. 1.1). 

 
  

Fig. 1.1 Hurricane direct/indirect strikes on Washington County, Rhode Island and the   

increase in population per decade. Source: NOAA, 2009. 
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 Locals, then, may be unaware and unprepared for a potentially devastating storm.  

Understanding the risks and the likely affected population is imperative for emergency 

management in the event of a storm.  To prepare for a possible storm, emergency 

management agencies and state and local municipalities have established evacuation 

procedures to ready a community for a hurricane.  However, less planning has gone into a 

post-evacuation situation.  That is, the question of how to effectively return a population 

that has been evacuated and start the rebuilding process has received much less attention. 

 The last hurricane to make landfall in Rhode Island - Hurricane Bob – struck in 

1991.  While Bob was not overly powerful, within the last century major hurricanes have 

affected the area.  Hurricane Carol in 1954, The Great Atlantic Hurricane in 1944 and 

The Long Island Express in 1938 are just a few that caused extensive damage or loss of 

life. 

 The Federal Emergency Management Agency (FEMA) is responsible for 

protecting the United States from all types of disasters, including natural hazards such as 

hurricanes.  Its mission is to reduce loss of life and property by leading and supporting 

national, state, and local governments in an expansive emergency management system.  

Preparedness, protection, response, recovery, and mitigation are all elements of this 

system (FEMA, 2009a). 

 Hazards U.S. Multi-Hazard (HAZUS-MH) is a risk assessment software program 

that FEMA uses to assist with disaster preparedness.  The software uses Geographic 

Information Systems (GIS) technology to create estimates of hazard-related damage 

either before or after a disaster. The extensive database within the program contains 
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important data which can be utilized to determine economic loss, physical damage, and 

social impacts to an affected area. 

 The purpose of this thesis is to investigate the use of GIS-based modeling of 

effective post-evacuation plans, using the coastal city of Westerly, Rhode Island as a test 

case (Fig. 1.2).  Two scenarios of potential hurricane strikes using HAZUS-MH are run 

to project damage, economic, and displacement estimates for Rhode Island.  Simulated 

results from this analysis provide areas of low, medium, and highly affected areas which 

are used as a basis for reentry zones.  The zones are then overlaid with traffic count data 

to assist in the evacuee return process.  These results should better our understanding of 

the post evacuation process at disaster-impacted locations. 

 
Fig. 1.2 Westerly, Rhode Island with census tracts highlighted in light blue.                   

Source: ESRI, 2009.



 

 

 

 

 

II. LITERATURE REVIEW 

 

2.1 Hurricane Intensity 

 

 A category ranking is used to give an estimate of the potential property damage 

and flooding expected along the coast from a hurricane landfall. This ranking, known as 

the Saffir-Simpson Hurricane Scale, is based on the hurricane's current strength. The 

scale ranks hurricanes from 1 to 5 (Table 2.1). 

 

Table 2.1 Saffir-Simpson Scale  Source: U.S. Navy, 2009. 

 

 

Wind speeds based on 1-minute averages and storm surge values are the determining 

factor in the scale.  The storm surge values vary depending on the slope of the continental 

shelf and the shape of the coastline in the landfall region (NHC, 2008a).  Category 3 and 

4 hurricanes are the focus of the case studies in this thesis. 
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 Category 3 storms are defined by wind speeds between 111 and 130 mph and 

storm surges approximately 9 to 12 feet above normal.  At this strength, evacuation of 

residences in low-lying areas within several blocks of the shoreline may be required.  

This is because routes for escape may be cut by rising water 3 to 5 hours before the storm 

makes landfall.  Also, mobile homes may be destroyed and structural damage to small 

residences is expected (NHC, 2008a). 

 Category 4 storms are defined by wind speeds between 131 and 155 mph and 

storm surges of approximately 13 to 18 feet above normal.  At this category, more 

extensive damage, including doors, windows, and roof failure on small residences is to be 

expected.  Evacuation of residences of up to 6 miles may be required as terrain lower 

than 10 feet above sea level may be flooded (NHC, 2008a). 

 

2.2 New England Hurricanes 

 

 Compared to Florida or Texas, New England and specifically Rhode Island (Fig. 

2.1) is not known for a history of hurricanes.  However, accounts of hurricanes making 

landfall on the New England coast, including Rhode Island, date back to the days of the 

Pilgrims.  In 1635, only 15 years after the Pilgrims landed at Plymouth Rock, The “Great 

Colonial Hurricane” devastated the area.  The storm forced the tide to rise 20 feet in 

Boston and drove the Narragansett Indians to the tops of trees to save themselves from 

the great tides (Perley, 1891).  

 The “Great September Gale of 1815,” a severe hurricane, was principally 

experienced in Rhode Island, specifically the area of Narragansett Bay, just south of 
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Providence.  Giant vessels were driven off their moorings and tides were 7 to 8 feet 

higher than ever seen before, inundating wharves and streets.  “The water was rising 

rapidly, trees were falling, chimneys were crashing through roofs of houses or into the  

 

 Fig. 2.1 Rhode Island and the city of Westerly.  

 

street, tiles and railings from the tops of buildings, and other dangerous missiles were 

flying through the air, making it hazardous to be out of doors” (Perley, 1891, 190-191). 

 The “Long Island Express,” noted for its rare forward motion speed of 60 to70 

mph, struck Long Island, New York, and then the Connecticut coastline in 1938.  This 

storm became the benchmark for comparison of strong hurricanes affecting New 

England.  This storm was Category 3 at landfall, but the added forward motion of storm 
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gusts put it well over Category 4 status at times.  Gusts were measured as high as 183 

mph at Blue Hill Observatory in Massachusetts, according to the National Hurricane 

Center (NHC, 2008b).  As of 1944, the storm was still considered the second greatest 

disaster in the history of the continent with property damage estimates at $350 million.  

This damage rivaled that caused by the Great 1906 San Francisco Earthquake (Sumner, 

1944).  With little warning, approximately 600 lives were lost (NHC, 2008b). 

 

2.2.1 Categories of Historical New England Storms 

 

 Actual recorded intensity of these centuries-old hurricanes is not exact because 

accounts of wind damage pre-date wind and pressure measuring sensors.  These 

instruments became commonly used in the nineteenth century; however, these 

aforementioned hurricane landfalls did include witness accounts of the water level 

elevation that were above normal (Perley, 1891; NHC, 2008b).  Water level rise or storm 

surge is created by the low pressure forces and surface winds from a hurricane; which is a 

form of intensity.  Jarvinen (2006) theorized that the intensity of these historical storms 

could be deduced, including both sea-level pressure in the eye as well as maximum wind 

speed by combining these recorded water levels and astronomical tide models (Jarvinen, 

2006). 

 In examining the “Great Colonial Hurricane,” Jarvinen‟s model summarized the 

storm‟s central pressure to be 938 mb near eastern Long Island and approximately 940 

mb as it passed through southern New England.  This puts the storm at a strong Category 
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3 and would probably be the most intense hurricane in New England history (Jarvinen, 

2006). (Fig.2.2)  

 

 
Fig. 2.2 Jarvinen‟s track of the “Great Colonial Hurricane” in 1635.  Circles represent 

location of maximum wind with radius given in statute miles.  Wind vectors show were 

maximum wind is occurring at that time.  Wind barbs in mph.  

Source: Jarvinen (2006) 
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 The “Great September Gale of 1815” was a Category 3 with central pressure at 

957 millibars at landfall in eastern Connecticut, according to Jarvinen‟s model which 

used storm tide data.  This storm‟s path was slightly west of the “Great Colonial 

Hurricane” and its intensity slightly lower with maximum winds up to 122 mph at 

landfall (Jarvinen, 2006).  The 1938 “Long Island Express made landfall in Connecticut 

with winds above 120 mph and a pressure of 946 millibars.  This was a Category 3 in 

Jarvinen‟s model.  Photo and video technology was now available and were useful in 

Jarvinen‟s analysis (Jarvinen, 2006).  Conclusions based on Jarvinen‟s techniques 

indicated that intense storms occur on average every 80 years, although considerable 

variability exists among the data (Jarvinen, 2006). 

 

2.3 Hurricane Evacuation and Preparedness 

 

 Though hurricanes cause destruction over great spatial extents, preparing for them 

is much easier compared to tornadoes.  Satellite images and advanced weather forecasts 

allow national, state and local governments sufficient time to warn communities and 

invoke their evacuation procedures.  These procedures are based on hurricane evacuation 

zones that distinguish areas vulnerable to high winds or flooding and those that are not.  

These areas are typically mapped.  According to Meduri (2004), the process for 

developing the zones is often unknown.  One study combined land use data, storm surge 

models and zip code boundaries using GIS layering.  Then it identified elevation levels in 

the New Orleans region to create hurricane evacuation zones with the objective of 
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identifying evacuation zones easier for both the public and emergency officials (Meduri, 

2004).  

 Pal et al. (2002) used GIS and a traffic modeling system to develop evacuation 

timing plans for Baldwin and Mobile Counties along the Alabama coast.  Population data 

at the census block level was associated with the nearest feeder road to produce a 

population to travel down a feeder road to an evacuation route.  Nodes were associated 

with travel times calibrated by the model.  Evacuation zones were then used to define 

areas to evacuate.  Pal‟s simulation results compared favorably with actual hurricane 

evacuation times recorded during a hurricane evacuation event. 

 Zones should not be created based solely on physical statistics as social 

vulnerabilities are arguably just as vital (Chakraborty, et al, 2005).  For example, findings 

from Hillsborough County, Florida study showed up to15 percent of the population at 

high risk of being vulnerable during a hurricane based on social factors (Chakraborty, et 

al, 2005). 

 Another important dimension of evacuation is traffic flow.  One scenario of 

evacuation is called contraflow whereby divided highways are configured so lanes are 

reversed and some or all lanes flow in one direction to decrease the evacuation time 

needed (Wolshon, et al., 2005).  A study surveying the Department of Transportation 

from U.S. states along the Atlantic Ocean was conducted and results showed that safety 

was the biggest concern with the contraflow method due to fear of an increased risk of 

accidents.  Most states eliminate this issue by reversing all inbound lanes rather than 

allowing for traffic in two directions on a roadway.   Driver understanding and 

accessibility ranked second and third, respectfully on the survey.  Drivers may become 
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confused especially if their evacuation route includes unfamiliar routes.  Florida and 

Alabama have addressed this issue by posting “flip” signs that indicate contraflow lanes 

and exit numbers and locations.  Other states have yet to adapt a method to ease 

understanding (Wolshon, et al.2005).  Cost ranked lowest in the survey.  The cost to 

reverse lanes is relatively inexpensive when compared to widening highways to increase 

capacity (Wolshon, et al.2005). 

 

2.4 The Return Process 

 

 Arguably as important as evacuation, but less documented, is the process of 

evacuees returning to their properties.  Residents may be eager to return, but utilities and 

other infrastructure may not be safe or ready for their return.  Issues with evacuees trying 

to return have been noted in hurricanes as recent as Hurricane Ike in September 2008 

(NY Times, 2009).    Authorities noted the length of time required for power restoration 

to parts of Galveston Island (NY Times, 2009).  The storm initially left 2 million 

customers without power, with outages attributed to flying debris or falling trees.  Almost 

one-half million customers were still without power about two weeks after the storm 

(Palmeri,2008).  Eighteen days after Hurricane Ike made landfall, CenterPoint Energy 

concluded its emergency operation plan (CenterPoint, 2008). 

 Many towns and communities have an emergency management plan that can be 

implemented when necessary.  For example, the Charlestown, Rhode Island, Town 

Council and Planning Commission created a multi-hazard mitigation strategy in 

cooperation with the University of Rhode Island Coastal Resources Center, Rhode Island 
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Emergency Management Agency and Rhode Island Sea Grant (Rubinoff, 1997).  The 

U.S. Army Corps of Engineers demonstrated that almost 40% of the population of 

Charlestown is vulnerable to a strong hurricane (Rubinoff, 1997). 

 Planning may only play a minor role in the recovery process.  According to a case 

study of Hurricane Opal, local planners tended to hold two views of post-disaster 

recovery; the disaster may be seen as a “serendipitous opportunity” for the region to 

update their architecture or redevelop areas that were seen as mistakes.  More often, the 

view was to prioritize returning the community to its normal pre-disaster conditions 

(Schwab, 1998).  In the Hurricane Opal study, returning to a pre-disaster state was of 

primary concern.  The focus is on the quickest restoration process possible for the 

community affected (Haas et al., 1977).   

 

2.4.1 Reentry Plans 

 

 Once the threat associated with a hurricane passes through, members of an 

evacuated community are eager to return to see how their business or home fared from 

the storm.  Unfortunately, although the storm may have passed, the community affected 

may not be ready for people to return.  Proper authorities must deem the area safe before 

allowing residents to return.  For this purpose, many cities and towns have post-storm 

reentry plans in place requiring identification or a pass to enter an area of mandatory 

evacuation.  This allows for a methodical and controlled return and ensures only residents 

or those required for recovery work may enter. 
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2.4.2 Local Reentry Plans 

 

 The City of Galveston, Texas has a two phased approach for reentry based 

primarily on the risk to the public and amount of damage (COG, 2006). 

The “Look and Leave” phase allows residents or businesses to reenter on a temporary 

basis to gather their critical possessions and view any damage to their own property 

(COG, 2006).  Those that enter would then be required to leave after a short time to areas 

of shelter outside the city to give emergency workers space and time to repair necessities.  

This phase can be reviewed daily by the city in accordance with the speed at which the 

area can be restored to a safe level for long term return.  If the city deems the 

infrastructure of the island, including the basic health and safety for residents safe, the 

“Comeback” phase may be implemented.  Water, sewer, and electric service, and the 

amount of debris are weighed in this decision process.  Personal identification must be 

presented to enter in either phase (COG, 2006). 

 Charleston County, South Carolina, has a reentry process based upon one of three 

possible scenarios.  These plans are based on the amount of damage from the hurricane.  

The scenarios range from little to no damage in the effected communities to small or 

significant damage in isolated areas and finally wide spread total devastation.  The 

determination of the appropriate scenario is based first on an aerial survey of the 

damaged area.  Before reentry can be allowed, the county emergency operation center 

and local municipalities must ensure roads are cleared of major debris, water levels have 

receded, utilities, water and sewer services are running, and that the existing services can 

support the returning residents or business owners.  Allowance for groups of people to 
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return is based on the phase that is implemented (CCCRP, 2008).  A pass system is used 

in Westerly, Rhode Island for the reentry of residents into an evacuated area after a 

storm.  This allows for a controlled process as passes are issued to property owners by 

their nearest fire-district (Westerly P.D., 2009). 

 

2.5 GIS in Emergency Management 

 

 The need for Geographic Information Systems (GIS) in disaster management is 

critical for future planning and recovery.  For example, meteorological data showing 

Hurricane Andrew‟s wind speed over southern Florida was overlain with data from 

electrical utility substations (Fig. 2.3).  Point data of reported outage locations showed a 

positive correlation between damage and wind (Powell and Houston, 1996). 

 

2.5.1 HAZUS 

 

 FEMA uses HAZUS to estimate natural hazard loss (FEMA, 2009c).  HAZUS 

software has been developed under agreement with the National Institute of Building 

Sciences (NIBS) to evaluate potential economic losses, physical damage, and societal 

impacts from floods, hurricane winds, and earthquakes (FEMA, 2009c).   
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Fig. 2.3 GIS overlay of maximum wind swath with locations (filled circles) of Florida 

Light and Power Corporation electrical power substations in the Princeton Storm 

Headquarters area of southern Florida.  Source: Powell and Houston, 1996 

 

2.5.2 GIS in Natural and Non-Natural Disasters 

 

 GIS has contributed to mitigation of environmental and anthropogenic hazards for 

years.  National Oceanic and Atmospheric Administration‟s (NOAA) ALOHA (Areal 

Locations of Hazardous Atmospheres) models potential population risk to chemical 

exposure.  The Environmental Protection Agency (EPA) uses CAMEO (Computer-Aided 

Management of Emergency Operations) to plan for pre and post impact hazards (Cutter, 

1996). 
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 Evans‟ (2008) research using GIS has helped answer questions of spatial 

distribution of potential chemical exposure from fixed-site facilities.  Forty-seven states 

had potential exposure areas in the 90
th

 percentile.  His research also revealed that large 

urban areas in the U.S. are not the only places with high potential chemical (Evans, 

2008). 

 

2.6 Hurricane Risk Management Tools 

 

 Jain (2005) developed another methodology for estimating changes in hurricane 

risk over time that combines the analysis of four models to estimate expected losses.  

Two of the models determine building inventory change and building vulnerability 

change and the other two models determine the wind hazard and economic change (Jain, 

2005). 

 Methodology was tested in Dare and New Hanover Counties in North Carolina.  

Results of the study showed that building inventory changes and building vulnerability 

due to building code changes affect losses significantly, especially with moderate wind 

speeds (Jain, 2005). 

 The Hurricane Disaster Risk Index (HDRI) was created to assist in the 

comparison of potential risk of a hurricane disaster along the U.S. coastline.  The HDRI 

was produced to effectively examine the similarities and differences in relative risk in 

economic means and loss of life.  (Davidson and Lambert, 2001).  Emergency response 

and capability, hazard, vulnerability, and exposure factors were weighted. Results of 

HDRI showed Dade, Florida and Orleans, Louisiana with the highest risk values and 
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Baltimore, Maryland, and Suffolk, Massachusetts, with low risk values (Davidson and 

Lambert, 2001). 

 Other models, such as the Simplified Hurricane Threat Index Model for Coastal 

Jurisdictions, compared the threat of hurricanes between coastal jurisdictions within a 

state and between states.  To determine the threat index for a state, the following formula 

was used: 

 

I =     H x 100 

T 

 

Where: 

I is the state threat index 

H is the number of hurricanes in the given time period 

T  is the time in years of the time period 

 To determine the threat index for a given jurisdiction within a state, the following 

formula was used: 

J = I x L 

M 

 

J is the local jurisdiction threat index 

I is the state threat index 

M is the length of the coastline of the state in miles 

L  is the length of the coastline of the local jurisdiction in miles 

(Green III, 2003). 
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Results showed that Florida had the highest state threat index.  Within a state, Charleston 

County, South Carolina had the highest threat index (Green III, 2003). 

 HURREVAC, (HURRicane EVACuation) is another software program which 

utilizes specific local and community data in conjunction with hurricane tracks plotted 

from the NHC to estimate the timing of plans for a study area.  The program provides a 

suggested evacuation decision time by computing the arrival time of gale force winds 

based on NHC projections and the clearance times calculated by prior public response 

times and the strength of the storm.  Access to this software, however, is limited to those 

in the emergency management profession (Sea Island Software, Inc, 2009). 

 SLOSH (Sea, Lake and Overland Surges from Hurricanes) is another model used 

for hurricane risk management.  Used primarily to predict potential maximum storm 

surge for a location, the model uses various characteristics of a hurricane to obtain storm 

surge heights within plus or minus 20% (NHC, 2009c).   

 

2.7 Societal Implications of Recovery   

 

 Social vulnerabilities and recovery are often ignored because they are harder to 

quantify.  When pursuing answers to post storm response and the vulnerability of the 

hazard area, the “social fabric of a geographical hazard region must have been included” 

(Cutter, 2003).  This social fabric includes economic, demographic, and household data 

and the communities experience with a hazard such as rebuilding (Cutter, 2003).  In her 
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Hazards-of-Place Model of Vulnerability (Fig. 2.4), Cutter showed the interaction 

between biophysical and social vulnerabilities producing overall place vulnerability. 

 

Fig. 2.4 The relationship between biophysical and social vulnerability producing place 

vulnerability  Source: Cutter, 1996. 

 

2.7.1 Hurricane Katrina 

 

 One of the most researched hurricanes in terms of relief and recovery in the past 

decade is Katrina.  After New Orleans survived the storm, the levees that protected parts 

of the city gave way, flooding much of the city.  The Lower Ninth Ward, an African-

American and mostly lower-income neighborhood, received some of the worst flooding.  

Residents without personal transportation gathered in the Superdome to ride out the 
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storm, where facilities were inadequate.  These two misfortunes received most of the 

media‟s attention, bringing socio-economic and racial inequality issues to the forefront.   

 In the African-American and Vietnamese-American community in New Orleans 

East, 43% of surveyed Vietnamese-Americans reported seeking assistance from 

government sources, but the percentage was only 26% for African Americans.  Overall, 

African Americans did not trust government agencies (Li, et al., 2008).  The politically 

controlled involvement and policy-making inhibited the timely recovery.  Keys to 

rebuilding and recovery begin with the social and economic systems in place people‟s 

lives (Champlee-Wright, 2007). 

 During the storm‟s aftermath, the Vietnamese-Americans were more likely to stay 

with family or relatives and they did not move as often as African-Americans (Li, et al., 

2008).   The unity of the Vietnamese-Americans led to more sense of community and a 

greater ability to return to their neighborhood. 

 This community rebuilding process was evident in the Vietnamese American 

community of Versailles.  Evacuees returned much faster and at higher rates than other 

areas of New Orleans, including New Orleans East (Airriess, et al., 2008).  Some of this 

can be explained by kinship ties (Hauser, 2005).  Religious institutions, such as churches, 

also contributed to recovery efforts.  Church groups stressed the community over the 

individual (Hill, 2006) and the victims themselves also acted in unselfish ways to help 

others (Beach, 2007). 
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2.7.2 Economic Impacts 

 

 A hurricane‟s swath can cover hundreds of miles and a storm‟s strength has been 

found to have a direct impact on financial losses.  Hurricanes of weaker intensity 

(Category 1 or 2) are more likely to negatively impact local economies because of their 

frequency compared to higher intensity hurricanes, as Burrus, et al, (2002) noted.  Low-

intensity hurricane strikes impact the annual regional economic output by between 0.80 

and 1.23% (Burrus, et al, 2002), showing that business losses cannot only be based on the 

strength of a hurricane but also the frequency. 

  

2.8 Behavioral Implications of Evacuation and Recovery   

 

 The number of people evacuating needs to be ascertained before a predicted 

number of evacuees can be estimated.  The human mind cannot predict exact percentages 

of those evacuating.  Research is able to unveil behavioral patterns and perceptions in 

individual and or groups when faced with an oncoming hurricane.   

 

2.8.1 Evacuation Zone Perceptions 

 

 Mental or cognitive maps are mental images of the environment that people 

derive from perceptual cues (Tolman, 1949).  When evacuation orders are given, 

perceptions of hazard risk areas and evacuation zones may be drastically different.  

People may evacuate when they do not need to or stay when they should leave.  In a 
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study that examined the accuracy with which Texas coastal residents were able to locate 

their homes on a hurricane risk area map found that only 36% of those surveyed correctly 

identified their risk area (Arlikatti et al., 2006).  Those able to locate their homes tended 

to have been more likely to evacuate in previous hurricanes indicating previous 

experience and length of time residing at a residence increases perceptions of resident‟s 

location on a risk map. 

 Rather than relying heavily on evacuation zone maps, these results showed the 

need for local emergency units to use multiple communication methods to warn residents 

of an impending storm (Arlikatti et al., 2006).  Advising residents via door to door or by a 

sound system from a vehicle passing through a neighborhood would be an alternative to 

confusing evacuation maps. 

  

2.8.2 Mass Media’s Representation 

 

 The Internet, coupled with traditional media, plays a very important role in 

delivering critical hurricane warning information.  Mass media has become the primary 

means of communication between governing authorities and the general public (Choi and 

Lin, 2008).  The way information is presented can garner different psychological 

responses.  Research found that newspaper articles reported information more logically 

than emotionally (Choi and Lin, 2008).  The danger in presenting information logically is 

that the public may not fully comprehend a potential risk without more emotionally 

framed text (Choi and Lin, 2008). 

  



 23 

2.8.3 Rhode Island Evacuation Study 

 

 A Brown University survey of 785 Rhode Island voters conducted in 2006 found 

that 66% of respondents indicated that they would be very likely to evacuate their 

residence if a major hurricane made landfall in the state.  The majority (87%) would 

evacuate by their own vehicle and stay with someone they know in another community 

(82%) (Brown University, 2006). 

 

2.8.4  Expectations vs. Actual Behavior 

 

 Two years before Hurricane Lili struck Louisiana in 2002, a survey was 

administered asking how people would respond to an approaching storm.  The same 

households were then surveyed after the storm to determine if the respondents‟ 

expectations and actual behavior were accurate.  People responded based on actual 

environmental conditions and hazard information received via the media, peers, or 

government authorities.  Results showed that 80% of respondents who did not expect to 

evacuate did not actually evacuate during Hurricane Lili.  Sixty-five percent of those 

expected to evacuate actually did.  34 of 50 (68%) of those studied acted in accordance to 

their expectations (Kang et al., 2007). 
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2.8.5 Work place perceptions 

 

Many times the news of an approaching storm is learned at the work place. When 

faced with an impending disaster while at work, one study found employees‟ first 

response to the threat was denial, regardless of the source of the warning (Drabek, 2001).  

Contradictory information occurred 36% of the time, which employees perceived as a 

failure of supervisors. 

 

2.9 FEMA, Purpose and History 

 

 Much of the organization and planning for disaster recovery at the national level 

comes from FEMA.  Their primary mission is “to reduce the loss of life and property and 

protect the nation from all hazards, including natural disasters, acts of terrorism, and 

other man-made disasters, by leading and supporting the nation in a risk-based, 

comprehensive emergency management system of preparedness, protection, response, 

recovery, and mitigation” (FEMA, 2009a). 

 

2.9.1 Emergency Declaration Process 

 

 Immediate response to a disaster is the responsibility of the local government‟s 

emergency management agency, volunteer agencies and then the state.  Federal funds 

may be requested by the state if its own resources are inadequate; funding is through 

FEMA.  The Stafford Act allows for federal funds to be used to assist in disaster recovery 
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efforts (Fig. 2.5).  An approved request allows for long term recovery programs 

sponsored by federal and state agencies, assisting those most affected by the disaster. 

(FEMA,2009d).

  

Fig. 2.5 Stafford Act Support to States.  Presidential Disaster Declaration Process. 

Source: FEMA, 2009d

http://www.fema.gov/pdf/emergency/nrf/nrf-stafford.pdf




 

 

 

 

 

 

 III.  METHODOLOGY 

  

 

 

 With a coastline of approximately 40 miles in length and located at latitude 40° N, 

Rhode Island is a less likely target for a devastating hurricane than more southern coastal 

states in the U.S.  However, it is possible that a hurricane with winds equal to or greater 

than 120 mph., (Category 3) could make landfall near Rhode Island.  A storm of this 

magnitude could cause extensive damage and be perilous to human life. 

 In order to examine the creation of effective reentry zones for those returning to 

their homes or residences, two scenarios are posited to compare the results of a 

landfalling hurricane.  Data and results from a hypothetical storm are measured.  The first 

scenario models a hurricane with winds of 120 mph. (Category 3) and the second 

scenario models a storm with winds of 135 mph. (Category 4).  The town of Westerly 

(see Fig. 2.1) is chosen for landfall in each scenario.  Because the north and east side of a 

hurricane usually exhibit the strongest winds, a storm making landfall at this location 

would affect most of the coastline in the state.  

 

3.1 Software and Data  

 

 HAZUS-MH software allows users to define storm tracks and is used to run these 

simulations.  Once the storm track is described and the application is run, building 
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damage, potential economic loss and population displacements are reported.  These 

include total aggregate replacement value for buildings based on occupancy type, the cost 

(in thousands of dollars) from the damage, and the number of households expected to be 

displaced due to the hurricane.  The HAZUS-MH software includes built-in datasets for 

estimating potential building and economic losses from a hurricane.  The commercial 

data is current to 2006 and is supplied by Dun & Bradstreet.  Building valuation data is 

updated to 2006 (FEMA, 2008b). 

 The HAZUS software integrates with ESRI‟s ArcGIS, and thus permits results 

generated from the HAZUS analysis to be used with ArcGIS.  Network Analyst, Spatial 

Analyst, and 3-D Analyst, available in ArcGIS, are used for this research.  These 

extensions allow for further analysis in the areas of traffic routing, surface conditions, 

and visualization of surface data.  Because HAZUS software has been built to operate 

within ArcGIS, menu and toolbar functionality appear in the same format as ArcGIS.  For 

example, commands found in ArcGIS such as identify, panning, and zooming are 

available when HAZUS is running. 

 The HAZUS Hurricane Model estimates hurricane winds and potential damages 

to residential, commercial, and industrial buildings.  It also allows users to estimate direct 

economic loss, post-storm shelter needs, and building and tree debris quantities.  NIBS‟ 

committee of wind engineering experts guided the wind field component of the Hurricane 

Model.  This component incorporates calibrated hurricane data such as sea surface 

temperatures and wind speed as a function of central pressure.  The hurricane‟s transition 

speed and terrain roughness are factors as well.  Wind speeds are then used to estimate 
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the forces on buildings and facilities to then calculate potential damage and loss (NIBS, 

2008). 

 

3.2 Reentry Zone Methodology 

 

 The creation of reentry zones are based on a combination of U.S. Census data and 

data obtained from the test scenarios in HAZUS at the census tract level.  These are 

chosen to obtain relevant information for rating each tract.  This data shows the 

complexity of the efforts needed to allow evacuees to return after a hurricane strike. 

 First, the total number of displaced households for each census tract in Westerly is 

generated.  This data is obtained from HAZUS for each scenario, indicating the number 

of households displaced because homes are no longer habitable.  The loss of habitability 

is calculated from loss ratios of modeled damage to resident buildings and estimated loss 

of water or power supply to residential buildings or units (DHS, 2008). 

 Economic loss is another component critical in determining the condition of a 

census tract post-hurricane, which is summarized by total building related losses.  The 

total building-related loss equals the sum of direct property damage losses and business 

interruption losses.  HAZUS provides a Global Summary Report of this data.  According 

to the report, direct property damage losses are the estimated costs to repair or replace the 

damage caused to the structure and its contents.  The business interruption losses are the 

losses associated with inability to operate a business because of the damage sustained 

during the hurricane.  These types of losses also include the temporary living expenses 
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for those people displaced from their homes because of the hurricane (HAZUS GSR, 

2008). 

 In addition to displaced households and damaged building values, the amount of 

debris generated is critical to the evacuees return.  Tree limbs, the remains of buildings, 

and other debris in roadways increase the time needed to clear transportation networks.  

The debris also increases the return time of households.  HAZUS calculates debris 

generated by a hurricane based on three categories: brick/wood, reinforced concrete/steel, 

and trees, (in tons) based on the damage states.  A building debris function viewer built 

into HAZUS allows users to obtain hard-coded estimates of amounts of debris generated 

based on wind speed (Fig. 3.1).  Debris for each structural or non-structural component is 

summed to obtain a total amount of debris in tons. 

 

Fig. 3.1 Debris in pounds per square foot and peak wind speed in miles per hour. 

Source: HAZUS, 2009 
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 Population density from U.S. Census data is also obtained to formulate reentry 

zones.  The population density is used to understand where large concentrations of people 

reside, which is vital for reentry calculations. 

 From these results, damaged areas are placed into zones based on the rank of 

property damage.  These results are the baseline for determining how soon evacuees may 

return.  Zones with the most damage require more time for emergency management and 

utility crews to respond.  Zones with minimal damage require less time to restore their 

services.  Zone determination is discussed later in this chapter. 

 To create the reentry zones some modifications must be made to the datasets. Arc 

Toolbox and Model Builder, both tools available in ArcGIS, are used.  HAZUS data, 

originally at a county level, is clipped to the Westerly boundaries, leaving only Westerly 

data.  Westerly has 5 census tracts; 508.01, 508.02, 509.01, 509.02, and 510.  While 

population density data is at a census block level, it needs to be changed to the census 

tract level without losing key associated values.  A dissolve function is performed and 

aggregated on the census tract field.  The mean is chosen to ensure that the average 

population density for each census tract is included in the attribute table (Figs. 3.2, 3.3).  

The debris layer does not include a census tract field that matches with a corresponding 

population density field.  A new field is added with the name „CTRACT2000‟ and joined 

with the population density data.  This creates an attribute table consisting of both mean 

population density per census tract and total amount of debris per census tract (Fig. 3.3).  

Total losses and number of displaced households are combined using the Union tool in 

Arc Toolbox (Fig 3.3). 
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Fig. 3.2 Dissolve tool screen used to aggregate data at the census tract level. 

 

 Unions allow fields from multiple attribute tables to be combined into one table.  

The next step is to create another union which combines both the displaced household/ 

total loss data and the debris/ population density data (Fig. 3.3).  Extra fields are created 

with the multiple unions performed.  To remove unnecessary fields, a delete field tool is 

used to clean up the combined data (Fig. 3.3).  At this point a table is now available 

containing displaced household counts, total loss, total debris, and population density 

data (Fig 3.4). 
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Fig. 3.3 ModelBuilder workflow of ranking process 
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Fig 3.4 Union_All attribute table 

 

 Additional fields are created in order to rank each factor from 1 (low) to 5 (high).  

For example, the census tract with the least amount of debris total is ranked „1‟and the 

tract with the most debris is ranked „5‟.   The total rank field sums the ranks for each tract 

creating an overall score for each census tract. 

 A sizeable number of Westerly‟s population lives in the core downtown area.  The 

assumption is made that this would distort the results because the large disparity in the 

downtown population introduces bias in the population density ranking and over 

emphasizes its census tract.  To adjust for the distorted downtown density, the population 

density factor is weighted only 1/3 as much as the other factors.  The „Less_Pop_Rank‟ 

field (Fig. 3.5) adjusts for this weight. 

  

Fig. 3.5 Rank of factors 
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3.3 Reentry Timing 

  

 The process for returning must be calculated once reentry zones are created.  In 

this model, the number of evacuees, plus their origins and destinations are necessary to 

compute the distances and times involved in the reentry effort.  Because nearly 90 

percent of people would use their own vehicles to evacuate (Brown University, 2006), the 

total number of households is used as a surrogate for the number of vehicles used to 

evacuate each census tract.  This assumes that a family would pack up one car to leave 

their residence. Some families may use multiple vehicles and others may use another 

form of transportation (buses, train, plane, etc.).  The one-vehicle per household 

assumption would account for these deviations. 

 Main artery routes are selected as conduits for returnees.  Because evacuees return 

to their residence within a census tract, the centroid of each census tract is calculated as 

the return point because the exact locations can not be calculated due to many 

possibilities.  Centroids are determined by performing a dissolve function on the census 

tract feature class (Fig. 3.6) and summing the „perimeter‟ field.  An integer type field 

titled „Perimeter‟ is added to the output feature class (Fig 3.7). 
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Fig 3.6 Dissolve tool used to create perimeter of each census tract. 

 

 

Fig. 3.7 Perimeter field added to output table. 

 

 Zonal Geometry in the Spatial Analyst toolbox is used next to create the centeroid 

for each census tract (Fig 3.8).  The output is a raster layer.  Once created, each of the 5 

pixels are edited and changed to points. 
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Fig 3.8 Zonal Geometry tool 

 

 

 Once origin and destination locations are determined, routing and timing has to be 

implemented.  The network analyst extension is utilized for these processes.  A network 

dataset of streets, turns, and junctions is built.  The dataset properties formulate how 

routing and timing are computed (Fig 3.9).  Attributes of hierarchy, cost, restrictions, and 

descriptors are added.  The hierarchy attribute provides a ranking of what size roads will 

be utilized first, second, and third in routing.  The cost attribute tracks a value that 

accumulates, such as time and segment length of the data.  The restriction attribute is 

used for restrictions on turns or for one-way streets.  The descriptor is used to describe 

the number of traffic lanes, for example, or something that is true for an entire line 

segment (Network Analyst Attributes, 2009). 
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Fig 3.9 Network Dataset Properties 

 

 Once the network dataset is built, routing, directions and times can be performed.  

To ensure accurate times for routes in the analysis, the results of routes created with the 

network analyst tool are compared to the same routes in Internet direction sites such as 

Google Maps and Mapquest. 

 An Origin-Destination Matrix (OD) is another function available in the Network 

Analyst extension.  When run, the OD Matrix provides a table of barriers from each 

origin and destination.  It ranks the destinations by the length of time from each origin.  

Evacuees may have traveled hundreds of miles in all directions.  Primary roads entering 

the city are selected as opposed to residential or secondary roads. 
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The following origin points are chosen: 

1) Interstate 95, from the North at exit 1 interchange with Route 3 

2) Route 78, from the West at the Connecticut/Rhode Island border 

3) Route 1 from the East at the Westerly border 

4) Route 91/216 from the Northeast at the Westerly border 

 

Centroid points for each census tract in Westerly (508.01, 508.02, 509.01, 509.02 and 

510) are chosen for destinations (Fig. 3.10). 

 

 

Fig. 3.10 Origin and Destination Points 
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 Each origin point is then routed to every destination point (Fig. 3.11).  The best 

routes for evacuees to return are then calculated by sorting the OD Matrix lines that are 

created by destination ID.  This ensures that a best route is preformed for each census 

tract.  The fastest total time for each destination is then mapped and routed. 

 

 

Fig. 3.11 Origin and Destination Routes 

 

 Traffic counts are also analyzed.  The average daily traffic counts provided by the 

Rhode Island Department of Transportation for 2007 are used as a reference for typical 
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daily traffic flow for each census tract.  Traffic counts on recorded road segments had to 

be proportional to the census block population of a zone to effectively reduce the chance 

for gridlock.  Depending on these results, timing of reentry may need to be adjusted.



 

 

 

 

 

IV.  ANALYSIS AND REVIEW 

 

 

 

4.1 Affected Population 

 

 

 The process of constructing reentry zones is the primary focus in the larger goal 

of producing the best routes for returning inhabitants.  Population data is investigated to 

parse out the most beneficial information from the U.S. Census.  Elderly population, 

average family size, total households per census block, and population density is 

reviewed in the process of ranking.  Though all these attributes are informative, the latter 

two are chosen in the ranking because they account for the density per square mile and 

assist in allocating for numbers of evacuees returning to their census tract (Fig. 4.1). 

 Elderly population data was initially obtained to account for a vulnerable 

population segment needing special care in the process of evacuating and returning.  As 

the focus of this research turned toward the general public, this data was omitted.  

Additionally, assuming one vehicle per family on average could exclude specialized 

segments of the population.  For the same reason, average family size was also 

considered as a count for population evacuating but it became unnecessary when 

assuming one household equals one car. 
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Fig. 4.1 Westerly, RI with census tracts highlighted in light blue.  Source: ESRI, 2009. 

  

4.1.1 Displaced Populations 

  

 The number of displaced households contributes to the ranking of damaged zones 

(Tables 4.1 and 4.2).  The percentage of households displaced due to uninhabitable 

homes signifies the severity of damage in each census tract.  As expected, the 

concentrations of displaced people are related to the population size of census tracts.  

Therefore, tracts closest to the downtown area have the most displaced households (Figs. 

4.2 and 4.3).  There are 3,110 displaced households in Westerly for a hurricane with 

Category 3 intensity which equal to one-third of the total number of 9,402 households 
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residing in the city (Table 4.3).  In the event of a Category 4 hurricane, the displaced 

number increases to 7,219 or approximately 77% of the households (Table 4.4).  

Therefore, using the formula that one household equals one vehicle, the total number of 

vehicles leaving Westerly is 9,402, assuming a best case scenario where 100% of 

households evacuate. 

 

Table 4.1 Category 3 Ranking of Population and Storm Characteristics 

 

Scenario 
Census 
Tract 

Displaced 
Households 

Building 
Loss 

Population 
Density Debris Sum 

Weighted 
Rank 

Westerly 
Cat 3 508.01 5 4 5 2 16 3.8 

Westerly 
Cat 3 508.02 3 2 4 1 10 2.2 

Westerly 
Cat 3 509.01 4 1 3 4 12 3.0 

Westerly 
Cat 3 509.02 2 3 2 5 12 3.2 

Westerly 
Cat 3 510 1 5 1 3 10 2.8 

 

 

Table 4.2 Category 4 Ranking of Population and Storm Characteristics 

Scenario 
Census 
Tract 

Displaced 
Households 

Building 
Loss 

Population 
Density Debris Sum 

Weighted 
Rank 

Westerly 
Cat 4 508.01 5 3 5 2 15 3.5 

Westerly 
Cat 4 508.02 2 2 4 1 9 1.9 

Westerly 
Cat 4 509.01 4 1 3 4 12 3.0 

Westerly 
Cat 4 509.02 3 4 2 5 14 3.8 

Westerly 
Cat 4 510 1 5 1 3 10 2.8 
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4.2 Damage and Destruction 

 

 The potential for $2.5 billion in total losses is possible in Westerly if a Category 4 

hurricane made landfall.  Even a Category 3 storm could generate losses in the $ 1.1 

billion range.  Overall, for both Category 3 and 4 scenarios, it is not surprising that the 

total building loss is greatest in the coastal census tract (Fig. 4.1).  The interior census 

tract has the least damage due to its landlocked location and fewer residences and 

businesses (Tables 4.3 and 4.4). 

 
Fig. 4.2 Displaced households in Westerly resulting from a Category 3 hurricane.  

Source: HAZUS, 2006 
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The majority of damage, especially near the coast can be attributed to the intensity of the 

wind and storm surge.  Storm surge can devastate these areas, washing houses off their 

foundations and out to sea.  Many structures cannot withstand continuous wind speeds 

well over 100 mph.  The amount of damage lessens further from the coast where storm 

surge heights are lower.  Locations further inland from landfall typically receive less 

damage as winds diminish with the friction of the land. 

 

 
Fig. 4.3 Displaced households in Westerly resulting from a Category 4 hurricane.  

Source: HAZUS, 2006 
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4.2.1 Category 3 Damage 

 

 Property values along the oceanfront and the high initial land impact for a 

Category 3 hurricane combine for an estimated $305 million in building losses.  The 

downtown tract receives the second highest estimate with $232 million. 

Table 4.3 Results from Category 3 Hurricane (Population and Storm 

Characteristics 

Scenario 
Census 
Tract 

Population 
Density 

Displaced 
Households 

Total 
Building 
Damage 
(x1,000) Debris Total 

Westerly Cat 
3 508.01 5,036 1,049 232,276.93 27,002 

Westerly Cat 
3 508.02 3,834 539 209,019.16 23,011 

Westerly Cat 
3 509.01 2,747 645 189,949.65 59,574 

Westerly Cat 
3 509.02 1,588 482 211,192.60 70,344 

Westerly Cat 
3 510 793 395 305,185.25 47,903 

Total   - 3,110 1,147,623.60 227,834 

 

  

Table 4.4 Results from Category 4 Hurricane (Population and Storm 

Characteristics) 

Scenario 
Census 
Tract 

Population 
Density 

Displaced 
Households 

Total 
Building 
Damage 
(x1,000) Debris Total 

Westerly Cat 
4 508.01 5,036 2,157 489,859.72 50,855 

Westerly Cat 
4 508.02 3,834 1,275 467,862.64 45,587 

Westerly Cat 
4 509.01 2,747 1,595 423,025.37 108,147 

Westerly Cat 
4 509.02 1,588 1,422 506,343.44 136,135 

Westerly Cat 
4 510 793 770 582,979.54 84,530 

Total   - 7,219 2,470,070.70 425,254 
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Most likely this is due to the high density of buildings, both residential and commercial.  

The lowest totals of $189 million are found in the interior tract where population is lower 

and the location is farther from the coast (Fig 4.4). 

 

 
Fig. 4.4  Total building losses in Westerly based on a Category 3 hurricane.  

Source: HAZUS, 2006 
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4.2.2 Category 4 Damage 

 

 Total building losses for a potential Category 4 hurricane in Westerly are close to 

$2.5 billion (Fig. 4.5).  For both Category 3 and 4 storms, the same tract registers the 

least amount of damage; similarly, the same tract registers the most damage for Category 

3 and 4 storms as well (Tables 4.3 and 4.4).The eastern tract has the second most damage, 

up from the third most for a Category 3 hurricane.  This is surprising because the 

population in this tract is the second lowest for the city.  Westerly Airport is located in 

this same tract.  This is significant because it may account for the difference in damage 

between the two scenarios.  The higher damage totals could be attributed to a possibility 

that the airport runways and facilities can withstand Category 3 winds but not the higher 

wind speeds found with a Category 4 storm.  The downtown tract follows with the third 

highest total ($490 million).  Again, the interior track shows the least damage with $423 

million.  

 

4.2.3 Debris/Vegetation 

 

 Debris totals (in tons) are derived from trees, concrete, steel, brick and wood.  

Vegetation data from the U.S. Forest Service, (USFS) is utilized by HAZUS (DHS, 

2008).  For both Category 3 and 4 hurricanes, the order of debris amounts (highest to 

lowest) is the same (Tables 4.3 and 4.4).  For example, the most debris for each scenario 

is found in the eastern tract (509.02), whereas the least debris is associated with tract 

508.02, just south of the downtown.  The only difference is that for the stronger storm 
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debris totals are higher, a difference that is expected given the more forceful winds and 

larger storm surge associated with a Category 4 hurricane.   

 

 
Fig. 4.5  Total building losses in Westerly based on a Category 4 hurricane.  

Source: HAZUS, 2006 

 

The eastern census tract (509.02) has the potential for the most debris, over 70,000 tons 

for Category 3 and 136,000 tons for Category 4 (Fig. 4.6 and 4.7).  The heavy vegetation 

accounts for the highest portion of the debris total.  Less debris is estimated in tracts with 

minimal population or where there is sparse vegetation canopy (Fig. 4.8). 
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Fig. 4.6  Total debris in Westerly based on a Category 3 hurricane.  

Source: HAZUS, 2006 

 

Fig. 4.7  Total debris in Westerly based on a Category 4 hurricane.  

Source: HAZUS, 2006 
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Fig. 4.8 Aerial photo of the Vegetation in Westerly. 

Source: RIGIS, 2008 

 

4.3 Reentry Zone Results 

 

 To calculate reentry zone-weighted ranks, the ranks for displaced households, 

building losses, population density, and debris for Category 3 and 4 hurricanes are 

summed.  High, moderate, and low damage reentry zones are created from these results 

(Figures 4.9 and 4.10).  Recovery in high damage zone tracts is the most difficult.  

Recovery in moderate damage zone tracts will take time but will be able to recover 
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quicker.  Low damage zone tracts are the least affected and will require minimal time and 

efforts to recover. 

 
Fig. 4.9 Calculated Reentry Zones based on a Category 3 hurricane. 

Source: HAZUS, 2006 

 

4.3.1 Category 3 Reentry Zones 

 

  Category 3 results show that the most vulnerable census tract is 508.01(Table 

4.1).  This tract is the core downtown area.  Many families in this densely populated area 

are displaced and much damage to homes is experienced.  The time needed for 
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individuals returning to their homes will be much longer as debris could cause substantial 

delays.  Long term attention will be needed as rebuilding and even a return to normal 

after the hurricane least likely. 

 Results for tracts 509.01, 509.02, and 510 indicate moderate amounts of effort and 

time to rebuild.  These tracts are geographically located on the eastern side of the city and 

away from the ocean with the exception of 510.  Damage is not as severe here, but the 

cleanup will still take an extended period of time.  People returning to their homes will 

experience some delay due to debris on the roads. 

 Tract 508.02 located south of the downtown area is the most likely area to 

experience a return to normalcy.  The lack of damage and debris assist in the low ranking 

despite moderate household displacements and population density (Fig 4.9).  

 

4.3.2 Category 4 Reentry Zones 

 

 Results are significantly different for a stronger hurricane.  The eastern census 

tract is the most vulnerable (Table 4.2).  This can be attributed to more displaced 

households and higher building loss totals.  The downtown tract remains in a high 

damage ranking, just slightly behind the eastern tract.  Like the Category 3 results, the 

interior and coastal census tracts receive a moderate damage ranking (Table 4.2).  The 

lowest ranked tract is just below the downtown area similar to the Category 3 scenario 

(Fig 4.10). 
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Fig. 4.10 Calculated Reentry Zones based on a Category 4 hurricane. 

Source: HAZUS, 2006 

 

 

4.4 Best Routes for Returnees 

 

 The process of return for 9,402 vehicles is analyzed after determining each 

reentry zone, timing and traffic flow are key components.  With so many evacuation 

location, essential travel routes near the Westerly border are used as starting (origin) 

points for returning evacuees.  From the OD matrix discussed in Chapter 3, best routes 
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are built based on the quickest time to the center of each census tract.  Results show that 

route 78 is the best entrance location for 4 of the 5 routes (Fig. 4.11).  Route 78, also 

known as the Westerly Bypass, is not an interstate, but it does have interchanges, signage 

and lighting that are typical with interstates.  The highway only has two lanes of traffic, 

one in each direction and a barrier separating the two.  Speed limits are just 50 mph, but 

compared to other roads in the area, route 78 has higher speed limits and is the most 

centralized (Sipe, 2009). 

 Most of the roads in Westerly are two lane roads.  The Highway Performance 

Monitoring System (HPMS) Field Manual from the U.S. Federal Highway 

Administration calculates capacity for passenger cars per hour (pch) at 1,600 in one 

direction for two lane roads (FHWA, 2009).  In days after a hurricane, more than 1,600 

vehicles may attempt to return within an hour‟s time.  In addition, roads may be 

obstructed by debris making them partially blocked or impassable   

 To determine the vehicle capacity of the roads under post-storm conditions, the 

reentry zone rankings are used.  Vehicle capacities to census tracts in the low ranked zone 

are 1,200 pch (75%) due to some debris and obstructions.  Vehicle capacities to tracts in 

the moderate ranked zone fall to 800 pch (50%) as more roads and blockages are likely. 

Tracts in the high zone are reduced to 400 pch (25%) with substantial debris and 

unnavigable roads (Tables 4.5 and 4.6).  In all cases, traffic jams will occur due to 

overcapacity of vehicles on the roads.  Reentry timing must be organized in an efficient 

manner by emergency management personnel.  
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Fig. 4.11 Best Routes for vehicles returning to their census tract. 

Source: ESRI, 2009 
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Table 4.5 Reentry Statistics for Category 3 Hurricane 

Category 3     

Census Tract Households Zone Rank pch 
Number of 
Hours* 

508.01 2713 High 400 6.8 

508.02 1633 Low 1200 1.4 

509.01 2157 Moderate 800 2.7 

509.02 2001 Moderate 800 2.5 

510 898 Moderate 800 1.1 

  * Does not account for travel through other census tracts 

Table 4.6 Reentry Statistics for Category 4 Hurricane 

Category 4     

Census Tract Households Zone Rank pch 
Number of 
Hours* 

508.01 2713 High 400 6.8 

508.02 1633 Low 1200 1.4 

509.01 2157 Moderate 800 2.7 

509.02 2001 High 400 5.0 

510 898 Moderate 800 1.1 

* Does not account for travel through other census tracts 

 

4.5 Reentry Timing for Emergency Management 

 

 The decision of determining the damage severity of a census tract must be made 

by local emergency management workers.  They will be the best assessors because they 

are directly involved in the on the ground recovery.  Once roads are assessed for safety, 

emergency management workers in each census tract can report to local government the 

degree of damage.  Public officials can then notify residents of the level of initial damage 

in their census tract through the standard media channels.  Neighborhoods and primary 

roads would need to be announced as identifiers and borders for damage zones as the 

majority of residents do not know the census tract in which they reside.   
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 Reentry timing can be staggered to offset the number of vehicles returning 

simultaneously.  There are two recommended approaches to this.  First, public officials 

would need to set up timelines for returning vehicles depending on the level of debris, 

damage and safety for each census tract.  People living in the low damage ranked zones 

may be able to return after 24 hours.  Moderate damage ranked zones could require 48-72 

hours to clear debris off streets before allowing residents to return.  The highest damage 

ranked zones may not be open to residents for at least a week depending on damage 

levels.  Secondly, to avoid delays when census tracts become open for travel, vehicles 

could be allowed to reenter based on their license plate identification.  Those that begin 

with the letters A-G could return between 8am and noon; H-O, between 12 and 4pm; and 

P-Z, from 4-8 pm.  This would greatly improve the traffic flow of returning evacuees in 

vehicles. 



 

 

 

 

V.  SUMMARY AND CONCLUSIONS 

 
 

 

 History shows that Rhode Island‟s coast is in danger of a strong Category 3 or 

weak Category 4 hurricane.  Though infrequent, hurricanes of this magnitude have made 

landfall in the region.  As the population continues to grow and migrate toward the coast, 

reentry plans for such a storm are imperative. 

 While previous research on hurricane-induced evacuation is plentiful, there is a 

dearth of research focusing on evaluating the processes for people returning to their 

homes.  This research examines simulated return plans for households in Westerly based 

on hurricanes with Category 3 and Category 4 strength.   Reentry zones based on census 

tracts were created.  Severity of damage in each tract is determined by weighing key 

variables computed by HAZUS-MH GIS software. 

 The Category 3 hurricane simulation had landfalling winds of 120 mph.  The 

Category 4 storm scenario had winds of 135 mph at landfall.  The 15 mph difference in 

wind speed increases the damage results immensely.  Total building losses are more than 

double with the Category 4 storm from $1.1 billion to almost $2.5 billion.  The 

percentage of displaced households in Westerly rises dramatically from 33% to 77% with 

the stronger storm simulation.  Debris amounts swells from 227 thousand tons to over 

425 thousand tons. 
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 Results show that vehicles returning to their census tracts would encounter delays 

due to traffic or debris regardless of the level of damage.  The downtown census tract 

would take the longest to recover in the event of a hurricane and thus is labeled as a high 

damage zone.  This tract also would be the most difficult for households to return to 

based on the number of travel hours affected by traffic and debris. 

Interior census tract 509.01 has the lowest building loss totals due to its distance 

from the coast and fewer residences and businesses.  This zone, along with the eastern 

(509.02) and coastal (510) census tracts, is labeled as moderate damage zones in the 

Category 3 simulation.  Here, damage values are lower.  Those returning to these zones 

could encounter delays but they should be able to recover quicker than those in the high 

damage zones.  The tract south of downtown (508.02) has lower totals for both storms 

and was given a low damage zone label.   

A significant change occurs in the eastern census tract with the Category 4 

hurricane.  No other tract has higher damage totals with the exception of the coastal tract.  

The Westerly Airport is located in this census tract and the infrastructure may not be able 

to withstand the increased wind speeds.  Thus, the eastern tract is labeled a high damage 

zone for reentry in the Category 4 scenario. 

Route 78, with its higher speed limits and central location is found to be the best 

route for vehicles returning for 4 of 5 census tracts.  The route begins from the western 

border of the city and proceeds to the interior sections of the city.  In all situations delays 

are likely because of the traffic volume and debris.   

It is recommended that emergency management stagger the vehicles returning by 

implementing two processes.  First, timelines for returning vehicles should be created 
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based on the reentry zones.  In addition, the time of day for those returning can be based 

on the first letter of each vehicle‟s license plate. 

HAZUS is a very useful tool for hurricane risk analysis and planning.  Building 

valuations, building counts, and other aggregate data merged with a probabilistic or 

historic hurricane track offer helpful results to insurance companies and others involved 

in the emergency planning field. 

 One of the limitations of the software is that it does not account for changes that 

occur over time.  Continued studies in real-time data could provide greater accuracy in 

effective reentry planning.  This research focuses on the city of Westerly and vehicles 

that are returning from the border of the city.  Future work encompassing all of southern 

Rhode Island and neighboring Connecticut could provide a larger and more 

comprehensive picture of damaged areas as well as best return routes. 
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