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Chapter 1

Chapter 1

Introduction

On Monday morning, August 24, 1992, Hurricane Andrew tore through the southern peninsula of 
Florida. Andrew, the costliest and one of the strongest hurricanes of the century, left behind these 
mind-numbing statistics for South Florida (as reported by the Miami Herald): 

* 20 billion dollars in total property damage  
* 160,000 people left homeless  
* 86,000 businesses destroyed or damaged  
* 28,000 homes destroyed 

A small but ferocious Cape Verde hurricane, Andrew wrought a path of destruction through the 
northwestern Bahamas, the southern tip of the Florida peninsula, and south central Louisiana. An 
estimated three-quarter of a million people evacuated dwelling units in South Florida alone. In Dade 
County, which took the brunt of the storm, 14 deaths were directly caused by Andrew. Of these, very 
few were from drowning - a testament to successful evacuations carried out by local emergency 
management officials throughout the threatened areas. 

Prior to Hurricane Andrew, comprehensive hurricane evacuation studies had been completed for the 
lower southeast Florida coast (Monroe, Dade, Broward and Palm Beach counties). These studies and 
their associated work products were jointly funded by the Federal Emergency Management Agency 
(FEMA), the U.S. Army Corps of Engineers, the State of Florida Department of Community Affairs, and 
the National Weather Service. The Jacksonville District of the Corps of Engineers served as project 
manager for both the 1983 base study and the 1991 study update for lower southeast Florida.

With these studies in hand and a severe storm making landfall, a perfect opportunity was available to 
answer several key questions regarding these major FEMA/Corps planning efforts: 

Did local and state officials use the products produced in these major studies? 

Were study data regarding storm hazards, behavioral characteristics of the threatened population, 
shelter information, evacuation times, and decisionmaking accurate and reliable? 

Which study products were most useful and which least useful - what improvements could be made to 
current methodologies and products? 

To answer these questions a study team comprised of William G. Massey representing FEMA; Royce 
Tipton, Joe Gavin and Allan McDuffie representing the Corps of Engineers; and Mike McDonald of the 
Florida Department of Community Affairs visited with local and state officials throughout the directly 
impacted areas of south Florida. Donald C. Lewis of Post, Buckley, Schuh & Jernigan, Inc. was 
retained to accompany the study team and document all relevant findings. Many local and state 
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officials provided their observations. Local emergency management directors, law enforcement 
officers, and Red Cross personnel were primarily involved in meetings held in each area that 
responded to Hurricane Andrew. A separate meeting was held in Miami to discuss study product 
usage with local media representatives. Evacuation data were also obtained from several Southwest 
Florida and Treasure Coast regional counties to aid future FEMA/Corps of Engineers regional study 
efforts. Appendix A lists those individuals who either attended meetings or provided input through 
telephone conversations. 

Discussion with local emergency management officials focused on study products and their use 
relative to the evacuation decision process, evacuation/traffic control and clearance, sheltering, and 
public information. Discussions with state officials centered on the role the state played in the 
evacuation process, including the use (or non-use) of study products in communicating with local 
officials. Media representatives in Miami were asked to focus on study related materials that they 
possessed and that were broadcast to the general public. They also addressed the types of materials 
and public information they could have used that had not been developed or delivered to them to date. 

In addition to the meetings held with state and local officials, Hazards Management Group conducted 
and analyzed a residential behavioral sample survey for selected communities in the directly affected 
south Florida areas. Telephone interviews were conducted to compare actual evacuation response in 
Andrew to predicted evacuation response developed in the original comprehensive hurricane 
evacuation study. The behavioral analysis focused on the actual percent of the affected population that 
evacuated during Andrew, when the evacuees left their residence, what sort of refuge evacuees used, 
where the refuge was located, and the number of vehicles used by evacuating households. 

This report documents the findings of the study team and is organized by general category of hurricane 
evacuation study product. Those general categories that are addressed include: 

Hazards/Vulnerability Data  
Behavioral Characteristics of Evacuees  
Shelter Issues  
Transportation/Clearance Time Data  
Evacuation Decision-Making  
Public Information 

Each chapter describes typical study components and products produced in comprehensive hurricane 
evacuation studies. The chapter then summarizes actual data related to Andrew and compares it with 
study produced data for a relevant storm scenario. Recommendations are then given for future study 
efforts relative to that study topic.
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Chapter 2 

Hazards/Vulnerability Data 

In FEMA/Corps comprehensive hurricane evacuation studies, the primary objective of the hazards 
analysis is to determine the probable worst-case effects for the various intensities of hurricanes that 
could strike an area. Specifically, a hazards analysis quantifies the expected hurricane-caused 
inundation that would require emergency evacuation of the population. Historically, the hazards 
analysis also has assumed that mobile homes outside the surge inundation area must be evacuated 
due to their vulnerability to winds. The National Weather Services' SLOSH (Sea, Lake, and Overland 
Surge from Hurricanes) numerical storm surge prediction model was used as the basis of the hazards 
analysis for studies completed in lower southeast Florida. 

The vulnerability analysis uses the hazards analysis to identify the population potentially at risk to 
coastal flooding caused by the hurricane storm surge. Storm tide atlases are produced showing the 
inland extent of surge inundation for various hurricane intensities. 

Hazards and vulnerability issues related to Andrew that were discussed with local and state officials 
included the following: 

What technical data/mapping was used to choose the areas to evacuate?  
Did the technical data provide a good depiction of the hazard area? 

Inundation maps and evacuation zone maps developed from the SLOSH model output were heavily 
utilized study products during Andrew. Specifically, local emergency management directors decided 
whom to evacuate primarily on evacuation zone maps that were developed from the inundation 
mapping. In Dade County, each successive level of evacuation was clearly depicted on color coded 
public information handouts. Zip codes were shown on the map to facilitate understanding by the 
general public. Broward County, which had recently made major changes to its assumed Saffir-
Simpson Category 4-5 4-5 evacuation zones (based on the latest SLOSH mapping), used a similar 
public information brochure. 

Local emergency management directors had great confidence in the SLOSH model and took its data 
very seriously. As it did in Bulls Bay S.C. for Hurricane Hugo, the SLOSH model did an excellent job of 
predicting and then replicating the maximum surge height that occurred in Dade County where Andrew 
made landfall. Figure 1 graphically portrays a favorable comparison of profiles of observed high water 
marks versus SLOSH calculated storm tide heights along the western shore of Biscayne Bay. 

While the SLOSH model did well in regards to surge height, the actual extent of flooding was less than 
expected and shown in the surge atlases. Figure 2 is a graphic that the Miami Herald developed 
(based on FEMA surveys) that shows the extent of surge flooding. Ironically the areas that were 
evacuated in Dade County for expected category 4 flooding, were devastated by the winds of Andrew - 
if the evacuation had not been carried out in those areas, the loss of life would have been much 
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greater. 

Andrew was an unusually small and fast moving hurricane compared to worst case SLOSH modeled 
storms upon which the surge atlases were developed. Atlases show a composite of a number of tracks 
and foward speeds - Andrew was a single track with its own forward speed component. While the 
atlases assumed a Saffir-Simpson category 4 hurricane would drive water up from the south and 
around Cutler Ridge, Andrew had a very small eye and had its radius of maximum winds driving water 
up against Cutler Ridge. Through the Andrew experience, the National Hurricane Center learned that 
in south Dade County the SLOSH model needs a variable to account for wall fences like the one 
around the Deering Estate - apparently such walls and the debris that piles against them slows the 
advance of the storm surge. 

From a meteorological standpoint, Hurricane Andrew was somewhat unusual - its rapid intensification 
and increase in forward speed created some interesting challenges for both National Hurricane Center 
staff and local emergency management directors. Fortunately, emergency management directors took 
prudent early actions and kept in constant communication with the National Hurricane Center so that 
they still had time to carry out appropriate evacuations for a more intense storm scenario. Ed Rapaport 
of the National Hurricane Center in his preliminary forecast and warning critique of Andrew, noted the 
following: 

Andrew reached hurricane strength on the morning of 22 August, thereby becoming the 
first Atlantic hurricane to form from a tropical wave in nearly two years. An eye formed 
that morning.. just 36 hours later, Andrew reached the borderline between a category 4 
and 5 hurricane and was at its peak intensity... central pressure had fallen 92 mb, down 
to 922 mb. Andrew initially weakened over the Florida Straits and pressure rose to 941 
mb. However, the hurricane rapidly reintensified during the last few hours preceding 
landfall on Florida. Radar, aircraft and satellite data showed a decreasing eye diameter 
and strengthening eyewall convection... the estimated central pressure was 930 mb at 
landfall near Homestead AFB at about 0905 UTC (505 AM EDT) 24 August. 

The preliminary report went on to say that the 16.9 foot storm tide is a record maximum for the 
southeast Florida peninsula. Even though Andrew was small and moved rather fast, rainfall totals were 
in excess of seven inches in parts of southeast Florida.

Concerning the forecast error, the preliminary report stated:

On average, the NHC errors were about 30% smaller than the current 10 year average. The most 
significant changes in Andrews' track were generally well anticipated and the forecast tracks generally 
lie close to the best track. However, the rate of Andrew's westward acceleration over the southwestern 
Atlantic was greater than initially forecast. In addition, the NHC forecasted a rate of strengthening that 
was less than what occurred during Andrew's period of rapid deepening.

RECOMMENDATIONS Based on a review of the Hurricane Andrew experience and hazards/
vulnerability study products previously developed the following recommendations are provided: 
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- Acknowledge increased levels of vulnerability to winds relative to the Saffir- Simpson Category 4-5 
scenario. The old assumption that just mobile homes outside surge areas are vulnerable to winds may 
not be valid considering the aftermath of Andrew. Depending on construction practices/housing types, 
we must increase our vulnerability statistics to recognize this for a given area. 

- Rework some of the SLOSH model set up for southeast Florida to recognize existing barriers and 
impedance to storm surge inland flooding.

 - Remap revised SLOSH output in an easier to use and more legible format. Surge atlases should be 
brought up to current State of Florida/FEMA/Corps standards which includes standardized shades of 
blue for water bodies versus the Category 1 flood area. The Dade atlas must be simplified - too many 
storm categories/tracks were depicted and color choices and quality were not up to current atlas 
production standards. A good digitized base map of Dade County with accurate topological features/
elevation data must be obtained and used for CADD production. 

- Local officials must be reminded that one hurricane will not produce the inland extent of flooding 
shown in the atlases. The point(s) of maximum effect will be a function of storm size and point of 
landfall. 

- Future study updates for regions in the peninsula part of Florida should give further consideration to 
exiting or crossing storm tracks and what effects they might have on a community.
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Evacuation Behavior in Hurricane Andrew in Southeast Florida

Evacuation studies include assumptions about how the public will respond during a hurricane evacuation, and two such 
reports were produced for the Jacksonville District of the Corps for southeast Florida. Separate analyses were conducted 
for Monroe County (Nelson, Crumley, Fritzsche, and Adcock, 1989) and Palm Beach, Broward, and Dade Counties 
(Hazards Management Group, 1990). An earlier study was performed for the entire region in 1983 (Post, Buckley, 
Schuh, and Jernigan, 1983). This report describes how the public in southeast Florida actually responded during the 
hurricane Andrew evacuation and how that behavior compared with the projections made in the 1989 and 1990 
behavioral analyses used in preparing evacuation studies for the region. Descriptions of public response in Andrew come 
primarily from a preliminary analysis of data collected in a Florida State University study funded by the National Science 
Foundation (Baker, 1993). The Florida State University study included a telephone sample survey of 900 residents of 
Broward, Dade, and Monroe counties, plus 400 in southwest Florida not included in this report. That data is 
supplemented in this report with 200 additional telephone interviews in southeast Florida conducted by Hazards 
Management Group, Inc. with funding from the U.S. Army Corps of Engineers. 

The combined southeast Florida post-Andrew sample of 1100 was divided among the risk areas used for evacuation 
operations in each of the three counties. The breakdowns and aggregations used below reflect that stratification but also 
reflect the necessity of combining subsamples in order to have groups of sufficient size to yield reliable findings. 

All samples are subject to error because they do not include the entire population. They are estimates of the true 
population values, and larger samples will usually be closer to the actual population values than smaller samples. 
Readers should keep in mind that the figures reported as responses in Andrew are the best available estimates but 
remain estimates. In general, the figures reported will be within 5 to 10 percentage points of the actual population values.

Evacuation Rates

Response in Andrew

Broward and Dade. The percentage of residents who evacuated (i.e., left their homesto go someplace they believed 
would be safer) in Andrew varied by proximity to the shoreline. In Broward county 69% left from the Category 1-2 surge 
zone, and in Dade 71% left from the Category 1 area. In the Broward Category 3 and Dade Category 2-3 zones 63% 
evacuated, and in Category 4-5 zones 46% left from Broward and 33% left from Dade. In both counties 13% evacuated 
from inland areas beyond the Category 4-5 surge limits. Had Andrew's track been slightly farther north, a significant 
number of homes that were not evacuated would have been flooded.

Monroe. Evacuation from the Florida Keys (Monroe County) decreased from northto south and was lower than that from 
the Broward and Dade high-risk areas. In the Upper Keys 62% left, compared to 45% in the Middle Keys, 40% in the 
Lower Keys north of Key West, and 25% in Key West. If Andrew's track had been farther south, many homes in the Keys 
that were not evacuated would also have been flooded.

Hypothetical Responses

The 1989 and 1990 southeast Florida behavioral studies conducted telephone interviews with residents asking how they 
would respond to hurricane threats. Their answers are referred to as hypothetical or intended responses.

Broward and Dade. In Broward and Dade counties, the sample was divided into"beach" and "mainland" groups. The 
beach sample was the same as the Category 1-2 population in Broward and the Category 1 population in Dade, although 
the Category 1-2 area of Broward also included a mostly narrow strip of mainland bordering Biscayne Bay. The mainland 
sample in the hypothetical survey was comparable to the Category 3 population in Broward county and to the Category 2-
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3 population in Dade.

Only nine percent of the beach respondents of either county insisted they wouldn'tevacuate if ordered, implying an 
evacuation rate of 91%. On the mainland 11% of the Broward and 15% of the Dade samples said they wouldn't leave if 
ordered, indicating evacuation rates of 89% and 85% respectively.

Monroe. The Monroe county hypothetical response survey sample was divided into three zones: Upper, Middle, and 
Lower Keys. In the Upper Keys 78% said they would leave, versus 76% in the Middle Keys, and 56% in the Lower Keys.

Behavioral Projections

Broward and Dade. The behavioral analysis performed for Broward and Dadecounties by Hazards Management Group 
did not attempt to provide a single global evacuation rate for the region, for an entire county, or even for a risk zone 
within a county. The report contained a look-up table indicating the evacuation rate that would ensue in two different 
storm scenarios, for three different risk zones, for mobile homes and for housing other than mobile homes. An 
accompanying narrative gave guidelines for further refining the values.

The report said that in a severe storm like Andrew if public officials ordered evacuation in high and moderate risk areas 
and were successful in communicating to peoplethat they need to evacuate, 90% would leave from high-risk areas, 80% 
from moderate-riskareas, and 30% from areas outside the zones told to evacuate for flooding. The report specified the 
notice dissemination modes required to achieve those evacuation rates and stated that actual rates would be at least 25 
percentage points lower if the orders weren't disseminated by officials going physically into the areas being told to 
evacuate.

Although only 70% evacuated from the high-risk areas of Broward and Dade in Andrew, many residents (44% in Broward 
and 28% in Dade) said they didn't hear from officials that they were supposed to leave. Of those who said they did hear 
officials say that they were to evacuate, only slightly more than half believed the notice was mandatory.  Overall, only 
32% in Broward Category 1-2 and 42% in Dade Category 1 evacuation zones believe they were ordered to evacuate.

Of those who indicated that officials told them to evacuate, 80% did, compared to only 52% of those who said they 
weren't told to leave. Of those who understood that theywere ordered to leave, 87% did so, and of the respondents who 
said that officials actuallycame into their neighborhood making announcements that they must evacuate, 89% left. The 
look-up table in the behavioral analysis was extremely accurate for the high-risk area.

The evacuation rates from the Broward Category 3, Dade Category 2-3, and both Category 4-5 zones were also 
anticipated, given the manner in which evacuation orders were perceived by residents. In Dade and Broward counties 
combined, 80% of the residents in these areas who believed officials had ordered them to leave complied. Evacuation 
from the wind-only zone is more difficult to compare, because the behavioral analysis didn't address it in the same detail 
as the surge-prone areas. The behavioral analysis did not specifically state how far inland the "low-risk" area extended, 
how evacuation would vary within the zone as a function of proximity to the coast, or how response would be affected by 
variation in the success of evacuation from surge zones. Taken at face-value, however, without the benefit of guidelines 
for further interpretation, the look-up table overstated evacuation from the wind-only areas of Broward and Dade.

Not enough mobile homes were included in the Broward and Dade post-Andrew study to permit a statistically reliable 
comparison with the behavioral analysis. Available data as well as anecdotal evidence appear consistent with the look-
up table, however. In a number of the most devastated mobile home parks in south Dade county, some of the residents 
did not leave and had to seek refuge in clubhouses on site.

Monroe. Strictly speaking, the behavioral analysis for Monroe county did not makeexplicit projections of response: it 
simply reported the telephone survey hypothetical responses. Because the purpose of the report was to provide 
behavioral assumptions for evacuation planning, however, it is reasonable to assume the authors intended that the 
survey results be used for planning. 
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The behavioral analysis overpredicted actual response in the Upper (78% predicted vs. 62% actual), Middle (76% vs. 
45%), and Lower Keys (56% vs. 29%). The survey scenario yielding the predictions specified a Category 3 hurricane, 
with officials ordering evacuation. 

Evacuation Timing 

Response in Andrew Figure 1 depicts the cumulative evacuation rate from 5 PM Saturday, August 22, when a hurricane 
Watch was first issued for southeast Florida, to 5 AM Monday, August 24, when landfall occurred. The curves indicate, of 
all eventual evacuees, the cumulative percentage who had left at various times and dates.

Broward and Dade. Ten percent of the evacuees from the Dade and Broward highriskareas said they had already left 
when the Watch was issued. Few others left during Saturday evening and night, so that when a Warning was issued the 
following morning, less than 15% of the eventual evacuees had left. At that time officials in both Broward and Dade 
counties issued evacuation orders. The evacuation rate clearly began to increase around 8 AM Sunday, and by 2 PM 
that afternoon slightly more than half the evacuees had left. By 6 PM over 90% of the evacuees had left. Response 
curves for lower risk areas of Broward and Dade were comparable but lagged slightly behind the curve for the highest 
risk zones.

Monroe. The evacuation was phased in the Florida Keys. Saturday afternoon at 3PM state and county parks were 
closed, at 4 PM officials began recommending that nonresidentsleave, at 6 PM tourists were ordered out, at 10 PM that 
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evening the Ocean Reef development near the northern extent of the Upper Keys was told to evacuate, at 1 AM RV 
parks and campgrounds were evacuated, and at 2 AM Sunday mobile home parks in the Upper Keys were told to leave. 
At 6 AM Sunday morning an evacuation order was issued for all of the Upper and Middle Keys, followed at 11 AM by an 
order for the Lower Keys. Although most residents weren't told to leave until early Sunday morning, many were aware of 
the other evacuation activities going on earlier and some were probably influenced.

Twenty percent of the evacuees said they had already left when the hurricane Watch was issued, and another 10% left 
by Sunday morning when the general evacuation order was issued for the Upper Keys. The response curve began to 
increase sharply at that time, and by 9 AM 50% of the evacuees had left. By 5 PM 90% of the evacuees had left, and 
officials halted evacuation out of the Keys from the Upper Keys at 6 PM. Response curves for the Middle and Lower 
Keys were similar but somewhat later.

Hypothetical Responses.

Broward and Dade. Residents were presented with a hypothetical threat scenario in which a category 3 hurricane 
threatened, a Watch was in effect, and officials had not advised any actions. Half the beach respondents and a third of 
the mainland respondents said they would evacuate under those conditions (but were not asked whether they would 
necessarily leave right away).

Monroe. The Monroe hypothetical response survey presented three category 3 stormthreat scenarios: a Watch 36 hours 
before possible landfall, with officials recommending voluntary evacuation; a Warning 24 hours before possible landfall, 
with officials ordering evacuation; and a Warning 12 hours before possible landfall, also with officials ordering 
evacuation. When respondents indicated they would evacuate in one of the scenarios, they then were asked how long it 
would take before they actually left.

The responses were combined to produce a logarithmically-shaped cumulative response curve for the Upper Keys in 
which more than 20% of the evacuees left within one hour of the Watch + recommendation scenario, 60% of the 
evacuees left after the watch + recommendation before the Warning + order, and 90% of the evacuees left prior to the12-
hour-before-landfall notice. Averaging over the three scenarios, 30% of the respondents said they would leave 
immediately after the notice, 61% within three hours of the notice, and 81% within six hours.

Behavioral Projections

Broward and Dade. The behavioral analysis report stated that the early responseindicated by the survey scenario was 
unrealistic, noting that relatively few evacuees (less than 20%) leave before an evacuation notice is issued. The report 
stated that actual response timing will depend upon the urgency of the evacuation and proposed three different logistic 
("S") curves for planning. One curve supposed early, very aggressive, effective action by officials in which 10% of the 
evacuees left before the evacuation order was issued and 90% of the evacuees would leave within six hours of the time 
the order was issued, and reaching that point six hours before arrival of the storm (tropical storm winds). Another curve 
supposed a late, urgent evacuation, stemming from an unanticipated change in storm track or forward speed. It specified 
that 20% of the evacuees would have left before the evacuation order was issued, and then within five hours a total of 
90% of the evacuees would have left, leaving just one hour before the arrival of the storm.

The Andrew evacuation was most like the "normal" scenario proposed in the behavioral analysis report. The normal 
timing scenario presumed that warning time was adequate for a relatively unhurried evacuation and that officials did not 
convey a sense of urgency to leave right away. It specified that only 10% of the evacuees would have left before an 
order, and the cumulative evacuation rate would climb almost linearly over the next 10 hours when 90% of the evacuees 
would have left, three hours before arrival of storm conditions.

In Andrew approximately 15% of the evacuees from high-risk areas in Broward and Dade left before the order was 
issued (compared to 10% in the behavioral analysis). Ninety percent of all evacuees had left within 10 hours of the order 
(compared to 10 hours in the behavioral analysis). The 90% level was reached at 6 PM Sunday, which was at leastsix 
hours before the arrival of tropical storm conditions (compared to three hours in the behavioral analysis). Thus the 
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normal response scenario in the behavioral analysis was very close to the response in Andrew, except that the actual 
evacuation was concluded earlier.

Monroe. The Andrew evacuation in the Keys is not perfectly comparable to thescenario sequence proposed in the 
behavioral analysis report because in Andrew residents in general were not advised to evacuate when the Watch was 
issued. However, given the other sort of evacuation activities which took place prior to the Watch, and given the 
evacuation notices issued for parts of the Upper Keys before the general evacuation order, one might argue that actions 
by officials at the time of the Watch provided cues which were tantamount to recommending voluntary evacuation. If that 
is true, then the behavioralanalysis report specified that 70% of the evacuees would have left by the time the order was 
issued (compared to 36% actual in Andrew), and by noon on Sunday almost 90% would have left (compared to 70% 
actual in Andrew).

If the behavioral analysis report warning scenario is inappropriate for comparisonto the Andrew evacuation, another 
comparison can be made. The report indicated that 30% of evacuees would leave within one hour of an evacuation 
notice, 61% (cumulative) within three hours, and 81% (cumulative) within six hours. The actual response was 
significantly slower.

Use of Public Shelters

Types of refuge include the homes of friends and relatives, official public shelters, hotels and motels, and a wide variety 
of other locations such as workplaces, churches, and second homes. For emergency management and Red Cross 
officials the most critical are public shelters, because it is those which must be provided for by government and the Red 
Cross.

Response in Andrew

Broward and Dade. Overall only 6% of all evacuees said they went to Red Crosspublic shelters, and there was little 
variation from place to place. In Broward county inland of the Category 3 surge zone, 19% of the evacuees went to 
public shelters. However, the total number of evacuees within the sample from that area of Broward was only 31 people, 
meaning that the actual percentage of evacuees using public shelters actually could be more than 10 percentage points 
higher or lower than the 19% figure. Non-whites (13%) were more likely to use public shelters than whites (5%), and 
households with annual incomes below $12,000 were more likely to use public shelters than those with higher incomes 
(24% vs. 4.5%).

Monroe. Overall 8% of the evacuees in the Keys said they used public shelters.  Shelter use increased from north to 
south, ranging from 2% in the Upper Keys, to 7% in the Middle Keys, to 16% in the Lower Keys (including Key West).

Hypothetical Responses.

Broward and Dade. Among residents in beach areas, 18% in Broward and 22% inDade said they would use public 
shelters. On the mainland, 21% in Broward and 36% in Dade said they would go to public shelters. Actual shelter use 
was dramatically lower than the hypothetical usage rates. In hypothetical surveys the households with annual incomes 
from $10,000 to $25,000 had similar shelter use rates, and usage declined gradually as income rose above $25,000. 
Non-whites were more likely to say they would use public shelters than whites.

Monroe. In the Upper Keys 6% said they would use public shelters, compared to 12% in the Middle Keys, and 30% in the 
Lower Keys. The average was 15%.

Behavioral Projections.

Broward and Dade. The behavioral analysis report provided nine different shelteruse scenarios based on risk area and 
income and also discussed how other variables such as shelter policies, actions by public officials, and race could further 
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affect shelter use. The report, despite lowering the projections below the hypothetical response levels, still overestimated 
shelter use for most evacuees. It was accurate for high-income evacuees from high-risk areas and for Broward county 
inland of the Category 3 surge limits. The predicted inverse relationship between income and shelter use was true but 
weaker than anticipated.

Monroe. Actual shelter use in Monroe county was consistently below the levels stated in the behavioral analysis report: 
1% actual vs. 6% anticipated in the Upper Keys, 7% vs. 12% in the Middle Keys, and 16% vs. 30% in the Lower Keys.

Evacuation Destinations

Response in Andrew

Broward and Dade. From the Broward Category 1-2 and Dade Category 1 zones 35% of the evacuees went to 
destinations outside their own county. In the Broward 3 and 4-5 and Dade 2-3 and 4-5 zones, 25% left their home 
county. There were too few evacuees surveyed outside the surge zones to calculate reliable estimates of destination 
locations.  The trend inland across the other zones suggests that the figure would be less than 25%.

Monroe. Reliance upon destinations outside Monroe county decreased from the Upper Keys south. From the Upper 
Keys 77% of the evacuees went out of county, 47% from the Middle Keys, and 29% from the Lower Keys. The overall 
figure was 48%.

Hypothetical Responses

Broward and Dade. Overall 35% of Broward and 41% of Dade respondents said they intended to leave their county. The 
behavioral analysis document did not report hypothetical survey results by risk area.

Monroe. Eighty-seven percent of intended evacuees from the Upper Keys said they would leave Monroe county, 
compared to 77% from the Middle Keys and 61% from the Lower Keys.

Behavioral Projections

The behavioral analysis report provided estimates for evacuees leaving their home county under two scenarios for high, 
moderate, and low risk areas: a very strong storm, with an early evacuation and a weak storm, with typical timing. 
Andrew, however, was a very strong storm, with typical timing. The appropriate values for an evacuation like Andrew's 
would be between the two scenarios in the report. Using these values, the report would predict evacuees leaving their 
own county at 43% from high risk areas, and 28% from moderate risk areas. The actual figures in Andrew were 35% for 
high risk areas and 25% for moderate risk areas. The behavioral analysis was close in both instances, but overstated the 
rate for the high risk zone by eight percentage points and understated the rate for the moderate risk zone by three 
percentage points.

Monroe. The behavioral analysis report used values of 87% the Upper Keys, 77% for the Middle Keys, and 62% for the 
Lower Keys. Actual values were 77% in the Upper Keys, 47% in the Middle Keys, and 29% in the Lower Keys. The 
values were close for the Upper Keys (10 percentage points too high), but significantly worse in the Lower Keys (30 and 
33 percentage points too high).

Vehicle Use

Response in Andrew

The percentage of vehicles available to evacuees which are actually used in evacuations is almost a constant, seldom 
being less than 65% or more than 75%. Response in Andrew generally fell within that range, accounting for sampling 
error. In the Broward Category 1-2 and Dade Category 1 zone 77% of the available vehicles were used, in the rest of the 
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Broward and Dade areas 69% were used, and in the Keys 67% were used.

Hypothetical Responses

In hypothetical response surveys interviewees in the beach areas of Broward and Dade counties said they would use 
71% of the vehicles available to them. Mainland residents said they would use 65% of their available vehicles. In the 
Keys, survey respondents said they would use 67% of their vehicles. As demonstrated in other studies, hypothetical 
response values for vehicle use are good predictors of actual use.

Behavioral Projections

The behavioral assumptions for Broward and Dade high-risk areas indicated that 65% to 75% of the available vehicles 
would be used in an evacuation. Vehicle use in Andrew was 77% in this area, slightly higher than the upper end of the 
projected range. The behavioral analysis report stated that 60% to 70% of the vehicles available in the mainland area 
would be used, and in Andrew the figure was 69%. In the Keys, the behavioral analysis reported that 67% of the 
available vehicles would be used, and in Andrew 65% were used.

Conclusions

Comparisons between actual response data in Andrew, hypothetical survey results, and response projections provided in 
behavioral analysis reports prepared for southeast Florida reaffirm two basic conclusions which have been evident for 
years: 1) hypothetical response data alone should not be used for deriving evacuation behavioral assumptions and2) a 
variety of assumptions should be provided for a variety of threat and evacuation scenarios, because public response will 
vary not only from one place to another in the same storm but from storm to storm in the same place. To our knowledge 
the only locations where behavioral analyses currently rely exclusively upon hypothetical response data are the Florida 
Keys, the east-central regional planning area of Florida, all of Georgia, and all of Texas. The approach now being used 
by planners in southwest Florida is unclear but appears to be a set of values developed for Lee county and applied 
generically without differentiation within the region.

The methodology used in preparing the behavioral analysis for Broward and Dade counties (past response data in David 
in 1979 + general patterns of response in evacuations elsewhere + hypothetical response surveys in Broward and Dade 
+ adjustments indicated by past comparisons between hypothetical and actual responses elsewhere + input from local 
emergency management officials) yielded projections which in most instances were very close to the responses 
observed in Andrew. The discrepancies, however, illustrate the fact that there is still much to learn about public response 
in hurricanes in general and the application of generalizations to specific locations. Opportunities to further that 
knowledge should not be missed when evacuations occur.
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Chapter 4 

Shelter Issues 

The primary objectives of shelter analyses prepared for FEMA/Corps comprehensive hurricane evacuation studies are to 
list public shelter locations, assess their vulnerability relative to storm surge flooding, and to estimate the number of 
people who would seek local public shelter for a particular hurricane intensity or threat. Shelter location/capacity data 
are obtained from local emergency management staff working in conjunction with the American Red Cross, schoolboard 
or other local agencies. Comparisons are then made with SLOSH data to assess flooding potential. Public shelter capacity 
is usually compared to public shelter demand figures generated in the transportation analysis to determine potential 
deficits or surpluses in sheltering. The behavioral analysis is important to this process as assumptions for the 
transportation analysis (regarding the percent of evacuees going to public shelter) come from the behavioral analysis 
or behavioral parameters recommended by the local directors. 

Shelter issues related to Andrew were discussed with local and state officials. Discussions focused on the following topics: 

●     When were shelters opened and when did evacuees arrive/stop arriving? 
●     How many shelters were opened and how many people were sheltered? 
●     Were any flooding, wind, or loss of power problems encountered with shelters during the storm? 

Table 1 summarizes the responses to each of these topics gathered in the lower southeast Florida area counties. 

Table 2 is also provided showing public shelter statistics gathered for other south Florida counties responding to 
Andrew. Most shelters opened in Dade and Broward Counties were operational by Sunday morning at 10 a.m. Palm 
Beach shelters were operational by Sunday at 3 p.m. No official public shelters were opened in Monroe County although 
it has been reported that two refuges were opened in Key West by Red Cross staff. Most shelters stayed open 
approximately 1 to 3 days except in the heaviest hit areas of Dade County. Approximately 20 Dade shelters stayed open 
for two to three weeks. Evacuees generally arrived as soon as shelters opened and continued to arrive until about 9 p.
m. Sunday evening. In Palm Beach and Broward Counties, local emergency management officials were satisfied with 
Red Cross staffing of shelters. Some shelters experienced loss of power and backup generators were used where 
available. Broward County had one shelter with a roof problem - but officials were able to relocate the evacuees to 
another shelter. 
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The public shelter situation was much less optimal in Dade County. Water pressure problems at many shelters 
created situations where no toilets were working. Food and water supplies at some shelters were not adequate - this 
was especially acute at a shelter which was housing elderly evacuees from Miami Beach. Loss of power was 
experienced throughout the county and two shelters had major wind problems. Concerns were also expressed by the 
County that some shelters had inadequate or no Red Cross staff available to operate the facility. 

As can be seen in Table 1, the number of public shelter evacuees in the lower southeast Florida counties during Andrew 
was significantly less than what was anticipated through statistics generated in study products. Local officials had 
fairly reliable estimates of the numbers of people in public shelters. However, estimates of the total number of 
people evacuating dwelling units within each county are rough at best. Therefore it is hard to confidently estimate the 
exact percent of total evacuees that went to local public shelters. The media roughly estimates that approximately 
750,000 people evacuated dwelling units in lower southeast Florida. The Red Cross statistics indicate that about 
72,000 evacuees were in in-region public shelters. This would translate to about ten percent of the evacuees going to 
local public shelters.

There are several important reasons why anticipated in-county shelter demand was much higher than actual demand 
(some of which also applied to the Hurricane Hugo situation in South Carolina in 1989): 

1. Due to the publicity of the storm by the media, and the actions/ preparation taken Saturday by both private citizens 
and local officials, evacuees were able and certainly willing to leave the threatened counties and go northbound out of 
the region.  
2. The technical analyses used to develop the shelter demand figures in the Technical Data Report were based on 
100 percent participation rates (of people living in potential storm surge areas). Obviously, participation rates 
were considerably less than this particularly in the Miami Beach area. Although limited participation rates (not 100 
percent) were used in the Monroe County work, it is doubtful that the assumed 60 percent of the lower Keys 
people responded.  
3. Compared to the number of shelter locations identified for each county (in the Technical Data Report) a lesser number 
of shelters were opened. This was not true in Broward County where many more were opened.  
4. Behavioral assumptions regarding percent going to pubic shelter were higher than the percent of evacuees that 
acually went to public shelters. 

RECOMMENDATIONS 

Based on the Andrew experience, it is recommended that future Corps/FEMA hurricane study efforts incorporate/
encourage the following: 

1. With the State of Florida acting as a catalyst, local officials should be encouraged to work out statewide mutual 
sheltering agreements with inland host areas (such as Orlando). All states should address inland sheltering requirements 
in their hurricane preparedness efforts.  
2. Study managers should confirm with emergency management and shelter officials (e.g., Red Cross) whether all 
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identified shelters can be opened, staffed, powered, and supplied for hurricane scenarios involving a large number 
of evacuees. 
3. New schools/universities and public buildings should be constructed with provisions made for "safe" hurricane 
sheltering. The study process should provide a technical basis for evaluating the importance of major new public shelters.  
4. Since Hurricane Hugo, FEMA/Corps studies have done an excellent job of checking verified first floor elevations 
against potential surge inundation figures. These efforts have helped to eliminate the use of shelters in potential storm 
surge areas. It now appears that after Andrew, new efforts must be developed to look at potential wind problems.
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Chapter 5 

Transportation/Clearance Time Data 

In FEMA/Corps of Engineers comprehensive hurricane evacuation studies, the primary objective of the 
transportation analysis is to determine the clearance times needed to conduct a safe and timely evacuation for a range 
of hurricane threats. Information from the vulnerability, shelter, and behavioral analyses are directly input as well as 
various sources of permanent and seasonal population data. For the lower southeast Florida studies, regional and 
county clearance times were developed for two or three storm intensity groups (eg. Category 1-2, Category 3-5), 
several seasonal occupancy assumptions, and three rates of mobilization on the part of the evacuating population. 
The number of scenarios for a particular county was obviously dependent upon the inland extent of flooding and 
population characteristics of that locality. 

Transportation and clearance time issues related to Andrew and discussed by the study team with local and state 
officials included the following: 

●     Was the evacuation roadway network accurate - did evacuees use projected routes? 
●     Were any traffic control actions taken to speed up flow? 
●     When was the evacuation essentially completed - how long did the evacuation take? 
●     Were any major problems encountered in this evacuation? 

Table 3 summarizes the response to each of these topics gathered in the lower southeast Florida area counties. 

Table 4 is also provided showing statistics gathered for other south Florida counties responding to Andrew. Clearance 
times calculated for the latest FEMA/Corps study generally compared well with actual times experienced in 
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Hurricane Andrew. Monroe and Dade Counties' times were slightly less than calculated times. This was directly due to 
less participation on the part of Dade and Monroe residents than had been assumed in the modeling. Broward and 
Palm Beach Counties' times deviated from calculated times by approximately four to six hours. The significantly lower 
times in those counties suggest participation rates considerably below the 100 percent assumed in the original 
calculations. The anticipated storm track as of Sunday afternoon August 23rd may have greatly reduced Palm 
Beach County's participation rates and clearance times. The times also suggest that many evacuees may have left the 
area well in advance of the official evacuation order given early Sunday morning. Traffic counts collected from the 
permanent count stations that were functioning prior to and during the Andrew evacuation confirm this phenomenon.

Appendix D provides graphs of the northbound and southbound directional traffic movements during the evacuation 
that could be analyzed from Florida Department of Transportation permanent count stations. Previous Sundays 
before Sunday August 23rd are shown on the graphs for comparison purposes. For those few stations where the 
counters were functioning for earlier dates as well as through most of the evacuation, the data is extremely interesting. 

The graphs show some evacuation taking place even before 6:00 a.m. on Sunday in Dade, Broward and Palm 
Beach Counties, but they show an immediate more pronounced response as soon as the official evacuation order took 
effect. Peak traffic flow occurred in the early to mid-afternoon period. The graphs (as implied by the southbound 
traffic) confirm previous assumptions made about how background traffic diminishes as the evacuation traffic continues 
over time. Observations during the evacuation by Captain Grady Carrick and his staff at the Florida Highway Patrol as well 
as local Sheriffs in each county coincide well with the traffic count data that was available. 

Table 3 provides special traffic control/transportation actions that each county implemented for the evacuation. Most 
notably, Monroe County phased its evacuation by evacuating the tourists and day visitors people on Saturday afternoon 
and evening. Voluntary evacuation of Monroe county permanent residents started Saturday as well. When the 
official evacuation order (for permanent residents) was issued for early Sunday morning, those remaining residents north 
of the Seven-Mile bridge began moving first. Lower Keys residents were then asked to evacuate later in the day. 
Evacuation was cut off in the early evening so that late leaving evacuees would not run the risk of being caught in pre-
landfall severe weather conditions. Due to the need to get traffic out more quickly than the 18 mile stretch of U.S. 1 
could handle, a portion of traffic was directed up to Card Sound Road beginning Sunday at 6:00 a.m. Since the Ocean 
Reef residents had been evacuated early on, there were little or no turning conflicts to deal with at CR 905 - Card 
Sound Road intersection.

Dade and Broward counties relied on buses and their drivers to move many elderly and special needs groups to 
shelter. Although some drivers did not show up for duty, those drivers who did assist Miami Beach residents were 
considered to be real heroes by local officials. Where appropriate, drawbridges were locked down to facilitate the evacuation. 

Although most individuals and officials felt that the evacuation went well and that traffic moved as expected, there 
were complaints of traffic tie-ups on the Florida Turnpike at toll plazas that were still operating until 1:00 p.m. 
Sunday. Construction sites on 1-95 and the Turnpike created some congestion as well. A few individuals in Monroe 
County wrote complaints about traffic stopping on U.S. 1 throughout the Keys. This may have related to congestion 
caused by three stalled vehicles and road construction sites near Tavernier. Despite the expected levels of congestion 
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it appears that traffic control officers did an exceptionally good job during the Andrew evacuation. It is also apparent that 
local emergency management officials took seriously the clearance time data that had been provided in study products. 

RECOMMENDATIONS 

Based on the Hurricane Andrew experience, it is recommended that the following items be considered for future study efforts:

1. Enlarge the study area boundaries to include all regions in south Florida whose traffic and sheltering needs will 
impact each other. Other states with multi-regional evacuation traffic impacts must have a plan to deal with these 
potential problems.  
2. Restudy the lower southeast Florida area to include new land use distribution and increased participation percentages 
for residents in non-surge areas.  
3. Encourage officials to lift the tolls on appropriate facilities as soon as a hurricane warning is posted for southeast 
Florida counties or any area serviced by toll roads.  
4. Encourage the use of variable message signs that keep motorists informed of traffic, storm, and sheltering 
information particularly as they approach in-land areas such as Orlando. Radio stations/EBS could broadcast 
current information.  
5. Encourage appropriate officials to have traffic counters operational on U.S. 1 out of the Keys so that the flow of 
evacuation traffic out can be monitored and analyzed. Other areas should also be counted to calibrate/validate 
evacuation data.  
6. Study the potential savings in clearance time by reverse laning certain local and regional highway facilities - 
likewise address opportunities and constraints that relate to implementing such measures.  
7. Keep traffic signals functioning as long as possible so that law enforcement officials are not consumed totally with 
traffic control. Signals should be set to facilitate traffic flow as appropriate.  
8. Use more cones to separate U.S. 1 and Card Sound Road diverted traffic in the north part of Monroe County to avoid 
last minute lane changes and merging conflicts.  
9. As appropriate, run more scenarios with smaller percentages of people going to in-county shelters.  
10. Run additional scenarios with larger percent of non-surge evacuees evacuating based on potential behavioral 
trends related to Andrew and Hugo.
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Chapter 6 

Evacuation Decision Making 

Some of the most important products developed as a part of the FEMA/Corps of Engineers hurricane evacuation studies 
and delivered to local and state officials have been evacuation decision making tools. These tools are decision arc maps 
and tables as well as computer software such as HURREVAC. These products graphically tie together real-time 
storm characteristics with clearance time data. Their purpose is to give emergency management directors a means 
of retrieving Technical Data Report information without having to dig through a report during an emergency. 
Evacuation decision tools provide guidance and assistance to decision makers as to when an evacuation should 
begin relative to a specific hurricane, its associated wind field, forward speed, probabilities, forecast track, and intensity. 

Discussions initiated by the FEMA/Corps study team with local and state officials regarding the evacuation decision 
process focused on the following questions: 

●     When was the Emergency Operating Center fully activated and what prompted this decision? 
●     What study products/decision aides were used to decide when to evacuate and who should evacuate? 
●     When was the evacuation order or request made? 

Table 5 summarizes the responses to each of these topics gathered in the lower southeast Florida counties. Table 6 
provides decision making information gathered for other south Florida counties responding to Andrew. 

As shown in the tables, most EOCs were fully activated Saturday evening or early Sunday morning. Partial activations 
had occurred in most of the counties by Saturday afternoon August 22nd. Emergency management directors 
communicated with county department heads on Saturday so that they would be ready to respond once the EOC 
became fully operational and the evacuation initiated. Most emergency management officials accelerated their 
early response actions based on discussions with National Hurricane Center staff indicating that Andrew had increased 
its intensity and forward speed.
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Local officials seemed pleased with the way study products performed and found the surge and evacuation zone 
mapping, decision arcs, and HURREVAC quite helpful. Many communities relied upon GDS (a program developed 
by Hazards Management Group) and found it also to work well. Dade County used GDS but not HURREVAC during Andrew. 

Evacuation orders were released early Sunday morning and correspond with hurricane warnings that were issued by 
the National Hurricane Center as well as time requirements for carrying out a safe and orderly evacuation (as indicated 
by specific clearance times that were incorporated into the decision making tools). Monroe County set the order for six a.
m. Sunday morning, having moved many of the tourists and daytrippers as well as some permanent residents on 
Saturday afternoon and evening. Florida Highway Patrolmen observed a steady stream of traffic leaving the Keys 
early Sunday morning between midnight and 6 AM before the order was given. The use of Card Sound Road for diverted 
U.S. Highway 1 traffic also allowed the county to wait until Sunday morning to issue the order. 

Broward and Dade Counties' evacuation orders were prompted by the National Hurricane Center's warning. Because of 
its lower clearance time requirements, Palm Beach County was able to wait later in the day on Sunday to issue the order. 

RECOMMENDATIONS 

Products being provided by FEMA/Corps hurricane studies regarding evacuation decision making seem to be working 
well. Officials like the ability to show decision makers a "computerized" data base that ties together Technical Data 
Report information. A recommendation which was previously discussed in Chapter 2, is easier to read surge mapping 
and zone maps at a larger more detailed scale. Excellent working relationships between local emergency directors and 
NWS staff is important to good decision-making. Local officials should be encouraged to continue to develop 
these relationships with NWS staff.
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Public Information 

Although not a major part of previous FEMA/Corps of Engineers hurricane evacuation study efforts, 
public information is becoming recognized as an important final element that must be addressed. 
Study products and data must ultimately be tailored to a format that the media and general public can 
understand so that correct evacuation decisions and preparations can be made at the household level. 
Andrew (like Hugo) provided a glimpse of the current means of getting hurricane evacuation 
information into the hands of the general public. Andrew also provided local and state officials with an 
opportunity to assess additional needs regarding to public information. 

Methods used in south Florida to inform the public in Andrew included the following: 

1. Public information brochures were developed and widely distributed early in the season showing 
vulnerable areas, evacuation levels, and tips on hurricane preparedness. Dade and Broward Counties 
are good examples of these. Palm Beach County printed its brochures in three languages - English, 
Spanish and Creole.  
2. Press briefings with national and local media to insure that they (radio, TV, newspapers) 
disseminate consistent information to the public - Media were given packets of hurricane materials 
early in the season by some emergency officials.  
3. Law enforcement officials drove through neighborhoods with sirens and p.a. systems to encourage 
people to evacuate - this technique was used in some beach communities - some officials went door-to-
door (e.g., Ocean Reef Community in Monroe County).  
4. Some communities were able to provide evacuation information to the public through printed 
information in the local phone book.  
5. An important means was through radio and television - some communities used cable TV overrides 
to alert the public of evacuation advisories.  
6. The Weather Channel was praised by local emergency management staff for its job in public 
education and information. 
7. Early in the season, meetings had been held with civic groups (e.g., Miami Beach) at which local 
emergency directors made presentations on hurricane preparedness including wind and flooding 
potential.  
8. Mobile home park/managers were phoned to make sure they understood the threat.  
9. In southwest Florida at least one county made use of flash cards/coloring books that educated 
school children on hurricane preparedness.  
10. During the Andrew situation, Bryan Norcross of Channel 4 TV, Miami broadcast public information 
through the night to local residents. Channel 10 enhanced their public information activity with signing 
for deaf viewers. 

RECOMMENDATIONS 

In discussions with media representatives in the Miami, Florida market and with all of the local and 
state emergency officials, the following ideas and resources were identified as needs in the area of 
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public information. 

●     - More camera ready/computerized mapping of surge areas, routes, and shelter locations for 
media (must be able to update shelter information at least yearly). 

●     - Computerized "billboard" only available to media via modem 
●     - emergency officials would provide notices and information through this. 
●     - Need to address Emergency Broadcast System (EBS) operation 
●     - many officials are unhappy with it contending that it is out of date and more geared for nuclear 

emergencies. 
●     - Need more phone lines/staff for public to call into EOC's for information 
●     - Dade County expressed major concerns with this. 
●     - Prepare newspaper supplement in advance that could be inserted a day before projected 

hurricane landfall. 
●     - Enhance phone book materials and inserts that can be used in a real time event. 
●     - Produce canned videos for TV's to broadcast. 
●     - Provide more local information (surge heights imposed on pictures of local landmarks) to get 

public attention. 
●     - Install uniform evacuation route signs.
●     - Put up variable message signs giving inland shelter/EBS station information. 
●     - Need more funding sources for printing and distributing county brochures. 
●     - Press tends to go where the most action is - this resulted in little media coverage of Monroe 

County and left many wondering what was going on and what happened there. Need to have an 
EOC facility in Monroe County that can better accommodate media interests.
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