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Shoreline communities are unprepared for the increasing effects of sea level rise 13 

hazards on the built environment. As a result, Atlantic Coast historic properties reflecting 14 

cultural heritage face degradation or destruction. Numerous scientific studies project that 15 

sea level rise will likely inundate shorelines, increase the frequency of flood events, and 16 

augment wave damage from severe storms. These natural occurrences worsened by sea 17 

level rise could diminish a community’s identity and quality of life, often represented by 18 

National Register historic districts. To minimize the threat, strategies to adapt to sea level 19 

rise can offer protection for communities and their irreplaceable historic resources. 20 

To determine a course of action, my thesis question is: How can hard, soft, and 21 

non-structural adaptation methods be applied to protect the cultural heritage of National 22 

Register historic districts from the impacts of sea level rise? English Heritage, the 23 



Mississippi Development Authority, and the 1000 Friends of Florida provide helpful 1 

insights into methods used to protect historic resources from flooding, storm surge, and 2 

erosion—the effects of sea level rise. Additionally, the case study cities of St. Augustine, 3 

Florida; Elizabeth City, North Carolina; and Alexandria, Virginia, furnish examples of 4 

National Register historic district vulnerability to sea level rise and of adaptation methods 5 

addressing current natural hazards. My research findings indicate that adaptation methods 6 

can protect historic properties, but may also impact their historic integrity. I discover that 7 

the historic preservation community is largely uninvolved in the adaptation planning 8 

process. Without an advocate, historic properties on low-lying shorelines face an 9 

uncertain future by the year 2100 and beyond.  10 
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decision-makers and stakeholders must be educated on sea level rise science. State 14 

legislative endorsements are also necessary for municipalities to successfully implement 15 
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protection that will also preserve historic integrity. The country’s coastal heritage and 19 
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CHAPTER I 1 
INTRODUCTION 2 

 3 
 4 

Statement and Discussion of Hypothesis 5 
 6 

Few from the historic preservation community have connected the projections for 7 

global sea level rise with the devastating ways it may impact historic resources located on 8 

low-lying shorelines. Flooding, storm surge, and coastal erosion could severely 9 

compromise or even destroy the historic character and the longevity of these historic 10 

properties by 2100. The irreplaceable cultural heritage of the coastal United States is at 11 

stake unless the preservation community plans adaptation solutions to protect historic 12 

resources from the effects of sea level rise. My thesis research investigates the threats to 13 

historic districts and the methods used to preserve valued properties from this climate 14 

change threat. 15 

My thesis question is: How can hard, soft, and non-structural adaptation methods 16 

be applied to protect the cultural heritage of National Register historic districts from 17 

global climate change impacts such as sea level rise? Many National Register properties 18 

are located within historic districts along tidal coasts affected by the increasing threat of 19 

sea level rise. These properties provide visual reminders of the nation’s cultural and 20 

historic past. But without protection from sea level rise impacts, the cultural identity of 21 

the United States will be gradually destroyed, reducing the public’s connection to the 22 

past. 23 

Adaptation solutions, which are methods to minimize the effects of sea level rise, 24 



 2 

must be applied to stall the deterioration of historically and culturally significant 1 

properties. My research analyzed four topic areas to answer the thesis question. First, the 2 

research evaluated sea level rise impacts on the National Register historic districts in St. 3 

Augustine, Florida; Elizabeth City, North Carolina; and Alexandria Virginia, all sited on 4 

low-lying lands along Atlantic Coast estuaries. Second, the research examined adaptation 5 

options that have been applied by the case study cities and by Galveston, Texas, and 6 

Norfolk, Virginia. Next, I analyzed the impact of adaptations applied by these historic 7 

cities on the integrity of historic resources. Last, the thesis analysis identified the 8 

decision-makers and stakeholders involved in adaptation planning. 9 

 10 
Suppositions 11 

 12 
Seven suppositions lay the foundation for the hypothesis analysis. First, global 13 

climate change is projected to continue since global carbon emissions are unlikely to be 14 

reduced in the near future. Even if global carbon emissions are stabilized at current high 15 

levels, sea levels would continue to rise due to previously released greenhouse gases 16 

warming the atmosphere and oceans, resulting in ongoing glacial and polar ice sheet 17 

melting.1 Scientific assessments project a global sea level rise of 0.5 to 2 meters (1.6 to 18 

6.6 feet) by 2100.2 With continued warming, 4 to 6 meters (13.1 to 19.7 feet) of sea level 19 

rise is possible beyond 2100.3 Land subsidence for many regions, including the mid- 20 

Atlantic coastal area evaluated here, will further increase rates of projected global rise. 21 

These science-based projections for sea level rise establish the need for worldwide 22 

adaptation planning. My thesis analysis was based on sea level rise projections of one 23 

meter (3.3 feet) by 2100, judged to be a reasonable average value for planning purposes. 24 



 3 

My second supposition examines the effects of projected sea level rise. Along 1 

low-lying tidal coasts, sea level rise will increase the likelihood of damaging floods and 2 

storm surge on the land. Intensified wave action, aggravated by severe storms, will 3 

increase land erosion. Along with eventual, permanent inundation, these impacts will 4 

cause significant alterations to the natural and built environments along the tidal coasts. 5 

Adaptations are needed immediately to protect essential infrastructure and critical 6 

facilities, such as roads, airports, schools, hospitals, and emergency shelters that are 7 

located in low-lying, coastal areas.  8 

Although global averages are important, sea level rise has specific effects on local 9 

areas due to unique geophysical and oceanographic factors. A Coastal Vulnerability 10 

Index (CVI), composed of six interactive variables, can be used to project the effects of 11 

sea level rise along shorelines.4 Measures for tidal range, wave height, coastal slope, 12 

historic shoreline changes, geomorphology, and history of sea level rise must be 13 

calculated to accurately project an area’s specific vulnerability to sea level rise.  14 

Third, National Register historic districts along the Atlantic Coast’s estuaries will 15 

be likely affected by sea level rise impacts. Many of these represent early European 16 

settlements. The new immigrants sought estuarial lands, providing a sheltered harbor, 17 

with locations close to the ocean for trade and transportation. The case study cities of St. 18 

Augustine, Florida; Elizabeth City, North Carolina; and Alexandria, Virginia, are 19 

examples of early Atlantic Coast communities with historic districts on low-lying shores. 20 

In addition to historic districts, National Register archaeological sites, cultural 21 

landscapes, and individual historic properties sited at low elevations are vulnerable to the  22 

  23 



 4 

damaging effects of sea level rise. Left unchecked, sea level rise damage may affect the 1 

longevity of these historic resources. 2 

The fourth supposition states that National Register listings exemplify the cultural 3 

heritage of the United States. The “National Register Criteria for Evaluation” establishes 4 

high standards for architectural, historical, cultural, archaeological, or engineering 5 

significance, which historic properties must meet to be listed in the National Register of 6 

Historic Places. The aspects of integrity—location, design, setting, materials, 7 

workmanship, feeling, and association—communicate and reinforce significance. The 8 

effects of sea level rise have the potential to weaken integrity and limit historic and 9 

cultural associations with the past. Further, National Register historic districts provide 10 

broad social, economic, and environmental benefits, contributing to a community’s 11 

unique sense of place. To maintain quality of life and cultural heritage, the preservation 12 

community must ensure the preservation and protection of the country’s historic 13 

resources from the threats posed by sea level rise. 14 

The fifth supposition advances the thesis research through a discussion of 15 

adaptation strategies. Hard, soft, and non-structural adaptation measures have proven to 16 

minimize damage associated with flooding, storm surges, and erosion on tidal coasts. Sea 17 

level rise aggravates these natural hazards. A reduction in damage related to sea level rise 18 

translates to lower expenditures on post-disaster emergency and rehabilitation responses. 19 

The Federal Emergency Management Agency (FEMA) determined that “a dollar spent on 20 

[pre-disaster] mitigation saves society an average of $4 in lower [post-disaster] 21 

damages.”5 In addition, communities that proactively apply adaptation solutions have 22 

  23 



 5 

more flexibility to plan. Fewer options are available after disasters cause widespread 1 

property damage or destroy a community.6 2 

Since sea level rise effects are specific to local areas, each community must 3 

develop an individual combination of protective adaptations. These adaptations are 4 

categorized as methods to accommodate, protect, or retreat. My thesis research evaluates 5 

the adaptation measures communities can employ to accommodate changes in local sea 6 

level and those used to protect the built environment, including historic resources. 7 

Accommodation and protection, however, serve as only temporary solutions and do not 8 

guarantee long-term preservation. As sea level rise inundates land area, retreat may be the 9 

only remaining option. This “last resort” response to sea level rise is outside the scope of 10 

my thesis analysis as it would abandon historic districts and accept their future 11 

destruction. Nonetheless, it will be necessary for at-risk communities to eventually plan 12 

for coastal retreat as shorelines shift to inland areas. 13 

Sixth, adaptations have the potential to prolong the existence of at-risk National 14 

Register properties. The case study analyses illustrate the degree of protection offered by 15 

different adaptation solutions. Although critical for historic resource longevity, 16 

adaptations may compromise the integrity of National Register properties.  17 

Last, the historic preservation community must fully participate as decision- 18 

makers and stakeholders to ensure adaptation solutions that protect historic resources and 19 

a community’s quality of life. It must join forces with residents, property owners, policy 20 

makers, planners, engineers, scientists, environmentalists, and disaster management and 21 

emergency management professionals to advocate for the protection of historic resources 22 

at risk and to compete for adaptation funding. Additionally, the perspectives of historic 23 



 6 

preservation planners, citizen advocates, and historic property owners are essential to 1 

ensure that adaptation solutions do not adversely affect historic character. 2 

 3 
Analytical Framework 4 

 5 
My research analyzes the projected vulnerability of National Register properties 6 

to sea level rise, possible adaptation strategies for protection, and the role of the 7 

preservation community. The analysis considers scholarly literature addressing 8 

adaptation theory and research; general adaptation options; and, mitigation solutions 9 

specific to historic properties. Adaptation plans for Galveston, Texas, and Norfolk, 10 

Virginia, two cities with a history of implementing adaptations, provide additional 11 

perspectives. 12 

 To assess sea level rise risk, I identify historic properties and neighborhoods in 13 

the cases study cities potentially susceptible to this evolving hazard. Sea level rise 14 

inundation data projected to occur by years 2050 and 2100 are superimposed on historic 15 

district boundaries, indicating vulnerable properties and areas. Additionally, the 16 

vulnerability assessments include an analysis of current flood, erosion, and storm surge 17 

risks. The cities’ proximity to water, land elevation, and history of tropical storms and 18 

hurricanes estimate the level of vulnerability. Furthermore, the thesis research analyzes 19 

the loss of social, economic, and environmental advantages that would negatively impact 20 

the communities if vulnerable historic properties remain unprotected. 21 

 I examine the benefits and drawbacks that hard, soft, and non-structural 22 

adaptations introduce when applied as protective strategies in historic cities. In addition, 23 

my analysis describes the characteristics of the local natural and built environments 24 



 7 

influencing the selection of adaptations. Economic, social, and political perspectives also 1 

determine the development of local adaptation plans. My research identifies the 2 

multidisciplinary groups responsible for adaptation proposals and implementation in the 3 

case study cities. 4 

 5 
Existing Literature 6 

 7 
My thesis research references books, journal articles, and reports addressing sea 8 

level rise science, adaptation strategies, and adaptations designed for historic properties. 9 

The United States has only limited information on adaptation strategies for historic 10 

properties. Two United States’ guides, Disaster Mitigation for Historic Structures: 11 

Protection Strategies and Elevation Design Guidelines, provide specific information on 12 

adaptation in response to flooding and storm surge.  13 

By contrast, English Heritage produces extensive information on adaptation 14 

methods specific to historic buildings. Two of its reports, Climate Change and the 15 

Historic Environment and Flooding and Historic Buildings, illustrate adaptation options 16 

that safeguard historic buildings from the impacts of sea level rise, yet minimize the 17 

effects on integrity. 18 

Collaborative Resilience: Moving Through Crisis to Opportunity, Adaptation to 19 

Climate Change: From Resilience to Transformation, and “Wicked Challenges at Land’s 20 

End: Managing Coastal Vulnerability Under Climate Change” contain information on 21 

adaptation theory and research that is relevant to my discussion on decision-makers and 22 

stakeholders.  23 

  24 



 8 

Research Methods, Evaluation, and Data Collection 1 
 2 

Historic districts are selected for analysis as opposed to individual historic 3 

properties because projections for sea level rise are more accurately estimated for large 4 

land areas. Historic areas broadly embody the social, economic, and environmental 5 

benefits of historic preservation as well. Widespread flooding, storm surge, or erosion 6 

damage in a historic district can also clearly illustrate the significant impacts of sea level 7 

rise on a number of properties and a community’s quality of life. The case study cities, 8 

St. Augustine, Florida; Elizabeth City, North Carolina; and Alexandria, Virginia, provide 9 

appropriate settings for the thesis examination. The cities are located along Atlantic Coast 10 

estuaries and encompass at least one historic district on low-lying land. Each community 11 

currently faces flooding, storm surge, and coastal erosion hazards, resulting in the 12 

proposal and implementation of adaptation strategies. A comparison of the cities’ historic 13 

districts, current natural hazards, sea level rise vulnerabilities, adaptation choices, and 14 

decision-maker and stakeholder groups contribute to the evaluation of my hypothesis  15 

I collect research data from a wide range of resources, reflecting the 16 

multidisciplinary approach required for sea level rise adaptation planning. Books, 17 

journals, and newspaper articles provide extensive information on climate change, sea 18 

level rise, current natural hazards, adaptation theory and applications, and cultural 19 

history. The scientific research of federal agencies (National Oceanic and Atmospheric 20 

Administration, Environmental Protection Agency, and the United States Geological 21 

Survey) and academic institutions provide sea level rise data and adaptation analyses. 22 

Local and regional government reports and government employee interviews are critical 23 

to the evaluation of adaptation proposals and implementations. Historic district and sea 24 



 9 

level rise inundation maps combine to create the projected 2050 and 2100 sea level rise 1 

scenarios. Personal visits to case study sites provide a clear, working knowledge of 2 

historic district characteristics, sea level rise vulnerabilities, and local adaptations. 3 

 4 
Chapter Summaries 5 

 6 
Chapter II discusses the first four suppositions, beginning with the scientific data 7 

supporting the cause and effects of global climate change. I investigate the sea level rise 8 

impacts on international and national coastlines, specifically on the Atlantic Coast. The 9 

section shifts to an analysis of National Register properties’ susceptibility to sea level 10 

rise. The chapter concludes with an identification of the social, economic, and 11 

environmental benefits associated with historic districts and the impacts of their potential 12 

loss. 13 

Chapter III delves into the three remaining suppositions. These address adaptation 14 

possibilities, adaptation protection of historic resources, and adaptation decision-makers 15 

and stakeholders. Five tables outline the benefits and disadvantages of hard, soft, and 16 

non-structural adaptations, accompanied by descriptions of each effort to minimize sea 17 

level rise impacts. An examination of Galveston, Texas, and Norfolk, Virginia, offers a 18 

historical interpretation of flooding, storm surge, and erosion adaptation. Impacted by 19 

ocean effects, both historic cities provide a forecast of the issues other shoreline 20 

communities may face if sea level rise intensifies as projected. An analysis of existing 21 

literature on adaptations benefitting historic properties and current adaptation theory and 22 

research concludes Chapter III.  23 

Chapter IV presents the case study analyses. For each of the three selected cities, 24 



 10 

this section identifies: 1) historic district characteristics and local contributions; 2) current 1 

natural hazards; 3) sea level rise projections and vulnerabilities by 2050 and 2100; 4) 2 

proposed and implemented adaptations; and, 5) decision-makers and stakeholders. These 3 

aspects are compared in Chapter V, an analysis of the case studies. My review of case 4 

study data and findings scrutinizes sea level rise vulnerabilities, historic district 5 

characteristics influencing adaptation implementation, and participation of decision- 6 

makers and stakeholders. Chapter VI provides the preservation community with findings 7 

and recommendations supporting the protection of historic properties from sea level rise.  8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 
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CHAPTER II 1 
A CHANGING CLIMATE THREATENS HISTORIC RESOURCES 2 

 3 
 4 

Introduction 5 
 6 

Climate on Earth has naturally fluctuated throughout history. Today, however, 7 

global apprehension grows as atmospheric warming has been increasing, due to rising 8 

carbon dioxide (CO2) levels in the atmosphere, at a staggering rate over the last century. 9 

Numerous scientific analyses document that climate change is primarily a man-made 10 

phenomenon as carbon has been released into the atmosphere from the burning of fossil 11 

fuels. Without a reduction in greenhouse gas emissions, scientific projections call for an 12 

even greater acceleration of the warming rate. The impacts of climate change could 13 

significantly affect populations around the world. The devastating effect of sea level rise 14 

is projected to alter the natural and built environments, forever changing the daily lives of 15 

millions of coastal residents around the world. Understandably, concern for the future of 16 

critical infrastructure, emergency facilities, and transportation links is prominent in 17 

climate change mitigation discussions. Cultural heritage vulnerability, however, must not 18 

be overlooked. As visual communicators of cultural heritage, historic resources are also 19 

highly vulnerable to the devastating effects of sea level rise. They create a sense of place 20 

that is an essential component of quality of life. Without this, communities will lose their 21 

distinctive identities, critical to citizen resilience and well-being.  22 

 23 
 24 
  25 



 12 

Global Climate Change 1 
 2 

An abundance of scientific data has proven the warming of the earth’s 3 

atmosphere. The Intergovernmental Panel on Climate Change (IPCC) asserts that higher 4 

air and ocean temperatures and rising seas indicate climate change.6 Eleven of the years 5 

between 1995 and 2006 registered as the warmest for global surface temperature since 6 

recorded measurements began in 1850. Air temperatures measured from 1956–2005 are 7 

double the temperatures gauged from 1906–2005. Warmer atmospheric temperatures 8 

have raised the average temperature of the Earth’s oceans to depths of 3,000 meters 9 

(9,843 feet).7 Rising sea levels are the result of the melting of glaciers and the Greenland 10 

and Antarctica ice caps and ice sheets. The thermal expansion of the oceans and changes 11 

in ocean circulation patterns also contribute to rising seas. Globally, seas have risen 12 

between 0.1 to 0.2 meters (0.33 to 0.66 feet) over the past 100 years.8 Scientists claim 13 

this evidence does not indicate a long-term trend, although the thermal expansion of 14 

ocean waters, the global melting of snow and ice, and continued greenhouse gas 15 

emissions may supply future proof.9 16 

Scientific data point to the increase in greenhouse gas emissions as the primary 17 

reason for the Earth’s warming.10 (Fig. 1) Greenhouse gases are primarily composed of 18 

carbon dioxide. Evidence shows an increasing level present in the atmosphere since the 19 

Industrial Revolution. The burning of fossil fuels (coal, oil, and natural gas) increased 20 

dramatically with the rapid growth of the industrial and transportation economies 21 

beginning in the late nineteenth century. As those sectors grew and global population 22 

multiplied, atmospheric carbon dioxide has increased 30% since the late nineteenth 23 

century.11 Greenhouse gases trap the Sun’s radiant warmth in the atmosphere, leading to  24 



 13 

1 
Fig. 1: The concentration of carbon dioxide in the atmosphere has exponentially 2 
increased since the mid-nineteenth century, causing global climate change. It is higher 3 
now than during the past 650,000 years. [National Aeronautics and Space 4 
Administration; atmospheric CO2 graph, accessed May 28, 2013] 5 
 6 

rising global temperatures. Scientific projections estimate global temperatures could rise 7 

as high as 11.5 degrees Fahrenheit (6.1 degrees Celsius) by 2100.12 Rising temperatures 8 

and their effects will produce social, economic, environmental, and health challenges for 9 

the global population.  10 

As a global problem, the international community has struggled to adopt a 11 

coordinated solution to reduce carbon emissions. In the absence of a global policy, a 12 

continued rise in global warming and its many impacts is projected. 13 

 14 
Climate Change and Sea Level Rise Effects 15 

 16 
The warming of the Earth affects its climate and weather patterns. Climate is 17 

defined as general weather patterns for an area over the long term, typically 30 years. 18 

Fewer winter snowstorms in the northeast or hotter summers in mid-Atlantic regions 19 
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reflect a change in climate. Weather indicates atmospheric conditions occurring over the 1 

short term, such as daily or seasonal thunderstorms, flooding, or wind patterns.13 2 

The effects of climate change will continue to cause unusual and more highly 3 

variable weather patterns. Fewer cold days and nights are projected with heat waves 4 

becoming more frequent and prolonged. Increased rainfall in some areas and drought in 5 

other regions will result. The frequency of storms may remain the same, or even 6 

decrease, but the intensity—higher wind speeds, lower barometric pressure, and 7 

precipitation amounts—is expected to increase.14 8 

Higher precipitation amounts and intense storm events combined with sea level 9 

rise will lead to an increased vulnerability to flooding, storm surges, coastal erosion, and 10 

inundation for areas at low-lying elevations. Additionally, twice-a-month spring tides will 11 

be higher when sea levels rise, resulting in more severe and frequent flooding.15 12 

Repetitive or permanent flooding can lead to loss of life, immutable property damage, 13 

environmental degradation, and economic disruption along tidal shorelines.  14 

The IPCC 2007 Assessment projects a global sea level rise of 0.75 to 1.9 meters 15 

(2.5 to 6.2 feet) by 210016 (Fig. 2). Recent scientific projections update sea level rise to 16 

two meters (6.6 feet). With continued warming, sea level rise of four to six meters (13.1 17 

to 19.7 feet) is possible beyond 2100.17 With ten percent of the global population residing 18 

on coasts that are less than ten meters (32.8 feet) above sea level, sea level rise will have 19 

debilitating effects on global stability and sustainability. 20 

Sea level rise is projected to be greater than the global average along the Atlantic 21 

and the Gulf of Mexico coasts due to geologic subsidence. In California and in parts of 22 

Oregon, sea level rise is expected to remain near global projections. Only Washington  23 
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 1 
Fig. 2: The different sea level rise projections reflect the global scenarios that are possible. 2 
The lowest scenario at 0.2 meters illustrates historical sea level rise that does not take into 3 
account climate change. [National Oceanic and Atmospheric Administration; global sea 4 
level rise scenarios, December 6, 2012] 5 
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state and remaining segments of Oregon will experience a somewhat lower sea level rise 7 

due to geologic uplift.18 Sea level rise impacts have the potential to affect eighty-seven 8 

million people who reside along the contiguous United States coastlines.19 9 

Climate change statistics are commonly communicated in global terms. To 10 

understand its effects on the Atlantic Coast, it is necessary to acknowledge that climate 11 

change impacts are specific to the regional and local level. Sea level rise cannot be 12 

uniformly projected due to six contributing and interactive variables: tidal range, wave 13 

height, coastal slope, historic shoreline changes, geomorphology, and history of sea level 14 

rise.20 In the case of sea level rise, projections for the Atlantic Coast are projected to 15 

exceed the global average. Recently the United States Geological Survey (USGS) found 16 

that the rate of sea level rise from north of Boston, Massachusetts, to Cape Hatteras, 17 
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North Carolina, is increasing three to four times faster than the global rate. In this area, 1 

sea level could rise an additional 0.3 meters (one foot) beyond global projections by the 2 

year 2100. A decrease in the circulation of the Atlantic Ocean and land subsidence 3 

contributes to the higher rate of sea level rise on this shoreline.21 Climate change impacts 4 

will affect the lives of forty-one million people residing in communities located along the 5 

Atlantic Coast.22 6 

 7 
Historic and Cultural Resources at Risk 8 

 9 
Properties listed in the National Register of Historic Places are part of the built 10 

and natural environment potentially affected by the impacts of climate change.23 A 11 

division of the National Park Service (NPS), the National Register for Historic Places 12 

divides listed properties into five categories: buildings, historic districts, sites, landscapes, 13 

structures, and objects. Buildings are defined as individual property listings. Districts 14 

include properties that are typically groups of buildings or community plans. These 15 

historic resources consist of multiple properties linked by a common theme, such as 16 

neighborhoods, community areas, cemeteries, industrial complexes, cultural landscapes, 17 

and National Park Service units. Sites represent properties that are not associated with a 18 

building or structure such as archaeological areas, designed landscapes, and battlefields. 19 

Structures are man-made properties such as bridges, transportation vehicles, lighthouses, 20 

and forts. Last, objects commonly refer to monuments and outdoor sculpture.24 21 

National Register properties of exceptional national and historical significance are 22 

assigned an additional designation as National Historic Landmarks. These possess 23 

characteristics that are central to the understanding of the country’s heritage. Within the 24 
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National Register, fewer than 2,500 properties are National Historic Landmarks, some of 1 

which may be impacted by sea level rise.25  2 

If located in low-lying elevations, National Register listings may be vulnerable to 3 

the effects of climate change. Sea level rise and higher temperatures threaten buildings, 4 

historic districts, sites, structures, and objects. Increases in flood frequency, storm surge, 5 

and water inundation can destroy or considerably damage all property types in the 6 

National Register. Intense storm events and storm surges contribute to coastal erosion 7 

that can damage all historic resource types including archaeological sites and cultural 8 

landscapes. Buried archaeology may also be harmed if the soil and water chemistry 9 

equilibrium that has preserved artifacts through time is disturbed by higher levels of 10 

polluted floodwater.26 Higher temperatures, leading to a change in planting zones, will 11 

compromise the interpretation of historic cultural landscapes and designed gardens.27 If 12 

left unchecked, these climate change impacts will significantly alter the historic and 13 

cultural record of the coastal United States.  14 

Flooding, permanent inundation, storm surge, and erosion pose threats to historic 15 

buildings. In Flooding and Historic Buildings, English Heritage categorizes floodwater 16 

impacts as causing ‘primary’ or ‘secondary’ damage. Primary damage refers to direct 17 

water effects that are obvious on building materials “such as expansion or shrinkage, 18 

staining.” Secondary damage occurs after the flood event when residual moisture spreads 19 

through an improperly ventilated building and causes mold growth.28 Mold can further 20 

damage buildings as well as cause health risks for residents.29 21 

Flooding below the first floor of a building rarely causes costly damage unless 22 

basements, a common feature in historic buildings, are part of the property. Foundation 23 
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walls are at risk of collapsing if floodwater in basements is pumped before external 1 

flooding recedes. In addition, utilities in a basement can be damaged by floodwater. 2 

Flooding above the first floor results in costly repairs, affecting interior finishes and walls 3 

and occasionally the building’s structure.30 Standing water, from flooding or permanent 4 

inundation, however, can gradually reduce the strength of walls, ceilings and floors.31 5 

Storm surge and storm-induced erosion is more likely to create structural damage 6 

when the ground around supporting piers and foundations deteriorates due to the force of 7 

high energy water and waves. Leaning or sagging buildings, protruding or displaced 8 

masonry, cracks above doors and windows, and cracks larger than six millimeters (0.2 9 

inches) may indicate foundation damage.32 Ultimately, a powerful storm surge can 10 

destroy buildings by washing them away. 11 

 12 
Vulnerability Along the Atlantic Coast 13 
 14 

In addition to historic properties representing all eras of development, the Atlantic 15 

shoreline is home to some of the earliest European settlements in the United States. Many 16 

have evolved into historic districts that reflect the culture of the first settlers. Emigrants 17 

from the Netherlands, England, and Spain sought to settle in the New World to claim 18 

territory, take advantage of plentiful natural resources, and to build a trade economy. 19 

Shoreline areas provided them with easy access to commercial ports, shipping routes, and 20 

food sources. Estuarial harbors were often selected as places of settlement for their 21 

sheltered locations and their proximity to the sea. Boston, New York City, and Baltimore 22 

are examples of existing American cities that were also successful as early trading ports  23 

along estuaries.33  24 
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Additionally, prehistoric (associated with Native Americans) and historic sites on 1 

shorelines are endangered by sea level rise. Some of these are already submerged due to 2 

rising water levels and erosion. These represent many of the archaeological sites and 3 

cultural landscapes listed in the National Register. Examples are found in Maryland and 4 

Virginia along the Chesapeake Bay. 5 

I estimated the number of National Register properties located on Atlantic Coast 6 

shorelines affected by sea level rise in a 2012 independent study.34 By analyzing the 7 

number of historic properties for six states—Florida, Maryland, Massachusetts, New 8 

York, North Carolina, and Virginia—at elevations up to six meters (19.7 feet), I found  9 

that approximately 2,246 National Register listings or an average of 8.1% of the states’ 10 

listings could be potentially impacted by sea level rise.35 In Florida, almost half of the 11 

state’s historic resources are within elevations up to six meters (19.7 feet). My findings 12 

indicated that about 3,096 Atlantic Coast properties could be affected by sea level rise.  13 

Approximately 12.9% or 399 historic districts in the five state survey are 14 

potentially at risk from flooding, storm surge and shoreline erosion. Each of these historic 15 

districts incorporates multiple properties (from four to thousands) within their 16 

boundaries, exponentially increasing the total number of historic resources susceptible to 17 

sea level rise.  18 

 19 
Cultural Heritage of the United States at Risk 20 

 21 
A potential loss of National Register properties due to the effects of sea level rise 22 

would adversely affect the country’s historic memory and cultural narrative. These non- 23 

renewable historic resources are:   24 
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“… symbols, products, and containers of the various cultures  1 
that value them. By culture we mean what people think, what  2 
they do, and the material products (and landscapes) they produce;  3 
culture is shared, learned, symbolic, cross-generational, adaptive, and 4 
integrated.”36 5 

 6 
National Register properties provide critically important tangible and symbolic 7 

connections to the past. Present and future generations can share the cultural heritage of 8 

an area with the everyday presence of historic resources.  9 

Through listing in the National Register of Historic Places, historic resources have 10 

been validated as significant examples of the country’s past. The nomination process 11 

illustrates the rigorous requirements properties must satisfy to be considered worthy of 12 

inclusion in the National Register. The listing procedure begins with a detailed 13 

nomination addressing age, integrity, and significance. The age requirement of typically 14 

fifty years is one condition proving eligibility. A property that has remained relatively 15 

unchanged in “location, design, setting, materials, workmanship, feeling, and 16 

association” through time is in a strong position to satisfy the integrity provision.37 With 17 

a high level of integrity, the property clearly illustrates a specific time and place in 18 

history. Historic districts endowed with the seven aspects of integrity create a distinctive 19 

sense of place within their communities.  20 

Significance is met when at least one of four possible options from the National 21 

Register Criteria for Evaluation applies to the property. These are significance in 22 

associations with: events that reflect national history, notable historical people, a distinct 23 

architectural or construction style, or sites that have the potential to inform about pre- 24 

history or history.38 25 

The effects of sea level rise can potentially alter the integrity of a National 26 
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Register listed property. Flooding, storm surge, and erosion may undermine a property’s 1 

location, design, setting, materials, workmanship, feeling, and association. For example, 2 

if a colonial era shipping warehouse was moved from its shoreline site, because of 3 

frequent flooding, to an inland twentieth century suburb, its integrity of location, setting, 4 

feeling, and association would diminish, misrepresenting the building’s historical past 5 

and its level of significance.  6 

National Register nominations are typically initiated at the local level with the 7 

support of community preservation groups or certified local governments. This is 8 

accomplished in cooperation with the State Historic Preservation Office (SHPO).39 An 9 

advisory board of the SHPO reviews completed nominations. If approved, the application 10 

is forwarded to the Keeper of the National Register who accepts or denies listing in the 11 

national database as a National Register historic property. 12 

 13 
Preserving Cultural Heritage to Sustain Quality of Life 14 

 15 
Quality of life is composed of tangible and intangible attributes that are often 16 

measured by “physical well-being, material well-being, social well-being, emotional 17 

well-being, and development and activity.”40 Within communities, social and economic 18 

vitality and environmental conservation create high quality places to live, work, and visit. 19 

Two analyses, Contributions of Historic Preservation to the Quality of Life in Florida 20 

published by the University of Florida and Stewardship of the Built Environment: 21 

Sustainability, Preservation, and Reuse by Robert A. Young, prove that the preservation 22 

of historic resources supports positive social, economic, and environmental outcomes, 23 

contributing to quality of life.  24 
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The University of Florida’s study measures quality of life and its connection with 1 

historic preservation in economic, social, cultural, and environmental terms.41 This results 2 

in an overall assessment of an area’s “collective values” interpreted as a measure of 3 

quality of life.36 Likewise, Young establishes social, economic, and environmental 4 

connections with historic preservation to confirm that historic preservation is a 5 

sustainable practice.42 The University of Florida and Young include cultural benefits in 6 

their definitions of historic preservation’s social benefits.  7 

 8 
Social Benefits 9 
 10 

The quality of life advantages associated with National Register historic districts 11 

are evident in the sense of place and community identity created by the districts. 12 

Differentiated development patterns, architectural aesthetics, local construction 13 

techniques, and building materials create a community character unlike any other place. 14 

Communities with distinct local identities become more revered as nationally 15 

standardized architectural designs replace unique regional building styles. Young 16 

confirms, “The mass replication of franchise architecture, suburban housing, and 17 

corporate office parks has created a less differentiated built environment nationwide that 18 

has contributed to a growing sense of placelessness.”43 The standardization of place 19 

threatens cultural heritage, causes “displacing tendencies,” and a lack of social 20 

connections for a community’s residents.44  21 

In their research, Jeremy J. Hess, Josephine N. Malilay, and Alan J. Parkinson 22 

determine the importance of sense of place to the quality of life. They find “a focus on 23 

place promotes resilience because identity and sense of place are central to community 24 
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resilience, public health, and well-being more generally.”45 The Federal Emergency 1 

Management Agency (FEMA) backs this finding through observations published in a 2 

2005 study. After a 2003 tornado devastated Pierce City, Missouri, residents mourned the 3 

loss of the historic downtown. Residents commented, “While most of the town survived, 4 

its heart has been damaged,” and “it was the prettiest little town in Missouri, but now it’s 5 

all gone, all the history, all its character—everything.”46 FEMA discovered that 6 

populations faced with devastating property losses after a natural disaster were more 7 

resilient when historic places and local landmarks escaped severe damage. “The enduring 8 

qualities that root[ed] them in time and place” contributed to their emotional well-being 9 

when faced with an uncertain future.47 10 

The ability of historic districts to foster social connections and contribute to 11 

quality of life is evident in everyday life. National Register properties exhibit a feeling 12 

and association (elements of integrity) with previous times, providing a connection 13 

between past and present generations. The connections are cultivated when community 14 

members can access historic properties for housing, employment, education, and 15 

entertainment.  16 

 17 
Economic Benefits 18 
 19 

The material well-being, development, and economic activity of a community are 20 

enhanced through community reinvestment programs and initiatives applied in National 21 

Register historic districts. Preservation of the built environment supports these quality of 22 

life measures and contributes to stable property tax bases, the expansion of municipal 23 

  24 
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services, job creation, retail sales growth, and the development of a heritage tourism 1 

industry.  2 

National Register designation of neighborhoods as historic districts has been 3 

found to stabilize real estate values, or even lead to increases at rates faster than the 4 

overall market area.48 Unwavering or rising real estate assessments benefit local 5 

government tax revenues, supporting the development and expansion of programs and 6 

services advancing local public interests. Property tax revenue applied to infrastructure 7 

improvements, public transportation, public safety, schools, libraries, parks and 8 

recreation, cultural events, social services, and public building maintenance adds to a 9 

community’s quality of life.49 10 

Additionally, historic districts are catalysts for community reinvestment and 11 

increased economic activity. The economic incentives and tools that encourage historic 12 

property rehabilitation lead to job opportunities (reducing governmental social service 13 

programs) and the growth of retail and service businesses. Reinvestment in the 14 

community though rehabilitation fulfills the potential of underused historic properties, 15 

adding property taxes to local government revenues for quality of life programs. 16 

Examples of federally funded economic incentive programs are: Historic Tax Credits 17 

(also available in some states), Low-Income Housing Tax Credits, New Market Tax 18 

Credits, and Community Development Block Grants (CDBG). Planning tools, such as 19 

Tax Increment Financing (TIF), tax abatements, Transfer of Development Rights (TDR), 20 

and Main Street Programs promote the rehabilitation of historic properties, resulting in 21 

community reinvestment.50 22 

When compared with new construction, five to nine new additional construction 23 
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jobs and $107,000 more income is produced for every one million dollars spent on 1 

preservation-related work. Since these jobs usually are local, this translates to $34,000 2 

more in local retail sales. Furthermore, if 2–3% of existing buildings are rehabilitated 3 

each year, these new construction jobs are maintained.51 Additional jobs contribute to 4 

increased retail spending, higher state and federal income tax revenues, and less reliance 5 

on publicly funded social service programs. 6 

Job creation, business development, and community reinvestment statistics from 7 

two historic preservation programs prove the economic contributions to quality of life. 8 

From 1980 to 2012, the National Trust for Historic Preservation’s Main Street Program 9 

generated 473,439 new jobs, rehabilitated 236,201 historic buildings, and created 10 

109,664 new businesses. Community reinvestment amounted to $55.7 billion. For every 11 

one dollar invested in a downtown revitalization program, eighteen dollars were 12 

reinvested in the community.52 A former federal initiative, the Save America’s Treasures 13 

grant program was responsible for the development of 16,012 jobs.53  14 

Additionally, heritage tourism contributes to economic vitality, inspires a 15 

community’s pride of place, and improves quality of life. Cultural heritage sites, many 16 

listed in the National Register, attract tourists who are likely to spend more on trips than 17 

other travellers. The United States Travel Association reported in 2010 on these 18 

comparisons. Cultural heritage visitors: 19 

“Shop more (44 percent versus 33%); 20 
Stay longer (4.7 nights versus 3.4 nights); 21 
Stay in commercial accommodations more than with family  22 

and friends (62 percent versus 56 percent); 23 
Spend more per trip ($623 versus $457, excluding the cost  24 

of transportation); and 25 
Spend more per day ($103.50 versus $81.20).”54  26 
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Increased expenditures generated by heritage tourism support businesses, create jobs, and 1 

boost sales tax revenues in historic communities. 2 

National Heritage Areas (NHAs), designated by Congress and affiliated with the 3 

NPS, promote a characteristic regional theme through an area’s cultural, architectural, 4 

and natural resources to build tourism. For example, eight Pennsylvania counties in The 5 

Rivers of Steel NHA address the area’s industrial past with a particular focus on “Big 6 

Steel.” The Erie Canalway NHA highlights the natural, cultural, and historic resources 7 

found along the 524-mile (843-kilometer) canal corridor in upstate New York. The fifty 8 

NHAs provide the framework that accounts for $12.9 billion in annual economic activity 9 

and creates 148,000 jobs. Tax revenue resulting from NHA programs amounts to $1.2 10 

billion yearly.55  11 

Increased tourist activity also increases tax revenue in areas that add a 12 

supplemental tax on lodging and restaurant meals. While this additional tax improves 13 

quality of life for residents, it has been also used to supplement historic preservation 14 

activities in some areas. For instance, a number of innovative Florida counties designate 15 

between 8–60% of tourist “bed taxes” to be used specifically for historic preservation.56  16 

 17 
Environmental Benefits 18 
 19 

Historic building rehabilitation is an environmentally sustainable practice that 20 

improves a community’s quality of life. Life cycle analyses (LCA), determining the 21 

environmental impact of a product during its life cycle, reveal that the rehabilitation of 22 

historic buildings has less impact on the environment than demolition and building 23 

anew.57 The National Trust for Historic Preservation’s field office, the Preservation 24 
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Green Lab, conducted LCAs on a number of rehabilitated commercial, residential, and 1 

public buildings. The lab’s findings confirmed:  2 

 “It takes between 10 to 80 years for a new building that  3 
is 30 percent more efficient than an average performing existing  4 
building to overcome, through efficient operations, the negative  5 
climate change impacts to the construction process.”58  6 

 7 
Reusing and rehabilitating historic buildings is inherently more sustainable than 8 

abandoning older properties and replacing them with new structures.  9 

The rehabilitation or relocation of historic buildings, rather than their demolition, 10 

reduces the amount of construction material in landfills. The Environmental Protection 11 

Agency (EPA) has found that one third of all landfill debris results from construction 12 

refuse.59 Additionally, new construction calls for the harvesting of raw materials and the 13 

expenditure of energy to transform these materials into finished building components. 14 

Raw materials are preserved and energy use decreases with the reuse of a historic 15 

building. If a historic building must be demolished, its historic construction materials and 16 

architectural features can be recycled for use on other historic properties. This, too limits 17 

landfill waste.60  18 

Historic building techniques and development patterns reflected local climate 19 

conditions, resulting in natural and sustainable methods of temperature control and 20 

lighting. Often, historic buildings require less energy for heating, ventilation, and air 21 

conditioning (HVAC) and lighting systems, contributing to a sustainable environment 22 

and quality of life.61  23 

In cold climates, historic buildings tend to be smaller, requiring less energy to 24 

provide warmth. Heating is also more efficient in historic buildings constructed close 25 
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together or in properties that share walls. Small windows, applied sparingly, reduce heat 1 

loss. Solid paneled shutters minimize cold drafts when closed.  2 

Conversely, in warmer climates, historic buildings are designed to maximize 3 

ventilation and allow for shade. High ceilings and expansive windows in large buildings 4 

promote air circulation. Landscaping and roof eaves shade smaller properties. In addition, 5 

porches, balconies, loggias, and louvered shutters ventilate and shade historic buildings in 6 

warm and humid areas. Building materials, such as adobe, stone, and brick, moderate hot 7 

and cold temperatures, providing comfortable interior spaces.  8 

The siting of historic properties controls lighting and solar temperatures, reducing 9 

the need for artificial lighting and temperature control. Positioning the long sides of 10 

properties to face east and west provides for the optimum sunlight, although westerly 11 

elevations are warm in hot summer climates. A north and south siting moderates interior 12 

temperatures in warmer areas.62   13 

Dense and mixed-use historic districts also contribute to environmental 14 

sustainability and quality of life. Nearby locations for work, school, housing, and 15 

entertainment encourage walking, biking, and the use of public transportation. This 16 

reduces the need for automobile travel, limits dependency on oil, and improves air 17 

quality. 18 

 19 
Conclusion 20 

 21 
Based on current sea level rise projections, National Register listings and the  22 

cultural heritage they represent are at risk. Quality of life is also vulnerable in shoreline 23 

communities due to the impact historic properties have on a community’s social, 24 
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economic, and environmental attributes. The case study analyses in Chapter IV will 1 

provide further proof of historic resource vulnerability to sea level rise and the value of 2 

historic districts to quality of life. 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 
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 16 
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 18 

 19 

 20 

 21 
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CHAPTER III 1 
ADAPTING HISTORIC RESOURCES TO THE CHANGING CLIMATE 2 

 3 
 4 

Introduction to Adaptation 5 
 6 

A result of climate change, sea level rise is altering shorelines with more intensity 7 

and at an accelerated pace. The damage inflicted even today by increasingly severe 8 

storms and storm surges and by accelerating erosion provides evidence that adaptation 9 

actions are needed now as well as in the future. Sea level rise impacts will likely alter the 10 

social, economic, and environmental characteristics of many coastal communities, 11 

negatively affecting their quality of life.  12 

Climate change responses occasionally use the terms adaptation and mitigation 13 

interchangeably. Although both address human responses to the impacts of climate 14 

change, they differ in approach. Mitigation measures slow the climate change process 15 

through the reduction of greenhouse gas emissions and the development of sinks to 16 

capture excess emissions. An example of a reduction effort is shifting energy production 17 

from fossil fuel to clean energy sources. Sinks, such as increased forest coverage, 18 

encourage the absorption of excess carbon dioxide from the atmosphere. While state and 19 

local governments and organizations have implemented mitigation programs, national 20 

and international mitigation policies have the greatest impact on slowing global climate 21 

change.63  22 

By contrast, adaptation methods minimize climate change effects or create 23 

situations where areas benefit from changing climate.64 The primary adaptation responses 24 



 31 

to sea level rise, examined in this research, are to accommodate and protect the built and 1 

natural environments from flooding, storm surge, and inundation. Adaptation responses 2 

are temporary solutions. As sea level rise continues over time, methods will require 3 

revision to protect historic districts as well as other aspects of the built environment. For 4 

some districts, a point may be reached when adaptations to protect and accommodate will 5 

no longer preserve buildings within their boundaries. Retreating from the coast will then 6 

be the last possible adaptation. This is considered a land management adaptation that 7 

involves the acquisition and demolition or relocation of property that is vulnerable to 8 

repeated damage from the sea. Nevertheless, the goal of my analysis is to recommend 9 

ways to extend the life of properties within historic districts, not to retreat through 10 

demolition.  11 

Retreat through property relocation has been successfully applied to historic 12 

properties in the past, such as the Cape Hatteras Lighthouse, a National Park Service 13 

(NPS) property in North Carolina. As the sea eroded the shoreline, the NPS applied 14 

adaptation strategies—beach nourishment, jetties, and plastic seaweed—to protect the 15 

lighthouse in the 1960s and 1970s. These adaptation efforts only resulted in short-term 16 

protection. The NPS recognized that a more permanent solution was required to save the 17 

lighthouse.65 In its 1988 report, Saving Cape Hattaras from the Sea: Options and Policy 18 

Implications, the National Academy of Sciences recommended the relocation of the 19 

historic lighthouse. This solution protected the historic resource and allowed for the 20 

beach erosion process to naturally continue without the interference of adaptation 21 

methods.66 The Cape Hattaras Lighthouse was moved inland 2,900 feet (885 meters) in 22 

1999, preserving the historic property for an additional 100 to 150 years. It is important 23 
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to note that it took nearly eleven years to coordinate public support and funding to apply 1 

this adaptation and only three weeks to physically move the lighthouse.67 2 

This method of retreat suits the preservation of individual historic properties that 3 

face destruction by the sea. Historic districts cannot be relocated due to the multiple 4 

properties involved. For this reason, retreat through relocation is outside the scope of this 5 

thesis research. 6 

The November 2012 decision to build a $4.2 million jetty to protect the historic 7 

harbor of Tangier Island, Virginia, in the Chesapeake Bay illustrates adapting to protect 8 

quality of life. Further, the example provides evidence of present-day sea level rise 9 

effects and the temporary nature of adaptation strategies. Due to the island’s isolation, a 10 

characteristic culture and lifestyle has been maintained for over two centuries.68 Currently, 11 

the 535 current inhabitants still work as watermen, speak a dialect unique to the island, 12 

and interact daily in a close-knit community. A low-lying, marshy island of erodible silt, 13 

Tangier Island is disappearing due to the effects of sea level rise and to subsidence, 14 

threatening the settlement’s sense of place and history.  15 

The jetty will reduce the sedimentation of the harbor, maintaining a navigable 16 

waterway and the island’s economy. It extends the time the island can remain inhabitable. 17 

This protective measure, however, will only offer temporary protection, since two sides 18 

of the island continue losing up to 19 feet (5.8 meters) of shoreline a year. Prideful 19 

residents are hopeful that the jetty will prolong their culture for the benefit of present and 20 

future generations.69 A project of the Army Corps of Engineers, the jetty may extend the 21 

harbor’s functionality for an additional fifty years. After that, it is inevitable that the sea 22 

will eventually inundate the island as sea level rise increases.70  23 
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Adaptations Accommodate and Protect 1 
 2 

Because each tidal shoreline is influenced by sea level rise in different ways, a 3 

variety of adaptation methods have evolved to satisfy different conditions. The expertise 4 

of coastal engineers, scientists, planners, and community leaders is applied to determine 5 

the best possible solution based on economic, political, social, and environmental factors.  6 

Methods to accommodate sea level rise and protect the built environment are 7 

categorized as hard, soft, and non-structural adaptations. Hard adaptations are engineered, 8 

technical solutions that are generally large scale and expensive projects. (Table 1) Most 9 

provide protection for large areas of land. Seawalls, floodgates, and jetties are examples 10 

of hard adaptations. Soft adaptations incorporate the use of natural materials in their 11 

engineered construction. (Table 2) Examples of soft adaptations are beach nourishment, 12 

dune building, and wetlands reclamation. Additionally, non-structural adaptations involve 13 

organizational policies and strategies that offer smaller scale solutions accommodating 14 

sea level rise. (Tables 3, 4, 5) These include zoning ordinances, building retrofit 15 

programs, and the elevation of buildings.71 16 

Each form of adaptation has benefits and disadvantages for abating the effects of 17 

sea level rise. Hard adaptations sustain protection from flooding, storm surge, and 18 

inundation for expansive areas of land. These methods indiscriminately safeguard all 19 

categories of property, not only those of high economic value. In spite of these broad 20 

advantages, hard adaptations are expensive and often damage the natural environment.72  21 

(Fig. 3) In addition, the barrier approach often provides a false sense of security for 22 

residents it is temporarily protecting. 23 

  24 
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 1 
            Fig. 3: Beach eroded 114 meters (374 feet) in  2 

         30 years as a result of groins (bottom) and stone  3 
         revetments (middle and top) in Northumberland  4 
         County, Virginia [Hardaway and Byrne; Shore- 5 
         line Management in Chesapeake Bay, 1999] 6 

 7 

Soft adaptations benefit a shoreline area by minimizing the flood and storm surge 8 

effects of sea level rise. The natural materials—soil, sand, and vegetation—comprising 9 

soft adaptations absorb intense rainfall and storm surge that non-porous and hard surfaces 10 

characteristic of developed areas cannot. Other advantages of soft adaptations are habitat 11 

creation and the development of open space and recreational areas. Environmental 12 

benefits include water pollution abatement and the absorption of additional groundwater.  13 

Large swaths of land, however, are required to benefit the adjacent, built environment. 14 
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Near urban areas, land to accommodate soft adaptations is not always available. 1 

Moreover, soft adaptations require frequent and costly maintenance as erosion can break 2 

down the defenses over time, particularly after intense storm events.73 3 

 Non-structural adaptations directly benefit specific properties or portions of a 4 

community by accommodating the built environment to sea level rise. Adaptations at the 5 

individual property level that minimize flood damage and storm surge include building 6 

elevation, building retrofits, and temporary sandbag barriers. Property owners of 7 

vulnerable buildings typically cover the expense of non-structural adaptations, but are 8 

occasionally reimbursed though public funding programs. Adaptations protecting one 9 

building may contribute to inconsistent protection throughout a historic district. Property 10 

owners who are unwilling to apply adaptations or unable to pay for them may contribute 11 

to the deterioration of an entire historic neighborhood. 12 

Segments of cities and towns can accommodate flooding effects through zoning 13 

and building codes, stormwater management programs, and the raising of sidewalks and 14 

roads. These non-structural adaptations are planned and paid for at the local level. While 15 

the implementation of zoning and building codes is not cost prohibitive, the improvement 16 

of stormwater management systems and the raising of sidewalks and roads can be a 17 

substantial expense for cities and towns. Another drawback of neighborhood-based 18 

adaptation is that it can be inequitably applied across a city or town. Those with political, 19 

economic, and social influence within a community can successfully advocate for 20 

accommodations to their specific areas, leaving less-represented neighborhoods 21 

unprotected.  22 

  23 
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Adaptation Methods Benefitting Historic Resources 1 
 2 

Just as adaptation methods offer protection to localities and regions, the strategies 3 

also safeguard the historic properties within these areas. The lifetime of entire historic 4 

districts can be extended through hard and soft adaptations that are designed to protect 5 

large areas of land. Non-structural methods minimize damage to individual historic 6 

properties and infrastructure within historic districts. By abating the effects of sea level 7 

rise, adaptations prolong the historical record and the cultural heritage for future 8 

generations. Quality of life for current residents is maintained. Adaptations, however, 9 

cannot save historic buildings and places forever. The alternative, to do nothing, shortens 10 

the time historic resources are in existence before coastal retreat is necessary.  11 

 12 
Galveston, Texas  13 
 14 

In Galveston, Texas, the early decision to adapt to the effects of ocean storms 15 

preserved historic neighborhoods and individual properties that remain historically and 16 

culturally significant today. The city’s adaptations have protected its primary economic 17 

attractions: tourism, beaches, historic districts, and the shipping port.74 The city of 48,000 18 

people has four National Register historic districts, two National Historic Landmark 19 

Districts, and five local historic districts protected by a local ordinance. (Fig. 4) Most of 20 

the city is protected with historic district designation. Despite vulnerability to hurricanes, 21 

the continued existence of these historic neighborhoods confirms the success of 22 

adaptations implemented by the city.  23 

Adaptation to ocean effects began around the time Galveston was founded in 24 

1838. A local carpenter suggested raising buildings on “stilts” to withstand flooding from   25 
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1 
Fig. 4: Local, National Register, and National Historic Landmarks Historic Districts in 2 
Galveston, Texas are bordered on the south by the seawall. [Galveston Historical 3 
Foundation Preservation Resource Center; Galveston Historic Districts, 2005]  4 
 5 

storms. After damage from an 1875 hurricane, the city petitioned the state to build a 6 

breakwater but the state declined. In its place, the city resorted to a soft adaptation— 7 

planting trees along the top of sand dunes and raising other areas with sand.75  8 

A critical demand for protection resulted after a hurricane in 1900 destroyed 9 

3,600 buildings and took the lives of 8,000 residents. The estimated cost of damage was 10 

$20 million ($700 million today). The 1900 Galveston hurricane remains the deadliest 11 

natural disaster in the history of the United States.76 The city was faced with a decision to 12 

retreat from the barrier island or rebuild. It chose the latter, initiating a massive 13 

engineering project to protect itself from future storms. A seawall, three miles (4.8 14 

kilometers) long and 17 feet (5.2 meters) high with a rip-rap base, was built to protect the 15 

densely developed residential and commercial neighborhoods on the island. (Fig. 5)  16 
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 1 
         Fig. 5: Galveston Seawall circa 1910–1920. [Library of  2 
         Congress Prints and Photographs; Seawall and Beach,  3 
         Galveston, Texas, circa 1910–1920] 4 
 5 

In addition, the ground level was sloped from the top of the seawall on the south 6 

shore downward to the northern side of the island. If water overtopped the wall, it would 7 

flow out to sea at the north shore. Buildings were jacked up, at the property owners’ 8 

expense, and slurry was pumped below them, raising the ground level up to 17 feet.77 9 

(Fig. 6)  10 

Owners who could not afford to raise their buildings lost either their first floors or 11 

their entire buildings. The adaptations took seven years and $1.6 million (over $39 12 

million today) to complete.78 Galveston County funded the adaptations. The seawall and 13 

raised slope of the island proved successful when a hurricane in 1915, as severe as the 14 

last, led to only eight deaths.79 Still, the 1915 storm flooded downtown Galveston with 15 

six feet (1.8 meters) of water. A storm surge of 16 feet (4.9 meters) crashed into the city. 16 

Because damage was greater outside of the seawall-protected area, city residents believed  17 
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 1 
     Fig. 6: Galveston homes were raised to accommodate  2 
     the landfill required to elevate the island and build the 3 
     seawall. [courtesy of Ellen Beasley and Billy Phillips; 4 
     The Alleys and Back Buildings of Galveston, 1997] 5 

 6 

the hurricane’s toll would have been worse without the engineered adaptations in place.80 7 

Federal funds paid for a seawall extension in 1904 and 1905 to protect Fort 8 

Crockett, west of the historic districts. Today’s 9.9 mile (16 kilometer) long seawall 9 

resulted from additions to its length in 1927 and 1963.81 Although the city has suffered 10 

subsequent hurricane damage through the years, Galveston had been largely spared until 11 

Hurricane Ike in 2008. Hurricane Ike caused heavy damage to the Port of Galveston, 12 

infrastructure, housing, and a research hospital. The city requested $2.2 billion in disaster 13 

relief from Congress.82 Hurricane forces compromised the stability of the seawall, 14 

leading to an $18 million repair by the Army Corps of Engineers in 2010.83 15 

Recognizing the need for more protection, the Houston and Galveston 16 

communities have proposed construction of the “Ike Dike,” based on sea barriers used in 17 

the Netherlands. The estimated cost is $6.6 billion. (Fig. 7) Sea gates—to protect the 18 

shipping, chemical and industrial concerns of the Galveston and Houston harbors—are a 19 

less costly alternative at $1 billion. (Fig. 8) Both proposals are under consideration.84 20 
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 1 
         Fig. 7: The Maeslant Barrier floodgate, near Rotterdam,  2 
         Netherlands, is similar to the floodgate proposed for  3 
         Galveston and Houston. [European Press Agency/Cor Mulder; 4 
         “Planning the 'Ike Dike' Defense, June 4, 2009] 5 
 6 

 7 
Fig. 8: Proposal for the “Ike Dike” to protect the Galveston 8 
and Houston harbors. [Bill Merrell; “Planning the 'Ike Dike'  9 
Defense,” June 4, 2009] 10 

 11 
 12 
  13 
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Norfolk, Virginia 1 
 2 

Established in 1680, Norfolk, Virginia, is home to 1.7 million people. It holds 3 

claim to the Atlantic Coast’s deepest shipping channels and is a major base for the United 4 

States Navy. Norfolk has a fifty-year history of adapting to life along the tidal shoreline. 5 

The city’s location at the confluence of the estuarial Elizabeth and James Rivers limits its 6 

exposure to direct ocean effects. While Categories 2 and 3 hurricanes could cause severe 7 

storm surge damage, nuisance flooding impacts the city on a monthly basis. Common 8 

rainstorms, high tides, and spring tides provoke frequent floods, resulting in property 9 

damage and impassable transportation routes.  10 

Of the twelve National Register historic districts in Norfolk, the Ghent, Colonial 11 

Place, Freemason, and Downtown neighborhoods are located in low-lying, flood-prone 12 

areas. The Berkley North and Riverview historic districts are partially prone to flooding. 13 

All historic districts are in hurricane evacuation zones.85 (Fig. 9)  14 

Norfolk’s vulnerability to sea level rise is attributed to its low elevation, 15 

measuring no higher than ten meters (32 feet) above sea level, and to land subsidence. 16 

Since 1930, local sea levels have risen 0.36 meters (1.2 feet), double the global average. 17 

Norfolk has been subsiding at an accelerated rate because the city was built on marshes 18 

and tidal creeks.86 The current flood frequency in Norfolk forecasts the types of sea level 19 

rise issues shoreline communities will face in the future. 20 

Norfolk constructed its first adaptation—a three to six meter (9.8 to 19.7 feet) 21 

rock and concrete seawall—in the 1960s to protect the downtown area. As flooding 22 

became increasingly frequent, the city implemented steps to safeguard residents and their 23 

properties. Because of its long-term record of adaptations, a Public Broadcasting System   24 
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 1 
        Figure 9. Six of Norfolk’s twelve National Register Historic  2 
        Districts are located in flood-prone areas. [City of Norfolk; Na- 3 
        tional Register Historic Districts, n.d.] 4 
 5 

(PBS) report stated the city is “way ahead of the curve when it comes to flood 6 

protection.”87  7 

After a 2003 storm, the Federal Emergency Management Agency (FEMA) paid 8 

over $100,000 per house to elevate twenty homes.88 Some property owners implemented 9 

their own adaptation methods by moving air conditioning units to roofs and raising their 10 

electric and gas utilities to higher floors. One Colonial Place homeowner, claiming a 11 

historic Tudor home would look “stupid and ugly” if elevated, constructed a berm around 12 

his property. The $159,000 project also included the installation of a pump and drainage 13 

system and decorative plantings to blend the berm into the landscape.89 (Fig. 10) The city  14 
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 1 
     Fig. 10: A professionally landscaped earthen berm protects a home in Norfolk’s     2 
     Colonial Place National Register Historic District. [The Virginian-Pilot; “Norfolk  3 
     Resident Builds Berm to Protect Home from Floods,” April 19, 2009] 4 

 5 

further funded the raising of roads by 1.6 feet (0.5 meters) in chronically flooded areas. 6 

Yearly upgrades to the drainage system—sewage pipes and stormwater pumping 7 

facilities—cost Norfolk $6 million annually. Currently, the city is constructing additional 8 

stormwater pumps and elevating public buildings.90 Conditions in some areas have 9 

improved during regular rain events, but widespread flooding still occurs during heavy 10 

storms.91 11 

Projections for sea level rise to reach 1.74 meters (5.7 feet) by 2100 indicate a 12 

need for additional adaptations in the future.92 To plan ahead, Norfolk asked the Dutch 13 

coastal engineering firm, Frugro, for suggestions on how the city could adapt to sea level 14 

rise. Frugro recommended the construction of long floodwalls at strategic points around 15 

the city. The construction of additional culverts, drainage ditches, and pumping stations 16 
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would protect the entire city. The complete plan would cost over $1 billion. A  1 

localized plan to manage chronic flooding of the Hague, an inlet bordering the Ghent 2 

National Register Historic District, was also proposed. This entails building a floodgate 3 

that could be closed to protect from storm surge. The estimated cost to protect the Ghent 4 

neighborhood alone is $60 million.93  5 

In June 2012, Dutch planners proposed an alternative long-term solution for 6 

Norfolk based on successes in the Netherlands. They suggested diverting excess 7 

rainwater to urban water storage areas, away from buildings and infrastructure. New 8 

Orleans is also considering this strategy. Water storage areas reduce nuisance flooding 9 

and repetitive flood costs from intense rain events. In addition, they can minimize flood 10 

damage caused by hurricanes. The water storage basins are designed as attractive, urban 11 

water features constructed in locations that have been abandoned due to flooding. If 12 

constructed, the Dutch planners maintained that hard adaptation barriers around the city’s 13 

perimeter are still required to protect the area from high waves and storm surge. Because 14 

water storage areas are gradually drained, expensive and fossil fuel-dependent pumping 15 

facilities are not required.94 16 

Despite the prospects for added protection, Mayor Paul Fraim was hesitant about 17 

the prospects for a flood-free Norfolk during a 2012 interview. He stressed that the city 18 

could not maintain the financial expenditures for updated adaptation methods as sea level 19 

rise vulnerability increases. It required the federal government to assist in funding.95 Even 20 

with additional adaptation strategies, Fraim conceded that Norfolk may have to consider 21 

retreat zones within twenty to thirty years.96 22 

  23 
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Involvement of the Historic Preservation Community in Adaptation  1 
 2 

The published literature regarding adaptations to sea level rise primarily addresses 3 

the benefits to entire municipal areas. Few historic preservation organizations, however, 4 

provide adaptation guides specific to historic districts or to individual properties. The 5 

exceptions are English Heritage in England, the British National Trust, the 1000 Friends 6 

of Florida, and the Mississippi Development Authority. 7 

 8 
English Heritage and the British National Trust  9 
 10 

Adaptation policy in England has shifted from a tradition of hard barriers to a 11 

preference for soft or non-structural strategies. Seawalls and other hard adaptations have 12 

been used to hold back the sea for centuries in England. As a result, the country 13 

recognizes the harmful effects of these methods on the environment. The House of 14 

Commons Select Committee on Agriculture stated in its 1998 Flood and Coastal Defence 15 

report “that coastal defence could no longer be wholly dependent on traditional ‘hard’ 16 

defence works and called for a radical change in policy.”97 The revised policy 17 

recommended that adaptations should be environmentally “sustainable and economically 18 

viable in the long term.”98 Additionally, a need for the coordination of adaptation efforts 19 

among localities was stressed. 20 

 In England, the national government plays a central role in the management of its 21 

coasts. The Department for Environment, Food and Rural Affairs (Defra) oversees the 22 

program. Defra provides grants for adaptation to the national Environment Agency and 23 

Internal Drainage Boards. Local areas also are eligible to receive grants after fulfilling 24 

Defra’s technical, environmental, and economic requirements. One requirement directs 25 
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the national or local group to assess the impact of proposed adaptations on both the 1 

natural and historic environments.99 2 

Under the National Heritage Act of 1983, English Heritage was established as a 3 

governmental organization operating under the Department of Culture, Media and Sport. 4 

The organization advises the government on issues related to historic resources, manages 5 

historic properties, and maintains the National Heritage List for England (NHLE). This 6 

list is comparable to the National Register of Historic Places. As part of its advisory 7 

responsibilities, English Heritage informs the government on the impacts of sea level rise 8 

and coastal change on historic resources. Its four publications on this topic cover 9 

shoreline management, climate change, adaptation, and flooding.  10 

Climate Change and the Historic Environment echoes the national policy to avoid 11 

the use of hard adaptations due to harmful environmental effects. Flooding and Historic 12 

Buildings contains non-structural adaptation suggestions specific to individual historic 13 

properties. Adaptations are divided into two categories: flood proofing works and flood 14 

resilient works. The former holds water back from the property. Flood proofing through 15 

regular maintenance protects buildings from water entering through cracks in mortar, 16 

masonry, walls, vents, and through spaces around windows, doors, and pipes. Floodgates 17 

at doors and windows are additional examples of flood proofing. (Figs. 11, 12) Flood 18 

resilient adaptation methods, such as the relocation of utilities to upper floors and 19 

constructing with natural materials, limit damage to the building’s interior.100 20 

The British National Trust follows the English preference to employ soft 21 

adaptations for its coastal properties. This membership organization owns and manages 22 

historic properties, landscapes, and wildlife habitats throughout the United  23 
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 1 
  Fig. 11: Floodgate at historic home near the River  2 

                          Thames. [Douglas Kent for English Heritage; Flooding  3 
                          and Historic Buildings, April 2010] 4 

 5 

 6 
      Fig. 12: Temporary flood barriers, hidden within slots at base of windows, can be 7 
      raised in case of flood. [John Fidler for English Heritage; Flooding and Historic   8 
      Buildings, April 2010] 9 
  10 
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Kingdom. The organization’s philosophy is to protect historic properties as long as 1 

possible, realizing that retreat from the coast is inevitable as sea level rise increases. 2 

At South Milton in Devon, the National Trust rebuilt dunes as a soft adaptation 3 

strategy. The British National Trust’s choice of adaptation methods reflects their 4 

intention to “work with nature, not against it.”101 5 

 6 
The 1000 Friends of Florida 7 
 8 

In the United States, the 1000 Friends of Florida, Florida Department of State, 9 

Florida Division of Historical Resources, and the Florida Division of Emergency 10 

Management have developed additional non-structural adaptation recommendations in 11 

Disaster Mitigation for Historic Structures: Protection Strategies. The 1000 Friends of 12 

Florida, a non-profit organization, preserves and promotes quality of life in the state. Its 13 

publication guides historic property owners in the care of specific historic building 14 

components as they prepare for hurricane wind, rain, and flooding. Roof, window, door, 15 

garage door, porch, wall, and foundation adaptations that maintain the property and its 16 

historical significance are stressed.  17 

The guide points out that windows and doors are the weakest points of a building. 18 

Keeping them in good repair will mitigate cracks and spaces where floodwater can enter 19 

a building. Regular cleaning, painting, and the replacement of glazing putty and weather 20 

stripping will improve the watertight quality of windows. Weather stripping on historic 21 

doors and garage doors can also minimize floodwater inundation inside a building.102 22 

Maintenance of building materials used for foundation piers prevents floodwater 23 

intrusion and assists in withstanding storm surge. This includes replacement of wood that 24 
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has rotted and repointing of mortar.103  1 

Additionally, foundations and walls are vulnerable to storm surge. To withstand 2 

storm surge, appropriate connections must be constructed between walls and foundations.  3 

Brackets, clip, and straps, connecting the wall framing to the foundation, enhance vertical 4 

building stability, but do not guarantee protection from storm surges.104 (Fig. 13) 5 

 6 

 7 
           Fig. 13: Masonry piers have been replaced at the Maddox  8 

                       House at Port St. Joe, Florida. Metal brackets (upper right)  9 
                       connect floor foundation to piers, supplementing vertical  10 
                       building strength. [1000 Friends of Florida, et al.; Disaster  11 
                       Mitigation for Historic Structures: Protection Strategies,  12 

           2008] 13 
 14 

Mississippi Development Authority 15 
 16 

Mississippi communities along the Gulf Coast lost between 6% to 95% of their 17 

historic properties due to Hurricane Katrina.105 In response, the Mississippi Development 18 

Authority (MDA) has developed a grant and loan program to fund the elevation of coastal 19 

historic properties and districts vulnerable to flood damage and storm surge. Grants and 20 

  21 
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loans are funded by the United States Department of Housing and Urban Development 1 

(HUD). Design guidelines accompany the elevation program to ensure that significance 2 

and integrity are not compromised. These are based on revised FEMA and National 3 

Flood Insurance Program (NFIP) guidelines with design assistance from the Mississippi 4 

State Historic Preservation Office (SHPO) and local and national preservation 5 

organizations. To elevate historic buildings and receive a grant or loan, property owners 6 

must propose an elevation plan that is approved by MDA and the SHPO. It must adhere 7 

to local floodplain ordinances, building permit rules, and historic design guidelines.106 8 

FEMA flood elevation maps determine the height of a building’s elevation based 9 

on the level of flood risk. To maintain historic significance, evaluations regarding site, 10 

architecture, foundation, and elevation design are outlined in the guidelines and must be 11 

addressed before this non-structural adaptation is applied to a historic property. All relate 12 

to maintaining the integrity of the historic building.107 (Fig. 14, 15) 13 

The raising of a property considerably changes its scale, mass, and setting. The 14 

guidelines recommend that the elevated building not interrupt the characteristic context 15 

and rhythm of the historic district. Historic districts maintain an appropriate design 16 

aesthetic when building elevations are consistent and heights and setbacks are the same 17 

depth. Additionally, the integrity of the setting must be addressed in proposals to elevate. 18 

This entails allowing space for established sidewalks, walkways, and driveways. 19 

Spacing between historic properties should be also maintained. In addition, historic 20 

landscaping defines the contextual setting in historic districts. Proposals should limit the 21 

removal of existing landscape elements. It is suggested to use plants to screen the piers 22 

that elevate the properties. (Fig. 16) Last, the architectural design and materials of the  23 
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 1 
        Fig. 14: Setback, height, and compatible porch design are con- 2 
        sistent in this historic district of elevated homes. [Mississippi  3 
        Development Authority; Elevation Design Guidelines, n.d.] 4 
 5 

 6 
            Fig. 15: Raised foundation is decorated with an architectural  7 

        grid pattern that coordinates with porch railing and window mul- 8 
        lions. [Mississippi Development Authority; Elevation Design  9 
        Guidelines, n.d.] 10 
 11 

  12 
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 1 
    Fig. 16: Landscaping screens the piers that elevate the his- 2 

toric property and visually reduces the heightened scale of  3 
the adaptation. [Mississippi Development Authority; Ele- 4 
vation Design Guidelines, n.d.] 5 

 6 

elevation components must be compatible with the existing historical style and materials 7 

of the property. The character and feeling of the building and the historic district is 8 

preserved with the application of the elevation design guidelines.108 9 

Obstacles to historic property elevation may interfere with the application of this 10 

adaptation solution. Residential property owners may find raising a home is cost 11 

prohibitive. Construction and engineering fees can range from $30,000 to over $100,000 12 

per property.109 Historic integrity can diminish when all property owners within a 13 

neighborhood cannot afford to elevate their properties. Additionally, elevating water, 14 

sewer, and gas utility lines is a major undertaking. Accommodating access for the elderly 15 

and disabled adds another impediment to building elevation.  16 

 17 
Potential for Compromised Historic Integrity 18 
 19 

Adaptation methods can alter the built environment even as they protect it. In   20 
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historic districts significance may be compromised if any of the seven aspects of 1 

integrity—location, design, setting, materials, workmanship, feeling, and association— 2 

are changed. Hard and soft adaptations can affect location due to the coastal erosion that 3 

results. Land from under historic properties can gradually disappear, causing destruction 4 

or relocation of the property. Also, adaptations with high barriers like seawalls affect 5 

location and setting by removing the landscape context in which a historic district was 6 

built. Non-structural adaptations such as property elevations, wall to foundation 7 

connection brackets, and flood barriers for windows and doors have the potential to affect 8 

the architectural integrity of a building. This impacts the overall character or feeling of 9 

the historic district. Materials and workmanship will be affected when new or 10 

incompatible materials are used to adapt windows, doors, or foundations to sea level rise 11 

impacts. The final element of integrity, association, is compromised when the other six 12 

are altered. In summary, significance diminishes when the overall character of a place or 13 

its association with its historical past is altered. A dramatic degradation of historical 14 

integrity can lead to the de-listing of National Register properties. 15 

 16 
Adaptation Decision-makers and Stakeholders  17 

 18 
Recent theoretical analyses and research studies identify ways communities can 19 

become resilient to the effects of climate change. Resilience theory focuses on “the 20 

ability of a system not only to ‘bounce back’ following a crisis, but also to learn and 21 

adapt so as to reduce future vulnerabilities.”110 This discipline includes analyses of how 22 

communities adapt to climate change through social and political collaboration among 23 

decision-makers and stakeholders. The historic preservation community may find it 24 
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advantageous to apply recommendations from this literature to further adaptation 1 

planning for historic resources. Theories and research in the study of resilient 2 

communities are published in Adaptation to Climate Change by Mark Pelling and in 3 

Collaborative Resilience: Moving Through Crisis to Opportunity edited by Bruce Evan 4 

Goldstein. “Wicked Challenges at Land’s End: Managing Coastal Vulnerability Under 5 

Climate Change,” by Susanne Moser, S. Jeffress Williams, and Donald F. Boesch 6 

provides insight into the adaptation decision-making process and the stakeholders 7 

involved in adaptation planning.  8 

This resource information overlaps in two areas. First, the theories and research 9 

state the importance of educating the public—stakeholders in adaptation—on the local 10 

science of sea level rise. An informed public will more likely support the adaptation 11 

efforts of the local government. Through education, established values and activities can 12 

be potentially altered, limiting the barriers to adapt to sea level rise. Secondly, the 13 

theories and research findings confirm the need for collaboration among multidisciplinary 14 

groups in the adaptation planning process. Intergovernmental public works, planning and 15 

emergency management departments and policymakers must collaborate with the public, 16 

property owners, environmentalists, and the scientific community to create adaptation 17 

solutions.  18 

Different points of view are evident in the literature on the subject of state and 19 

federal government adaptation intervention. Mark Pelling asserts that adaptation 20 

strategies cannot be implemented without the support of higher levels (state and federal) 21 

of government.111 Moser, Williams, and Boesch state that strong leadership beyond the 22 

local government level can further adaptation planning, however, it has the potential to 23 
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mute local public opinion and interests.112 Collaborative Resilience authors John 1 

Randolph and Edward Weber also stress the importance of local decision-making in 2 

adaptation planning. They say state and federal governments should respect community 3 

values, opinions, and adaptation plans rather than imposing solutions without local input. 4 

Randolph suggests that state and the federal governments should limit their roles in 5 

adaptation planning by providing technology and scientific data assistance to 6 

communities.113 7 

Moser, Williams, and Boesch insist that all decision-makers and stakeholders 8 

involved in adaptation planning must continually access the latest scientific data on sea 9 

level rise.114 Sea level projections will be likely adjusted as climate change conditions 10 

evolve, altering the types of adaptations that will protect a community. Local, state, and 11 

national governments must include the scientific community in local adaptation planning 12 

decisions for the implementation of successful and relevant adaptation strategies.  13 

As attempts to plan for adaptation advance, obstacles will arise along the way. 14 

The involvement of diverse groups in adaptation planning also creates barriers to 15 

adaptation implementation. Moser and her colleagues write, “challenges repeatedly found 16 

are intra- and cross institutional or governance barriers” where “[i]nformational, 17 

communicational, political, and public support barriers also play important roles.” 18 

Additionally, at the government employee level, barriers arise due to lack of human 19 

resources, sufficient financing, and education on sea level rise science. “Attitudes, 20 

worldviews, cultural norms, place attachment, historical investments, and available 21 

adaptation options” impede adaptation implementation at the local level.115 22 

Pelling concurs, stating that adaptations are a challenge to plan and implement 23 
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because different groups have different perspectives on ways to adapt. Consensus is 1 

difficult to reach.116 He identifies the existence of “rigidity traps” when the public and 2 

organizations decline opportunities to adapt even when it is clear that environmental 3 

conditions are changing. These traps occur in the absence of government policy and 4 

financial support for adaptation and in a lack of innovative solutions proposed by 5 

organized interest groups.117  6 

It is necessary for the historic preservation community to understand sea level rise 7 

science and become a part of the adaptation decision-making process. No other decision- 8 

maker or stakeholder group is solely committed to the protection of historic resources. As 9 

sea level rise threatens, historic preservation planners, advocates, and owners of historic 10 

properties must collaborate with adaptation planning groups to safeguard historic 11 

resources and cultural heritage. 12 

 13 
Conclusion 14 

 15 
A number of adaptation methods have been developed to protect the built 16 

environment, including National Register properties. Benefits, however, are often 17 

temporary, with different adaptation solutions applied as conditions change. Nonetheless, 18 

adaptation methods are available to prolong the lifespan of National Register properties 19 

that are vulnerable to sea level rise. Historic resources and their cultural associations are 20 

irreplaceable. Adaptation methods extend the unique cultural experience that defines an 21 

area for present and future generations. An area’s quality of life and characteristic sense 22 

of place will continue on, enhancing an area’s social, environmental, and economic well- 23 

being. The historic preservation community must stress these benefits when advocating 24 
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for the protection of historic resources from sea level rise as decision-makers and 1 

stakeholders in the adaptation planning process. In addition, developing relationships 2 

with other groups concerned with sea level rise will advance the profile for historic 3 

property adaptation in the social, economic, and political arena.  4 

Chapter IV reveals adaptation solutions that have been proposed or applied in the 5 

case study cities. Many of the strategies protect historic districts from the effects of sea 6 

level rise; some negatively impact integrity. The upcoming section also identifies 7 

adaptation decision-makers and stakeholders.  8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

. 23 
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CHAPTER IV 1 
ATLANTIC COAST CASE STUDIES 2 

 3 
 4 

Introduction to the Case Studies 5 
 6 

To varying degrees, each of the case study cities—St. Augustine, Florida; 7 

Elizabeth City, North Carolina; and, Alexandria, Virginia—currently apply adaptations to 8 

mitigate flooding, erosion, and storm surges. Due to low-lying locations along Atlantic 9 

Coast estuaries, they are vulnerable to the projected effects of sea level rise. The natural 10 

hazards these cities face today will worsen as sea level rise incrementally reaches one 11 

meter (3.3 feet) by 2100.  12 

As some of the earliest settlements along the Atlantic Coast, the case study sites 13 

include historically and culturally significant properties representing early development 14 

in the United States. Historic districts have been documented in each city and are listed in 15 

the National Register of Historic Places. All representative historic districts prominently 16 

define the areas’ characters, contributing to quality of life.  17 

I document the development history of each case study city and describe the 18 

character of the historic districts. The chapter continues with an analysis of current risks 19 

that impact the historic districts. Projected, future risks to the historic districts are mapped 20 

for 2050 at approximately 42 centimeters (1.4 feet) and for 2100 at one meter (3.3 21 

meters). Each case study evaluation concludes with an examination of implemented and 22 

proposed adaptations and the decision-makers and stakeholders involved. 23 

  24 
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St. Augustine, Florida 1 
 2 

St. Augustine, Florida is the oldest, continuously occupied European settlement in 3 

the country. The city is located on a peninsula on the northeast shore of Florida in St. 4 

Johns County, between Jacksonville and Daytona Beach. The Spanish settled on the 5 

western shore of the tidal Matanzas River in 1565, partially sheltered from the open 6 

ocean by the Anastasia Island barrier beach. (Fig. 17) The tidal San Sebastian River  7 

 8 

9 
Fig. 17: Looking westward at St. Augustine, Florida. The star-shaped structure on right is 10 
the Castillo de San Marcos. The historic Bridge of Lions in the center crosses the Matan- 11 
zas River, connecting to St. Augustine to Anastasia Island. Maria Sanchez Lake is on the 12 
right in the middle of the peninsula. [Google Earth; St. Augustine aerial photograph, 13 
December 17, 2011] 14 

 15 

borders the city to the west. The city is exposed to frequent flooding, storm surges, and 16 

coastal erosion due to its low-lying elevation and proximity to tidal rivers. Sea level rise 17 

will intensify these tidal effects. Seven historic districts are located within the city limits, 18 

all potentially susceptible to sea level rise. 19 

The history of St. Augustine is divided into four eras, referring to the countries 20 
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that governed the city through the years. These periods are the Spanish Colonial, the 1 

English, the second Spanish, and the American. The people of each country, joined by 2 

immigrants from Europe and Africa, left their cultural marks on the community, creating 3 

a cosmopolitan city by the end of the second Spanish era in 1821.118 4 

The Spanish Colonial period begins with Pedro Menendez de Aviles leading a 5 

Spanish fleet to the New World and establishing St. Augustine as a military base in 1565. 6 

The city was strategically placed to defend Spain’s southern territories from the British 7 

who had settled to the north.119 In addition to being a strategic military location, the city 8 

was founded as a trading center and a mission. 9 

Free blacks settled at Fort Mose, northwest of St. Augustine’s colonial city, 10 

during the sixteenth, seventeenth, and eighteenth centuries. Spain acknowledged their 11 

freedom as long as they joined the Catholic Church.120 Fort Mose was the first legal 12 

African American settlement in the United States.121 (Fig. 18) 13 

Between 1573 and 1586, St. Augustine’s colonial city was designed according to 14 

guidelines established by the Laws of the Indies, a Spanish planning code derived from 15 

Roman principles. A centrally located rectangular plaza emanated from four major, 16 

corner streets. The plaza was the center of all community activities. Civic and religious 17 

institutions bordered the plaza enclosed by King and Cathedral streets. The plan was 18 

flexible for growth, allowing for expansion from the central plaza. 19 

Because of its geographic location, St. Augustine did not measurably expand and 20 

prosper. Development was confined to the narrow parameters of the peninsula and to the 21 

town plan.  The placement of the Castillo de San Marcos to the north and the monastery  22 

  23 
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1 
Fig. 18: The walled St. Augustine Town Plan District, a National Historic Landmark, 2 
represents the city’s colonial heritage. The monastery, now St. Francis Barracks, is 3 
located at the southeast corner with the star-shaped Castillo de San Marcos at the 4 
northeast corner. The African American settlement, Fort Mose, is labeled as “Negroe 5 
Fort” to the city’s north. [Thomas Jeffery, Library of Congress Geography and Map 6 
Division; plan of the town and harbor of St. Augustine, circa 1762] 7 

 8 

to the south created obstacles to development. (Figs. 19, 20) The shallow harbor and 9 

shifting barrier beaches made the harbor difficult to navigate for trading ships. 10 

Consequently, the success of a port economy eluded the city, forcing the Spanish to 11 

subsidize the settlement.122  12 

The colonial years were marked by frequent conflicts between warring colonizers 13 

wishing to expand territorial command in the New World. The British and Native 14 

Americans fought with the Spanish settlers, periodically attacking the town. As the 15 

Carolina colonies strengthened under British rule, the Spanish fortified St. Augustine’s  16 
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 1 
   Fig. 19: The Castillo de San Marcos, a NPS site, is located at the northern border of  2 
   the St. Augustine Town Plan Historic District, overlooking Matanzas Bay. [Ann  3 
   Horowitz; photograph, January 2013] 4 

 5 

 6 
  Fig. 20: A monastery and missionary first occupied this site in 1577. St. Francis Bar- 7 
  racks was constructed between 1724-1755. It faces the Matanzas River at the southern     8 
  end of the St. Augustine Town Plan Historic District. Since the British period, the build-      9 
  ing has been used for military purposes. The Florida National Guard is stationed here    10 
  today. [Google Earth; street view photograph, 2013] 11 
 12 
 13 
 14 
  15 
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military strength by building a massive coquina stone fort, the Castillo de San Marcos, 1 

beginning in 1672. After the British destroyed the city in 1702, the settlement was walled 2 

to the north, west, and south.123 3 

The Spanish recognized the need for protection from the sea as early as 1599 4 

when a severe storm damaged the early settlement. The first seawall was constructed 5 

between 1596 and 1602 of wooden trees that were three-inches (7.6 centimeters) in 6 

diameter.124 After that deteriorated, Florida governor Don Diego de Quiroga y Losada 7 

wrote to the King of Spain in 1690 requesting funding for a new seawall. He proposed 8 

“building a wall the whole length of the City along the sea, seeing the danger in which it 9 

now is of being ruined by floods from the sea (which already comes up to the houses) 10 

when we have the slightest storm.”125 Spain financed the second seawall, constructed of 11 

coquina stone between 1694 and 1705. As this seawall decayed, the United States 12 

government funded a replacement built from 1836 to 1842.126 (Fig. 21) Currently, the 13 

rehabilitation of the nineteenth century seawall is under construction. 14 

After the Seven Years’ War in 1763, the Spanish traded Florida for Cuba with the 15 

British.127 The British period in St. Augustine lasted until 1784 when the British traded 16 

the city again with Spain for the Bahamas. The second Spanish period lasted until 1821 17 

when Spain ceded Florida to the United States in 1821. Florida became a state in 1845.128 18 

As part of the United States, St. Augustine gradually attracted tourists from the 19 

north due to its mild weather and unique European character. The Union Army enlisted 20 

the Castillo as a military base during the Civil War, renaming it Fort Marion. After the 21 

war, land was slowly developed outside the city’s colonial boundaries. African  22 

  23 
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1 
Fig. 21: The plaza was the center of the original town plan, protected from storms by the 2 
city’s third reconstructed seawall. King Street is to the left of the square; Cathedral Street 3 
is on the right. [John S. Horton, Library of Congress Geography and Map Division; View 4 
of St. Augustine, East Florida, 1855] 5 
 6 

Americans settled southwest of the historic city in Lincolnville; the Abbott Tract 7 

neighborhood grew to the north. 8 

In 1883, Henry Flagler, John D. Rockefeller’s co-partner in Standard Oil, 9 

believed the city could rival Newport, Rhode Island as a tourist destination.129 He 10 

purchased the railroad and land west of the city wall to build the Ponce de Leon and the 11 

Alcazar Hotels. With partner Heth Canfield, Flagler filled part of the Maria Sanchez 12 

Creek, a saltwater tributary of the Matanzas River, to create additional land for his tourist 13 

hotels.130 The creek became Maria Sanchez Lake, south of the city plaza and east of 14 

Lincolnville. 15 

Henry Flagler continued to build within the community. West of his hotels, he 16 

developed the Model Land Corporation neighborhood near his railroad station. The  17 

  18 
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Flagler era in St. Augustine, however, quickly came to an end in the late 1890s when 1 

Flagler decided to develop in southern Florida’s warmer climates.131 2 

Since the early twentieth century, tourism in St. Augustine has remained one of its  3 

primary industries. The National Park Service took over the Castillo de San Marcos in 4 

1924, opening it to the public for tours. Inspired by Colonial Williamsburg, the St. 5 

Augustine Historical Society in conjunction with the Carnegie Institute began 6 

preservation efforts in 1937. Their goal was to preserve, restore, and reconstruct the city’s 7 

architectural past to reflect the first Spanish era. The group created a “living museum,” 8 

along St. George Street, highlighting the area’s unique Spanish heritage.132 (Fig. 22) The  9 

 10 

 11 
          Fig. 22: St. George Street has evolved from a  12 
          “living museum” into an area of tourists’ shops.  13 
          The street features many building reconstructions.  14 

                                  [Ann Horowitz; photograph, January 2013]  15 
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University of Florida Historic St. Augustine, Inc. (UFHSA) currently owns, leases, 1 

preserves, and interprets sixteen buildings on St. George Street in addition to 45 others 2 

within the original colonial city.133 3 

The Flagler Hotels were adapted to contemporary uses. City government offices 4 

and the Lightner Museum moved into the rehabilitated Alcazar Hotel in the 1960s. In 5 

1968, Flagler College purchased the Ponce de Leon Hotel for its campus.134 6 

Government, religious, and educational institutions own 51% of the city’s 7 

property, limiting the amount of property taxes St. Augustine can collect from its 8 

property owners. For this reason, the city relies on sales and room taxes generated by 9 

tourism to fund the city budget. The economic base has diversified in recent years with 10 

the addition of light industries and service businesses in the area.135 11 

The population in 2011 was estimated at 13,336. Median household income for 12 

city residents is $38,325, $9,502 less than the state average. Twenty-two percent live 13 

below the poverty line, compared to 14.7% for the state. The land area measures 9.43 14 

square miles with 1,376.2 persons per square mile.136 15 

 16 
National Register Historic Districts 17 
 18 

St. Augustine has emphasized its architectural and cultural past through its 19 

commitment to historic preservation. In addition, support of historic preservation is 20 

indicated in the city’s Comprehensive Plan, recommending the nomination of 21 

neighborhoods to the National Register. Seven National Register historic districts have 22 

been listed. These illustrate the historical periods of St. Augustine. They are: the City of 23 

St. Augustine Town Plan, Abbott Tract, Model Land Company, Lincolnville, North City, 24 
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Fullerwood Park, and Nelmar Terrace. (Fig. 23) Historic districts encompass 159 blocks 1 

with 1,711 buildings. 2 

 3 

 4 
               Fig. 23: The seven historic districts of St. Augustine are sited at low- 5 
               lying elevations near rivers and wetlands. [City of St. Augustine “Ar-          6 
               chitectural Guidelines for Historic Preservation, p. 22; Historic dis- 7 
               tricts of St. Augustine, October 2011]  8 
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The Historic Architectural Review Board reviews proposals for alterations and 1 

new construction according to guidelines specified for five historic preservation zones. 2 

The St. Augustine Town Plan and Abbott Tracts areas are the only districts 3 

comprehensively regulated by historic preservation zones. Limited sections of the North 4 

City, Model Land Corporation, and Lincolnville districts are subject to design review. 5 

Alteration and new construction reviews are not required in the Fullerwood Park and 6 

Nelmar Terrace districts.137 7 

The St. Augustine Town Plan Historic District is a 22-block area characterized by 8 

Colonial era development from 1565–1821. The 394 contributing buildings are located 9 

within the “Old Walled City.”138 In addition to Spanish and British Colonial architecture, 10 

styles from the American period—Gothic Revival, Queen Anne, and Colonial Revival— 11 

add character to the district. Vernacular bungalows were constructed during the early 12 

twentieth century. (Fig. 24) Spanish and British reconstructions were created on St. 13 

George Street to form the “living museum.”139 14 

 15 

 16 
Fig. 24: The Joaneda House was erected during the  17 
British period, circa 1806. [Google Earth; street  18 
view photograph, 2013] 19 

  20 
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The district is also listed as a National Historic Landmark for its extraordinary 1 

example of early town planning and its collection of colonial architecture. Spain’s Laws 2 

of the Indies were the basis for the development of St. Augustine. In 1573, King Phillip II 3 

compiled the urban planning guidelines for the country’s colonies. Settlements were to be 4 

placed in areas with good sea and land access for commercial prosperity and for defense. 5 

Towns were to be sited on a northern or eastern shore. The plaza was the social, political, 6 

and economic center of the town, where eight roads extended from it to the settlement’s 7 

borders. If a town was walled, it was densely built.140 8 

Four other buildings inside the district are also National Historic Landmarks. 9 

These are: the Cathedral of St. Augustine, the Gonzalez-Alvarez House, the Hotel Ponce 10 

De Leon, the Ximenez-Fatio House, and the Llambias House.141 (Figs. 25, 26) 11 

 12 

 13 
Figs. 25 and 26: The Ximenez-Fatio House (left), constructed in 1807 exemplifies the 14 
second Spanish period. The Llambias House (right) represents the first Spanish period 15 
and was built around 1763. [Frances Benjamin Johnston, Library of Congress Prints and 16 
Photographs Division; photographs, circa 1936] 17 
  18 



 75 

The Castillo de San Marcos is included in the St. Augustine historic district. The 1 

fort was constructed between 1672 and 1695 as a military warehouse and a fortress to 2 

house residents when the town was under attack. The Castillo is the last remaining 3 

seventeenth century fort in the United States and one of two military installations 4 

constructed of coquina.142 The porous and lightweight stone is a natural composite of 5 

quartz, sand, and fragmented shells found in most of Florida and in North Carolina.143 6 

Coquina was quarried on Anastasia Island and cut into blocks for construction use. The 7 

porosity of coquina is vulnerable to deterioration when exposed to the elements. The 8 

native stone, however, proved to be well suited for military defense since cannonballs 9 

compressed the building material rather than cracking it. The thick, porous walls 10 

absorbed the projectile force or deflected it.144 11 

The Abbott Tract Historic District is composed of 124 contributing buildings on 12 

17 blocks located north of the St. Augustine Town Plan Historic District.145 The 13 

Matanzas River borders the district on the east. A pond and an inlet form the northern 14 

border. As the first area constructed outside of the original city limits, the district 15 

represents the highest concentration of nineteenth century buildings in St. Augustine. 16 

Queen Anne, Colonial Revival, Mediterranean styles of frame and masonry construction 17 

are featured in the district.146 18 

The Model Land Company Historic District is a 245 building, 19-block residential 19 

and commercial area developed during the late nineteenth and twentieth centuries under 20 

the guidance of Henry Flagler.147 The St. Augustine Town Plan Historic District is to the 21 

west of the district; the San Sebastian River borders the area on the west. 22 

The Ponce de Leon (1888) and Alcazar Hotels (1889) are included in the district. 23 
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Both were designed by architects John Carrere and Thomas Hastings to harmonize with 1 

the city’s Spanish Colonial architecture.148 The Ponce de Leon Hotel was the more 2 

luxurious and elaborate of the two. (Fig. 27) Louis Comfort Tiffany designed stain 3 

 4 

 5 
       Fig. 27: Henry Flagler built the exclusive Ponce de  6 
       Leon Hotel in 1888. Flagler College now uses the  7 
       former hotel as its campus. [Ann Horowitz; photo- 8 
       graph, January 2013] 9 
 10 

glass, murals, and mosaics decorating the Gilded Age interior. Indoor plumbing and 11 

electricity, rarities for hotels at the time, accommodated wealthy tourists.149 The Alcazar 12 

Hotel held claim to the first indoor swimming pool in Florida and to a casino on the 13 

premises. (Fig. 28) Italianate, Queen Anne, Romanesque Revival, and Colonial Revival, 14 

and Mediterranean architectural styles are incorporated in the neighborhood. Bungalow 15 

and vernacular residences from the twentieth century add to the district’s character. 16 

Frame and masonry building materials were used in construction. Architects Carrere and 17 
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 1 
 Fig. 28: The Alcazar Hotel pool was drained and is now a 2 
 restaurant. [Detroit Photographic Co., State Archives of  3 
 Florida; Alcazar hotel casino pool in Saint Augustine,  4 
 Florida, circa 1905] 5 

 6 

Hastings designed additional buildings in the district.150 7 

The Lincolnville Historic District of 45 blocks and 548 contributing buildings, 8 

constructed from 1870 to 1930, represents the history of an African American settlement 9 

developed after the Civil War.151 The district is southwest of the colonial city, located to 10 

the east of Maria Sanchez Lake. During the civil rights era, the neighborhood hosted 11 

Martin Luther King and the Southern Christian Leadership Conference. African 12 

American builders and craftsmen constructed many of the residential and commercial 13 

buildings in the district. Frame buildings, some with coquina foundations, characterize 14 

the area, featuring Mediterranean Revival architectural styles, bungalows, and vernacular 15 

buildings.152 The neighborhood, however, is currently at risk due to deteriorating and 16 

abandoned buildings. To improve conditions, the city is considering a Community 17 

Redevelopment Area designation for the neighborhood.153 18 
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The North City Historic District is a collection of subdivisions developed between 1 

1879 and 1935. Twenty-four blocks with 235 contributing buildings are located 2 

northwest of the St. Augustine Historic District.154 Residential buildings are commonly 3 

frame construction. Commercial buildings display the early use of concrete block and 4 

poured concrete.155 5 

The Fullerwood Park Historic district is the northernmost historic district that was 6 

originally developed as a streetcar suburb beginning in 1914. Construction in the 7 

neighborhood continued until 1964. The district is laid out on 13 blocks and portrays 65 8 

contributing examples of frame styles popular during the early to mid-twentieth century 9 

in St. Augustine.156 10 

The nine-block Nelmar Terrace Historic District, featuring 100 contributing 11 

buildings, is located in the area north of the original platted city.157 Construction of the 12 

subdivision began in 1913, accelerating during the 1920s Florida Land Boom and after 13 

World War II. The result is a residential neighborhood of varied architectural styles such 14 

as Colonial Revival, Mediterranean, and Tudor. Bungalows are scattered throughout as in 15 

many sections of St. Augustine. The majority of homes are frame construction.158 16 

 17 
Social, Economic, and Environmental Benefits of the Historic Districts 18 
 19 

Social, economic, and environmental factors inherent in the historic districts 20 

benefit the area’s quality of life. As sea level rise increases, flooding, storm surge, and 21 

erosion may diminish the value of the historic resources over time unless adaptations are 22 

applied. The city and its residents recognize the positive impact of their historic 23 

environment. Nancy Sikes-Kline, a city commissioner and member of the Citizens for the 24 
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Preservation of St. Augustine, stated, "Our historic buildings are a core value to our city. 1 

It's why a lot of people move here. I think that gives people security in knowing that their 2 

neighborhood is going to increase in value and remain stable. It's also a quality of life 3 

issue. Everything will be well maintained."159 4 

The popular press has acknowledged the city’s characteristic sense of place with 5 

recent accolades. Most recently, Forbes Magazine named St. Augustine to its ten top 6 

prettiest cities in the United States. The ranking took into account natural beauty and a 7 

unique identity. In early 2012, TripAdvisor listed it as one of the top 15 tourist locations. 8 

Glen Hastings, Executive Director of the St. Johns County Tourist Development Council, 9 

noted, “In past years, St. Augustine was named among the most walkable cities and the 10 

best place to feel like you’re in Europe even though you’re stateside.”160 Each honor was 11 

bestowed due to the city’s unique qualities, all resulting from its preserved and 12 

maintained historic districts. 13 

Of the seven districts, the St. Augustine Town Plan Historic District most clearly 14 

demonstrates the benefits of historic settlements and their contribution to creating quality 15 

of life. The densely developed area fosters social interaction since walking is the most 16 

efficient way to navigate the narrow streets. The densely developed residential and 17 

commercial district make destinations easily accessed on foot. The central plaza promotes 18 

social interaction through farmers’ markets and civic events. 19 

A distinct sense of place is evident in the St. Augustine district, strengthening the 20 

social and cultural ties to the area. The blend of colonial Spanish and British architecture, 21 

uncommon in the United States, and the use of native coquina and tabby create an image 22 

unique only to St. Augustine.161 Pride of place, generated by these architectural 23 
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characteristics, has drawn residents and politicians together to preserve the cultural 1 

legacy. 2 

The six other historic districts convey unique historical legacies of their own. 3 

Lincolnville portrays the post-Civil War African American experience in St. Augustine as 4 

it developed around a former plantation. Flagler’s enthusiasm for St. Augustine is 5 

displayed in The Model Land Corporation. The suburban Abbott Tract, North City, 6 

Nelmar Terrace, and Fullerwood Park reflect a diversity of aesthetic tastes, representative 7 

of national architectural styles popular during the period. 8 

Economically, local property tax abatements for certified rehabilitation work 9 

benefit residents who own historic property in the historic preservation zones. 10 

Additionally, this incentive supports local construction jobs that require expertise in 11 

repairing buildings unique to St. Augustine. Increased employment and wages not only 12 

add to personal and business income, but also to city tax revenues. 13 

Heritage tourism contributes substantially to the economic well-being of St. 14 

Augustine. The industry attracts 6.2 million visitors a year.162 The National Trust for 15 

Historic Preservation conducted a survey in 2002, assessing the impacts of heritage 16 

tourism on St. Augustine. The study found that 80 percent of tourists came to the city to 17 

visit historic sites.163 At the Castillo de San Marcos, 750,000 people visit every year.164 18 

St. Johns County reported that $712 million tourist dollars were spent in 2012. The sales 19 

tax revenue from tourism in 2008 registered at $42 million. Tourism-related jobs employ 20 

12,000 in the county.165 21 

Town planning guidelines from the Laws of the Indies adapted to environmental 22 

conditions. These considerations have contributed to the long-term sustainability of St. 23 
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Augustine. In St. Augustine, the town is sited on the eastern shore of the peninsula. The 1 

city receives morning sun and opens up to the river, naturally cooling the area with ocean 2 

breezes. This setting contributes to a reduced need for air conditioning. Additionally, the 3 

density of the walled city created an urban plan that was not car-dependent, reducing 4 

carbon emissions and improving energy efficiency and air quality.166 5 

The first Spanish period features building design and materials that have proven 6 

to be environmentally advantageous. After the British destroyed the city by fire in 1702, 7 

residents rebuilt their homes from fire-resistant coquina and tabby. Their homes were 8 

based on designs from Santanderina in Northern Spain, a place similar in climate to St. 9 

Augustine.167 A sheltered porch or loggia was placed in the rear of the residence, opening 10 

to a yard. (Fig. 29) The loggia shielded wind in the cold winter months, but let in the  11 

 12 

 13 
           Fig. 29: The first floor loggia at the Gonzalez-Alvarez  14 
           House, built circa 1720, on St. Francis Street represents a  15 
           common St. Augustine building feature that began with the  16 
           first Spanish period. The open, yet shielded, porch is designed  17 
           to be warm in the winter and cool in the summer. [Historic  18 
           American Building Survey, Library of Congress Prints and  19 
           Photographs Division; photograph, February 1965] 20 
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warm sun. In the summer the loggia allowed for the free flow of summer breezes, while 1 

shielding the porch from the hot sun.168 Second floor street balconies circulated air, 2 

cooling the upper floors in warm weather. The thick masonry walls cooled the buildings. 3 

Early Spanish building techniques reduce the reliance on energy consumptive air 4 

conditioning. 5 

Natural materials also protected building longevity. The addition of tabby to a 6 

coquina exterior made the building watertight. Coats of lime plaster were also painted on 7 

the tabby and coquina exterior walls to prevent mold growth, a product of flooding and 8 

high humidity.169 9 

 10 
Natural Hazard Risks 11 
 12 

Close to tidal waters at a low-lying elevation, St. Augustine is currently  13 

susceptible to flooding, storm surge, and erosion. Elevations throughout St. Augustine 14 

range between one to two meters.170 After rainstorms, nuisance flooding over one inch 15 

(2.5 centimeters) occurs on a regular basis in the St. Augustine Town Plan and 16 

Lincolnville historic districts. Martha Graham, St. Augustine’s Public Works Director 17 

stated on February 1, 2013 that nuisance flooding will regularly close streets.171 The 18 

parking lot at the Castillo de San Marcos floods several times a year in an area that was 19 

landfilled by the NPS to create the parking lot.172 (Fig. 30) 20 

Barrier beaches and wetlands near the St. Augustine peninsula absorb some of the 21 

wave action during storms. The St. Augustine historic district, however, is sited due west 22 

of an inlet that opens directly to the Atlantic Ocean. Due to this vulnerability, tropical 23 

storms, hurricanes, and nor’easters can generate storm surges and waves that overtop the 24 
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 1 
          Fig. 30: The parking lot at the Castillo de San Marcos floods  2 
          several times a year. [National Park Service; photograph,  3 
          November 17, 2012] 4 
 5 

current seawall. During the 2004 hurricane season, forecasters predicted the possibility of 6 

10-foot (three meter) storm surges. In addition, heavy wave action has eroded the 7 

shoreline and the seawall.173 8 

Tropical storms and hurricanes are the most damaging and costly of all natural 9 

disasters to strike in Florida. Eighteen hurricanes have passed within range of St. 10 

Augustine since 1886. Hurricane Dora was the last hurricane to directly hit St. Augustine. 11 

In 1964, it came ashore with winds of 115 miles (185 kilometers) per hour, causing 12 

widespread damage.174 More recently, storm surges from Tropical Storm Gabrielle in 13 

2001 and Tropical Storm Faye in 2008 overtopped the floodwall, significantly damaging 14 

historic properties along the Avenida Menendez, the shoreline street.175 Rainfall from 15 

Gabrielle measured 6.51 inches (16.6 centimeters).176 During Tropical Storm Debby in 16 

2012, the Abbott Tract Historic District flooded from 7.7 inches (19.6 centimeters) of 17 
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rain.177 With climate change, projections for higher intensity hurricanes and rain events 1 

will impact Florida. Storm surge and flooding will be exacerbated.178 2 

Past hurricanes have damaged historic resources in the St. Augustine Historic 3 

district. The Ximenez-Fatio House, a National Historic Landmark in the St. Augustine 4 

district, three blocks inland, was affected by numerous storms. A Save America’s 5 

Treasures grant of $200,000 was awarded in 2004 to repair the storm damage and 6 

problems from previous repair work.179 Additionally, the historic coquina seawall, a 7 

contributing element in the St. Augustine district, has eroded and collapsed in places after 8 

recent tropical storms and hurricanes.180 9 

 10 
Projected risks: 2050 and 2100 11 
 12 

The sea level rise projections for Northeast Florida are nearly consistent with 13 

global projections. The global average for sea level rise is 2 millimeters (0.08 inches) per 14 

year; the closest tide gage at Mayport, Florida registers 2.2 mm (0.09 inches) per year.181 15 

For the year 2050, this study maps sea level rise as 42 centimeters (one foot) and nearly 16 

one meter (three feet) in 2100 for all case study cities. As the sea level rise incrementally 17 

increases, St. Augustine’s historic districts will be placed at greater risk. Historic 18 

buildings that are flooded will lead to irreparable damage. Significant buildings close to 19 

the inundation areas will also become more vulnerable to flooding, storm surge, and land 20 

erosion risks. In addition, nearby wetlands are likely to gradually migrate inland, 21 

compromising the land where historic districts are located.182 22 

In 2050, sea level rise of 42 centimeters (one foot) will impact the historic 23 

districts, although few historic properties will be permanently inundated. (Fig. 31) The   24 
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 1 
        Fig. 31: In 2050, 42 centimeters (one foot) of sea level rise is  2 
        projected. Flooded areas are illustrated in black. The wetlands,  3 
        north and south of the colonial city, and a sliver of the Matanzas  4 
        River shoreline will be flooded. Shorelines will encroach on  5 
        historic districts borders, although few properties will be  6 
        flooded. [City of St. Augustine; historic district base map,  7 
        October 2011. National Oceanic and Atmospheric  8 
        Administration; sea level rise and coastal flooding impacts one  9 
        foot overlay, n.d.] 10 

  11 
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encroachment of shorelines near all districts, except for the North City Historic District, 1 

will heighten the areas’ vulnerabilities to sea level rise impacts. As sea level rises to 0.5 2 

meters, floods are projected to last 37 days a year, straining historic properties beyond 3 

present day conditions.183 Additionally, the wetland areas north and south of the St. 4 

Augustine district and around Maria Sanchez Lake will be permanently flooded in 2050. 5 

This will raise the possibility of marsh-like conditions moving into the Lincolnville, 6 

Abbott, Nelmar Terrace, and Fullerwood Park districts. Since wetlands cannot support 7 

buildings, the historic properties in these areas will eventually collapse. 8 

By 2100, a one meter (three feet) of sea level rise is likely to affect a large number 9 

of properties in the historic districts. (Fig. 32) The shoreline will move farther inland, 10 

permanently inundating historic properties in all of the districts except for the North City 11 

area. Storm surge and land erosion will have a greater effect on more buildings. Further, 12 

more land area could convert to wetlands. At one meter of sea level rise, the duration of 13 

floods is projected to last 149 days a year.184 14 

The integrity of the historic districts will be dramatically altered by 2100. In the 15 

St. Augustine Historic District, the areas most affected are along the Matanzas River 16 

shoreline and the former Maria Sanchez Creek. The colonial town, representing some of 17 

the oldest and most unique buildings on the Atlantic Coast, will be greatly impacted. 18 

Examples of a distinct history and identity may be damaged or greatly altered unless 19 

carefully planned methods to adapt to sea level rise are applied. 20 

Properties constructed of lime-based materials—coquina and tabby—face an 21 

additional threat due to climate change. The rising acidity of ocean and rainwaters from 22 

carbonic acid, a result of carbon dioxide in the atmosphere, will hasten the dissolution 23 
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 1 
   Fig. 32: With a one meter (three feet) of sea level rise by 2100, a sub- 2 
   stantial portion of the city is likely to be affected. Inundated areas are  3 
   illustrated in black. All historic districts will be impacted by sea level  4 
   rise to some degree. [City of St. Augustine; historic district base map,  5 
   October 2011. National Oceanic and Atmospheric Administration; sea  6 
   level rise and coastal flooding impacts three feet rise overlay, n.d.] 7 

  8 
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of lime based stone like coquina and tabby.185 If submerged in highly acidic water, the 1 

earliest buildings, portraying the city’s Spanish roots will eventually decompose and 2 

cease to exist. 3 

Sea level rise will not only impact the St. Augustine district’s characteristic 4 

streetscapes, but also highly significant individual historic properties. (Fig. 33) Buildings  5 

 6 

 7 
Fig. 33: Marine Street portrays a characteristic St. Augustine streetscape. Second period 8 
Spanish buildings of coquina and tabby are interspersed with American era Victorian 9 
styles and bungalow frame architecture. The street will be inundated by sea level rise by 10 
2100 unless adaptation measures are taken. [Google Earth; street view photograph, 2013] 11 
 12 

along the Avenida Menendez, the street parallel to the Matanzas River, will be flooded.  13 

This includes the historic Castillo and the St. Francis Barracks. Six original colonial 14 

buildings are located between these distinctive landmarks on the Avenida Menendez.186  15 

The Castillo de San Marcos will suffer structural damage if the dry moat is 16 

permanently inundated. In the 1930’s, the NPS permanently flooded the dry moat. This 17 

caused the walls and foundation to crack and erode. Numerous repairs were required 18 
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through the years to restore the coquina and mortar. By 1996, the NPS restored the dry 1 

moat and constructed a French Drain to maintain the dry conditions.187 Permanent 2 

inundation from sea level rise could further compromise the foundation of the Castillo, 3 

threatening its future. The Gonzalez-Alvarez House on St. Francis Street, a National 4 

Historic Landmark, will also be flooded. (Fig. 34) 5 

 6 

 7 
     Fig. 34: The Gonzalez-Alvarez or Oldest House is the earliest  8 
     residential building in the city. It was constructed in the early 1700s  9 
     of coquina and tabby. The building will be flooded by 2100. 10 
     [Daniel Horowitz; photograph, January 2013] 11 
 12 

The land where Maria Sanchez creek once flowed, along Cordova and Granada 13 

Streets, will be inundated. In this area, the former Alcazar Hotel, constructed by Henry 14 

Flagler of rusticated stone, and its landscaped grounds will be flooded. South of the hotel, 15 

a neighborhood of frame Queen Anne and Victorian residences will also be 16 

permanently flooded. The Dow museum, a collection of nine coquina, tabby, and frame   17 
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buildings constructed between 1790 and 1910, is located on one city block in this area of 1 

projected inundation. 2 

The Lincolnville Historic District, portraying the history of African Americans in 3 

St. Augustine, will be inundated on its south, east and west. (Fig. 35) The majority of  4 

 5 

 6 
Fig. 35: Vernacular frame houses in the Lincolnville district were originally constructed 7 
on block piers, some coquina. The added height currently protects from repetitive flood- 8 
ing in the area. This area on Duero Street, the district’s western border, is likely to be 9 
flooded by 2100. [Google Earth; street view photograph, 2013] 10 

 11 

residences in the district are frame homes that were elevated on blocks, some coquina, 12 

when constructed. The elevation may protect some properties from periodic floods. 13 

Coquina blocks, however, will deteriorate if submerged in seawater acidified by carbonic 14 

acid, a result of the increased carbon dioxide in the atmosphere. 15 

Permanent flooding will occur in the Model Land Corporation Historic District, 16 

eliminating the visible history associated with the Flagler era. Portions of Flagler College, 17 

a building of rusticated stone, will be partially inundated. Three office buildings on 18 

Riberia Street, erected between 1922 and 1926, housed the offices for Flagler’s Florida 19 
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East Coast Railway until 2006.188 (Fig. 36) Flagler College now uses the buildings for 1 

dormitories and administrative offices. Residential properties, primarily of frame 2 

construction, along Valencia, Oviedo, and King Streets will also be flooded.  3 

 4 

 5 
         Fig. 36: Formerly the headquarters for Florida East Coast Rail- 6 
         way, the Flagler College building is part of the Model Land  7 
         Company Historic District. The masonry buildings will be  8 
         permanently flooded by 2100. [Google Earth; street view pho- 9 

                     tograph, 2013] 10 
 11 

The integrity of the three remaining districts is also at risk by 2100. The Abbott 12 

Tract Historic District and its collection of nineteenth century architecture, mainly frame 13 

buildings, will be threatened by 2100. Areas near the Matanzas River will be affected as 14 

well as properties near the inland pond on the district’s northern border. (Fig. 37) 15 

Additionally, permanent inundation will affect the twentieth century residences in the 16 

Nelmar Terrace and Fullerwood Park districts. (Figs. 38, 39) The longevity of these 17 

mostly frame properties will be in question as one meter of sea level rise affects St. 18 

Augustine by 2100. 19 
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 1 
       Fig. 37: Frame residences in the Abbott Street Historic District  2 

                   along Pine Street are projected to be flooded by nearly one meter 3 
                   of sea level rise by 2100. Pine Street houses facing an inland 4 
                   pond are currently elevated approximately two feet from the  5 
                   ground. [Google Earth; street view photograph, 2013] 6 
 7 

 8 
Fig. 38: Early twentieth century frame residences on Nelmar Avenue in the Nelmar 9 
Terrace Historic District are located on low-lying elevations susceptible to flooding from 10 
sea level rise by 2100. [Google Earth; street view photograph, 2013] 11 
 12 
 13 
 14 
 15 
  16 
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 1 
Fig. 39: Vernacular frame homes from the twentieth century on East Park Avenue in the 2 
Fullerwood Park Historic District are projected to be flooded by sea level rise of 3 
approximately one meter by 2100. [Google Earth; street view photograph, 2013] 4 
 5 

Implemented Adaptations 6 
 7 

Adaptation methods to minimize flooding have been implemented in the St. 8 

Augustine environs due to the area’s proximity to the Atlantic Ocean and its low 9 

elevation. These adaptations may prove to mitigate the impacts for future sea level rise, 10 

although planning efforts considered only current flooding conditions and did not 11 

incorporate projections for sea level rise. In addition, adaptations have not yet been 12 

proposed that include data for projected sea level rise.  13 

The earliest of these implemented adaptations is the St. Augustine seawall, a 14 

prominent historic feature in the colonial district. The coquina seawall, constructed 15 

between 1836 and 1842, originally extended from the Castillo southward along the 16 

Matanzas River. In the 1950s, this seawall was buried with the widening of the Avenida 17 

Menendez between the Bridge of Lions (the bridge intersects with the Plaza) and the 18 

Castillo. The historic seawall, integral to the city’s identity, remains at the Castillo and 19 
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south of the Bridge of Lions. Due to tropical storm and hurricane impacts, the seawall’s 1 

condition has severely deteriorated. At the Castillo, the seawall shows signs of erosion. 2 

(Fig. 40) The 6.5 foot  (two meter) structure no longer protects the city from Category 1  3 

 4 

 5 
           Fig. 40: Part of the nineteenth century seawall  6 
           borders the Castillo. At low tide, the deterior- 7 
           ation from wave action and dissolution is evi- 8 
           dent on the coquina wall. [Ann Horowitz;  9 
           photograph, January 2013] 10 

 11 

storm surges of 7.4 feet (2.3 meters) south of the Bridge of Lions. Even high tides have 12 

the potential to overtop the wall at this location, flooding the historic properties sited 13 

inland.189 14 

The National Park Service (NPS) constructed a “living” seawall of rip-rap design 15 

in 2011 to minimize erosion of the historic seawall and provide some environmental 16 
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benefit. (Fig. 41) The hard adaptation, composed of loosely piled stones is designed to 1 

protect the coquina seawall and to provide a habitat for river species.190 The water level at 2 

 3 

 4 
          Fig. 41: The rip-rap seawall, as seen at low tide, was constructed by the NPS  5 
          to reduce erosion on the historic seawall and to create a natural habitat. [Ann      6 
          Horowitz; photograph, January 2013] 7 

 8 

high tide nearly reaches the top of the rip-rap wall. The protective benefits of this 9 

adaptation have not been yet evaluated, although the rip-rap wall does not negatively 10 

impact integrity. Jon Burpee, Chief of Interpretation and Education at the Castillo stated 11 

that the local NPS staff at the Castillo site has not considered future implications of sea 12 

level rise in park plans as of March 2013.191 13 

During Hurricane Floyd in 1999, a 7.7 foot (2.3 meter) crest overtopped the 14 

seawall south of the Bridge of Lions, transforming the Avenida Menendez into a river.192 15 

The next year, the city commissioned an engineering report to assess the seawall 16 
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condition. The report found that the granite blocks on top of the wall were falling toward 1 

the river at a rate of 1/8 inch (0.32 centimeters) per month. Furthermore, soil behind the 2 

wall was filtering through cracks in the wall into the Matanzas River. The engineer 3 

informed the city’s Port Board in 2000 that, ''The [wall's] blocks are deteriorating. That's 4 

going to continue. Digging out the fill, repairing the wall and putting in new fill may 5 

extend its life, but won't reverse the process.''193 6 

The city considered repairing the wall or replacing it in 2000 after receiving the 7 

engineer’s evaluation. Repairing the wall would provide a temporary solution. 8 

Replacement of the damaged section was the most desirable but costly option. The 9 

project’s estimate was $700,000–$900,000 with the Federal Emergency Management 10 

Agency (FEMA) contributing $180,000. Because of the funding shortfall, the project was 11 

not initiated.194 12 

Storms continued to damage the seawall, diminishing all aspects of its integrity. 13 

Tropical Storm Gabrielle caused a 100-feet (30.5 meters) section of the wall to collapse 14 

in 2001. Hurricanes Frances and Jeanne inflicted $60,000 of damage in 2004.195 The city 15 

decided to move forward to rehabilitate the entire length of seawall south of the Bridge of 16 

Lions to the St. Francis Barracks. From 2002 to 2003, the city conducted five public 17 

sessions to distribute information on the seawall resolution and to collect resident 18 

feedback. A cost-benefit analysis indicated 428 properties would be protected and $15.6 19 

million in property damages would be saved with a new seawall.196 In 2004, the city 20 

received a $750,000 CDBG grant to replace the seawall south of the Bridge of Lions. 21 

Between 2004 and 2005, the city archaeologist and the SHPO worked with the 22 

city to develop an option that would preserve an aspect of the historic seawall behind a 23 
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new higher seawall. A Section 106 Report was required because federal funds would 1 

partially finance the new seawall. The report was completed on January 10, 2005. The 2 

SHPO approved the option to build a new, higher, 8.7-foot (2.7-meter) seawall into the 3 

river, leaving a portion of the lower, 6.5-foot (two-meter) historic seawall visible behind 4 

it. A 12-foot (3.7-meter) wide pedestrian path would be placed between the two seawalls. 5 

(Fig. 42) The St. Augustine Historic Architectural Review Board (HARB) authorized the 6 

project, issuing a Certificate of Appropriateness in 2006.  7 

 8 

 9 
Fig. 42: The section of the current St. Augustine Seawall project illustrates the historic 10 
seawall on the left with the new, higher seawall on the right. Approximately two feet (61 11 
centimeters) of the coquina seawall will be visible. This illustration does not depict the 12 
six-inch (15-centimeters) height increase for the new seawall and pedestrian path applied 13 
after severe flooding in November 2012. [City of St. Augustine; St. Augustine Seawall 14 
Flood Mitigation Project, August 22, 2011] 15 

 16 

When Tropical Storm Faye caused a 150-foot (45.7 meters) breach in the seawall 17 

in August 2008, the city then qualified for a FEMA grant to assist in replacing the entire 18 

seawall south of the Bridge of Lions to the St. Francis Barracks.197 The $4.7 million grant 19 

was awarded in August 2011 to contribute to the $6.35 million project.  The FEMA 20 
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Regional Administrator, Phil May explained the reasons for funding the seawall 1 

rehabilitation: “The goals are to protect lives, prevent property damage and save money 2 

for all in the long run. In the future, there likely will be less damage, due to storm surge 3 

and associated flooding, to our historic treasures in the nation's oldest city.” The city 4 

funded the remaining portion through the city’s general fund and by increasing the 5 

parking fees at the city parking garage.198 6 

In April 2012, construction began on the new Avenida Menendez seawall. 7 

Expected completion is in April 2013. Mayor Joe Boles referred to the seawall 8 

rehabilitation as a “legacy project,” stating, “If we don’t leave some infrastructure here 9 

for the 450th [anniversary in 2015], then the celebrations won’t have meant a lot.”199 10 

The planned height of the new seawall and the pedestrian path were raised six 11 

inches after a severe November 2012 rainstorm, occurring at high tide, caused flooding in 12 

the colonial city district. The finished height of the seawall will be 9.1 feet (2.8 meters) 13 

The higher seawall is projected to hold back Category 1 storm surges and high 14 

tides in the short term. By 2050, however, a storm surge during a spring tide could flood 15 

the seawall. By 2100, with a sea level rise of one meter (three feet), the sea wall will no 16 

longer be high enough to protect the city from storm surges.200 17 

The city of St. Augustine has implemented two non-structural adaptations to 18 

improve chronic flooding in historic districts. The Maria Sanchez Lake Weir Gate 19 

Installation Project has been completed and the installation of the upgraded Riberia Street 20 

stormwater management system is underway. The weir gate project was undertaken to 21 

minimize flooding along Cordova and Granada Streets on the western border of the St. 22 

Augustine district. Due to inoperable valves, excess rainwater would overtop the weir and 23 
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flood. By replacing the valves and the installing of a new weir gate system, the level of 1 

the water in the weir can be controlled. If the level gets too high, the weir is drained to 2 

marshy sections of the nearby creek. Historic integrity was not affected by the weir gate 3 

project. 4 

The Lincolnville Historic District has benefitted from the first phase of the new 5 

Riberia Street stormwater management system, part of the larger Riberia Street 6 

Redevelopment project. Larger storm drain pipes and check valves have been installed 7 

while more are currently being added. Integrity within the Lincolnville Historic District 8 

was not impacted by the stormwater system upgrades. After a nor’easter affected the area 9 

during high tide in November 2012, the Lincolnville area did not flood.201 10 

The local adaptations—the seawall, weir gate, and stormwater improvements— 11 

are expected to mitigate flood conditions in the Lincolnville and St. Augustine historic 12 

districts. These adaptations may reduce the number of areas projected to be inundated on 13 

this study’s maps. Other areas, however, remain vulnerable to flooding. Public Works 14 

Director Martha Graham reported in 2012 that pumping facilities were the only other 15 

option to address chronic nuisance flooding. The city has not committed to installing the 16 

costly pumping stations at this time.202 17 

A non-structural adaptation, St. Augustine’s zoning ordinance, Article V- 18 

Floodplain Management, Sections 8-422-424, mandate the elevation of new construction 19 

or buildings undergoing a major reconstruction. The lowest floors, including basements, 20 

are to be elevated above the base flood elevation as determined by FEMA. If elevations 21 

are solid foundations, openings on either side must be included in the design to promote 22 

the equalization of hydrostatic forces caused by flooding. Floors may be constructed 23 
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below the base flood elevation if designated for parking, storage, or access. Historic 1 

properties are exempt from these regulations unless historic character has been previously 2 

altered. This leaves historic properties with intact integrity vulnerable to flooding and 3 

storm surge.203 New infill in the districts, subject to the elevation ordinance, could alter 4 

the integrity of the historic neighborhoods unless design guidelines are developed similar 5 

to the Mississippi Development Authority’s Elevation Design Guidelines.  6 

At the county level, the Land Development Code Article IV, Sec. 4.01.06 requires 7 

the maintenance of a 25-foot (7.6 meter) vegetative buffer between new development and 8 

wetlands. A 50-foot (15 meter) buffer must be set aside along riverbanks. This non- 9 

structural adaptive regulation minimizes flood conditions in adjacent areas, does not 10 

affect historic integrity, and improves environmental quality.  11 

The “St. Johns County Flood Facts” brochure informs property owners of hard, 12 

soft, and non-structural adaptations they can apply on an individual basis to avoid flood 13 

damage. The county recommends: floodwalls, berms, building elevation, flood proofing, 14 

sandbag barriers, elevating furniture, sewer line backup valves, and floodwater openings 15 

in floors below base flood levels.204 In Flooding and Historic Buildings, English Heritage 16 

recommends many of these adaptations that maintain integrity. 17 

Regionally, two organizations are providing studies that will be useful for future 18 

adaptation planning. The Northeast Florida Regional Council (NEFRC) is a consortium 19 

of six counties, including St. Johns, that plans and advocates for the social, economic, 20 

and environmental issues that make up the region’s quality of life. The organization 21 

recently received a grant from the Environmental Protection Agency (EPA) to study the 22 

vulnerability and adaptations to sea level rise for natural resource management and to 23 
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address inundation and erosion impacts on the built environment. NEFRC plans to 1 

develop sea level rise vulnerability maps for local governments.205 2 

In addition, the University of Florida and the Guana Tolomato Matanzas National 3 

Estuarine Research Reserve provide sea level rise data analyses to communities in the St. 4 

Augustine area. The National Estuarine Research Reserve System Science Collaborative, 5 

a partnership of NOAA and coastal states, funds the group’s collaboration on “Planning 6 

for Sea Level Rise in the Matanzas Bay.” In December 2012, this planning group 7 

presented Resident Workshops in St. Augustine informing citizens of projected sea level 8 

rise. In Spring 2013, they will hold additional workshop sessions for St. Augustine public 9 

officials on the development of adaptation policies. 10 

At the state level, Florida is fully engaged in supporting adaptation planning for 11 

its communities. Climate change induced sea level rise and increased hurricane intensity 12 

will significantly impact the low-lying state. At his 2007 State of the State address, 13 

Governor Charlie Crist announced, “Florida is more vulnerable to rising ocean levels and 14 

violent weather than any other state.”206 The governor moved the climate discussion 15 

forward by creating the Governor’s Action Team on Energy and Climate Change. A 16 

Technical Work Group for Adaptation was one of the teams formed to address climate 17 

change impacts on Florida. To prepare for statewide adaptation, the work group outlined 18 

initiatives to begin planning adaptations. These are to support: scientific research and 19 

analysis; local and state government planning; development of policies balancing private 20 

property rights with municipality protection; safeguarding environmental health; beach 21 

retention; revising the state building code; and, public education.207 22 

Consequently, Florida is at the forefront of adaptation planning. The Technical 23 
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Work Group’s recommendations have led to legislative support for adaptive solutions. In 1 

2011 two additional programs, backed by the legislature, encouraged adaptation planning 2 

at the state and local levels. One is the Community Planning Act enabling and 3 

encouraging local communities to include adaptation planning, termed as Adaptation 4 

Action Areas, in their comprehensive plans. The second initiative, Community 5 

Resiliency: Planning for Sea Level Rise, is a five-year project of the Florida Department 6 

of Economic Opportunity (DEO). This will also determine ways to coordinate local 7 

adaptation activities. Fort Lauderdale will serve as a pilot program to test adaptation 8 

responses. Findings are intended to stimulate additional legislative action.208 9 

The state has almost finished a $24.5 million LiDAR elevation study of its 10 

coastline.209  Light detection and range (LiDAR) mapping offers the most accurate and 11 

precise method to measure elevation on the Earth’s surface. LiDAR data is combined 12 

with sea level rise projections to determine future potential inundation of the land. With 13 

precise LiDAR information, Florida will be able to identify coastline areas, as well as 14 

specific historic districts, that are vulnerable to sea level rise.210 15 

Prior to considering the impacts of sea level rise, Florida had implemented soft 16 

adaptation programs to protect its beaches and dunes. The state recognized the 17 

importance of these sand features in maintaining the quality of natural and built 18 

environments. Beach nourishment does not impact historic integrity, however, the 19 

creation of dunes have the potential to block a historic district’s waterfront view. This 20 

does not apply to the St. Augustine case study because dunes are located on the outlying 21 

barrier islands.   22 

Beaches and dunes are critical as buffers, protecting inland areas from flooding, 23 
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storm surge, and erosion aggravated by sea level rise. The Beach Erosion Control 1 

Program (BECP), authorized through the Florida Beach and Shore Preservation Act, 2 

provides federal, state, and local financial assistance to communities for the protection 3 

and preservation of its shoreline resources. Beach restoration and nourishment are 4 

eligible expenditures. Also under the act, the Strategic Beach Management Plan (SBMP) 5 

applies to the restoration of beaches. The St. Augustine Beach, Anastasia Recreation area, 6 

and Matanzas Inlet, barrier beaches that may minimize ocean impacts on St. Augustine, 7 

are regularly restored with this program. Other state beach nourishment and protection 8 

initiatives are the Coastal Construction Control Line Program and the Coastal Building 9 

Zone Program.211 10 

At the federal level, the Coastal Barrier Resources Act (CoBRA) of 1982 has 11 

protected barrier islands by limiting development in high risk areas in St. Johns County. 12 

Although CoBRA was not intentionally established as an adaptation to sea level rise, its 13 

programs lessen the impact of flooding, storm surge, and erosion on inland shoreline 14 

communities. The preservation of Guana River, Usinas Beach, and Conch Island through 15 

CoBRA will minimize the effects of sea level rise on the St. Augustine peninsula.212 16 

 17 
Decision-makers and Stakeholders 18 
 19 

Adapting to increased flooding from higher tides and Category 1 hurricanes 20 

through the construction of a new seawall involved a broad-based group of decision- 21 

makers and stakeholders. At the local level, the Public Works department observed the 22 

need for a new seawall and elicited support from its citizen commission, city 23 

commissioners, and the mayor. The state was involved with the granting of the initial 24 
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CDBG grant. The federal government became engaged in the project with the Section 1 

106 Report and later with the FEMA award that made the new seawall possible. The 2 

State Historic Preservation Office represented the preservation community in a planning 3 

and an advisory role during the Section 106 review, part of the decision-making process. 4 

The local Historic Architectural Review Board, a division of the city’s Planning and 5 

Building Department, reviewed the Section 106 proposal, approving it with a Certificate 6 

of Appropriateness before construction on the project could begin. United States 7 

Representative John Mica advocated for the city to secure the FEMA grant. 8 

The weir and stormwater system installations required decisions made by the 9 

Public Works department, its citizen commission, city commissioners, and mayor to 10 

implement the projects. 11 

Prior to each local adaption, the St. Augustine city employees held public 12 

meetings at the proposal, design, implementation, and ribbon-cutting stages of the 13 

projects to involve citizen stakeholders. 14 

Although the Public Works Director Martha Graham stated on February 1, 2013, 15 

that the city was not considering future sea level rise in its current planning efforts, the 16 

state’s steadfast support for adaptation may contribute to a shift in local perspective.213 17 

When that time comes, the list of decision-makers will expand beyond the local groups 18 

included with the Avenida Menendez Seawall. 19 

The local staff of the National Park Service has a stakeholder position in how the 20 

city plans for adaptation. In addition, the St. Johns County Emergency Management, 21 

Environmental, Engineering, Land Management Systems, Planning and Zoning, Public 22 

Works, Tourism Development Council, and Transportation Planning divisions will 23 
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become involved in the adaptation planning process. 1 

Regional guidance on sea level rise vulnerability and its effects on the built 2 

environment will be available through the Northeast Florida Regional Council and the 3 

University of Florida and the Guana Tolomato Matanzas National Estuarine Research 4 

Reserve. All are stakeholders in the adaptation discussion. 5 

As a stakeholder, the state of Florida will assist St. Augustine with the 6 

formulation of its future adaptation plans. The technical information and policy support 7 

under development will benefit the city of St. Augustine when it plans adaptation 8 

solutions specific to its geography, sea level vulnerability level, and man-made 9 

environmental needs. 10 

Aside from the mandatory state and local historic preservation reviews for the 11 

new Avenidas Menendez seawall, the preservation community in the city has not 12 

addressed the implications of sea level rise on historic properties. On February 1, 2013, 13 

Kathryn Frank, a professor at the University of Florida, stated that the University of 14 

Florida Historic St. Augustine organization plans to analyze the risk of sea level rise on 15 

the properties it owns in the city.214 16 

 17 
Summary of Findings: St. Augustine, Florida 18 

 19 
St. Augustine responds to present day flood conditions by applying adaptations, 20 

but has not preemptively planned adaptation solutions by considering sea level rise 21 

science. Both the City of St. Augustine Public Works Director and the NPS Chief of 22 

Interpretation and Education at the Castillo de San Marcos state that their employers have 23 

no immediate plans to assume a preemptive adaptation planning approach in the future. 24 
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This strategy leaves the city and its historic districts vulnerable to damage associated with 1 

sea level rise.   2 

Nonetheless, the city provides protection for the St. Augustine Town Plan, Model 3 

Land Company, and Lincolnville historic districts due to chronic flooding in those areas. 4 

The largest and most costly adaptation project, the Avenida Menendez Seawall, 5 

illustrates the challenges of adaptation planning and implementation. As the historic 6 

seawall deteriorated after each storm, it was not until the wall was almost destroyed that 7 

federal funding became available for mitigation. Twelve years of community discussions, 8 

political approvals, and funding requests occurred before work could begin on the new 9 

seawall. Project construction was estimated to be one year. Like the Cape Hattaras 10 

Lighthouse relocation, the construction of the new seawall can be achieved in less time 11 

than the approval and funding process.  12 

A multidisciplinary group of decision-makers and stakeholders contributed to the 13 

seawall project, a critical factor for success according to adaptation theorists and 14 

researchers. The city archaeologist, SHPO, and St. Augustine Historic Architectural 15 

Review Board represented the historic preservation community at the advisory and 16 

approval stages. The SHPO’s and review board’s endorsements for the new wall indicate 17 

the importance they placed on maintaining a remnant of the historic wall rather than lose 18 

it entirely to the impacts of the sea. The city included the community as an active 19 

participant in the seawall discussion. Theory and research from literature reveal that the 20 

involvement of the community in adaptation planning is necessary to establish local 21 

support for a project and ensures that residents’ concerns are addressed in the final plan. 22 

Although the Avenida Menendez seawall impacts all aspects of the historic 23 
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seawall’s integrity, other adaptations applied in St. Augustine do not affect historic 1 

district character. The stormwater management improvements, weir gates project, rip-rap 2 

wall at the Castillo, vegetative buffer zones, flood proofing, and flood resilience options 3 

for individual buildings protect historic districts from flooding without impacting 4 

integrity. 5 

The University of Florida (UF), the Guana Tolomato Matanzas National Estuarine 6 

Research Reserve (GTM NERR), and the state of Florida may eventually persuade the 7 

city of St. Augustine to preemptively plan for the effects of sea level rise. The UF and 8 

GTM NERR collaborative continues to educate the public and city government 9 

employees on sea level rise science and adaptation. As a leader in sea level rise policy, 10 

Florida’s legislature encourages local communities to incorporate adaptation strategies 11 

into comprehensive plans. Additionally, the state offers scientific and technical support to 12 

communities, a practice endorsed by John Randolph in Collaborative Resilience. 13 

Florida’s gubernatorial and legislative acknowledgement of climate change and 14 

eagerness to develop adaptation programs will benefit St. Augustine’s future adaptation 15 

needs. An active state that voices the need to adapt will attract federal attention in the 16 

quest for adaptation funding. The state level endorsement of Adaptation Action Areas 17 

within a city’s comprehensive plan should encourage St. Augustine to consider the 18 

effects of sea level rise on its shoreline. The scientific data and planning information 19 

generated by the state will provide a framework for city employees to plan adaptively. 20 

The Fort Lauderdale pilot program should also assist St. Augustine in visualizing an 21 

adaptation plan that can be tailored to the city’s unique characteristics.   22 
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Elizabeth City, North Carolina 1 
 2 

Elizabeth City, North Carolina, was founded in 1793 along the banks of the 3 

Albemarle Sound, a tidal estuary sheltered from the Atlantic Ocean by the Outer Banks 4 

barrier islands. The city is the county seat for Pasquotank County and is located at the 5 

“Narrows” of the Pasquotank River. (Fig. 43) Sea level rise is projected to have an effect 6 

on the city since it is sited at elevations ranging from three to twelve meters  7 

(9.8 to 39.4 feet) above sea level.215 Six National Register historic districts are located in 8 

close proximity to each other within the densely developed city.  9 

Lush forests and fertile agricultural land drew lumbermen and farmers to the 10 

Elizabeth City area in early colonial times. The city was incorporated as the town of 11 

Redding in 1793 when construction began on the Great Dismal Swamp Canal. The town 12 

was renamed Elizabeth City in 1801 and was formally platted in 1830 to 1831. (Fig. 44) 13 

It has served as the county seat since 1800.216 The development of the Great Dismal 14 

Swamp Canal influenced periods of rapid growth in Elizabeth City from its inception 15 

until the 1920s.217 Because the city’s geography is dominated by water, the area lacked 16 

surface roads to northern trade markets. The city’s harbor and the Pasqoutank River, 17 

however, were too shallow to accommodate large trading ships. Smaller ships could 18 

travel in the river to the Albemarle Sound, but then encountered the treacherous waters 19 

along the Outer Banks. The profitability of the agriculture and lumber industries was 20 

stifled by the lack of access to other regions.  21 

Trading routes opened when the Great Dismal Swamp Canal was constructed to 22 

connect the Albemarle Sound with the Chesapeake Bay at Norfolk, Virginia. From the 23 

deep-water harbor at Norfolk, products from Elizabeth City were transported to  24 
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 1 
  Fig. 43: Low-lying Elizabeth City, North Carolina, is sited at the “Nar- 2 

    rows” of the Pasquotank River. Pasquotank County’s population and  3 
  building density are highest in Elizabeth City. Wetlands, forests, and  4 
  agricultural land dominate the landscape. [City of Elizabeth City,  5 

    North Carolina; Elizabeth City aerial photograph, August 12, 2003] 6 
 7 

 8 
                 Fig. 44: The town of Elizabeth City, was platted as a grid  9 
                         between 1830 to 1831 on the Pasquotank River. This area  10 
                         remains the downtown center. [Exum Newby; Elizabeth 11 
                         City town plan, December 10, 1832] 12 

 13 



 110 

Charleston, South Carolina; New York; and New England. England and the West Indies 1 

also became destinations for goods produced in Pasquotank County.  2 

The founding of Elizabeth City coincided with the year construction began on the 3 

Great Dismal Swamp Canal. With each canal improvement, the population increased, 4 

buildings were constructed, and commercial prosperity grew. The city emerged as the 5 

region’s trade center after completion of the canal in 1805.218 Stagecoach, steamboat, and 6 

rail lines advanced the city’s position as a regional hub for social, political, and economic 7 

activity. Economic diversification and prosperity led residents to boast that Elizabeth City 8 

was the “Eastern Emporium of North Carolina, where . . . [purchasers] can be suited with 9 

a cambric needle to a sheet anchor.”219 Industry and manufacturing developed in areas 10 

associated with fishing, shipping, and lumbering. Retail establishments opened to 11 

accommodate the rise in local incomes.220  12 

Elizabeth City’s economy stagnated during the Civil War and the post war period 13 

of Reconstruction. Recovery came in 1881 when the Norfolk and Elizabeth City Railroad 14 

took the place of the canal as a means of commercial transportation connecting to 15 

northern routes.221 At the same time, Daniel S. Kramer, a lumberman from Pennsylvania, 16 

formed a successful lumber and construction company that evolved into a major 17 

industrial employer.222 Rapid growth occurred up to the 1920s, with the population 18 

tripling between 1880 and 1900. Adjacent land was annexed for neighborhoods and for 19 

commercial and industrial enterprises.223 The present day city structure reflects Elizabeth 20 

City during the 1920s when it was the region’s commercial and social center.224 21 

Since then, the city gained new institutions and businesses that remain prominent 22 

employers today. The Coast Guard established a major base in 1938. Elizabeth City State 23 
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University, College of the Albemarle, and Roanoke Bible College are located within the 1 

city. Service, government, and agriculture are the city’s dominant economic sectors. The 2 

city aims to develop its tourism potential by showcasing the area’s natural, cultural, and 3 

historic resources.225 4 

The city’s population is 18,597 with 40,438 residing in Pasquotank County. The 5 

city is 11.63 square miles and is densely settled with 1,607 people per square mile. In 6 

comparison, rural Pasquotank County has 179 people per square mile. The city’s median 7 

household income is $32,303, almost $14,000 below the state average. Approximately 8 

32% of city residents live below the poverty level, double the state average.226 9 

 10 
National Register Historic Districts  11 
 12 

Elizabeth City’s six historic districts, consisting of 1,248 buildings, are evidence 13 

of the major growth periods from 1793 to the 1920s. (Fig. 45) The districts are located in  14 

close proximity to each other with individual buildings constructed on narrow lots. This 15 

development pattern illustrates the unique dense, urban nature of the city, uncharacteristic 16 

of southern coastal communities.227  17 

Each district displays a variety of architectural styles. Residential neighborhoods 18 

include homes for all income levels. Rather than featuring one distinct building design, 19 

the historic districts portray an array of architectural trends popular during the time of 20 

development. This heterogeneous mix of styles and building size provide Elizabeth City 21 

with a distinct sense of place. The antebellum styles of Federal, Greek Revival, Gothic 22 

Revival, and Italianate are present in districts constructed during years when the Great 23 

Dismal Swamp Canal brought prosperity to the city. During the city’s most robust period  24 
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 1 
Fig. 45: Elizabeth City’s six National Register Historic Districts reflect the area’s devel- 2 
opment patterns from the nineteenth and early twentieth centuries. The uncommon 3 
density of historic districts provides the city with its unique sense of place. [Elizabeth 4 
City Historic Neighborhood Association; Elizabeth City historic districts map, 2012] 5 
 6 

of growth between 1880–1920, examples of Queen Anne, Eastlake, Craftsman 7 

Bungalow, American Foursquare, Neo-classical Revival, and Colonial Revival buildings, 8 

are prevalent in the districts. Victorian millwork details are common characteristics 9 

adorning buildings throughout all the historic districts. 10 

The Elizabeth City Historic District is the city’s first National Register listed  11 

historic district. (Fig. 46) This 30-block area incorporates the earliest settled area in  12 
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 1 
   Fig. 46: Main Street in Elizabeth City Historic District is part of Elizabeth City Down-     2 
   town, Inc. The former Chesson’s Department Store is now an arts center and tourist   3 
   destination. The Chesson Building suffered wind and flood damage after Hurricanes   4 
   Floyd and Isabel. [Ann Horowitz; photograph, January 2013] 5 
 6 

Elizabeth City.  The Pasquotank River borders the 190-building district on the east. Brick 7 

and masonry (stone and brick) commercial buildings are concentrated in the center of the 8 

district along Main Street. Residential buildings, primarily wood frame, emanate from 9 

Main Street. The developed area reflects the nineteenth century architectural styles that 10 

were popular during the Great Dismal Swamp Canal era. Only two Federal period 11 

buildings remain from the city’s original settlement, platted in 1793. Antebellum 12 

properties are prominent, comprising the largest collection in the state. The majority of 13 

these buildings were constructed after the Great Dismal Swamp Canal expanded in 14 

1828.228 As of January 2013, many commercial buildings are vacant and underused in the 15 

historic district.  16 
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In 1994, the Elizabeth City Historic District was expanded to the north, south, and 1 

west, adding 423 buildings and one site to the National Register. (Fig. 47) The expansion  2 

 3 

 4 
     Fig. 47: Elizabeth City Historic Expansion District features residential architectural     5 
     design from the nineteenth and twentieth centuries. Elizabeth City’s characteristic     6 
     building density is evident in this neighborhood. [Ann Horowitz; photograph,  7 
     January 2013] 8 
 9 

district represents the first suburban development in the city. Originally farmland, the 10 

area was developed as residences when the city economically thrived in the nineteenth 11 

and early twentieth centuries.  12 

South of the Elizabeth City district is the Shepard Street–South Road Historic 13 

District. (Fig. 48) One hundred and sixty-one buildings contribute to the historic district. 14 

Residences are mainly wood frame buildings while institutional buildings are brick. It 15 

encompasses the neighborhood representing the African American social and cultural 16 

center. Originally farmland, the Shepard Street–South Road Historic District was the first 17 

area developed outside the original city limits. It grew in the mid-1850s, rapidly 18 
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    1 
Fig. 48: The Shepard Street–South Road Historic District represents the city’s first     2 
African American neighborhood listed in 1994. [Ann Horowitz; photograph,  3 
January 2013] 4 
 5 

expanding through the late nineteenth and early twentieth centuries. A self-sufficient 6 

neighborhood of modest homes emerged with six churches, three schools, and 7 

commercial, fraternal, and entertainment establishments.229 8 

In the antebellum era, both freed blacks and slaves lived in the area. By 1860, 9 

34% of the African Americans in Elizabeth City were free. This unusually high number 10 

for the region has been attributed to the employment opportunities for laborers and to the 11 

anti-slavery beliefs established by early Quaker settlers.230 After the Civil War, African 12 

Americans were drawn to the district for the access to schools and religious institutions 13 

the neighborhood provided. In 1892, one of the earliest colleges for African Americans in 14 

the state opened in the district. The State Colored Normal School educated African 15 

Americans to become teachers for segregated schools. Due to its success, the college 16 

expanded, was renamed the Elizabeth City State Teachers College, and moved south of 17 

the district in 1910. It became Elizabeth City State University in 1969, representing 18 

  19 
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another National Register Historic District.231 Many buildings in the Shepard Street– 1 

South Road Historic District exhibit signs of deferred maintenance; some are marked 2 

with “No Trespassing” signs indicating a vacant property. This limits the district’s 3 

integrity of design, materials, workmanship, and feeling. 4 

The Elizabeth City State Teachers College Historic District is a visual reminder of 5 

the educational opportunities made available to African Americans in the early twentieth 6 

century. In addition to being a teachers college, the institution granted high school 7 

diplomas to African American students when no other county in the region provided this 8 

opportunity. Six buildings and one structure comprise the 19-acre district. With the 9 

exception of one frame Craftsman Bungalow, the remaining buildings are frame or brick 10 

Colonial Revival properties.232  11 

On the opposite side of the city, the arrival of the railroad shaped the development 12 

of the suburban Northside Historic District. (Fig. 49) For years, Poindexter Creek to the  13 

 14 

15 
Fig. 49: The Northside Historic District illustrates early suburban development patterns. 16 
Decorative millwork, a distinguishing building feature throughout Elizabeth City, en- 17 
hances front porches in this neighborhood. [Ann Horowitz; photograph, January 2013] 18 
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south had separated the area from the original city district. The neighborhood is 1 

composed of 398 buildings, primarily of wood frame construction. Rapid growth 2 

occurred between 1890–1910, resulting in orderly rows of wood frame houses. 3 

Descendants of the lumberman Daniel Kramer constructed many of the houses in this 4 

neighborhood. Residents worked in the nearby Kramer mills or were commercial and 5 

professional leaders in the city. Today, the city schools are centered in the district.233 6 

Some of the historic homes in the Northside Historic District are neglected and vacant, 7 

reducing the integrity of design, materials, and workmanship and feeling in the 8 

neighborhood. 9 

The most recently developed district is the Riverside Historic District. Located 10 

along the southern shore of the Pasquotank River east of the original city limits, the area 11 

was settled by farmers in the late 17th century and remained as farmland until 1893. The 12 

residential district, constructed between 1894 and 1942, consists of 68 brick and wood 13 

frame buildings and one structure. In addition to the architectural styles popular in 14 

Elizabeth City, Tudor Revival homes were constructed here in the 1930s. Homes of a 15 

grand scale, built by the city’s industrialists, are located along the river while more 16 

modest homes of city professionals and small shop owners are sited on the district’s south 17 

side. 18 

Two local historic districts include properties in the National Register Elizabeth 19 

City and the Expansion districts. A local historic preservation commission rules on 20 

proposals for property alterations and demolitions in these areas, leaving the integrity of 21 

the remaining four historic districts vulnerable to inappropriate changes. Residents of 22 

these four districts may perceive that their neighborhoods are often overlooked. A 23 



 118 

resident of the Northside Historic District wrote to the editor of the Daily Advance, 1 

Elizabeth City’s newspaper, “Although we are often looked at in a negative way, many of 2 

our homes have the beauty and grace that the Main Street Historic District [Elizabeth 3 

City and the Expansion districts] has to offer.234 4 

 5 
Social, Economic, and Environmental Benefits of Historic Districts 6 
 7 

The city of Elizabeth City and its preservation organizations support the 8 

preservation of the area’s historic resources. In the 2004 Advanced Core Land Use Plan 9 

for Pasquotank County and Elizabeth City, the city clearly acknowledges the economic, 10 

social, and environmental benefits of historic preservation. Historic preservation is cited 11 

as an integral part of the downtown, waterfront, housing, and economic revitalization 12 

goals. The city values its collaborative programs with the Historic District Commission; 13 

the Elizabeth City Historic Neighborhood Association; Elizabeth City Downtown, Inc.; 14 

Museum of the Albemarle; and Preservation North Carolina.235 15 

Economically, the city recognizes that historic districts can stabilize property 16 

values and spur reinvestment in existing, historic neighborhoods.236 Elizabeth City 17 

Downtown, Inc., the city’s Main Street Program, is responsible for downtown 18 

reinvestment projects that rehabilitate vacant buildings in the Elizabeth City Historic 19 

District.237 For 2011–2012, public and private reinvestment in the downtown area was 20 

$4,754,308. This figure accounts for six new businesses, eight façade renovations, nine 21 

building renovations, and four business expansions. Thirteen new jobs were created as a 22 

result of the reinvestment in downtown Elizabeth City.238  23 

Expanding the city’s tourism industry is another economic recovery program 24 
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outlined in the land use plan. As a result, tourist spending increased 5% in the county 1 

from 2010 to 2011. Part of the increased tourism is linked to the city’s historic districts. 2 

Historic district walking tours, the Historic Ghost Walk, the North Carolina Potato 3 

Festival, and the recent commemoration of the Civil War Sesquicentennial drew tourists 4 

to the historic districts in record numbers. The Historic Ghost Walk, a yearly event 5 

sponsored by Elizabeth City Historic Neighborhood Association, attracted 1,400 people 6 

in 2012, earning it a North Carolina Main Street Award for best downtown special event. 7 

The Potato Festival brought 30,000 tourists to the Elizabeth City Historic District in 8 

2011.239 9 

The city’s plan to incorporate the historic districts in its waterfront development 10 

goals, part of the 2004 Advanced Core Land Use Plan, indicates additional support for 11 

heritage tourism.240 North Carolina’s Secretary of Cultural Resources, Linda Carlisle, 12 

recently recognized the city’s commitment to heritage tourism. At the annual meeting of 13 

the Chamber of Commerce, she said, “I see a community that values what they have, that 14 

are exploring and exposing what they have to the greater community, who are building 15 

on those assets.”241 16 

The closely grouped and densely developed historic districts have strengthened 17 

social ties by bringing together city residents in support of preservation. The Elizabeth 18 

City Historic Neighborhood Association, formed in 1985, raises funds through events and 19 

programs, such as the Historic Ghost Walk, to fund preservation grant programs. Nine 20 

preservation projects within the historic districts have been completed using grant funds. 21 

In addition, the group funds a college scholarship to promote preservation education 22 

among young residents.242 Civic support for historic preservation also thrives among   23 
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volunteers in Elizabeth City Downtown, Inc. From 2011 to 2012, some 1,610 volunteer 1 

hours were donated at a value of $30,268.243 2 

The city acknowledges the environmental importance of “‘recycling’ or otherwise 3 

maintaining the existing usable housing stock, especially historically significant 4 

structures.”244 Rehabilitating vacant residences in the historic districts, instead of 5 

demolishing them, will “reuse” quality building materials and maintain the cohesive and 6 

compact character of the neighborhood.  7 

Before a historic property is demolished, the property owner may contact the 8 

Elizabeth City Historic Neighborhood Association (ECHNA) which deconstructs, 9 

salvages, and resells building materials. Rather than adding to overused landfills, the 10 

building materials are recycled for construction or rehabilitation projects. ECHNA’s 11 

resale store profits contribute to the organization’s preservation grant program.  12 

While these practices benefit the environment, they also contribute to 13 

sustainability. The city as a sustainable community is evident in the attributes of its 14 

neighborhoods. The characteristic dense building pattern in Elizabeth City reduces heat 15 

loss in buildings while the ubiquitous porches provide shade during the hot summers.245 16 

 17 
Natural Hazard Risks 18 
 19 

The location of Elizabeth City on the tidal Pasquotank River and its proximity to 20 

water within its boundaries contributes to its flooding, storm surge, and erosion 21 

vulnerability. Thirty-three percent of the county’s land area is water.246 Combined with 22 

the city’s low elevation, 46% of the county’s land area is susceptible to flooding and 23 

storm surge.247 The Stormwater Advisory Task Force reported that “the city's flat 24 
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topography ‘is further exacerbated by the fact that much of the city was built on top of 1 

the natural creeks and swamp land adjacent or tributary to Poindexter Creek (now 2 

Elizabeth Street) and Tiber Creek (now Grice Street).’”248 The Pasquotank County Multi- 3 

Jurisdictional Hazard Mitigation Plan categorizes flooding as a “significant threat” in 4 

Elizabeth City.249  5 

As of 2013, neighborhoods in Elizabeth City adjacent to bodies of water or built 6 

on landfill experience nuisance flooding during short periods of heavy rainfall.250 The 7 

Shepard Street–South Road and Riverside historic districts encounter the most frequent 8 

flooding. Street signs warning of “High Water” are permanently placed in these 9 

neighborhoods. Wood frame buildings without raised foundations show water damage, 10 

decreasing the level of integrity for materials, workmanship, and feeling. (Fig. 50) East 11 

Elizabeth Street, built over Poindexter Creek, now separates the Elizabeth City Historic 12 

District from the Northside neighborhood.251 The southern and northern sections of the 13 

Northside Historic District regularly flood near East Elizabeth Street and Knobbs Creek.  14 

Summer hurricanes and winter nor’easters cause flooding, erosion, and storm damage 15 

that have impacted North Carolina between 1851 and 2012. Tropical storms affect North 16 

Carolina on average every 1.72 years.252 Hurricanes pose a moderate threat to Elizabeth 17 

City.253 Although tropical storms can be severe in the city, the impacts are not as harsh as 18 

those experienced directly on the North Carolina coast. In recent years, Hurricane Floyd 19 

(1999) and Hurricane Isabel (2003) caused significant damage throughout North 20 

Carolina. Hurricane Floyd generated winds reaching 120 miles (193 kilometers) per hour 21 

and 2.7 to 3 meter (8.9 to 26.2 foot) storm surges along the coast. Rainfall amounts 22 

ranged from 9.8 to 18.9 inches (25 to 48 centimeters). In Elizabeth City, wind gusts of 64  23 
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1 
Fig. 50: A water line, approximately three feet (one meter) above the foundation, on a 2 
historic residence in Shepard Street–South Road Historic District indicates the possi- 3 
bility of a past flood. Additional properties in the district exhibit possible signs of  4 
water damage around the foundations. Permanent “High Water” street signs in the 5 
district provide further evidence of frequent flooding. [Ann Horowitz; photograph, 6 
January 2013] 7 

 8 

miles (103 kilometers) per hour and rainfall of 2.6 inches (6.7 centimeters) were 9 

reported.254 The storm surge left residual water lines of nearly three feet (one meter) high, 10 

indicating flooding, in commercial businesses along the Pasquatonk.255 The North 11 

Carolina State Historic Preservation Office reported on building devastation and flooding 12 

in Elizabeth City. In the Elizabeth City Historic District, the Carolina Theater (1945) was 13 

severely damaged and the 1897 Chesson Building’s roof was destroyed.256 14 

The North Carolina State Historic Preservation Office (SHPO) documented 15 

damage again in Elizabeth City when Hurricane Isabel struck the mid-Atlantic Coast in 16 
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2003. Storm surges were 6 to 8 feet (1.8 to 2.4 meters) along the North Carolina coast 1 

with 4 to 7 inches (10-18 centimeters) of rain. In Elizabeth City, the storm surge 2 

measured five feet (1.5 meters) with rainfall of 4.7 inches (12 centimeters).257 Wind gusts 3 

were reported up to 92 miles (148 kilometers) per hour.258 Wind and flooding damaged 4 

buildings in the city’s historic districts. Roof, door, and window damage due to high 5 

winds was recorded for numerous historic properties. The Antioch Presbyterian Church, a 6 

Gothic Revival wood frame building built in the mid-nineteenth century, collapsed. The 7 

Chesson Building once again suffered roof damage.259 8 

Near waterways and exposed to severe storms, Elizabeth City is also vulnerable to 9 

the impacts of sea level rise due to its elevation at three to twelve meters (9.8 to 39.4 10 

feet). The low-lying Albemarle and Pamlico Sounds are projected to be one of the three 11 

areas in the United States most impacted by sea level rise.260 Although within the highly 12 

susceptible Albemarle Sound, Elizabeth City’s sea level rise projections are more 13 

optimistic than surrounding cities and towns. Its elevation is comparably higher than 14 

many North Carolina coastal areas, which commonly have land elevations of less than 15 

one meter.261 16 

Based on NOAA tide data collected at Duck, North Carolina, the mean tide range 17 

in Elizabeth City is 3.2 feet; the spring tide range is 3.69 feet. Sea level rise effects will 18 

be most acutely felt during the high spring tides that occur twice a month during the full 19 

and new moons.262 20 

 21 
Projected risks: 2050 and 2100 22 

 23 
If sea level rise intensifies as projected, the risks for flooding, storm surge and 24 
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erosion would incrementally increase in Elizabeth City, where the land elevation ranges 1 

between three and twelve meters (9.8 to 39.4 feet). Based on a one-meter (3.3-feet) sea 2 

level rise projected for 2100, a 42-centimeter (1.4-feet) rise is expected by 2050.263 (Fig. 3 

51) By 2050, some city land areas are likely to be permanently inundated by water. Land 4 

surrounding Knobbs Creek, northeast of the Northside Historic District, is extensively 5 

impacted. Riverfront areas east of the Northside and Shepard Street–South Road historic 6 

districts would be permanently flooded. Portions of the Elizabeth City and Riverside 7 

historic districts could be also inundated.  8 

With a one-meter (3.3-feet) sea level rise, the projected effects of sea level rise 9 

become more expansive by 2100. (Fig. 53) Water inundation is likely on the land around 10 

Knobbs Creek, directly impacting the northern portion of the Northside Historic District. 11 

Inundation to the south of the Northside Historic District is likely to extend westward  12 

from the river, permanently flooding the southern section of the Northside neighborhood.  13 

The Elizabeth City Expansion District land area would be likely inundated, less 14 

than a block from the original city settlement. Without adaptation, permanently flooded 15 

historic properties could be threatened with demolition or relocation.  16 

Further, sea level rise impacts extend beyond the areas shaded in black on the 17 

2050 and 2100 maps (Figs. 51, 52). As land becomes permanently inundated, the effects 18 

of sea level rise move farther inland. The vulnerability to flooding, storm surge, and land 19 

erosion increases on historic properties located near the inundated land, threatening the 20 

historic character of the neighborhoods.  21 

Scientists at Climate Central, an independent organization studying climate 22 

change, analyze storm surge impacts and probabilities for coastal cities and counties.  23 
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1 
Fig. 51: Sea level rise is projected to be 42 centimeters (1.4 feet) in Elizabeth City by 2 
2050. The nearest data figure available is 40 centimeters (1.3 feet), reflected on the map. 3 
Solid black shapes indicate land areas in Elizabeth City likely inundated by a 40 cm sea 4 
level rise. [North Carolina Coastal Atlas, East Carolina University; sea level rise map 5 
data, 2009 and Elizabeth City Historic Neighborhood Association; Elizabeth City historic 6 
districts map, 2012]  7 
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 1 
Fig. 52: Sea level rise is projected to be one meter (3.3 feet) in Elizabeth City by 2100. 2 
Solid black shapes indicate land areas in Elizabeth City likely inundated by this change in 3 
water level. [North Carolina Coastal Atlas, East Carolina University; sea level rise map 4 
data, 2009 and Elizabeth City Historic Neighborhood Association; Elizabeth City historic 5 
districts map, 2012] 6 
 7 

  8 
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Their data indicate a 16% chance by 2030 that sea level rise, a storm surge, and a high 1 

tide will converge to create five-foot (1.5 meter) water levels in Elizabeth City. At this 2 

water height, all of the city’s historic districts will be temporarily flooded by water. 3 

Thirty-two percent of the city’s acreage will be impacted. This encompasses 40% of the 4 

population and 46% of the homes in the city.264 5 

 6 
Adaptations Implemented and Proposed 7 
 8 

Elizabeth City and Pasquotank County have planned and implemented projects to 9 

minimize flooding, storm surge risks, and erosion. These non-structural and soft 10 

adaptation projects, many from the 2004 Advanced Core Land Use Plan, were planned 11 

with sea level rise in mind.265 To reduce flooding, the city has relied on extensive 12 

improvements to the previously “poorly designed, poorly documented, and poorly 13 

maintained” stormwater management system. Tony Stimatz, City Councilor and 14 

chairman of the Stormwater Advisory Task Force, stressed that “We cannot afford to 15 

prevent all flooding, but we can intervene to mitigate impacts [through stormwater 16 

management]. It will be an ongoing process and will take time.”266 A pumping station in 17 

the Elizabeth City Historic District area is designed to augment the natural drainage of 18 

floodwaters, but fails to keep up with short, intense rainfalls.267 As of January 2013, 19 

sewer and stormwater drainage lines were being replaced along Elizabeth Street to 20 

minimize flooding. The construction work was occurring between the Elizabeth City 21 

Expansion and the Northside historic districts.  22 

Elizabeth City’s Stormwater Management Ordinance is another non-structural 23 

adaptation designed to manage and control the runoff from storms. Runoff can 24 
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compromise water quality and cause erosion. Before the city grants approval for new 1 

subdivision construction, a stormwater management plan, accompanied by a landscape 2 

plan, must be submitted and approved before a building permit is granted. The 3 

importance of vegetation in the surrounding landscape to control erosion, sediment and  4 

water quality is acknowledged in the ordinance. A stormwater management proposal may 5 

include storm water detention and retention structures.268 6 

In addition, the land use plan establishes further goals to improve the stormwater 7 

management system. It calls for limiting impervious surfaces to promote the drainage of 8 

rainwater, reducing the excess water processed by stormwater systems. Sewer and water 9 

system upgrades will be also designed to function adequately under more frequent and 10 

intense flood conditions.269 11 

The stormwater management system improvements in Elizabeth City will 12 

mitigate flooding in the historic districts while maintaining the integrity of the historic 13 

districts. Integrity of feeling and setting, however, could be affected temporarily during 14 

the construction phase. In January 2013, these temporary affects on integrity are evident 15 

on the north side of the Elizabeth City Historic District. (Fig. 53)  16 

As directed by the land use plan, the city has incorporated flood mitigation into its 17 

zoning ordinances. The Elizabeth City Flood Hazard District Overlay, a non-structural 18 

adaptation, requires that new development in flood-prone areas adhere to strict flood 19 

mitigation standards. Within flood hazard areas, the lowest floor of new construction 20 

must be elevated at least one foot (30.5 centimeters) above base flood elevation or flood 21 

proofed so the foundation is watertight.270 Historic properties are exempt from this 22 

mandate as long as the building maintains historic integrity. In addition, the ordinance   23 
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 1 
      Fig. 53: The stormwater system improvement project on Elizabeth  2 
      Street temporarily detracts from the integrity of the Elizabeth City  3 
      Historic District. [Ann Horowitz; photograph, January 2013] 4 
 5 

disallows the construction of new buildings in floodways or along bodies of water. New 6 

or replacement water and sewer systems must perform as intended under flood 7 

conditions.271  8 

Historic properties are more vulnerable to flooding because they are not included 9 

in the city’s elevation zoning ordinance. In addition, newly elevated infill in the districts 10 

may be incompatible with the historic character of the districts. Some wood frame 11 

buildings in Elizabeth City’s historic districts could be elevated. (Figs. 54, 55) Local 12 

design guidelines for infill and historic properties, based on the recommendations from 13 

Elevation Design Guidelines by the Mississippi Development Authority, would be 14 

helpful to ensure the integrity of the districts. The Mississippi guide evaluates design, 15 

setting, materials, workmanship, feeling, and association considerations when elevating 16 

properties within historic districts.   17 
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 1 
Figs. 54, 55: The Shepard Street–South Road historic district home (left) may have  2 
been originally constructed without a basement, nonetheless, its elevation may offer 3 
protection from flooding. The Beveridge House (right) in the Riverside Historic Dis- 4 
trict was constructed in 1926 as an elevated home. According to local legend, Mr. 5 
Beveridge commissioned an architect to design the house to be raised over water so he 6 
did not have to mow a lawn. Regardless, the home’s elevation has likely provided 7 
structural protection in the frequently flooded historic neighborhood. [Ann Horowitz; 8 
photographs, January 2013] 9 
 10 

The city’s public works department presided over the elevation of an intersection 11 

located between the Elizabeth City and the Shepard Street–South Road historic districts. 12 

Typically, the Water and Shepard Street intersection would flood with two feet (61 13 

centimeters) of water after rainstorms, rendering the roads impassable. The City Council 14 

debated the design and the funding for three years. Ultimately, the city earmarked 15 

$410,000 for the project; the state Department of Transportation contributed $100,000. 16 

This non-structural adaptation to the city’s infrastructure was completed in March 2012 17 

after seven months of construction.272  18 

Public Works Director Paul Fredette warned that intense rainstorms could still 19 

impact the intersection with one foot (31 centimeters) of water, although the intersection 20 

would be closed fewer days per year. The frequently flooded roadways had also impacted 21 

the nearby Museum of the Albemarle. Spokesman Thomas Spagnol responded to the 22 

flood mitigation project by saying, “Anything that you can do to improve the general 23 
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look of the waterfront would be wonderful.”273 Improvements to the waterfront area also 1 

benefit the visual quality of the Elizabeth City and Shepard Street–South Road historic 2 

districts. 3 

The elevation of the Water and Shepard Street intersection does not affect the 4 

integrity of the Elizabeth City and the Shepard Street–South Road historic districts 5 

because the districts are located beyond the reconstructed roads. If historic properties had 6 

been along the elevated roads, floodwater may have flowed away from the intersection 7 

and toward the properties. This scenario could have affected all the aspects of integrity.  8 

Wetlands preservation and restoration, a soft adaptation, is a priority in the land 9 

use plan. To minimize urban flooding and protect water quality, the Charles Creek Park 10 

Wetlands were reconstructed in 2007.274 (Fig. 56) Owned by the city, the original 11 

wetlands had been filled to create a city park “an unknown number of years ago.” The 12 

area is east of the Elizabeth City and Shepard Street–South Road historic districts. 13 

 14 

 15 
Fig. 56: Charles Creek Park, site of the wetlands restoration project, is in downtown 16 
Elizabeth City. The Shepard Street–South Road Historic District is located across the 17 
street from the park. [Ann Horowitz; photograph, January 2013] 18 
 19 
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To construct the soft adaptation, fill was removed and native vegetation was restored to 1 

the 1.93-acre site. The restored area was found to be functioning appropriately as a 2 

wetland in a 2008 assessment.275 It is unclear if the restored wetland has minimized 3 

flooding in the Shepard Street–South Road neighborhood. 4 

The Charles Creek Park Wetlands restoration supports the integrity of the setting 5 

for the Elizabeth City and Shepard Street–South Road historic districts. Through history, 6 

each neighborhood looked upon the wetlands as part of the landscape. A more accurate 7 

representation of the original viewshed has been restored to complement the historic 8 

districts’ setting.  9 

Further adaptation proposals are included in the city’s land use plan, although not 10 

yet executed in 2013. These also focus on soft and non-structural adaptations and include 11 

wetlands preservation and restoration, open space acquisition, and vegetative buffers 12 

along bodies of water.276 As part of the land use plan, the waterfront plan incorporates the 13 

development of a canal to collect and divert floodwater. This soft adaptation will also 14 

benefit the community and the Elizabeth City Historic District as an outdoor recreational 15 

amenity.277 These adaptation strategies would have little effect on historic districts since 16 

they do not disturb historic properties or significantly alter the historic landscape. 17 

In addition to adaptations outlined in the land use plan, Elizabeth City citizens 18 

proposed methods to minimize the effects of sea level rise at one of the Public Listening 19 

Sessions: Sea Level Rise and Population Growth meetings. One of seven, the event was 20 

co-sponsored by the Albemarle-Pamlico Conservation and Communities Collaborative 21 

(AP3C) and the Albemarle-Pamlico National Estuary Program (APNEP) in 2008. AP3C 22 

is an association of government and environmental groups fostering economic and 23 



 133 

environmental resilience and sustainability in the Albemarle-Pamlico region.278 Climate 1 

change is one of the AP3C’s study areas. The APNEP is a collaborative project of the 2 

North Carolina Department of Environment and Natural Resources, the North Carolina 3 

Environmental Protection Agency, and the Virginia Department of Conservation and 4 

Recreation. The APNEP’s goal is to encourage local communities to develop 5 

environmental preservation and rehabilitation programs. Assisting municipalities with the 6 

development of adaptations in response to sea level rise is one of the organization’s 7 

goals.  8 

The purpose of the public listening sessions was to inform residents about local 9 

sea level rise projections and population growth forecasts and to collect relevant opinions 10 

at the grassroots level. Residents at the Elizabeth City sessions expressed their interest in 11 

learning more about sea level rise impacts projected for their area. Program participants 12 

recognized that sea level rise adaptation planning required “many departments to try and 13 

view the possible solutions to this problem” and “more participation by our local elected 14 

officials.”279 15 

From the public listening sessions, citizen suggestions for adaptations reflected 16 

the natural hazard and environmental protection goals in Elizabeth City’s land use plan. 17 

They favored soft adaptation and non-structural solutions or “nature-based solutions.”280 18 

Specifically, the preferred adaptations included additional vegetation bordering 19 

waterways, restored and preserved wetlands, and the cultivation of oyster beds to buffer 20 

wave effects during storms. Hard adaptation solutions were unpopular. Participants 21 

believed hard adaptations were poor investments, providing only short-term benefits.281 22 

  23 
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Decision-makers and Stakeholders 1 
 2 

A broad-based group of local Elizabeth City individuals were involved as 3 

decision-makers and stakeholders in the development of adaptations. Led by the 4 

Elizabeth City planning department, elected leaders, city employees, and citizen 5 

representatives were responsible for the strategies outlined in the 2004 Advanced Core 6 

Land Use Plan. Ultimately, the Pasquotank County Board of Commissioners and the 7 

Elizabeth City Council adopted the plan on January 9, 2012.282 8 

Presently, the city’s historic preservation community—the city’s Historic 9 

Preservation Division, the Main Street Program, and the Elizabeth City Historic 10 

Neighborhood Association—has not become involved in adaptation planning. Senior 11 

Planner Angela Cole stated that the city’s preservation planning office “do[es] not track 12 

historic flood events, their effects, or future mitigation.”283 The Public Works department 13 

monitors flood events and plans for mitigation while the Building Inspections department 14 

presides over the elevation zoning ordinance. A cross-department planning group does 15 

not assess the effects of sea level rise or adaptation options.  16 

Pasquotank County assists Elizabeth City with emergency management issues and 17 

Federal Emergency Management Agency (FEMA) requirements. The county’s 18 

involvement, however, is limited to post disaster mitigation rather than to preemptive 19 

adaptation planning to reduce property damage. 20 

At the state level, North Carolina has prohibited the use of science driven sea 21 

level rise projections to be included in the state’s regulatory process until 2016. Historic 22 

sea level rise rates, substantially lower than global projections, can only be considered by 23 

North Carolina’s agencies. Municipalities, however, are free to plan according to sea 24 
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level rise projections supported by the local government.284 1 

The NC DENR and its APNEP division have established programs to educate the 2 

public on sea level rise science and adaptation strategies despite the state legislature’s 3 

lack of support. The public listening sessions and additional APNEP educational 4 

programs held in Spring 2013 are examples of these educational efforts. The distribution 5 

of information cultivates adaptation planning expertise within local communities. 6 

Historic preservation support at the state level is limited to the North Carolina 7 

State Preservation Office’s (NC SHPO) tracking of hurricane damage to historic 8 

properties. It offers exceptional advice for hurricane preparedness and disaster recovery. 9 

The NC SHPO, however, does not offer suggestions for preemptive planning or 10 

adaptation solutions to protect historic properties from the effects of sea level rise.285 11 

Academic institutions and environmental groups represent additional stakeholders 12 

interested in protecting the North Carolina coastline from sea level rise impacts. Many 13 

are participants in the AP3C group. East Carolina University has created an interactive 14 

map of the North Carolina coast, depicting land inundation at incremental stages of sea 15 

level rise. Municipalities can view projected inundation at the street level to determine 16 

specific properties that may be flooded. I applied East Carolina University’s information 17 

to identify sea level rise vulnerability in Elizabeth City’s historic districts. 18 

 19 
Summary of Findings: Elizabeth City, North Carolina 20 

 21 
Elizabeth City’s local government and preservation community acknowledged the 22 

benefits of the city’s historic resources to quality of life in the 2004 Advanced Core Land 23 

Use Plan and through area programs. Despite valuing historic resources, the groups have 24 
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not connected the increasing effects of sea level rise with the protection of historic 1 

properties at risk. The absence of adaptation plans to minimize the historic property flood 2 

damage evident in the Shepard Street–South Road Historic District confirms this 3 

observation. Senior Planner Angela Cole’s commented that the public works and building 4 

inspection departments, not preservation planning, plan and monitor adaptation strategies. 5 

This indicates the lack of cross-departmental collaboration. The effects of sea level rise 6 

and the application of future adaptation strategies may lead to a loss of historic district 7 

integrity if the preservation community remains disengaged in Elizabeth City. 8 

Preservation planners along with citizen advocates and owners of historic property must 9 

advocate for adaptation protection while safeguarding historic character and integrity. 10 

The adaptation theory and research detailed in Chapter III stress the importance of 11 

cross-departmental participation within local governments to successfully plan for 12 

adaptation. As of February 2013, Elizabeth City’s governmental departments operated 13 

independently, providing adaptation solutions that were developed from one point of 14 

view. The compartmentalized approach will not benefit historic district properties as the 15 

impacts of sea level rise intensify. 16 

Frequently flooded roads motivated the city to adapt thorough stormwater 17 

management improvements. Additionally, the city has applied and proposed soft 18 

adaptations that incorporated the use of existing wetlands and open space to mitigate 19 

flooding, storm surge, and erosion. These adaptations contributed to protecting adjacent 20 

at-risk historic districts; however, the soft adaptations alone will not protect historic 21 

properties from the impacts of sea level rise.  22 

The 2004 Advanced Core Land Use Plan illustrates that local governments in 23 
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North Carolina can incorporate sea level rise adaptation into their goals without state 1 

legislative support. State sanctioning of climate change and adaptation, however, is 2 

essential to implementing a comprehensive, local adaptation plan. Without state support, 3 

Elizabeth City very likely does not have the expertise at the local level to collect 4 

information on sea level rise science and its potential impacts. AP3C, APNEP, and East 5 

Carolina University have provided some sea level rise data, but it is not the high 6 

resolution LiDAR information necessary for accurate planning. Additionally, it would be 7 

unlikely that the small and economically challenged city could secure federal funding for 8 

extensive adaptation projects in the absence of a state intermediary. Fortunately, AP3C 9 

and APNEP have stepped in to provide public education on sea level rise science, 10 

impacts, and adaptation strategies, an activity typically funded and organized at the state 11 

level. 12 

Elizabeth City’s intentions to adapt to sea level rise and to preserve its historic 13 

districts are commendable. Nevertheless, lack of cross-departmental and state 14 

participation in sea level rise planning may limit the city from implementing a multi- 15 

dimensional effort to safeguard its shores from sea level rise.  16 

 17 
Alexandria, Virginia 18 

 19 
The area established in 1749 as Alexandria, Virginia, was first settled on the 20 

western shore of the Potomac River, a tidal estuary approximately 250 miles north of the 21 

Atlantic Ocean. Alexandria is six miles south of Washington, D.C. George Washington’s 22 

home, Mount Vernon, is nine miles to the south. As the city grew, it developed westward 23 

on higher ground. (Fig. 57) Consequently, the city’s low-lying waterfront is the area most  24 
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1 
Fig. 57: Aerial view of the Alexandria Historic District on the Potomac River looking 2 
westward. Jones Point Park is located on the peninsula, south of the commercial and 3 
residential areas. [Google Earth; aerial photograph, 2007] 4 
 5 

prone to flooding, storm surges, and erosion. The waterfront forms the eastern border of  6 

the Alexandria Historic District, known as Old Town. The district was designated as a 7 

National Historic Landmark because it represents a relatively intact example of an early 8 

Atlantic Coast seaport and commercial area. Colonial and Federal style residences, 9 

churches, and public buildings contribute to the district’s significance. 10 

Alexandria’s position on the Potomac River with its connection to interior 11 

farmlands shaped the city’s early development. European settlement began in the 1730s 12 

with a few warehouses, an inspection station, and a ferry to export Virginia-grown 13 

tobacco.286 Due to its strategic Potomac River site, the Virginia Assembly formally 14 

established the town in 1749.  15 

Surveyor John West, Jr., assisted by a young George Washington prepared an 16 

official map of the newly formed town. The settlement was laid out as a grid containing 17 

84 buildable lots bounded on the east by the Potomac River. (Fig. 58) Lots were sold to 18 

individuals agreeing to establish permanent homes and businesses.287 19 
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 1 
   Fig. 58: The original town map was used to plat Alexandria in 1749. The  2 
   cove was landfilled sometime before 1799 to accommodate wharves  3 

     extending into deeper waters. [Theodor Horydczak, Library of Congress  4 
   Prints and Photographs Online Catalog; photograph, 1920] 5 
 6 

Maps between 1749 to 1799 indicate landfill was added at the base of Water 7 

Street, (now Lee Street), expanding the wharf two additional blocks into deeper waters.288 8 

By the Revolutionary War, Alexandria was a major port on the Potomac River, ranking 9 

seventh largest in the United States.289 Rapid growth occurred until the late 18th century. 10 

Ocean-going ships arrived in Alexandria to export animal feed, grains, and tobacco to 11 

Atlantic coastal and international cities. Retail businesses developed westward along 12 

King Street; warehouses were constructed along the infill portion of the waterfront.290 13 

Residential neighborhoods of brick and frame rowhouses emerged to the north and south 14 

of King Street.291 15 

As the closest city to Mount Vernon, Alexandria became George Washington’s 16 

business and social base. Through the years, the city was proud of its connection with the 17 

country’s first president. Such was the area’s prestige and sophistication in 1796, that a 18 
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visitor deemed Alexandria as “beyond all comparison the handsomest town in Virginia– 1 

indeed [it] is among the finest in the United States.”292 2 

Baltimore and Richmond overtook Alexandria’s position as a prominent seaport 3 

in the early nineteenth century. During that time, the city became part of the District of 4 

Columbia between 1801 to 1846 and the Embargo Act of 1807 hindered port activity. 5 

These events coincided with an economic collapse of the Virginia farm economy, 6 

reducing the port’s customer base.293 Despite its diminished importance, the port 7 

accommodated the city’s slave traders as they shipped slaves to New Orleans. Slave 8 

trading businesses operated in Alexandria until the Civil War.294 9 

Alexandria escaped the destruction that other southern cities encountered during 10 

the Civil War due to the Union Army’s occupation. The city became a safe haven for 11 

African Americans fleeing slavery during wartime. Contraband and free African 12 

Americans settled in four neighborhoods around the city center. Because no battles were 13 

fought on Alexandria soil, the architectural core of the city was preserved, although well 14 

worn, at the conclusion of the war.  15 

A tourism industry began after the Civil War. It was successfully built upon the 16 

town’s George Washington connection and its colonial architecture, an early example of 17 

heritage tourism. As a mid-point between Washington, D.C., and Mount Vernon, 18 

Alexandria was a convenient stop on a tourist’s route.295  19 

In addition to the growing tourist trade, the arrival of the railroads in the mid- 20 

nineteenth century contributed to economic recovery after the Civil War. Rail lines, 21 

running through the city and along the waterfront, connected Alexandria to the north 22 

through Washington, D.C., as well as to southern markets. Between 1899 and 1915, the 23 
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industrial sector grew rapidly on the waterfront. By 1909, 54 industries employed 1,173 1 

people.296 With the growth of the federal government during the Great Depression, 2 

federal workers began moving to the area in the 1930s. Alexandria began to take shape as 3 

a “bedroom” community.297  4 

Alexandria was home to the defense industry during World Wars I and II. A 5 

shipbuilding company and a torpedo manufacturing plant opened on the waterfront. 6 

South of the original platted city, the peninsula at Jones Point was filled to create land for 7 

the Virginia Shipbuilding Corporation. Merchant ships for World War I were constructed 8 

at this location. The United States Naval Torpedo Station, constructed on landfill, 9 

manufactured torpedoes during World War II.  10 

From the 1950s to the present, Alexandria has gradually shifted away from its 11 

maritime and industrial roots, becoming a suburb of Washington, D.C., with a service- 12 

based economy. Industrial waterfront properties have been replaced with residential, 13 

office, and retail construction. Public parks have been created through landfill where 14 

commercial docks once were located. Recreational boat docks have replaced the wharves 15 

that had hosted commercial seafaring ships. The city’s historic character, its accessibility 16 

to Washington, D.C., and its proximity to nearby employment centers attract residents 17 

and businesses. Alexandria’s estimated 2011 population is 144,301. The city is densely 18 

developed on 15.03 square miles with 9,314.3 persons per square mile. Median 19 

household income is $82,889, $19,597 higher than the state average. The percentage of 20 

people living below the poverty line is 7.8%, lower than the state average of 10.7%.298 21 

 22 
 23 
  24 
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Alexandria National Register Historic District 1 
 2 

In addition to the Alexandria Historic District, four other National 3 

Register historic districts contribute to the city’s historical narrative. They are the Parker- 4 

Gray, Rosemont, Town of Potomac, Fairlington, and Parkfairfax historic districts. (Fig. 5 

59) The Parker-Gray neighborhood was an early African American settlement. Rosemont  6 

 7 

 8 
Fig. 59: The six National Register Districts in Alexandria represent different periods of 9 
the city’s development history. The Alexandria Historic District is the only district 10 
projected to be affected by sea level rise. [D. Bascone for the Virginia Department of 11 
Historic Resources; Alexandria’ Listed Historic Districts, October 5, 2010] 12 

 13 

and Potomac developed as early suburbs in response to rail line connections to 14 

Washington, D.C. Fairlington and Parkfairfax were planned communities created in the 15 
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mid-twentieth century to reduce the area’s housing shortage, resulting from the federal 1 

government’s expansion. Only the Alexandria Historic District is vulnerable to sea level 2 

rise due to its Potomac River location.  3 

The original city grid plan from 1749 forms the core of the Alexandria Historic 4 

District. Beyond the 1749 plan, the district boundaries expand to the north, south and 5 

west. This larger area encompasses buildings included in a locally designated historic 6 

district, the Old and Historic Alexandria District.  7 

Old Town is characteristic of a “Walking City,” a trait common to early 8 

nineteenth century cities.299 Commercial, industrial, and residential building types were 9 

constructed adjacent to each other in a dense pattern. Residential areas included people of 10 

mixed economic backgrounds. A higher concentration of wealthy homeowners, however, 11 

lived at the district’s higher elevations.  12 

Approximately 200 contributing buildings are included in the Alexandria Historic 13 

District. The area is best known for its Federal-style architecture, although examples of 14 

other late eighteenth and nineteenth century styles also appear in the district.300 The two 15 

and three story buildings are commonly constructed of brick with a scattered 16 

representation of frame residences throughout the district.  17 

Additionally, the contiguous blocks of rowhouses provide Old Town with its 18 

unique character. Soon after the town was established, the governing trustees formulated 19 

strict rules for residential real estate development on the lots; one pre-determined the 20 

rowhouse building pattern. This stipulation required that “all dwelling houses not begun 21 

or to be built hereafter…to be in line with the street as chief of the houses now are, and 22 

that no gable or end of such house be on or next to the street.”301 When building began in 23 
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the new town, rowhouses were constructed along the streets. Later development 1 

continued to emulate this building pattern. (Figs. 60, 61) 2 

 3 

 4 
         Fig. 60: Early Federal style residential buildings were constructed on the high- 5 
         est ground along Lee Street, formerly Water Street, overlooking the Potomac  6 
         River. In the late eighteenth century, land was filled below Lee Street to ex- 7 
         pand the Alexandria harbor. [Ann Horowitz; photograph, February 2013] 8 
 9 

 10 
     Fig. 61: Frame and brick rowhouses of varying sizes were developed along Lee  11 
     Street. [Ann Horowitz; photograph, February 2013] 12 
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Jones Point Park is included in the Old and Historic Alexandria District. As a 1 

natural area defined by open space, woodland, and marsh, it contrasts with the dense 2 

urban environment of Old Town. A lighthouse, constructed in 1855, sited at the river’s 3 

edge, is the only building on the property. (Fig. 62) It is an early example of a lighthouse  4 

 5 

 6 
Fig. 62: The Jones Point Lighthouse guided ships along the Potomac River until 1925. 7 
The National Park Service plans to restore the building’s interior and open it to the 8 
public. [Ann Horowitz; photograph, February 2013] 9 
 10 

constructed along an inland river. A National Register object, the southern and first 11 

cornerstone marking the District of Columbia boundary, was placed between the 12 

lighthouse and the river in 1791. It is the oldest object associated with the federal city. A 13 

series of boundary stones were positioned one mile apart to create the District of 14 

Columbia’s 40-mile, diamond-shaped boundary from sections of Virginia and 15 

Maryland.302 In 1846, Alexandria was retroceded back to Virginia, but the cornerstone 16 

remained.  17 

  18 
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Social, Economic, and Environmental Benefits of the Historic District 1 
 2 

Throughout the region, the city of Alexandria is defined by its intact grouping of 3 

well-preserved historic buildings.303 Social, economic, and environmental factors 4 

combine to create a unique sense of place in the historic district. Because of its distinct 5 

character, people are drawn to the area for residential, entertainment, and business 6 

opportunities. The impact of Old Town’s sense of place is well established in the region. 7 

When considering Alexandria’s ability to attract new business in 1981, deputy city 8 

manager Clifford Rusch stated, “It’s Old Town that gives this city an identity, a pizzazz 9 

the ordinary suburb doesn’t have.”304 Merrie Morris from the Alexandria Convention and 10 

Visitors Association recently said of Old Town, “There’s no doubt we have a lot of 11 

unique qualities and have a unique charm, where no one in Northern Virginia can 12 

compete with us.”305 13 

Social benefits are evident in the day-to-day interactions that are fostered by the 14 

densely developed and walkable neighborhood. A history of local pride in the district’s 15 

character has been proven since the 1920s. Acknowledging preservation successes in 16 

Williamsburg, Virginia, and at Mount Vernon, Alexandria residents and business leaders 17 

set out to restore and protect their historic neighborhood, accentuating the associations 18 

with George Washington and Robert E. Lee.306 By 1946, the Old and Historic Alexandria 19 

District was locally established to limit demolitions and inappropriate alterations through 20 

a Board of Architectural Review. The local ordinance, strengthened through the years, 21 

has been supported by resident, civic, and business leaders, resulting in a comprehensive 22 

historic representation of early life in Alexandria.  23 

Additionally, out of town visitors enliven the social setting and contribute to the 24 
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city’s economic well-being by frequenting the broad selection of restaurants, shops, 1 

historic museums, and cultural establishments. 2 

Economically, the Alexandria Historic District profits residents, businesses, and 3 

the city government. The strong sense of place provides for a relatively stable residential 4 

real estate sector.307 During the recent economic downturn, Old Town property values 5 

were more resilient than outlying suburban areas in the Washington, D.C., metropolitan 6 

region. Stable real estate values directly benefit the city of Alexandria’s revenues by 7 

creating a dependable tax base.   8 

The active city docket for the Board of Architectural Review (BAR) reveals the 9 

level of reinvestment generated by the historic district. The BAR considers fifteen to 10 

thirty cases per month, ranging from commercial signage to building additions.308 11 

Through property reinvestment, each of these projects contributes to the local 12 

construction sector.  13 

Additionally, the Alexandria Historic District provides the stage for a thriving 14 

heritage tourism economy. Historic sites within the district have been adapted as 15 

museums, restaurants, and spaces for the arts. In 2008, tourists spent an estimated $192.8 16 

million in Old Town.309 City wide, tourist spending reached $771 million in 2011, 17 

contributing $23.1 million to the city’s tax revenue. This is a 22 percent increase from 18 

2006. Six thousand people are currently employed by the city’s tourist industry; seasonal 19 

employment figures are higher.  20 

The district features seven heritage tourist sites. Gadsby’s Tavern, Stabler- 21 

Leadbeater Apothecary, Alexandria Archaeology, and Lyceum are city owned and 22 

managed museums housed in historic buildings. Each site offers tours and special events 23 
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throughout the year. The Athenaeum, owned by the Northern Virginia Fine Arts 1 

Association, incorporates an art gallery and ballet school in its Greek Revival building. 2 

Constructed in 1753 on the bluffs of the Potomac, the Carlyle House Museum, a 3 

Georgian mansion, is the oldest building open to the public in Alexandria.  4 

The economic benefits of heritage tourism have been documented for the Torpedo 5 

Factory Art Center. (Fig. 63) The former United States Naval Torpedo Station was 6 

rehabilitated and adapted for use as the arts center. It opened to the public in 1983. The 7 

 8 

 9 
           Fig. 63: The former United States Naval Torpedo Station  10 
           (now the Torpedo Factory Art Center) has been rehabilitated  11 
           as an art center. [Ann Horowitz; photograph, February 2013] 12 
 13 

city owned building draws 500,000 people a year to its artists’ studios, galleries, and art 14 

school. A recent study determined the Torpedo Factory generated $16,229,685 in direct 15 

economic benefits to the city in 2008. At that time, the center employed 171 people with 16 

a payroll of $2.1 million. In 2009, visitors spent an estimated $15.4 million within the 17 

city as part of their stop in Alexandria.310  18 
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The quality of life in Old Town is also enhanced by the environmental 1 

sustainability benefits inherent in the district’s characteristic design. With fewer external 2 

walls exposed to the outside environment, the attached rowhouses use less energy for 3 

heat and air conditioning. Densely developed with mixed-use neighborhoods, Old Town 4 

residents can generally walk or use public transportation to access work, schools, 5 

entertainment, and shopping. Automobile travel is unnecessary when living in the historic 6 

district. 7 

 8 
Natural Hazard Risks 9 

 10 
The city of Alexandria is considered one of four “hot spots” vulnerable to the 11 

effects of sea level rise in the Northern Virginia region. Within Alexandria, Old Town 12 

and Jones Point are most at risk from flooding, storm surge, and erosion.311 Both 13 

locations were originally wetlands. Landfill of the wetlands created usable land, but at 14 

low elevations. These low-lying areas are currently prone to flooding during storm 15 

events, twice daily high tides, spring tides, and downstream runoff from the Potomac 16 

highlands watershed.312 In addition, the combined storm water and sewer systems cause 17 

flooding from tidal backups when sustained winds blow up the Potomac River 18 

northward.313 The mean tide range in Alexandria is 2.62 feet (0.8 meters); the spring tide 19 

range is 2.88 feet (0.9 meters)314 20 

At King Street, the elevation ranges from one meter at the river to three meters at 21 

the corner of Lee Street, the location of the original shoreline. The elevation along Union 22 

Street and The Strand is one to two meters. At Jones Point, the elevation also ranges from 23 

one to two meters.315 Jones Point is projected to be the first area in Alexandria 24 
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significantly affected by a moderate sea level rise.316 1 

Other factors determine Alexandria’s susceptibility to sea level rise. The area’s 2 

moderate level of land subsidence due to natural geologic factors will exacerbate the 3 

effects of heightened seas.317 In addition, the increased number of storms producing more 4 

precipitation will combine with sea level rise and subsidence to produce more frequent 5 

flooding and storm surges. In Virginia, storm events are common with tropical storms 6 

impacting Virginia on average once a year and hurricanes occurring every 2.3 years.318 If 7 

past trends continue, the incidence of potentially damaging storms will increase. The 8 

frequency of storm events between 1948 and 2011 has increased 33 percent in Virginia. 9 

These storms have produced a change of 11 percent more precipitation as measured over 10 

the same time period.319 Winter nor’easters, commonly producing storm surges, have 11 

increased by 130 percent between 1984-2003, compared to the previous two decades.320 12 

Hurricane Isabel provided an indication of the flooding and storm surge impacts 13 

that Alexandria may regularly face in the future due to sea level rise. Isabel first made 14 

landfall at Ocracoke, North Carolina, with peak wind gusts of 105 miles (169 kilometers) 15 

per hour.321 Along the Outer Banks, storm surges were 6-8 feet (1.8-2.4 meters) along the 16 

North Carolina coast with 4-7 inches (10-18 centimeters) of rain.322 By the time the 17 

hurricane hit the metropolitan Washington, D.C., area, the sustained winds had subsided 18 

to 45 miles (72 kilometers) per hour with 58 mile (93 kilometers) per hour gusts. Rainfall 19 

was measured at 2-3 inches (5-7.6 centimeters).323 The storm tide crested at 7.5 feet (2.3 20 

meters) across the river at Washington, D.C.324 Storm tides occur when storm surge and 21 

astronomical high tides (during the new and full moons) combine to cause water levels to 22 

rise. The National Weather Service reported the unusually high storm surge resulted from 23 
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tropical storm force winds pushing water from the ocean up the Potomac, causing major 1 

flooding as far as Alexandria and Washington, D.C.325 2 

Considerable flooding was noted at the intersection of King and Union Streets, 3 

covering nearly two blocks away from the river. A city police sergeant called the level of 4 

water “very unusual” while a 20-year resident claimed it was “insane.”326 The flood level 5 

was officially documented at 8.8 feet (2.7 meters) in Old Town Alexandria. According to 6 

the city’s Potomac River Waterfront Mitigation Study, this flood level categorizes 7 

Hurricane Isabel as an intermediate to extreme weather occurrence. To provide a context, 8 

nuisance flooding in Alexandria is identified as 4 feet (1.2 meters).327 9 

 10 
Projected risks: 2050 and 2100  11 
 12 

Sea level rise in Alexandria is projected to exceed the global average of one meter 13 

(39 inches) by 2100 due to subsidence. Average global sea level rise is 2 millimeters (.08 14 

inches) per year while the tide gage at Washington, D.C., measures an average of 3.16 15 

millimeters (.12 inches) per year.328 The 2050 and 2100 inundation maps for the 16 

Alexandria Historic District and Jones Point Park portray sea level rise based on the 17 

global averages, consistent with other case studies in this treatise. These inundation 18 

scenarios illustrate the gradual encroachment of the shoreline into the built environment. 19 

As the new shoreline develops and storm events intensify, more historic properties will 20 

become increasingly prone to damaging floods and storm surge.  21 

Compared to ocean-facing shorelines in Virginia, erosion affects the city’s 22 

waterfront to a lesser degree. Wave force is minimized in the Alexandria area due to the 23 

limited fetch of the Potomac River and the fact that much of the shoreline is hardened 24 
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with rocks and seawalls.329 1 

Using these projections, by 2050 thirteen historic buildings in the Alexandria 2 

Historic District may be flooded with 0.42 meters (one foot) of sea level rise. (Fig. 64) 3 

These properties, interpreting Alexandria’s maritime history from the eighteenth to mid- 4 

twentieth centuries, are at the corner of King and Union Streets and at The Strand. All 5 

were constructed on landfill using brick, masonry, or a combination of both. The oldest 6 

buildings are located at King and Union Streets.  7 

John Fitzgerald, war comrade and presidential secretary to George Washington, 8 

constructed Fitzgerald’s Warehouse circa 1795–1797.330 (Fig. 65) William Ramsay 9 

developed the warehouse building on the northwest corner, 101 King Street, circa 10 

1803.331 (Fig. 66) The Corn Exchange, on the southwest corner, was constructed in 1871. 11 

It housed a successful grocery store considered as “the center of the wholesale district” in 12 

1922.332  Near The Strand, two additional nineteenth century warehouses may flood by 13 

2050. The buildings are currently being rehabilitated for residential and commercial use. 14 

Two twentieth century commercial buildings at The Strand, the Torpedo Factory, the Old 15 

Dominion Boat Club, and the former Beachcomber restaurant are also vulnerable to 16 

inundation. 17 

By 2100, ten additional historic properties are likely to be flooded as sea level rise 18 

increases to nearly one meter (3 feet). (Fig. 67) Inundation would extend west on King 19 

Street and south on South Union Street. Like the properties affected in 2050, these 20 

buildings were developed in response to the waterfront economy. The buildings are brick  21 

  22 
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 1 
  Fig. 64: Sea level rise is projected at approximately 0.42 meters (one foot) in Alexandria    2 
  by 2050. Thirteen historic buildings (marked in black) will be flooded. [Northern Vir-   3 
  ginia Regional Commission using LiDAR elevation data collected by the United States   4 
  Department of Defense; sea level rise map, December 2012] 5 
  6 
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 1 
Figs. 65, 66: Fitzgerald’s Warehouse (left), built circa 1797-1798, is the oldest building 2 
in the Alexandria Historic District associated with the city’s maritime history. It is one of 3 
the most vulnerable to flooding and storm surge in the district. The corner buiding at 101 4 
King Street (right) portrays another early example of Alexandria’s seafaring past that is 5 
prone to frequent flooding. The attached buildings to the left were also used as ware- 6 
houses, composing the city’s wholesale district. During extreme storm events, flooding 7 
temporarily inundates the entire block. Today, the area is a popular center of entertain- 8 
ment for tourists and residents. [Ann Horowitz; photographs, February 2013] 9 
 10 

and stone masonry located on landfill. They represent commercial shops and warehouses 11 

from the nineteenth to early twentieth centuries.  12 

At Jones Point, the projected sea level rise for 2050 would begin to inundate the 13 

park’s existing wetland areas to the north. (Fig. 68) The shoreline would move closer to 14 

the lighthouse and the cornerstone. Two residential rowhouses, constructed in the 1940s, 15 

may be partially inundated at the park’s northwest border.  16 

A large portion of the park is likely to be inundated by 2100 based on current 17 

projections. (Fig. 69) The lighthouse, cornerstone, and recreational amenities would be 18 

flooded. Fourteen historic residences, including two former buildings associated with  19 

the shipbuilding industry, would be affected northwest of the park.  20 

 21 
Adaptations implemented and proposed 22 
 23 

With a history of periodic flooding, the city of Alexandria has implemented 24 

methods to adapt to this natural hazard. City leaders acknowledge the waterfront’s   25 
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 1 
Fig. 67: Twenty three historic buildings (marked in black) are projected to be flooded by 2 
a sea level rise of approximately one meter (3 feet) by 2100. [Northern Virginia Regional 3 
Commission using LiDAR elevation data collected by the United States Department of 4 
Defense; sea level rise map, December 2012] 5 
  6 
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 1 
Fig. 68: At Jones Point, the overlay (marked in black) indicates sea level rise inundation 2 
of approximately 0.42 meters (one foot) by 2050. The inundation overlay does not reflect 3 
the protection offered by the 2011–2012 adaptations. In this figure, the area near the berm 4 
is inundated, the shoreline merges closer to the lighthouse, and two historic properties 5 
(marked in gray) northwest of the park are partially inundated. [National Park Service; 6 
Jones Point Wetlands Delineation Map, n.d. and Northern Virginia Regional Commission 7 
using LiDAR elevation data collected by the United States Department of Defense; sea 8 
level rise map, December 2012] 9 

 10 

vulnerability to sea level rise, responding with three reports that propose adaptations for 11 

the future. The potential loss of the valuable economic and social contributions associated  12 

with the historic district has prompted these proposals. 13 

At Jones Point, the National Park Service included adaptations in its recent park 14 

improvements. These have increased the level of protection for the historic resources  15 

  16 
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 1 
Fig. 69: Inundation from nearly one meter (3 feet) of sea level rise covers a large portion 2 
of Jones Point Park by 2100. Fourteen historic properties are compromised northwest of 3 
the park and the lighthouse and cornerstone are flooded. The benefits, however, of the 4 
berm, lighthouse seawall, and stormwater drainage improvements are not considered by 5 
the elevation data. [National Park Service; Jones Point Wetlands Delineation Map, n.d. 6 
and Northern Virginia Regional Commission using LiDAR elevation data collected by 7 
the United States Department of Defense; sea level rise map, December 2012] 8 
 9 

within its boundaries and have been applied to reduce flooding in the adjacent historic 10 

district.  11 

 12 
Implemented Adaptations  13 
 14 

Within the historic district, a city-sponsored sandbag distribution program, a non- 15 

structural adaptation, has been used to protect properties. The effectiveness, however, has 16 

not been formally measured.333 (Fig. 70) City zoning ordinances, additional non-  17 
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 1 
         Fig. 70: In preparation for Hurricane Sandy in 2012, the owners 2 
         of Fitzgerald’s Warehouse constructed sandbag walls at doors,  3 
         windows, and at wooden panels below windows. The absence  4 
         of sandbags along masonry walls suggests the flood proof qual- 5 

                     ities of the material. [Ann Horowitz; photograph, October 2012] 6 
 7 

structural adaptations, also are in place to mitigate the effects of flooding from 8 

incremental sea level rise.  9 

Article VI, Section 6-300, the Floodplain District ordinance, requires that first 10 

floor heights on new or substantially altered buildings within the FEMA floodplain area 11 

must meet or exceed the 100-year flood level. Floor space below this height can be used 12 

for parking, storage, or entrances. Residential use, however, is not permitted.334 13 

Requirements to increase permeable surfaces for the absorption of precipitation 14 

are found in Article VI, Section 6-200, the Waterfront Park and Recreation Zone 15 

Ordinance, the Alexandria Open Space Plan, and within the city’s comprehensive master 16 

plan.335 The maintenance of permeable surfaces is also stressed in Article XIII, the 17 

Environmental Management Ordinance. This was enacted in response to Virginia’s  18 
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Chesapeake Bay Preservation Act of 1988. Non-structural adaptations are included in the 1 

act to limit flooding through the creation of Resource Protection Areas (RPAs), marked 2 

by 100-foot (30.5 meter) buffers along the top banks of tidal shorelines. Within this 3 

buffer, development and redevelopment is limited. Impervious surfacing cannot be added 4 

in the buffer zones.336 5 

Supplemental, non-structural adaptations initiated by individual property owners 6 

are evident in the historic district’s flood-prone area. At 104 South Union Street, the front 7 

door features metal slots to install a floodgate. (Fig. 71) The interiors at Fitzgerald’s  8 

 9 

 10 
Fig. 71: Slots at the front door of a South Union Street com- 11 

      mercial building indicate the use of a temporary flood 12 
gate when flooding is predicted. [Ann Horowitz; photograph 13 

            February 2013] 14 
 15 

Warehouse and the Torpedo Factory have been finished with materials that can withstand  16 

flood inundation. (Figs. 72, 73) Polished cement floors can be easily cleaned after waters 17 

subside. The masonry walls are left exposed at Fitzgerald’s Warehouse while the  18 

  19 
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 1 
Figs. 72, 73: Building materials, used inside the Torpedo Factory (left) and Fitzger- 2 
ald’s Warehouse, are adaptable to the damages caused by flooding. [Ann Horowitz; 3 
photograph, February 2013] 4 
 5 

corrugated metal half walls at the Torpedo Factory were added during building 6 

rehabilitation. Furniture in both locations is temporarily stationed in place and can be 7 

easily moved in anticipation of a flood. 8 

The Jones Point Park improvements display a mix of hard, soft, and non-structural 9 

adaptations to minimize flooding. Brent Steury, the Natural Resources Program Manager 10 

for Jones Point Park, stated that the NPS considered projections for sea level rise when 11 

planning the adaptations. The Park Service, however, was limited to adaptations that 12 

could be contained within the Virginia state boundaries, the low water mark of the 13 

Potomac River.337 This legal boundary excluded adaptations that would project out into 14 

the river. Along the park’s northern shore, a rip-rap wall and offshore plantings have been 15 

installed to limit erosion from the Potomac River.338 An earthen berm was constructed at 16 
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this location. Creatively, the NPS incorporated the berm, a soft adaptation, into their site 1 

interpretation. (Fig. 74) The berm design emulates the size and shape of a ship. An 2 

interpretive sign explains that the berm’s location was the previous site of the 3 

shipbuilding facility.  4 

At the southern shore, a seawall has been reconstructed to protect the lighthouse 5 

and District of Columbia cornerstone. (Fig. 75) The seawall was designed to create more  6 

 7 

       8 
Figs. 74, 75: An earthen berm (left) shields the northern shoreline of Jones Point Park. 9 
The adaptation’s form was interpretively designed to represent the footprint of a ship. 10 
The NPS constructed a seawall with a rip-rap border to minimize the effects of sea level 11 
rise. From this perspective, the creation of additional shoreline by extending  12 
the seawall toward the river is evident. [Ann Horowitz; photograph, February 2013] 13 
 14 

land area between the river and the lighthouse, increasing the protection from flooding, 15 

storm surge, and erosion. 339 A rip-rap wall was added between the river and the seawall 16 

to minimize wave force. The District of Columbia cornerstone, now encased within the 17 

seawall, bears witness to years of sea level rise. It originally was constructed on dry 18 
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ground, but now sits at the base of the seawall at the river’s edge.340 Placing the historic 1 

marker within the seawall protects the object from erosion. (Fig. 76) 2 

 3 

 4 
          Fig. 76: The seawall protects the boundary  5 
          stone from further erosion, yet it can be viewed  6 
          through the glass cover. [Ann Horowitz; pho- 7 
          tograph, February 2013] 8 

 9 

Additionally, the Jones Point improvement plans included the installation of a 10 

higher capacity stormwater drainage system, a non-structural adaptation. This adaptation 11 

was implemented to mitigate the flooding that extended inland due to undersized storm 12 

drain culverts in the park and under the historic neighborhood.341 13 

The sea level rise map for 2100, showing the inundation of the lighthouse, berm, 14 

and historic properties, does not take into account the benefits of these adaptations. The 15 

LiDAR data used to create these maps were collected in 2008, prior to the 2011–2012 16 

adaptations applied at Jones Point Park. The actual inundation may be minimized at the 17 

park due to the combination of hard, soft, and non-structural adaptations implemented by 18 

the National Park Service.  19 

  20 
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Proposed Adaptations 1 
 2 

Locally, the city has initiated three studies that propose adaptations to minimize 3 

the effects of sea level rise in the Alexandria Historic District. The first, The 4 

Environmental Action Plan 2030, presents a broad city strategy for addressing climate 5 

change and environmental quality. The 2008 report introduces the need for addressing 6 

climate change at the local level. The broad goals include the monitoring of sea level rise 7 

on the waterfront in order to effectively plan adaptations. It recommends the gradual 8 

separation of sanitary sewer and stormwater infrastructure, a non-structural adaptation.342 9 

A second report, the Potomac River Waterfront Flood Mitigation Study, provides 10 

a comprehensive evaluation of possible adaptations to protect Alexandria’s waterfront 11 

from sea level rise impacts. An initial assessment in the report acknowledges the 12 

difficulty of implementing structural adaptations because of Old Town’s dense urban 13 

character.343  14 

This 2010 analysis weighs sixteen criteria to establish an adaptation priority list. 15 

The evaluated criteria (ranked in order of importance) are: 1) flooding reduction 16 

capability, 2) property owners’ costs, 3) commercial revenue losses, 4) aesthetics, 5) 17 

ability to construct, 6) city liability, 7) Potomac River viewshed impacts, 8) private 18 

property purchase, 9) state and federal funding, 10) repetitive property damage, 11) cost 19 

of flood insurance, 12) property ownership, 13) environmental impacts, 14) limits 20 

imposed on recreational use, 15) influence on historic and archaeological resources, and 21 

16) regulatory requirements.344 Each adaptation is assigned a numerical weight based on 22 

the criteria it satisfies. This results in the selection of the nine highest ranked adaptations 23 

for further study. They are (in order of ranking): 1) seawall; 2) pedestrian floodwall; 3) 24 
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acquisition of repetitively flooded properties; 4) sandbags or other temporary barriers; 5) 1 

raised road elevations; 6) building elevations; 7) flood proofed buildings; 8) strengthened 2 

floodplain and zoning ordinances; and, 9) relocation of storage and utilities to upper 3 

floors.345 4 

The study further examines the impacts each of the nine adaptations has on 5 

natural and cultural resources. Last, a cost-benefit analysis is conducted. In addition to 6 

assessing the cost effectiveness of the adaptations, the cost-benefit analysis also gauges 7 

the most cost effective flood level to adapt to. It determines that the city should plan for 6 8 

foot (1.8 meter) high floods that have a probability of occurring every 10 years.346 To 9 

mitigate this flood level, the study determines that protection is needed at the base of 10 

Oronoco Street (outside the district) and at the base of King Street to the base of Wolfe 11 

Street.  12 

The study selects a 550-foot (167-meter) long, six-foot (1.8-meter) high 13 

pedestrian floodwall as the best performing and most cost effective adaptation after all 14 

considerations are calculated. Protection would be afforded to 43 commercial and 23 15 

residential properties, a mixture of historic and contemporary buildings. 347 In addition, 16 

the King and Union Streets intersection and The Strand would be elevated to minimize 17 

road closures during floods. At the elevated King and Union Street intersection, a park is 18 

also proposed so pedestrians will not be cut off from the river. These adaptations create a 19 

new pedestrian amenity, discontinue the sandbag program, and reduce the need to close 20 

roads.348 The perceived benefits outweigh the “indirect adverse effect” of closing off the 21 

river view from approximately thirty historic properties.349 To maintain some views of 22 

the river, automatic floodgates at the terminuses of King, Prince, and Duke Streets are to 23 
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be placed within the pedestrian floodwall. These would remain open until threats of flood 1 

or storm surge are imminent.350 Despite the benefits, the pedestrian floodwall and the 2 

elevated roadways would not offer flood and storm surge protection against severe 3 

storms.351 4 

The elevation of the roads may also compromise the integrity of the historic 5 

district. Road width, removal of historic landscaping, and the use of incompatible road 6 

materials could affect the design, setting, materials, and feeling of the historic district. If 7 

sidewalk elevations are included, the architectural integrity of buildings’ lower floors 8 

would be negatively impacted.352 9 

In addition, the mitigation study proposes the implementation of non-structural 10 

adaptations. City-initiated improvements to the stormwater drainage system, 11 

enhancement of the floodplain and zoning ordinance, and expanding the sandbag 12 

program are recommended due to widespread benefits.353  13 

Non-structural adaptations adopted by property owners for individual buildings 14 

receive favorable ratings. Flood proofing, floodgates, custom flood proof doors, custom 15 

flood proof windows, berms created by raised patios, elevations of internal floors are 16 

recommended as cost effective. The report also encourages the relocation of lower floor 17 

or basement valuables, storage, and utilities to upper stories in the waterfront commercial 18 

and King Street areas.354 19 

Although ranked sixth, the study considers the elevation of entire buildings as not 20 

applicable to the building stock in the Alexandria historic district. Elevating brick 21 

buildings is technically difficult. Further, elevating attached buildings, composing a city 22 

block, would be highly impractical. For this reason, the mitigation study directs its 23 
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analysis to the internal elevation of the first floor instead of the elevation of the building. 1 

Some of the individual property adaptations have limits to the protection they 2 

provide. In the King Street area, flood proofing would protect historic buildings only up 3 

to a three-foot (0.91 meters) flood level.355 Raising the internal elevation of the first floor 4 

by one foot (0.31 meters) is possible for only 16 historic properties in the flood-prone 5 

area. In historic properties where internal elevation is not an option, the study 6 

recommends the installation of flood proof doors and windows. Both adaptations afford 7 

the same benefits.356 8 

 In addition to the nine adaptations chosen, the study evaluates berm protection 9 

for the historic residences northwest of Jones Point. The study finds that seventeen 10 

historic properties within the local historic district would be flooded by 3.35 feet (one 11 

meter) of water during an extreme flood event. The probability of this occurring is every 12 

100 years.357 The proposed berm is 1,370 linear feet (418 meters) with an average height 13 

of nine feet (2.7 meters). After further calculations, the study determines the Jones Point 14 

berm is not a cost effective option.358 15 

All of the adaptation proposals evaluated in the Potomac River Waterfront Flood 16 

Mitigation Study are located within the Alexandria Historic District and the Old and 17 

Historic Alexandria District. As a result, a local and federal review would assess the 18 

impacts of adaptation methods on the integrity of historic buildings and the district before 19 

construction could commence. For the local district, the Board of Architectural Review 20 

(BAR) would evaluate the effects of proposed alterations and additions caused by the 21 

pedestrian floodwall and the elevated roadway. The BAR would also review alterations 22 

to individual buildings: floodgates, flood proof doors and windows, and berms. 23 
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A federal review procedure, Section 106, would be triggered if federal funds are 1 

used for adaptation construction. The Virginia State Historic Preservation Office would 2 

become involved to determine if an adverse effect results from the addition of an 3 

adaptation in the historic district. This applies to the pedestrian floodwall or elevated road 4 

projects if federal aid is included in the construction budget.  5 

The Waterfront Small Area Plan, approved by the city council in February 2012, 6 

is the third report that includes adaptation proposals for the city of Alexandria. This 7 

comprehensive plan designed to guide waterfront development acknowledges that sea 8 

level rise “presents a challenge to both the present and any future redeveloped state of the 9 

waterfront.”359 As a result, the plan takes into account quality of life, cost to the city, and 10 

preservation of the historic district in its support of implemented and proposed 11 

adaptations.360 The waterfront plan incorporates the adaptations proposed by the 12 

Environmental Action Plan 2030 and the Potomac River Waterfront Flood Mitigation 13 

Study. In addition, it includes green infrastructure—natural swales, rain gardens, and 14 

bioretention areas—as adaptations to reduce flooding by collecting runoff from 15 

impervious surfaces.361 The estimated cost to implement the waterfront flood mitigation 16 

plan is $6.8 million.362 17 

City resident response to the waterfront plan has been contentious. The Citizens 18 

for an Alternative Alexandria Waterfront Plan (CAAWP) organized to oppose its 19 

passage. CAAWP was against the commercial and hotel development aspects, saying that 20 

new construction was too dense and the proposed height limits were out of scale with the 21 

historic district. The group argued that new hotels would exacerbate traffic congestion in 22 

Old Town. Its alternative plan was to develop “Parks, Arts, and Museums” instead of 23 
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adding commercial businesses on the waterfront. CAAWP co-chair Andrew Macdonald 1 

stated that his group’s proposal showed “the City’s waterfront plan will have adverse 2 

impacts on the community and the historic identity of Old Town.”363 After a review, the 3 

city determined the alternative plan would “cost between $80 million and $109 million” 4 

and  “would not pay for itself.”364 The city’s Waterfront Small Area Plan Work Group 5 

held fifteen public meetings to review CAAWP’s concerns, responding with seventy 6 

revisions to the original plan.365 In February 2012, the city council approved the 7 

waterfront plan. Individual residents, however, soon filed a series of lawsuits questioning 8 

the legality of the council’s vote and the planning department’s procedural methods.366  9 

The inability of the city to move forward on the waterfront plan due to the 10 

lawsuits also delayed the implementation of the flood mitigation adaptation proposals. On 11 

February 15, 2013, the mayor and city manager announced the revision of a zoning 12 

ordinance that would allow the city council to vote again on the waterfront plan, 13 

presumably approve it, and bypass the delays caused by litigation.367 Staff from the 14 

Transportation and Environmental Services Department presented details of the King and 15 

Union Street intersection elevation soon after the February 15th announcement.  16 

The city of Alexandria receives information on sea level rise and adaptation 17 

strategies through its participation in the Northern Virginia Regional Commission 18 

(NVRC). This collaborative planning group is composed of city and county government 19 

representatives, property owners, and Northern Virginia universities. They meet regularly 20 

to monitor local sea level rise, identify risks, and learn about adaptation efforts and 21 

opportunities. Further, the group is briefed on relevant local regulations that relate to 22 

climate change. The NVRC compiled the sea level rise vulnerability information for 23 
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Alexandria and Jones Point used in this treatise. Presently, the NVRC is producing a 1 

Guidebook for Regional Adaptation with the EPA.368 2 

While planning adaptations, Alexandria did not receive financial or informational 3 

support from the state. Virginia is “largely unprepared and lagging behind” in planning 4 

for sea level rise according to the Natural Resources Defense Council.369 The state has 5 

not conducted a statewide assessment of sea level rise vulnerability nor has it coordinated 6 

adaptation planning with communities.370 The General Assembly agreed to finance a 7 

study on sea level rise impacts, at the urgent request of the Hampton Roads area 8 

delegates, if the document assessed “recurrent flooding,” not sea level rise.371 The 9 

Virginia Institute of Marine Science (VIMS) at William and Mary completed the 10 

Recurrent Flooding Study for Tidewater Virginia and submitted it to the General 11 

Assembly in January 2013. VIMS worked collaboratively with state agencies, 12 

universities, interest groups, and the Hampton Roads Regional Planning Commission to 13 

develop the report. 14 

 15 
Decision-makers and Stakeholders 16 
 17 

A cross-departmental group of city employees as well as citizen commissions and 18 

work groups have been involved in adaptation planning for vulnerable buildings within 19 

the Alexandria Historic District. Colleges, universities, engineering consultants, and the 20 

regional planning commission contributed expertise to the three reports initiated by the 21 

city. Within the city government, the Transportation and Environmental Services, 22 

Planning and Zoning, and Recreation, Parks, and Cultural Activities departments 23 

collaborated on developing adaptation strategies. Residents represented the citizen views 24 
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by volunteering for commissions and work groups within these departments. The mayor 1 

and City Council were the ultimate decision-makers in support of the adaptation-related 2 

plans.  3 

The Environmental Policy Commission, under the Transportation and 4 

Environmental Services department, proposed in the Environmental Action Plan 2030 to 5 

create a subcommittee that would be assigned to monitor climate change and recommend 6 

relevant policy guidance and strategies. The group would be composed of representatives 7 

from the city staff, civic groups, scientists, and the business community.372 8 

City departments involved in historic preservation contributed to the development 9 

of the Waterfront Small Area Plan, but not directly to adaptation planning. The 10 

Preservation Planning and Alexandria Archaeology divisions of city departments 11 

contributed historic research and ideas for historic interpretation. The Board of 12 

Architectural Review ruled on the local significance of some historic waterfront 13 

properties for inclusion in the plan. The Old Town Civic Association, a resident 14 

membership organization supporting historic preservation, provided input to the 15 

waterfront plan before the city council vote.  16 

For Jones Point Park, the National Park Service was the decision-maker. The city 17 

and civic groups were stakeholders. The NPS worked collaboratively with the community 18 

during the development, public comment, and construction phases of the improvements. 19 

It requested feedback at Stakeholder Participation Panel meetings and at meetings with 20 

individual civic groups between 1998 and 2007. The NPS also worked closely with city 21 

government departments to develop the park’s improvement plan.373 22 

  23 
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Summary of Findings: Alexandria, Virginia 1 
 2 

Except for the NPS, the city of Alexandria has implemented few adaptations in 3 

the city. Individual property owners in chronically flooded areas have applied many of 4 

the existing adaptation solutions, similar to strategies outlined in English Heritage’s 5 

Flooding and Historic Buildings. The Potomac River Waterfront Flood Mitigation Study 6 

proposes numerous options to safeguard historic buildings from chronic flooding. 7 

Nonetheless, these are not designed with sea level rise projections in mind. Flood 8 

mitigation efforts proposed in the study had been temporarily stalled because the plans 9 

were loosely linked with the controversial Waterfront Small Area Plan.  10 

Residents’ concerns regarding the waterfront plan related to increased height 11 

limits for new construction, higher building density, and more traffic congestion. They 12 

believed the proposed development would affect their quality of life and negatively affect 13 

the historic district. The public, however, did not question the wisdom of building in a 14 

flood zone or the effects of the flood mitigation proposals on quality of life and historic 15 

resources. This may have been due to a lack of community education programs on sea 16 

level rise science and its projected pressures on the waterfront. As the city begins to 17 

implement adaptation solutions from the waterfront plan, it could again meet resistance 18 

from an uninformed citizenry. Adaptation theory and research discussed in this thesis 19 

study stress the connection between public education and the development of successful 20 

local adaptation strategies that receive community support. 21 

A cross-section of city departments participated in the development of the 22 

waterfront plan, as recommended by adaptation theorists and researchers. Preservation 23 

planners contributed expertise on the interpretation of the historical landscape, but were 24 
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uninvolved in developing adaptations or in ensuring that integrity remained unaffected in 1 

the historic district.  2 

The flood mitigation study includes the use of a cost-benefit analysis to identify 3 

buildings to protect and adaptation strategies to implement. Economic terms define 4 

benefits in the analysis, ignoring the advantages of social and environmental factors. If 5 

widely applied, this type of analysis would favor adaptations in commercial areas with 6 

high real estate valuations over the protection of modest or low-income residential 7 

neighborhoods. As the study illustrates, adaptations for buildings in the historic 8 

commercial waterfront area earned high cost-benefit ratios. Low ratios are calculated for 9 

adaptation strategies designed to protect historic residential homes at the district’s border. 10 

Consequently, adaptations are recommended for the commercial waterfront, but not for 11 

the residential area.  12 

The National Park Service’s improvements at Jones Point Park represent the most 13 

comprehensive adaptation plan applied in the case study cities. The NPS engaged the 14 

community through resident and city council stakeholder meetings. Local feedback was 15 

considered in the planning of adaptations. Land and historic resources were granted 16 

protection from adaptations in areas where flooding is projected by 2050 and 2100. The 17 

National Park Service’s methods for protecting the lighthouse and boundary marker offer 18 

insight into the extent historic resources might be shielded from sea level rise impacts in 19 

the future. Like the St. Augustine historic seawall, the boundary marker lost a high 20 

degree of integrity. A seawall replaced the land between the lighthouse and the river to 21 

guard from erosion. The NPS chose to reduce integrity rather than have the historic 22 

resources destroyed by the increasing effects of sea level rise. 23 
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The Virginia state boundary delineated by the low mean tide line influenced the 1 

types of adaptation strategies the NPS could apply to the park. The commercial portion of 2 

the historic district would also be affected by the legal boundary limiting the types of 3 

possible adaptation approaches in that area. 4 

The state of Virginia provides negligible support to Alexandria and its other 5 

communities on issues relating to sea level rise. Adaptation theory and research studies 6 

assert this does not impact the ability of local communities to plan, but the lack of state 7 

backing limits the implementation of a comprehensive adaptation plan.  8 

Virginia’s policy to replace sea level rise discussions with conversations on 9 

“recurrent flooding” may also influence the efforts of some communities on adaptation 10 

planning. Like the state, Alexandria’s adaptation plans reveal that the city focuses its 11 

attention on mitigating current flood conditions as opposed to preemptively planning for 12 

the projected effects of sea level rise. 13 

Successful adaptation implementation has been unevenly applied in Alexandria. 14 

The NPS followed through on a comprehensive plan, based on sea level rise projections, 15 

to protect Jones Point Park from sea level rise impacts. On the other hand, the city 16 

proposed flood mitigation measures without incorporating factors for projected sea level 17 

rise. Alexandria residents’ dissatisfaction with the waterfront development proposals 18 

temporarily blocked the city’s efforts to proceed with adaptations to mitigate current 19 

flooding problems. In the future, the implementation of a long-range, comprehensive 20 

adaptation plan may materialize with state support, cross-departmental participation at 21 

the local level, and public education programs on sea level rise projections and impacts. 22 

  23 
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Conclusion for Case Studies 1 
 2 

St. Augustine, Elizabeth City, and Alexandria reflect the characteristic early 3 

European development patterns along the Atlantic Coast. The first settlers sought land on 4 

tidal estuaries to develop their towns, away from the ocean’s direct coastal impacts, but 5 

close enough to accommodate shipping, trade, and travel. St. Augustine is the exception, 6 

located three miles from the ocean. It succeeded as a military and missionary post, 7 

although trade was attempted. The densely developed original town areas each portray a 8 

unique architectural and cultural past, qualifying them as National Register historic 9 

districts. The historic districts outside the first settled areas continue the rich, historical 10 

development narrative beyond the time of the first European residents.  11 

Each city’s cultural background influences its distinct historic districts, with 12 

natural building materials providing further significance. The Laws of the Indies, 13 

developed in Spain, dictate the form of St. Augustine’s town plan. In addition, Spanish 14 

architectural practices were applied to invent the “St. Augustine Plan” for buildings.98 15 

Coquina and tabby, locally found construction materials, enhance the singular 16 

architectural style, creating a sense of place only found in St. Augustine. In Elizabeth 17 

City, the surrounding forests supplied plentiful lumber for the construction of buildings in 18 

the historic districts, many accented with decorative bargeboard. The town plat resembles 19 

the original city grid of Alexandria, possibly reflecting the both areas’ British origins. 20 

The town planning rules mandated by Alexandria’s first trustees created the area’s 21 

signature rowhouse style. Brick served as the prominent building material in Alexandria 22 

due to the large deposits of clay in the soil. 23 

The sense of place inherent in each of the case study cities establishes a high 24 
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quality of life, supporting social, economic, and environmental sustainability. The future 1 

of each city’s historic record and quality of life, however, is found to be at risk. Low- 2 

lying lands are identified as susceptible to flooding, primarily in landfilled areas. As sea 3 

level rise intensifies, all of the historic districts could be significantly compromised by 4 

2100 unless adaptation solutions are developed. Current flooding, storm surge threats, 5 

and land erosion conditions have prompted the cities to implement or propose adaptations 6 

to current flooding. These solutions have not factored in sea level rise except in Elizabeth 7 

City and at Jones Point Park in Alexandria. The specific sea level rise projections used by 8 

the two locations to plan adaptations, however, are not communicated in reports. While 9 

current adaptation plans may mitigate flood, storm surge, and erosion conditions in the 10 

short-term, the historic preservation community will need to become involved in the 11 

development of alternative, long-term adaptation plans to protect the cities’ historic 12 

districts from the effects of sea level rise. 13 

Adaptation planning requires the counsel of varied parties. In the case study cities, 14 

a broad range of decision-makers and stakeholders—city departments and political 15 

leaders, residents, regional planning agencies, colleges and universities, and state 16 

governments—have been involved in the development of adaptation strategies. The 17 

preservation community, however, has been largely absent from the planning discussion. 18 

Nonetheless, preservation policy at the federal, state, and local levels required 19 

preservation leaders to become included in St. Augustine and at Jones Point Park in 20 

Alexandria. The Section 106 process drew the city archaeologist and the Florida State 21 

Historic Preservation Office into planning for the new seawall. They suggested options to 22 

save a remnant of the historic seawall and evaluated potential impacts on historic 23 
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integrity. A local zoning ordinance directed the St. Augustine Historic Architectural 1 

Board to assess the alterations to the historic seawall prior to construction. The National 2 

Park Service was required to consider the impacts of park improvements on the Jones 3 

Point lighthouse and the cornerstone in the Environmental Assessment Report. The 4 

historic preservation community should also assume an adaptation planning role in 5 

instances when governmental policies do not mandate its participation. This advocacy 6 

position ensures the protection of historic resources during adaptation planning 7 

discussions.  8 

State support for adaptation planning, critical to successful implementation of a 9 

comprehensive plan, varies among the case study cities. Political leaders in North 10 

Carolina and Virginia essentially ignore sea level rise projections and the need to adapt. 11 

In sharp contrast, Florida is one of the leading states addressing climate change 12 

mitigation and adaptation planning. As the effects of sea level rise intensify, St. 13 

Augustine’s adaptation planning will benefit through access to funding, scientific data, 14 

and public education. Barring shifts in state policies, Elizabeth City and Alexandria may 15 

find it difficult to compete for federal funds earmarked for adaptation. The lack of 16 

specific sea level rise projections and an uninformed community could hinder the 17 

development and implementation of sound adaptation solutions.  18 

 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
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CHAPTER V 1 
CASE STUDY DATA ANALYSIS 2 

 3 
 4 

Introduction 5 
 6 

All three Atlantic Coast case study cities—St. Augustine, Florida; Elizabeth City, 7 

North Carolina; and Alexandria, Virginia—have developed adaptation plans, although 8 

few specifically address the projected effects of sea level rise. Except at Jones Point Park 9 

in Alexandria, Virginia, and in Elizabeth City, North Carolina, the communities’ 10 

adaptation efforts mitigate current chronic flood conditions and exclude long-term 11 

solutions to sea level rise impacts. Nonetheless, the sea level rise scenarios based on the 12 

accepted projections of rise for 2050 and 2100 illustrate that the threats of floods, storm 13 

surges, and coastal erosion are very likely to worsen, increasing the vulnerability for 14 

these cities. As sea level rise accelerates, the cities’ National Register historic districts 15 

will face irreparable damage unless additional adaptations are applied. National Register 16 

designation may be compromised if historic properties are lost within the districts. The 17 

cities’ unique architectural and cultural legacies will likely deteriorate, reducing the 18 

residents’ quality of life.  19 

My analysis of the adaptations chosen by the cities confirms that the combination 20 

of adaptation strategies is unique for each community. Additionally, the examination 21 

indicates that a series of local adaptations are necessary to minimize sea level rise 22 

vulnerability. Generally, the adaptation solutions have been initiated at the local levels 23 

with funding secured from all tiers of government. The case study cities have proposed 24 



 178 

and implemented adaptations suggested by English Heritage, the British National Trust, 1 

the 1000 Friends of Florida, and the Mississippi Development Authority. Adaptation 2 

strategies used in Norfolk, Virginia, and Galveston, Texas, were also included in the 3 

cities’ plans. 4 

Some of the cities’ adaptation solutions protect historic districts and occasionally 5 

impact historic integrity. The case studies reveal two instances when the preservation 6 

community considered the adaptations’ effects on the integrity of historic resources. 7 

Aside from these proposal reviews, the preservation community was absent from initial 8 

adaptation planning and visioning discussions typically conducted within planning or 9 

public works departments. Opportunities exist for historic preservation professionals and 10 

historic property owners to join city planners, engineers, policy makers, scientists, 11 

environmentalists, disaster management teams, and emergency preparedness 12 

professionals in adaptation planning. In this way, they can ensure adaptation protection 13 

for historic properties that are vulnerable to sea level rise while providing a critical 14 

review aimed to minimize the effects on integrity. 15 

 16 
Sea Level Rise Threats 17 

 18 
By 2050 and 2100, the case study cities are similarly vulnerable to sea level rise. 19 

Each city, however, will experience different effects of sea level rise due to variations in 20 

geographic location and regional oceanography. Sea level rise is projected to be greater 21 

than global levels in Alexandria due to land subsidence. This will result in flooding that 22 

will likely be higher than in Elizabeth City, North Carolina, and St. Augustine, Florida. 23 

 24 
  25 
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Due to its ocean proximity, St. Augustine is more susceptible to the effects of ocean 1 

storms.  2 

For the case study cities, projections reveal that immediate shorelines, areas 3 

around inland waterways, and previously filled wetlands could likely be flooded by 2050. 4 

With a sea level rise of approximately 42 centimeters (one foot) by 2050, flooding would 5 

likely occur in portions of the historic districts. By 2100, the land area affected by one 6 

meter (3.3 feet) of sea level rise increases. As shorelines move inland, historic districts 7 

will gradually lose integrity or face destruction caused by the associated effects of sea 8 

level rise unless adaptations are applied to safeguard them. 9 

It is important that the case study cities begin adaptation planning in the near 10 

future since it is a time-intensive process. The cities could plan short-term strategies, 11 

applicable for 10–50 years, or institute a long-term approach, applying adaptations that 12 

are relevant for over 50 years.374 The use of shorter-term plans accommodates an 13 

incremental approach that allows for flexibility. As new sea level rise science data 14 

become available, local adaptation plans can be modified to better address the new 15 

information. Additionally, short-term plans, such as adaptations for flood proofing and 16 

flood resilience, tend to be less costly than engineered strategies applied for long-term 17 

benefits. On the other hand, long-term adaptations based on sea level rise projections 18 

supplant the need to frequently replace protective measures designed for the short-term. 19 

Generally, the case study cities’ planned or implemented adaptations act as short- 20 

term solutions. These may minimize sea level rise impacts on historic properties expected 21 

by 2050. But, by 2100 many of these adaptations could be obsolete if current sea level 22 

rise projections hold true. For example, the St. Augustine seawall and stormwater 23 
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improvements and Alexandria’s proposed floodwall and street elevations may prove to be 1 

inadequate solutions if sea level rises up to one-meter (3.3 feet) by 2100.  2 

 3 
National Register Historic Districts  4 

 5 
Most of the National Register historic districts in the case study cities are likely to 6 

be affected by sea level rise. Adaptations, however, have been implemented or proposed 7 

for only the districts already subjected to repetitive flooding or wave action damage. This 8 

philosophy is indicative of the common practice in the United States that addresses sea 9 

level rise impacts only after repetitive damage or a catastrophic event. Adapting to 10 

protect the built environment before devastation occurs is often more cost effective and 11 

less disruptive than reactionary emergency management and recovery programs. Starting 12 

to plan now to protect all the historic districts through adaptations would extend the 13 

cities’ unique cultural legacies. 14 

Due to this mitigation philosophy, adaptations have been proposed or 15 

implemented unevenly among the historic districts. St. Augustine considered the flood- 16 

prone St. Augustine Town Plan and Lincolnville historic districts in adaptation plans, 17 

disregarding the Abbott Tract, Model Land Company, North City, Fullerwood Park, and 18 

Nelmar Terrace districts that are potentially vulnerable in the future. Adaptation plans 19 

have been proposed and implemented in Elizabeth City to minimize flooding in the 20 

Elizabeth City and Shepard Street–South Road historic districts. Nevertheless, 21 

adaptations have not been designed for the Northside and Riverside historic districts, two 22 

areas likely to be significantly impacted by 2050. The city of Alexandria has proposed 23 

numerous adaptation strategies to protect the Alexandria Historic District, the only 24 
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municipal National Register district at risk. Within the district, however, adaptations are 1 

not evenly apportioned. Proposed adaptations are concentrated only in the commercial 2 

area of the historic district. A preliminary proposal for a berm to protect historic 3 

residential properties was denied because the cost-benefit analysis did not support it.  4 

 5 
Building Materials 6 

 7 
The case studies reveal how building materials determine the types of adaptations 8 

that are possible. Unique to each case study city, the building materials—coquina and 9 

tabby in St. Augustine, brick in Alexandria, and wood in Elizabeth City—react in 10 

different ways to the effects of sea level rise. The characteristics of each building material 11 

rule out certain adaptation strategies and encourage the application of other solutions that 12 

will be more protective. 13 

In St. Augustine, coquina and tabby buildings create the unique identity found in 14 

the colonial section of the city. Despite being prone to erosion and dissolution, centuries- 15 

old coquina buildings and the historic seawall continue to represent the cultural legacy of 16 

St. Augustine. More frequent floods, however, could hasten the deterioration of the 17 

coquina and tabby buildings and structures. Rising acid levels in the ocean and rainwater 18 

may compound the flood effects. In the St. Augustine Town Plan Historic District, raising 19 

the seawall is an appropriate adaptation to hold back floodwaters and storm surge, since 20 

the elevation of stone and masonry buildings is structurally impractical.  21 

As the coquina quarry rock became depleted in the nineteenth century, residential 22 

construction in St. Augustine primarily shifted to wood. Frame buildings can deteriorate 23 

from water damage caused by repetitive flooding. Homes near inland bodies of water in 24 
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the Lincolnville and Abbott Tract historic districts were likely elevated approximately 60 1 

centimeters (two feet) on coquina or concrete blocks when originally constructed. 2 

Although elevated, these properties could be threatened if water levels reach higher 3 

depths, a possibility by 2100.  4 

Non-elevated frame buildings in the historic districts will likely be at risk of 5 

immutable damage due to sea level rise flooding and heightened storm surges. Powerful 6 

storm surges may even destroy elevated buildings that are supported by weak pier 7 

systems. A post-Hurricane Katrina assessment in Mississippi found that frame buildings 8 

elevated by sturdy concrete or steel frame piers remained intact after Hurricane Katrina in 9 

Mississippi.375 St. Augustine property owners could also apply these reliable concrete and 10 

steel frame techniques to historic frame properties unprotected by the seawall.  11 

Like St. Augustine’s coquina and masonry buildings, the attached brick 12 

rowhouses in Alexandria are unsuitable for building elevation. The properties along the 13 

river have endured years of repetitive floods, suggesting regular maintenance of mortar 14 

joints around the bricks and foundation stones. English Heritage recommends this cost 15 

effective adaptation to guard against flood damage. Character defining, wooden 16 

architectural features—doors and window frames—divide masonry exterior walls of the 17 

historic buildings. Temporary sandbag walls, suggested by English Heritage and the 1000 18 

Friends of Florida, cover and protect the exterior wood paneling from water damage 19 

when floods threaten. While sandbags have been a successful adaptation, the strategy will 20 

not suffice as sea level rise intensifies. Following St. Augustine’s example, Alexandria 21 

proposes to protect its stone and masonry buildings with a seawall, designed as a 22 

pedestrian floodwall.  23 
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In Elizabeth City, frame buildings are prominent in the historic districts, although 1 

some masonry buildings are located in the Elizabeth City and Riverside historic districts. 2 

A few elevated frame buildings are found only in the flood-prone Shepard Street–South 3 

Road historic district. The elevations may be original to the time of construction. Three- 4 

foot (91-centimeter) high cement block foundations, punctuated by air vents, elevate 5 

some properties in this district. Flooding has caused wood deterioration on non-elevated 6 

homes. The frame residences in the Riverside and Northside historic districts are not 7 

elevated in areas likely to be flooded by 2050. The elevation of at risk frame buildings in 8 

the densely built areas of the Elizabeth City, Northside, and Shepard Street–South Road 9 

historic districts, however, may be unachievable. Construction equipment required for 10 

elevation change may not fit in the minimal space between buildings in these districts. 11 

Building elevation could be accommodated in the less dense Riverside Historic District.  12 

 13 
Comparison of Local Adaptation Approaches 14 

 15 
In addition to building materials, the case studies demonstrate how the natural and 16 

built environments dictate the specific nature of local adaptation planning. The proximity 17 

to natural resources and open space, the development density, and economic valuation, 18 

are factors in the adaptation proposal or selection process. Economic, social, and political 19 

perspectives also influence the ways adaptations are applied.  20 

An analysis of the case studies reveals that St. Augustine and Alexandria have 21 

implemented or proposed a wide range of adaptations in the hard, soft, and non-structural 22 

categories. (Table 6) All three cities have considered adaptations in the non-structural and 23 

soft categories. Common non-structural strategies include upgrades to stormwater   24 
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Case Study Adaptations by Type 1 

 2 
Table 6. Data based on the study by Ann Horowitz, May 29, 2013. Key: X = action 3 
taken; JPP = Jones Point Park; OT = Old Town.  4 
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drainage systems and zoning and building codes. Soft adaptation solutions have been 1 

proposed or applied, although each city has adopted different approaches in this category.  2 

Recent stormwater drainage improvements indicate that the impacts of sea level 3 

rise are becoming evident in all the case study cities. As sea level rises along the low- 4 

lying city shorelines, the gravitational force, which is needed to drain stormwater, 5 

diminishes. 6 

Stormwater collection drainage systems can be adapted to address this problem by 7 

installing larger pipes or wider drainage canals. Riberia Street in St. Augustine, Elizabeth 8 

Street in Elizabeth City, and Jones Point Park in Alexandria are the sites of stormwater 9 

system upgrades. All the stormwater improvement projects have improved flood 10 

conditions in the local National Register historic districts. As sea level rise conditions 11 

intensify, the stormwater systems would require the addition of pumps to remove excess 12 

water more quickly. The St. Augustine Public Works Director, Martha Graham, 13 

mentioned this as a possible solution, although a “substantial financial investment” to 14 

protect St. Augustine from nuisance flooding.376 Stormwater, sewer, and water line 15 

upgrades are not likely to impact integrity unless historic resources are permanently 16 

altered in the course of construction.  17 

Secondly, each locality includes zoning and building ordinances for the elevation 18 

of buildings in flood zones, the regulation of stormwater systems, and the preservation of 19 

shoreline vegetative buffer zones. Each of these requirements is directed toward new 20 

development and does not apply in historic districts. The elevation ordinance, nearly 21 

identical in all of the communities, results from a Federal Emergency Management 22 

Agency (FEMA) requirement. The regulation orders the first floor of new construction to 23 
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be elevated above the 100-year base flood elevations established by FEMA. 1 

Municipalities participating in the Community Rating System (CRS), a FEMA Federal 2 

Flood Insurance Administration program, are required to adopt this ordinance. Residents 3 

in CRS localities are then eligible to receive discounts on their flood insurance. For non- 4 

CRS participants, FEMA encourages the inclusion of the elevation mandate in order fo 5 

citizens to receive flood insurance, but discounts do not apply. Alexandria and St. 6 

Augustine take part in the CRS; Elizabeth City does not.  7 

The elevation zoning ordinances do little to encourage the elevation of historic 8 

properties from flooding since the regulation is only applicable when substantial 9 

alterations are made. Martha Graham, Public Works Director in St. Augustine, explained 10 

that this has created a dilemma in a city where many of the properties are historic and 11 

most of the land has already been developed.377 A similar situation exists in the 12 

Alexandria Historic District. In Elizabeth City, scattered parcels of developable land are 13 

available for new construction where the elevation zoning ordinance would be relevant.  14 

Historic district integrity could be compromised as a result of the FEMA directed 15 

ordinance. New, elevated properties may be incompatible in location, scale, and design 16 

with adjacent, non-elevated historic buildings. The Mississippi Development Authority’s 17 

Elevation Design Guidelines discusses the importance of maintaining these elements of 18 

integrity within a historic district. A building elevated more than a few feet above its 19 

neighbors, upsets the visual cohesiveness of a historic neighborhood.378  20 

Zoning ordinances for stormwater management are designed to ensure that the 21 

systems in new developments are built to accommodate current flood conditions. 22 

Elizabeth City includes the reduction of impervious surfaces in its stormwater 23 
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management plans. These ordinances do not stimulate stormwater upgrades in historic 1 

districts where flooding could be mitigated to protect historic properties. Alexandria’s 2 

repetitive flooding in the historic district’s commercial area may improve if the proposed 3 

project to decouple the sewer and stormwater systems is undertaken in the future. 4 

Because stormwater systems are upgraded underneath or along city streets, they would 5 

not adversely affect the integrity of historic districts, although temporary impacts on 6 

historic setting are possible during the construction phase. 7 

The cities’ ordinances regulating vegetative buffer zones require that new 8 

development must be set back from the shoreline to maintain a permeable surface that 9 

absorbs floodwater and precipitation. In historic district areas like Alexandria and St. 10 

Augustine, this requirement does not apply because dense development is already 11 

established up to the shoreline. The historic districts of Elizabeth City are setback from 12 

the immediate shoreline, affording them more protection from the effects of sea level 13 

rise. The preservation of a vegetative buffer zone would have no affect on the integrity of 14 

Elizabeth City’s historic districts. 15 

The three case study cities propose or implement soft adaptations. The proximity 16 

of natural landscapes and the density of development influence the specific methods that 17 

are selected. Existing natural areas or open space, such as wetlands and beaches, are 18 

generally required to implement soft adaptation solutions on a large scale. Berms for 19 

individual properties and green infrastructure represent adaptations that can be developed 20 

in densely developed areas.  21 

Elizabeth City’s support of environmental conservation and preservation, evident 22 

in its land use plan, may account for the city’s soft adaptation preference. During the 23 



 188 

2009 public listening sessions, citizen participants voiced their support for soft 1 

adaptations as environmentally sound and relatively inexpensive solutions. Pasquotank 2 

County’s rural setting may reflect the public’s preference for the natural environment. 3 

Wetlands and open space are found within Elizabeth City, despite the densely developed 4 

historic area. The vegetative buffer zone, along most of the center city shoreline, absorbs 5 

floodwater and storm surges. The Charles Creek Park Wetlands were restored also in this 6 

area, minimizing some of the flooding effects on the Shepard Street–South Road and 7 

Elizabeth City historic districts.379 Additionally, the site of the proposed canal, a water 8 

retention feature, is located along the shoreline near the vegetative buffer area. If 9 

developed, this adaptation may improve flood conditions and reduce storm surge risk in 10 

the Elizabeth City and Shepard Street–South Road historic districts. Open space 11 

acquisition is a land use plan priority and is possible within Elizabeth City’s historic 12 

districts. As an adaptation, open space would absorb the impacts of excess precipitation, 13 

river flooding, and storm surge. 14 

The soft adaptations applied in St. Augustine were constructed in natural areas 15 

adjacent to the densely developed colonial section of the city. Within the Lincolnville 16 

historic district, the water retention structure was repaired at the existing Maria Sanchez 17 

Lake. Beach replenishment and wetland reclamation projects were undertaken on barrier 18 

islands east of St. Augustine. In the Alexandria Historic District, high building density 19 

led to the proposal for small-scale green infrastructure adaptations that could be 20 

incorporated into the built environment. At the district’s urban fringe, larger-scale soft 21 

adaptations—the earthen berm and the preserved wetlands—could be accommodated at 22 

Jones Point Park. Soft adaptations in the case study cities do not compromise historic 23 
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integrity and significance since most strategies were based on existing natural areas.  1 

Elizabeth City’s soft adaptation preference is representative of strategies favored 2 

by English Heritage and the British National Trust. In Great Britain, hard barriers had 3 

been historically applied to hold back the sea. After centuries of use, a dependence on 4 

hard adaptations resulted in damage to the environment. The government seeks to limit 5 

environmental degradation by encouraging the use of soft and non-structural adaptations.  6 

The adaptation approaches differ among the case study cities when hard and the 7 

non-structural adaptations of flood proofing and flood resilience are examined. St. 8 

Augustine and Alexandria have considered or adopted these adaptations while Elizabeth 9 

City has not. Regarding hard adaptations, seawalls effectively and equitably protect 10 

densely developed areas from storm surge and extreme wave heights, as described in the 11 

St. Augustine Town Plan and Alexandria historic districts. St. Augustine’s location, three 12 

miles from the open ocean, is particularly vulnerable to the effects of ocean storms.  13 

The two cities recognize that seawalls (as well as floodgates in Alexandria) are 14 

cost effective based on cost-benefit analyses. The benefits associated with the large 15 

number of buildings protected, the economic value of the properties, and the tax dollars 16 

generated support the construction of the costly seawalls. The St. Augustine Town Plan 17 

and Alexandria historic districts house businesses and support employment while 18 

generating tax revenue through tourism. The loss of these income-producing assets—the 19 

historic buildings—would be a detriment to the local economies.  20 

The hard adaptation examples in St. Augustine and Alexandria impact the 21 

integrity of the historic districts’ commercial areas. St. Augustine’s Avenida Menendez 22 

seawall affects the design, setting, materials, workmanship, and feeling of the historic 23 
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seawall, although ocean storm impacts had previously altered its integrity. Because of the 1 

new seawall, a section of the historic structure is maintained, something that would not 2 

have been possible otherwise. Alexandria’s proposed pedestrian floodwall with 3 

floodgates at street terminuses, alters the historic location and setting by eliminating the 4 

river viewshed.  5 

Density and economic advantage were not considerations in the decisions to apply 6 

hard adaptations at the National Park Service (NPS) units in St. Augustine and 7 

Alexandria. At the Castillo de San Marcos and Jones Point Park, hardening the shoreline 8 

guards these historic resources from sea level rise impacts. The use of a rip-rap wall at 9 

the Castillo de San Marcos minimizes the dissolution of the historic seawall, although it 10 

was not designed with future sea level rise projections in mind. During current high tides, 11 

the rip-rap adaptation is nearly submerged. Rip-rap walls at Jones Point Park protect the 12 

shoreline and the base of the seawall from erosion. The seawall shields the historic 13 

lighthouse and the Washington, D.C., cornerstone from the effects of sea level rise. The 14 

NPS staff for Jones Point applied sea level rise projections to plan the park’s hard 15 

adaptations. They chose sea level rise strategies based on the historical, architectural, and 16 

cultural value of the historic resources, rather than on economic contributions to the local 17 

economy.  18 

The NPS hard adaptations affect district integrity to varying degrees. The rip-rap 19 

walls add another visual dimension to the settings, however they do not compromise 20 

integrity. At Jones Point Park the seawall imposes little effect on the lighthouse’s 21 

integrity, but hides and isolates the cornerstone, impacting the historic object’s design 22 

and setting. Like the historic St. Augustine seawall, the cornerstone would soon be lost if 23 
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the Jones Point seawall did not protect it. 1 

Federal FEMA policy for CRS participants guides the non-structural, building 2 

retrofit adaptations of flood proofing and flood resilience established by St. Augustine 3 

and Alexandria. As CRS participants, St. Augustine and Alexandria are encouraged 4 

through the FEMA incentive program to publicize methods that property owners could 5 

apply in the areas of flood proofing and flood resilience. FEMA awards points to CRS 6 

localities for flood mitigation strategies in the areas of public information, mapping and 7 

regulation, flood damage reduction, and flood preparedness. The more points a 8 

community earns, the lower the flood insurance premiums are for its citizens. As a non- 9 

CRS participant, Elizabeth City is not required to post flood proofing and flood resilience 10 

recommendations with its adaptation plans. 11 

Regardless of an area’s CRS status, property owners in communities vulnerable to 12 

sea level rise would benefit from information on the building retrofit adaptations 13 

promoted by FEMA and also recommended by English Heritage and the 1000 Friends of 14 

Florida. Flood proofing and flood resilience are relatively inexpensive to implement and 15 

can be individually designed to suit a building. Flood proof adaptations offer protection 16 

up to one meter (3.3 feet) of flooding, potentially safeguarding properties for the long- 17 

term until 2100. In Alexandria, historic properties could be safeguarded by 2050 through 18 

the elevation of internal floors by one foot (0.31 meters). Permanent building retrofit 19 

alterations such as air vent covers, drainage ditches, individual earthen berms, and 20 

floodgates may affect the integrity of a historic building. Flood resilience techniques 21 

protect historic buildings during minor flooding, provide a short-term benefit, and 22 

generally do not compromise integrity.  23 
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Alexandria is considering the raising of roads and sidewalks, a non-structural, 1 

infrastructure adaptation. In Norfolk, Virginia, this adaptation did not provide long-term 2 

benefits. The Alexandria adaptation proposal ignores the potential harm to adjacent 3 

historic buildings and district integrity. During floods, roads and sidewalks running along 4 

historic blocks would be free of water while flooding would affect the historic buildings 5 

even more than before. In addition, the elevation of infrastructure could affect the design 6 

integrity of the buildings by concealing architectural features and making access difficult.  7 

 8 
Cost Benefit Analysis Drawbacks 9 
 10 

Cost-benefit analyses—prioritizing adaptations by economic factors—have the 11 

potential to shift sea level rise protection from historic districts with low valuations to 12 

income generating historic areas with high real estate assessments. For example, the cost- 13 

benefit analysis from Alexandria’s Potomac River Waterfront Flood Mitigation Study, 14 

incorporates a ranking system that assigns a higher priority to adaptations safeguarding 15 

economic valuations and commercial revenue than to historic and archaeological 16 

resources. Working class, residential historic districts, such as Elizabeth City’s Northside 17 

and Shepard Street–South Road historic districts, may be at greater risk of sea level rise 18 

impacts if a similar cost-benefit analysis is applied to them in the future. Conversely, 19 

historic districts such as the St. Augustine Town Plan and Alexandria historic districts 20 

will likely be protected by adaptations due to high property assessments and to the 21 

heritage tourism industry they support. 22 

 23 
Decision-makers and Stakeholders 24 

 25 
Local decision-makers and stakeholders involved in the adaptation process are 26 
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similar in the case study cities. City and county public works, engineering, and planning 1 

departments have initiated proposals and implemented programs under the supervision of 2 

a city manager. Citizens serving on commissions and boards were included in the 3 

decision-making exercise with a city council or commission approving the adaptation 4 

proposal or project. The public was informed of the adaptations at public hearings and 5 

community meetings after proposals were formulated, but not during the planning stage. 6 

Local historic preservation decision-makers and stakeholders participated in St. 7 

Augustine when the city archaeologist assessed the historic seawall’s condition and the 8 

SHPO suggested adaptation options during the planning stage. Additionally, the 9 

preservation commission reviewed the alteration plans developed for the historic seawall. 10 

Otherwise, the local historic preservation communities in the case study cities were 11 

detached during the planning process. Elizabeth City’s Senior Planner, Angela Cole, 12 

stated that the preservation department does not monitor flood effects or plan for 13 

adaptations protecting historic properties. She noted that the city engineer and the 14 

Department of Public Utilities oversee the impacts of flooding and plan mitigation 15 

projects in the city. The Department of Building Inspections evaluates the elevation of 16 

buildings. In Alexandria, the preservation planning director and the Office of Historic 17 

Alexandria’s Archaeology department participated in the historical interpretation of the 18 

waterfront in the Waterfront Small Area Plan. Adaptations included in the plan were 19 

derived from the Potomac River Waterfront Flood Mitigation Study commissioned by 20 

Transportation and Environmental Services, a public works and engineering city 21 

department. 22 

The states provide a varied level of support for the case study cities’ adaptation 23 
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planning efforts. Florida actively addresses sea level rise and its effects on the shoreline. 1 

Of the three analyzed, it is also the state most vulnerable. One meter (3.3 feet) of sea 2 

level rise would inundate large areas of state land.380 The governor and state legislators 3 

initiated programs to study Florida’s vulnerability and promote the incorporation of 4 

adaptation strategies into local comprehensive plans. The governor’s task forces and the 5 

Department of Economic Opportunity lead the state governmental bodies involved with 6 

adaptation planning. The Department of Environmental Protection administers the beach 7 

protection programs. The Florida State Historic Preservation Office (SHPO) became 8 

involved in the new seawall discussion during the planning stage and the Section 106 9 

Review.381 10 

In contrast, the North Carolina and Virginia governors and legislatures refuse to 11 

formally acknowledge climate change or sea level rise. Last year, the North Carolina 12 

legislature voted to restrict its state employees from applying current scientific 13 

projections prior to 2016. Until then, state departments, including the Department of 14 

Environment and Natural Resources (DENR), must base adaptation decisions on linear 15 

historic sea level rise trends, which are lower than current scientific projections.382 16 

Nonetheless, DENR and its divisions, such as the Coastal Resources Commission and the 17 

Albemarle-Pamlico National Estuary Partnership, continue to conduct informational 18 

meetings and guide communities through the implementation of adaptation programs.  19 

Other than commissioning the Recurrent Flooding Study for Tidewater Virginia, 20 

Virginia’s political leadership has been ineffectual in furthering the adaptation 21 

discussion. The governor and the Virginia General Assembly reviewed the study in 22 

January 2013, but have not responded legislatively. Within state government, the Virginia 23 
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Department of Environmental Quality’s Coastal Zone Management Program (CZM) 1 

provided grants to Hampton Roads, the Middle Peninsula, and the Northern Virginia 2 

Regional Commissions for nine local adaptation studies. The CZM has not initiated sea 3 

level rise programs of its own, though.  4 

Academic institutions and regional planning commissions fill technical and 5 

informational voids left unresolved by state and federal governments. These 6 

organizations are stakeholders in the case study cities’ adaptation efforts. For St. 7 

Augustine, the Northeast Florida Regional Council coordinates sea level rise resiliency 8 

assessments with the University of Florida and the Guana Tolomato Matanzas National 9 

Estuarine Research Reserve. Additionally, the UF and GTM NERR initiatives resulted in 10 

the compilation of technical sea level rise vulnerability data presented at the December 11 

2012 public educational sessions. For Elizabeth City, East Carolina University developed 12 

the sea level rise data featured in this study’s vulnerability projections for 2050 and 2100. 13 

Likewise, the Northern Virginia Regional Commission collected the sea level rise data 14 

for Alexandria. 15 

Federal programs and agencies fulfill roles in the adaptation implementation 16 

programs of St. Augustine and Alexandria. The Coastal Barrier Resources Act (CoBRA) 17 

of 1982 was applied in St. Johns County to protect barrier beaches, providing a storm and 18 

wave buffer for St. Augustine. Although an after-the-fact adaptation, FEMA funded the 19 

Avenida Menendez seawall as an emergency response to the ongoing devastation of the 20 

historic seawall. At the Castillo de San Marcos, the NPS constructed the rip-rap wall to 21 

minimize wave force on the historic seawall. Further, the NPS applied adaptations that 22 

incorporated sea level rise data at Jones Point Park in Alexandria. 23 
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Federal agencies collected the scientific data used to project future sea level rise 1 

scenarios in St. Augustine and Alexandria. The National Oceanic and Atmospheric 2 

Administration (NOAA) has mapped sea level rise scenarios for the coastal United 3 

States, although not all areas have been completed. As of January 2013, St. Augustine 4 

was the only case study area studied by NOAA. The Department of Defense provided the 5 

data determining sea level vulnerability for Alexandria.  6 

At these early planning stages, the cities have successfully planned adaptation 7 

strategies with minimal state or federal government political support. Local 8 

municipalities took the initiative to plan adaptations, informing citizens after strategies 9 

were formalized. Residents did not take part in the preliminary planning stages. The case 10 

study cities featured many adaptations that can be locally financed, such as flood 11 

proofing, flood resilience, and infrastructure (non-structural) adaptations. Large-scale, 12 

hard adaptations such as the Avenida Menendez Seawall and soft adaptations like the 13 

Charles Creek Park Wetlands were subsidized by the federal and state governments, 14 

respectively. As the effects of sea level rise intensify, the case study cities may discover 15 

that they will need to rely more on the state and federal governments for adaptation 16 

funding and technical support. Before this happens, the states of North Carolina and 17 

Virginia must follow Florida’s lead and accept the inevitability of climate change and the 18 

need for adaptation. With the states’ acknowledgement of climate change, the case study 19 

cities will also benefit from the development of high quality sea level rise data, accurate 20 

vulnerability assessments, and the creation of public education programs. 21 

The case study cities illustrate that a multidisciplinary team of decision-makers 22 

and stakeholders are involved in adaptation planning. The collaborative network, 23 



 197 

however, must be broadened to include residents, property owners, the preservation 1 

community, and scientists. In “Wicked Challenges at Land’s End: Managing Coastal 2 

Vulnerability Under Climate Change,” Moser, Williams, and Boesch stress the 3 

importance of a community’s ongoing relationship with scientists as adaptation solutions 4 

are developed. In my thesis study, only the NPS at Jones Point Park and Elizabeth City 5 

considered scientific data when planning adaptations.  6 

 7 
Conclusion 8 

 9 
At the time of this thesis research, the case study cities of St. Augustine, Elizabeth 10 

City, and Alexandria were in the early stages of adaptation planning in response to 11 

current flood challenges. The local governments have proven they are capable of 12 

adaptation planning despite limited state and federal political support. Financial 13 

assistance, however, from the state and federal governments was required to fund the 14 

implementation of large-scale adaptation projects such as the Avenida Menendez Seawall 15 

and the comprehensive adaptation plan at Alexandria’s Jones Point Park. The support of 16 

the state governments could also improve the case study cities access to sea level rise 17 

science information and public education. To achieve ideal adaptation results, the cities 18 

must expand the collaborative planning process to include additional decision-makers and 19 

stakeholders. Further, it is critical that short and long-term adaptation planning begins 20 

immediately to avoid costly property devastation.  21 

The cities’ historic preservation communities must join the adaptation 22 

collaborative planning process and assume a prominent role in protecting historic districts 23 

vulnerable to sea level rise. To accomplish this, it will be necessary for preservation 24 
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groups to become educated on sea level rise science, the potential effects on historic 1 

building materials, and the protective nature of specific adaptations. In addition, historic 2 

preservation professionals and property owners will need to realize that adaptations may 3 

affect integrity, but without the adaptation, the historic resource may be lost.  4 
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CHAPTER VI 1 
FINDINGS AND RECOMMENDATIONS 2 

 3 
 4 

Introduction 5 
 6 

My conclusions based on case study findings and supporting literature provide a 7 

guide for protecting National Register historic districts on estuarial shorelines from the 8 

impacts of sea level rise. For the historic preservation community, adaptation to sea level 9 

rise is a complex process requiring an understanding of sea level rise projections and their 10 

effects on historic resources. Historic preservation planners and citizen advocates must 11 

participate with local residents, multidisciplinary planning groups, and all levels of 12 

government to propose and implement sound adaptation strategies. Adaptation methods 13 

that anticipate sea level rise rather than merely accounting for current flooding can 14 

temporarily minimize the impacts of flooding, storm surge, and land erosion on historic 15 

properties. If sea level rise intensifies as projected, local governments will increasingly 16 

rely on state and federal agencies for technical and financial support. State government 17 

endorsement of climate change adaptation facilitates the granting of federal funds to local 18 

areas. The historic preservation community’s perspective is essential in the adaptation 19 

planning process to extend the longevity of historic districts at risk, maintaining an area’s 20 

quality of life. 21 

 22 
Plan Adaptations in Anticipation of Sea Level Rise 23 

 24 
The thesis research indicates that local governments design adaptation strategies 25 
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in response to current flooding, storm surge, and erosion risks. Sea level rise projections 1 

are not considered, except at Jones Point in Alexandria and Elizabeth City North 2 

Carolina. It is critical for local governments, including the historic preservation 3 

community, to acknowledge current sea level rise projections when designing 4 

adaptations. Otherwise, communities responding to current conditions will be confronted 5 

with a costly succession of temporarily relevant protective measures. In Chapter 6 of 6 

Coastal Sensitivity to Sea-Level Rise: A Focus on the Mid-Atlantic Region, Titus and 7 

Craghan recommend that it is “economically rational to build in a safety factor today to 8 

account for future conditions.”383 Communities should adhere to this advice and plan 9 

today for adaptations that will address future sea level rise scenarios. 10 

As participants in the effort, the historic preservation community should now 11 

consider adaptations to safeguard National Register districts. A preemptive adaptation 12 

plan potentially limits costly damage to the built environment and curbs economic and 13 

social disruption after storm events. Inaction may lead to the loss of irreplaceable historic 14 

buildings and historic district integrity. A district could be de-listed from the National 15 

Register of Historic Places if many aspects of integrity are negatively impacted. 16 

A preemptive adaptation plan would have minimized Hurricane Sandy (October 17 

2013) storm damage in Long Beach, New York. Citizens there rejected advice to protect 18 

the city from ocean storms with engineered dunes while nearby communities constructed 19 

15-foot (4.6-meter) high sand barriers. Hurricane Sandy inflicted $200 million in damage 20 

on unprotected Long Beach. Adjacent communities were comparatively spared.384 21 

Reacting to the damage, the city of Long Beach recently commissioned an eight to ten-  22 

  23 



 201 

foot (2.4 to 3-meter) high dune barrier, constructed and fully financed by the Army Corps 1 

of Engineers.385 2 

Furthermore, planning now to adapt is essential since large-scale adaptation 3 

strategies require long periods of time to implement. Formulating project ideas, gaining 4 

stakeholder support, securing financing, and project construction consume years of 5 

planning. Adaptation protection planned now may not be conceivably in place for years. 6 

In the meantime, sea level will likely continue to rise and threaten property. For example, 7 

the planning for the Avenida Menendez Seawall began in 1999 after Hurricane Floyd 8 

damaged the historic seawall. Fourteen years later, the construction of the new seawall is 9 

nearly complete. Construction took one and one half years, while the remaining time was 10 

dedicated to project development, stakeholder education, decision-maker reviews, and 11 

funding solicitation. During the process, two hurricanes and one tropical storm caused 12 

further damage to the historic seawall. 13 

 14 
Design Adaptation Strategies at the Local Level 15 

 16 
Sea level rise and its effects reflect local conditions. Local residents and city 17 

governments are personally involved with the impacts of sea level rise on their natural 18 

and built environments. As a result, each of the case study city governments initiated 19 

proposals and plans for effective adaptations to flooding, storm surge, and erosion. The 20 

local governments were capable of financing short-term (10–50 years), non-structural and 21 

small-scale soft adaptations. Larger-scale, hard and soft adaptations, protective over the 22 

long-term (more than 50 years), required financial assistance from state and federal 23 

government sources. 24 
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Likewise, the historic preservation community’s local knowledge of an area’s 1 

historic properties contributes to effective adaptation planning. The group brings an 2 

understanding of the local historic, social, economic, and environmental values embodied 3 

in historic districts to the adaptation discussion. At the community level, historic 4 

preservation professionals and citizen activists are critical participants in the 5 

identification and prioritization of historic properties requiring protection from sea level 6 

rise.  7 

Adaptation research from the literature also confirms the importance of planning 8 

protective sea level rise strategies at the local level. In the chapter from Collaborative 9 

Resilience on “Getting to Resilience in a Climate-Protected Community,” researcher 10 

Edward Weber writes that incorporating “community based ‘folk knowledge’ in problem 11 

solving processes” leads to “a more robust set of alternatives for solving problems, and a 12 

more reliable and realistic estimate of the parameters affecting program success.”386 John 13 

Randolph, author of “Creating the Climate Change Resilient Community,” criticizes 14 

Florida’s “top-down” approach as lacking in critical local collaboration.387 Moser, 15 

Williams, and Boesch, in “Wicked Challenges at Land’s End: Managing Coastal 16 

Vulnerability Under Climate Change,” observe that many aspects of adaptation 17 

planning—education, building stakeholder support, collaborating with scientists, 18 

coordinating projects with upper levels of government, and establishment of funding— 19 

are manageable at the local level.388 20 

This thesis research identifies specific adaptations that protect historic districts. 21 

Non-structural adaptations—stormwater upgrades, flood proofing, and flood resilience— 22 

minimize the sea level rise effects of flooding with little impact on historic significance. 23 
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Zoning and building codes, also non-structural adaptations, are often effective in 1 

mandating adaptation programs that can safeguard historic districts. 2 

Soft adaptations succeed in protecting the built environment, but different 3 

strategies are applied according to density. Small-scale green infrastructure, such as 4 

natural or constructed swales, rain gardens, water retention areas, permeable surfaces, 5 

and individual berms, are appropriate in highly dense historic districts. Local 6 

governments or historic property owners typically fund these adaptations. To encourage 7 

property owner adaptations, the NPS could arrange federal funding through Historic Tax 8 

Credits by authorizing landscape adaptations as qualified rehabilitation expenditures 9 

(QREs) in building rehabilitations. Changes to the landscape surrounding historic 10 

properties validly preserve the built environment and its cultural heritage. 11 

Large-scale, soft adaptations—wetlands protection and reclamation, barrier beach 12 

preservation, open space acquisition, beach and dune nourishment, and vegetative buffer 13 

zone creation—can be accommodated in low-density historic districts or near historic 14 

districts surrounded by open space. Soft adaptations rarely compromise the integrity of 15 

historic districts. In the case study cities, state and the federal governments generally 16 

initiated, regulated, and contributed funds to extensive soft adaptation projects. Soft 17 

adaptations may offer long-term protection, although continual and costly maintenance is 18 

required. 19 

Hard adaptations shield densely constructed historic districts in the case study 20 

cities. Specifically, seawalls and floodgates are appropriate for compact districts where 21 

historic properties cannot be elevated. The federal government commonly subsidizes a 22 

community’s hard adaptation projects. In St. Augustine, FEMA funded 75 percent of the 23 
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construction costs for the Avenida Menendez Seawall. Hard adaptations, however, often 1 

compromise historic district integrity as well as damage the natural environment. The 2 

Avenida Menendez Seawall in St. Augustine and the encasement of the Washington, 3 

D.C., boundary stone at Jones Point Park exemplify alterations to integrity.  4 

Seawalls serve as long-term adaptations when constructed at heights anticipating 5 

sea level rise projections. St. Augustine and Alexandria, however, designed seawall 6 

heights for the short-term. With projected sea level rise, tropical storms could potentially 7 

overtop the cities’ barriers by 2050. In other at-risk communities, citizens have rejected 8 

proposals for heightened man-made barriers that eliminated ocean views.389 Preliminary 9 

reviews of the proposed floodwall in Alexandria suggest that integrity of location and 10 

setting will be affected as the barrier blocks the river view. Local governments’ inability 11 

to fund exponentially higher costs is another deterrent to the construction of taller 12 

seawalls.390  13 

Elevating wood frame buildings can be advantageous in shoreline areas affected 14 

by floods and storm surges. Residential property owners in Freeport, Lindenhurst, and 15 

Babylon on Long Island elevated their homes prior to Hurricane Sandy and escaped the 16 

storm’s most damaging effects.391 Communities vulnerable to sea level rise could 17 

encourage the elevation of all frame buildings, including historic properties, above 18 

FEMA’s base flood levels through local zoning and building codes.  19 

The mass elevation of neighborhood properties, however, poses major challenges. 20 

First, the elevation of residential property can be costly, ranging from $30,000 to over 21 

$100,000 per property.392 This could result in the inconsistent elevation of historic district 22 

properties, reducing district integrity. FEMA’s Hazard Mitigation Grant Program and its 23 
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Increased Cost of Compliance (ICC) coverage program provide financial assistance for 1 

building elevation, but only after properties have been damaged by storms in 2 

communities declared as major disaster areas by the state.393 Additional FEMA elevation 3 

funding is available for properties currently affected by flooding, but only in 4 

communities participating in the National Flood Insurance Program (NFIP). These 5 

programs are: Pre-disaster Mitigation (PDM), Flood Mitigation Assistance, Repetitive 6 

Flood Claims (RFC), and Severe Repetitive Loss (SRL). Properties likely to be affected 7 

by sea level rise in the future, with no prior damage or risk level, are ineligible for 8 

financial support. Likewise, the Small Business Administration (SBA) grants low-interest 9 

loans exclusively for the elevation of storm-damaged homes.394 The FEMA and SBA 10 

financial assistance programs do not provide aid to communities and property owners 11 

wishing to preemptively elevate buildings according to sea level rise projections.  12 

Three existing federal tax credit programs that are applied to historic property 13 

rehabilitations may offset the high costs of preemptive building elevation. Historic Tax 14 

Credits, Low-Income Housing Tax Credits, and New Market Tax Credits could be 15 

applied to the elevation of historic properties in specific categories. Historic Tax Credits 16 

are authorized for income producing properties; Low-Income Housing Tax Credits apply 17 

to affordable rental housing; and New Market Tax Credits are distributed to low-income 18 

census tracts with high poverty rates or low median family income.  19 

Second, the widespread elevation of buildings leads to accessibility issues. 20 

Elderly and disabled residents may find it difficult to maneuver tall flights of stairs. Very 21 

long and costly ramps with ninety-degree landings could make elevated buildings more 22 

accessible.  23 
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Last, communities interested in pursuing property elevation must also consider 1 

the effects on integrity within historic districts. Setting, design, materials, workmanship, 2 

feeling, and association may be compromised in order to protect the buildings from 3 

flooding and storm surge. It is recommended that historic preservation planners apply the 4 

Mississippi Development Authority’s Elevation Design Guidelines to the creation of 5 

zoning overlay or local historic district guidelines addressing property elevation. 6 

The Alexandria proposal to raise roads and sidewalks is found to be the most 7 

damaging adaptation to historic property and to National Register integrity. Elevating 8 

infrastructure adjacent to historic district properties minimizes road flooding, but not the 9 

damaging water effects on buildings. Further, higher roads and sidewalks can obstruct 10 

architectural features of historic properties, compromising integrity. This study 11 

recommends that communities avoid raising roads and sidewalks in historic districts 12 

unless historic properties are elevated accordingly. 13 

Planning to elevate the land beneath a historic district, however, requires federal 14 

funding and a community’s willingness to accept a long, disruptive construction 15 

schedule. Galveston, Texas, established an early precedent for town elevation after the 16 

hurricane devastation in 1900. In February 2013, Highlands, New Jersey, approved 17 

raising the entire downtown area ten feet after Hurricane Sandy caused severe damage. 18 

At a cost of $25 to $30 million, the local government requested engineering expertise and 19 

financing from the Army Corps of Engineers to protect its community from future 20 

storms.395 21 

  22 
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Adaptations May Compromise Integrity 1 
 2 

Adaptation strategies affect integrity within National Register historic districts to 3 

varying degrees. While adaptation alterations may be inevitable, historic preservation 4 

professionals must remain critically observant of potential changes to integrity of 5 

location, design, setting, workmanship, feeling and association. In National Register 6 

historic districts that are also designated as local historic districts, preservation planners 7 

and local commissions will need to include new design guidelines that address 8 

adaptations such as building retrofits, elevations, and landscape alterations that are 9 

historically appropriate. During design reviews, local commissions must weigh the 10 

benefits of an adaptation that protects a historic property against the harmful effects of 11 

sea level rise on building integrity. It is important that decision-makers carefully 12 

incorporate the community’s values associated with vulnerable historic resources during 13 

the adaptation planning stage. Some residents may prefer that a property remain unaltered 14 

by an adaptation, either doubting sea level rise projections or acknowledging that it could 15 

limit the building’s future. Others may insist that a historic property should be protected 16 

by an adaptation regardless of alterations to the resource. Ultimately, a local 17 

commission’s rulings must evaluate whether the property conveys more meaning to the 18 

community as a gradual ruin or as a fully functioning but compromised property.  19 

The State Historic Preservation Office (SHPO) staff reviews will also make this 20 

difficult decision when advising on Section 106, National Environmental Policy Act 21 

(NEPA), and Section 4(f) reviews regarding the impacts of federally funded adaptation 22 

solutions on National Register properties and districts. The historic preservation 23 

community chose alterations to integrity in order to protect the historic St. Augustine 24 
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Seawall and the boundary marker at Alexandria’s Jones Point Park, realizing that the 1 

historic resources would be permanently lost without an adaptation response. Design and 2 

setting are altered at both sites, although the historic resources still exist as reminders of 3 

the past. 4 

 5 
Add Social and Environmental Benefits to Cost-Benefit Analysis 6 

 7 
Cost-benefit analyses that exclusively apply economic factors when gauging 8 

benefits disregard adaptation protection for residential and lower income historic 9 

districts. Conversely, historic districts with high real estate valuations and income 10 

generating potential are recommended for sea level rise protection. An imbalance of the 11 

comprehensive historical and cultural record will result if governments do not evenly 12 

evaluate historic districts. 13 

Alexandria’s Potomac River Waterfront Flood Mitigation Study developed by the 14 

CRS Corporation in 2010 examines benefits as: flood depth, structure value, structure 15 

content value, structure and content damage, business income loss, and residential 16 

displacement costs. Aside from flood depth, all the benefits address economic factors. 17 

Social and environmental benefits associated with historic districts (and quality of life) 18 

are not considered in Alexandria’s cost-benefit analysis. When adaptations are being 19 

evaluated for National Register historic districts, cost-benefit analyses must include 20 

social, environmental, as well as economic benefits, in order to protect a comprehensive 21 

representation of a community’s historic past. 22 

My research determines that local governments often do not apply a cost-benefit 23 

analysis when planning adaptations to sea level rise impacts. In Sea Level Rise and 24 
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Global Climate Change, authors Newman, Yohe, Nicholls, and Manion report of costs 1 

commonly exceeding benefits at the community level. The authors assume factors other 2 

than costs and benefits are taken into account, suggesting an informal analysis of quality 3 

of life factors.396  4 

The 2005 FEMA study, Integrating Historic Property and Cultural Resource 5 

Considerations into Hazard Mitigation Planning, contributes additional evidence 6 

supporting the importance of quality of life factors in a cost benefit analysis. FEMA 7 

discovers the value of familiar places and local landmarks as areas of emotional comfort 8 

for populations who experience devastating property losses. 397 This confirms the 9 

necessity of including quality of life aspects in cost-benefit analyses.  10 

 As sea level rise affects more communities, local governments will compete for 11 

adaptation funding. As a result, decision-makers will increasingly rely on cost-benefit 12 

analyses to determine the most protective and cost effective projects for implementation. 13 

The historic preservation community must advocate for an inclusive assessment of 14 

benefits—social, environmental, and economic—to ensure that all historic districts 15 

remain at the forefront of sea level rise protection. 16 

Quantifying subjective social and environmental benefits requires the 17 

development of a numerical measurement system. Two studies provide the methods to 18 

translate social and environmental factors into quantifiable terms. Local governments can 19 

apply these practices to quantify benefits for cost-benefit adaptation calculations. The 20 

first, The Economist Intelligence Unit’s Quality-of-Life Index successfully assigns 21 

weights based on a population’s numerical ranking of quality of life benefits.398 Another 22 

research study by the University of Florida, Contributions of Historic Preservation to 23 
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Quality of Life of Floridians, stresses the importance of including community indicators 1 

in assessing an area’s quality of life. Community indicators are assigned numerical values 2 

and applied to analyze historic preservation in economic, social, and environmental 3 

terms, providing a quantifiable measure for quality of life. “Housing affordability, 4 

community draw factors, community use factors, heritage cultural interactions, civic 5 

museum partnerships, and neighborhood participation” are factors included in the 6 

community indicators analysis.  These factors would be also appropriate as benefits when 7 

considering the cost effectiveness of adaptations in historic districts.399 In addition, 8 

National Register criteria associated with a historic district’s nomination should be 9 

assigned numerical values and considered a benefit in the cost-benefit calculation.  10 

 11 
Educate Local Stakeholders on Sea Level Rise 12 

 13 
My analysis of the case study cities reveals that the public is largely unaware of 14 

sea level rise science and its projected local impacts. All of the adaptation theorists and 15 

researchers discussed in Chapter III—Pelling, Weber, Randolph, and Moser, Williams 16 

and Boesch—agree that educating the local citizenry is essential in order to build political 17 

support for adaptation decisions. Further, a knowledgeable public can participate in the 18 

visioning and planning stages to develop adaptations that address the specific needs and 19 

values of the local community. The historic preservation community must also take part 20 

in public education sessions concerning sea level rise science and the associated local 21 

risks. By understanding the potential scenarios for inundation, the group will be adept at 22 

identifying the likely risk levels for historic properties, the first step in adaptation 23 

planning. 24 
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Citizens of St. Augustine and Elizabeth City have been recently informed of 1 

projections for sea level rise and local vulnerabilities. While the Alexandria city 2 

government and its citizen commissions possess some knowledge, it has not been 3 

communicated to the public. The Alexandria citizens’ continued disapproval of the 4 

Waterfront Small Area Plan could signify how an uninformed public can hinder project 5 

support and implementation.  6 

On the other hand, educating the public is not a guarantee that they will back 7 

adaptation plans to accommodate sea level rise impacts and protect the built environment. 8 

Obstacles to adaptation include a coastal community’s skepticism of sea level rise science 9 

or disbelief that it will personally affect them. Others may prefer to “wait and see” how 10 

sea level rise affects their shorelines before committing to the expense and disruption 11 

generated by adaptation plans. The adaptation policy to retreat may seem more logical to 12 

residents of some localities. Additionally, the local historic preservation community may 13 

prefer not to chance altering the historic character of historic properties through 14 

adaptation for a sea level rise scenario that could never materialize.  15 

Although these views are contrary to my thesis research findings, I accept that the 16 

decision on how, when, or whether to adapt is ultimately up to the local community. The 17 

historic preservation community interprets cultural history through the decisions previous 18 

generations made regarding the built environment. Local decision-makers in the twenty- 19 

first century will reveal the community’s cultural values to future generations through the 20 

ways they have chosen to address sea level rise impacts and adaptation strategies. 21 

Nonetheless, I recommend that local historic preservation professionals begin to 22 

fully document valued historic resources along vulnerable shorelines if community 23 
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sentiment doubts sea level rise projections, reflects a reactionary disaster management 1 

philosophy, or prefers adapting through retreat. With each of these positions, historic 2 

properties are at risk of deterioration or permanent damage. The early American 3 

historical record should be preserved after the historic property no longer serves as a 4 

visual reminder. The Historic American Buildings Survey and Historic American 5 

Engineering Record (HABS and HAER) and the Historic American Landscape Survey 6 

(HALS) could prepare detailed property records for unprotected, at risk properties. These 7 

documents would preserve the architectural and cultural record for historic properties lost 8 

to the effects of sea level rise. 9 

For communities choosing to collect further evidence proving that sea level rise 10 

impacts will occur, historic preservation planners should encourage municipalities to plan 11 

now for short-term (10 to 50 years) adaptations. Many short-term solutions are less costly 12 

and disruptive to the environment and historic integrity. Sea level rise can be then re- 13 

evaluated to determine if long-term (over 50 years) adaptation methods are necessary 14 

while short-term adaptations are in place.  15 

 16 
Local Governments: Expand Participation within Adaptation Planning Groups 17 

 18 
The case study cities demonstrate the participation of multidisciplinary teams of 19 

decision-makers and stakeholders in adaptation planning. The scientific and preservation 20 

communities, however, were not fully engaged in the adaptation process. Scientific 21 

vulnerability studies were available to the cities, although the information was not 22 

accessed for implemented adaptations (except at Jones Point Park and Elizabeth City). It 23 

is essential that communities develop close relationships with scientists from academic 24 
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and governmental groups in order to plan adaptations according to the most current sea 1 

level rise science. The scientific community continually monitors and adjusts sea level 2 

rise data according to the rate of global climate warming, glacial and polar ice melting, 3 

and land subsidence. Further, scientists’ expertise in developing coastal vulnerability 4 

indices (CVIs) is necessary for accurate sea level rise vulnerability assessments specific 5 

to a local area. Localities can access sea level rise data from academic institutions; state 6 

coastal management and natural resource offices; the National Resource Council; and, 7 

federal agencies such as the U. S. Global Change Research Program, the National 8 

Oceanic and Atmospheric Administration (NOAA), the United State Geological Survey 9 

(USGS), and the Environmental Protection Agency (EPA).  10 

Similarly, local adaptation planning for sea level rise did not incorporate the 11 

views of the local preservation community. Preservation planners from Elizabeth City, 12 

North Carolina, and Alexandria, Virginia, were uninvolved in the lead department’s 13 

(typically public works or engineering) local adaptation planning initiatives. The St. 14 

Augustine preservation planner’s lack of response might have suggested the same. 15 

Preservation planners must not only collaborate in the visioning process, but also 16 

advocate for historic property protection from sea level rise. Their involvement should 17 

also include monitoring an adaptation’s effects on historic building and district integrity. 18 

In addition to adaptation planning, local preservation planners must participate in 19 

public education efforts. Historic property owners should be notified of methods that 20 

protect properties from the effects of sea level rise. English Heritage’s Flooding and 21 

Historic Buildings and Disaster Mitigation Strategies for Historic Structures: Protection 22 

Strategies by the 1000 Friends of Florida offer excellent, low-cost, non-structural 23 
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adaptation suggestions for flood proofing and flood resilience. Preservation professionals 1 

should adapt strategies from these resource guides to suit their communities’ building 2 

characteristics, neighborhood attributes, and sea level rise vulnerabilities. 3 

 4 
State and Federal Governments: Support Adaptation Efforts at Local Levels 5 

 6 
While adaptations are best initiated and planned at the local level, state and 7 

federal governmental assistance is required when the implementation of adaptation 8 

strategies exceeds a community’s technical and financial capabilities. Localities may be 9 

able to solely finance non-structural adaptations, such as stormwater upgrades, zoning 10 

and building code revisions, and building retrofits, applied during the early stages of sea 11 

level rise. But, as the effects of sea level rise increase, the number of adaptation solutions 12 

and the corresponding costs escalate. Communities will require supplemental funds and 13 

accurate scientific data from the federal and state governments to implement and 14 

subsidize engineered soft and hard adaptations. All of the adaptation theorists and 15 

researchers— Pelling, Weber, Randolph, and Moser, Williams and Boesch—cited in this 16 

thesis study acknowledge that state and federal government support for climate change 17 

resilience is essential for the implementation of a comprehensive, local adaptation 18 

strategy. 19 

Like Florida, Maryland and Delaware supports climate change mitigation and 20 

adaptation. Both states also recommend the inclusion of a comprehensive adaptation 21 

plan, developed by a multidisciplinary group, within local government master plans. 22 

Delaware actively conducts sea level rise public education sessions throughout the state. 23 

Importantly, both states project statewide shoreline inundation based on current sea level 24 
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rise data. Assessments include the identification of nationally, state, and locally 1 

designated historic resources that are vulnerable to sea level rise.  2 

Specifically, Maryland requires “the integration of coastal erosion, coastal storm, 3 

and [sea level rise] adaptation and response planning strategies into existing state and 4 

local policies and programs.”400 The state’s Department of Natural Resources (DNR) 5 

assisted Dorchester, Somerset, and Worcester counties with adaptation planning.401 DNR 6 

based these plans on three feet (0.91 meters) of sea level rise by 2100. To preemptively 7 

plan, the department recommends that the counties allow a 25-year time frame for 8 

designing adaptations.402  9 

The federal government subsidizes expensive adaptation options at the local level 10 

through state channels. Federal agency adaptation financing from FEMA and the Army 11 

Corps of Engineers, however, is only available for properties with existing flood 12 

vulnerabilities or for communities devastated by a natural disaster. Federal funding 13 

programs do not encourage preemptive adaptation planning at the state and local levels 14 

based on sea level rise projections.  15 

It is critical that the federal government recognizes the relative cost effectiveness 16 

of anticipatory adaptation and establishes funding and technical assistance that flows 17 

from states to local governments. Federal assistance is also practical since adaptation 18 

strategies minimize damage that would be otherwise financed through disaster response 19 

measures. FEMA’s $18 billion debt to the Treasury Department, prior to Hurricane 20 

Sandy, is evidence that disaster relief is unsustainable.403 The probable intensification of  21 
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sea level rise will place even greater demands on the current emergency management 1 

system.  2 

Despite the absence of preemptive efforts, existing federal agencies are well 3 

positioned to adopt roles encouraging anticipatory planning and implementation at the 4 

local level. The NPS exhibited expertise in adaptation planning and implementation for 5 

the protection of historic resources at Jones Point Park in Alexandria, St. Augustine, and 6 

Cape Hattaras. Like its English counterpart, English Heritage, the NPS could advise 7 

historic shoreline communities on protecting historic properties from the effects of sea 8 

level rise through adaptation strategies. In addition, NPS has the capability to develop 9 

loan, grant, or tax credit programs that are applicable to historic resources. These could 10 

be applied to funding local adaptation strategies.  11 

The United States Department of Housing and Urban Development’s (HUD) 12 

Sustainable Housing and Communities Initiative may develop as a federal effort 13 

supporting preemptive adaptation planning. The initiative’s goal is to provide technical 14 

planning guidance and distribute grants that champion local sustainability. The 15 

Sustainable Housing and Communities Initiative could operate similarly to England’s 16 

Department for Environment, Food and Rural Affairs (Defra), supporting community sea 17 

level rise resiliency plans that benefit the natural and historic environments. The HUD 18 

program is designed to coordinate its efforts with other federal agencies, such as FEMA, 19 

the Department of Transportation (DOT), and the Environmental Protection Agency 20 

(EPA)—agencies involved in flood mitigation and planning for sea level rise impacts.  21 

Additionally, federal agencies provide valuable scientific data and technical 22 

analysis critical to preemptive adaptation planning. The Environmental Protection 23 
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Agency (EPA), United States Geologic Survey (USGS), and National Oceanic and 1 

Atmospheric Administration (NOAA), are expected to continue their development and 2 

distribution of sea level rise science information for national, state, and local use.  3 

 4 
Further Research  5 

 6 
Protecting National Register historic districts and individual properties from the 7 

effects of sea level rise requires four additional areas of study and research. First, the 8 

identification of additional historic resources not listed in the National Register of 9 

Historic Places is essential to comprehensively protect the country’s architectural and 10 

cultural heritage from the increasing threats of flooding, storm surge, and erosion. Many 11 

important historic properties remain undocumented and are not designated in national, 12 

state, or local registries. The next area of research requires locational mapping of all 13 

historic resources, particularly properties from the “recent past.” Historic resources must 14 

be accurately located and the registries transferred to Geographic Information Systems 15 

(GIS), standard software used in the planning field. When accessible through GIS, 16 

historic properties can be superimposed over local sea level rise scenarios (developed 17 

using high-resolution elevation data such as LiDAR surveys), resulting in accurate 18 

projections of vulnerability levels. Third, the local historic preservation community must 19 

prioritize its historic resources based on community values. As sea level rise threatens, it 20 

may not be feasible to save all historic properties. Additionally, a priority list may protect 21 

historic properties from unnecessary demolitions by emergency responders after storm 22 

devastation. Last, it will be necessary for the historic preservation community to 23 

determine how to address shoreline retreat. Building relocation is one option, 24 
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successfully applied to the Cape Hattaras Lighthouse. For historic properties that will be 1 

lost to sea level rise impacts, HABS, HAER, and HALS should thoroughly document 2 

properties that face eventual demolition. 3 

 4 
Conclusion 5 

 6 
Through my research, I arrived at an answer to my thesis question: How can hard, 7 

soft, and non-structural adaptation methods be applied to protect the cultural heritage of 8 

National Register historic districts from global climate change impacts such as sea level 9 

rise? Adaptation strategies indeed safeguard historic properties from sea level rise 10 

impacts, but some solutions may diminish integrity.  11 

Certain conditions must be met for adaptations to preserve historic properties on 12 

low-lying shoreline areas. First, adaptation strategies must be preemptive, not reactive. 13 

Anticipatory adaptation allows for time-intensive planning, provides for cost-effective 14 

alternatives, and reduces property damage. Second, adaptations must be locally planned. 15 

Locally specific sea level rise vulnerabilities have to be considered to accurately plan 16 

adaptation strategies. Adaptations developed at the local level also address the unique 17 

needs and characteristics of a community, including the protection of locally valued 18 

historic resources.  19 

Third, guarding all types of National Register historic districts from sea level rise 20 

must include social and environmental factors, not only economic considerations, into an 21 

adaptation cost-benefit analysis. A multidisciplinary cost-benefit assessment will 22 

guarantee adaptation protection for lower income and residential National Register 23 

historic districts in addition to economically valuable historic districts. 24 
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Adaptation planning is a political process, requiring the involvement of citizens 1 

and all levels of government. Educating local stakeholders on climate change science and 2 

the local effects of sea level rise represents the fourth condition. An informed community 3 

contributes local knowledge and values to the adaptation visioning process. Its political 4 

support for adaptation is critical to moving strategies from proposals to implementation. 5 

Fifth, local governments must expand their adaptation planning networks. Cross- 6 

departmental participation is essential for well-developed adaptation policies. Planning 7 

groups must include members from the historic preservation and the climate science 8 

communities. Last, state and federal governments must acknowledge climate change and 9 

the need for preemptive adaptation planning. Their support is critical to adaptation 10 

success at the local level. Local governments depend on state and federal governments 11 

for sea level rise science data and financial assistance to accurately plan and efficiently 12 

implement adaptation solutions.  13 

With these elements addressed, the longevity of historic districts could be 14 

extended until shoreline retreat is necessary. At this point, the historic preservation 15 

community will need to address the relocation and documentation of historic properties.  16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 
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CHAPTER VII 1 
CONCLUSION 2 

 3 
 4 

Adapting to sea level rise is a complex and lengthy process. Diverse social, 5 

political, and economic points of view must coalesce to establish clear adaptations goals. 6 

Questions on the validity of sea level rise projections, concerns about adaptation impacts 7 

on the natural and built environment, lack of political support, and insufficient funding 8 

are some of the obstacles to adaptation implementation. States that choose to ignore sea 9 

level rise science provide a great disservice to their local communities as federal funding 10 

and technical assistance are distributed to other competing areas. Financially challenged 11 

communities with additional and imminent pressing demands find it difficult to shift the 12 

emphasis of government priorities towards adaptation planning. The historic preservation 13 

community may hesitate to apply adaptations that are based on uncertain sea level rise 14 

projections. Some adaptation methods alter historic properties and impact integrity, such 15 

as the Avenida Menendez and Jones Point Park seawalls. Historic preservation planners, 16 

advocates, and owners of historic properties may not choose to risk the historic character 17 

of buildings in response to an indefinite, future hazard. Reconciling all these concerns 18 

and making progress in planning can take decades if a community chooses to adapt to sea 19 

level rise. 20 

Since rates of projected sea level rise and adaptation methods are specific to each 21 

geographic area, the decision to adapt or to “do nothing” (maintaining the status quo) 22 

rests with the locality. The historic preservation community plays a role in either  23 
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decision. If adapting to sea level rise, historic preservation planners, citizen advocates, 1 

and historic property owners must emerge as vocal decision-makers and stakeholders in 2 

the adaptation process. It is essential that they advocate for adaptation protection of 3 

historic properties, ensuring that a high level of historic integrity is maintained. In areas 4 

choosing against adaptation, it is the responsibility of the historic preservation 5 

community to develop an adaptation plan of retreat. This includes documentation of 6 

properties that will be eventually demolished due to sea level rise or the relocation of 7 

historic properties if inland areas are available. 8 

Nonetheless, my thesis research supports adapting to accommodate sea level rise 9 

and protecting historic properties from flooding, storm surge, and erosion. This study’s 10 

research and data affirm the hypothesis. Yes, hard, soft, and non-structural adaptation 11 

methods can be applied to protect the cultural heritage of National Register historic 12 

districts from global climate change impacts such as sea level rise. Sea level rise data 13 

may pose an element of uncertainty as to the rate of rise, but the body of scientific studies 14 

strongly substantiates the likelihood of higher seas, more frequent storms, and increased 15 

flooding.  16 

Comprehensive adaptation plans may address projected sea level rise 17 

incrementally through short-term methods or long-term strategies. Adaptation solutions 18 

may be imperfect, however, they prolong the livelihood of National Register historic 19 

districts. These areas create the unique sense of place that is associated with each 20 

shoreline community. Historic districts also contribute to an area’s social, economic, and 21 

environmental well-being and vitality. The unique historical narrative of a place will be 22 

  23 
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preserved, safeguarding cultural identity for future generations when a community 1 

chooses to adapt.  2 

The effects of sea level rise threaten the country’s connections to its shoreline 3 

heritage, embodied by National Register properties. The gradual increase of flood events 4 

and wave damage from severe storms are our wake-up calls. The historic preservation 5 

community must preemptively plan for the protection of valued historical resources, 6 

continuing the rich cultural heritage of the United States. The time to start is now.  7 

 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
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GLOSSARY 1 
 2 
 3 

Introduction 4 
 5 

Adaptation alternatives and sea level rise impacts are described in the glossary. 6 

Sources for the terms are the: “Types of Coastal Structures,” United States Army Corps 7 

of Engineers, Coastal and Hydraulics Laboratory; Coastal Sensitivity to Sea Level Rise, 8 

James G. Titus and Michael Craghan; Recurrent Flood Study, Center for Coastal 9 

Resources Management; Flooding and Historic Building, English Heritage; Elevation 10 

Design Guidelines, Mississippi Development Authority; “Permeable vs. Impermeable 11 

Surfaces,” University of Delaware, Cooperative Extension; “Sea level rise in Norfolk: 12 

Netherlands flood prevention presentation,” City of Norfolk, Virginia; and the National 13 

Oceanic and Atmospheric Administration. 14 

 15 
Adaptation Terms 16 

 17 
Beach Replenishment or Nourishment 18 
The addition of sand to beaches, usually from dredging offshore and deposits, to mitigate 19 
the effects of erosion and to protect inland areas from storm surges and flooding. A soft 20 
adaptation. 21 
 22 
Berm 23 
An engineered, raised bank of earthen construction, bordering a body of water, designed 24 
to hold back floodwater and storm surge. A soft adaptation. 25 
 26 
Breakwater  27 
Barrier structures constructed off shore and usually parallel to the shoreline. Reduce the 28 
erosive effects of waves on the land. A hard adaptation. 29 
 30 
 31 
 32 
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Building Elevation 1 
Raising buildings to heights above the Federal Emergency Management Agency (FEMA) 2 
100-year flood levels. Limited elevations raise buildings less than five feet or one story. 3 
Significant elevations raise buildings one story or more.  4 
 5 
Building Retrofit 6 
A category of non-structural adaptations designed specifically for one building.  7 
 8 
Bulkhead 9 
A vertical retaining barrier that minimizes erosion by keeping shoreline land from 10 
eroding into a body of water. Not typically high enough to protect land from flooding or 11 
storm surges. Suitable to protect areas from low energy waves and currents. A hard 12 
adaptation. 13 
 14 
Defensive Barrier 15 
An adaptation that holds back high seas and storm surge. 16 
 17 
Dike 18 
Earthen defensive barriers that protect interior lowlands by restraining and diverting 19 
excessive water. A soft adaptation. 20 
 21 
Dune Replenishment 22 
Reconstruction of dunes—natural or man-made—to absorb the effects of high waves and 23 
storm surge, protecting inland areas from storm damage. Must be reconstructed after 24 
severe storms. A soft adaptation. 25 
 26 
Erosion 27 
A gradual loss of land surface (rocks, soil, sand) worsened by high water levels and high 28 
energy waves generated by severe storms. 29 
 30 
Floodgate 31 
Large scale, engineered adaptation, providing barrier protection when gates are closed. 32 
Beneficial for areas with active shipping, transportation, and recreational water routes. A 33 
hard adaptation. 34 
 35 
Flooding 36 
Temporary high water levels resulting from weather events such as severe thunderstorms, 37 
tropical storms, and hurricanes. Flooding typically occurs when precipitation falls faster 38 
than it can be absorbed by the soil. In coastal areas, storm surges, high tides, and storm 39 
driven waves can flood the land. 40 
 41 
Flood proofing 42 
Reduces the amount of water entering the interior of a building during floods. A non- 43 
structural adaptation. 44 
 45 
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Flood resilience 1 
Reduces property damage if water flows into a building. A non-structural adaptation. 2 
 3 
Green Infrastructure 4 
Planted areas that absorb rainwater and excessive flooding. Roof gardens, green roofs, 5 
vegetative buffer zones are examples. A soft adaptation.  6 
 7 
Groin 8 
A barrier that extends perpendicular from the shore into the sea as single structure or as a 9 
“groin field” to reduce beach erosion, stabilizing beach areas. A hard adaptation. 10 
 11 
Hard Adaptation 12 
Large-scale barrier protections that are engineered and technical solutions to sea level 13 
rise.  14 
 15 
Inundation 16 
Permanent water coverage of the land due to sea level rise.  17 
 18 
Jetty 19 
Stone structures implemented to maintain deep navigational channels, protecting harbors 20 
and inlets. Similar to a groin. A hard adaptation. 21 
 22 
Levee 23 
Earthen defensive barriers that protect lowlands by restraining and diverting excessive 24 
water. Same as Dike. A soft adaptation. 25 
 26 
Non-Structural Adaptation 27 
Policies and strategies that reduce damage in areas or to individual properties vulnerable 28 
to sea level rise. Examples are: flood proofing, flood resilience, infrastructure, building 29 
elevation, and zoning code adaptations. 30 
 31 
Offensive barrier 32 
Adaptations that limit the force of waves before they reach land. 33 
 34 
Permeable Surfaces 35 
Porous surfaces that absorb water, minimizing flooding and stream bank erosion. Areas 36 
of vegetation, gravel, and permeable pavers are examples. 37 
 38 
Retreat 39 
An adaptation option to acquire vulnerable property with the intention of demolition or 40 
relocation. Less costly in rural areas than engineered adaptations where land values are 41 
low. Can be cost prohibitive in areas of dense development. An environmentally 42 
sustainable adaptation solution.  43 
 44 
 45 
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Revetment 1 
An erosion-proof facing applied to slopes or dikes to protect land from erosion caused by 2 
strong waves. Also act as barriers to safeguard land from flooding. A hard adaptation. 3 
 4 
Rip-rap Wall 5 
A type of revetment, composed of loose rocks, that minimizes land erosion caused by low 6 
energy waves. Also applied at the base of seawalls to reduce wave force. A hard 7 
adaptation. 8 
 9 
Sandbag Barrier  10 
Individual bags of sand, stacked to create a temporary barrier around buildings prone to 11 
flood risk. A non-structural adaptation. 12 
 13 
Seawall 14 
Engineered, large scale, vertical barrier protecting expansive inland areas from storm 15 
surges and high water levels. A hard adaptation. 16 
 17 
Soft Adaptation 18 
Engineered solutions constructed of natural materials, designed to protect the natural and 19 
built environments. 20 
 21 
Storm Surge 22 
Atypical water levels, driven toward the land by the wind and waves of severe storms. 23 
Water levels are above astronomical tides and cause widespread flooding. The extreme 24 
force of storm surges can destroy buildings located at low elevations. 25 
 26 
Stormwater Management 27 
Municipally planned adaptation that reduces flooding in a local area or neighborhood. 28 
The installation of larger stormwater pipes or wider drainage canals facilitates the flow of 29 
excess water. Pumping mechanisms may be added in areas of low elevation. A non- 30 
structural adaptation.  31 
 32 
Water Storage Area 33 
An engineering system that stores excess rainfall and floodwater in large retention ponds. 34 
Drains gradually without a pumping mechanism. Often constructed in areas that have 35 
been abandoned due to repetitive flooding. A hard adaptation. 36 
 37 
Wetlands Reclamation 38 
The rebuilding of wetlands in areas prone to flooding. Marshes absorb excess rainwater, 39 
reduce inland flooding, and cushion storm surge effects. A soft adaptation. 40 
 41 
 42 
 43 
 44 
  45 
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Zoning and Building Codes 1 
Local planning codes regulating development and construction. In the case studies, the 2 
codes have been created to address stormwater management, building elevation, and 3 
vegetative buffer zones in areas vulnerable to the effects of sea level rise. A non- 4 
structural adaptation. 5 
 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 
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