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Abstract

Coastal cultural resources provide crucial links to the past and are important centerpieces for interwoven maritime
heritage community narratives, and are valuable cultural resources. Similar to many other places in the world, in
southeastern NC, natural and environmental factors such as storms, erosion and climate change have caused damages
to, and continue to threaten, cultural heritage in different ways. Categorizing the level of importance of these sites and
prioritizing actions for their preservation can not only facilitate preserving some sites, but also contribute to our
understanding about the past, before these assets vanish from coastal areas. However, a full understanding of the
different factors that affect different cultural assets does not yet exist. In order to prioritize our actions regarding cultural
heritage management, a thorough study on the impact of natural and environmental factors on coastal cultural heritage
is necessary. A research synthesis, which includes a systematic review of literature and previous experiences, and
various data analyses result in new knowledge about the probable future state of coastal cultural heritage in Brunswick
County. The result is a set of risk maps for coastal cultural heritage in Brunswick County that can assist managers and
policy makers to prioritize their actions regarding conservation, preservation and management of coastal cultural
heritage.
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Introduction

Coastal cultural resources, including maritime historic and prehistoric features and structures, cultural landscapes,
underwater cultural parks and preserves, play important roles in sustainable development for poverty reduction,
livelihood promotion, education, and environmental protection (Vallega, 2003; Pinder and Vallega, 2003; Westerdhal,
2011; Ford, 2011; Campbell, 2000; Khakzad et al, 2015). These resources help to promote people's sense of identity and
place attachment (Salmons, 2007; Luchsinger, 2008). However, in many instances, coastal cultural heritage sites are
threatened by variety of factors due to dynamic state of the coast (Erlandson, 2008). These factors vary from different
coastal areas with different coastal morphology and presence of variety of natural factors (Murphy et al, 2009). These
factors include, but not limited to soils, waves, tides, wind, storms and beach erosion (Roberts and Trow, 2002; McVey
and Erlandson, 2012; Emanuel, 2005; Webster et al, 2005; Elsner et al., 2008; Martin and Parris, 2007). The impacts that
local geological conditions, geomorphological processes and climate change can bring on heritage assets have been
documented across a number of countries and their coastlines (Murphy et al, 2009; Pearson, 2007). These coastal
processes have different and varied levels of impacts on coastal cultural heritage, depending on the severity of
processes, and state of preservation and location of cultural assets (Murphy et al, 2009). The state of preservation,
knowledge of the type and magnitude of threats, and public awareness have been highlighted by many experts as major
factors in preservation and management of cultural heritage (De la Torre, 2002). Increasing knowledge of the threats to
cultural heritage resources is an essential and important first step to prioritize preservation and management strategies
(Personal communication with Dr. Brad Barr, Senior Policy Advisor, NOAA/ONMS, 21 Aug. 2014).

The coastal areas of North Carolina are constantly affected by natural factors that can adversely affect many cultural
and archaeological sites. Brunswick County is one of the significant historic areas in North Carolina. Therefore, the
purpose of this research is to determine major natural-environmental factors that are threatening preservation of coastal
cultural heritage in this area. The present research applies a synthesis methodology for analyzing the existing data.
Studies such as the present research can benefit from a multidisciplinary approach based on the integration of various
data and methodologies within archaeology, history, geology, geography, and geomorphology (Daire et al, 2012). Several
sets of data from diverse categories of cultural heritage sites, such as archaeological sites and historical sites, are
available through different sources including the Office of State Archaeology, State Historic Preservation Office, National
Park Service, NOAA, and the ECU archive. This research, also, addresses the gaps in present data that complicate the
assessment of cultural heritage and consequently, the future preservation plan and management of cultural resources.

Natural factors impacting Southeastern North Carolina coastal cultural
heritage

The major factors threatening North Carolina’s coast are sea level rise, the recurring annual danger of storm surges
during hurricane season, and floods from heavy rain events (Riggs et al., 2000; Mallinson et al., 2005, 2008).
Consequently, more coastal inundation occurs annually from storm surges, and stronger thunderstorms and tropical
cyclones create more wave energy on North Carolina’s coast each year (Smith et al., 2006; Beven et al., 2007). In low
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laying land, the nuisance flooding is increasing due to climate-related sea level rise and land subsidence. The nuisance
flooding, combined with loss of natural coastal barriers, is a major factor that can threaten the stability of many
structures (Sweet and Park, 2014; Sweet et al, 2014; NOAA, Nuisance flooding, 2016). Shoreline changes and erosion are
other impacting factors in the coastlines. Based on the 2011 N.C. Division of Coastal Management (NCDCM) report, 62%
of the North Carolina shoreline change rates at ‐2 feet per year or less, and 20% measured erosion rates between ‐2.5
and ‐5 feet per year (NCDCM, 2016). Brunswick County is considered Region 1 in NCDCM, which means the shoreline in
this region is exposed and vulnerable. This shoreline is facing strong wave activity from the south. Waves can have
short-term, seasonal, and long-term impacts on both the cross-shore and along-shore beach shape. In addition, more
impact through more frequent storms and wave events change the general beach outline and affect structures and sites
along the shoreline (BIMP, 2011).

Considering the level of impact that different natural factors impose on North Carolina coastal area, the present study
uses the available data on four major factors of sea-level rise, floods, storm surge, and hurricanes to create risk maps for
cultural heritage in coastal area of Brunswick County.

Delineation of the study area and research methodology

A buffer of 2 miles from the edge of the water, including the rivers and Intracoastal Waterway, in Brunswick County has
been selected. In order to delineate, the criteria of ‘Areas of Environmental Concern’ (AEC) were adopted. Coastal AEC
includes: coastal wetlands, estuarine waters, public trust areas, estuarine shorelines, ocean beaches, frontal dunes,
ocean erosion areas, inlet lands, and fragile natural resource areas (State Coastal Zone Boundaries, 2012).

The study has been conducted in two main phases with application of different methods as follows:

Phase 1: Data collection

Two main sets of data have been compiled for this study: cultural heritage data and geomorphological and
environmental data. Different sources were used for collecting relevant data for Brunswick county coastal area. The data
sets for cultural and archaeological sites in the coastal areas in Brunswick County were acquired from the Office of State
Archaeology, and sites with significance for traditional fishing communities have been recorded during the field research
and through conducting interviews with fishermen. The ECU archive was also consulted to collect more information on
some sites. Compiling all these data sets showed that there are more than 1300 archaeological and cultural heritage
sites in the study area (2 mile buffer). Geomorphological and environmental data was accrued from several reliable
sources, as listed in Table 1.
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Table 1. An overview of the cultural heritage data and natural data

Type of Sites Source Link

HPO The Historic Preservation
Office

No open link available

ESI_HS & ESI_AS (points) NOAA http://response.restoration.noaa.gov/maps-and-spatial-data/environmental-sensitivity-
index-esi-maps.html

OSA (Archaeological Sites and
points)

The Office of Sate
Archaeology

No open link available

Flood hazard zones NC Coastal Atlas 
FEMA (National Flood
Hazard Layer)

https://www.nccoastalatlas.org/explore?map=96 
https://www.fema.gov/national-flood-hazard-layer-nfhl 
http://fema.maps.arcgis.com/home/webmap/viewer.html?
webmap=cbe088e7c8704464aa0fc34eb99e7f30

Storm Surge NOAA 
NC OneMap

http://www.stormsurge.noaa.gov/models_obs_modeling.html 
http://services.nconemap.gov/arcgis/rest/services/NC1Map_Hurricanes/MapServer

Sea Level Rise (three
scenarios)

NOAA (CSC flooding depth) 
NC Coastal Atlas

http://maps.coast.noaa.gov/arcgis/rest/services/dc_slr/slr_1ft/MapServer 
http://maps.coast.noaa.gov/arcgis/rest/services/dc_slr/slr_2ft/MapServer 
http://maps.coast.noaa.gov/arcgis/rest/services/dc_slr/slr_3ft/MapServer

Hurricane NOAA (National Hurricane
center)

http://www.nhc.noaa.gov/satellite.php

Phase 2: Data superimposition

In order to assess the level of exposure to different natural factors in North Carolina (hurricane, storm surge, flood, and
sea-level rise), available geomorphological data was superimposed with heritage maps in ArcGIS. Various ArcGIS
methods of analysis, including Cross Tabulation and Zonal Geometry, were used to predict the coverage and impact
values of different environmental factors at cultural heritage sites in the study area. For this purpose, geo-visualization
technics were applied in analysis. Geo-visualization is helpful for multiple purposes and users, for interpreting spatial
patterns, and for better and more informed communication among academics, government managers, and stakeholders
(Slocum et al, 2009). There are examples of visualization, such as storm surge, hurricanes and floods forecasts, which
offer opportunities to raise risk awareness and to improve communication of impending disasters in emergency
situations (Allen et al, 2013; FEMA, 2016; Houston and Powell, 2012). ArcGIS software provides an efficient tool for
mapping and loss estimation, such as the FEMA HAZUS (Pine et al, 2005).

Results

Learning from projects such as FEMA HAZUS and other modeling technics, in this section, the project composes a series
of maps for general risk evaluation of archaeological and cultural sites. These maps are produced by superimposing four
main natural-environmental impacting factors in North Carolina (flood, storm-surge, sea-level rise and hurricane), and
cultural and archaeological data. These risk maps highlight the areas that potentially get affected and threatened by
these factors. The level of threat for each factor has been calculated based on interpretation of the existing data
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according to level of severity that was assigned to each factor based on the literature and different scenarios. These
levels are relative and only comparable within the datasets that were used for each factor.

Risk Maps

a. Superimposition of Flood Hazard Zones and Cultura-Archaeological Data

In this study, the scales from FEMA have been used for flood hazard zones . Flood hazard areas identified on the Flood

Insurance Rate Map, according to FEMA, are identified as a Special Flood Hazard Area (SFHA). SFHA are defined as the
area that will be inundated by the flood event having a 1-percent chance of being equaled or exceeded in any given year.
The 1-percent annual chance flood is also referred to as the base flood, or 100-year flood. Moderate flood hazard areas
are the areas between the limits of the base flood and the 0.2-percent-annual-chance (or 500-year) flood. The areas of
minimal flood hazard are the areas outside the SFHA and higher than the elevation of the 0.2-percent-annual-chance
flood (unshaded) (FEMA.flood-zones, 2016). This data was superimposed with cultural heritage data [Map 1].

Map 1. Flood Zones and Coastal Cultural Heritage. The points are the various cultural and archaeological sites with different historical
values, sociocultural significance and state of preservation. This risk map highlights the areas where these sites are prone to the three

levels of flood hazard. The zoomed out Shallotte River area provides a better view from the locations of the sites in relation to the different
flood hazard. Most sites are prone to minimal flood hazard; a few sites are at the edge of the river threatened by riverine flood and

floodway.

1
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Based on the literature, data from FEMA, and insurance evaluation, for Minimal Chance of flood, Impact Value 1; for
Flood Way, Impact Value 2, and for a 2% chance of annual flood, the authors assigned Impact Value 3. Although flood
ways are important in FEMA, no cultural-archaeological sites are mapped in these areas. Only one location is considered
as ‘riverine flood ways’ with no marked cultural resources. Thus, this area has been excluded from the calculation. After
assigning the values, cultural data and natural data were mapped and analyzed in ArcGIS, applying Cross Tabulation tool.
Map 1 was produced for “Flood Zones and Coastal Cultural Heritage” as a risk map for flood risk. The number of
potential sites in different impact zones are summarized in Table 2.

Table 2. The number of case study area’s sites in flood hazard zones.

Type of Sites Total #
Flood Hazard Risk Impact

1 2 3

Historic Preservation O�ce 682 284 14 1

ESI_HS 5 3 0 0

ESI_AS 251 146 0 23

OSA 369 101 131 4

Total site 1307 534 (40.85%) 145 (11.09%) 28 (2.70%)

Table 2 shows that 40.85% of total sites are in low level of flood hazard, 11.09% in moderate level of flood hazard and 2.70% in high risk of
flood.

b. Superposition of Storm Surge Zones and Archaeological—Cultural Data

Based on the GIS data set of Hurricane Storm Surge Inundation Areas, developed by the National Hurricane Center, in
cooperation with the North Carolina Center for Geographic Information and Analysis in 1993, four categories of storm
surge that causes inundation were mapped: cat0, cat3, cat12, and cat45) (Nc1map_Hurricanes (Mapserver)). These
categories are a conservative estimate of inundation in worst-case scenario and only indicate a wide range of still water,
if surges occur. For example, the cat12 layer is a map of what would be inundated by a Saffir-Simpson scale category 2,
which is a worst-case scenario for a storm of that category (Saffir, 1973, Simpson, 1974). The storm surge data were
superimposed with cultural heritage data to produce storm surge risk map for cultural heritage [Map 2].
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Map 2. Storm Surge Zones and Coastal Cultural Heritage. This map shows the cultural resources in the study area in relation to the
different threats of storm surge. One of the areas, most prone to suffering from storm surge, is Cape Fear Area. In this area, several

valuable cultural heritage sites, such as earthen structures, fortresses, lighthouses and archaeological sites, with different strengths and
state of preservation exist. The impact of storms surge can varies from washing, eroding to destructing the sites.

Table 3 shows the number of sites that are affected by different levels of storm surge.

Table 3. Number of case study area’s sites in different Storm Surge (SS) zones.

Type of Sites Total #
Storm Surge Risk Impact

1 (SS: 0) 2 (SS: 3) 3 (SS: 12) 4 (SS: 45)

Historic Preservation O�ce 682 0 65 130 32

ESI_HS 5 0 1 1 0

ESI_AS 251 21 24 45 28

OSA 369 68 149 11 88

Total site 1307 89 239 187 148

About 7% of the sites are in low level of risk (1 (SS:0)) by storm surge; 18.28% are in secondary level of threat (low moderate: 2 (SS: 3)),
14.30% in high moderate (3 (SS: 12)), and 11.32% in high level of threat (4 (SS:45)) by storm surge.
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c. Hurricane and Archaeological—Cultural Data

According to the historic hurricane data, many hurricanes have affected Cape Fear area [Map 3]. Hurricanes Dennis
(1981) and Barry (2007) had almost exact routes. However, their years of occurrence were far from each other. Bertha
(1996) and Fran (1996) hit Cape Fear area in the same year very close to each other. Hanna (2008) also hit the Cape Fear
area. In the western side of the Brunswick coast, the number of hurricanes which hit the coastal areas is also high.
Hurricanes Beryl (2012), Bonnie (2004) and Charley (2004, cat. 4) hit the land in a very close distance from each other.
Nevertheless, the lines on these maps show only the pattern of the hurricanes’ eyes, and the affected areas are far wider
than these lines—sometimes tens of kilometers. In addition, the intensity of the hurricanes are also different. Since there
is no prediction map available for future hurricanes, a risk map for future cannot be composed from the available data.
Nonetheless, historic data shows that Brunswick County and especially Cape Fear are prone to hurricane. Considering
that the concentration of heritage assets in Cape Fear and upstream in Cape River is high, the probability of cultural
heritage being affected by hurricane is logically viable.

Map 3. Hurricane Tracks and Coastal Cultural Heritage. This map shows the patterns of previous hurricanes in the study area. The impact
of strong winds, floods and storm surge due to hurricane can affect many archaeological sites and cultural heritage, ranging from

destruction of unstable buildings such as the Creek Boathouse, to washing and eroding the remains of building such as Ft. Caswell and Ft.
George, and erosion and weathering of buildings and archaeological sites.
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d. Sea-level Rise and Archaeological-Cultural Data

Sea level rise is a long-term risk and its impact on cultural heritage sites can be mitigated, if enough understanding of the
extent of sea level rise and its damages on different types of heritage can be estimated. The sea-level rise data acquired
from NOAA uses three scenarios of 1ft, 2ft and 3ft flood that were projected on the maps. These three layers were
superimposed separately with the archaeological and historical data. General maps for 2 ft. sea-level rise scenario has
been presented in Map 4. Some sections of the maps are zoomed in [Maps 5 and 6] to show the cultural heritage sites
that get affected and inundated by sea rise in different scenarios. Although in some cases the water might not reach the
sites or cause inundation, the proximity of these sites to water will increase the risk of by penetration of salt-water into
these entities, which increase the risk of material and structural erosion.

Map 4. Sea Level Rise and Coastal Cultural Heritage. This general map shows the 2 ft. sea-level rise scenario in relation to the locations of
the cultural and archaeological sites in the study area.
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Map 5. Sea Level Rise Scenarios in Shallotte Area. This map series shows the Shallotte River and Shallotte Inlet. The first scenario of sea
level rise (1ft.) affects some of the sites that are close to the water edge, mostly at the mouth of the river and low lands and islands.

However, the second and third sea level rise scenarios (2 and 3ft.) do not show significant land submergence and immediate danger to any
historical and archaeological sites in Shallotte area.
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Map 6. Sea Level Rise Scenarios in Cape Fear Area. This map series shows the Cape Fear Area. Sea level rise has a greater impact on this
area, and covers more cultural heritage sites. With the occurrence of first sea level rise scenario, several cultural heritage sites, such as the
archaeological sites known as British Forth and Hospital on Bald Head Island, will completely be inundated. The Creek Boathouse will be in

immediate danger of impact by sea-level rise. In addition, many archaeological and cultural heritage sites, such as Bald Head Island
Lighthouse, Fort Caswel and Oak Island Lighthouse might suffer from immediate proximity to the water. The 2 and 3 ft. sea level rise

scenarios show that some low land areas will be flooded completely.

Discussion

Present study applied an interdisciplinary approach and a synthesized methodology in order to create risk maps for
coastal cultural heritage. The study and analysis showed that some conclusions regarding the level of natural-
environmental factors affecting cultural resources could be drawn in order to prioritize actions for preservation and
protection of cultural resources in risk areas. However, the research faced several challenges, which derive from the
quality of existing data in fulfilling its objectives fully. One of the main challenges is that existing data is inadequate for
detailed analyzing, planning, and management. The inadequacy of data was observed in existing data on archaeological
and cultural heritage resources and in some natural and environmental datasets. Some of the issues that were faced are
explained as follows.

One of the issues is with categorizing the cultural and archaeological sites. Archaeological data are categorized in two
main groups of Points and Sites. Points are considered as those that were reported as individual findings, such as a
sherd of pottery, shells, pipe, or other artifacts. Sites are more likely a vaster collection of findings and archaeological
remains in a landscape. The sites and points were labeled as Historic (H), Pre-historic (P), and Both (PH). There are
reports available about most of these items at the State Archaeology Office. However, many of the reports on these sites
are from the environmental investigation reports. Therefore, the zoning system of these sites is based on the modern
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urban planning and blocks of housing, where each block was individually investigated for possible existence of
archaeological and cultural remains before new construction, rather than considering the entire archaeological site. As a
result, the number of sites are associated with the number of housing and urban blocks, not with the actual potential
archaeological sites.

On the State Historic Preservation Office dataset one category of the sites are Destructed/Moved Sites. Since one
important goal of the present research was to understand the impacting factors on the archaeological/cultural sites, the
dataset was searched for the reasons that caused the destruction and damage of those sites. However, in the data set
there was not many entities whose destruction/displacement reasons were explained or known. Since there is no record
of all the factors that caused destruction/displacement of sites, no concrete conclusion can be drawn from analyzing
these data to understand the major reasons of destruction/displacement of these sites. According to the NC Regional
Supervisor, the Historic Preservation Office updates the information about sites, if only a third party reports about these
buildings and sites. If a site/building is displaced or destructed, usually, there is no information available about the cause
of its destruction/displacement (E-mail communication with Scott Power, Regional Supervisor, Eastern Office, N.C. State
Historic Preservation Office, Department of Natural and Cultural Resources). If such information existed, a better
analysis could be performed and factors that are affecting coastal cultural heritage could be better understood.

This study examined four major natural factors that affect coastal areas, independently, to estimate the extent of the
risks to cultural and archaeological sites in Brunswick County. Several challenges were faced during the analysis. The
data used for this study was accumulated from general existing natural and environmental data, and the datasets were
not specifically managed for assessing their impact on cultural heritage. Moreover, the accuracy and availability of
updated data for specific locations, in addition to the analysis technics were not ideal for the objectives of the present
research. The ongoing development of modern technology can improve our collecting, interpretation and understanding
of data. For example, studies showed that discrepancies in inundation predictions when using traditional contour-based
surge maps compared to contemporary digital LiDAR-based inundation models are significant, which can greatly
influence decision making (Allen et al, 2013). Moreover, risk to archaeological and cultural heritage sites can only roughly
be characterized by just overlaying structures/sites and natural-environmental factors. The level of impact can vary
depending on the sites elevation, material, architectural designs and sites stability. In addition, the author acknowledge
that the level of threat and risk can be amplified, if all these factors affect cultural resources at the same time or during
an extended period. In addition, GIS analysis also have its own challenges to depict the scope of risks and threats.

Some data sets are outdated. For example, the storm surge data acquired from NC OneMap and used for the present
research have originally been accumulated and mapped with the technology and capability of the mid-1990s. This data
was manually made by digitizing the original data onto topographic maps, using SLOSH model to estimate the areas that
a surge might cover. Therefore, the accuracy of data and covered zones might not be exact. Furthermore, this data does
not show the depth of inundation, or the force of storm surge and tides. Additionally, the impact of flood and inundation
through sea level rise varies, depending on factors such as type of building or site, its material, its location, type of soil,
and the vulnerability of buildings and sites to salt and water penetration through the soil and buildings’ foundation. In
order to estimate the impact of flood on the cultural and archaeological sites, each site needs a separate study to
understand all the above mentioned factors. The risk map here only demonstrates the site that can be affected by flood,
but the impact factor does not consider the sites’ vulnerability.

Two sites are chosen here for more discussion in details. These sites are selected because there is more information
available on the state of preservation and the factors affecting them.
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Bald Head Island Boat House

This site is an old wooden boat house, listed on the National Register of Historic Places. It is listed as a property,
associated with events (fishing, boatbuilding, etc.) which have made a significant contribution to the broad patterns of
history as a structural marker in a long history of European settlement of the maritime Cape Fear region (NRHP, 2016). The
registration form was prepared in 1997, which describes the site as the ca. 1915 Bald Head Creek Boathouse, a surviving
member of a series of structures erected beginning in the late eighteenth century that signi�ed efforts to provide safe ship
passage in this treacherous stretch of the North Carolina coast. (National Register of Historic Places, registration Form).

This simple single-craft, rectangular frame, gable-roofed structure rests on wooden pilings. It was built to store supplies
and boats. Due to the dramatic change of the shape and direction of the creek channel during the past ninety years, the
boathouse location in relation to the water has changed. Presently, the boundary for the Bald Head Creek Boathouse
includes a 25-foot swath surrounding the perimeter of the boathouse. The boathouse is situated in Bald Head Creek, a
tidal creek which is constantly shifting. The 25-foot swath around the boathouse includes a portion of the creek and
marshland. The natural changes, in addition to the changes to the social (i.e. more tourists and new comers versus
fishermen) and urban (i.e. relocation of the fishing facilities) setting resulted in abandonment of the boathouse, and
therefore its rapid deterioration.

Although the site is one of the most popular paintings and photographic scenes on the island and it is a registered site,
no action has been taken for its preservation, and its structure is suffering from deterioration. The fact that the building
is standing on wooden pilings in tidal marsh suggests the stability of the building is questionable. The comparison
between the pictures taken at the time of its registration form preparation (1997) with recent pictures (2015) shows the
extent of its deterioration in about three decades [Fig. 1a and b]. In addition, considering the location of this building in
lowland areas of Baldhead Island and the projection of sea-level rise and storm surge data, this building is in imminent
risk of damage, if these scenarios take effect. The Creek Boathouse would be affected by one-foot sea-level rise
scenario, which is the minimum predicted sea-level rise scenario, and cat12 storm surge, which is the worst-case
scenario for storm surge.

 

Fig 1. a) Aerial image showing deterioration of the roof structure of the boat house (Photo by: Lynn Harris). b) The Creek Boathouse in
1997 © NC State Historic Preservation Office photo collection.
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The boathouse case shows that natural factors, such as wind and dampness and the major shift of the river channel,
combined with the lack of preservation effort are the main factors deteriorating the building. This building can suffer
from these factors in short-term. Despite status as a National Registered building, no preservation efforts have taken
place to date. Given the historic values of this site and natural factors that threatening this building, in addition to the
efforts to document its present condition (East Carolina University ongoing Project), there is sufficient information
available for arguing the need for its preservation. This information can help managers to make sound decision and take
informed actions in regards to preservation and/or displacement of the Creek Boathouse.

Brunswick Town

Brunswick Town was settled about 1725. The town was erected at the previous (or adjacent to the previous) Charles
Town, and some archaeological remains of Native Americans settlements (Lee, 1963). Brunswick Town was one of the
most prominent port and political centers (Pedlow, 19797: 9). The site comprises historic houses and ruins, and remains
of the port and wharves. The work, to actively save historic places from destruction or unsympathetic alteration, began
with the establishment of the Brunswick Town State Historic Site in the 1950s (Landmark Preservation Associates,
2010). Brunswick Town is a Historic Registered Site.

Archaeological studies in Brunswick Town have identified the remains of four colonial wharves and the possible
locations of five more. Cape Fear River experiences hydrological floods, which is a peak in river discharge following rain
or snowmelt, and causes erosion along the river shoreline (Becker, Luettich, & Mallin, 2010). Jim McKee, historic
interpreter for the Brunswick Town State Historic Site, stated that since 2010, due to the Cape Fear’s flooding and strong
water flow, the banks of the river are constantly eroded, which results in the exposure of more wharves [Fig. 2].
Superimposition of this site on the risk maps shows that this site can be affected by one-foot sea-level rise scenario and
cat12 storm surge. In addition, historic data shows that this site is located in a hurricane-prone region. The existing data
shows that seasonally, there will be more severe river current and flood in the riverbank, which will result in more erosion
and loss of material and structure.

Fig 2. Images show different sections of Brunswick Town along the Cape Fear River, where the impact of water flow clearly altered the
sites and caused exposure of some artifacts and destructions in some sections. © The State Archaeology Office, Photo courtesy: John

Mintz
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The preservation efforts aim to conserve 3,600 linear feet of coastline. This effort includes setting "Tensar Geogrid"
marine mattresses, rock-filled mesh containers that offer a place for vegetation growth that absorbs the energy of
constant wave motion, produced by tides and passing boats, as well as flooding. In order to protect the site, more
preventive actions are required. The land is partially owned by the private sector and partially by the military.
Disagreement among the owners is one of the issues that complicates the prospect of a unified strategy for
management and preservation efforts (Star News, 2013). Existing information on this site and being aware of its
historical values enhanced the possibilities of its protection. However, factors, such as funding and different ownerships,
complicated decision-making.

In general, assessment of the state of existing sites, buildings and their structures will help to analyze the impact of each
factor more accurately. The two mentioned case studies are example of a few fairly well documented sites and
structures, with existing information about their present condition. Nevertheless, not all the cultural-archaeological
entities hold the information about their structures and materials, which is necessary for decision-making. Therefore, the
present analysis can only highlighted probable major factors that possibly affect cultural resources, not the extent and
exact form of impact.

Conclusion

Several natural and anthropogenic factors, including storms, sea-level rise, flood and hurricane are threatening coastal
areas of North Carolina. Through synthesizing data, the present study provided risk maps for different factors. These risk
maps highlight the areas that are more at risk of flood in short term, might be suffering from the impact of sea-level rise
in long term, and the probability of being affected by hurricanes and storms. In addition, interpretation of this data for
assessing the probable risk of flood and storm surge on cultural properties only can provide a very basic understanding
on the locality of the cultural sites in relation to different level of flood hazard. As aforementioned, for a proper mitigation
and protection of cultural properties, it is necessary to have a better understanding of the nature of cultural properties,
their state of preservation, their susceptibility to salt and fresh water penetration, their materials and structural stability.
However, the cultural resources datasets do not provide these specifics. According to the risk maps, several significant
cultural heritage sites are threatened by different factors in long term. The concern about sea level rise is multifaceted
because it will cause salt-water penetration into different sites and material, and causes unpredictable changes in the
environment. Hurricane data only show the historical and past hurricanes. No hurricane prediction map has yet been
produced for Brunswick County. More studies on the changes in the categories of hurricane and possible prediction
scenarios can help cultural heritage managers to create mitigation plans for hurricane.

The risk maps can be a practical way to guide managers (and other potential stakeholders) toward envisioning
strategies and plans that preserve cultural heritage resources either through relocation of the sites, adaptation
strategies, or in situ mitigation and protection policies. As previously mentioned, for such plans and strategies, accurate
data on the state of cultural resources, their preservation and their level of social and cultural significance is necessary.
In other word, before acquiring such data on each site and building, no site-specific mitigation or adaptation strategies
could be recommended. The existing risk maps are the first steps that can only reveal what sites are threatened by
natural-environmental factors, and show the level of severity of those factors, not the level of their impacts on cultural
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properties. This research can be considered as a benchmark for future reference for risk assessment, and provided a
strategy to collect and perfect data. The proposed strategy can be expanded and applied for other sites, and can include
other factors affecting cultural assets in this area, and other areas.
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Endnotes

1. NOAA uses the MEOW (Maximum Envelope of Water), which represents the worst-case flooding scenario possible from a threatening

hurricane of a given category, size, and particular track direction (FEMA, 2003).
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