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Phase 1 Report, Part 1:

Vulnerability Assessment

Section 1 - Study Objective

Located on the western shore of the Chesapeake Bay, Anne Arundel County is almost completely
surrounded by tidal and non-tidal waterways and has over 530 miles of shoreline. The County is
therefore susceptible to the effects of climate change and sea level rise and has a need to better
understand the scientific findings to date and their implications for the County. The County’s General
Development Plan, adopted in 2009, includes recommendations to develop a strategic plan for a
phased implementation response to avoid or reduce sea level rise impacts to property, infrastructure,
and other resources, and to establish policies to guide the relocation, extension or expansion of
public infrastructure in at-risk areas.

To this end, the County has partnered with the Maryland Department of Natural Resources (DNR)
through the Coastal Communities Initiative Program to conduct a study of potential sea level rise
impacts and develop adaptation strategies. The project consists of four major components and will
be conducted over a two-year period. The four components include: 1) a vulnerability assessment
to identify potential areas impacted by sea level rise and develop inventories of resources at risk; 2)
development of a framework for interagency strategic planning; 3) development of a strategic plan
that establishes policies and specific steps to protect resources and minimize impacts; and 4) public
outreach and education to promote public awareness of sea level rise issues.

This Phase | Report presents the results of the first major project component, the Vulnerability Assess-
ment. The report includes an overview of relevant studies, a description of the methods used for this
assessment, an inventory and assessment of vulnerable resources identified, a discussion of shoreline
erosion and its potential impacts, and the conclusions that will help guide the strategic planning
process to follow.

Section 2 — Maryland Climate Action Plan and Related Studies

The Maryland Climate Action Plan provides a framework for understanding the anticipated global and
regional impact of climate changes. The Climate Action Plan was published by the Maryland Com-
mission on Climate Change (MCCC), a group designated by Governor O’'Malley in 2007. The MCCC
was composed of representatives of all major stakeholder groups affected by the potential impacts of
and responses to climate change. A brief overview of the Climate Action Plan provides an abbreviated
background of its application at the local level as used in the Sea Level Rise Vulnerability Assessment.

Governor O’Malley and the General Assembly intended the Climate Action Plan to”“...address the
causes of climate change, prepare for the likely consequences and impacts of climate change to
Maryland, and establish firm benchmarks and timetables for implementing the Commission’s



recommendations.” The Scientific and Technical Working Group (STWG) of the MCCC was tasked

with completing an assessment of historical and projected climate changes across Maryland, and
identifying the likely impacts to water resources and aquatic environments, farms and forests, coastal
vulnerability, the Chesapeake Bay and coastal ecosystems, and human health. Additionally, the STWG
developed a mitigation and adaptation strategy to climate change as a resource for stakeholders
planning for such occurrences in their communities'.

The Climate Action Plan is based on models used by the Intergovernmental Panel on Climate Change
(IPCQ) in its 2007 Fourth Assessment Report and incorporates an extensive literature review. The
STWG selected seventeen specific models from the IPCC Assessment based on how each one repli-
cated both global conditions and observation in Maryland. The model results were averaged in order
to provide the most likely projections for sea level rise. Projections were presented using both ‘lower’
and ‘higher’ greenhouse gas emissions scenarios. The lower scenario reflects a peak in emissions at
mid-century, then a trailing level of emissions
through the end of the century while the higher
scenario projects impacts given the current rate
of emissions of greenhouse gases through the
end of the century. In terms of sea level rise, the
projections indicate a low emissions scenario of
up to 2.7 feet of sea level rise and a high emis-
sions scenario of up to 3.4 feet through 2100 for
Maryland. This takes land subsidence rates into
consideration which are projected to remain
steady from the previous century at about 6
inches over the course of 100 years. An important
caveat exists for the projections; the estimates”...
should not be considered as model forecasts, but as reasonable bases for assessment and planning
that take into account the admitted high-end uncertainties in estimating future sea levels.”

The MCCC Climate Action Plan has served as an outline for further refinement by local jurisdictions.
Three Maryland counties (Worcester, Somerset, and Dorchester counties) have used the Climate
Action Plan to help complete their own sea level rise planning strategies. While all three counties
used a simple bathtub model to assess sea level rise impacts, each of these localized sea level rise
plans differ in terms of modeling approach, planning horizon, and responses in accordance with their
specific planning needs. Each county found different degrees of impact but all acknowledge the
need to address changing climatic conditions in their planning efforts now in order to mitigate antici-
pated changes in their local environment.

Maryland in particular experiences great variations in climate across the state and therefore changes
from sea level rise and other climatic factors will have varying impacts depending on location. Projec-
tions at the state level for climate change, impacts, and response options provide general guidance
for local jurisdictions. Thus the Sea Level Rise Strategic Plan Vulnerability Assessment incorporates
the state’s guidance but uses localized data analysis and evaluation of local conditions to assess the
potential impact of climate changes and mitigation strategies for Anne Arundel County.

Section 3 - Study Methodology

3-1. Sea Level Rise Projections

The sea level rise projections used for this assessment are based in part upon research compiled by
the Scientific and Technical Working Group (STWG) and Adaptation and Response Working Group
(ARWG) of the MCCC. The MCCC, through these working groups, have stated that coastal lands

1 Maryland Commission on Climate Change, 2008. Comprehensive Assessment of Climate Change Impacts
in Maryland, Scientific and Technical Working Group
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situated along the Chesapeake Bay experience a greater degree of annual sea level rise relative to
other areas around the globe due to its coastal geomorphology. Specifically, areas such as Anne
Arundel County which lay along the eastern continental shelf continue to subside as a result of post
glacial readjustment. In turn, the land slowly sinks (subsidence) relative to sea level. Once land read-
justment is accounted for, the STWG factored climate change predictions from the Intergovernmental
Panel on Climate Change (IPCC) and estimated between 2.7 and 3.4 feet of relative sea level rise by
the end of 21002 The IPCC projections utilized by the STWG and reported by the ARWG assume
external variables including greenhouse gas emissions (lower v. higher) as well as accelerated melting
of polar ice.

In light of the projections used in their report, and given the inherent uncertainty regarding how the
external variables impact the IPCC sea level rise projections, the STWG recommended that adaptation
measures intent on reducing coastal vulnerability should plan for at least a 1 foot rise in sea level by
the end of 2050, and a 2 foot rise in sea level by the end of 2100. Further, the STWG also qualifies that
planning for up to 4 feet in sea level rise may be warranted depending upon how reliable the IPCC
projections are throughout the planning horizon. Planning for a rise in sea level up to 1 foot makes
practical sense since historical records show
relative sea level rise occurring at a rate of 1 foot
per 100 years®. Thus, sea level has been shown
to rise independently of direct external influ-
ences. However, given the extensive background
research previously cited, it is reasonable to
assume that externalities such as greenhouse gas
emissions and melting polar ice will influence the
IPCC projections. Therefore, incorporating up to
2 feet in sea level rise is justified in the vulnerabil-
ity assessment. Furthermore, incorporating the
upper end of the STWG sea level rise projections
(i.e. 3.4 feet) was prudent given the planning level
nature of the vulnerability assessment.

Taking into account the ranges in sea level rise mentioned previously, the methodology for the vul-
nerability assessment utilized a rise in sea level broken into two scenarios. The first scenario assumed
arise in sea level between 0 and 2 feet, with the second scenario assuming a rise in sea level between
2 and 5 feet. It is important to note that planning for up to 5 feet in sea level rise was based upon the
available topographic / elevation data acquired from the Maryland Department of Natural Resources
(DNR). Itis also important to note that, for reporting purposes, the methodology used a cumulative
approach to a 5 foot rise in sea level. This was done by incorporating a presumption that all resources
impacted under the 0-2' scenario would also be impacted in the 2-5’scenario. Thus, for reporting
purposes, the second planning scenario was treated as a rise between 0 and 5 feet.

3-2. Data Acquisition

A Countywide model of sea level rise was provided by the Maryland Department of Natural Resources
(DNR). The model was derived from high-resolution topographic data generated using a Light Detec-
tion And Ranging (LiDAR) remote sensing technology. LiDAR based topographic data was acquired
by the State of Maryland in cooperation with local and federal agencies to identify areas vulnerable
to sea level rise inundation. Digital representations of the earth’s surface are also referred to as Digital
Elevation Models (DEM). The data was provided to the County in a Geographic Information Systems

2 Maryland Commission on Climate Change; 2008. Comprehensive Strategy for Reducing Maryland’s Vulnerability to
Climate Change, Adaptation and Response Working Group
3 Leatherman, S.P., and C.R. Volonte. 1992. Future Sea Level Rise Impacts: Maryland’s Atlantic Coastal Bays. Mary-

land Department of Natural Resources, Annapolis, Maryland.
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Figure 1. Anne Arundel County Sea Level Rise
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(GIS) format. The dataset represents inundation areas in the event of a two foot and a five foot rise in
sea level.

The sea level rise model incorporates both the LiDAR based DEM as well as the State of Maryland’s
official recent shorelines’ data. The recent shoreline is used as the base elevation upon which the
LiDAR elevation data is then derived. Processing the sea level rise model was done by the Towson
University Center for Geographic Information Systems (CGIS). CGIS, at the direction of DNR, decided
upon how the model would be classified in terms of the elevation breaks. Data classification breaks
(i.e. 0-2’and 2-5') determined by DNR provide generally accepted sea level rise inundation levels that
correspond well to the background research and detailed assessments by the MCCC. Noteworthy
here is that CGIS completed a third sea level rise dataset, a five foot to ten foot rise in sea level model
(5-10"). However, based upon previous discussion, planning for a rise in sea level beyond 5 feet will
be determined by evaluation of how the IPCC sea level rise projections behave over the course of the
planning time horizon.

The inundation data layers as well as the data sets of County resources to be assessed for vulnerability
were brought into a Geographic Information System (GIS) for analysis. The project team identified the
types of resources to be included in the assessment. These include land area, principal structures,
transportation infrastructure such as roads and bridges, wells, septic systems, utility infrastructure
such as water and sewer lines and storm drains, critical facilities, marinas, parks, archaeological sites,
historic properties, and cemeteries. Data for the resources identified are readily available in a GIS
format, as they are each used by various County agencies in their daily planning activities. While
efforts are made to ensure that each resource is as current as possible, there are temporal differences
between the data sets.

3-3. Data Idiosyncrasies & Caveats

There are some idiosyncrasies associated with the data used for the assessment. First, the inundation
layers provided by DNR had instances of data overlap. Reasons for this overlap deal with the technical
nature of how the LIDAR based DEM were generated. Even though only a few resources were discrete
enough to be impacted by this data nuance (i.e. principal structures), it was imperative that the selec-
tion methodology eliminate duplication in order to tabulate results using the 0-2"and 0-5" planning
scenarios.

In order to eliminate duplication, resources that were completely within the 0-2’inundation layer, but
that also crossed the outline of both the 0-2"and 2-5’inundation layers, were counted as part of the
0-2' planning scenario. Resources that were totally within the 2-5’inundation layer were added to the
0-2' planning scenario count to generate the results of the 0-5" planning scenario. This allowed for
cumulative reporting since the vulnerability assessment assumes that resources impacted by a 0-2’
sea level rise would also be impacted by a 2-5"sea level rise.

Notable also is the fact that the inundation layers utilize a base shoreline that is not coincident with
the official County shoreline, so the degree of horizon-
tal inundation may vary if the inundation layers were
recreated using the County base shoreline.

Selection of resources based upon their intersection
with the sea level rise inundation layers is a simplified
method to depict potential impacts. This selection
method, however, does not qualify the degree or inten-
sity of impact. Further, this method does not account
for the effect shoreline protection measures may have
on inundation levels.




One of the largest caveats is that the sea level rise models used to create the inundation layers assume
uniform rates of sea level rise and land subsidence. This type of sea level rise modeling is often
referred to as a‘bathtub’model since it simply fills a desired body of water up similar to a bathtub. The
Chesapeake Bay (the ‘bathtub’) and the shoreline it shares with Anne Arundel County are treated as a
theoretical surface. These types of sea level rise models do not factor in the ability for wetlands and
marshes to absorb the rising waters, nor do they consider the ability for soils to resist erosion relative
to others along and within the hazard impact zone.

3-4, Storm Surge & Sea Level Rise

The 2009 General Development Plan (GDP) acknowledges that rising sea level will exacerbate the
impacts of coastal storm surge. The GDP references storm surge mapping data provided by the Army
Corp of Engineers (COE) to the County Office of Emergency Management (OEM) to aid in emergency
preparedness planning. However, the vulnerability assessment does not attempt to incorporate the
sea level rise inundation data with the available COE / OEM storm surge data for a variety of reasons.
The first reason is that the topographic data used to create the sea level rise inundation data was
produced at a higher resolution than what was used to create the storm surge inundation data.
Secondly, there was a lack of bathometric data associated with the storm surge data. Bathometric
data is needed to project reliable wave heights from storm surge given that wave height is dictated
in part by underwater topography. Finally, the 100 year planning horizon has a high degree of uncer-
tainty associated with it already. Since it is virtually impossible to predict when tropical storms might
affect a given area shown to be impacted by the sea level rise planning scenarios, the vulnerability
assessment chose not to introduce additional uncertainty. The decision not to directly incorporate
storm surge data into the assessment is not to suggest the data cannot be used to reinforce findings
brought to light in the vulnerability assessment.Section 1.4 — Results of Sea Level Rise Vulnerability
Assessment.

Section 4. Results of Sea Level Rise Vulnerahility Assessment

4-1. Impacts on Land and Property Value

The County’s current land cover data, as of 2007, was used to assess the amount of land area and the
types of land uses that might be vulnerable to sea level rise, as well as the land value based on current
tax assessment data. The results are shown in Tables 1 and 2 respectively.

Nearly 2,200 acres of land are vulnerable under a 0-2"sea level rise. Almost two-thirds of this area
(62%) consists of woodlands (743 acres) and open wetlands (622 acres). Most of the remaining vul-
nerable land area contains residential uses or is open land. A relatively small amount of land area is
used for commercial, industrial or agricultural uses.

When the sea level rise inundation area is expanded under the 0-5’ scenario, over 6,900 acres of land
are potentially impacted. Forty-two percent of the vulnerable area is woodlands, 24 percent is resi-
dential land, 14 percent is open wetland and nine percent is open land, with the remaining land uses
comprising smaller percentages.

Table 1 - Land Cover (in Acres)

Type of Land Cover 0-2 ft Inundation 0-5 ft Inundation
Commercial 13 182
Forested Wetland 5 29
Industrial 4 27
Open Land 262 650
Open Wetland 622 964




Type of Land Cover 0-2 ft Inundation 0-5 ft Inundation
Pasture/Hay 1 17
Residential 1-acre 24 116
Residential 1/2-acre 44 249
Residential 1/4-acre 66 332
Residential 1/8-acre 68 499
Residential 2-acre 78 381
Residential Woods 20 59
Row Crops 1 37
Transportation 7 70
Utility 1 7
Water 234 383
Woods 743 2,903
Total Acres 2,193 6,905

The average, median, and total assessment values of the properties at risk are shown in Table 2. In
this analysis, properties include land parcels and subdivided lots. Properties at risk include those that
fall fully or partially within the inundation area, as well as both improved and unimproved properties.
As seen, the average property value in the vulnerable areas falls within the $200,000-$225,000 range.
Although the total land area that is vulnerable to sea level rise is a small percentage of the total land
in the County (265,770 acres), and a significant portion of it is unimproved woodlands or wetlands,
the total value of properties at risk is not insignificant at nearly $3 billion under the 0-2"scenario and
over $4.1 billion in the 0-5" scenario.

Table 2 - Properties at Risk and Assessment Values

Property 0-2 ft Inundation 0-5 ft Inundation
# of Properties at Risk 11,607 18,850
Average Assessment Value $223,854 $202,018
Median Assessment Value $143,027 $133,700
Total Assessment Value $2,904,959,889 $4,135,714,067

4-2, Impacts on Principal Structures

Principal structures are those considered principal to the use of land upon which the structure resides.
This analysis did not include secondary structures such as sheds or other accessory structures. Princi-
pal structures were considered at risk if they fell entirely or partially within the area of inundation.

Results in Table 3 indicate that only 140 principal structures are impacted in the 0-2' scenario; a
relatively small number. The majority of these are residential (125 structures), primarily single family
detached dwellings. Of the 15 non-residential structures impacted in the 0-2 foot scenario, 13 are
commercial marinas and 2 are associated with community associations or civic groups.

A significantly higher number of 2,398 principal structures are impacted in the 0-5'scenario. Of these,
approximately 96% are residential structures, again primarily single family detached homes in the R5,
R2 and R1 zoning districts (low to medium density residential zoning).

There are 74 non-residential structures impacted in the 0-5 foot scenario, 59 more than are impacted
in the lower sea level rise scenario. Among these 59 structures, 49 are commercial uses, two are
places of worship, two are private educational uses, and six are other institutional uses including a
private club, four civic group uses, and a structure on the Smithsonian Environmental Research Center
site.



It is noted that critical public safety facilities such as police and fire stations and evacuation centers
were included in the analysis but are not seen in the results since no such facilities are located in the
inundation areas.

Table 3 - Principal Structures at Risk (# of structures)

Building Use Type 0-2 ft Inundation 0-5 ft Inundation
Commercial 13 62
Educational 0 2
Other Institutional 2 8
Place of Worship 0 2
Residential 125 2,324
Total 140 2,398

Table 4 indicates that the principal structures at risk are located all along the shoreline from Pasadena
in the north down to South County. Under the 0-5’scenario, the Deale peninsula which includes the
communities of Deale, Shady Side, Churchton, and Galesville, is particularly vulnerable with over
1,000 structures located in at-risk areas. The Edgewater/Mayo, Annapolis Neck, and Lake Shore penin-
sulas also have fairly large numbers of structures at risk.

Table 4 - Location of Principal Structures at Risk (# of structures)

Location (Planning Area) 0-2 ft Inundation 0-5 ft Inundation
Annapolis Neck 9 319
Broadneck 6 82
Crownsville 14 50
Deale/Shady Side 35 1,007
Edgewater/Mayo 30 431
Glen Burnie 0 36
Lake Shore 11 289
Pasadena/Marley Neck 4 34
Severna Park 18 108
South County 13 42
Total 140 2,398

4-3. Impacts on Transportation Infrastructure

Inundation of road facilities, even periodically, can lead to costly maintenance issues as well as dan-
gerous driving conditions. As underlying soils become saturated, road pavement will crack more
easily and potholes will occur.

As seen in Table 5, major transportation infrastructure in the County such as freeways and arterial
highways does not appear to be significantly vulnerable to sea level rise impacts, and even local and
collector roads are shown to be minimally impacted (in terms of total road miles) under a sea level rise
of 0-2 feet. Under the 0-5'scenario, there are approximately 35 miles of local and collector roads that
are potentially at risk. The local roads at risk are found primarily on the Lake Shore peninsula (commu-
nities of Bayside Beach, Venice on the Bay, Gibson Island); the Annapolis Neck peninsula (communities
of Arundel on the Bay, Oyster Harbor, Bay Ridge); the Mayo peninsula (communities of Turkey Point,
Selby on the Bay, Ponder Cove); the Deale peninsula (communities of Shady Side, Galesville, Church-
ton, Deale), and in South County (communities of Fairhaven on the Bay, Rose Haven).



Most of the local roads that appear vulnerable are individual segments right along the coast, and their
potential inundation would not result in cutting off an entire community. However, individual streets
in several areas could eventually require elevation or abandonment, leaving isolated properties with
no access. MD 214 is of some concern since its partial inundation could impact access to the lower
end of the Mayo peninsula. There are several local roads in the communities of Arundel on the Bay,
Oyster Bay, and Shady Side that could become completely inundated. This will be examined in more
detail during the strategic planning phase of this project.

Table 5 - Road Miles at Risk

Road Classification 0-2 ft Inundation 0-5 ft Inundation
Freeway 0.02 0.09
Principal Arterial 0.05 0.11
Minor Arterial 0.07 1.03
Collector 0.34 5.56
Local Road 149 29.54
Total Road Miles 1.97 36.33

4-4, Impacts on Utility Infrastructure

Many of the areas vulnerable to sea level rise inundation are served by public water and sewer sys-
tems owned and maintained by the County. As the areas become inundated, soils become saturated
and water tables rise. This can cause infiltration and inflow into water and sewer pipes as well as
storm drain pipes, reducing their capacity and resulting in malfunctions of the systems.

Public utility infrastructure that falls within or intersects the areas of inundation is summarized in
Table 6. Water lines located in vulnerable areas are not concentrated in any specific communities but
are scattered along various coastal areas. Most water lines in these areas are 6”to 12" in diameter,
with some of the vulnerable segments as large as 24 inches.

The public sewer lines that are located in vulnerable areas are mostly 8” diameter pipes but range in
size from 4”to 48" diameter. They are also located all along the coastal areas, but there are small con-
centrations of sewer lines at risk in Glen Burnie along Marley Creek, in Severna Park, along the coastal
areas on the Annapolis Neck, Mayo, and Deale peninsulas, and in Rose Haven.

The sewer pump stations in at-risk areas are located in the Broadneck (6 stations), Annapolis (10
stations), Mayo-Glebe Heights (5 stations), and Broadwater (3 stations) sewer service areas. No public
water or sewer treatment facilities are located in the inundation areas, although the Broadwater Water
Reclamation Facility which serves the Deale/Shady Side area just borders the five foot inundation
area.

Storm drain pipes are found in almost all of the inundation areas along the coastline. The data in
Table 6 includes storm drain lines that are maintained by the County as well as privately maintained,
but the vast majority (65,897 feet in length) is maintained by the County. However, the County’s data
on storm drains does not include facilities owned and maintained by the State, the City of Annapolis,
or the Federal military complexes in the County such as the Naval Academy.

Table 6 - Public Utility Infrastructure at Risk

Facility 0-2 ft Inundation 0-5 ft Inundation
Water Lines (pipe length in feet) 26,684 53,729
Water Hydrants 2 9
Sewer Gravity Lines (pipe length in feet) |12,169 169,202




Facility 0-2 ft Inundation 0-5 ft Inundation
Sewer Force Mains (pipe length in feet) 21,602 137,663
Sewer Manholes 36 591
Sewer Pumping Stations 1 24
Storm Drain Pipes (pipe length in feet) 22,880 66,212
Stormwater Management Facilities 1 9

Private water and sewer facilities were also evaluated. There are approximately 40,700 private
individual septic systems in the County, and roughly 35,000 private wells serving individual homes
or properties. In addition, there are over 500 community wells in the County. These facilities are
also susceptible to impacts of sea level rise, either due to surface inundation or to high water tables
associated with a rise in sea level. This may cause septic systems to fail and can result in saltwater
intrusion in water supply wells, contaminating the drinking water supply.

Table 7 indicates the number of properties with private well and septic facilities that are located

in the 0-2’and 0-5'inundation areas. Septic systems on properties susceptible to sea level rise

are concentrated primarily along the coastal portions of the Lake Shore peninsula, the Broadneck
peninsula, areas of Crownsville along the Severn River, portions of the Annapolis Neck along the
South River, and the coastal areas in South County excepting the Deale/Shady Side peninsula which is
served by public sewer.

Private wells at risk are found in general in the same locations with septic systems at risk, with the
addition of the Mayo and Deale/Shady Side peninsulas which do not have public water service and
are therefore at risk of private well contamination in inundation areas. The majority of residential
properties served by community wells that may be vulnerable are in the Sherwood Forest and Epping
Forest communities along the Severn River.

Table 7 - Private Wells and Septic Systems at Risk (# of properties)

Facility 0-2 ft Inundation 0-5 ft Inundation
Septic systems 5,206 7,238
Private wells 4,718 7,633
Community wells 69 123

4-5. Impacts on Marinas

The marine industry is an important segment of the local economy in Anne Arundel County given its
many miles of shoreline. Based on a recent inventory, there are 221 marinas currently operating in the
County including community marinas, commercial marinas, and yacht clubs. The principal services
that are provided at marinas are facilities for storing, launching, and hauling boats. Other services
often include fresh water supply for the docked boats, electric power, repair, fuel, grocery sales,
marine supplies, hardware, restaurants, restrooms, tennis, swimming pools, ice, boat sales, boating
schools, and sometimes motels.

The results in Table 8 indicate that the majority of marinas are vulnerable to sea level rise under the
0-2'scenario, and all are vulnerable under the 0-5’ scenario.

Table 8 - Marina Properties at Risk (# of marinas)

Marina Type 0-2 ft Inundation 0-5 ft Inundation
Commercial 73 79
Community 123 130
Yacht Club 12 12
Total 208 221




4-6. Impacts on Park Lands

Analysis of public park properties vulnerable to sea level rise indicates there are 49 properties at risk
under the 0-2'scenario and 59 properties at risk under the 0-5"scenario. Most of these are County
parks. Many are open natural areas, but the vulnerable properties also include active recreation parks
with sports fields, public school recreation areas, and public piers. Of the 59 park properties, 12 are
located in South County, 11 in Deale/Shady Side, 8 in Edgewater/Mayo, 6 in the Lake Shore area, 5 on
the Broadneck peninsula, and the remainder in other communities.

Five State parks were identified as being potentially vulnerable to sea level rise. These are Franklin
Point Park, Patapsco Valley State Park, Patuxent River Natural Resource Management Area, Sandy
Point State Park, and Severn Run Natural Environment Area. In addition, the federally-owned Smith-
sonian Environmental Research Center may be affected by inundation.

Table 9 - Park Properties at Risk (# of properties)

Parks 0-2 ft Inundation 0-5 ft Inundation

County Parks 39 46
Board of Education properties 2 5
State Parks 5 5
1 1
2 2

Federal Parks

Other Preserved or Land Trust
properties

Total 49 59

4-7.Impacts on Archaeological and Historic Resources

Anne Arundel County has a rich cultural heritage, and settlement here has long focused on the
shorelines. While more recent (modern) development relies upon a network of roadways and there
has been increased privatization of large waterfront parcels, historically, the waterfront, and the areas
most vulnerable to impacts from sea level rise, have been intensively used by humans for thousands
of years. Historic sites, and archaeological resources in particular, are non-renewable resources. Once
they are destroyed—whether by man-made or natural forces—the information these sites can tell

us of our past is also lost forever. This fragile nature of archaeological resources makes the threats to
them even more challenging.

The County is a leader in the State with its proactive policies to preserve historic resources. With
nearly 1,500 recorded archaeological sites and over 2,000 Maryland Inventory of Historic Places
(MIHP) properties, the County has a rich and tangible heritage. These lists includes Native American
camp sites, colonial homesteads, remnants of 19th and early 20th century farms, along with cemeter-
ies, still-standing historic buildings, historic districts, and objects such as bridges or transportation
structures. While this summary is condensed for inclusion in this report, a more detailed report on the
County’s cultural resources, and the threats they are under from climate change and sea level rise, has
been prepared as a seperate document.

It is hoped that this opportunity to focus on this very real threat to historic sites in Anne Arundel
County can also benefit the State and other local governments. This study is of great interest to the
State’s Historic Preservation Office which has been considering these same challenges at the State
level in recent years.

Methodology for Assessment of Archaeological and Historic Resources

The sea level rise threat levels for the initial vulnerability assessment were determined based on visual
assessment of each individual site. The team overlaid the 0-2"and 0-5’inundation layers with three



historic resources data layers (the State’s archaeological sites data, standing historic properties listed
on the Maryland Inventory of Historic Properties, and the County’s inventory of historic cemeteries).
The team then determined how much of the resource would be impacted by sea level rise.

If the inundation layer merely touched or covered less than 25% of the representative historic
resource polygon, it was designated as “Not impacted or minimally impacted.” If the inundation
layer(s) covered between 25% and 50% of the resource, it was designated “Partially Impacted.” The
site was determined to be “Fully Impacted”if it was completely contained by the inundation layer(s).
In several cases, the sites have already been impacted and are designated as “Completely or Partially
Submerged” at this time. It is compelling as the County looks forward to developing policies and
solutions to this threat in that this assessment identified 24 formerly terrestrial (land-based) archaeo-
logical sites that have already been impacted since they were recorded with the State of Maryland.

Archaeological and Historic Resources Results

A total of 371 archaeological sites are threatened by 0-2’ of sea level rise. That number rises to 422
with a 0-5'sea level rise. The 422 threatened sites account for nearly 30% of the total sites recorded in
the entire County. Ninety-one of these sites date from the historic period (from the mid-seventeenth-
ca. 1650, through the early twentieth century- ca. 1940), and 215 are from the prehistoric period (or,
Native American sites that pre-date the arrival of Europeans to Anne Arundel County ca. 1650AD to
ca. 8,000 BC). The remaining sites either contain both historic and prehistoric components (n=52) or
date to an unknown time period (n=64).

Table 10 - Archaeological Sites at Risk

Recorded Archaeological 0-2 ft Inundation 0-5 ft Inundation
Sites
Not impacted or minimally 36 50
impacted
Partially impacted 239 269
Fully impacted 70 77
Completely or partially 26 26
submerged*
Total 371 422

*Includes two underwater shipwrecks

Table 11 - Archaeological Sites by Type

Cultural Affliation 0-2 ft Inundation 0-5 ft Inundation
Prehistoric 192 215
Historic 80 91
Prehistoric & Historic 43 52
Unknown 56 64
Total 371 422

Records indicate that 47 recorded structures listed on the Maryland Inventory of Historic Properties
(MIHP) will be affected by 0-2'of sea level rise, while 74 will be affected by up to 5’ of rise (Table 12).
However, the majority of them will not be significantly affected. Only 11 sites will be moderately, sig-
nificantly, or fully impacted by 0-2 ft. of projected rise, while an additional nine sites will be similarly
affected by 0-5’ of rise. These sites include historic buildings, bridges, lighthouses, and historic roads
and districts, along with several Federal historic resources outside of the County’s jurisdiction.



Clearly, when compared to the quantity of archaeological sites potentially impacted by sea level rise,
the historic building stock is less at risk. Perhaps most significant to assessing the vulnerabilities of
historic building stock is a careful consideration of the 12 impacted historic districts. Historic districts
often contain multiple resources within a confined geographic area, thus while the table below indi-
cates 12 historic districts may be impacted, the number of individual buildings and landscape features
that are within those districts could number in the hundreds and may comprise a much larger threat.

Table 12 - Historic Properties at Risk

Recorded Historic Sites* 0-2 ft Inundation 0-5 ft Inundation
Not impacted or minimally 36 54
impacted
Partially impacted 7 10
Fully impacted 3 6
Completely or partially 1 4
submerged
Total 47 74

* Properties are listed on the Maryland Inventory of Historic Properties.

Table 13 - Historic Properties by Type

Recorded Historic Sites* 0-2 ft Inundation 0-5 ft Inundation

Structures/Dwellings 12 26

Bridges 8 11

Lighthouses 4 4

Historic Roads 1 2

Historic Districts 12 12

Federal - US Coast Guard & US 10 19

Navy resources

Total 47 74

* Properties are listed on the Maryland Inventory of Historic Properties.

Ten cemeteries in Anne Arundel County will be impacted by 0-2' of sea level rise, while an additional
eight will be affected by up to 0-5'of sea level rise. However, only one of these will be fully impacted.
Cemeteries in the County are traditionally located on higher ground, away from shorelines, where
they are not threatened by fluctuations in sea level. However, sites near bluffs are very susceptible to
destruction by erosion.

Table 14 - Cemetaries at Risk

Recorded Cemetaries Threatened 0-2 ft Inundation 0-5 ft Inundation

Not impacted or minimally impacted
Partially impacted

Fully impacted

Completely or partially submerged
Total 10 18

This analysis quantitatively assesses the vulnerabilities of the County’s cultural resources to the sea
level rise threat. From a more qualitative perspective, archaeological sites are highly vulnerable due
to their irreplaceable nature and will require a proactive response to ensure our collective cultural
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heritage is not lost to rising waters. These resources are significant and tell of history not found in
history books or archives, and thus warrant careful consideration and planning in the coming years as
the impacts of climate change are realized in Anne Arundel County.

Section 5 — Shoreline Erosion Vulnerahility Assessment

Sea level rise will certainly have an impact on low-lying coastal plains, especially as it relates to
shoreSea level rise will certainly have an impact on low-lying coastal plains, especially as it relates to
shoreline erosion. Coastal storm events and their associated storm surge and winds tend to amplify
areas currently vulnerable to shoreline erosion. In turn, shoreline erosion that occurs as a result of
these storm events will only be amplified by a future rise in sea level. In order to understand the
geographic context of shoreline erosion as it relates to sea level rise, shoreline erosion data at the
State and regional level was examined.

Comprehensive shoreline erosion assessments have been conducted with support from Federal and
State resources. Shoreline erosion rates were originally collected in 2000 by the Maryland Geologic
Survey (MGS) through the Maryland Department of Natural Resources (DNR) Coastal Zone Man-
agement (CZM) program®. Shoreline change maps were compiled using historical aerial imagery
(1841-1977), digital ortho-quarter quadrangles (DOQQ) from 1988 to 1995, and National Wetland
Inventory (NWI) maps from the US Fish and Wildlife Service. These were then used to create a single,
statewide coverage of shoreline erosion. Finally, DNR and MGS worked with the Towson University
Center for Geographic Information Science (CGIS) to compile and attribute the erosion rates for each
stretch of shoreline across the State. The finished product was then broken up by each County and
the City of Baltimore.

Based upon the shoreline data provided, CGIS analysts utilized a shoreline erosion rate model from
the US Geologic Survey (USGS) to assign attributes to each stretch of shoreline®. Instances of shoreline
advance (‘Accretion’) or retreat (Erosion - ‘Slight, ‘Low, ‘Moderate, ‘High’) were attributed based upon
predefined thresholds contained within the erosion rate model. Shorelines classified as ‘Protected’
were where stretches of shoreline accretion or erosion were not observed due to a protection
structure in place. Erosion levels with‘No Change’ were where stretches of shoreline did not show a
discernable level of erosion or accretion yet did not have a protection structure in place. Shorelines
classified with ‘No Data’ were instances where historical shoreline data was not available to compare
rates of erosion over time.

= In order to enhance the utility of the shoreline

- erosion dataset compiled by MGS, the Center

" the Virginia Institute of Marine Science (VIMS)

Gk, i recently performed updates to the previously
L3kt UL |

' 2005, CCRM analysts conducted field work

M along the shoreline. Data was recorded on
natural features including land use, bank height,
bank cover, presence of marsh or beach, and
shoreline stability. The presence of shoreline
protection structures was also recorded includ-
ing bulkhead, riprap, breakwater, debiris (tires, bricks, etc. tossed haphazardly along the shoreline),
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4 From Metadata documentation downloaded with Erosion Vulnerability Assessment Tool (EVA) GIS data available
from the Center for Coastal Resources Management (CCRM).
5 Danforth, W.W., and Thieler, E.R., 1992, Digital Shoreline Analysis System (DSAS) User’s Guide, Version 1.0: U.S.

Geological Survey Open-File Report 92-355, 18 p. as found in DNR-MGS Metadata for Recent Maryland Shorelines with
Erosion Rate Attributes.



Figure 2. CCRM-VIMS Shoreline Erosion Rates
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Figure 3. CCRM-VIMS Erosion Rates - Meredith Cr. / Whitehall Cr.
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unconventional (concrete blocks or other miscellaneous material placed along the shoreline for
stabilization), groin field, jetty, wharf, dilapidated bulkhead, and marinas (<50 slips, or >50 slips).

The results are shown in Table 15 below. Of the 533 miles of Anne Arundel County shoreline, approxi-
mately 328 (62%) were surveyed as part of the CCRM shoreline erosion update project. This is based
upon a comparison of the linear distance calculated across each shoreline classified by CCRM and
downloaded for analysis by County staff. The results, shown in Figure 2, serve to identify which geo-
graphic areas may be more susceptible to shoreline erosion relative to others.

Table 15 - County Shoreline Erosion Surveyed by CCRM Update

Erosion Category

Erosion Rate (ft/yr)

Lineal Shoreline

Percentage of

Distance Shoreline
Accretion >0.01 25 mi. 47 %
Slight -0.01t0-2.00 77 mi. 144 %
Low -2.00 to -4.00 5 mi. 0.9%
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Erosion Category | Erosion Rate (ft/yr) Lineal Shoreline Percentage of
Distance Shoreline

Moderate -4,00 to -8.00 1T mi. 0.2%

High <-8.00 411 ft. <0.01%

Protected n/a 203 mi. 38.1%

No change -0.01t00.01 6 mi. 1.1%

No Data n/a 11 mi. 21%

Not Surveyed n/a 205 mi. 38.5%

Total n/a 533 mi. 100.00%

Slight erosion was found to occur most frequently throughout the County, impacting approximately
14% of shoreline miles surveyed. All watersheds that empty into the Chesapeake Bay, and their
associated tributaries, were impacted to a certain extent by these slight erosion rates. This holds true
for the lower portions of the tidal Patuxent River as well.

Low to moderate rates of erosion were found to impact approximately one percent of the County
shorelines surveyed. Areas where low to moderate erosion rates were found include portions of the
following geographic areas: Cox Creek (Pasadena), Stony Creek, Rock Creek, Bodkin Creek, Gibson
Island (northwestern shore), Meredith Creek, Whitehall Creek, Turkey Point, Rhode River (eastern
edge of Smithsonian Environmental Research Center), Cox Creek (Galesville), Felicity Cove, Snug
Harbor, Columbia Beach, Franklin Point Park, Cape Anne/Swans, Deale Beach, Fairview / Herring Bay,
Fairhaven on the Bay, and North Beach Park (southern portion).

High erosion rates were found in specific portions of Meredith Creek (Whitehall Manor), and some
sections of shoreline north of Columbia Beach.

It is important to note that approximately 38% of the shorelines observed during the CCRM-VIMS
update were treated with some degree of protection measure. As was stated briefly during the meth-
odology section of this report, shoreline protection measures should be used to further qualify results
from the sea level rise inundation models.

The CCRM-VIMS data show that virtually each and every watershed throughout the County experi-
ences some degree of shoreline erosion. Moreover, erosion classified as ‘slight’ by the CCRM-VIMS
update does not imply that losing shorelines at a rate of less than a foot per year is insignificant. To
this end, the shoreline erosion data offers some validation that sea level rise will likely exacerbate
erosion of unprotected County shorelines. In addition, the CCRM-VIMS data includes projections of
the future shoreline position over a 50-year planning horizon, assuming current rates of erosion. This
data may prove useful during Phase Il of the project when developing strategic planning recommen-
dations or in determining where opportunities for shoreline stabilization or restoration may be most
beneficial.

Section 6 — Conclusions

The vulnerability assessment has proved very valuable in enabling the County to better understand
the level of threat posed by a future rise in sea level. Compared to other nearby jurisdictions such as
Dorchester County, which has significantly large land areas that may become inundated, Anne Arun-
del County is fortunate in that its areas of potential vulnerability to sea level rise are not expansive,
and the number of public and private facilities and structures that could be at risk is relatively small.

Nevertheless, the value of properties, infrastructure, and natural resources that could potentially be
damaged or rendered unusable is significant, and to this end the County will pursue the next stages
of the project to determine what preventive planning measures and actions should be undertaken to
minimize any damages or loss of important resources.



The key conclusions of the analysis which will help to guide the strategic planning process are sum-
marized below.

« In terms of land cover, some of the most significant impacts of a rise in sea level will be a loss
of wooded areas and open wetlands which are valuable components of the coastal ecosystem.

« A majority of the developed land in vulnerable areas is used for residential purposes, with
primarily single family detached homes. Some homes may require elevation or relocation.

+ With a sea level rise of less than two feet, impacts to principal structures may be relatively
small. If arise in sea level between two and five feet should occur, impacts may be much more
significant with as many as 2,400 structures that could be damaged or require relocation.

» Structures at risk are located in most coastal communities, but the majority is located on the
Deale/Shady Side peninsula.

« Local roads in many coastal communities may be impacted, particularly on the Lake Shore,
Annapolis Neck, Mayo, and Deale peninsulas. However, the total amount of road miles is
not large. Impacts would occur at a neighborhood level but could render some properties
inaccessible.

« Impacts to public utility infrastructure are difficult to assess. Even if the surface land area

is not permanently inundated, the higher water table associated with a rise in sea level may
cause underground infrastructure including water supply and sewer lines and storm drains to
malfunction or collapse. In terms of the quantity of public utility infrastructure, the amount
that may be at risk is not large. But it is located in a more scattered pattern amongst almost all
coastal communities, making planning for retrofits or alternatives more complex.

« Sewer pump stations in four of the County’s public sewer service areas (Broadneck, Annapolis,
Mayo-Glebe Heights, and Broadwater) are located in potential inundation areas under a sea
level rise of between two feet and five feet.

« Several thousand properties that rely on individual water supply wells and onsite septic
systems could be impacted by rising sea level causing septic systems to fail and wells to
become contaminated by saltwater intrusion. In many cases, these properties are not within a
feasible distance for connection to a public utility system, and may not be concentrated enough
in density to allow installation of community well or septic systems as a viable alternative. This
makes mitigation planning for such situations even more difficult.

« The marina industry will likely be the most impacted segment of the local economy since
virtually every marina business could be impacted by a rise in sea level.

« As many as 46 County parks could be at least partially inundated in the future. Park
development plans will need to take into consideration these potentially vulnerable areas.

« Over 400 archaeological sites may be susceptible to loss or damage due to sea level rise, as
well as 80 historic properties. This is of particular concern to the County given the extremely
high value of some of the archaeological finds discovered to date in the County. Strategic
planning to prevent loss of these irreplaceable resources is a priority.

« Shoreline erosion has generally been slight along most of the County’s coast, although many
shoreline miles have experienced some degree of erosion. Very small areas of shoreline have
experienced moderate to high rates of erosion. Significant areas of shoreline have protection
mechanisms in place, but identification of additional areas in need of future protection is
needed.



Phase Il of the Sea Level Rise project will involve more detailed consideration of these findings in
order to develop policies, recommend actions, conduct outreach, and identify additional resources
needed to fully address and plan for sea level rise.

Page 19



Part 2:

Vulnerability
Assessment for
Cultural Resources

The shoal marker that delineates the once prominent High
Island in the Rhode River looks upon the eroded

Adena Burial Ground

Assessing and Protecting the County’s Heritage from
Climate Change

Impacts- Archeological Sites, Historic Buildings,
Cemeteries, and Scenic & Historic Roads.




Contents: Part 2

Page 22
Page 23
Page 26
Page 37
Page 55
Page 57

Page 58

Abstract

Section 1: Introduction

Section 2: Methodology

Section 3: Findings

Section 4: Summary and Conclusions
References Cited

Relevent Resources



Abstract

Cultural resources planners and archaeologists with Anne Arundel County’s Department of Planning
and Zoning, Cultural Resources Division, in cooperation with the Chesapeake and Coastal Program
at the Department of Natural Resources, conducted a study of archaeological sites, historic struc-
tures, and cemeteries threatened by sea level rise and subsequent coastal erosion. The project goals
included reviewing how various domestic and international governmental agencies relate climate
change policy to cultural resources, a desk audit and initial vulnerability assessment of every threat-
ened site in Anne Arundel County, and physically visiting over 20% of the archaeological sites. An
initial assessment of significance, integrity, current conditions, and threat level was determined by the
team of professional archaeologists following the site visit. No excavation took place but important
data was gathered on the status and threats to the County’s range of cultural resources. Information
obtained during the site visits was combined with Department of Natural Resources and Maryland
Historical Trust data to get an initial sense of the types and status of threatened cultural resources.
This information will be utilized during Year Il of this study when solutions, actions and policy
responses are developed.



Phase 1 Report, Part 2:
Vulnerability Assessment

for Cultural Resources

Section 1 — Introduction

With over 530 miles of shoreline, Anne Arundel County is particularly susceptible to impacts associ-
ated with a changing climate and sea level rise. Though these changes will be slow to materialize,
hints of the possible devastation were seen in the property and environmental damages from
Hurricane Isabel in 2003. As wave action, storm surge, and flood waters inundated the shoreline,
archaeological sites were lost to the receding waters and several historic buildings sustained irrepa-
rable damage.

Anne Arundel County’s Planning and Zoning department, in cooperation with the Chesapeake and
Coastal Program at the Department of Natural Resources, has embarked upon an effort to identify vul-
nerable resources and develop a strategic plan that will address these long term impacts in a planning
context. Following the example of recently prepared plans in Dorchester, Somerset and Worcester
Counties, Anne Arundel County staff identified obvious resources that will be impacted, including
transportation and public utilities infrastructure, critical government services and facilities, public
facilities, and private structures, wells and septic. However, only the Worcester County plan addressed
historic buildings and none of the three mentioned archaeological resources. These represent a
significant and highly vulnerable element of Maryland’s cultural heritage that will be impacted by sea
level rise.

Anne Arundel County has long been a leader in innovative, proactive cultural resources management
at the local level. In this study, which specifically addresses cultural resources, the research team sees
an opportunity to bring to the fore one of the most threatened resource types that will be impacted
by long-term coastal climate change and sea level rise. Archaeological resources in particular are
non-renewable resources. Once they (and the data they contain) are lost, they can not be rebuilt,
resurrected, or studied. The loss of an archaeological site without data recovery or study is akin to
ripping up the pages from an ancient book. The delicate nature of archaeological resources makes
this study both compelling and timely.

Anne Arundel County has a rich heritage, reflected in more than 3,500 unique and non-renewable
recorded cultural resources. Archaeological sites, historic buildings, cemeteries, and scenic and
historic roads tell the story of the County’s history. Once lost, these authentic places cannot be
recreated.

As Anne Arundel County’s history is integrally tied to its waterways, many of the County’s significant
cultural resources are located near or on the shoreline. As part of the broader sea level rise study, the
County’s Cultural Resources Division (CRD) has focused specifically on the impacts rising tides will
have on cultural and historic resources.



The following report summarizes the teams’ efforts in year one of the study, which focused on a
vulnerability assessment and sought to develop a framework for interagency strategic planning. The
first year of study also attempted to characterize natural forces that are affecting resources. The study
has also allowed the CRD team to document how these resources have faired in the past half century,
as the County inventory includes geographic data and conditions information on historic sites identi-
fied as early as the 1940s and 1950s. By capturing this information and comparing the sites current
condition through field-truthing and site visits, we have gained significant insights into the real “on
the ground”impacts of sea level rise.

The County currently protects its cultural resources through the Site Development Review process.
Under Article 17 of the County Code (www.aacounty.org/PlanZone/CulturalResources/Resources/
Article_17.pdf), when development is proposed, the property owner must comply with protective
measures that ensures that resources are either retained in place (as for most historic structures),

or mitigated prior to their destruction. Mitigation ensures the data these sites contain is recovered
for future generations. This local regulation, along with provisions at the State and Federal level,
comprise the tools used to protect historic resources. However, these regulations only address
human-initiated threats. Threats from natural forces can not be legislated or regulated, thus plan-
ning efforts such as this will ensure the County remains on the forefront of developing sensitive and
proactive policies for the protection of its cultural resources. Identifying the resources is only a first
step, and each resource type will require a varied set of responses to effectively adapt to the potential
impacts of coastal climate change.

The Heritage of Anne Arundel County

Anne Arundel County has a rich cultural heritage represented by nearly 1,500 recorded archaeologi-
cal sites, more than any other County in the State of Maryland. These sites include Native American
temporary camps and villages, European colonial hamlets from the seventeenth and early eighteenth
centuries, early American houses, mills, and wharves built after the Revolutionary War, plantations
that included grand mansions, outbuildings, and slave quarters used through and after the Civil War,
and the remains of the countless people who lived, worked, and played in the County in the nine-
teenth and early twentieth centuries (Table 1). A tremendous amount of our collective heritage is
buried beneath the ground surface, and the archaeological record is often the only way of glimpsing
the culture of those that came before us.

Native Americans were the first residents of what later became Anne Arundel County, and they relied
heavily upon the bounty of Chesapeake Bay and its tributaries to survive. Camps were established
along the shore to catch fish and shellfish and harvest the plant species that grow in the marshes
and rives. These food procurement camps were temporary, but artifacts were left behind that can
tell the Native American story. Fish was dried and oyster was smoked for long-term preservation,
houses were constructed out of local trees, and pottery and stone or bone tools were made by hand.
These sites provide the only surviving insights into a Native American culture that once thrived in the
region.

Ample evidence is available in the State records that indicate that large Archaic and Early Woodland
sites identified in the early to mid twentieth century have since been lost to sea level rise and shore-
line erosion. Some of the State’s earliest sites, (ca 10,000-3,000 years BP) were actually discovered by
watermen dredging in shallow waters. Studies have shown that the earliest Native American popula-
tions occupied these now submerged lands, which were once habitable on the edges of the ancestral
Susquehanna. The most recent paleochannel of the Bay dates to 18 ka and its subsequent inundation
was integral to the environment upon which the regions earliest inhabitants lived.

More recent Native populations and their settlement pattern and cultural traditions were further
shaped by the Medieval Warm Period (ca A.D. 800-1250) when the regions Native populations were
increasingly sedentary and camps became more permanent and populations increased. The Little



Ice Age (ca A.D. 1300-1880) created more challenges for Native populations’ subsistence strategies.
Stresses on food supplies created the culture encountered by Europeans in the seventeenth century.

The earliest European settlers arrived in the Chesapeake in pursuit of riches through tobacco and the
exploitation of the region’s natural resources. As such, these newcomers to the land were inextricably
bound to the Bay and its tributaries for their own subsistence, agricultural pursuits, and as transporta-
tion routes. Many sites from the colonial period were established along the shorelines, including the
wharves, mills, and trade shops that provided the backbone to the burgeoning economy.

This dependence on local waterways continued through nineteenth century as some portions of
Anne Arundel County made the transition from agriculture to industry. However, harvesting of local
seafood became an increasingly important source of commerce, and a bourgeoning population

of watermen began developing communities in the area. To support the seafood industry, marine
tradesmen also joined these communities by building and repairing boats, developing oyster and fish
processing sites, and assisting in transportation of goods via local wharves.

In the late nineteenth and early twentieth centuries, increased leisure time resulted in the opening of
several summer resorts along the rivers and Chesapeake Bay. These resorts signaled the beginning of
the increasing focus of recreation along Anne Arundel County’s coastlines. Privatization of waterfront

properties has become the norm as the area experienced intensive development through the late
twentieth century. As the population is expected to continue to grow at a similar pace over the next
several decades, cultural resources in the region will feel this pressure and will surely be impacted.

Table 2 - Anne Arundel County Timeline

Name

Time Period

Description

Paleoindian

10,000-7,500BC

Radical climatic change at the transition from the
Pleistocene to the Holocene. A mobile society of small
bands with settlement oriented towards large rivers.
Chesapeake Bay did not exist.

Early Archaic

7500-6000BC

Human populations utilized the ancestral Susquehanna
for food and transportation. These sites have been lost to
the rising waters that formed Chesapeake Bay.

Middle Archaic

6000-3500BC

Period marked by rising temperatures, decreasing
precipitation, and the development of a more seasonally
variable climate.

Late Archaic

3500-1000BC

Stable shellfish beds were first harvested by increasingly
sedentary populations. Groups along major river
drainages began to show signs of territoriality.

Early Woodland

1000BC-AD 200

Ceramic technology introduced; sand and quartz are used
as clay temper

Middle Woodland

AD 200-900

Medieval Warm Period begins ca. AD 800. Ceramic is first
produced with crushed oyster temper.

Late Woodland

AD 900-1600

Local populations pursue agriculture; Little Ice Age begins
ca. AD 1300

Early Colonial

AD 1650-1700

First European settlement in Anne Arundel County

Late Colonial

AD 1700-1776

Establishment of Annapolis as Maryland State capitol.
Expansion of plantation economy and exploitation of Bay
resources

Federal

AD 1776-1850

Plantation economy flourishes, expanded role of Bay
resource exploitation for commercial use. End of Little Ice
Age.




Name Time Period Description
Victorian AD 1850-1910 Little Ice Age comes to an end ca 1880. Increased
urbanization and rise in population.
Modern AD 1910-present Increasingly rapid warming trend

Section 2 - Methodology

Literature Search

The first step in this project was to conduct a literature review of sources addressing the effects of

sea level rise, coastal erosion, and climate change on cultural resources. Domestic and international
governmental policy and scholarly research were included in this study. This review culminated in the
following background narrative and all of the collected sources are listed at the end of this report.

Archaeologists have a unique perspective on the relationship between climate change and heritage.
Practitioners are required to consider how people