
  

 
 
 

ABSTRACT 
 

 
 

Erosion in the Chesapeake Bay area occurs naturally and unnaturally. It is a 

concern for property owners, environmentalists, and communities. New legislation in 

Maryland specifies “living shoreline” as the preferred type of erosion control. Long-

term success of the legislation depends on public support. Choosing to restore 

degraded or structural shorelines is an expensive undertaking and arguments that rely 

on environmental benefits alone are insufficient. The key is to develop, design, and 

promote erosion control devices that meet property owner and community goals. This 

research-design thesis asks the following question: As ‘living shorelines’ become the 

preferred method of shoreline erosion control in the Chesapeake Bay, how can these 

shorelines be designed to meet the goals of property owners and residents, while 

being environmentally sensitive? The author argues that shoreline designers must 

integrate human dimensions research as well as scientific research into their designs 

in order to encourage widespread implementation.  
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Preface 

The genesis of this research-design thesis project sprung from my personal 

interest in residential garden design. While interning at a landscape architecture firm 

in Annapolis, MD I was made aware of the conflicts that often arise when designing a 

landscape on or near the water. I learned about traditional shoreline erosion controls 

as well as the new, ‘more natural’ controls that are being developed and are favored 

by regulatory bodies in Maryland.  

 

It was clear that the environmental reasoning behind the shift in erosion 

control methodology was valid, so I did not immediately recognize the underlying 

issues. Kevin Campion, the landscape architect I was working for explained to me 

that shoreline property owners pay a considerable amount of money to live near to 

and access to the water. Each property owner has his or her own idea of how they 

plan to interact with the water, whether it’s a simple matter such as having a lovely 

view, the ability to dock a boat, or even dangle their toes in the Chesapeake Bay. I 

learned that recent legislation aimed at protecting the quality of the Chesapeake Bay 

waters for the public good, often conflicts with the goals of the property owners. 
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Consider a person who buys a shoreline lot in Annapolis, MD. They decide that in 

order to protect it they need to install an erosion control method. Then they are told 

that they can’t build a wall, but rather they must install a salt marsh that allows 

periodic flooding. It would be natural if they received this news with some discontent. 

I realized that there was a problem of perception. Homeowners may be 

skeptical about new approaches and view them as impractical ideas that could 

endanger their interests. People are used to seeing and relying upon structural 

controls, such as sea walls and stone revetments. It can be off-putting to be told that 

this long-standing method of protection is ‘bad’ and that they have to do things 

differently now. Even if the homeowner is environmentally conscientious, he or she 

might not be informed about the reliability and performance of a soft erosion control 

method, and therefore perceive it in a negative way. 
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Introduction 
 
 

 

Fig. I.1 An imagining of an ideal property within the critical area of the Chesapeake Bay. Source: (Mertz, 
2008) 

 

There has been much research concerning the design and performance of 

sustainable erosion control methods from an environmental perspective. There is a strong 

argument for the merit of the new technologies in terms of providing habitat, restoring 

populations of aquatic species and reducing water pollution. Little research has been 

conducted into user preference or whether the shorelines meet the wants and needs of 

landowners. This leaves open an important question: Where are the gaps between 

homeowner and environmental goals, and how might the integration of human 

dimensions research into the design of sustainable shoreline erosion controls help 

encourage homeowners to implement such methods. 

One goal of this thesis is to better understand how waterfront landowners and 

stakeholders perceive the new erosion control technologies, and determine whether or not 
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these methods conflict with their goals. A second goal is to explore new opportunities in 

landscape design. Identifying the positives and negatives of sustainable erosion control 

design may lead to improvements that benefit both private and public interests. 

Limitations of the study are the time available to complete the study and the size of the 

survey population. My hope is that this project will encourage others to explore the issue 

of sustainable shorelines through the lens of the human experience.  

The scope of the study includes background research of the natural environment 

and cultural activity typical of the Chesapeake Bay. I investigate traditional and cutting 

edge erosion control methods, legislation related to and regulation of shoreline 

engineering. My investigation into landowner goals and perceptions involves surveys and 

interviews of landowners, community members and landscape architects.  

I have chosen the City of Cambridge, MD as my focus area. It has a 400-year-old 

history steeped in maritime tradition. It is a city that was built and grew strong because of 

the resources that the Chesapeake Bay offers. But over the last several centuries, the 

shoreline in Cambridge has changed drastically. My study investigates how the city and 

its citizens might benefit from a reimagining of its shoreline.  
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Fig. I.2: Geographic location of focus area within the Dorchester County, MD. Source: 
http://www.dnr.state.md.us/ccp/coastalatlas/shorelines.asp. Accessed May, 2012 
 

Table I.1: City of Cambridge Demographics  
(http://www.choosecambridge.com, 2012) 
 

Fig. I.3: City Marina 
(http://www.choosecambridge.com, 2012) 
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Chapter 1: Literature Review 

 
The Natural Environments of Tidal Shorelines in the Chesapeake Bay 
 
Physical Characteristics 

The Chesapeake Bay is the largest estuary in the United States with more 

shoreline than that of the entire west coast. Estuaries are defined by the fact that they are 

embayments where fresh water leaving the land mixes with salt water entering from the 

sea. As a result, a number of zones exist with variable salinity levels ranging from fresh 

water at the head and upper estuaries to water almost as salty as the sea at the mouth. 

Deeper waters also have slightly higher salinity levels. Salinity levels are critical to each 

organism that lives in each zone. Slight alterations in salinity levels can kill existing 

organisms and allow others to establish. Salinity zones are often organized into three 

levels. Zone one includes tidal freshwaters. These exist in upper tributaries near the head 

of the bay. Zone two includes areas with brackish to slightly salty waters (maximum 

salinity being 18 parts per thousand). This is the largest zone accounting for the majority 

of the Bay. Because of its size, zone two is divided into upper and lower zones. Upper 

zone two areas have salinities ranging from 1-10 ppt. Lower zone two areas have 

salinities ranging from 10-18 ppt. Zone three includes areas saltier than 18 parts per 

thousand. These are areas in lower estuaries and near the mouth of the Bay. (Lippson & 

Lippson, Robert L., 2006)  
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Fig. 1.1: Chesapeake Bay Mean Surface Salinity. 
(http://www.chesapeakebay.net/maps/map/chesapeake_bay_mean_surface_salinity_winter_1985_2006, 
2012) 
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The many inlets and tributaries within the bay create vast areas of shoreline. 

There are 6,659 miles of shoreline within the Chesapeake and Atlantic Coastal Bays and 

their various tributaries. (Maryland Department of the Environment, Water Management 

Administration, 2008) The Chesapeake Bay estuary started as a series of rivers 60 miles 

east of where they exist today. 15,000 years ago, sea levels were 300 feet lower. The 

topography in the coastal plain was broad and low. As ice sheets melted and water levels 

rose, the ancient rivers flooded and the shoreline receded. Today the water levels in the 

bay continue to rise at about 1 foot per century. Geologically speaking, the Chesapeake 

Bay is relatively young. If nature were left to its own devices, the shoreline would 

continue to recede, and marsh would continue to migrate landward. (Hardaway & Byrne, 

1999)  

The Chesapeake Bay watershed includes 64,000 square miles of New York, 

Pennsylvania, West Virginia, Maryland, the District of Columbia, Delaware and Virginia. 

Within the watershed are seven major river basins. (United States Army Corps of 

Engineers, 2010) The Bay is roughly 200 miles long, measured from Havre de Grace, 

Maryland to Norfolk, Virginia. Its width varies from 3.4 miles wide at Aberdeen, 

Maryland, to 35 miles wide in the middle, near the mouth of the Potomac. The shoreline 

is split between Maryland and Virginia at a ratio of 60 percent to 40 percent, respectively.  

(United States Army Corps of Engineers, 2010) On the western shore, the Patuxent, 

Potomac and Susquehanna rivers account for 80 percent of the water entering the bay. On 

the Eastern shore, rivers are shallower and spread across the Delmarva Peninsula, an area 

with marshland important for nesting migratory birds. The average depth of the entire 
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Bay system is only 20 feet. Areas of less than 20 feet of water are important for bottom 

dwelling species. (Lippson & Lippson, Robert L., 2006) 
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Fig. 1.2: Chesapeake Bay Watershed. 
(http://www.chesapeakebay.net/maps/map/chesapeake_bay_watershed_model_phase_5_modeling_segment
s, 2012) 
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Sea level rise is one factor that gave shape to the Chesapeake Bay shoreline. The 

other is wave dynamics. Waves erode sediment in one section of the bay, and transport it 

to another. The constant loss and regeneration of sediment sustains the delicate 

environments in the bay, such as beaches and salt marsh. Thus, erosion is a natural and 

essential process in terms of maintaining the natural character of the Bay’s ecosystems. 

(Hardaway & Byrne, 1999) The tide rises and falls twice each day in the Bay. Generally 

speaking tidal variation is about three feet at the mouth of the river, about 1 foot at 

Annapolis, MD, and 2 feet at the head. Wind conditions and spring tides affect these 

levels as well. The plants, animals and other species that occupy the various habitats of 

the Bay are specially adapted to and depend on the constant ebb and flow of the tides.  

A generalized natural shoreline within the Bay consists of an upland bank fronted 

by a marsh fringe and a sand beach. The marsh and beach prevent erosion of the upland 

bank by quelling wave energy and stabilizing the soil. These natural shorelines constantly 

change shape cyclically throughout the year as tides and winds change with the seasons. 

(Hardaway & Byrne, 1999) 
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Natural Environment 

 

Illust. 1.1 Basic Shoreline Types: The Natural Shoreline 
 

The Chesapeake is one of the Untied State’s most valuable natural resources, its 

largest estuary, and a huge part of the regional economy due to both recreation use and as 

a resource for food. The water quality, shoreline and natural environments of the 

Chesapeake Bay are some of the best documented of any estuary in the world. (United 

States Army Corps of Engineers, 2010) The natural environments of the Bay are of 

significant importance to the culture, economy and health of the surrounding states. This 

is reflected by the fact that it was one of the first estuaries in America to be targeted for 

restoration as an integrated watershed and ecosystem. 80 percent of migratory bird 

species take advantage of the environments in the Bay for food, habitat and nesting. 

There are over 2,700 species of flora and fauna in the Bay Area.  
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Illust. 1.2 How Native Shorelines Support Aquatic Species and Improve Water Quality 
 

The habitats of the Chesapeake Bay shoreline have been shaped by the ebb and 

flow of the tide. Areas directly adjacent to the water’s edge experience several periods of 

inundation and dryness that vary in length. The habitats that form on the riparian edge 

host flora and fauna that have adapted to constant changes in saturation and salinity. 

According to Alice and Robert Lippson there are eight, easily distinguishable habitat 

types that make up the Chesapeake Bay estuary. These are sand beaches; intertidal flats; 

piers, rocks and jetties; shallow waters; seagrass meadows and weed beds; wetlands; 

oyster bars; and deeper, open waters. Natural shorelines may contain vegetation, or not. 

Vegetated shorelines include salt marshes, and non-vegetated types include mudflats and 

beaches. Many of the habitats within each of these environments are dependent on 

precise water levels, tidal fluctuations and salinity levels. (United States Army Corps of 

Engineers, 2010)  
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Sand beaches in the bay are like ocean beaches, but without the effects of high 

wave energies. They do not therefore have large sand dunes that form from the wave 

action, but there are several intertidal zones. The intertidal zone, or lower part of the 

beach is submerged by the ebb and flow of the tide. The upper beach zone is only 

submerged at the highest tides. (Lippson & Lippson, Robert L., 2006) 

Intertidal mud flats are areas maintained by erosion and accretion of sediment. 

They occur in strips along the shore and consist of sand or mud. Vegetation does not 

grow here because of instability of the substrate and / or high wave energy and changing 

water levels. Despite being devoid of vegetation, flats are still valuable habitats for many 

insects and shellfish. They are also essential feeding areas for birds. (United States Army 

Corps of Engineers, 2010) As the bottom is exposed at low tide, birds are able to feast on 

the many species that inhabit the flats. The landward edge of a mud flat may merge with 

a sand beach or transition to tidal marsh. (Lippson & Lippson, Robert L., 2006) 

Shallow waters are areas of water only a few feet deep. They are inhabited by 

many species including ducks, aquatic vegetation, small fish, crabs and many tiny and 

microscopic organisms. (Lippson & Lippson, Robert L., 2006) Shallow water habitats are 

important for Submerged Aquatic Vegetation. This zone exists up to a depth of six feet. 

Shallow waters are important breeding grounds for fish. Fish also can avoid predation by 

hiding within the sea grass meadows. (United States Army Corps of Engineers, 2010) 

Sea meadows and weed beds occur when aquatic grasses and vegetation densely 

occupy shallow waters. These grasses are known as submerged aquatic vegetation. 

Submerged aquatic vegetation, or SAV, is rooted vegetation that grows in shallow water. 

The Chesapeake Bay was historically home to many species of SAV.(Murray & Hengst, 
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n.d.) SAV species are regarded as keystone species and primary indicators of water 

quality in the Bay. SAV provides shelter and food for aquatic species, food for 

waterfowl, and habitat for shellfish and invertebrates. Other environmental services 

provided by SAV are the absorption of nutrients, oxygenation of the water, and the 

reduction of wave energy that reduces erosion and regulates sediment exchange on the 

water bottom. (Submerged Aquatic Vegetation Workgroup of the Living Resources 

Subcommittee, Chesapeake Bay Program, 1995) In the 1960’s it was observed that SAV 

populations had begun to decline. The major cause was determined to be degrading water 

quality. Since the observed decline, efforts to restore populations have risen slowly, but 

remain depressed. (Murray & Hengst, n.d.) 
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Fig. 1.3: Bay Grasses in the Chesapeake Bay 
(http://www.chesapeakebay.net/maps/map/bay_grasses_distribution_used_to_set_the_restoration_goal_in
_2003, 2012) 
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Submerged aquatic vegetation (SAV), especially those in salinity zones 1 and 2 

are of great importance to many animals as habitat and a food source. Beds may be 

exposed at low tides. There are 15 species of SAV in the Bay and its tidal tributaries. 

(Hurley, 1991) SAV grows to depths of up to nine feet. At extremely low tides the bed 

may be exposed, but SAV grows best when entirely submerged.  

The detritus formed by dying leaves of SAV as it decomposes provides great 

amounts of energy for other organisms. SAV is of great concern to environmentalists due 

to the fact that it has drastically declined due to several man made factors such as 

pollution, boating, erosion, salinity fluctuation and others. Sediment loading and nutrient 

pollution resulting in the clouding of water and subsequently a decrease in light 

penetration are major contributors to the decline of SAV in the Bay. Today, only 24,000 

hectares of SAV remain. (Hurley, 1991) Pollution from runoff, especially nutrients like 

nitrogen and phosphorous, can have a devastating effect on communities of SAV.  

When riparian areas are developed for such uses as agriculture, residential 

development or commercial use, excess nutrients run off the surface and leach through 

the soils into the water. This causes algae populations to grow rapidly. This leads to 

reductions in sunlight and dissolved oxygen. The result is an environment unsuitable for 

the growth of SAV. The degeneration of aquatic environments caused by nutrient loading 

is referred to as eutrophication.  

A tidal wetland is the ecotone that exists between the shallow water areas and 

upland vegetation. Within the Chesapeake Bay watershed there are around a million acres 

of wetland. Wetland types can range from wet woodlands to meadows and marshes. The 
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character and diversity of each wetland is dependent on several factors including salinity, 

water level, tidal range, topography and slope, soil, sun, wind and hydrology.  

The health of the Chesapeake Bay depends on tidal wetlands for filtration and as 

an energy source for estuarine wildlife. Perpetual energy is provided by the plants, SAV 

and phytoplankton of tidal wetland.  Access to tidal wetland is important to many species 

for breeding, nesting and food. 80 percent of America’s breeding bird populations depend 

on coastal wetland. 50 percent of protected migratory bird species rely on coastal 

wetlands. Almost all North American amphibians depend on coastal wetlands for 

breeding. (Subramanian, Slear, Smith, & Duhring, 2006) 

Significant to this study in particular are salt marshes. Salt marshes are tidal 

wetlands that have moderate to high salinity levels. Salt marshes have one of the highest 

net productivity of any ecosystem type on earth, and are the primary food source for 

aquatic life in the Chesapeake Bay.  Of all the environmental systems, the salt marshes 

exemplify the essence and character of the Chesapeake Bay region. 

Salt marshes are typically divided into two sections, which are low (or lower) 

marsh and high (or upper) marsh. Each section is defined by tidal water levels and the 

species that inhabit them.  

The low marsh is regularly flooded. Its lowest elevations are almost always 

inundated. Flooding in the low marsh occurs twice daily. The plants species that occur 

most commonly in this section are saltmarsh cordgrass (Spartina alterniflora), sea 

lavenders (Limonium spp.), and to a lesser extent seaside heliotrope (Heliotropium 

curassavicum) and marsh fern (Thylypteris palustris). (Lippson & Lippson, Robert L., 

2006) 
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Saltmarsh cordrass is the most important plants species in the riparian wetlands 

due to the enormous amount of energy that decayed plant material provides to estuarine 

life. The bacteria and algae produced in this environment are eventually delivered to the 

sea by the tide. Saltmarsh cordgrass has a strong interconnected root system that prevents 

excess erosion. Plants such as this are extremely sensitive to the slightest fluctuation in 

average salinity and tidal water levels. Cordgrass at the lower elevations of the low marsh 

tend to stand taller, and at the upper reaches specimens grow shorter. (Lippson & 

Lippson, Robert L., 2006) 

Fauna such as crabs, small fish, mussels and snails call the lower marsh home. 

One major species is the marsh periwinkle (Littoraria irrorata), a small snail that is often 

found on the stems of saltmarsh cordgrass. Another is the Atlantic ribbed mussel 

(Geukensia demissa). It lives most of its life buried in the mud of the lower marsh. This 

mussel is valuable because it processes phosphorous, a top polluter of the bay, and 

converts it to a much more valuable nutrient, inorganic phosphate. (Lippson & Lippson, 

2006) 

High marshes are irregularly flooded sections of tidal salt marsh. Plants and 

animals in this section depend on periods of dryness in order to take in oxygen. Salinity 

and moisture levels in the soil play a role in which species occupy each area of the high 

marsh. The salinity level in high marshes tends to be medium to high in range. In the 

lower reaches of the high marsh, black needlerush (Juncus roemerianus) and three square 

dominate the flora. Flowering plants that inhabit the same area are saltmarsh fleabane 

(Pluchea purpurascens)  and saltmarsh aster (Aster tenuifolius). Shrubs of the upper 

marsh include sea oxeye (Borrichia frutescens), marsh elder (Iva frutescens) and the 
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groundsel tree (Baccharis halimifolia). In the higher elevations of the upper marsh, black 

needlerush gives way to Spartina patens, saltmeadow hay, and Distichilis spicata, salt 

grass. Salt grass will grow in areas of higher salinity that saltmeadow hay. (Lippson & 

Lippson, Robert L., 2006) 

Upland of the high marsh is the maritime, or riparian forest. This area is often 

referred to as a vegetative buffer between developed land and the marsh and open waters. 

This area has multiple important functions that impact areas upland and channelward. 

The riparian forest, like the salt marsh filters pollutants from groundwater, reduces 

erosion and provides habitat. It also acts as a sort of shield to protect the upland areas by 

quelling storm surges that arise. 

The importance of the woodland buffer should not be overlooked. The Critical 

Area Commission in Maryland was created in response to recognition of the importance 

of maintaining these buffers between land and water. A 1983 study titled “Chesapeake 

Bay: A Framework for Action” identified the decline in the Chesapeake Bay watershed’s 

natural habitat as a primary contributor to the decline of water quality and aquatic life in 

the Chesapeake Bay. The Critical Area Commission (CAC) was created as the keystone 

to the 1983 Chesapeake Bay Program, designed to reverse the degradation of the Bay. 

The CAC determined that the land immediately adjacent the bay had the greatest 

potential to affect water quality. Therefore, a 1000-foot buffer surrounding the Bay was 

established to limit further impact and reverse the damage that had already been done. 

(Owens, Mary R., Editor, 2008) 

The flora of the maritime forest consist mainly of trees and shrubs that are tolerant 

of salt spray. Major shrubs include the bayberry and waxberry (Myrica pensylvanica and 
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Myrica cerifera, respectively). A typical tree that is a symbol of the Chesapeake is the 

loblolly pine (Pinus taeda). Slightly upland, the riparian forest transitions into forested 

wetland. They are dense and saturated which can lead one to question their utility. They 

are, however vital estuarine environments. These areas include a more diverse 

community of plants and animals than maritime forests due to the fact that they are more 

sheltered from the influences of winds, storms and salt spray. Species that inhabit these 

areas vary based on the amount of time they stay saturated each year. Typical canopy tree 

species include gums such as Nyssa sylvatica and Liquidambar styraciflua, as well as 

other water loving species such as river birch (Betula nigra), red maple (Acer rubrum), 

and sycamore (Platanus occidentalis).  (Lippson & Lippson, Robert L., 2006) 
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Tidal Shoreline Erosion and the Forces that Affect It 

 

Illust. 1.3 How Native Shorelines Prevent Erosion and Protect Land From Storm Surge 
 

Natural and anthropogenic forces influence tidal shoreline erosion. Tidal erosion 

is the sum of both fastland and nearshore erosion. Fastland is land above the reach of 

tidal water. Nearshore is the shallow area of water close to a shoreline. Nearshore erosion 

causes shallow water to become deeper. Factors that exacerbate tidal erosion are sea level 

rise, the subsidence of land, the development of land near the shoreline, and other human-

related activities such as boating. (Tidal Sediment Task Force, Sediment Workgroup, 

Chesapeake Bay Program, Nutrient Subcommittee, 2005) 

Tidal erosion is environmentally beneficial in that it cyclically removes and 

deposits sediment from one area of the shore to another, feeding beaches and salt 

marshes, and maintaining shallow waters. The movement of sediment along the shoreline 

is known as littoral drift. While regulated erosion promotes healthy ecosystems, 

excessive erosion is extremely harmful. 4.7 million cubic yards of sediment cloud the bay 

each year. This reduces the amount of sunlight that penetrates the water, and starves 
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vegetation such as SAV of energy. The consequence of losing is SAV is more nearshore 

erosion, higher wave energy and loss of habitat and food sources. Poor water clarity also 

stresses phytoplankton and increases the concentration of chlorophyll with causes algal 

bloom. Algal bloom starves the water of oxygen and negatively affects aquatic species. 

Excessive sediment loading in salt marshes caused by upland erosion can smother marsh 

grasses. Excessive erosion of sediment within salt marshes destabilizes the root bed and 

the grasses wash away. (Tidal Sediment Task Force, Sediment Workgroup, Chesapeake 

Bay Program, Nutrient Subcommittee, 2005) In extreme cases, sediment that is eroded is 

pulled out to sea and effectively “lost.” This is the case in many areas of the Chesapeake 

Bay. (United States Army Corps of Engineers, 2010) 

Natural shore erosion and accretion is a process of removing sediment from one 

section of a shoreline, and delivering it an area downstream. The evolution of shore 

erosion generally includes the following four steps. First, attack by waves. Here, higher 

than normal tides cut into the base of an upland bank. This causes the second step, which 

is undercutting of the bank. The third step is slumping of the bank, where the land that 

has been undercut collapses. Finally the collapsed material is removed, transported via 

littoral drift, and deposited further down the shoreline. (Maryland Department of the 

Environment, Water Management Administration, 2008) 
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Illust. 1.4 Illustration of the Direction of Sediment Transport / Longshore Littoral Drift 
 

Littoral drift, the transportation of sediment along the reach of a section of 

shoreline, occurs by means of a zig-zag patter of incoming and outgoing waves. Waves 

often strike a shoreline at a non-perpendicular angle, depending on the current and wind 

direction. This pushes sediment in the direction of the waves. Receding waves retreat 

perpendicular to the shoreline, and the sediment is drawn out with it. Thus, sediment is 

constantly being moved down the shoreline. Because of this, a regular supply of sediment 

from upstream is critical to the sustenance of beaches and marshes. (Maryland 

Department of the Environment, Water Management Administration, 2008) 

The biggest factor affecting erosion and accretion is wave climate. Wave climate 

is the sum of wave conditions that vary throughout the year as well as during storm 

events. Shoreline erosion and accretion does not change drastically on an average day, 

but rather during storm events or with an unusual wave climate. In the Chesapeake bay, 
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winds are generally north and northwest in the fall and spring. They shift to southwest in 

the late spring and continue that way until the next fall. During a storm, the rate of 

erosion depends upon storm frequency, type and direction, intensity and duration, as well 

as surge currents and waves. (Hardaway & Byrne, 1999) 

Other significant factors beside wind that affect a particular section of the 

shoreline are fetch (the horizontal distance over the water from one shore to another), 

shore orientation, shore type, and nearshore bathymetry (profile of water depth). 

(Hardaway & Byrne, 1999) Shallow water bottoms receive fewer waves, and therefore an 

area of shoreline with nearshore flats, shoals, or offshore bars, with or without marsh, can 

withstand storms better than a narrow beach or bare bank. The orientation of a natural 

shoreline changes cyclically from season to season as wind and wave directions change. 

(Maryland Department of the Environment, Water Management Administration, 2008) 

The substrate on a shoreline also affects erosion rates, as finer, unconsolidated particles 

move more easily than large, unconsolidated particles, or cemented and heavy clay soils.  
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Shoreline Erosion Control Types 

 
Any estuary experiences erosion in time. There is a natural necessity for it, but 

human activity exacerbates it. Estuaries such as the Chesapeake Bay that support a 

disproportionate amount of human activity are vulnerable to excessive erosion. The 

effects of advanced erosion affect humans and natural ecosystems. (Erdle, Sandra Y. 

Editor, 2006) Property owners and natural shoreline erosion are at odds. Natural erosion 

puts private property at risk, but hardening the shoreline puts the natural environment at 

risk. Between 1978 and 1997, more than 300 miles of tidal shoreline were armored. 

(Titus, 1998) Without intervention, natural erosion of the shoreline would continue as it 

has for thousands of years and the riparian zone would move ever landward. In response, 

property owners take precautions in the form of shoreline erosion controls. Practical 

reasons make it necessary to control fastland erosion, but it is at the cost of natural 

environments. It also increases nearshore erosion. (Tidal Sediment Task Force, Sediment 

Workgroup, Chesapeake Bay Program, Nutrient Subcommittee, 2005) 
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Illust. 1.5 How We Have Changed the Shoreline and Its Effect on Waves 
 

 

With an increasing number of people choosing to buy waterfront property, 

demand for shoreline stabilization is bound to increase. There are three general types of 

shoreline erosion controls. The first type is a “hard,” or structural solution such as a sea 

wall or stone revetments. Hard solutions are the most common form of erosion control in 

use today. The second type is a “soft,” or “natural” solution such as beach nourishment 

(replacing sand that has eroded), and vegetative plantings aimed at stabilizing soil. The 

third type is called a “hybrid” solution, because it combines structural elements and soft 

elements into one design. The term “living shoreline” refers to both soft and hybrid 

control methods. Hard control methods have serious negative effects on the natural 

riparian environment. Soft methods often cannot establish in high-energy wave 

environments. Hybrid methods attempt to reconcile the difference, but homeowners may 

be unsure of their efficacy. Kevin Smith focuses in on the main issue in his contribution 
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to the 2006 Living Shoreline Summit. He recognizes that shoreline property owners need 

“reasonable expectations” when faced with a dynamic system. What the public needs are 

sustainable controls that meet property owner goals.  

The Maryland DNR Coastal Atlas shows that of about 7,700 miles of shoreline in 

Maryland, 1,085 miles, or roughly 14%, are hardened. Of that, 41% is bulkhead and 50% 

is stone revetment or rip-rap. With 150,000 people moving to the Chesapeake Bay area 

every decade, the need to control erosion will also increase. According to the 2010 

Maryland Department of Natural Resources report on managing erosion, 9,423 acres of 

wetlands, 420 miles of beach, and 743 acres where rare species occur are all at risk due to 

excessive erosion. There are also 185 acres of historic properties and 2,948 acres of 

public infrastructure that are vulnerable to future erosion. 
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Illust. 1.6 Unintended Effects of Structural Shorelines 
 

 

One problem we face is that some erosion is necessary in order to maintain 

riparian habitats. Naturally eroding shorelines are recognized to be important habitat for 

Bay fish and wildlife. Shoreline erosion is a natural environmental process that 

simultaneously creates, maintains, and destroys shoreline habitats. The fundamental 

challenge of erosion control is how to balance maintaining natural shoreline habitats with 

the legal right of shoreline property owners to protect their properties. Beach and tidal 

wetland migration is often limited by land use practices and existing structures. (United 

States Army Corps of Engineers, 2010) To make sure that we do not do further harm to 

our natural resources, erosion control measures that employ and sustain natural processes 

must replace structural methods wherever possible.  
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It is important to note that in some cases, no action is the best action. It is natural 

to be concerned about loosing land, but in areas with particularly low erosion rates, or 

areas where land values are low, allowing natural processes to go on is the most 

sustainable practice.  

 

 
 
 

Table 1.1: Hardened Shoreline by Type 
(Maryland Department of Natural Resources, 2010) 
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Hard Shoreline Typologies 
  

 

Illust. 1.7 Shoreline Type: Hard Controls / Bulkhead and Revetment 
 

 

Hard shorelines types can be divided into two categories, the first being structures 

that are meant to prevent erosion, and the second being those that are meant to stabilize 

areas of beach by promoting accretion. Examples of hard solutions that aim at bank 

stabilization are sea walls, or bulkheads, and stone revetments. The walls prevent water 

penetration completely, while revetments allow some water exchange without allowing 

fastland (landward) erosion.  These types of structures are necessary in areas with high 

erosion rates caused by high wave energy, winds and heavy water traffic. These measures 

are effective in drastically reducing upland erosion, but actually increase erosion 

channelward. This is just as detrimental to aquatic habitat. The shallow intertidal zone is 

eliminated along with SAV. Consequently, aquatic species loose energy sources and 

habitats and the eroded bottoms cloud the water. A study in 1986 by the United States 
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Army Corps of Engineers (USACE) estimated that of the total sediment delivered to the 

Bay by tidal erosion, erosion of the water bottom, or nearshore, contributed 57 percent 

and erosion from land above the water level, or fastland, contributed only 43 percent. 

(Tidal Sediment Task Force, Sediment Workgroup, Chesapeake Bay Program, Nutrient 

Subcommittee, 2005) 

Bulkheads are also chemically treated to retard the growth of many marine 

organisms. This could cause further harm to aquatic organisms.  (Maryland Department 

of the Environment, Water Management Administration, 2008) 

Groins and jetties are examples of devices that aim at beach stabilization. They 

promote accretion of sediment by quelling wave energy and augmenting the existing 

hydrology. These are also used to create calm water environments suitable for docking 

watercraft. Jetties and groins extend perpendicular from the shoreline, and jetties extend 

even further, eventually forming an arc that creates a cove of calm water. These are most 

often made of large stones. A disadvantage of groins and jetties is that by blocking the 

transport of sediment from upstream, they can deny the delivery of sediment to beaches 

and marshes that exist downstream. 

Another negative effect of these methods is the resulting loss of the riparian 

ecotone. The connection between land and water is lost along with habitat for the species 

that gave birth to the cultural life of the Bay area. Stone revetments may cause less 

erosion channelward and also may provide some habitat and shelter. However, they can 

also trap fish and small animals, and many animals that need access to the marsh for 

breeding or food cannot find the revetment to be too much of an obstacle. Still, stone 

revetments are preferred over sea walls and bulkheads. 
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Living Shoreline Typologies 
 
Soft Shorelines 
 

 

Illust. 1.8: Shoreline Type: Soft Shoreline Erosion Control 
 

Nonstructural methods of erosion control include riparian vegetation 

management, beach nourishment and dune restoration, tidal marsh enhancement, tidal 

marsh creation, bank grading and fiber logs.  

Riparian vegetation management includes any practice that increases the density 

or diversity of shoreline vegetation. Shoreline vegetation stabilizes banks, regulates 

erosion and sedimentation, filters pollutants from storm water runoff and provides 

habitat. Vegetation management can be achieved by trimming overhanging branches 

from the tree canopy, or planting grasses and other shoreline plants. 

Beach nourishment and dune restoration include the addition of sand to an 

eroding bank in order to raise land elevation and width, and absorb wave energy.  Beach 
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nourishment is important when the hydrology is altered by anthropogenic actions to an 

extent that erosion rates exceed accretion. A healthy, stable beach depends on a balanced 

exchange of sediment through erosion, accretion and re-deposition. Without vegetation to 

hold the sand in place, beaches depend on low wave energy and a source of sediment to 

be delivered from upstream. SAV also helps to calm waves before they reach the beach.  

(Maryland Department of the Environment, Water Management Administration, 2008) 

Beach restoration is most likely temporary and the process will have to be repeated. 

Dune restoration goes one step farther than beach nourishment by integrating 

riparian vegetation management. Common plants used for dune restoration in the 

Chesapeake Bay include Ammophila breviligulata, Panicum amarum, and Spartina 

patens.  

Riparian vegetation management, beach nourishment and dune restoration are all 

recommended for areas with gently sloping banks and low wave energy. Erosion may 

still occur and sand may have to be replenished with time. 

Tidal marsh enhancement involves the replanting of marsh vegetation in areas 

that are barren of vegetation, where vegetation is sparse, or where storms have removed 

marsh vegetation. This can also include the addition of sand. Key to establishment of 

marsh vegetation are the availability of sunlight and the depth of the water. 

Tidal marsh creation involves the introduction of tidal marsh where one does not 

currently exits. This can be done by planting on existing substrate, or by adding substrate 

to widen the bank before planting. Tidal marshes require a gentle slope, so grading the 

bank landward, or widening the bank channelward is usually required in areas that have 

experienced undercutting and erosion. By planting grasses, sediment will become trapped 
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within and landward of the planting area, and consequently the mean high tide line will 

move farther from the land. This, in conjunction with wave attenuation provided by the 

new plants, can help protect property from storm surges. The Maryland Department of 

Natural Resources has created a chart to help property owners decide whether or not 

marsh creation is an appropriate solution to their erosion problem. 

Common plants for tidal marsh creation are the cordgrasses, Spartina alterniflora 

and S. patens. The cordgrasses form dense sod that stabilize shorelines. Smooth cordgrass 

is found between high tide ad low tide elevations. Saltmeadow cordgrass occurs in areas 

above the mean high tide elevation. Both species will grow in a variety of salinity 

conditions and substrate types. Another option is beach grass, Ammophila breviliguata. 

This plant is usually plated above the range recommended for the cordgrasses in order to 

provide additional stabilization. 

Establishment of tidal marsh requires sunny conditions, sandy substrate without 

anaerobic conditions, and a gentle slope from the upland bank to subtidal waters. Wave 

energy must be low, or calmed by devices such as sills. It is not recommended to remove 

a large amount of trees and shrubs in order to establish a tidal marsh. 

Bank grading involves the alteration of the slope of the land leading down to the 

shoreline. This is typically done in areas with a very steep vertical drop from upland to 

shoreline with little or no existing vegetation. The graded bank is then covered with 

deeply rooting vegetation to act as a buffer and stabilize the bank. Other storm water 

interventions may be required. 

Plate: Section of Bank Grading, Source: 
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Fiber logs (coir logs, bio-logs) are biodegradable logs that are staked into place in 

the intertidal zone to temporarily reduce erosion and wave energy in newly created tidal 

marsh. The logs degrade in about five years or less, and need to be replaced if the marsh 

has not fully established by then. New applications of fiber logs include placing them at 

the base of undercut banks where excess shade prevents the establishment of vegetation. 

An alternative to fiber logs that have yet to be fully evaluated for use in living shoreline 

applications is the use of a biodegradable sock filled with organic mulch. These could 

prove to be a more cost effective measure in the future, as they can be assembled on site. 

 

Hybrid Shorelines 

 
Illust. 1.9: Shoreline Type: Hybrid Erosion Control 
 
 

Hybrid methods are a combination of hard and soft erosion control methods that 

include marsh toe revetments, marsh sills, and marshes with groins. These may also 

employ offshore breakwater systems. Since there are many areas where wave energy is 
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too great for the establishment of marsh plants by themselves, hard elements such as 

groins are strategically placed in front or to the side of plantings in order to quell the 

waves. Over the last 30 years, scientists such as Dr. Garbisch at Environmental Concern 

(http://www.wetland.org), have been developing these hybrid methods. The success has 

been so great that the state of Maryland has in recent years declared them to be the 

preferred method for erosion control. Although hardened shorelines are still the most 

prevalent types of erosion control, living shoreline technology is gaining in popularity. 

The techniques have their limitations, but experts believe that successful applications of 

the technology will alter the current trend of shoreline armoring. (Smith, 2006) 

Marsh toe revetment is a hybrid design technique used to protect existing tidal 

marshes. A low profile revetment, most often made of quarried stone, is placed at the 

eroding edge of a tidal marsh in order to lower wave energy, reduce erosion, protect 

vegetation and capture sediment. It is important that the revetment allows high tide to 

flow over into the marsh. If the revetment comes above the elevation of mean high tide, 

windows, or gaps, in the revetment are required in order to allow for exchange of tidal 

water and shoreline access for aquatic animals. Marsh toe revetment is most appropriate 

for existing marshes that are wide enough to provide protection from upland erosion, but 

have a degrading channelward edge. 

Plate: Section of Marsh Toe Revetment, Source: 
 

Marsh sills are similar to toe revetments. They are low lying stone structures used 

to lower tidal energy, reduce erosion, protect vegetation and capture sediment. Unlike 

marsh toe revetments, they are used where no tidal marsh currently exists. They are 

placed near mean low tide levels and are built up to near high tide elevation. This allows 
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for tidal exchange. Sand and other substrate are then backfilled on the landward side of 

the sill to establish a suitable grade and planting bed for marsh vegetation. Marsh sills are 

best used on eroding banks without existing marshes or vegetation. The installation of 

marsh sills and the establishment of tidal marshes should not be done if it requires the 

removal of a substantial amount of existing forested or otherwise vegetated banks. If 

upland re-grading is required, any removed soil may be used as backfill behind the sill. 

Substrate can also be brought in from offsite dredging. 

Marsh creation with groins is similar to marsh creation with sills, but the groins 

are placed perpendicular to the shoreline. This is appropriate in areas with lower direct 

wave energy to the shoreline. The groins contain sediment within the created marsh, but 

may have a negative impact on shorelines downdrift by starving them of sediment 

exchange. 

Offshore breakwater systems are trapezoidal structures that reduce wave energy 

and create dynamic beach environments. They can also be used to colonize aquatic 

species such as oysters, mussels, algae and other reef-dwelling organisms. Shorebirds, 

turtles, terrapins, and the northeastern beach tiger beetle can also benefit from new 

habitat. Offshore breakwaters are expensive and most suitable for medium to high-energy 

sand beaches, banks, and bluffs where adequate sand for erosion protection is unavailable 

and there exists a historic trend for landward migration. These systems have the potential 

to negatively affect shoreline downdrift by starving them of sediment. Beach nourishment 

and the establishment of stabilizing vegetation are often used in conjunction with 

offshore breakwaters. 
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Oyster shell reefs can be used in a similar fashion as sills, but it is not yet known 

if unoccupied oyster shells are enough to quell medium to high-energy waves. They are 

best used in low energy settings.  

 
Design Elements / Considerations 
 
 
Feasibility Screening and Site Analysis 
 

Before starting to design a living shoreline, several screening criteria must be met. 

The screening criteria are considered in order to determine whether a project is possible 

and whether or not it would have any negative impacts. Additionally, they will help 

decide which method of living shoreline to implement, soft or hybrid. Considerations 

pertaining to environmental and public health include the following:  

Are there contamination issues at or near the site?  

Are there endangered species that rely on the site?  

Will valuable existing habitat, such as a mature hardwood forest, have to be 

destroyed to construct the wetland? 

Will other areas of shoreline be negatively affected by the new shoreline? 

Will any utilities be affected by construction? 

 Considerations to help determine whether or not structural elements will 

be necessary are as follows: 

 What is the fetch? 

 What is the bathymetry like? 

 How much water traffic is there and how does it affect the shore? 

 What is the current rate of erosion / accretion? 
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 How steep is the shoreline, and is there enough room to modify the slope? 

 What is the wave energy of a thirty year storm? 

When examining landscape position, the main consideration is the fetch. The 

fetch is the horizontal distance of water between shores over which wind blows and 

affects wave energy. The success of a newly established marsh relies greatly on 

protection from wave energy. Sites with fetches greater than one mile will generally 

classify as high to medium wave energy areas and will most likely require a degree of 

structural intervention. Areas with fetches between one half and one mile will often 

require a hybrid approach. Areas with fetches below one half mile are generally 

considered to have low wave energies, and soft erosion control methods are 

recommended in these situations. Exceptions to these rules exist in very sheltered areas or 

very shallow areas. A study conducted by the University of Maryland found that fetch 

was not determined to be a factor in determining whether or not a marsh would be 

successful, so long as proper design elements were included. Sites with structural 

protection were more successful. Sites with shorter distances from sill to shoreline are 

more successful (2 m).   

Elevation of land and the depth of water are critical to the establishment of tidal 

wetlands. The most important elevations to consider are as follows: 

• Mean Low Water (MLW): The average low tide water level at the site. 

• Mean High Water (MHW): The average high tide water level at the site. 

• Mean Tide Level (MTL): Roughly halfway between the MLW and MHW 

at the site. 

• Upper Limit of Wetlands (ULW): Roughly 1.5 times the MTL at the site. 
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These elevations will dictate the various planting zones for newly established 

marshes. Elevations must be gathered from a tidal datum rather than a geodetic datum. A 

tidal datum is based on a 19-year period known as a tidal epoch. The tides observed in the 

epoch are averaged the MLW, MHW, MTL, etc. are determined. A geodetic datum is 

based on an established point in Canada and does not relate to tides. A source for tidal 

data is the National Ocean Service (NOS) and more information can be found at 

http://tidesandcurrents. noaa.gov/. 

Another valuable source for critical planting elevations are biological benchmarks 

(BBM). These are based on elevations recorded at nearby plant communities. Elevations 

at which specific plant communities exist are cross-referenced with known tidal 

elevations. Using BBM allows for the integration of site-specific hydrologic conditions. 

For example, there may be situations where the soil does not allow water to drain 

completely as the tides recede. 

Slope is a critical consideration due to its relationship to erosion and shore 

stability. Flat slopes are important in the intertidal area because they minimize erosion, 

lessen wave energy and maximize plantable area. Slopes within the intertidal zone should 

be 10:1 (horizontal distance: vertical distance) at the most, if possible. Site conditions 

often dictate what can and cannot be achieved. Where upland grading is not possible, due 

to existing conditions such as immovable structures or existing plant communities, a 

gentler slope can be achieved by extending the intertidal zone channelward. If steep 

slopes are an issue, it may be possible to create a wide area in the intertidal zone that then 

drops off at a greater slope channelward. On sites with steep upland conditions and high 

wave energy, some slope stabilizing structures may be necessary. Properties with eroding 
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cliffs must include cliff stabilization such as a vegetative covering and re-grading of the 

earth, or a structural control. The marsh can then prevent undercutting of the cliff.  

Hydrology is the most important component of a successful marsh restoration 

project. Generally speaking, land must be under water at high tide and dry at low tide.  

The reason that plants must be dry at low tide is that this is when oxygen exchange 

occurs. Without a dry period, many tidal marsh species will not survive.  

Substrate is the medium in which new marsh vegetation will be established. The 

best medium to establish new plants is sand. It provides a good anchor for roots, allows 

rapid root growth and adequate drainage. Exposed conditions call for coarser sand in 

order to limit particle transport. Silt-clay and peat are less desirable as they make planting 

more difficult and do not anchor the plants as effectively. Heavy clays should be avoided 

as they impede root growth. Organic amendments, topsoil and mulch are also 

inappropriate in brackish marshes. 

Prior to excavating a site for marsh establishment, borings must be taken at the 

proposed elevation of marsh creation in order to evaluate the existing substrate.  If the 

substrate is inappropriate, land must be over-excavated and then backfilled with sand to 

bring the land back to proper elevation. 

Sun exposure is important for marsh vegetation that requires large amounts of 

energy to deal with high salinity conditions. Marsh vegetation needs a minimum of six 

hours of direct sun exposure each day. North facing slopes may receive low levels of 

sunlight in the fall and winter due to shading from the hillside. Providing enough sunlight 

may require the pruning of overhanging tree canopies. Trees should only be removed if 

absolutely necessary. 
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Salinity levels must be measured to determine the full salinity range of the site. 

This includes times of low salinity such as in the spring, and times of high salinity such 

as in the summer. Certain sites, such as those at headwaters may be susceptible to surges 

of freshwater after rain events. Vegetation should be selected based on site salinity 

measurements. 

Just as important as salinity is the depth of water that vegetation type is placed in. 

The depth of the water determines planting zones (zonation). These include MLW, MHW 

and ULW.  

 
Design Guidelines for Structural Elements 
 

“Large obtrusive sills without vents prevent proper flushing of marsh and trap 

sediment and dead vegetation, which can strangle the marsh, in addition to blocking 

wildlife access. However, vents can facilitate erosion where the wave action is persistent 

(see figure 3.20 A). Therefore, in areas with large fetch (greater than 500 meters), it is 

recommended that vents are constructed such that there is no unprotected shoreline, but 

in a doglegged or staggered system (see figure 3.20 B and C).” 

Low marsh must be allowed to extend to the lowest tide line. If the sill is placed 

too close to the high tide line, improper flushing and sedimentation will occur. Accretion 

behind the sill will lead to the marsh not flooding at high tide. The marsh will be too dry 

and the sill will in effect become a revetment. The marsh subsequently becomes an 

upland region. (Baldwin et al., 2006) 

A research team at the University of Maryland found that constructed tidal 

wetlands were found to be effective at controlling erosion, but certain design criteria were 

important to follow. In the report published by the research team, Dr. Steven Baldwin 



 

 42 

reinforced that in order to be successful , the success of living shorelines depends heavily 

on a design that closely adheres to the unique conditions each site. (Baldwin et al., 2006) 

Criteria for a healthy marsh were determined to be: 

• Sunny  

• Proper Filling  

• 50/50 Split Between High and Low Marsh  

• Protected Shoreline  

• Staggered or Dog-Legged Vents in Sill  

• Independently Stabilized Cliff  

• Proper Grading (10:1) and Sill Placement to Allow for Flushing  

• Proper Maintenance: 1) Marsh is kept clear of debris; 2) No use of chemical  

lawn treatments; 3) Marsh is kept free of unwanted alien invaders (Baldwin et al., 

2006) 

 

 

Plants for Living Shorelines 

Plant material is preferably nursery grown in salinity conditions similar to the site. 

Plants often come as plugs grown in plastic trays. Plants should have uniform green 

vegetation and white roots. It is acceptable if plants have been pruned in order to 

facilitate shipping. The bottom of the plant must be at least four inches below grade in 

order to adequately anchor them. The soil must be packed around them to eliminate air 

pockets. Planting them too deep, or packing the soil too much is not a concern. 

Transplanting from donor marshes is only recommended for small projects and must be 
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done with care. Seeding is possible on protected sites with stable enough substrate to 

support machinery. Seed banks within existing substrate may also be utilized by 

salvaging and redistributing the substrate. 

Plants must establish as quickly as possible and therefore the use of slow release 

fertilizer such as Osmocote 18-6-12 is recommended.  

Spring is the recommended planting time. Spring plantings will have the entire 

growing season to be established. Risk of damage from spring storms must be 

considered. Summer planting can work, but there is a risk to high marsh plants if there is 

not adequate rainfall to provide average level high tides and if irrigation is not available. 

Fall planting can be successful, but establishment will be slower.  Winter plantings are at 

risk from winter storm and ice damage, which can be significant. 

Average plant spacing is 2’ on center. This should establish full cover in about 

two growing seasons. Where more rapid establishment is needed plants can be placed at 

1.5’ on center. Any closer than this is not usually recommended. If cost is an issue plants 

may be planted at 3’ on center. 

Planting in transitional zones, such as those between MHW and ULW, species 

should be alternated to assure that the proper species will be available. This allows for 

unexpected variations in topography and tide. 

Common maintenance issues include the control of the common weed grass 

Phragmites australis, the accumulation of flotsam and debris, and the prevention of 

herbivory by animals such as geese. Phragmites must be aggressively combated in order 

to achieve success. Existing stands should be sprayed with an appropriate herbicide. The 

site should be over-excavated by at least a foot to remove existing Phragmites roots and 
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backfilled with clean sand. Designing most of the marsh below MHW and installing a 

subtidal ditch around the perimeter of the site are two effective deterrents to Phragmites 

invasion. Management and cleanup of flotsam and debris should be planned for before 

installation. Some simple deterrents are available to discourage animals such as geese 

from consuming young vegetation. 

The following shows general salinity and zone ranges for different marsh 

vegetation: 

Species    Inundation Zone  Salinity Range  

Spartina  alterniflora   MTL – MHW   5 – 30 ppt  

Spartina patens   MHW – ULW  5 – 30 ppt  

Spartina  cynosuroides  MHW – ULW  0 – 5 ppt  

Distichlis spicata   MHW – ULW  10 – 30 ppt  

Scirpus  americanus   MHW – ULW  0 – 15 ppt  

Juncus  roemarianus   above MHW   10 – 25 ppt  

Iva  frutescens   near ULW   5 – 30 ppt  

Baccharis  halimifolia  near ULW   0 – 30 ppt  

Panicum  virgatum   above ULW   0 – 25 ppt  

Myrica cerifera   above ULW   0 – 30 ppt  

 

“In upstream areas (fresher water), Juncus effusus (soft rush) and Panicum 

virgatum (switchgrass) are good substitutes for Spartina.” (Baldwin et al., 2006) 

Chemical lawn treatments may kill Spartina patens. Major invasives include Polygonum 
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perfaliatum (mile-a-minute weed), Cuscuta gronovii (dodder), and Phragmites australis.  

Chemical can and should be used to control these. (Baldwin et al., 2006) 
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 Chapter 2: Survey 

As there was not enough information available that investigated the human 

dimensions of shoreline erosion control design, I decided to conduct my own survey in 

order to identify gaps that may exist between the perceptions and preferences of property 

owners, and those of experts in design, installation and government. 

Waterfront homeowners, landscape architects, and other professional experts were 

surveyed to collect data that could inform better design and encourage further 

investigation. Surveys were conducted through email with interactive PDF’s, as well as in 

person. The respondents were chosen based on willingness to participate. Experts and 

homeowners, known to the administrator, were asked to participate and refer others. 

Time constraints determined sample size. 

Participants were 52% homeowners and 47% Experts. 

 
 
Table 2.1: Chart Showing Survey Participant Population 
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Executive Summary of Survey Results: 
• General questions regarding the importance of environmental protection were 

relatively similar across groups.  

• Property owners generally had slightly higher expectations for functional uses of 

their shorelines than experts. 

• When it came to specific questions of how well each shoreline would meet needs 

or provide protection, homeowners were more often split between hard and soft, 

while designers leaned heavily toward soft. Engineers tended to favor hard 

controls. 

• Questions about attractiveness had similar results as questions about function. 

• Questions about preventing erosion seemed to depend heavily on what people had 

experience with or knowledge of. 

• In a question about expenses, what was shocking was that engineers, those that 

favored hard controls thought hybrid controls would be the most expensive to 

install, as opposed to Homeowners. The fact is hard controls are drastically more 

expensive to install. So it seemed like those who should be in the know on this 

subject, weren’t. 

• The majority of respondents claimed that they would most like to have soft 

shorelines, but a simple comparison to questions about practicality proves that 

despite people’s desire for softer shorelines, there are doubts about function and 

practicality.  

• It seems evident that knowledge of the subject and what one is used to drastically 

influences their willingness to install or trust a particular shoreline erosion 

control. 
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• Major lessons pertaining to design and people’s willingness to adopt living 

shoreline strategies are as follows: Above all, the shoreline must provide 

protection of property. Function and allowing a property owner to take full 

advantage of the shoreline are critical. While these can be achieved by balancing 

property owner wants with ideal natural environments, property owners must first 

be taught and shown that these systems really do work. 
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Fig. 2.1: Erosion Control Preference Survey Cover Page



 

 50 

 
Fig. 2.2: Erosion Control Preference Survey Consent Page
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Fig. 2.3: Erosion Control Preference Survey Questions 1-9 
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Fig. 2.4: Erosion Control Preference Survey Images for Questions 1-9 
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Fig. 2.5: Erosion Control Preference Survey Questions 11-21 
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Fig. 2.6: Erosion Control Preference Survey Images for Questions 11-21 
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Fig. 2.7: Erosion Control Preference Survey Questions 22-30 
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Fig. 2.8: Erosion Control Preference Survey “Thank You” Page 
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Full Survey Results: 
 
Group 1 refers to Engineers, Contractors, Permitters and Planners. 
Group 2 refers to Landscape Architects, Designers and Environmental Experts 
Group 3 refers to Waterfront Homeowners 
 
 
Question 1: Based on images one through six, which shoreline do you find most visually 
attractive? 

 

Group1 1 Stone Revetment 16.7% 
 2 Bulkhead 16.7% Hard 33.3% 
 3 Salt Marsh with Stone Sill 16.7% Hybrid 16.7% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 50.0% 
 6 Marsh and Upland Buffer 0.0% Soft 50.0% 
     
     
Group 2 1 Stone Revetment 0.0% 
 2 Bulkhead 0.0% Hard 0.0% 
 3 Salt Marsh with Stone Sill 0.0% Hybrid 0.0% 
 4 Salt Marsh 37.5% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 62.5% Soft 100.0% 
     
     
Group 3 1 Stone Revetment 26.7% 
 2 Bulkhead 20.0% Hard 46.7% 
 3 Salt Marsh with Stone Sill 6.7% Hybrid 6.7% 
 4 Salt Marsh 13.3% 
 5 Sand Beach 20.0% 
 6 Marsh and Upland Buffer 13.3% Soft 46.7% 

 

Group 1 preferred erosion controls with some kind of soft or hybrid element by a 

ratio of 2:1 over hard erosion controls. 50% of Group 1 stated that soft erosion controls 

were the most visually attractive. 16.7% preferred hybrid controls. 33% preferred hard 

controls. The preference for hard solution type was divided evenly between stone 

revetment and bulkhead. Sand beach was the only soft solution chosen. 
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Group 2 preferred soft erosion controls to both hybrid and structural. 100% of 

respondents chose soft controls. 62.5% chose marsh with upland buffer as the most 

attractive soft method. 37.5% chose salt marsh as the most attractive method. None chose 

sand beach as the most attractive. 

Group 3 preferred erosion controls with some kind of soft or hybrid element by a 

slight margin to hard controls. Both soft controls and hard controls received 46.7% of the 

respondents’ votes. 6.7% chose hybrid shorelines as the most visually attractive. 

 

Question 2: Based on images one through six, which shoreline do you feel would do the 

best job of serving your needs? 

Group1 1 Stone Revetment 16.7% 
 2 Bulkhead 33.3% Hard 50.0% 
 3 Salt Marsh with Stone Sill 16.7% Hybrid 16.7% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 33.3% 
 6 Marsh and Upland Buffer 0.0% Soft 33.3% 
     
     
Group 2 1 Stone Revetment 0.0% 
 2 Bulkhead 0.0% Hard 0.0% 
 3 Salt Marsh with Stone Sill 0.0% Hybrid 0.0% 
 4 Salt Marsh 25.0% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 75.0% Soft 100.0% 
     
     
Group 3 1 Stone Revetment 13.3% 
 2 Bulkhead 40.0% Hard 53.3% 
 3 Salt Marsh with Stone Sill 6.7% Hybrid 6.7% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 26.7% 
 6 Marsh and Upland Buffer 13.3% Soft 40.0% 

 

Fifty percent of group 1 stated that hard erosion controls would do the best job of 

serving their needs. 50% stated that either a soft or hybrid method would do the best job. 
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33.3% chose soft controls and 16.7% chose hybrid controls. Of those that preferred hard 

controls, 66.6% thought stone revetment would best serve their needs, and 33.3% thought 

a bulkhead would best serve their needs. Of those that chose soft solutions, 100% stated 

that a sand beach would best serve their needs. 

One-hundred percent of group 2 stated that soft erosion controls would do the best 

job serving their needs. From that group, 75% thought marsh and upland buffer would 

best serve their needs, and 25% stated that salt marsh would best serve their needs. 

Fifty-three point three percent of group 3 stated that hard erosion controls would 

do the best job of serving their needs. 46.7% stated that an erosions control with some 

kind of soft or hybrid element would best suit their needs. 40% chose soft controls and 

6.7% chose hybrid controls. Of those that choose hard control methods, 40% felt that 

bulkhead would best meet their needs, and 13.3% felt that stone revetment would best 

suit their needs. Of those that chose soft methods, 66.6% felt that a beach would best 

serve their needs, and 33.3% felt that marsh and upland buffer would best meet their 

needs. 
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Question 3: Based on images one through six, which shoreline do you think would be 

most effective at protecting your property from storm surge? 

Group1 1 Stone Revetment 50.0% 
 2 Bulkhead 16.7% Hard 66.7% 
 3 Salt Marsh with Stone Sill 0.0% Hybrid 0.0% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 16.7% 
 6 Marsh and Upland Buffer 16.7% Soft 33.3% 
     
     
Group 2 1 Stone Revetment 0.0% 
 2 Bulkhead 0.0% Hard 0.0% 
 3 Salt Marsh with Stone Sill 37.5% Hybrid 37.5% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 62.5% Soft 62.5% 
     
     
Group 3 1 Stone Revetment 13.3% 
 2 Bulkhead 20.0% Hard 33.3% 
 3 Salt Marsh with Stone Sill 26.7% Hybrid 26.7% 
 4 Salt Marsh 6.7% 
 5 Sand Beach 6.7% 
 6 Marsh and Upland Buffer 26.7% Soft 40.0% 

 

Sixty-six point seven percent of group 1 stated that they thought hard erosion 

controls would be most effective at protecting property from storm surge. 33.3% chose 

soft control methods. None thought hybrid controls would be most effective. Of those 

that choose soft control methods, half thought that marsh and upland buffer would be 

most effective, and half thought beach would be. None choose salt marsh as the most 

effective. Of those who chose hard controls, three quarters chose stone revetment, and 

one quarter chose bulkhead. 

Sixty-two point five percent of group 2 thought soft erosion controls would be the 

most effective. 37.5% thought hybrid controls would be the most effective. None choose 
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hard controls. Of those that chose soft controls, 100% felt marsh and upland buffer would 

be the most effective. 

The majority of group 3 (66.7%) thought that either a soft or hybrid shoreline 

would be most effective at protecting a property from storm surge. 40% thought soft 

erosion controls would be the most effective. 33.3% chose hard controls and 26.7% chose 

hybrid controls. Of those that chose hard controls, 60% chose bulkheads as the most 

effective, and 40% believed stone revetments would be most effective. Of those that 

chose soft controls, 66.6% chose marsh and upland buffer, 16.65% chose salt marsh and 

16.65% chose sand beach. 

 

Question 4: Based on images one through six, which shoreline do you think would be 

most effective at preventing erosion on your property? 

Group1 1 Stone Revetment 33.3% 
 2 Bulkhead 16.7% Hard 50.0% 
 3 Salt Marsh with Stone Sill 16.7% Hybrid 16.7% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 16.7% 
 6 Marsh and Upland Buffer 16.7% Soft 33.3% 
     
     
Group 2 1 Stone Revetment 0.0% 
 2 Bulkhead 0.0% Hard 0.0% 
 3 Salt Marsh with Stone Sill 12.5% Hybrid 12.5% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 87.5% Soft 87.5% 
     
     
Group 3 1 Stone Revetment 20.0% 
 2 Bulkhead 26.7% Hard 46.7% 
 3 Salt Marsh with Stone Sill 26.7% Hybrid 26.7% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 26.7% Soft 26.7% 

 



 

 62 

Fifty percent of group 1 thought that hard erosion controls would be most 

effective at preventing erosion on private property. 50% felt an erosion control consisting 

of either soft or hybrid elements would be most effective. 33% chose soft controls, and 

16.7% chose hybrid controls. Of those that chose hard controls, two thirds chose stone 

revetment, and one third chose bulkhead. Of those that chose soft controls, 50% thought 

marsh and upland buffer would be most effective, and 50% felt sand beach would be 

most effective. None felt salt marsh alone would be most effective. 

Eighty-seven point five percent of group 2 felt that soft erosion control methods 

would be the most effective at preventing erosion on private property. 12.5% chose 

hybrid controls. None chose hard controls. Of those that chose soft controls, 100% felt 

that marsh and upland buffer would be the most effective at preventing erosion on private 

property. 

Roughly half of group 3 (53.3%) thought that an erosion control with either soft 

or hybrid elements would be most effective at controlling erosion on private property. 

46.7% thought hard methods would be most effective. 26.7% thought that soft controls 

would be the most effective, and 26.7% thought hybrid controls would be. Of those that 

chose hard controls, 57% thought bulkheads would be most effective, and 43% felt that 

stone revetment would be most effective. Of those that chose soft controls, 100% felt that 

marsh and upland buffer would be the most effective at preventing erosion. 
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Question 5: Based on images one through six, which shoreline looks like it would be the 

most expensive to install? 

Group1 1 Stone Revetment 0.0% 
 2 Bulkhead 16.7% Hard 16.7% 
 3 Salt Marsh with Stone Sill 66.7% Hybrid 66.7% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 16.7% 
 6 Marsh and Upland Buffer 0.0% Soft 16.7% 
     
     
Group 2 1 Stone Revetment 37.5% 
 2 Bulkhead 25.0% Hard 62.5% 
 3 Salt Marsh with Stone Sill 25.0% Hybrid 25.0% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 12.5% Soft 12.5% 
     
     
Group 3 1 Stone Revetment 26.7% 
 2 Bulkhead 66.7% Hard 93.3% 
 3 Salt Marsh with Stone Sill 6.7% Hybrid 6.7% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 0.0% Soft 0.0% 

 

Sixty-six point seven percent of group one thought that hybrid controls would be 

the most expensive to install. 16.7% thought soft controls would be, and 16.7% thought 

hard controls would be. Of those that thought that hard shorelines would be the most 

expensive to install, 60% thought stone revetment would be the most expensive and 25% 

thought bulkheads would be the most expensive. Of those that though soft shorelines 

would be the most expensive to install, 100% chose sand beach. 

Sixty-two point five percent of group 2 thought that hard controls would be the 

most expensive to install. 25% chose hybrid and 12.5% chose soft controls. Of those that 

thought hard controls would be the most expensive to install, 60% thought stone 

revetments would be more expensive, and 40% thought bulkheads would be. Of those 
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who thought soft controls would be the most expensive, 100% thought that marsh with an 

upland buffer would be the most expensive to install. 

Ninety-three point three percent of group 3 stated that they believed hard controls 

would be the most expensive to install. 6.7% thought hybrid controls would be, and none 

chose soft controls. Of those who chose hard controls, 71.5% thought bulkhead would be 

the most expensive to install, and 28.5% thought stone revetment would be. 

 

Question 6: Based on images one through six, which shoreline do you think would be the 

most difficult to maintain? 

Group1 1 Stone Revetment 6.7% 
 2 Bulkhead 6.7% Hard 13.3% 
 3 Salt Marsh with Stone Sill 6.7% Hybrid 6.7% 
 4 Salt Marsh 6.7% 
 5 Sand Beach 66.7% 
 6 Marsh and Upland Buffer 6.7% Soft 80.0% 
     
     
Group 2 1 Stone Revetment 12.5% 
 2 Bulkhead 25.0% Hard 37.5% 
 3 Salt Marsh with Stone Sill 12.5% Hybrid 12.5% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 37.5% 
 6 Marsh and Upland Buffer 12.5% Soft 50.0% 
     
     
Group 3 1 Stone Revetment 16.7% 
 2 Bulkhead 0.0% Hard 16.7% 
 3 Salt Marsh with Stone Sill 33.3% Hybrid 33.3% 
 4 Salt Marsh 16.7% 
 5 Sand Beach 16.7% 
 6 Marsh and Upland Buffer 16.7% Soft 50.0% 

 

Fifty-percent of respondents from group one stated that they believed soft controls 

would be the hardest to maintain. Thirty-three point three percent chose hybrid controls 

and 16.7% chose hard controls as the hardest to maintain. Of those that chose hard 
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controls, 100% chose stone revetments. Of those that chose soft controls, one third chose 

salt marsh, one third chose sand beach and one third chose marsh and upland buffer. 

Fifty-percent of group two stated that they believed soft controls would be the 

hardest to maintain. Twelve point five percent chose hybrid controls and thirty-seven 

point five chose hard controls. Of those that chose hard controls, two thirds chose 

bulkhead, and one third chose stone revetment. Of those that chose soft controls, one 

quarter chose marsh and upland buffer, and three quarters chose sand beach. 

Eighty percent of group three stated that they believed soft controls would be the 

hardest to maintain. Six point seven percent chose hybrid controls and 13.3 % chose hard 

controls. Of those that chose hard controls, half chose stone revetments, and half chose 

bulkhead. Of those that chose soft controls, 83.3% chose sand beach, 8.3% chose salt 

marsh and 8.3% chose marsh and upland buffer. 
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Question 7: Based on images one through six, which shoreline do you think would be the 

most expensive to maintain? 

Group1 1 Stone Revetment 16.7% 
 2 Bulkhead 16.7% Hard 33.3% 
 3 Salt Marsh with Stone Sill 33.3% Hybrid 33.3% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 16.7% 
 6 Marsh and Upland Buffer 16.7% Soft 33.3% 
     
     
Group 2 1 Stone Revetment 0.0% 
 2 Bulkhead 37.5% Hard 37.5% 
 3 Salt Marsh with Stone Sill 12.5% Hybrid 12.5% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 37.5% 
 6 Marsh and Upland Buffer 12.5% Soft 50.0% 
     
     
Group 3 1 Stone Revetment 0.0% 
 2 Bulkhead 40.0% Hard 40.0% 
 3 Salt Marsh with Stone Sill 13.3% Hybrid 13.3% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 46.7% 
 6 Marsh and Upland Buffer 0.0% Soft 46.7% 

 

Respondents from group one were evenly split three ways on question 7. One 

third thought soft controls would be the hardest to maintain, one third thought hybrid 

controls would be the most expensive to maintain, and one third thought hard controls 

would be the most difficult to maintain. Of those that chose hard controls, fifty percent 

chose stone revetments, and fifty percent chose bulkhead. Of those that chose soft 

controls, fifty percent chose sand beach and fifty percent chose marsh and upland buffer. 

None chose salt marsh as the most expensive to maintain. 

Fifty percent of group two stated that they believed soft controls would be the 

most expensive to maintain. Twelve point five percent chose hybrid controls, and 37.5% 

chose hard controls. Of those that chose hard controls, 100% chose stone revetment. Of 
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those that chose soft controls, one quarter chose marsh and upland buffer, and three 

quarters chose sand beach. None chose salt marsh as the most expensive to maintain. 

Forty-six point seven percent of group 3 stated that they believed that soft 

controls would be the most expensive to maintain. Forty percent chose hard controls and 

13.3% chose hybrid controls. Of those that chose hard controls, 100% chose stone 

revetment. Of those that chose soft controls, 100% chose sand beach. 

 

Question 8: Based on images one through six, which shoreline would you most like to 

have on your property? 

Group1 1 Stone Revetment 16.7% 
 2 Bulkhead 16.7% Hard 33.3% 
 3 Salt Marsh with Stone Sill 0.0% Hybrid 0.0% 
 4 Salt Marsh 0.0% 
 5 Sand Beach 50.0% 
 6 Marsh and Upland Buffer 16.7% Soft 66.7% 
     
     
Group 2 1 Stone Revetment 0.0% 
 2 Bulkhead 0.0% Hard 0.0% 
 3 Salt Marsh with Stone Sill 0.0% Hybrid 0.0% 
 4 Salt Marsh 25.0% 
 5 Sand Beach 0.0% 
 6 Marsh and Upland Buffer 75.0% Soft 100.0% 
     
     
Group 3 1 Stone Revetment 20.0% 
 2 Bulkhead 33.3% Hard 53.3% 
 3 Salt Marsh with Stone Sill 0.0% Hybrid 0.0% 
 4 Salt Marsh 6.7% 
 5 Sand Beach 20.0% 
 6 Marsh and Upland Buffer 20.0% Soft 46.7% 

 

Two thirds of group one stated that they would most like to have a soft control on 

their property. One third stated they would most like to have a hard control. None said 

they would most like to have a hybrid control. Of those that chose hard controls, half 
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chose stone revetment, and half chose bulkhead. Of those that chose soft controls, one 

quarter chose marsh and upland buffer, and three quarters chose sand beach.  

All respondents from group two stated that they would most like to have a soft 

control on their property. Three quarters stated that they would most like a marsh and 

upland buffer, and one quarter chose salt marsh. 

Respondents from group three were closely split between hard controls (53.3%) 

and soft controls (46.7%).  None stated that they would most like to have a hybrid 

control. Of those that chose hard controls, 62.5% chose bulkhead and 37.5% chose stone 

revetment. Of those that chose soft controls, 42.8% chose marsh and upland buffer, 

42.8% chose sand beach, and 14.3% chose salt marsh. 

 

Question 9: Based on images one through six, indicate which three shoreline types you 

most prefer in order of preference. 

Group1 1 Stone Revetment 20.00% 60.00% 20.00% 
 2 Bulkhead 20.00% 0.00% 40.00% 
 3 Salt Marsh with Stone Sill 0.00% 40.00% 0.00% 
 4 Salt Marsh 0.00% 0.00% 20.00% 
 5 Sand Beach 40.00% 0.00% 20.00% 
 6 Marsh and Upland Buffer 20.00% 0.00% 0.00% 
     
Group 2 1 Stone Revetment 0.00% 0.00% 0.00% 
 2 Bulkhead 0.00% 0.00% 0.00% 
 3 Salt Marsh with Stone Sill 0.00% 20.00% 60.00% 
 4 Salt Marsh 20.00% 80.00% 0.00% 
 5 Sand Beach 0.00% 0.00% 20.00% 
 6 Marsh and Upland Buffer 80.00% 0.00% 20.00% 
     
Group 3 1 Stone Revetment 8.33% 41.67% 8.33% 
 2 Bulkhead 25.00% 25.00% 25.00% 
 3 Salt Marsh with Stone Sill 25.00% 8.33% 25.00% 
 4 Salt Marsh 0.00% 16.67% 8.33% 
 5 Sand Beach 33.33% 8.33% 33.33% 
 6 Marsh and Upland Buffer 8.33% 0.00% 0.00% 
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From group one, as their first choice, 40% of respondents chose sand beach, 20% 

chose marsh and upland buffer, 20% chose bulkhead, and 20% chose stone revetment. As 

their second second choice, 60% chose stone revetment, and 40% chose salt marsh with 

stone sill. A their third choice, 40% chose bulkhead, 20% chose sand beach, 20% chose 

salt marsh, and 20% chose stone revetment. 

From group two, as their first choice, 80% chose marsh and upland buffer, and 

20% chose salt marsh. As their second choice, 80% chose salt marsh as their second 

choice, and 20% chose salt marsh and stone sill. As their third choice, 60% chose salt 

marsh with stone sill, 20% chose sand beach, and 20% chose marsh and upland buffer. 

From group three, as their first choice, 33.3% chose sand beach, 25% chose salt 

marsh with stone sill, 25% chose bulkhead, 8.3% chose marsh and upland buffer, and 

8.3% chose stone revetment. As their second choice, 41.6% chose stone revetment, 25% 

chose bulkhead, 16.6% chose salt marsh, 8.3% chose sand beach, and 8.3% chose salt 

marsh with stone sill. As their third choice, 33.3% chose sand beach, 25% chose salt 

marsh with stone sill, 25% chose bulkhead, 8.3% chose salt marsh, and 8.3% chose stone 

revetment. 

 

Question 11: Based on images 7, 8 and 9, which view would you most like to have on 

your property? 

 Group1 Group 2 Group 3 
7 Open View 40.0% 0.0% 64.3% 
8 Partial Screen 40.0% 57.1% 28.6% 
9 Thick Screen 20.0% 42.9% 7.1% 

 

From group one, 40% of respondents stated that they would most like to have an 

open view, 40% chose a partial screen, and 20% chose a thick screen. 
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From group two, 57.1% of respondents stated that they would most like to have a 

partial screen, and 42.9% stated that they preferred a thick screen. None chose and open 

view. 

From group three, 64.3% of respondents stated that they would most like to have 

an open view, 28.6% chose a partial screen and 7.1% chose a thick screen. 

 

Question 12: Based on images 7, 8 and 9, which view would you least like to have on 

your property? 

 Group1 Group 2 Group 3 
7 Open View 20.0% 83.3% 26.7% 
8 Partial Screen 20.0% 0.0% 0.0% 
9 Thick Screen 60.0% 16.7% 73.3% 

 

From group one, 60% of respondents stated that they would least like to have a 

thick screen on their property, 20% would least like a partial screen, and 20% would least 

like an open view. 

From group two, 83.3% stated that they would least like to have an open view, 

and 16.7% would least like a thick screen. None stated that they would least like a partial 

screen. 

From group three, 73.35 of respondents stated that they would least like to have 

an open view. None stated that they would least like to have a partial screen. 
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Question 13: Based on images 7, 8 and 9, which landscape do you think would be most 

appropriate for a family with children? 

 Group1 Group 2 Group 3 
7 Open View 60.0% 25.0% 71.4% 
8 Partial Screen 20.0% 37.5% 14.3% 
9 Thick Screen 20.0% 37.5% 14.3% 

 

From group one, 60% of respondents stated that an open view would be most 

appropriate for a family with children, 20% preferred a partial screen, and 20% preferred 

a thick screen. 

From group two, 37.5% of respondents stated that a thick screen would be most 

appropriate for a family with children, 37.5% preferred a partial screen, and 25% 

preferred an open view. 

From group three, 71.4% of respondents stated that an open view would be most 

appropriate for a family with children, 14.3% preferred a partial screen, and 14.3% 

preferred a thick screen. 

 

Question 14: Based on images 7, 8 and 9, which landscape do you think would have the 

highest property value? 

 Group1 Group 2 Group 3 
7 Open View 83.3% 33.3% 93.3% 
8 Partial Screen 16.7% 66.7% 0.0% 
9 Thick Screen 0.0% 0.0% 6.7% 

 

From group one, 83.3% of respondents stated that they believed a property with 

an open view would have the highest property value, and 16.7% believed that a property 

with a partial screen would. 
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From group two, 66.7% of respondents stated that they believed a property with a 

partial screen would have the highest property value, and 33.3% believed a property with 

an open view would. 

From group three, 93.3% of respondents stated that they believed a property with 

a partial screen would have the highest property value, and 6.7% believed that a property 

with a thick screen would. 

 

Question 15: Based on images 7, 8 and 9, which landscape would best serve your needs? 

 Group1 Group 2 Group 3 
7 Open View 50.0% 0.0% 80.0% 
8 Partial Screen 33.3% 62.5% 13.3% 
9 Thick Screen 16.7% 37.5% 6.7% 

 

From group one, 50% of respondents stated that a property with an open view 

would best serve their needs, 33.3% stated that a property with a partial screen would, 

and 16.7% stated that a thick screen would. 

From group two, 62.5% of respondents stated that a property with a partial screen 

would best serve their needs, and 37.5% stated that a property with a thick screen would. 

From group three, 80% of respondents stated that a property with a partial screen 

would best serve their needs, 13.3% stated that a property with a partial screen would, 

and 6.7% stated that a thick screen would. 
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Question 16: Based on images 10, 11 and 12, which shore erosion control would be best 

for community property such as a park? 

Question 16: Which shore erosion control would be best for community property 
such as parks? 
 Group1 Group 2 Group 3 
10 Stone Revetment 50.0% 0.0% 40.0% 
11 Salt Marsh 16.7% 25.0% 0.0% 
12 Beach / Vegetation / Sill 33.3% 75.0% 60.0% 

 

From group one, 50% of respondents stated that they believed a stone revetment 

would be the best control for a community property such as a park, 33.3% chose a beach 

with vegetation and sill, and 16.7% chose salt marsh. 

From group two, 75% of respondents stated that they believed a beach with 

vegetation and sill would be the best control for a community property such as a park, 

and 25% chose salt marsh. 

From group three, 60% of respondents stated that they believed a beach with 

vegetation and sill would be the best control for a community property such as a park, 

40% chose a stone revetment. None said that a salt marsh would be best. 

 

Question 17: Based on images 10, 11 and 12, which shore erosion control would be best 

to protect the community from storm surge? 

 Group1 Group 2 Group 3 
10 Stone Revetment 66.7% 25.0% 46.7% 
11 Salt Marsh 16.7% 62.5% 46.7% 
12 Beach / Vegetation / Sill 16.7% 12.5% 6.7% 

 

From group one, 66.7% of respondents stated that they thought a stone revetment 

would best protect the community from storm surge, 16.7% stated that a salt marsh 

would, and 16.7% stated that a beach with vegetation and sill would. 
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From group two, 62.5% of respondents stated that they thought a salt marsh 

would best protect the community from storm surge, 25% stated that a stone revetment 

would, and 12.5% stated that a beach with vegetation and sill would. 

From group three, 46.7% of respondents stated that they thought a stone 

revetment would best protect the community from storm surge, 46.7% stated that a salt 

marsh would, and 6.7% stated that a beach with vegetation and sill would. 

 

Question 18: Based on images 10, 11 and 12, which shore erosion control would be best 

to prevent erosion? 

 Group1 Group 2 Group 3 
10 Stone Revetment 66.7% 12.5% 40.0% 
11 Salt Marsh 16.7% 87.5% 46.7% 
12 Beach / Vegetation / Sill 16.7% 0.0% 13.3% 

 

From group one, 66.7% of respondents thought that a stone revetment would be 

best to prevent erosion, 16.7% chose salt marsh and 16.7% chose beach with vegetation 

and sill. 

From group two, 87.5% of respondents thought that a salt marsh would be best to 

prevent erosion, and 12.5% thought that a stone revetment would be best. 

From group three, 46.7% of respondents thought that a salt marsh would be best 

to prevent erosion, 40% chose stone revetment, and 13.3% chose beach with vegetation 

and sill. 
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Question 19: Based on images 10, 11 and 12, which shore erosion control would be the 

most sustainable? 

 Group1 Group 2 Group 3 
10 Stone Revetment 66.7% 0.0% 40.0% 
11 Salt Marsh 16.7% 100.0% 46.7% 
12 Beach / Vegetation / Sill 16.7% 0.0% 13.3% 

 

From group one, 66.7% of respondents stated that they believed a stone revetment 

would be the most sustainable, 16.7% thought that salt marsh would be, and 16.7% 

thought that beach vegetation and sill would be. 

From group two, 100% of respondents thought that salt marsh would be most 

sustainable. 

From group three, 46.7% of respondents thought that salt marsh would be most 

sustainable, 40% thought that stone revetment would be, and 13.3% thought that beach 

with vegetation and sill would be 

 

Question 20: Based on images 10, 11 and 12, which shore erosion control would cost the 

community more money? 

 Group1 Group 2 Group 3 
10 Stone Revetment 66.7% 87.5% 73.3% 
11 Salt Marsh 16.7% 0.0% 6.7% 
12 Beach / Vegetation / Sill 16.7% 12.5% 20.0% 

 

From group one, 66.7% of respondents thought that stone revetment would cost 

the community more money, 16.7% thought that salt marsh would, and 16.7% thought 

that beach with vegetation and sill would. 
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From group two, 87.5% of respondents thought that stone revetment would cost 

the community more money, and 12.5% thought that beach with vegetation and sill 

would. 

From group three, 73.3% of respondents thought that stone revetment would cost 

the community more money, 20% thought beach vegetation and sill would, and 6.7% 

thought that salt marsh would. 

 

Question 21: Based on images 10, 11 and 12, which shore erosion control would be best 

at attracting visitors? 

 Group1 Group 2 Group 3 
10 Stone Revetment 0.0% 25.0% 20.0% 
11 Salt Marsh 16.7% 0.0% 0.0% 
12 Beach / Vegetation / Sill 83.3% 75.0% 80.0% 

 

From group one, 83.3% of respondents stated that they believed beach with 

vegetation and sill would be best at attracting visitors, and 16.7% believed that salt marsh 

would. 

From group two, 75% of respondents stated that they believed beach with 

vegetation and sill would be best at attracting visitors, and 25% believed that stone 

revetment would. 

From group three, 80% of respondents stated that they believed beach with 

vegetation and sill would be best at attracting visitors, and 20% believed that stone 

revetment would. 
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Question 22: As a waterfront homeowner, I expect my shoreline to allow me to be able 

to… 

  Group 1 Group2 Group 3 
Dock a Boat 83.3% 62.5% 100.0% 
Kayak 50.0% 100.0% 93.3% 
Swim 66.7% 75.0% 80.0% 
Fish 100.0% 87.5% 80.0% 
Wade 33.3% 62.5% 73.3% 
Dip my Feet 16.7% 75.0% 73.3% 
Walk Along the Shoreline 66.7% 50.0% 80.0% 
Watch Birds / Wildlife 50.0% 100.0% 100.0% 
See the Water 83.3% 87.5% 100.0% 
Other 0.0% 0.0% 20.0% 

 

• Dock a boat: 83.3% of group one agreed with this, 62.5% of group two, and 100% of 

group 3. 

• Kayak: 50% of group one agreed with this, 100% of group two, and 93% of group 

three. 

• Swim: 66.7% of group one agreed with this, 75% of group two, and 80% of group 

three. 

• Fish: 100% of group one agreed with this, 87.5% of group two, and 80% of group 

three. 

• Wade: 33.3% of group one agreed with this, 62.55 of group two, and 73.3% of group 

three 

• Dip My Feet: 16.7% of group one agreed with this, 75% of group two, and 73.3% of 

group three. 

• Walk Along the Shoreline: 66.7% of group one agreed with this, 50% of group two, 

and 80% of group three. 
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• Watch Birds / Wildlife: 50% of group one agreed with this, 100% of group two, and 

100% of group three. 

• See the Water: 83.3% of group one agreed with this, 87.5% of group two, and 100% 

of group one. 

• Other: 20% of homeowners stated that they expected their shorelines to allow them to 

perform other activities. These included playing with a dog, water ski, and go to 

restaurants by boat. 

 

 

Question 23: I purchased waterfront property because… 

  Group 1 Group2 Group 3 
I enjoy being close to nature 50.0% 87.5% 93.3% 
I enjoy maritime life 66.7% 62.5% 100.0% 
I like the high profile location 16.7% 0.0% 6.7% 
It is a good investment 33.3% 25.0% 40.0% 

 

• I enjoy being close to nature: 50% of group one agreed with this, 87.5% of group two, 

and 93.3% of group three. 

• I enjoy maritime life: 66.7% of group one agreed with this, 62.5% of group two, and 

100% of group three. 

• I like the high profile location: 16.7% of group one agreed with this, 0% of group 

two, and 6.7% of group three 

• It is a good investment: 33.3% of group one agreed with this, 25% of group two, and 

40% of group three. 

 

Question 24: As a waterfront property owner… 
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  Group 1 Group2 Group 3 

I am a steward of the environment and 
feel I must take care of it for the public 
good. 66.7% 100.0% 86.7% 

I am concerned about the environment, 
but I don't think it is my personal 
responsibility. 33.3% 0.0% 13.3% 

I am not concerned about the 
environment. 0.0% 0.0% 0.0% 

 

• I am a steward of the environment and feel I must take care of it for the public good: 

66.7% of group one agreed with this, 100% of group two, and 86.7% of group three. 

• I am concerned about the environment, but I don’t think it is my personal 

responsibility: 33.3% of group 1 agreed with this, 0% of group two, and 13.3% of 

group 3. 

• I am not concerned about the environment: No respondents in any group agreed with 

this. 
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Question 25: Making my shoreline more sustainable and environmentally friendly 

would… 

  Group 1 Group2 Group 3 
Be worth spending a lot of 
money on.   16.7% 25.0% 13.3% 
Be worth spending a moderate amount of money 
on. 66.7% 75.0% 80.0% 
Be worth spending a little 
money on.   0.0% 0.0% 6.7% 
Not be worth the cost.   16.7% 0.0% 0.0% 

 

• Be worth spending a lot of money on: 16.7% of group one agreed with this statement, 

25% of group two, and 13.3% of group three. 

• Be worth spending a moderate amount of money on: 66.7% of group one agreed with 

this statement, 75% of group two, and 80% of group three. 

• Be worth sending a little money on: 0% of group one agreed with this statement, o% 

of group two, and 6.7% of group three. 

• Would not be worth the cost: 16.7% of group one agreed with this statement, 0% of 

group two, and 0% of group three. 
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Question 26: Making my shoreline more sustainable and environmentally friendly 

would… 

  Group 1 Group2 Group 3 
Have a big impact on the 
environment   16.7% 37.5% 13.3% 

Have a moderate impact on the environment 50.0% 50.0% 40.0% 
Have a little impact on the 
environment   33.3% 12.5% 40.0% 
Have no effect on the 
environment   0.0% 0.0% 6.7% 

 

• Have a big impact on the environment: 16.7% of group one thought this was the most 

accurate statement, 37.5% of group two, and 13.3% of group three. 

• Have a moderate impact on the environment: 66.7% of group one thought this was 

the most accurate statement, 50% of group two, and 40% of group three. 

• Have a little impact on the environment: 0% of group one thought this was the most 

accurate statement, 12.5% of group two, and 40% of group three. 

• Have no effect on the environment: 16.7% of group one thought this was the most 

accurate statement, 0% of group 2, and 6.7% of group three. 
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Question 27: The state government… 

 
  Group 1 Group2 Group 3 
Has a right to tell me how to protect my 
property from erosion. 16.7% 12.5% 6.7% 
Should have some say over how I protect 
my property from erosion. 66.7% 87.5% 53.3% 

Should not have a say over how I protect 
my property from erosion. 16.7% 0.0% 40.0% 

 

• Has the right to tell me how to protect my property from erosion: 16.7% of group one 

agreed with this, 12.5% of group two, and 6.7% of group three. 

• Should have some say over how I protect my property from erosion: 66.7% of group 

one agreed with this, 87.5% of group two, and 53.3% of group three. 

• Should not have a say over how I protect my property from erosion: 16.7% of group 

one agreed with this, 0% of group 2, and 40% of group three. 

 

Question 28: How well do you think natural erosion controls such as living shorelines 

would protect property from erosion? 

  Group 1 Group2 Group 3 
I trust them to protect my 
property.   16.7% 87.5% 26.7% 
I am worried they might not protect my 
property. 50.0% 12.5% 40.0% 
I don't trust them to protect my property and 
would not choose to install one. 33.3% 0.0% 33.3% 

 

• I trust them to protect my property: 16.7% of group one agreed with this, 87.5% of 

group two, and 26.7% of group three. 

• I am worried they might not protect my property: 50% of group one agreed with this, 

12.5% of group two, and 40% of group three. 
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• I don’t trust them to protect my property: 33.3% of group one agreed with this, 0% of 

group two, and 33.3% of group three. 

 

Question 29: How much maintenance do you think a natural shoreline would take? 

  Group 1 Group2 Group 3 
A lot. 50.0% 0.0% 6.7% 
A moderate amount. 16.7% 12.5% 46.7% 
A little. 16.7% 62.5% 33.3% 
Almost none. 16.7% 25.0% 13.3% 
None. 0.0% 0.0% 0.0% 

 

Of group one, 50% of respondents stated that they thought a natural shoreline 

would take a lot of maintenance, 16.7% stated that they would take a moderate amount, 

16.7% stated that they would take a little, and 16.7% stated that they would take almost 

none. No one stated that they would not take any maintenance. 

Of group two, 62.5% of respondents stated that they thought a natural shoreline 

would take a little maintenance, 25% stated that they would take almost none, and 12.5% 

stated that they would take a moderate amount. None stated that they would take a lot or 

no maintenance. 

Of group three, 46.7% of respondents stated that they thought a natural shoreline 

would take a moderate amount of maintenance, 33.3% stated that they would take a little, 

13.3% stated that they would take almost none, and 6.7% stated that they would take a 

lot. None stated that they would take no maintenance. 
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Question 30: What kind of shoreline do you think costs the most to install? 

 

  Group 1 Group2 Group 3 
Sea Wall 33.3% 75.0% 66.7% 
Stone Revetment   0.0% 12.5% 20.0% 
Salt Marsh (Natural)   0.0% 12.5% 0.0% 
Salt Marsh w / Stone Sill 
(Hybrid)   66.7% 0.0% 13.3% 

 

Of group one, 66.7% of respondents stated that they thought a salt marsh with 

stone sill would cost the most to install, and 33.3% thought a sea wall would cost the 

most. 

Of group two, 75% of respondents stated that they thought a sea wall would cost 

the most to install, 12.5% thought a stone revetment would cost the most, and 12.5% 

thought a salt marsh would cost the most. 

Of group three, 66.7% of respondents stated that they thought a sea wall would 

cost the most to install, 20% thought stone revetment would cost the most, and 13.3% 

thought salt marsh with stone sill would cost the most. 
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Chapter 3: Reimagining the Shoreline 

 
 
Context 

 

I have chosen the City of Cambridge, MD as my focus area. It has a 400-year-old 

history steeped in maritime tradition. It is a city that was built and grew strong because of 

the resources that the Chesapeake Bay offers.  

Cambridge’s culture is one shaped by the Water. Cambridge lies at the northern 

edge of Dorchester County, an area rich in tidal wetlands. The richness of the area’s 

natural resources, a hallmark of the Chesapeake, shaped the cultures that inhabited it. 

Cambridge has a rich maritime history dating back to 1684. Before English settlers 

established the town, the Algonquin Choptank Indians inhabited the area. It is said that 

the name Chesapeake is a derivative of an Algonquin word, meaning “great shellfish 

bay.”  

Once the settlers arrived, they began to alter the physical environment over the 

next several centuries. The riparian forests and wetlands were cleared for farming crops 

such as tobacco. Fishing, crabbing and oyster harvesting became primary sources of 

economic development. Over time, the city of Cambridge became the area’s primary 

trading post. By the late nineteenth century, Cambridge’s economy flourished thanks to a 

healthy seafood canning industry. Cultural and economic shifts in the 1960’s led to the 

loss of the canning industry along with thousands of jobs. Today, Cambridge’s economy 

is recovering through efforts to promote historical and cultural tourism, as well as 
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commercial and residential development. A major challenge for the city is how to restore 

and protect the natural environment that gave birth to its maritime culture. 

From the time of Cambridge’s settlement, people began to affect the shoreline 

ecosystem. Wave disturbance from boats, increased runoff and erosion, degradation of 

the salt marshes, elimination of natural buffers, and hardening of the shoreline have all 

led to the present day condition of Cambridge’s shoreline ecosystem. When the English 

settlers first arrived at what would become the city of Cambridge, the shoreline would 

have been bordered in thick riparian forests on the landward side, and broad spreading 

tidal marsh channelward. The water bottom near the shore would have been shallow with 

a gentle grade. Expanses of seagrasses and other submerged aquatic vegetation (SAV) 

would have made up and underwater meadow that provided enormous amounts of energy 

for marine life. Oyster reefs would have been plentiful and their filtration of the water 

would have made seeing to the bottom of the shallow river easy. 

The richness of the shoreline attracted the settlers and paved the way for long 

standing cultural traditions tied to maritime life. These traditions would ultimately lead to 

the near exhaustion of the area’s resources due to environmental degradation. Farming 

was an obvious first step for settlers. The flat lands and soft Earth made it easy. To make 

room, the riparian forests were slashed and burned, a practice learned from the local 

natives. (Lippson & Lippson, 2006) The loss of the riparian buffer made the waters and 

marsh susceptible to increased erosion and nutrient runoff. Oyster harvesting, fishing and 

crabbing all required the use of boats that added to wave energy. The additional wave 

energy would have caused erosion of the tidal marshes. The loss of oyster reefs meant the 

loss of natural water filtration.  
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Over time as development increased along the shore, so did shoreline erosion. 

With valuable land and structures at risk, it became obvious that something had to be 

done. Erosion control was only moderately employed until the 1900’s. Property owners 

then began the construction of bulkheads and stone revetments as erosion control devices. 

Today the majority of Cambridge’s shoreline is hardened. This means that the natural 

ecotones, including riparian forest, salt marsh and seagrass meadows have been replaced 

with sea walls and stone revetments. These were thought to offer better protection from 

flooding and erosion. They did prove to stop upland erosion, but added to channelward 

erosion, sedimentation, pollution and the elimination of habitat that sustained 

Cambridge’s cultural activities.  

 

 

Fig. 3.1: Historic Shorelines of Cambridge, MD 
(http://www.dnr.state.md.us/ccp/coastalatlas/shorelines.asp, 2012) 
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The restoration of the riparian environments and revitalization of maritime 

cultural practices depends on a balanced approach to shoreline erosion. Private 

landowners have a right to protect their property, and the government must look out for 

the public good by assuring that sound environmental practices are employed. At present, 

user needs and government regulation are in conflict. New methods of shoreline 

restoration and erosion control are being developed that hybridize natural elements such 

as vegetation, and artificial elements such as breakwaters. The intent is to strike a balance 

between functional needs and environmental needs.  Environmental restoration is 

important, but it is also expensive. In order for property owners to be willing to invest 

resources in softening their shoreline, they must know that the design of the new 

shoreline will meet their own wants and needs. Through this design study, I intend to 

explore how the City’s shoreline can be softened in a way that is functionally and 

economically practical to ensure that it meets the needs of property owners and residents 

of the city. This project aims to promote “living shorelines” by communicating how a 

restored shoreline can bring prosperity and cultural richness back to the City of 

Cambridge. 
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Issues: Flooding 

Cambridge has very flat topography and soils do not drain well. As a 

consequence, a significant portion of the city that runs along the shoreline is prone to 

flooding from higher than normal tides, storm surge, and in the long run, sea level rise.  

 

 

 

 

 

 

 

 

 

 
Fig. 3.2: Susceptibility to Rise in Water Levels. (http://www.dnr.state.md.us/ccp/coastalatlas/estuaries.asp, 
2012) 
 
 “SLR” refers to sea level rise. On the map shown, the lightest shade of blue covering the land along the 
shore represents areas inundated by 0’-2’ of higher water levels, not including the additional influence of 
storm events. The teal blue represents land susceptible to a 2’ to 5’ rise in water levels. The darkest shade 
of blue represents water level rise of 5’ to 10’ and also represents areas that are vulnerable during the 
worst storm surges and hurricanes.  According to NOAA, the highest recorded water level (not storm 
surge) lies on the edge between the teal and dark blue sections. This occurred in the 1980’s.         
 

 

The opposite page shows average tidal conditions, as well as extreme high and 

low water levels and when they occurred. This data was collected by a NOAA tidal 

activity recording station in Cambridge. For the sake of context, there has been a 1’ rise 

in water levels over the last 100 years. Conservative estimates for the next 100 years lie 

between 1’ and 3’ of water level rise. 
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Fig. 3.3:Recorded Tidal Levels in Cambridge, MD. (http://www. http://tidesandcurrents.noaa.gov/, 2012) 

 

 

1/10/12 1:14 PM

Page 1 of 1http://tidesandcurrents.noaa.gov/cgi-bin/co-ops_qry.cgi?stn=857189…10&date=1&shift=0&level=-4&form=2&data_type=acc&format=View+Report

Jan 10 2012 18:13 GMT    ELEVATIONS ON STATION DATUM
                        National Ocean Service (NOAA)
 
Station:  8571892                                           T.M.:         0 W
Name:     Cambridge, MD                                     Units:       Feet
Status:   Accepted (Sep 30 2011)                            Epoch:  1983-2001
                                                            Datum:       STND
 
          Datum         Value  Description
          ---------  --------  ----------------------------------------
          MHHW           4.50  Mean Higher-High Water
          MHW            4.29  Mean High Water
          NAVD88         3.57  North American Vertical Datum of 1988
          MSL            3.48  Mean Sea Level
          MTL            3.48  Mean Tide Level
          DTL            3.48  Mean Diurnal Tide Level
          MLW            2.67  Mean Low Water
          MLLW           2.46  Mean Lower-Low Water
          STND           0.00  Station Datum
 
          GT             2.04  Great Diurnal Range
          MN             1.62  Mean Range of Tide
          DHQ            0.21  Mean Diurnal High Water Inequality
          DLQ            0.21  Mean Diurnal Low  Water Inequality

          HWI            8.83  Greenwich High Water Interval (in Hours)
          LWI            3.06  Greenwich Low  Water Interval (in Hours)

          Maximum        8.64  Highest Observed Water Level
          Max Date   20030919  Highest Observed Water Level Date
          Max Time      10:48  Highest Observed Water Level Time
          Minimum       -0.42  Lowest  Observed Water Level
          Min Date   19820117  Lowest  Observed Water Level Date
          Min Time      17:12  Lowest  Observed Water Level Time

          HAT            4.97  Highest Astronomical Tide
          HAT Date   19990614  Highest Astronomical Tide Date
          HAT Time      09:06  Highest Astronomical Tide Time
          LAT            1.90  Lowest  Astronomical Tide
          LAT Date   19960120  Lowest  Astronomical Tide Date
          LAT Time      14:48  Lowest  Astronomical Tide Time

          Tidal Datum Analysis Period:  01/01/1983 - 12/31/2001
 
Click HERE for further station information including New Epoch products.
 
To refer Water Level Heights to
   NAVD88 (North American Vertical Datum of 1988), apply the values located at:
   National Geodetic Survey
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This picture represents a cross section of a natural tidal shoreline in the 

Chesapeake Bay. This is what the shoreline of Cambridge would have looked like before 

farming, fishing and other anthropogenic, or human related, actions.  

 
Illust. 3.1: Natural Shoreline Conditions Before Colonization 
 
 

The upper area of the shoreline represents riparian woods and upland vegetation, 

or simply trees and shrubs. This area is above the influence of average tidal fluctuations, 

but is resilient against flooding and salt water spray. This buffer area serves as a natural 

“storm gate,” acting as wind-breaks and quelling wave energy and reducing the inland 

reach of a storm.  

The middle section of the picture, illustrated with grasses, represents the intertidal 

zone.  This area, between the highest tidal elevation and just below the lowest tidal 

elevation, is the realm of the iconic salt marsh. Wide and flat, salt marshes greatly 

dissipate wave energy. This also reduces the inland reach of waves, also called runnup. 

The rightmost third of the image represents sea grass meadows. These are some of 

the most critical and also the most threatened natural elements in the Bay. Amongst the 

many ecological services they provide, seagrass meadows, comprised of submerged 
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aquatic vegetation, or SAV, and add friction to the water bottom that reduces the height 

and energy of waves. 

Now let’s consider how we have altered the shoreline in order to meet our 

purposes, such as controlling the erosion of property. The practice that has been 

employed for the last several hundred years has been shoreline armoring. It is at first look 

a practical approach and does do a good job of stopping erosion of land above the tidal 

zone. It has done such a good job that not until the 1970’s did researchers start to 

question the effect they had on the quality of the environment and whether or not they 

were the best method of protection. 

 
Illust. 3.2: Hardened Shoreline Conditions After Development 
 
 

A typical shoreline, like the one pictured here has replaced the natural areas with 

an armored shoreline and cleared the land, originally for crops, but now, mostly for lawn. 

The armoring of the shoreline has become such common practice, that it is often 

employed out of habit, even when it is not necessary. New research is proving that the 

problems being created by structural shorelines in many cases outweigh their benefits. 
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Without a natural buffer, or “storm screen,” structures are exposed to the full brunt of 

storms. As waves strike hardened shorelines, they reflect back and cause waves twice as 

high and strong.  

 

Illust. 3.3: Hardened Shoreline Conditions After Development And the Negative Effects 
 

The walls bear the full brunt of the waves all at once, and for this reason, can fail 

in extreme situations. Water that hits the wall also scours out the water bottom, causing 

deeper water without the sea grasses that create friction and lower wave energy. 

In the end, while in normal situations structural shorelines hold land above 

average tidal levels, they maximize the damaging forces of waves and storms surges and 

eliminate the riparian ecotone, otherwise known as the critical area where land and water 

blend. We have, in effect, inadvertently replaced the reason we treasure the Chesapeake 

(its unique natural environments) with stone and wood. 
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Issue: Health of the Riparian Environment and Lower Choptank River 
 
 

 
 
Illust. 3.4: Natural Shoreline Conditions and the Positive Effects 
 
 

Once again, you see a section of a natural shoreline. Starting at the top, or left of 

the picture, the riparian forest and upland vegetated areas are home to many species of 

flora and fauna. The roots and detritus from the plants, such as leaf litter, controls 

erosion, limits water runoff and infiltrates pollutant that harm the marsh and aquatic 

ecosystems. 

The salt marsh is a critical habitat and nesting area for species such as turtles and 

other fauna. 80% of migratory birds rely on these for nesting. Salt marshes are fantastic 

filters of pollutants and regulate the exchange of sediment that sustains other marshes, 

beaches and dunes.  

 The mudflats and seagrass meadows of submerged aquatic vegetation are primary 

food sources for the fish, clams and other aquatic species that are disappearing from the 

bay. Seagrass also holds sediment, thereby increasing water clarity and maintaining a 

gentle slope to quell wave energy. 

Sadly, there are no areas along the Cambridge shoreline that match this ideal 

situation. There are of course practical reasons for this, which I will address later. In the 

following section, I will show a general inventory of Cambridge’s shoreline. Then I will 
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discuss the ‘grade’ the Lower Choptank River gets in terms of health, and how the two 

pertain to each other. 

 
Fig. 3.4: Inventory of Existing Shoreline Erosion Controls. 
(http://www.dnr.state.md.us/ccp/coastalatlas/estuaries.asp, 2012) 
 

The map you see here gives an inventory of shoreline erosion controls along the 

Cambridge shoreline. But, before I explain it in detail, I will briefly describe the general 

types of shoreline erosion controls that exist. 
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Illust. 3.5: Natural Shoreline Conditions with Advantages and Disadvantages 
 

The natural shoreline that was explained before. This only occurs in partial form 

in a couple small sections of the shoreline. Each case comprises mostly of upland brush 

and a narrow strip of marsh. 
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Illust. 3.6: Structural Shoreline Conditions with Advantages and Disadvantages 
 
 

“Hard controls,” also known as structural controls include bulkheads, seawalls, 

and stone revetments. These have practical applications, such as usable land adjacent to 

the water and a constant property line. We’ve already addressed some of the 

disadvantages. 
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Illust. 3.7: Structural Shoreline Conditions with Advantages and Disadvantages 
 
 

Soft erosion controls are methods that replaces a hardened structure with an area 

of gently sloping sand fill, planted with marsh grasses. These work best in low wave 

climates. It is generally advantageous to include upland plantings of shrubs and canopy 

trees. Hopefully the new environment will also encourage the establishment of SAV. 
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Illust. 3.8: Hybrid Shoreline Conditions with Advantages and Disadvantages 
 

“Hybrid controls,” also known as living shorelines employ a combination of 

vegetative, or soft controls, and lighter structural elements such as stone sills, toe 

revetments and break waters.  

Research on Living Shorelines began in the 70’s and is quickly becoming 

regarded as a practical, affordable and sustainable method of shoreline erosion controls. 

So much so, that the state of Maryland now designates living shorelines as the preferred 

method of shoreline erosion control. Stone sills help to stabilize the shoreline and limit 

fluctuation of the property line, while allowing exchange of sediment and tidal water that 

sustains salt marsh.  

The vegetation regulates erosion, filters pollutants and provides habitats. It has the 

added benefit of calming incoming waves and limiting damage from storm surge. 
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Because energy is dissipated by multiple interventions over a greater distance, these have 

been know to fare better in extreme conditions than structural shoreline erosion controls. 

Of the entire shoreline of Cambridge, from the Rt. 50 Bridge to the northern tip of 

Hambrooks Bay, 84% of the shoreline is hardened. 10% consists of some manner of 

hybrid shoreline, and 6% can be considered soft shoreline.  Now that we know that the 

vast majority of the shoreline is hardened without any vegetative buffers, let’s look at the 

“Report Card” for the health of the Lower Choptank River. 

According to Ecocheck,, an official state program to determine the health of the 

Chesapeake Bay, the overall score of the Bay in 2010 was a C-. The Lower Choptank 

River’s grade was a D, or 33% . In 2011, the grade dropped further to 26% as all water 

quality indicators decreased. This area classifies as having “Poor ecosystem health.” The 

low water quality and biotic indicators are all directly influenced by the quality of the 

riparian zone and shoreline. 
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Fig. 3.5: Lower Choptank Watershed Showing Sources of Pollution (Integrated Applications Network, 
University of Maryland, http://ian.umces.edu/ecocheck/, 2012) 
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Fig. 3.6: Diagrams Showing Water Quality Index and Biotic Index of the Lower Choptank Watershed 
(Integrated Applications Network, University of Maryland, http://ian.umces.edu/ecocheck/, 2012) 
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Fig. 3.7: Diagrams Showing Bay Health Index Report Card for the Lower Choptank Watershed (Integrated 
Applications Network, University of Maryland, http://ian.umces.edu/ecocheck/, 2012) 
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Issue: Public Access 
 

Public access to the water is limited to a few areas of public park. The vast 

majority of the waterfront is privately owned. Many public streets lead up to the 

shoreline, but to prevent flooding, they have been walled with concrete.  

 
 

Fig. 3.8: Google Earth Image of Public Street (Google Earth, 2012), Photograph by Author  
 

Private waterfront access is generally limited to property owners with docks, 

where structural shorelines sever the tie between land and water. 
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Fig. 3.9: Google Earth Image of Private Dock (Google Earth, 2012), Photograph by Author  
 
 

There are a couple of excellent examples of how sustainable erosion controls can 

be used to provide, safe, public waterfront recreation. The slide here shows a hybrid 

shoreline at Sailwinds Park. 

 

 
Fig. 3.10: Google Earth Image of Living Shoreline (Google Earth, 2012), Photograph by Author  
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The image below shows the current areas of public and private shoreline. 

 
 
My design seeks to transform the above image so that it looks more like the one below. 
 

 
 

Public Access Dock

Public Access to Natural 
Beach / Marsh

Private Shoreline / 
No Public Access

Hardened Public Shoreline 

LEGEND

Public Access Dock

Public Access to Water from 
Street
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Water Trail
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LEGEND

Fig. 3.11: Inventory of Existing Public Access. (http://www.dnr.state.md.us/ccp/coastalatlas/estuaries.asp, 
2012) 
 

Fig. 3.12: Inventory of Proposed Public Access. 
(http://www.dnr.state.md.us/ccp/coastalatlas/estuaries.asp, 2012) 
 



 

 107 

In the image proposed above, not only would the public have greater access to the 

shoreline, but also there would be continuity between public spaces granted by water 

trails and marsh walks.  
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The Master Plan 

Now that the issues have been clearly laid out, it is the purpose of any thesis to 

ask “What if?” In my case I ask the following: 

What if the City of Cambridge Could protect itself from flooding, storm surge and 

sea level rise… Could Restore the health and beauty of its natural resources… and Could 

create greater access to the water for all of its residents… Simply by reimagining its 

shoreline?  

I argue that the shoreline ecotone, the realm where land meets water is so critical 

to the culture and heritage of the City of Cambridge, that the benefits of restoring it in a 

practical manner would far outweigh the costs. 

Because shorelines are systems and do not respect property lines, it is important to 

take a community-wide approach to the design of erosion control. I took and inventory of 

the shoreline types that existed in my focus area. I identified 12 types. I then designed 

practical alternatives based on my background research and the results of the survey. The 

end result is a master plan for the Cambridge shoreline stitched together by the individual 

types, working in harmony with each other.  
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The twelve shoreline types and their locations are indicated in the image below.  

 

Fig. 3.13: Inventory of Existing Shoreline Types. (http://www.usgs.gov/pubprod/maps.html, 2012) 
 

 

Shoreline 
Type 12

Shoreline Type 10

Shoreline Type 9

Shoreline Type 5

Shoreline Type 4

Shoreline Type 2

Shoreline Type 3

Shoreline Type 7

Shoreline Type 8

Shoreline Type 6
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Illust. 3.9: Shoreline Type 1 Existing Conditions 
 

Shoreline Type 1 is a soft shoreline with a gentle slope. It is protected by a jetty 

that allows the maintenance of a beach. There is both human and wildlife access to the 

water. Because of the location the lack of a woodland buffer is not a great concern. Here I 

do not recommend any changes. 
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Illust. 3.10: Shoreline Type 2 Existing Conditions 
 

Shoreline Type 2 is a steep upland slope. The shoreline is soft and accessible and 

there is a open, scenic view. But, the mowed hillside and lack of vegetative buffer are a 

detriment to habitat and safety from storms. 

 

Illust. 3.11: Shoreline Type 2 Recommended Changes 
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Illust. 3.12: Shoreline Type 3 Existing Conditions 
 

Type 3 is another steep slope. This is adjacent to a road and could be an 

intervention point for runoff. Half of the area is soft with upland vegetation and a narrow 

strip of marsh. Adjacent to this is a mowed hillside with a stone revetment. 

 

Illust. 3.13: Shoreline Type 3 Recommendation for Change 
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To better stabilize the shoreline, the marsh fringe should be expanded to at least 

15’ width. The slope can then be graded more gently and planted with upland vegetation. 

The end result would be greater protection from flooding and erosion, as well as multiple 

layers of storm water intervention. 

 

 

Illust. 3.14: Shoreline Type 4 Existing Conditions 
 

Type 4 is of particular importance. The road elevation is dangerously close to 

average high tide. There is a storm drain that runs under the road into the river. The road 

is frequently flooded. This is a good potential site for public access for activities such as 

kayaking. 
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Illust. 3.15: Shoreline Type 4 Recommendation for Change 
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Illust. 3.16: Shoreline Type 4 Before Image 
 

 

Illust. 3.17: Shoreline Type 4 After Image 
 

The elevation of the road is raised and planted with layers of salt marsh and 

upland vegetation like bayberry and sea lavender. A beach is sustained by the marsh 
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grasses and provides public access. The new salt marsh will better handle the sediment 

and pollutants that come from the storm sewer. 

 

 

Illust. 3.18: Shoreline Type 5 Existing Conditions 
 

Type 5 is private shoreline, still sheltered by the jetty. This site employs stone 

groins and a wooden bulkhead. The groins trap sediment, but prevent littoral drift. The 

bulkhead is unnecessary in this instance where accretion is occurring. The beach does 

provide good access for the homeowner, but there is a better way to achieve this.  
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Illust. 3.19: Shoreline Type 5 Recommendation for Change 
 

The groins can be replaced with offshore sills that would sustain a similar beach 

area. Marsh grasses and upland vegetation built up on a berm could replace the 

unnecessary bulkhead to provide extra flood protection since the land is at a low 

elevation. 

 

Illust. 3.20: Shoreline Type 5 Plan View, From Groins to Sills 
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The plan views above show the difference between stone groins, extending 

perpendicular from the shoreline, and offshore sills.  
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Illust. 3.21: Shoreline Type 6 Existing Conditions 
Type six is the only remaining section of natural salt marsh, adjacent to a stone 

revetment at Great Marsh Park. It is clear that the salt marsh is able to thrive here without 

stone protection. As it is located at a park, this would be an excellent space for publically 

accessible natural spaces such as marsh and riparian woodland. 

 

Illust. 3.22: Shoreline Type 6 Recommendations for Change 
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An excellent example of sustainable and practical shoreline design exists at a 

different portion of Great Marsh Park’s shoreline. Overlapping stone sills provide 

protection for salt marsh. The Gap in the sills allows fauna and users such as kayakers to 

navigate between land and water. 

 

Illust. 3.23: Shoreline Type 7 Existing Conditions 
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Illust. 3.24: Shoreline Type 8 Existing Conditions 
 

Here, with Type 8, you see a typical street in Cambridge. These streets used to 

provide public access directly to the water. Because of flood risk, poured concrete walls 

were erected. There is subsequently no access, no riparian zone, no storm water 

infiltration, and it doesn’t even look good! The solid wall encourages higher waves and 

scours out the water bottom. 

On the next page is the street reimagined. The floodwall effectively remains, but 

the land beyond is graded to provide areas for upland vegetation that transitions to marsh 

and publicly accessible beach. Here is an example of how practical needs and 

environmental goals can be achieved simultaneously. 
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Illust. 3.25: Shoreline Type 8 Before Image 
 

 

Illust. 3.26: Shoreline Type 8 After Image 
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Here is a plan view showing the street at the left. Stairs rise up to 5’ above 

average high water, which is the record high water mark, then transitions down to a beach 

created by gapped stone sills. 

 

Illust. 3.27: Shoreline Type 8 Proposed Plan View 
 

Here is a section of the plan. 

 

 

Illust. 3.28: Shoreline Type 8 Proposed Section View 
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Illust. 3.29: Shoreline Type 9 Existing Conditions 
 

Directly adjacent to the previous type, is the residential equivilent. Here too, the 

land can be graded channelward to create ariparian buffer. On the landward side, rain 

gardens can provide infiltration and trees may be placed strategically. 

 

Illust. 3.30: Shoreline Type 9 Recommendations for Change 
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Here is that property in a proposed plan view. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Illust. 3.31: Shoreline Type 9 Proposed Plan View 
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Type 10 is a hardened shoreline typical of the entirety of Long Wharf Park at the 

municipal marina. Even here, with adequate construction, hybrid shorelines may be 

constructed to make the most of park space; space that provides protection, recreation and 

environmental value simultaneously. 

 

Illust. 3.32: Shoreline Type 10 Existing Conditions 

 
Illust. 3.33: Shoreline Type 10 Recommendations for Change 
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Type 11 is an impervious parking space at the municipal marina. Here, 

stormwater infiltration is critical, as is additional flood protection. 

 
Illust. 3.34: Shoreline Type 11 Existing Conditions 
 

The bulkhead can be replaced with an attractive seat wall. Channelward, tiers of 

sills and riparian vegetation once again grant protection and restoration. 

 
Illust. 3.35: Shoreline Type 11 Recommendations for Change 
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 Illust. 3.36: Shoreline Type 11 Before Image 
 

 Illust. 3.37: Shoreline Type 11 After Image 
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Finally, at Sailwinds Park, a long walk runs along a stone revetment. Landward of 

the revetment is a lawn devoid of a buffer. This leave the hospital located on adjacent 

property vulnerable to severe storms.  This space is directly adjacent to a relatively new 

living shoreline and has excellent potential for as an expansion of the restoration. 

 Illust. 3.38: Shoreline Type 12 Existing Conditions 
 

The image below is the living shoreline at Sailwinds Park that Shoreline 12 extends from. 

 Illust. 3.39: Sailwinds Living Shoreline 
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The reimagining is as follows: An establishment of a woodland with paths, 

transitioning to a salt marsh. The boardwalk path is replaced with a permeable path that 

takes visitors into the heart of the habitat. Water trails are also more feasible when living 

shorelines provide trailheads. The water trail and marsh walk connect Sailwinds Park to 

the municipal marina. 

 

Illust. 3.40: Shoreline Type 12 Recommendations for Change 
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 Illust. 3.41: Shoreline Type 12 Before Image 
 

 Illust. 3.42: Shoreline Type 12 After Image 
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 Moving Forward 
 

 Illust. 3.43: The Future of Cambridge? 
 

 

Critical Elements for Moving Forward 

• Understand Stakeholder Goals 

• Understand the Forces at Work 
 

• Integrate Human Dimensions Research into Shoreline Erosion Control Design 
 

• Educate and Engage the Public 
 

• Pursue a Community-Wide Approach to Shoreline Erosion Control 
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An inspirational vision is a start, but what must be done to grow the vision from 

concept to reality? 

Education is the first step. Pictures are inspirational, but as I have attempted to 

today, people must be educated as to why these visions of the future would be better than 

what currently exists? Government representatives and stakeholders must be educated in 

order to understand the forces at work, both natural and anthropogenic.  

The second step is the Bridge the gap between environmental and stakeholder 

goals. Much research has been done to justify the environmental merits of sustainable 

shoreline erosion controls, but little has been done to examine human dimensions such as 

preference. In my study I include a survey of a small population of experts and 

homeowners to determine the gaps in perception between the two.  

It is my belief that integrating human dimensions research into shoreline design 

will encourage change. After all, if a plan does not meet the wants, needs and goals of 

stakeholders, it cannot be truly successful. 

Given that the majority of the shoreline is divided into many privately owned 

sections, erosion controls have historically been designed without concern for adjacent 

property. But the shoreline is a natural system that does not know the meaning of 

property lines. For the sake of the entire city, a community wide approach to shoreline 

design is critical. It also carries the extra benefit of being eligible for state funding. 

Finally, the Public and private stakeholders must be engaged through meetings, 

charettes and informational seminars in order to coordinate a solution that will best 

represent the needs of the whole community.  
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Appendix: Shoreline Erosion Control Preference survey 
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