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Coastal parklands are culturally 
significant landscapes where unique 
natural and historical forms and forces 
are affected directly by marsh migration, 
coastal erosion, intense storm events, 
and habitat loss. Nature-based solutions 
(NBS) work with natural forms and 
processes to produce desirable effects 
such as slowing erosion, building habitat, 
protecting critical infrastructure, and 
directing dune evolution while improving 
habitat and human experiences of the 
landscape over time. Because they work 
with the natural qualities of a landscape, 
the implementation of NBS to combat 
subsidence, flooding, erosion, and 
increasingly strong and frequent storms 
in coastal parklands is both imperative 
and a unique challenge requiring an 
innovative approach.

Today, Assateague Island National 
Seashore (ASIS) is one of the 25 national 
parks most at risk from accelerated 
erosion, higher water levels, and 
more extreme storms [1]. While it 
has always been a fluid landscape 
shaped by oceanic forces, these new 
environmental dynamics will require 
rebuilding and relocating infrastructure, 
bolstering island ecological resilience, 
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Executive Summary

and reimagining public use of the Park. 
The philosophy around adaptation at 
the park makes ASIS unique: according 
to the Park’s foundation document, a 
central goal is to “allow the island to 
continue to be shaped predominantly 
by natural coastal processes’’ [2]. At 
Assateague Island, the general approach 
of the National Park Service (NPS) is to 
accept new hydrological, ecological, and 
meteorological conditions and work 
with them to enhance human experience 
and habitat values instead of resisting 
them. It is an adaptive approach that 
creates much opportunity for the design 
of resilient nature-based landscapes and 
can inform the adoption of innovative 
practices in coastal parklands along the 
East and Gulf Coasts.

In this context, our team attempted 
to build on the good work already 
underway and to develop additional 
concepts and approaches that might 
enhance the Park’s goals in keeping 
with their mission. This entailed first 
documenting and analyzing current 
practices and their effects, including dune 
management, restoration of marshes 
that have extensive mosquito ditching, 
and implementing flexible recreation 
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Figure 2. Aerial illustration of proposed NBS at Bayside

Nature Conservancy, and large-scale 
resilience and institutional coordination 
expertise from NPS and EA Engineering, 
Science, and Technology Inc, PBC. Our 
approach leverages the tools of our team 
to investigate what is particular about this 
landscape, and how its specific qualities 
can play a role in generating more 
resilient and meaningful landscapes over 
time. This document outlines the team’s 
approach to nature-based solutions in 
the Park and describes design concepts 
for the Bayside peninsula and key dune 
sites in the more intensively managed 
Developed Area of the park.

Bayside

On the Bayside peninsula the design 
concept is a natural wood reef which 
would use wind-driven erosion of an 
existing parking area at the end of the 
peninsula to build a beach strand and 
protect tidal marsh (Figure 2). The 
western point of the landform is rapidly 
eroding, losing almost twenty feet per 
year. This proposal brings together both 
natural forces - erosion and sediment 
transport - and anthropogenic forces – 
trees felled for the retreat of recreational 
infrastructure – to generate habitat on the 
northern edge of the peninsula.

infrastructure and amenities. This 
analysis was part of our research process 
to generate new concepts and approaches 
suited to the place, but also may serve to 
help disseminate information about the 
innovations and best practices already in 
place at Assateague. Second, we worked 
with NPS partners to identify two focus 
areas– the managed dune area and 
Bayside Peninsula– where important 
dynamics and needs existed that called 
for additional research into new forms of 
NBS.

This research took place between January 
2023 and January 2024 and was divided 
into four stages: 1) site investigation 
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Executive Summary

by researchers and collaborators at 
Assateague Island National Seashore to 
identify needs and opportunities and 
understand the historical and natural 
context of the Park (Figure 1); 2) a design 
workshop held at the University of 
Virginia to collaboratively discuss design 
opportunities; 3) development of natural 
infrastructure concepts framed in the 
workshop; and 4) concept review and 
refinement, incorporating comments from 
ASIS leadership. The multi-disciplinary 
team brings together landscape 
architectural and history expertise from 
the University of Virginia, social science 
and conservation expertise from The 

Figure 1. Site visit in April 2023
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Dunes

We propose the establishment of strategic 
dune overwash zones that would allow 
for additional overwash in the developed 
area of the national seashore by lowering 
foredune crest height while maintaining 
or increasing sand volume in the dune 
system. ASIS already allows for larger 
overwash events as a means of permitting 
the island to adapt to more frequent, 
larger storms and higher water levels 
with minimal disturbance to maintenance 
and human use. By diversifying the 
fencing practices already in place, our 
research suggests that in key locations 

Figure 3. Diversifying dune fencing in different contexts across ASIS. 

within the developed area it is possible to 
achieve greater dune diversity with less 
maintenance requirements to enhance 
island resiliency over time (Figure 3). 
Our study focuses on a site north of 
North Ocean Beach, but the overwash 
zones would also be appropriate at 
other locations as well (e.g. walk-in 
campgrounds).
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Assateague Island National Seashore is 
a NPS and state-owned barrier island 
that formed about 5,000 years ago; a 
constantly changing landform lying on 
the edge of the Atlantic. Over its lifetime 
the sandy island has been worked and 
reworked by dynamic coastal processes 
including storm-driven overwash, dune 
formation, and sediment transport driven 
by waves and wind [3] as well as by 
the values and needs of the people who 
have lived on and managed Assateague. 
For centuries, Assateague had been the 
ancestral home of the Chincoteague and 
Pocomoke-Assateague Nations, for whom 
the island is now named [4], as well as 
home to a few sparse but sturdy English 
settlements and villages [5]. Assateague 
Island extends over two states, Virginia 
and Maryland, with the northern half 
of the island used as a nature-based 
recreational park that is co-managed 
by NPS and the State of Maryland, and 
the southern end of the island managed 
by the U.S. Fish & Wildlife Service as 
Chincoteague National Wildlife Refuge.

The island is constantly in the process of 
being reshaped by the forces of water and 
wind, which has long frustrated large-
scale plans for development [6]. It is clear 
from looking back at the history of human 
settlement, which has left only traces in 
the sands and marshes of the island [7], 
that to occupy Assateague is to live with 
this constancy of movement and sense of 
impermanence. While loss and erasure 

Our Approach

Using the third alternative as a guideline 
to manage the Park preserves most of the 
existing recreational uses of the island. 
It also necessitates adaptive design and 
maintenance, as well as a long-term 
strategy for shifting vulnerable assets. 
The design concepts discussed here were 
developed to work with this vision and 
complement the work already being done 
at ASIS.

9

may seem counter to a conservation 
mindset, the National Park Service has 
embraced these natural processes as a 
key feature, as evidenced by this excerpt 
from the purpose statement of their 
Foundation document, “to preserve 
the outstanding Mid-Atlantic coastal 
resources of Assateague Island and its 
adjacent waters and the natural processes 
upon which they depend.” [8]

The natural forces that shape the Park are 
growing faster and larger, subjecting the 
island to changes that park environments 
and infrastructures can’t keep up with 
in perpetuity. Assateague Island faces 
increasing storm impacts and changing 
water levels, as well as rapid shoreline 
evolution and disturbance. These forces 
will introduce uncertainty that will 
necessitate a transition in the way the 
Park is managed. Therefore, in 2016, 
NPS prepared a General Management 
Plan [9] to guide ASIS managers for the 
next twenty years. The plan outlines four 
alternatives. The first alternative involves 
NPS continuing to manage resources 
and visitor use as it does today, the 
second sees management concentrating 
conventional  beach recreation into a high 
density and highly managed developed 
zone, the third (preferred) alternative 
calls for shifting visitor and recreational 
resources and locations to adapt to 
changing hydrodynamic conditions, and 
the fourth completely allows natural 
processes to overtake existing resources.

1.1



Assateague is part of a larger system 
of barrier islands stretching along the 
Atlantic coast, all stitched together by 
longshore transport (fig. 4). Much of this 
barrier island system has been heavily 
developed, limiting or obstructing natural 
island movement. Jetties and groins meant 
to lock specific beaches or inlets in place 
end up robbing sediment from islands 
downshore. 

Assateague represents one of the most 
extensive stretches of unrestrained barrier 
island in this system. Left to migrate 
and evolve more naturally, Assateague 
offers a unique opportunity to observe 
barrier island change over time. Traces of 
overwash fans and footprints of historic 
inlets are clearly visible in the morphology 

and vegetation of the island today, leaving 
us with a picture of islands within the 
island (fig. 5), each with its own history 
and dynamic.

Overwash, breaches, and inlets are a 
natural and ultimately beneficial part of 
island change. Overwash drives island 
migration in reponse to storm events and 
changing water levels by transporting 
sand from the beach to the island interior. 
This migration means that barrier 
islands are able to retreat, which has 
allowed them to adapt to rising sea levels 
over time, though there is a potential 
threshold for this adaptation.  Sometimes 
overwashing flows breach the island 
during large storms, creating channels 
between the ocean and the bay. Most 
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1.2

Islands within the Island

Figure 4. East Coast Barrier Islands. Assateague Island National Seashore represents one of the longest stretches of 
unrestrained barrier islands along the East Coast.

Figure 5. 
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Figure 5. Islands within the Island, shaped by historical 
inlets 

Figure 6. Tom’s Cove, the southern tip of Assateague 
Island

breaches are short-lived and are naturally 
closed by longshore transport.

Net annual longshore transport is 
between 115,000 and 214,000 cubic 
meters per year (4 million - 7.5 million 
cubic feet) [10]. Though gentle, consistent 
wind from the southeast drives sand 
northward in the summer, sediment 
transport is predominantly southward 
due to strong nor’easters. The island is 
comprised of four major zones: 1) the 
rapidly-shifting northern end, 2) the 
“held” but narrowing developed zone, 3) 
the mid-island backcountry, where wider 
and more heterogeneous island features 
remain stable, and 4) the accretionary 
southern tip (fig. 6). These four zones 

have important implications for how visitors 
experience and understand the island, as 
well as for different strategies for park 
infrastructure design and land management. 
The sections on the following pages (figs. 7 
and 9) describe these zones and how they 
have changed over the last twenty years. The 
northern end is relatively low and narrow. 
The narrow active beach fronts a large 
washover sandflat (fig 7, Section 1). Beach 
erosion over time is clear and significant. 
The dune crest, however, has maintained its 
position for the last 15 years and has grown 
significantly.

Sections 2 and 3 in Figure 7 describe two 
management styles: active, in the State Park 
(2), and passive in the National Park (3). In 

Tom’s Cove



1.2 Islands within the Island 
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Figure 7. Four sections through Assateague Island, illustrating different natural dynamics and different management 
styles.

- actively managed

- passively managed



1.2 Islands within the Island

Figure 8. Surface Elevation Table (SET) marsh elevation over time at ASIS, which has begun to be outpaced by sea 
level.

the State Park, where the dune is actively 
maintained with machinery, we see a very 
narrow beach but a stable and extremely 
large protective dune. Because this dune 
maintenance holds its line and restricts the 
natural forces pushing the island bayward, 
the infrastructure behind the dune is kept 
safe and the beach in front of the dune 
erodes.

Figure 7, Section 3 characterizes the 
portion of the developed zone managed by 
NPS, which was the focus of our research. 
Dunes are passively managed, meaning 
fencing is placed and left to accrete 
sand. When the active beach area starts 

to shrink, the dune fences are shifted 
bayward to maintain a wide beach. The 
passively managed dune is flattening, 
migrating, and complexifying over time 
(GPS 7.0, fig.9). In 2020, as compared to 
2005, the dune crest is much lower but 
the volume looks stable. The marsh hasn’t 
seen much change over 15 years. Without 
replenishment this marsh will potentially 
drown if sea level rises (see fig. 8).

Figure 7 Section 4 characterizes the 
backcountry area, where the dune crest 
has been displaced 64m inland (GPS 11.0, 
fig. 9). Over the last fifteen years, marsh 
elevation here has kept pace with sea level.

15

Figure 9. Three sections taken through Assateague Island, showing profile change over time from Spring 2008 to Fall 2020. Beach is right, 
Bay is left. Redrawn from Shoreline Position and Coastal Topographical Change Monitoring at Assateague Island National Seashore 2005–2020 
Trend Report https://irma.nps.gov/DataStore/DownloadFile/672261
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Migration is the means by which barrier 
islands resist the obliterating effects 
of severe storm events.  As overwash 
pushes sand from the beach into the 
island interior, it replenishes the island 
backmarshes, which form the leading 
edge of the westward rollover of the 
barrier island system. The health and 
long-term survival of the barrier island 
therefore rests on the health and mobility 
of its backmarshes.

Barrier Island as a Whole System1.3

Figure 10. Ian McHarg’s drawing of dune succession from Design With Nature (1969). Beach left, Bay right.

Figure 11. Atlas of Environmental Dynamics (1977) characterization of island morphology

Connections between the sandy foredune 
and the wetlands of the back marsh have 
been illustrated over time, as seen in Ian 
McHarg’s drawing of dune succession 
in his landmark 1969 text, Design 
with Nature, (fig. 10) and observed at 
Assateague by Dolan et. al in their 1977 
Atlas of Environmental Dynamics (fig. 
11). Sediment from the foredune is moved 
by aeolian transport up the foredune 
and is trapped by vegetation growing in 
the grassy uplands. During large storm 
events, sand is pushed further back into 
the marshes, accreting and aiding in the 
growth and stabilization of the wetlands, 
essentially allowing the barrier island to 
march backwards and reconstruct itself 
from overwash and storm surge events. 

Gazing out across the marshes, which 
begin in the lower elevations of 
Assateague’s leeward side and wend 
their way into the brackish waters of 
Sinepuxent Bay, one could be forgiven for 
believing them to be a homogenous plane 

of flat grasslands (fig. 12). However the 
subtle topographical changes soon begin 
to reveal their logic - salt marshes occupy 
the narrow topographic band between 
mean sea level (MSL) and mean higher 
high water (MHHW) [11]. At Assateague, 
the difference between the two is 
about 14 inches [12], and this critical 
vertical band is dominated by cattails 
(Typha angustifolia), needlerush (Juncus 
roemerianus), and saltwater cordgrass 
(Spartina alterniflora) [13]. 

Changes in the marshes have historically 
been difficult to mark and track. Maps and 
charts of the area have had to determine 
where the line between water and land 
lies (fig. 13). On the constantly moving 
landscape of Assateague, cartographers 
used a dashed line to demarcate the 
liminal zone between water and land 
along with a few hatch marks to indicate 
marshes and swamps [14]. Given the 
tidal differences, this must have been no 
easy feat, also considering the influence 

Figure 12. Photo of Assateague marshes

Figure 13. Sketches illustrating the difference between a perspective of the marshes from the air vs. on the ground.
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canals all along the Maryland coast, 
bringing Cartesian logic to the marsh. 
The CCC workers dug parallel ditches 
10-20” wide, up to 30” deep, and spaced 
150’ throughout the marsh [19]. As 
shown in the section right, these ditches 
have scoured and enlarged over time; 
and the interior marshes have subsided. 
Today, the ditches are still visible. NPS 
has worked to restore salt marshes at 
Assateague using sand fill and planting 
with native vegetation [20].

In support of ASIS management’s 
ongoing work to fill the ditches, we 
documented their current process (figs. 
14, 15) and performed a suitability 
analysis of the marshes, corresponding 
ecological processes, and nearby 
amenities. This analysis supports the 
NPS marsh prioritization framework 
[21] by describing two sets of goals: 
one aimed at supporting habitats in 
imminent danger of loss that are near 
park roads, structures, and campsites (fig. 
16); and the other aimed at supporting 
marshes with potential for migration 
(fig. 17). The potential for migration 
was approximated in the GIS-based 
suitability analysis through a model which 
synthesized elevation (CoNED), soil type 
(prioritizing peat/ muck soils, via NPS 
Sediment Classification Map), and sea 
grass proximity (NPS Submerged Marine 
Habitat Mapping).

Barrier Island as a Whole System1.3

of freshwater rivers and the saltwater 
intrusions from changing sea levels and 
the intermittent washovers from sudden 
inlet openings. 

In the marshes, wildfowl hunters are 
particularly attuned to the changes 
over time in the back marshes. From 
the Assateague Island Oral Histories 
Collection at the Nabb Center, there are 
records of hunters and craftsmen having 
kept annual records of the numbers, 
diversity, and health of the birds that feed 
and nest in the grasses [15]. From the 
recollections of Miles Hancock and Tom 
and Cob Reed, the ducks and waterfowl 
that once nested in the marshes have long 
dropped off in numbers, perhaps due to 
agricultural runoff, perhaps due to other 
factors affecting marsh health [16].   

However, the health of the marshes have 
also been affected by decades of drainage 
programs, meant to improve the health of 
those who live and farm near the lowlands 
by draining mosquito breeding areas [17]. 
Mosquito control hit a fever pitch during 
the Works Progress Administration (WPA) 
years of the 1930s and 40s as the difficult 
and arduous work was taken on by crews 
of young men in need of work (fig. 15). In 
the state of Delaware, at the northernmost 
end of the Delmarva peninsula, 
mosquito control was the largest Civilian 
Conservation Corps (CCC) activity, with 
one third of all CCC companies in the state 
operating as mosquito control units [18]. 
Camps at Snow Hill Landing and Berlin 
were mobilized to dig a grid of drainage 

remediation at ASIS

Figure 14. Details of marsh ditch filling at ASIS.
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Barrier Island as a Whole System1.3

Figure 15. Marsh ditches through time at ASIS: from the CCC to current-day remediation.
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Barrier Island as a Whole System1.3

Figure 16. Marsh prioritization framework aimed at supporting habitats near park amenities in imminent danger of loss, with 
high suitability marshes in purple. Ditches illustrated in orange are most suitable for filling.
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Barrier Island as a Whole System1.3

Figure 17. Marsh prioritization framework aimed at supporting habitats with potential for migration, with high suitability 
marshes in purple. Ditches illustrated in orange are most suitable for filling.
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In keeping with ASIS management 
philosophy, these design concepts 
aim to steer environmental dynamism 
rather than prevent it. The design 
concepts described here attempt to 
increase resilience to natural hazard 
events by using natural processes to 
drive complexity of island edges and 
in turn strengthen the island interior. 
The Bayside natural wood reef captures 
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TWO CONCEPTS FOR THE DEVELOPED ZONE
Design Concepts

Figure 18. Key map showing locations of design concepts

sediment eroding from the peninsula to 
build a beach, direct sand spit evolution, 
and protect existing marsh. The dune 
overwash zone concept allows overwash 
to feed the island interior from the 
ocean side and builds complexity in the 
backdune system.

N 2000’

Dune 
Overwash 
Zone

Natural 
Wood 
Reef
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On the Bayside peninsula the design 
concept is a natural wood reef which 
would use wind-driven erosion to build 
a beach, direct sand spit evolution, and 
protect existing marsh. The western point 
of the landform is rapidly eroding, losing 
almost twenty feet per year. This proposal 
brings together both natural forces - 
erosion and sediment transport - and 
anthropogenic forces – trees felled for the 
retreat of recreational infrastructure – to 
generate habitat on the northern edge of 
the peninsula. 

2.1 Bayside:
Natural Wood Reef

Figure 13. 

Figure 19. A plan diagram of Bayside Peninsula 
illustrating the Natural Wood Reef in white, with 
projected sediment accretion in yellow.
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plat). Initially, the bridge was funded by 
private interests, though the expenses 
led Ackerman to donate 540 acres to the 
State of Maryland to finish construction 
[27]. However, hopes for the Ocean 
Beach bridge were dashed by the 1962 
Ash Wednesday Storm, which like many 
previous nor’easters and hurricanes, 
had re-constituted the island. The Storm 
wiped out the already battered dunes, 
filling the back marshes with sand, and 
destroying the newly constructed roads 

and buildings [28].  Plans for Ocean Beach 
were abandoned and all that remains of 
its bridge construction is today’s Bayside 
Peninsula.

Since acquisition by NPS, Bayside has 
served as a ferry landing, a campground, 
concessions stand, boat launch, 
picnic area, and as a popular spot for 
birdwatchers to observe the many bird 
species that this critical barrier island 
ecosystem supports. The parking lot at the 

The area where Bayside is now set was 
previously marsh and shoals, as can 
be seen in 19th and early 20th century 
nautical charts [22]. This area is located 
at the leeward side of the North Beach 
Coast Guard Station, which was built 
and conveyed in 1883 [23]. From a 
U.S. Coastguard North Beach Station 
photograph Scrapbook kept at the Nabb 
Research Center at Salisbury University, 
we can see that the men stationed here 
used the back marshes as hunting ground 
for sport while waiting to rescue ships in 
distress (fig. 20). Following North Beach 
Station’s decommission in 1952 [24] and 
the subsequent purchase of beach lots, 
the bayside area was filled with sand and 
flattened with construction equipment, 
forming the long, rounded peninsula that 
sticks out in blaring white in historic 
aerials (fig. 21).

No one would mistake Bayside as a 
natural feature of Assateague Island - the 
Bayside peninsula juts into Sinepuxent 
Bay in a manner uncharacteristic of a 
barrier island. To the north and south, 
the leeward side is ragged with a mixture 
of small islands, marshes, and hardwood 
hammocks that is more typical of 
Assateague’s geomorphology. 

Aerial images taken of Worcester County, 
MD from 1957 to 1962 [25], show that 
the peninsula was created during the 
construction of Leon Ackerman’s ill-fated 
mid-century development, Ocean Beach 
(fig. 21). The site was initially intended to 
serve as the grounding point for a bridge 
[26] that would improve access to the 
island from the mainland for the over 
9,000 building lots, 130 side streets, and 
15 miles of paved road which constituted 
the new development (Ocean Beach 

2.1 Bayside: Natural Wood Reef

Figure 20. Hunting in the back marshes while waiting to rescue ships in distress. Photograph from the U.S. Coastguard 
North Beach Station photograph scrapbook kept at the Nabb Research Center at Salisbury University.

Figure 21. Assateague Island Bridge Projected Design and Location, illustrating the Bayside Peninsula’s original 
intended purpose 
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end of the road shows unparalleled views 
of Sinepuxent Bay as well as the marks 
of constant erosion –fallen trees, cleaved 
land. The sandy landmark has been 
overtaken by marsh and shrubs (fig. 22), 
and has begun to take on a form carved by 
the processes of wind and water, rather 
than by backhoe and bulldozers.

Background

Situated along Sinepuxent Bay, the 
western portion of Bayside is severely 
threatened by wind-driven erosion - note 
the wide fetch zone to the southwest of 
the peninsula (fig. 32).  Almost twenty 
feet of land is lost per year: in the 1990s, 
the parking lot was two to three times 
larger than it is now and there used to 
be a boardwalk circling the peninsula 

Bayside: Natural Wood Reef

Figure 22. Left shows Bayside peninsula in 1962, right is an aerial from present day

(fig. 22). But the erosion was not only 
destructive – it also created sandy 
beaches with shallow, warm water and 
no waves: the western point is currently 
a prime recreational area for swimming, 
paddling, and kayaking. The southern 
edge of the peninsula, located along a 
deep dredge borrow area, is more like 
a sheltered cove. Similar to the western 
point, the southern edge has sandy shores 
but it is protected from wind erosion by 
Great Egging Island and the presence of 
sub-aquatic vegetation (SAV) (fig. 32). 
NPS has plans to retreat its recreational 
infrastructure to the east and south and 
has gone through a planning process to 
design  new parking lots, a new kayak 
concession location, new boardwalks, new 
campground areas and a new picnic area 
with a trail to the existing beach (fig. 34).

As Bayside is a fully anthropogenic 
feature, the peninsula is highly managed 

and is already the site of innovative design 
features, including clamshell paving and 
floating mats for accessible parking.

The high level of erosion and deposition 
around Bayside means that hunks of 
asphalt eroded from the old parking lot 
still wash up on the beach. In anticipation 
of these natural dynamics, the parking lot 
is now paved with a mixture of clamshell, 
clay, and sand (fig. 24). The clamshell 
feature has to be brushed twice per week 
in exposed areas near an active beach 
and additional material is added annually 
after storm events [29]. In keeping 
with this existing work with natural 
processes, and in support of the retreat 
of Bayside’s recreational infrastructure, 
we documented existing practices at ASIS 
on the next two spreads (figs. 24 and 25) 
and have developed a design for a shallow 
wood reef.

Figure 23. Existing conditions and amenities at Bayside

Active Beach

Bayside Parking

Picnic Area
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Figure 24

35

1. Clamshell paving detail at eroding 
parking lot, exposing the layers of clay 
and sand under the clamshell surface

Clamshell Paving 2” thick

Clay+sand mix 12” thick

Eroded slope

Remains of Clamshell Paving

These surfaces need to be brushed approx. twice per week in exposed areas, 
and additional material is added after storm events.

Bay

2’

1.

2.

Key Plan: Bayside Peninsula
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Figure 25

37

2. Mat for Accessible Parking. These mats are 
required to accommodate light and medium 
vehicles traffic on unstable ground

Modular metal mesh mat
(Patented Non-slip Corrugated Surface) 
Clips to hold together mats

Sand deposition

Boardwalk

Clamshell Paving with clay/sand mix

8’

20’

1.

2.

Key Plan: Bayside Peninsula
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Sinepuxent Bay

Figure 26. A photo taken at the eroding Bayside Peninsula beach. On the right, the clamshell paving is 
visible atop the clay and sand mix.
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Figure 27. Bayside Peninsula change over time. We can see the relatively dramatic erosion of the western beach, 
and the subsequent growth of the northern landform. We are exaggerating and directing this dynamic relationship 
between erosion and land building with the Natural Wood Reef.

40

The direction of most severe wave 
attack is from the southwest due to the 
significantly larger fetch in that direction. 
Analysis of a wave model and historical 
aerial photographs shows that the sand 
from the peninsula tends to erode from 
the western edge and accrete on the 
northern edge, then track back east with 
currents and waves. Over time this has 
produced the small spit, lagoon, and thin 
beach along the north edge. This spit 
complex is growing into the marsh to the 
east. Figure 27 illustrates this western 
erosion and northern accumulation over 
the last 30 years.

Design Concept: Natural Wood Reef 

The proposed design for Bayside supports 
the planned retreat from the eroding tip, 
which will require clearing existing trees. 
The natural wood reef utilizes these trees 
(fig. 28) and the erosive forces hitting 
the western tip of the peninsula to build 
marsh on the northern edge. The main 
goals of the design concept are to:

•	 Work with the natural processes of 
longshore sediment transport and 
tree fall to stabilize the shoreline over 
time, and enrich the experiences and 
habitats of the landscape

•	 Guide sediment movement from the 
eroding western tip so that it forms a 
beach aligned with the most impactful 
waves and enhances the spit on the 
north side of the island.

•	 Maintain the beauty and drama of 
visitor views across Sinepuxent Bay

•	 Enrich and protect birding habitat 
along the northern edge of the 
peninsula

Traditional shoreline protection strategies 
(breakwater, riprap revetment, or groins) 
are not desirable in this location because 
they would degrade the recreational 
experience of nature here and interrupt 
the natural processes of sediment 
movement with materials foreign to the 
island. Through conversations with NPS 
staff we understand there is a desire to 
avoid heavy construction equipment 
on Bayberry Drive. And the extremely 
wide, shallow condition of the nearshore 
prevents easy access by barge.

A circular process of 1) collecting fallen 
trees and trees recovered from the 
construction of a new parking lot), 2)  
sorting them, and 3) placing them in a sill 
on the north side of the peninsula could 
address issues of vulnerability, access, 
and construction limitations. The reef we 
researched was approximately 25’ wide, 
225’ long, and 4’ tall from bay bottom 
(crest height near MHW): low enough to 
protect the compelling visual character of 
the landscape, small enough to be easily 
constructible, and large enough to make 
a significant impact on wave dissipation 
and sediment movement. We anticipate 
needing  between 100 and 200 trees, 
utilizing different kinds of trees and tree 
parts for different parts of the feature 
(figs. 28-31).

The orientation of the Natural Wood 
Reef responds to existing nearshore 
morphology. We anticipate that the 
immediate effect would be further erosion 
of the peninsula tip whose sediment 
would be pulled into a leeward curve 
around the sill. The longer-term effect 
would be an extension of the existing 
marsh-lagoon-spit complex along 

2.1 Bayside: Natural Wood Reef

western beach

northern landform
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the shallow northern shore (fig. 35).
The northern edge of Bayside is prime 
recreational birdwatching territory, and 
there is an extremely active community of 
birders at ASIS. We anticipate the Natural 
Wood Reef will expand and enrich this 
well-loved habitat.

Analysis

Our team worked with EA Engineering, 
Science, and Technology Inc. PBC as they 
developed a numerical model of the bay 
and peninsula to evaluate the potential 
impacts of promising concepts in relation 
to wave attenuation and current velocity 
under different, relevant conditions (see 
Appendix for full memorandum). Three 
event conditions were modeled:  typical 
conditions, a 1-year storm, and a 10-year 
storm. The events were generated by 
updating water levels and modeling wind-
generated waves from a single annually 
characteristic wind direction. Each 
event condition was run under existing 
conditions (without a reef) and with the 
reef design.The model results give wave 

height and direction and indicate the 
breakwater’s effectiveness:

•	 Typical conditions—50-60% reduction 
in wave height

•	 1-year storm—50-60% reduction in 
wave height

•	 10-year storm—10-50% reduction in 
wave height

The feature consistently creates a low-
energy zone to the east. When combined 
with an extension of the existing sand 
spit and longshore transport is redirected 
around the reef, we anticipate fine 
sediments would move through and 
around the reef before depositing on 
the lee side where they are protected by 
the reef and future sand spit. The model 
results are limited in two key ways: 1) 
by using more generic wind rose inputs, 
it overemphasizes NW event conditions 
and does not adequately take into account 
the large, erosive SW events that occur 
due to longer fetch and 2) because the 
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structure is inserted and tested using 
existing topography, the model does not 
speak to the deposition of sediment. 
While the model results are relevant, 
and preliminary results indicate that the 
reef will reduce up to 60% incident wave 
height during typical conditions and 
minor storm events with effectiveness 
decreasing as water levels rise during 
larger events with higher storm surge, 
the geometry of the design feature as 
proposed also 1) accounts for both the 
large events from the SW (as described 
in discussions with park management, 
illustrated in aerials over time, and 
evinced by the large fetch and debris 
patterning on site) and 2) is meant to 
work with and guide the deposition of 
sediment over time. The model should 
only be used for costing and concept 
design in future efforts. 

Installation and maintenance

The starting point for placing linear tree 
sill would be set back 25’ from the edge 

of the parking lot, . We anticipate laying 
felled trees in approximately 3’-6’ of 
water, allowing enough depth to anchor 
4”-6” wide, 15’-20’ long wooden stakes 
manually first. The felled trees would 
interlink with each other like jacks, and 
the 6” stakes would pin them more firmly 
into place (fig. 30, 31). As the parking lot 
area continues to erode, we anticipate 
around 3900 cubic yards (+/- 3900 y3) of 
sediment will be displaced. The proposed 
structure will reduce wave energy, which 
would result in this sediment accreting 
in the lee of the structure. If nothing is 
done, the peninsula will continue to erode 
10-20 ft per year. A comparison between 
existing and proposed conditions 
indicates that the proximal SAV will 
see a minor impact. SAV location and 
impact would have to be confirmed on 
site, and compared not simply to existing 
conditions (as modeled here), but rather 
to a future condition in which the parking 
lot has eroded and that sediment is 
distributed around the peninsula.

Figure 29. Photographs of fallen trees keyed to their locations on Bayside Peninsula.Figure 28. Tree sourcing and sorting
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Figure 30. A plan view of a section of the wood reef, highlighting the orientation of different tree types. Figure 31. A section view of the Natural Wood Reef
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Figure 32. Site context, Bayside Peninsula
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sculpted by
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Figure 24.

49
Figure 33. Wind-driven erosion of Bayside point shown in relation to other site features
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2.1 Bayside: Natural Wood Reef

Figure 34. A proposal for Bayside Peninsula recreational amenity retreat, with existing parking becoming a traffic 
circle, new parking moved inland, and new locations for concessions, comfort station, and picnic area  centered on a 
stable, active beach.
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Figure 35. The Natural Wood Reef is shown in the white striped area. Projected sediment accretion is shown in 
yellow. We anticipate the creation of a long. more stable beach and a wet northern marsh. This illustration also 
depicts ASIS planned changes for Bayside as the beach continues to erode: the current parking lot becomes a 
traffic circle, and parking is pulled back towards the mainland. A picnic area is planned for the southern beach, and 
replacement campsites are added as well.
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Figure 36. Wood Reef details

55

DRAFT



56

2.1 Bayside

Figure 37. An aerial of Bayside Peninsula showing projected change over time after installation of the natural 
wood reef

Natural Wood Reef

Spit evolution

Lagoon
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Figure 38. An aerial image describing temporary
measures for Bayside Peninsula, using felled and 
fallen trees and dredged sand to shore up the edge

Figure 39. Wrack line at Bayside, existing condition

Temporary measures

A related concept for short-term 
stabilization of the shoreline draws from 
the large woody debris found along 
bayside shorelines of the island as forests 
fall in or logs are carried by the rivers to 
the bays. We used the wrack line—a line 
of debris found along the highwater mark 
during storms or high tide events (Fig. 
39) —to locate the woody materials and 
create a shoreline stabilization feature.

This concept arranges large wood trunks 
along the shoreline in a triangular form, 
with the shoreline forming one side of 
the triangle. The form is then filled with 
10-20 cubic yards of sand. The wood is 

set in several feet from mean high water, 
but in front of the parking area scarp 
that is attacked by high waves out of the 
southwest. The long leg of the triangle is 
aligned perpendicular to the nearshore 
direction of these larger incoming waves, 
while the short leg is perpendicular to 
the waves out of the northeast. This 
alignment should reduce erosion and 
offer some stability to the structures 
during wave events. The construction 
technique is similar to a crib wall, albeit 
using a small number of large diameter 
members, roughly placed. The logs are 
approximately 18”-30” in diameter, 
with two stacked to create the long leg, 
and only one used for the short leg, 
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sandwiched between the other two at the 
tip. The tip is pinned in place with four 
large logs, approximately 10’ long and 
driven in to about 5-6’ depth (see Figs. 38, 
42).

Each triangle is thought of as a cell, 
with a space of equal distance along the 
shoreline understood to be a functional 
part of the feature, acting to receive sand 
that is winnowed from the triangle and 
offer a gentler gradient between mean 
high water and the higher elevation 
parking area. The triangles could be 
nourished as winnowing occurred to 
provide additional protection and extend 
the life of the temporary measure. Wood 
posts are driven into the ground near the 
shore-side of the logs to help pin them 
into place. The feature is repeatable, with 
four currently installed to protect the 
entire bayside tip.

The temporary measures use only trees 
and sand cleared from the parking areas 
on the ocean side of the island (Fig. 40). 
The concept is inspired by the tree-fall 
pattern observed on site along the wrack 
line and common to bayside shorelines 
along the Atlantic and Gulf Coasts (Fig. 
39). Moreover, it is implementable with 
equipment and knowledge already 
available within the park. The first phase 
of the installation took about two weeks 
to construct all four features (Fig. 41). 
Based on patterns observed in aerials and 
wave modeling undertaken we expect 
much of the sand to move to the northern 
side of the peninsula and to track back 
east to nourish wetlands on the backside 
of the island through longshore sediment 
transport and small-scale overwash.

The features are expected to affect the 
visitor experience, but not to impair it in 
the way that a rock or sandbag revetment 

Figure 40. Felled or fallen logs are being used as natural infrastructure materials Figure 41. Excavation creating a base to place logs into

would. They may even make it easier 
and more interesting to access and use 
this recreational shoreline by providing 
informal seating and gentler slopes from 
the parking areas onto the beach and 
nearshore. In the first week after their 
installation, the shoreline was full of 
people setting up chairs and paddling 
kayaks, suggesting it is not an impediment 
at all.

The temporary measures will be 
monitored for the next three to five years 
to track changes in topography and 
nearshore bathymetry as well as amount 
of sand placed, and any displacement 
of the wooden structures themselves. 
There should eventually be some decay 
of the logs, leading to their collapse 
or displacement, though by that time 
vegetation may have taken hold in the 
triangles to help hold sand in place 
and the replacement of the temporary 
structures may not be immediately 
needed.

This concept is an outcome of the 
research from the Coastal Parklands 
team and the ingenuity of the Assateague 
operations managers and staff. As a 
temporary measure that uses all natural 
materials, practices and equipment on 
site, and works with natural processes to 
enhance landscapes beyond its immediate 
footprint, the temporary measure offers 
an alternative to stone revetment or 
sandbags for property owners and land 
managers confronting erosion. While not 
intended to last forever, it should enrich 
the landscape while affording protection 
and buying time, either to be remade, or 
for a new approach to be developed.
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Figure 42. Construction of temporary stabilization measure. This image shows the longer 30” log detail, 
perpendicular to prevailing wind and waves, pinned into place with smaller logs.
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We propose a diversification of dune 
management strategies across the 
developed zone based on public uses and 
infrastructure, historic geomorphology, 
and future shorelines. Adjustments to the 
layout of dune fencing may enhance dune 
complexity and resilience while reducing 
required maintenance. In some areas, we 
recommend maintaining existing fencing 
to protect critical infrastructure. In others, 
we recommend adjusting fencing to 
inject sand further into the natural dune 
system. There are also points where we 
suggest allowing for productive overwash 
events. Together, these strategies would 
contribute to a more heterogeneous 
coastline and a more resilient island 
interior.

The design process described here 
focuses on directed overwash at North 
Ocean Beach. Maintaining sand volume 
while lowering continuous crest height in 
some areas offers a means to building up 
the dune system and adjacent wetlands 
through overwash while minimizing 
the risks of inlet formation inherent 
in overwash events. This is achieved 
through what we call Dune Overwash 
Zones. The following section describes 
our methodology for locating and sizing 
these zones, and for adapting the existing 
maintenance practice of dune fencing to 
work with aeolian transport and periodic 
overwash events to achieve these aims.

2.2 Dune Overwash 
Zones

Figure 38. Digital Elevation Model of ASIS showing 
the long, linear foredune in the Developed Zone 
(in white)
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Background

All along Assateague, the dunes trace the 
edge of the beach. Dunes on a barrier 
island are primarily responsible for land 
stabilization, which had been at issue for 
Assateague since Frederick Law Olmsted 
Jr. ‘s 1941 flight over the island [30]. 
The flight was in the service of a study 
to determine future National Seashore 
sites and Olmsted had remarked that 
Assateague had potential but would 
require stabilization through building up 
dunes to help protect against overwash 
events [31]. Here, Olmsted was perhaps 
referring to the 1933 Hurricane (fig. 39) 
that had breached the low foredunes to 
create the Ocean City Inlet, which had 
severed Assateague from the growing 
resort town and further isolated the beach 
from anything but boat access [32].

However, constructing dunes and 
stabilizing the landscape for recreation 
has come at the expense of some of 
Assateague’s natural processes. Olmsted 
himself had commented that he did not 
think it possible to “permit relatively 
intensive use of a good bathing beach 
for popular bathing and related popular 
beach activities without de-naturalizing 
and rather completely sophisticating 
the immediately adjoining hinterland” 
[33]. While overwash events can be 
unpredictable and destructive to anything 
that is constructed in their paths, 
overwash is a natural process of barrier 
islands. These areas of historic overwash 
can be identified by their unique fanned 
forms and seen from what is absent - 
sparse vegetation patterns and lack of 
marshes (fig. 40) [34]. Overwash is critical 
to create the variability in geomorphic 

Figure 39. An aerial photo of the Ocean City Inlet, created 1933. https://www.nab.usace.army.mil/Media/
Images/igphoto/2001878700/

and vegetative communities that have 
made Assateague Island a rich, diverse 
ecosystem [35]. 

Dunes are primarily constructed through 
the daily and annual movement of 
sand through aeolian transport. These 
processes are complicated by erosion and 
overwash from storm events as well as 
heavy recreational beach use. Standing 
on the beach and gazing out towards the 
dunefield, one can observe the tops of 
sand-fences that have been swallowed 
by dune migration. Those who choose 
to camp on the foredunes experience 
firsthand the power of movement 
generated by the aeolian forces that 

send granules of sand across the island. 
And while dunes are subject to further 
destabilization through use, the need 
for conservation is balanced against the 
desire for recreation. One can observe 
children at play (fig. 41), traipsing over the 
dunes, as well as, on the southern end of 
the Park, the oversand vehicle zone (OSV) 
allows a limited number of 4-wheel drive 
vehicles to adventure through the quiet, 
remote beaches despite the controversy 
surrounding its usage [36].

This balance, or tension of conservation 
and recreation, is played out daily in the 
maintenance of park infrastructure. The 
paved parking lots and roads that lie 
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Figure 41. Visitors at ASIS playing on the dunesFigure 40. Overwash fans visible in an ASIS aerial
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behind these dunes are always at risk 
of being overtaken after major storms, 
reclaimed by the shifting sands, and 
require movement and replacement 
[37]. Restrooms, concession stands, and 
comfort stations are built so that they 
can be packed away if a major storm 
is forecast for the region [38]. Annual 
campers have trouble recognizing their 
favorite spots, realizing that the beach 
that they left behind is no longer the same 
as the one to which they have returned. 
Historically, the villages and remote 
settlements that built on these unstable 
soils held change and loss as a matter 
of fact [39]. Attempts by developers to 
plat this landscape, and by the military 
to bury old ordinance in the back dunes 

[40] were not successful and have left 
a legacy that the park and its users 
adapt to today. From time to time, locals 
and beachcombers will uncover relics 
from the past and will be reminded of 
Assateague’s rich human history amongst 
the undulating landforms.

Dune fencing

Various configurations of dune 
fencing (fig. 42) are employed in dune 
management; relating to existing 
conditions, ease of construction, available 
materials, cost, and aesthetic values. 
Research indicates that double-line 
straight wood-slat fencing, popular on U.S. 
coasts, is a cost-effective way to promote 

Figure 32. Diagram illustrating Goose Hill Channel dredging divertment to N edge of James River

Dune Fencing

Figure 42. Photograph of dune fencing, illustrating materiality and dimensions up close. Wood and wire is 
a more sustainable use of materials than plastic (note relict orange fencing).
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dune growth [41]. Other configurations 
with greater porosity and more shore-
perpendicular elements may be less 
effective at maintaining an existing dune 
line but can be beneficial in injecting 
sand deeper into the dune system and 
promoting migration and overwash.

The existing dune fencing strategy at 
ASIS is uniform across the developed 
zone – double-line fencing parallel to 
the shore (fig. 44). The management 
paradigm is passive, meaning fencing is 
put in place and the resulting dune is left 
to accrete and erode until the next fence 
install period (fig. 45). Because sand 
moves constantly, this means the dune 
crest rises and falls within envelopes 
around 6’ regularly throughout a year 
[42]. The target elevation is the average 
dune height on natural portions of the 
beach. The primary goal for the existing 
fencing is to protect the adjacent visitor 
use infrastructure (roads, parking areas, 
campground). To do this, the existing 

fences are installed in such a way as to 1) 
preserve beach width by moving fences 
back as the shoreline erodes and 2) 
prevent regular, nuisance overwash while 
allowing for larger, productive overwash 
events.

We propose a diversification of dune 
management strategies (figs. 43, 46, 
47)  across the developed zone based on 
public uses and infrastructure, historic 
geomorphology, and future shorelines. 
This diversification would contribute 
to a more heterogeneous and resilient 
coastline at multiple scales: from the 
scale of the dune, to the scale of park 
programming, to the scale of the island. 
Altering fence configuration can inject 
sand into eroding dunes; promote faster 
dune migration and more varied and 
interesting visitor experience in lower 
density zones (i.e. walk-in campsites); 
and create intentional overwash areas in 
strategic locations to benefit cross-island 
processes with minimal impacts to access 

Figure 43. Proposed diversification of dune fencing in different contexts across ASIS. Top represents 
current practice.
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Figure 44. Existing dune fencing practice at ASIS, which passively manages their dunes with a double-line 
of fencing that captures sand moved by natural processes.
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Figure 46. Existing context of fencing and resultant dune structure at ASIS

73

Figure 47. Proposed fencing diversification and projected dune structure change
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backdune areas. Elevational data confirms 
this field observation, but it is a broadly 
observed phenomenon [44]. As the beach 
migrates westward, toward the bay, 
relocating park facilities and recreation 
bayward will be more difficult in these 
starved zones. If left as they are, these 
zones will also lack backdune vegetation 
to help smooth the ecological transition. 
Working with natural processes to 
strategically raise these areas now will 
help facilitate the impending beach and 
infrastructure migration that will have to 
happen in the near future.

Adjusting existing management practices 
will also make the island more resilient 
to increasingly common storm events. 
The way the existing managed foredune 
works to protect against storms is to keep 
out waves and the energy associated with 
them for more regular events. But natural 
dune systems are less uniform – their 

volume is more spread out, and there are 
dips and gaps. This means they can accept 
more waves and sand that the waves 
carry, allowing deposition to occur while 
simultaneously dissipating wave energy. 
The Dune Overwash Zone concept works 
with the principle that sand volume is one 
of the primary ways of mitigating risk of 
inlet formation from overwash events. 
This means that dune volume (rather than 
height) is the metric by which protection 
against events should be measured. 
Dune geometry, then, becomes a useful 
design variable as long as volume remains 
constant or increases.

To illustrate the value of geometric 
variation in dunes at ASIS, we compared 
dune volume and distribution at three 
sites representing managed, previously 
managed, and natural dune systems. 
These sites were, respectively, North 
Ocean Beach, Developed Zone South, 

and infrastructure. Focusing on fencing 
as the means by which park management 
continues to engage the natural working 
of sediment by wind and waves minimizes 
labor and cost because it simply modifies 
an existing practice. It also makes room 
for further experimentation and adaptive 
management as fencing is typically 
replaced every three years [43]. 

The diversification we recommend entails 
identifying areas where dune overwash 
is allowable with minimal risk and to 
enhance recreation and habitat functions 
and processes, and secondly to identify 
fencing geometry (spacing, lengths, and 
orientation) that would help achieve the 
project goals. For the design concept we 
recommend (pp. 83 - 95), this means 
removing a section of fencing to allow 
more overwash events to push sand into 
the island interior; reducing and realigning 
the fencing from a double-straight line 

to a new alignment. This will create a 
more heterogenous dune field and raise 
the base elevation after overwash, while 
maintaining or increasing sand volumes 
in order to minimize the risk of inlet 
formation. Encouraging natural processes 
like overwash and aeolian transport is 
not only in keeping with park practices, 
values, and goals for visitor experience; we 
argue this will also make the island more 
resilient to the effects of both long-term 
human use (degraded and fragmented 
beach, dune, and marsh ecologies) as well 
as larger storm events and higher water 
levels.

One of the effects of management for 
human use in the developed area is 
sediment starvation behind the foredune. 
Because the double-line fence is so 
effective at capturing sand and protecting 
the infrastructure behind it, areas 
like North Ocean Beach have low, wet 
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Figure 49. Graph illustrating dune section area at three sites. The ocean is right, the bay is left.

Section North Ocean Beach Developed Area South Little Levels
1 86272 89065 79098
2 104003 97809 81089
3 103895 94678 85383
4 109866 100300 85968
5 114880 112941 85973
6 110814 121018 95531
7 112169 133659 97607
8 98759 140614 105876
9 98426 137035 128090

10 97925 116089 179354
11 105750 116269 194382
12 89595 125366 235248
13 99067 120191 301860
14 121982 144210 314623
15 157616 151896 271308
16 189712 178222 258770
17 199779 194876 233012
18 220059 243340 239379
19 245937 282449 234769
20 428863 300316 231519
21 356454 297948 242772
22 250529 243667 240783
23 208179 198398 214014
24 201316 145102 190090
25 78213 55213 54735

Table 1. Dune Volume per beach-parallel section (m3)

Figure 48. Key map of dune volume locations

North Ocean 
Beach

Developed Area 
South

Little Levels Managed Previously Managed Unmanaged



and Little Levels (see map fig 48). To 
calculate dune volume, 25 sections parallel 
to the beach were taken in each area, 
50 meters apart. Each of the volumes in 
Table 1 and Figure 49 represents one 
of these 50-meter-thick slices of sand. 
We can see the sharp spike in volume at 
North Ocean Beach, which represents 
the managed foredune, and the dropoff 
behind. At Developed Zone South, note 
the foredune has eroded but remains in 
a similar position. This is in keeping with 
contemporary dune morphology research, 
which suggests that fenced dune systems 
“can erode but do not recover over inter-
annual time scales” [45].  At Little Levels, 
the volume is distributed more evenly 
between the fore and backdunes. The 
overall volume is also 12% greater than 
at the managed and historically managed 
sites. The total volume at North Ocean 
Beach is 3,990,060 cubic meters, the 
total volume at Developed Zone South 
is 3,940,672 cubic meters, and the total 

volume at Little Levels is 4,481,230 cubic 
meters. 

Further study would sample more 
managed, previously managed, and 
natural sites at ASIS to validate these 
initial findings and could lead to higher 
confidence in causally linking natural 
dune variation with increased coastal 
resilience. But this small exploration, for 
us, helps to at least illustrate two larger 
points: that the more distributed dune 
geometry found in natural areas 1) does 
not lead to increased risk, and 2) can in 
fact be associated with higher overall dune 
volume. This understanding of the way 
natural dune morphology works at ASIS 
led to a design process that prioritized 
the creation of both foredune gaps and 
backdune sand traps.

2.2

Figure 50. A simple diagram of wind-blown sand deposition, illustrating layers of sand forming over time
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Fence pattern exploration

We explored a variety of potential  fence 
patterns, each producing a different 
kind of dune. Generally, these dunes are 
formed when fences, or vegetation, or 
other structures create a wind shelter 
zone, slowing wind-blown sand enough to 
make it drop down. More specific features 
of dune form depend on environmental 
conditions like wind direction and 
velocity, as well as fence height, porosity, 
orientation, and maintenance (Figure 50).

Wind velocity, fence porosity, and fence 
height determine the size of the shelter 
area. For instance, with 10 mph winds, 
a 6-foot-high porous fence will produce 
minimum velocity 10 feet downwind from 
the fence. When the wind is 20 mph, the 
minimum velocity point will be 65 feet 
from the fence; and at 30 mph, the area 
protected is about 90 feet downwind. As 
a general rule, wind protection is usually 
adequate for a distance equal to about 20 
times the fence height, whereas the major 
material drop is in an area downwind 
equal to about 10 times the fence height 
[46].

Wind direction and fence orientation 
determine the shape of the shelter area. 
Common fencing patterns include shore 
parallel, to protect the beach from onshore 
wind; perpendicular, to capture crosswind 
sand and protect existing dunes from foot 
traffic; and oblique. The Cape Hatteras 
Sediment Management Framework, set 

at Cape Hatteras, about 300 miles to 
the south of ASIS, cites a U.S. Fish and 
Wildlife Service Biological Opinion which 
stipulates that fencing should always be 
placed no less than 45 degrees relative to 
shoreline, which seems to be the standard 
practice in North Carolina [47] . A 2019 
in-situ study at Brogue Banks, NC suggests 
that sand fencing the foredune may not 
always be the best singular management 
action, namely because they may prevent 
sand deposition to natural dune systems 
further behind the fence and reduce 
the vertical growth of the natural dune 
[48]. ASIS manages their dune contour 
to achieve a continuous crest height that 
will eliminate nuisance overwash that 
can increase maintenance or impact 
recreational uses, while allowing larger 
overwash events through.

Maintenance over time determines 
the fate of the dune. A sand fence is 
only operational until it reaches its 
carrying capacity; this is why fences 
and posts are relaid over time. We 
propose implementing alternative fence 
patterns in target areas to complexify 
dune morphology and encourage natural 
processes to play a productive role in 
shaping the island. This continues the 
tradition of ASIS protecting coastal 
processes over static features. In areas of 
less-concentrated public use and minimal 
adjacent pavement, breaking up the 
double-line fence could promote wider 
and more heterogeneous dune systems. 
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Geomorphic complexity lends itself to a 
more naturalistic experience of the dune 
system, but is also correlated with more 
varied vegetation composition, dune 
migration, and healthier backdune and  
marsh habitats.

It is important to note that site-specific 
evidence, which can only come from 
testing patterns at ASIS, is more valuable 
than research from other locations. 
There is precedent research indicating 
that fencing changes do not decrease 
the accumulation of sand over time. 
This means that although the dune 
geometry would change, dune volume 
and therefore dune protection would not.  
A three-year study comparing parallel, 
oblique, and perpendicular sand fencing 
on Santa Rosa Island, a barrier island 
in Florida, concluded that different 
sand fence configurations do not lead 
to significantly different volumes of 
sand accumulated [49]. Another study 
on Timbalier Island, Louisiana, also 
reported no difference in accumulated 
volume across fence types [50]. Our 
design concept capitalizes on the ability 
to alter dune geometry, and proposes a 
non-continuous dune system. We believe 
this will let more sand into the dune 
system, both through overwash and 
aeolian transport. This is supported by 
the dune volume calculations taken at 
ASIS (Figure 49).

The following drawings (Figures 52-58) 
explore alternative fences and resulting 
dune geometries; pulling from precedent 
and the study of existing topography. 

Every exploration has the same or less 
linear feet of fencing as the existing 
Double Line fence practice.

The most promising sketch concepts 
were tested on a wind table built at the 
University of Virginia, with the specific 
goal of qualitatively understanding 
the impacts of different fences on 
dune geometry (and subsequently 
risk reduction, vegetation, and human 
experience) in more depth (Figures 
59-61). These results were refined into 
a final design concept using drawings, 
comparing with analogues on the 
island, and through geometric analysis. 
This final concept could undergo 
quantitative analysis or could be field 
tested. As discussed in the next section, 
we recommend field testing at North 
Ocean Beach. Given complex and highly 
variable wind conditions, sand supply, 
and existing dune geometry at ASIS at 
any point in time, quantitative analyses 
here would not only be costly but also 
be associated with a very high degree of 
uncertainty.
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Double line: The existing double fencing strategy 
is likely the most effective for maintaining existing 
foredunes. Best used adjacent to paved access 
areas, like the Lifeguard Beach and drive-in 
campgrounds.

Figure 52.

BEACH

BAY

WIND
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Freehand zig zag: Fencing is laid in response to 
existing dunes on site.

Figure 54.
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Zig zag: In areas of less-concentrated public 
use and minimal adjacent pavement (i.e. 
walk-in campsites), a single zig-zag fence is 
a generalizable pattern that could promote a 
wider and more heterogeneous dune system and 
promote dune migration. 

Figure 53.
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WIND
BEACH

BAY
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Shore-perpendicular: Promotes a less linear dune 
shape, injects sand deeper into the dune system. 
Widely used in US coastal parks.

Figure 56.
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Wind-perpendicular: Double-line fencing set 
perpendicular to prevailing winds - see wind 
roses (fig. 35). Increases volume capture while 
utilizing efficiency of double-line fencing. Pairs 
this increased volume with non-linear, staggered 
form associated with natural dunes.

Figure 55.
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Overwash gap: In strategic areas  (minimal 
infrastructure + high overwash potential + 
impaired marshes), gap/”funnels” in dune fencing 
could permit productive overwash to benefit 
cross-island processes with minimal impacts to 
access and infrastructure.

Figure 58.
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Offset horizontals: Preserves linear feet of fencing. 
Breaks up linearity of the existing double-line 
dune. Straightforward and specific method for 
planting a small dune field.

Figure 57.

BEACH

BAY

WIND
BEACH

BAY

WIND

Figure 57.



Staggered shore parallel
Pattern 1

Staggered chevrons
Pattern 2
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Figure 59. Staggered shore-parallel fence pattern tested on the wind table Figure 60. Staggered chevron pattern tested on the wind table



Offset oblique
Pattern 3
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Design Concept: Dune Overwash Zone

We recommend creating an overwash 
zone directly to the north of the North 
Ocean Beach Lifeguard area. The site has 
an existing break in the backdune and 
has evidence of a historic inlet, meaning 
it has a higher overwash probability [51]. 
Nearshore bathymetry also suggests 
high overwash potential (fig. 63). The 
site’s backdune system is also starved for 
sediment and is not proximal to sensitive 
infrastructure.

Overwash generally breaks through 
gaps in the foredune crest line [52]; 
so our design concept entails creating 
an intentional gap in the foredune 
by removing some of the double-line 

fencing. We also suggest placing smaller, 
distributed fence lines in the backdune.

This design concept is a combination of 
the sketches in Figures 57 and 58, and 
the wind table test illustrated in Figure 
61. The smaller distributed fencing is a 
means to collect sand in the backdune 
zone and build both volume and geometric 
complexity through aeolian transport. 
This will have the effect of increasing 
habitat and varying human experience, 
but will also minimize the risk of inlet 
formation while allowing for overwash. 
In a storm scenario, we anticipate that 
the gap and stepped-back fencing would 
encourage overwashed sediment into the 
backdune area, increasing island stability 
by increasing interior island elevation.

Figure 62. Key map of North Ocean Beach Dune Overwash Zone concept

Figure 61. Offset Oblique fence pattern tested on the wind table

Bayside
Peninsula

North Ocean Beach
Dune Overwash Zone

Oceanside 
Campgrounds
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Storms in the Developed Zone at ASIS 
can cause overwash that penetrate 
island interior at elevations up to 2.2 m 
(NAVD88). The frequency and intensity 
of overwash is controlled by wind and 
significant wave height, water level, storm 
surge, storm duration, and nearshore 
bathymetry, but also by beach topography 
[53], berm width, and beach volume [54]. 
The design concept discussed here works 
with these last three overwash controls.

At ASIS, “92% of wave heights are less 
than 1.4 m, but wave heights of up to 3.5 
m height occur about once every 10 years, 
and up to 4.5 m once every 50 years” [55]. 
Existing dune management at ASIS aims 
to limit nuisance, erosional wave events, 
but promote overwash during larger-scale 
events. Our field walks and topographic 
analysis suggests that many areas in the 
developed zone aren’t getting as much 
overwashed sediment as they could. We 
aim to complexify appropriate areas to 
let more overwash through. These more 
complex dune geometries will slow larger 
overwash events and encourage more 
sediment to drop, as opposed to letting the 
overwash cut right across the island. The 
North Ocean Beach site can serve as a test 
site for the practice of complexifying the 
backdune and opening up the double-line. 

Overwash restoration has precedent 
on Assateague Island, north of the 
developed zone. An artificial foredune 
was constructed in 1998 north of the 
State Park to protect the island from the 
threat of erosion and breaching caused 

by the Ocean City inlet jetty. The foredune 
prevented all overwash and wind from 
passing through which had unintended 
effects, including converting the beach 
community to herbaceous and shrub 
communities and reducing the habitat 
of shorebirds like the Piping Plover. In 
2009, notches were cut through the 
dune to re-establish overwash [56]. The 
geomorphological metric of success for 
this project was one overwash event per 
year, if overwash occurred elsewhere 
on the island, and the project worked. 
Additionally, none of the notches widened 
or deepened. The researchers took this to 
indicate that the notches did not increase 
the risk of island breach [57].

Our proposed design reorganizes dune 
shape to accept productive overwash. We 
identified a site at North Ocean Beach 
where a number of factors contribute to 
high overwash potential, which coupled 
with minimal infrastructure and relatively 
vulnerable marsh in the island interior, 
(fig. 47) led to the conceptualization of a 
beneficial overwash gap in the foredune.

This gap would be created by removing 
50-60m of fencing from the existing 
double-line (fig. 51, total removed fencing 
100-120m). Removing the fencing would 
enable dunes to develop over time via 
aeolian transport (in contrast to the 
Schupp notches). According to Schupp 
et al. 2013, the 50-60m gap as proposed 
would be far enough from any foredune 
edges to put the foredune at risk (Schupp 
et al. [58] recommend gaps at least 200m 
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from the N and S edges of the foredune). 
Sand slumping is anticipated to extend 
5-10 m from each side. The resulting 
dune gap would be 30-50 m. Some of the 
removed fencing would then be placed in 
the backdune (60 m) in shorter runs.

The smaller runs of fencing are designed 
to retain sand in the backdune area 
in keeping with existing morphology. 
We analyzed the context by isolating 
high points of the proximal backdune 
system, and using a minimum spanning 
tree algorithm to isolate clusters and 
determine the range of distances between 
backdune peaks (fig. 54). The analysis 
informed fence run length and spacing.

This overwash proposal is intended 
to create the ideal overwash profile 
described in the previous overwash 
restoration project [59], which had a peak 
elevation of 2.16 m (NAVD88) and a 1% 
slope westward through the foredune’s 
expanded flanks to a backshore elevation 
of 1.48 m (NAVD88). The desired effect is 
the creation of overwash fans similar to 
ones found elsewhere on the island, like 
at Little Levels (fig. 46, 47). At the Little 
Levels comparison site, smaller fans have 
a 20m wide channel that runs through 
the foredune and fans out into a 50 m arc; 
larger fans have closer to a 130 m crown. 
If we assume that overwash fans at North 

Figure 63. Overwash fans at Little Levels, a comparison site, are 150-400’ wide with 60’ channels.
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Figure 64. A photo of the boardwalk leading from North Ocean Beach to the parking lot, illustrating the 
dunes that form without the double-line fence to trap sand into the large linear foredune. This photo also 
illustrates that a gap here does not cause significant foredune destabilization.
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Ocean Beach will be a similar size to the 
Little Levels site, overwash fans should 
not get large enough to have any effect 
on non-moveable infrastructure  (e.g. the 
ranger station and fee booths at Site 2). 
To get a better sense of the size of storms 
that might create  our comparison site 
fans, the 1992 storm that likely created the 
Little Levels fans pictured in Figure 46 had 
a surge height of 0.97m, peak water level 
of 1.4m, and a return period of 7-9 years 
[60].

A better proxy for understanding the 
likely effect of a fence gap is the sand 
accumulation around the parking lot 
boardwalk at North Ocean Beach, which 
cuts inland through a large gap in the 
double-line fencing (figs. 64, 65). The 
design concept we recommend is pictured 
in the next sets of spreads (figs. 66, 68). 
During our January field visit, in situ 
discussion confirmed the selection of the 
North Ocean Beach site as the best place 
to test the dune overwash concept, given 
the gap proxy described above as well as 

Figure 65. Perspective of the proposed dune overwash zone, illustrating dune gap by the ocean and backdune fencing 
in the foreground

the low risk of infrastructure compromise 
and obvious sediment starvation in the 
backdune, evidenced by elevation data and 
observed Phragmites stand on site.

Metrics of success for this concept, if 
tested in the field, would be increased 
volume in the backdunes, increased 
geometric complexity of the dunes, and 
increased dune vegetation. Drone surveys 
would be a good method for assessing 
these metrics, as they would enable plant 
identification as well as topographic 

change and geometric complexity. Using 
the SET transect method already taking 
place at ASIS would be a good way to 
assess volumetric change, but in order to 
understand anything about dune geometry 
the transects would have to be taken at a 
tighter N-S interval than they are currently. 
For any monitoring method, being able to 
collect data before and soon after major 
storm events, as well as through the 
seasons (wind strength and direction is 
seasonal), would be incredibly valuable.
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Figure 66.
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In this figure, white represents the ideal 
overwash elevation of 2.16m NAVD88. 
Existing landscape characteristics leading 
to the selection of this site include low 
nearshore bathymetry, a significant break 
in the backdune, a low marshy backdune 
area, evidence of a historic inlet (see 
Appendix pg. 114), a low probability of 
any disruption to current operations or 

damage to critical infrastructure, and 
vulnerable marsh beyond Bayberry 
Drive that would benefit from increased 
overwash in the far future. The 
combination of all of these characteristics 
led our team to imagine this area as a 
protoypical beneficial overwash corridor.



Figure 67. Existing conditions. The water’s edge is the bottom of the page. Fencing is shown in dashed 
red. The overwash elevation window 1.90 to 2.50m (2.16m is ideal overwash elevation) is shown in pink. 
Currently, the double-line-fenced  foredune (large white horizontal swath) prevents the backdune from 
receiving overwash.
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Little Levels overwash fans 
(small and large) overlaid for 
comparison

Low, linear marsh. 
Phragmites observed.
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Figure 68. Design intervention. We propose removing 50-60m of double-line fencing and allowing natural 
processes to redistribute the sand inland.
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Proposed gap 50-60m

1500-3000 cubic meters of sand 
from the foredune (volume of 
sand in black rect) projected to 
move into backdune

Little Levels overwash fans 
(small and large) overlaid for 
comparison

Four 15m lengths of fencing laid 
in the backdune, perpendicular 
to the largest wind events (NE) 

N

4m

0m

2m



Figure 69. Projected change over time: illustration of the backdune after an overwash event

Sand moves through the foredune gap, 
into the backdune area. Smaller dunes 
form around the oblique fences via 
aeolian transport. 

An overwash event pushes a large volume 
of sand into the dune system. The small 
dunes created by the oblique fencing 
prevent inlet formation.

The previously sediment-starved 
backdune now has both a 
larger volume of sand and more 
exposure to wind. Wind works the 
backdune area and creates more 
complex dune geometry.
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N

4m
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Figure 71. A detail from the dune analysis at North Ocean Beach.Figure 70. A key for the dune analysis drawings.

predominant wind direction 
of largest wind events (Fall/
Winter)

high point

distance

fit line through 
high points

angle of fit line

beach parallel

2.2 Dune Fencing

Dune   Fit line length (m) Angle # Hi Pt Avg Hi Pt 
Distance

N1 29 353 7 7.8
N2 39 329 5 11.5
N3 32 306 6 12.0
N4 26 81 6 9.4
N5 25 356 6 9.2
N6 36 45 7 10.0
N7 34 32 8 10.3
N8 68 39 14 12
N9 15 358 3 8
N10 13 15 3 7.5
N11 38 357 7 12
N12 29 285 5 11.3
N13 21 286 3 11
N14 23 277 3 12

102 103

Table 3. North Ocean Beach Dunes

Table 2. Summary statistics from dune analysis across three sites

Avg fit line
length (m)

Hi Pt Distance
Avg

# Hi Pts per
fit line

# Hi Pt
range

Hi Pt Dist 
range

North Ocean Beach 30.6 10.5 5.9 11 10.2

Developed Zone South 50.3 9.7 10.9 21 10.4

Little Levels 33.1 9.8 7.1 36 11.1

for us. Table 2 provides summary 
statistics for the managed, previously 
managed, and unmanaged zones. One of 
the more interesting differences between 
these sites were the ranges of dune sizes: 
the managed site had very similar-sized 
dunes, the previously managed site had 
a larger size range, and the unmanaged 
site had the largest range of sizes. This 
helped frame the goal for increased 
heterogeneity, which in the design means 
that even though we propose to seed 
dunes with context-specific angles and 
lengths in the near term, these dune 
fences are placed such that over longer 
periods of time, some of the dunes are 
intended to merge and in so doing, to 
widen the local range of dune lengths.

The analysis illustrated in Figures 70 and 
71 (full analyses in Appendix) distills 
geometric parameters from the existing 
dunes in the three study areas (Tables 
2 and 3). These parameters were used 
to help us define the dimensions for our 
backdune fencing such that it would 
integrate into its context. This integration 
enables relatively natural dune migration 
dynamics, and attempts to avoid the 

creation of atypical sand dynamics in 
the landscape. High points were located 
and connected into dune graphs using 
a Kruskal’s minimum spanning tree 
algorithm with a cutoff of 15 meters. This 
means that if a high point is closer than 15 
meters away from another, it is connected 
into one dune. A fit line was drawn 
through each set of high points, and both 
the length and angle were design referents 
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Figure 72. Rendering of dune overwash zone concept, with new fencing called out in orange.. Pictured here are figures on the North Ocean 
Beach boardwalk, looking at a new overwash fan starting to be colonized by dune vegetation.
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The design research here explores the role of natural infrastructure in a highly dynamic 
place. At Assateague Island, NPS works with natural processes to enhance human 
experience and habitat values. An important part of our work here was describing the 
innovative work Assateague Island National Seashore has been doing already, including 
passive dune management, marsh restoration in areas with extensive mosquito 
ditching, and the implementation of flexible recreation infrastructure and amenities. 
This documentation was part of our research process to generate new concepts and 
approaches suited to the place but also may serve to help disseminate information 
about the innovations and best practices already in place at Assateague.

Our proposed design concepts fit into the park’s approach to adaptive management 
by choreographing cross-island sediment transport with maintenance and recreation. 
This choreography is critical to living with barrier islands now and to ensuring they 
have a healthy future. The design concepts we proposed illustrate how we can achieve 
these goals mechanically, by placing sediment and protecting the shoreline on Bayside, 
and hydraulically, through the creation of dune overwash zones for targeted sand 
accumulation.

On the Bayside peninsula, the design concept is a natural wood reef which would 
use wind-driven erosion of an existing parking area at the end of the peninsula to 
build a beach strand and protect tidal marsh. We also designed temporary shoreline 
stabilization measures using woody debris and sand cleared from the parking lot. 
These were implemented in 2024 and will be monitored for three to five years. On 
the ocean side, we propose the establishment of strategic dune overwash zones that 
would allow for additional overwash in the developed area of the national seashore 
by lowering foredune crest height while maintaining or increasing sand volume in the 
dune system.

These concepts were designed in alignment with the way that Assateague Island 
National Seashore works already, through maintenance and monitoring. Barrier islands 
are the most geomorphologically active landscapes in the world. In a context like this, 
the park’s approach to management, through the enhancement of natural processes 
with flexible maintenance, is especially instructive. It illustrates the opportunity for 
new kinds of forms and practices that can meet future challenges while celebrating the 
history and dynamism of the shore.

Conclusion
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2.2 Dune Fencing

Figure 47.

Dune Analysis
North Ocean Beach
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2.2 Dune Fencing

Figure 47.

Dune Analysis
Developed Zone South
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2.2 Dune Fencing

Figure 47.

Dune Analysis
Little Levels
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2.2 Dune Fencing

Documentation of historic inlet around North Ocean 
Beach (Sinepuxent Inlet, 1529-1819).

General Background Study and Historical Base Map
Edwin C Bearss, 1968. Page 154.
http://npshistory.com/publications/asis/gbs-hbm.pdf
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*though these conclusions seem to run counter to 
the proposed reef, see pages 42-43 for discussion
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