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ABSTRACT 

Tall terrace ridges improve the functionality and resiliency of wetlands in Louisiana, while also 

providing diversified and sustained habitat for fish and wildlife as the climate changes, tidal 

influences increase and sea level rises. 

Westphal, Karen 



Guide to Terrace Ridges as an Adaptation to Sea Level Rise 

Westphal, Karen  la.audubon.org 

INTRODUCTION 

Along the Gulf Coast of Louisiana, critical 

coastal habitat necessary for the survival of 

many birds of concern, wildlife and area 

fisheries is disappearing at an alarming rate, 

which is forecasted to increase as the climate 

warms and sea level rises.  

The primary threats to the Louisiana coastal 

area are rising water and increasing storms. Sea 

level is projected to increase by 15 to 36 inches 

by 2100 and 7-16 feet by 2300 

(Intergovernmental Panel on Climate Change 

2019; B.3.1). Sea level rise is not globally 

uniform, and in Louisiana, this is compounded 

by varying amounts of coast-wide subsidence, 

or the land sinking. As such, coastal Louisiana is 

in a race against the clock to enhance and 

rebuild marshes, and to add resiliency to the 

landscape. Restoring natural hydrological 

processes and supplementing wetlands with 

additional physical buffers will help mitigate 

these threats. 

 

 

 

 

 

 

 

 

 

“Terrace” is a term that extends into prehistoric 

times around the world. Terraces had terrestrial 

or agricultural uses, basically to slow water 

runoff, channel water flow, conserve and settle 

soil, and to level moisture content. Today, the 

Natural Resource Conservation Service (NRCS) 

defines terracing as a terrestrial conservation 

tool: “an earthen embankment constructed 

across a field slope. They break long slopes into 

shorter ones – usually following the contour.” 

 

Another prehistorical feature commonly used 

around the world is a “breakwater,” an artificial 

structure that protects a harbor, settlement, or 

shoreline from waves to prevent shoreline 

erosion.  

 

The combination of these two proven 

structures was transferred to wetland 

conservation in Louisiana in the 1990s by 

placing linear earthen constructions within 

shallow, open water areas of interior marsh 

(Figures 1 and 2). This functioned to break up 

fetch and protect the fragile marsh shoreline 

from water waves (breakwater), and to slow 

water movement and conserve and settle 

sediment (terrace). 

The primary threat to the Louisiana coastal area is sea level rise, which is 

projected to increase by 15 to 36 inches (39-100 cm) by 2100. 

Figure 1. Marsh terraces break up fetch, protect the fragile marsh shoreline, slow water movement, and settle 
sediment. 
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Earthen platforms built in open water become 

fringed by wetland vegetation that supports 

populations of elusive marshbirds, sparrows and 

waterfowl (Figure 3). Similarly, such elevated 

platforms that remain open and barren are often 

used by beach and ground nesting birds such as 

Least Terns and Gull-billed Terns. In the 

surrounding water, juvenile fish and shellfish 

depend on marsh edge and submerged aquatic 

vegetation that benefit from the reduction of 

wind and wave energy, and benefit from deep 

water habitat in otherwise shallow water bodies.  

Even so, many terraces are built no taller than 3.0 

feet NAVD 88 expected to settle to an elevation 

to support marsh. As a consequence, these 

habitats and the wildlife that depend on them 

continue to be at risk from high water events 

today, and therefore will soon to be swamped by 

rising seas and subsiding substrate. 

 

 

 

 

 

 

 

 

Figure 2. Louisiana began constructing marsh terraces in the 1990s as a conservation measure to reduce erosional 
forces in fragmenting marsh. 

Figure 3. A juvenile Least Bittern is one of the many secretive marshbirds that depend on marshes for their survival. 



 

 

In the marshes of southwest Louisiana, cheniers 

and other natural ridges, or levees topped with 

trees, serve as a particularly critical habitat for 

wildlife, such as migratory songbirds and others 

that must cope with increasing extremes in 

water level and storm energy (Figure 4). These 

ridges are rarely submerged or overwashed, 

they are difficult to erode, and form a ramp for 

habitat succession to move up as the water 

rises.  

However, their linear nature encourages 

predation by invasive bobcat and coyote on 

ground and shrub-nesting species.

 

 
Figure 4. Cheniers and other natural or manmade ridges topped with trees serve as a critical habitat for wildlife. 

We combined the ideas of ridges and terraces 

to incorporate benefits of both to increase the 

resiliency of the wetland landscape, provide 

multiple habitat benefits, and discourage 

predation. 

By taking terraces literally to the next level by 

the doubling the elevation to 5-6 feet NAVD 88, 

the long-term (>50 year) sea level rise 

projection is addressed. Taller terraces improve 

the functionality and resiliency of wetlands in 

Louisiana, while also providing habitat for fish 

and wildlife as the climate changes, tidal 

influences increase and sea level rises. Taller 

terraces persist longer in the landscape, and 

even if/when partially submerged, will continue 

to serve as a buffer to water flow, wind energy 

and wave erosion to the maximum predicted 

height of sea level to 36 inches by the year 

2100, or for at least the next 80 years.   

Taller terraces improve the functionality and resiliency of wetlands in Louisiana, 

while also providing diversified habitat for fish and wildlife as the climate changes, 

tidal influences increase and sea level rises. 



 

 

SITE PARAMETERS AND DESIGN 

Traditional terraces are built to marsh height as 
the most cost-effective configuration and the 
easiest to permit in order to bring benefits by 
the mere fact of breaking the surface of the 
water. As such, their longevity is challenged by 
subsidence, rising water and storms, and many 
terraces placed in the landscape have already 
disappeared.  

Taller, more robust, and durable configurations 
provide multiple long-term benefits. However, 

they also require more cubic yards (cy) of 
material for construction, which not only affects 
cost, but also affects the amount of bottom 
disturbance during excavation, increases the 
weight of material that can cause deformation 
of the pre-existing substrate, can cause slope 
failures, and poses difficulties in Coastal Use 
Permitting for any new land above marsh level 
─ all of which can be addressed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

LOCATION

Terracing is more cost-effective and successful 

in shallow water and smaller water bodies 

because less material is needed in a shallow 

system to break the surface of the water. Wave 

energy is proportional to the fetch, or distance 

wind is acting upon the water’s surface, and is 

reduced by decreasing the distance between 

landforms, such as the surrounding marsh or 

another terrace (Figure 5). 

  

Figure 5. Multiple terraces work together to buffer wave-energy in larger water bodies. 
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SUBSTRATE 

The character of the substrate and building 
material will determine how or even if the 
terrace can best be constructed. The substrate 
must be able to support the weight of the 
overlying construction materials, and the 
material must be of a consistency that will 
stack, or stay in place without undue side 
displacement or slippage over the previous 
layer (Figure 6).  

A geotechnical analysis will be required for the 
permit, but is even more important for 
designing project elements and predicting 
performance. A Geotech Report provides 
information on expected stackability, 

settlement rates that may indicate a need for 
overbuilding (building taller because it will 
settle lower), bottom stability or how much it 
may sink with the weight on top, and it may 
provide other parameters that can influence the 
outcome of construction, and therefore 
influence the construction design and timeline 
for the best chance of success. 

A geotechnical survey may be available from a 
nearby project. If there are none nearby, 
contact Louisiana Department of Natural 
Resources (LDNR) for assistance, or expect to 
pay for a Geotech Report from an engineering 
company. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DESIGN CONFIGURATION  

The plethora of previous terrace constructions 
provides valuable information for future 
construction in an adjacent area. Each terrace 
placement required a Coastal Use Permit 
including design drawings and other 
information that is publicly accessible. This 

information can be found by searching the 
LDNR SONRIS database or perhaps more easily 
by using Audubon’s Louisiana Terrace Inventory 
GIS Application and Resource (LTIGAR) which 
provides access to the same database by 
location. Evaluate success or failure by finding 

Figure 6. The character of the substrate is critical to success of the project and is informed by a geotechnical 
analysis. 



Guide to Terrace Ridges as an Adaptation to Sea Level Rise 

Westphal, Karen  la.audubon.org 

the project on aerial imagery such as Google 
Earth, and review the specifics of those projects 
that still function from the online documents 
for indications of what may be required at the 
new location. 

For the tall terrace design used at the Paul J. 
Rainey Wildlife Sanctuary, the plat format from 
the nearby Christian Marsh terraces was copied 
and the information modified to fit our 
landscape and project. In our case it was to 
increase the elevation to +6 feet NAVD 88. 

To allow habitats to move up as the water level 
rises, we chose a gentle side slope of 1:5, or one 
foot in elevation for every 5 feet horizontally 
(Figures 7 and 8). This slope helps stabilize the 
terrace by allowing for a wider marsh and grass 
fringe than steeper slopes, which will buffer 
erosional wave energy and reduce erosion, 
helping the terrace persist longer. 

There should be sufficient space (we chose 30 
feet) between the toe (bottom limits of the 
terrace) and the borrow area (area used for 
excavation and building material) to prevent the 
construction material from slumping back into 

the hole and allow the excavators a working 
platform.  

Based on measurements of the surrounding 

levees for minimum configuration that supports 

trees, we expanded the crest of our terrace 

design to a 30-ft width, with an expectation of 

planting trees 25 feet apart. A wider crest 

means a more robust terrace that will persist 

longer, but will cost more.  

We used the same design for bird island 
terraces, intending to keep the crest vegetation 
free. 

Segmented terraces are better than one long 
one for use by aquatic creatures and to 
discourage terrestrial predators from using it as 
a buffet line.  

Best practices include planting the intertidal 
perimeter with appropriate species for the 
project location as soon as possible to protect 
the foot of the terrace (Figure 9). A few months 
of consolidation may be necessary before this is 
possible.  

 
 

 

 

 

 

 

 

 

 

 

 

Figure 7. A plat (diagram for a permit) indicating the basic dimensions, design, and features of a tall terrace 

ridge. 
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Woody growth not only protects the surface 
from rain and wind erosion but holds the new 
landform together by more substantial roots 
than grass and herbaceous growth. Shrubs will 
arrive within a year of construction, but 

planting locally native trees and shrubs of your 
choice can jump-start the process and diversify 
the habitats for use by birds and other wildlife 
(Figure 10).

 
 
 

 
 
 

Figure 9. Best practices recommend planting marsh grass along the intertidal perimeter of each terrace as soon as 
possible. 

Figure 8. The tall terrace design cross-section indicating the features we used in construction. 
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ORIENTATION 

Plan to place terraces perpendicular to the most 
damaging, predominant winds. In south 
Louisiana, predominant winds are from 
northerly components in the winter and from 
southerly components in the summer. 
However, in many shallow water systems that 
have a tidal connection, summer winds are 
more damaging because north winds usually 
force water out of the system before waves can 
form. We set ours at roughly 60 degrees by the 

compass, or 30 degrees from equator parallel, 
to be hurricane-ready (Figure 11).  

Overlapping terraces, curved terraces, chevron, 
or duck-wind arrangements can provide wind 
breaks and address damaging forces from 
multiple directions to increase water quality 
improvements and encourage use by 
waterfowl.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. The terrace orientation used in our project was designed to slow wave action during the most damaging 
predominant winds from the southeast. 

Figure 10. Planting locally native trees and shrubs can diversify the habitats for use by birds and other wildlife. 
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OVERCOMING PERMITTING CHALLENGES 

In the Louisiana Coastal Zone, any project that 
moves sediment or alters water flow is required 
to obtain a Coastal Use Permit from the LDNR 
Office of Coastal Management (OCM) and the 
Corps of Engineers before the project can be 
construction. This system was established, in 
part, to protect the critically important, wetland 
environment from unnecessary damage and to 
guide development in the use of best practices 
to minimize impacts.  

There are many things that must be measured 
and documented for a Coastal Use Permit, and 
there is a checklist provided online. Fees 

depend on the volume of material you plan to 
move from a public source.  

It is highly recommended to request a Pre-
Application Meeting. LDNR organizes the 
meeting with all the agencies that have 
concerns in respect to your project, and could 
help you improve your design, or potentially 
deny your request for a permit.  

The most challenging requirements for us was 
addressing Essential Fish Habitat and the 
Hydrologic Modification Impact Assessment 
(HMIA).

 ESSENTIAL FISH HABITAT (EFH)  
The Corps of Engineers (COE) will not issue 
their permit without project approval from 
National Marine Fisheries Service (NMFS) 
whose focus is to protect fisheries resources.  
Any new area created that a fish cannot 
access will be expected to be offset by the 
creation of new fish habitat, most likely new 
marsh. This may be as easy as creating a few 

marsh terraces or islands to compensate for 
acres of EFH lost, which is usually 1 acre of 
new marsh for every 2 acres of lost EFH. This 
will include the acreage expected to become 
marsh fringe between 6 inches below 
ambient marsh substrate to 1 foot above 
(Figure 12).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. The loss of Essential Fish Habitat can be offset by the creation of new marsh. The narrow green band 
indicates new marsh created at each terrace. Additional marsh was created by building a few traditional marsh 
terraces. 



Guide to Terrace Ridges as an Adaptation to Sea Level Rise 

Westphal, Karen  la.audubon.org 

 

 HYDROLOGIC MODIFICATION IMPACT 
ASSESSMENT (HMIA) 
The HMIA was added to the permitting 
process around 2016 and was put into place 
to ensure that a proposed coastal use does 
not adversely affect other properties or 
waterways by changing the hydrologic 
conditions. 

Each project submitted is classified by the 
amount of environmental change that may 
result and placed into “Levels” of required 
response and actions. Anything constructed 
more than 6 inches above marsh level falls 
into Level 2 of the HMIA system, and 
therefore required a list of assurances. The 
HMIA required a map showing existing and 
proposed water flow patterns; expected 
design-storm event drainage; information on 
topography, slope, drainage pattern; pre-post 

runoff volume/rate; the effect on adjacent 
properties; planned BMPs to lessen 
suspended sediment impacts, other permits 
in the area, etc.  

Rather than hire a hydrologist, we addressed 
this by a document that addressed each point 
with data and maps, and every argument we 
had to show that the pre-construction and 
post-construction conditions would be similar 
if not improved (Figure 13).   

The LDNR Permitting and Mitigation Division 
was most helpful in modifying our document 
into an HMIA that would be accepted. When 
attempting non-traditional projects, 
persevere, be flexible, look for options, and 
keep asking questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. A map showing drainage patterns would not be affected by our project was included with our HMIA 
Report. 
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PERFORMANCE 

Three months following construction, Hurricane 

Barry made landfall on July 13, 2019 just east of 

the project area.  

Pre-storm winds pushed the water out and post-

storm winds pushed water in, with one storm-

driven, 5-foot pulse near midnight. A 5-foot storm 

surge is 4 feet above normal at Rainey and 

covered the marsh and most of the surrounding 

levees. It also overwashed the local Gulf beaches. 

In our project area, it overwashed any portion of 

the terraces below 5 feet.  

The storm forces were from the southeast, as 

expected, and removed fine sediment from the 

south side of terraces and deposited it on the 

north side. A wrack line was stranded at 

maximum surge height, outlining each part of the 

terrace above 5 feet (Figure 14). 

The marsh behind the terraces was undamaged, 

although the wrack line included clumps of marsh 

removed from other parts of the landscape.  Two 

of our Least Tern colonies had surviving chicks in 

contrast to other colonies along the coast that 

were decimated.  

Thus, just 3 months following construction of our 

terraces, our design to withstand sea level rise 

and storms was validated. It sheltered marsh and 

Least Tern chicks from a Hurricane storm surge. 

 

 

 

 

 

Every acre of diverse habitat that can be created, restored or enhanced to 

provide a sustainable refuge will increase the resiliency of fish and wildlife 

populations in a changing climate 

Figure 14. Storm energy from Hurricane Barry removed fine sediment from the south or left side and deposited it on 
the north or right side. A wrack line was stranded at maximum surge height proving this terrace was above five 
feet. Inset shows a surviving Least Tern chick. 
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EXPECTED ELEVATION AND CONSOLIDATION 

According to the Geotech report from the nearby 

CWPPRA project, 30% of the primary 

consolidation of the tall terraces at Rainey was 

expected to occur within the immediate six 

months following construction, 50% by one year 

and 90% in 2-4 years. Secondary settlements 

could develop during the following 8-10 years. 

Based on this, our terraces lost an average of 0.3 

feet of elevation in the first 6 months, and are 

anticipated to lose one foot in 10 years (Figure 

15). 

 

 

 

 

PROJECT PERFORMANCE WITH SEA LEVEL RISE AND SUBSIDENCE 

To explore the longevity and performance of 

taller terraces in comparison with traditional 

terraces over the long term with sea level rise, the 

projected worst- and best-case scenarios from the 

Intergovernmental Panel on Climate Change 2019 

report was overlaid on the highest and lowest 

terrace elevations of our Rainey project (Figure 

16). The subsidence rate for this area that was 

established by Neinhuis et al in 2017 at 0.03 ft/yr 

was included with the terrace elevations and the 

average water level of 1 foot in the project area 

was added to predicted sea level.  

In the best-case sea level rise scenario, the marsh 

terraces of course being lower, are expected to 

disappear first, somewhere between 2040 and 

2046. The tall terraces disappear between 2060 

and 2115. Thus, under the best-case, lower rate 

of sea level rise, the taller terraces persist 

approximately 75 years longer than our 

traditional marsh terraces that last the expected 

20 years, and the taller structures function for 95 

years. 

Figure 15. The terraces constructed at Rainey are projected to lose about a foot of elevation in 10 years due to 
consolidation. 
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In the worst-case scenario, the marsh terraces are 

expected to disappear somewhere between 2035 

and 2040. The tall terraces disappear between 

2045 and 2070. Thus, under the worst-case, high 

rate of sea level rise, the taller terraces persist 30 

years longer than traditional marsh terraces, and 

function for approximately 50 years. 

With reality likely somewhere between the two 

extremes, we still expect our tallest terrace ridges 

to provide shelter and habitat for the next 50-95 

years, which is 30-75 years longer than the 

expected lifespan of the traditional marsh 

terraces (Table 1). Even the range of longevity 

between the tallest (T4) at 5.3 feet and lowest tall 

terrace (T2) at 4.5 feet was 25-55 years, 

emphasizing that the value of building these 

structures as tall as possible can lead to 

substantial improvements in sustainability (Table 

1). In planning for future projects, to increase 

longevity and resilience, we must take rising 

water and subsiding land into account and 

overbuild where possible, or plan to rebuild to 

keep up with changing conditions.

 

Table 1. The expected longevity of tall terrace ridges is substantially higher than traditional marsh terraces under 

best (IPCC 2019; RCP2.6) and worst (IPCC 2019; RCP8.5) sea level rise projections. 

 Average Height of 
Construction (ft) 

Years to Inundation 
(Best SLR Projection) 

Years to Inundation 
(Worst SLR Projection) 

Tall Terrace 5.3 95 years 50 years 
Tall Terrace 4.5 40 years 25 years 
Marsh Terrace 2.9 25 years 20 years 
Marsh Terrace 2.5 20 years 15 years 

Figure 16. Terrace performance with projected sea level rise and subsidence illustrates the benefit height on 
longevity for marsh terraces (T3, T14) and taller terraces (T4, T2). Where sea level projections (blue lines) cross the 
terrace elevation lines is where terraces are projected to fail. Gray shading highlights the range of failure during 
worst-case sea level rise (IPCC 2019; RCP2.6), and blue shading highlights failure during best-case scenario (IPCC 
2019; RCP8.5). 
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About Audubon 

The National Audubon Society protects birds and the places they need, today and tomorrow, 

throughout the Americas using science, advocacy, education, and on-the-ground conservation. 

Audubon’s state programs, nature centers, chapters, and partners have an unparalleled wingspan that 

reaches millions of people each year to inform, inspire, and unite diverse communities in conservation 

action. Since 1905, Audubon’s vision has been a world in which people and wildlife thrive. 

Visit Audubon online for more information and tips. www.audubon.org 

 

About Audubon Louisiana 

Audubon Louisiana is a state office of the National Audubon Society, and is uniquely poised to be a 

leader in climate change adaptation given our decades of expertise with on-the-ground conservation in 

coastal habitats. Audubon’s presence in Louisiana dates to the earliest days of the conservation 

movement with our largest and oldest sanctuary, the 26,000-acre Paul J. Rainey Wildlife Sanctuary, 

established in 1924 in Vermilion Parish of southwest Louisiana. It has been managed for wildlife since 

circa 1918, and is used now as a “living laboratory” to test conservation ideas that have merit. 

 

 

5615 Corporate Boulevard, Suite 600B 
Baton Rouge, LA 70808 

225.768.0820 
la.audubon.org

 

We would like to thank those that made this project possible 

Funding for this project was provided by the Wildlife Conservation Society, Walton Family Foundation, 

Lamar Family Foundation and Pennies for the Planet. Members of the Rainey Conservation Alliance 

provided various assistance throughout the project with information, access, or personnel, and ENCOS 

provided the water gage and flow data throughout the project. 

 

                

                

http://www.audubon.org/

