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The Chandeleur Islands in Louisiana provide widespread ecosystem services to the region. The 80-km  barrier chain attenuates 

wave energy and regulates salinities in the Chandeleur and Mississippi Sounds, protects landward marshes and oyster reefs, and 

provides key habitat to species such as sea turtles, pelicans, and shorebirds. Seagrass beds in the lee of the islands provide 

shelter and food for hundreds of species. This highly valuable system is in a state of rapid decline due to sand loss from the 

system to deep water sinks. The original sand source that led to island development has been exhausted; there is no modern 

source of sediment beyond what is reworked from the island itself. These islands are projected to be completely converted to 

submerged shoals within a few decades. The Chandeleur Islands offer a unique ecosystem restoration opportunity because they 

are pristine; human infrastructure is absent due to a Federal Wilderness designation. Beach nourishment often focuses on 

rebuilding the beach and enhancing dune height to provide protection to infrastructure and communities, which is not a priority 

here. The primary interest in restoration is maximizing sand retention within the system to enhance long-term island resilience 

and the ecosystem services provided despite hurricane impacts and rapid relative sea level rise. We employ numerical models to 

test two endmember restoration strategies that aim to maximize island life span by reintroducing sand that has been lost from the 

system: a fill template with continuous dune and one with no dune but extensive backbarrier marsh platforms. 

Figure 1. Chandeleur Islands.  Bathymetry collected in 2006-2015. Island 

area polygon is from the Louisiana Barrier Island Comprehensive Monitoring 

Program. Model domain shown in the yellow polygon. 

Figure 2. Shoreline change for northern Chandeleur Islands with 2019 

imagery. The northern part of the islands overlie thick, sandy deposits that 

nourish the active coastal system; shoreline retreat is slow. To the south, 

shoreline retreat is rapid; the underlying sediments are sand-poor, muddy 

deltaic deposits. The backbarrier marsh provides a nucleation site for sand 

as the islands recover from storms. When the Gulf shoreline retreats past 

the backbarrier marsh shoreline, transgressive submergence begins, and 

the islands become intermittently emergent, sandy shoals. 

Scenario Max Wave 

Height (m) 
Max Peak Wave 

Period (s) 
Maximum Tide / 

Surge (m) 
Maximum Water 

Level (m) 
Duration 

(hours) 

Weak 2.30 9.2 0.46 1.18 8 
Intermediate 2.85 10.9 0.68 1.57 14 
Strong 3.63 13.5 0.80 2.06 33 
Extreme 7.78 16.7 1.62 3.71 45 

Figure 3. The application of both restoration templates used approximately the 

same amount of sediment (8.5 x 10
6
 yds

3
). To accomplish this, the backbarrier 

marsh nourishment was applied discontinuously with only a low beach berm built in 

between. 

Figure 4. (A) The dune endmember template builds the profile towards the Gulf 

shoreline. The red line is a wider template used to fill the inlet at Katrina Cut. (B) 

The marsh endmember template nourishes the backbarrier. The red line is the 

template used when only the beach berm is built. Both templates are aligned with 

the existing high point in the profile, smoothed to ensure a continuous dune/beach 

berm. (C,D) Examples of restoration template alignment. 

Restoration Scenarios 

Storm Scenarios 

Results 

Figure 5. Storm impacts on the FWOA case for the weak (A), intermediate (B), and 

strong (C) storm cases. The existing low dune facilitates island overwash during 

intermediate and strong storms when the island is in the overwash and inundation 

regime for a longer duration during the storm (Sallenger Jr., 2000). 

Figure 6. (A) Strong storm impacts on the marsh restoration scenario with profile 

shown in (B, C, D). In the dune restoration case (C) sediment is transported 

offshore from the beach. In the FWOA case (B) and marsh restoration case (D) the 

island overwashes into the backbarrier. Because the marsh restoration has 

nourished and raised the backbarrier, the post-storm elevation of the back barrier is 

higher in the marsh restoration case compared to the FWOA case. 

Figure 7. To compare changes in the profile over the scale of the entire island, 

changes in the elevation distribution, by area, are compared pre and post storm. 

Increases (or decreases) in the landward area indicate sediment has been gained 

(or lost) at locations that were to the west of the pre-storm shoreline, whereas 

increases (or decreases) in the seaward area indicate sediment has been gained 

(or lost) to the east of the pre-storm shoreline. 

Calculation of the distribution of shallow and subaerial 

elevation by area (Adist) 
 

• The DEM is divided into landward (onshore of the pre-storm 

shoreline) and seaward (offshore of the pre-storm shoreline) 

regions. 

• A histogram of pre- and post-storm elevation for the landward 

and seaward regions is created by identifying model cells that 

fall within 0.25 m bins, then summing the total area of the DEM 

within those cells. 

• The difference between these pre- and post-storm histograms is 

calculated to illustrate the change in elevation and associated 

habitat resulting from the event.  

Figure 8.  Change in distribution of shallow and subaqueous elevation by area 

(Adist) for three alternatives including FWOA, placement of sediment on the dune 

and berm, and placement of sediment in the backbarrier marsh. Shown is the 

change in distribution of elevation landward (left column) and seaward (right column) 

of the pre-storm shoreline for a (A,B) weak, (C,D) intermediate, and (E,F) strong 

storm. 

• For the dune restoration scenario, most of the restored portion of 

the island remained in the collision regime, even for the 

strongest storm. 

• Erosion of the front face of the dune led to a decrease in area of 

elevations between 1–1.5 m, while the peak elevation of the 

dune was unaffected due to lack of overwash and inundation. 

• The marsh restoration scenario was associated with the 

overwash regime and sediment deposition landward of the pre-

storm shoreline. 

• Sediment eroded from the beach and low dune was deposited in 

the backbarrier, leading to an increase in the total area of 

elevations between 0-1 m.   

Figure 9. Difference between the dune and marsh restoration templates before (A) 

and after an extreme storm (B) and a strong storm after an extreme storm (C). 

Positive (green) values indicate the dune template is higher in elevation, negative 

(brown) values indicate the marsh template is higher in elevation. 

• Backbarrier marshes overlying thick sands are critical for the 

long-term resiliency of the islands.  

• Marsh restoration scenario 

– Lower elevation profile promotes overwash and 

landward transfer of sand. 

• Dune restoration scenario.  

– Higher elevation of the dune inhibits overwash and 

inundation, resulting in seaward sediment transport and 

deposition offshore of the island. 

• Critical elevation is key to protect backbarrier seagrasses and to 

provide optimal habitat for species relying on the higher 

elevations.  

• Optimal restoration scenarios should include the following 

strategies: 

– Sand is placed at a central location where it will naturally 

disperse.   

– Most of the sand is strategically placed in the 

backbarrier as vegetated shore-perpendicular platforms 

upon which the island can migrate across.  

– These platforms will serve as long-term sand reserves 

that function to reintroduce sand into the littoral system. 

Conclusions 
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