How much marsh restoration Is enough to
deliver coastal protection benefits?
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Salt marshes provide valuable ecosystem services
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Pre-Sandy (May 21, 2009)

Post-Sandy (November 6, 2012)
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Salt marshes have experienced centuries of human alteration
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DIKING AND DRAINING THE NEW JERSEY MEADOWS.




Marshes have been lost at an alarming rate
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Restored tidal range
and salinity

!

Increased wetland water
levels

!

Restored peat chemistry,
elimination of acidity, metals

!

Restored salt marsh plant
community

!

Salt marsh restoration seeks to restore ecosystem services

Increased sediment deposition
and storm surge protection

Reduced

Removal of
exotic plants

Thickened freshwater aquifer

Restored pollution control

Restored habitats and
wetland access for finfish,
shellfish, crustaceans,
marsh birds, and mammals

mosquito
population

f

Increased tidal flushing

)|

Increased water-column
aeration

b

Decreased coliform bacteria

!

Restored public access,
harvestable resources, and
recreational and
educational opportunities
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Coast t) |
al communities are growing more vulnerable to storm impacts

- United States Economic Loss from Tropical Cyclones
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Coastal communities are growing more vulnerable to storm impacts

Normalized United States Economic Loss from Tropical Cyclones
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Wealth Is concentrated along vulnerable coastlines
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Wealth Is concentrated along vulnerable coastlines
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Intense hurricanes are estimated to increase in frequency
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Salt marshes contribute to coastal resilience as storm buffers

Relative wave
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Salt marshes contribute to coastal resilience as storm buffers

Hurricane Katrina Storm Surge
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Salt marshes are largely resistant to storm damage

Hurricane Michael, 2018
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How much restoration is enough to deliver coastal protection?

Modeling to determine restoration benchmarks

* SWAN (Simulating WAves Nearshore): “a state-of-the-art third-generation wave
model which computes random, short-crested wind-generated waves in coastal
regions and inland waters” (TU Delft)

* Analysis of percent change in wave energy at 100m from shore (first 40m of
marsh reduces wave heights by at least 15%; M0dller et al., 2014)
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How much restoration is enough to deliver coastal protection?

Percent Decrease in Wave Energy
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How much restoration is enough to deliver coastal protection?

Percent Vegetated
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How much restoration is enough to deliver coastal protection?

Percent Decrease in Wave Energy
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How much restoration is enough to deliver coastal protection?

Percent Decrease in Wave Energy
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How much restoration is enough to deliver coastal protection?

Percent Vegetated
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How much restoration is enough to deliver coastal protection?

10m edge, 99% vegetated 20m edge, 75% vegetated

100 200 300 400 500 600 100 200 300 400 500 600
meters meters
30m edge, 50% vegetated 40m edge, 25% vegetated
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How much restoration is enough to deliver coastal protection?

A. Low Intensity

UVVR
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How much restoration is enough to deliver coastal protection?

Lifespan (years)
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* UVVR 1 (50% vegetated)
* Background SLR: 208 years
* 0.3m SLR by 2100: 130 years
* 0.5 m SLR by 2100: 120 years
* 1.0m SLR by 2100: 75 years

* UVVR 0.1 (90% vegetated)
* Background SLR: 3,477 years
°* 0.3 m SLR by 2100: 540 years
°* 0.5 m SLR by 2100: 446 years
* 1.0 m SLR by 2100: 200 years



How much restoration is enough to deliver coastal protection?
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How much restoration is enough to deliver coastal protection?

Percent Vegetated
99 83 71 63 56 50 45 42 38 36 33
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background SLR * Back of the envelope calculation:
104 0.3 gMgL i .

0.5 GMSL ‘ o -

e ; $1.25 per 5-cm plug of Spartina

alterniflora
* 10 plugs/sg. meter
* Moderate SLR (0.5 m by 2100)
* Planting to 50% cover (UVVR 1):
* Cost: ~$614,000
* Lifespan: 120 years
* Planting to 90% cover (UVVR 0.1):
* Cost: ~$1,100,000
* Lifespan: 446 years
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How much restoration is enough to deliver coastal protection?

* We don’t need that much vegetation:

* Substantial wave attenuation evident at 30-40% vegetated cover, with
significant attenuation (95% reduction in wave energy) by 50% cover

* We don’t need that much marsh (if it is well vegetated):

* Up to 95% reduction in wave energy If a leading edge Is 40-50m with 80%
cover

* Thinner leading edges (~10-20m) can still provide up to 80% reduction In
wave energy

* Potential to see storm protection ecosystem service benefits at year O
* Must consider lifespan estimates In restoration benchmarks



How much restoration is enough to deliver coastal protection?

. ( o
* Can apply on a wider scale AN
using USGS datasets j m oo0n-002s
. \ 0.05-0.1
* Connection to 01-0.25
unvegetated/vegetated u-1

ratio (UVVR) —
°* 50% vegetated ~ UVVR 1 :

* Ecosystem service
valuation

* Knowledge sharing with
practitioners re: metrics
and performance goals
(simple linear regressions)



How much restoration is enough to deliver coastal protection?
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