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Soft-sediment coasts dissipate energy
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Energy dissipating processes
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Saltmarshes ...

Dissipative
structure
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Wave height (meters)

Field wave reduction evidence
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Laboratory evidence % hydralablv
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Large Wave Flume (GWK) Hannover

www.thesaltmarshexperiment.org Video: James Tempest (CCRU)
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Under 2m water, 40 m distance =2 ~ 15 % wave

height reduction
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‘Storm’-induced
erosion minimal and
depends on plant
species...
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State of Science

Resistance of salt marsh substrates to
near-instantanenus hydrodynamic forcing
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Salicornia roots
(green) and
porosity networks
including
bioturbation
horizons (grey) as
seen in X-Ray CT.
Sample collected in
Warton Sands, UK
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Hard structures ...

Combined energy

e

rigure 15.13 Reflection of breaking waves at the vertical face of a seawall giving rise to a
criss-cross wave pattern.



Storm surge reduction (cm/km)
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Ten Thousand Islands, Florida (Krauss et al., 2009)
Shark River, Florida (Krauss et al., 2009)

—— Gulf Coast, Florida (Zhang et al., 2012)

Salt marshes

—— Louisiana (US Army Corps of Engineers, 1963)
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Louisiana (Wamsley et al., 2010)
Cameron Prairie, Louisiana (Wamsley et al., 2010)
Sabine, Louisiana (Wamsley et al., 2010)

Vermillion, Louisiana (Wamsley et al., 2010)
Vermillion, Louisiana (Wamsley et al., 2010)

Mclvor et al. 2015. Mangroves, Tropical Cyclones, and Coastal Hazard Risk
Reduction. Chapter 14 in: Shroder et al., (eds) ‘Coastal and Marine Hazards,
Risks, and Disasters’. Elsevier



New Orleans: storm surge attenuation
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C < 10,000 m
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Scales of roughness in coastal | - - jg e

Moller, I., & Christie, E. (2018). In: Perillo et al. Coastal |
Wetlands. An integrated ecosystem approach.



Combined surge/wave attenuation (e
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Fairchild et al. (in review) — preview: https://www.researchsquare.com/article/rs-244327/v1
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Storm surges

* Complex seabed
topography

 Complex surge
dynamics

* Complex nearshore
bathymetry

Wave and surge water
level dissipation

Spencer et al. 2015 Earth-Science Reviews 146, 120-145



2013 Surge
Impacts

e Complex seabed
topography

* Complex surge
dynamics

 Complex
nearshore
bathymetry

Earth-Science Reviews 146, 120-145




Local effects on max water levels

__— Widest foreshores

B6 M Predicted water level

LR = * e
- 2y Aorih I:I Urwegetated irlerlidal sand :s"-rlr_.|||.-e and s &
Irening A Soa -
% [ Bamer £
i — [ sattmarsh z
b H
Lm\lz:l:ﬁ+ |:| Reclaimed marsh
{r\- J 1R - T R Y ¢ | 5 o e 5 mlre conlour
[ -|arn|r."|¢’ A £
B 5 w6 Survey locations
b=
P ®  Blakenay Owarfallz Wavender
cuu].
3
- Scolf Head lalend  Hiaiifian:  mmes o
= f‘ Srmincasir e o S _‘_Ea.-' F I'.
2 gay e cia N
v == i _"51'"5 t % _ __ TIDEGAMGE
ih 5 "?’LKTL—""' T Sharingh =
- ) sringham s
L [T Titcknsell S Emiham mlfhan-.G;:u' H Cromar -
-ha-Gaa Ergncaslar |Deapdae  DM8RY  Holkham =
Tharmham Elaa:E!: " Sl Péanistion =
! rancasher
{ BHunstanton Einiihn
ll. 0 5 11
0 5 E FADE arE : : = 5E
; 1
6.5 13 i b '/
éd 12
35 4
_ 5.5 . i* L. . «— | L 550 [
E f 56 T - s :;.J- 4-‘
- e [ 1 é
2 454 &b 8ib R (U
1+ \\ L2
35 T T T T T T ) =
= = = )4 =4 = [ w < H
2 o 95 L1 e EES 3 z
id £ £ FE £8 LET & 3
g5 3 Eg 41 - EEs i £
T E 3 o6 9y BF . #
- g 43 & z
a4 52

K Env Agency flood warning)

\
— Dune sheltered

Fig. [ Alongshove partation in maxomnum water lecels reached during the storm surge of
5 December 2013 on the barrier coastiine of North Novfolk, eastern England (ODN = Ordnarnce
Dhaturn Newolyn, wohere (00 QDN approximeates to mean sea level).



hiz iz a preprint, a preliminary version of a manuscript that has not completed pesr review at a journal. Research Sguare does not conduct -I
| prior to posting preprints. The posting of a preprint on this server should not be interpreted as an endorsement of its validity or

suitability for dissemination as established information or for guiding clinical practice.

ARTICLE
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Coastal landforms & ecosystems as critical
elements of our solutions

Initial
risk

Risk

Residual
risk

HAT

Storm surge

T e High risk zone
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Building codes g Evacuation plans
Sea wall

Coastal wetland

Levees,
flood walls

Building codes

Early warning and
evacuation plans

Cumulative interventions
Spalding et al. 2013 Cons. Letters, 1-9
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ion challenges
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Implem_entat

* Requires space we don’t have...
* Nature = inherently variable

The ‘sand motor’, The Netherlands

* No perceived fixed future Rt e
* Context dependency _ 74
* No specified ‘design life’
* No ‘easy’ costing model
* No ‘project end’ date...

" lmage:J Tempest.
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Advantages & Oportunities

Self-adjusting dynamic system

Building respect for nature

Empowering communities / individuals
Building knowledge / scientific understanding

L Image:J Tempest, .
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Frequency/magnitude of wetland
fronting water depths, including
extreme tide/surge conditions

A B r\ . Coastal wetland
B = Barrierisland Evial system
i =y Barrier island
eteh Marsh margin
300° 60°
Coastallagoon/ Opencoast
bayment
270° 90° o
240° 120°
. Estuarine
208 150° environment
= Riverdelta
(o]
@ @ Determine fetch distance to marsh margin (E0/ maps— see B)

Wind speed/frequency/direction from
regional/local station B S ki
fuse of existing met. Data— see A) Wetland Scena"o%
Wetland fronting water depth @
\ Land

Fetch distance for@wind

Sea

Calculate maximum wetland front wave height (H,.,)
achievable, given

© OO

(taking account of wave breaking criterion)

D

®

(survey / local knowledge)

Land Sea

® !

Wetland width (from EO / field surveys)

@

Use empirical formulae* to
calculate max wave height at
landward location on wetland

{H.land] giuen ® and @

Approx. wetland surface water depth,
h, during extreme tide/surge conditions

wetland ( Hyo. from (C{4]) - adjusted for
3, wetland surface water depth using
breaking criterion)

Output: wave height
reduction index/ratio
(Hredue = Hlam/Hsea:'

N

Land Sed

® |

Low-cost, scientifically
informed nature-inclusive
wave protection planning
becomes possible

* Using Maller et al. (2014), it can be assumed with certainty (95% probability of assuming correctly)
that the marsh will reduce wave heights by at least 15 % for as long as it retains > 40 m width.

Moller 2019, Front. Environ. Sci. 24 April 2019

TESSA — Toolkit for Ecosystem Service Site-
based Assessment
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Assessing ecosystem services - TESSA
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Advantages & Opportunities

Self-adjusting dynamic system

Building respect for nature
Empowering communities / individuals
Building knowledge / scientific understanding

Lower cost in the long run el €
Realisation of multiple benefits

https://www.theccc.org.
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Conclusions: Saltmarshes as NBS

We have the evidence base for both all of erosion
resistance, water level and wave reduction and more!

Implementation has to be context specific

Implementation challenges our traditional planning
models & expectations

Long-term benefits are clear and evidenced
Clear policies now need to follow...
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