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From: Burd,, 1989, From: Dijkema et al., 1984

• Coastal wetlands, inundated with 
marine to brackish waters with 
the tide

• Contain specialied plant and 
animal communities

• Distributed throughout the UK 
and Europe

• Important habitat for many birds
• Used extensively for grazing landca. 325km²

ca. 1800km² 

What Are Salt Marshes?





Source: BBC News (https://www.bbc.co.uk/news/uk-england-humber-42449541)
Credit: Rich Tea, 
(https://www.geograph.org.uk/photo/4774579)

Coastal Flooding 

 Economic Impact
 Individual Impact
 Societal Impact

Risks from storm events that coincide with (large) spring tides



Inundation and flooding risk due to waves

From https://www.cam.ac.uk/research/news/salt-marsh-plants-key-to-reducing-coastal-erosion-and-flooding

 Coastal wave defence provision, and the roles of salt 
marshes described by Möller et al., 1999, 2004, 2014; Yang 
et al., 2012
 Reduce Wave set-up and height



Image Credit: NOAA https://www.nhc.noaa.gov/surge/images/stormsurgevsstormtide.jpg

Low Atmospheric Pressure

 Causes greater water depths than normal tidal levels, pushing much further 
upstream and landward 

 Pose substantial risks to infrastructure and homes



Local-scale effects (longitudinal wave reduction, 
longitudinal flood level reduction) 

 e.g. Möller et al., 1999;2002;2004;2014, Yang et al., 2012

Regional scale (cumulative effects of marsh 
vegetation on hydrodynamics, flood depths and 
extents within estuary valleys) 

Whether vegetation state (i.e. grazed vs 
ungrazed) affects flood mitigation potential of 
marshes

 

What Role Does Salt Marsh Vegetation Play in Reducing Storm Flooding 
in Estuaries?

The generality and role of marsh vegetation in 
moderating:



Generality or context dependence?
Create Wave-Flow-Tide coupled models using the 
Hydrodynamic simulation models SWAN and Delft3D-FLOW 

Modeled 8 case study estuaries within Wales with different 
locations, tidal regimes, shapes and exposures:

1. Dee Estuary
2. Loughor Estuary
3. Glaslyn Estuary
4. Taf Estuary, South Wales 
5. Towy Estuary
6. Gwendraeth  Estuary
7. Neath Estuary
8. Mawddach Estuary
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Data Field Collection Data Collation (3rd Party) 

Data Pre-processing 
and Delft3D 2D 
Simulation

Outputs

COUPLED WAVE-TIDE_RIVER MODELS  WITH VEGETATION



 Vegetation is limited to a single “type” specification

 The marsh platform, the sedimentary bank that builds  up marsh beds, was still present in the Non-
Vegetated scenarios* 

 Models only provide a “snapshot” in time, and should not be used to infer management priorities 
for individual case-study estuaries  that are presented.  

 Simplification of physics from 3D to 2D

*This allowed us to examine the specific role of vegetation, rather than just the role of salt-marshes as a whole 

Caveats



Effects of Storms 





 Both Fully Vegetated and Grazed marshes are more 
effective at reducing localised flooding than the 
unvegetated marsh platforms
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 Vegetation significantly reduces flood extents, 
increasing as we move up the estuaries by 
lowering wave heights and depths as storm surge 
and waves move inland





 Small effects, but a general trend in wave 
heights reducing upstream. 

SURGE EFFECTS DOMINATE



Residential

Commercial

Transport

Utilities

Farming
Recreation

Flood Damages

• Damages for:
1 in 1, 1 in 10 & 1 in 100 
year events

• Interpolate to a Net 
Present Value (NPV) using 
3.5% discount rate



Dee             Glaslyn        Loughor       Mawddach         Neath    Three rivers 

 Ungrazed saltmarsh reduces damages 
by between 55% & -1%

 Loughor:

 Grazed: £ 102,907,730

 No Veg: £ 603,576,232

 Savings on average:

 Grazed: 9%

 No Veg: 19%



Vegetation

• Fully Vegetated marshes provide significant storm flood defense, reducing extent by up to 
20%

• Local scale reductions in wave height and flooding potential, and estuary level reductions 
in flood extents and surge

Grazing

• Could reduce the effectiveness of marshes to prevent flooding, although some aspects of 
flooding benefit from having lower marsh vegetation heights

Take Home

• Vegetation doesn’t only affect flooding by local-scale wave and surge reduction, but has a 
marked and large effect on upstream surge attenuation.



Thank You For your Time

I invite any questions

@tom_fairchild
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