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Background - Changing Ocean Climate

*  ~40% of global population is concentrated within 100 km of the coast and is highly vulnerable to the effects of rising
sea level and waves.

*  Almost two-thirds of the world's cities with populations of over five million are located in areas at risk of sea level
rise.
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http://luminocity3d.org/WorldCity/#3/12.00/10.00

Background - Changing Ocean Climate

*  Since 1985, increases have been observed in significant wave heights (H,), with larger increases in extreme heights
(9oth percentiles) (Young and Ribal, 2019).

th : —
H, Mean Trend (1985 - 2018) [cm/yr] H_ 9o™ percentile trend (1985 - 2018) [cm/yr]
() 60’ 120" 180° 240° 300° 0 60’ 120" 180° 240° 300°
+1.00 +1.00
:H [J .‘! : - .(§ - ! -5
60° k +0.66 60° [HouF P ALY S +0.66
N ot ¥ 3.-_: E?;: " " ;_:' " po .
30° X +0.33 30° SR ] 1 e = e Tt e o B +0.33
A N AR S e ) Wﬁ’ o ‘ﬁm e N
| RN 5 o= L. A e el A T s P L 000
y K - ¥ fﬂ ; A ; \r—l :: s Iy :J;g B T;. --'!'; o) \;n f. B . L # E:".:' . - . L 'J:
-30° [ WG ity 7Y “: -0.33 -30° Rl P 3 P T W, =R A -0.33
-600 « | ol -0.66 -600 ........ - L : G5 s ¥ -0.66
| % !
-1.00 -1.00
(A) Mean trend and (B) goth percentile trend in altimeter Hs. Values that are statistically significant according to the Seasonal Kendall test are marked with a black dot.
Adapted with author’s permission (Young and Ribal, 2019)
UNIVERSITY OF Coastal Processes ==% UNIVERSITY OF
% LIVERPOOL BLUECOES’EQ?}, Research Group » PLYMOUTH




Background - Changing Ocean Climate

*  Further, a 0.4% rise in global wave power has seen it identified as a ‘potentially valuable climate change indicator’
(Reguero et al, 2019)

Spatial trend (percent change per year) in mean Wave Power from 1985 to 2008
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Spatial trend (percent change per year) in mean Wave Power from 1985 to 2008. Hatched areas represent points that are statistically significant at the 95% confidence level according to the
Mann-Kendall test and the Wang and Swail method for autocorrelation.
Adapted with author’s permission (Reguero et al, 2019)
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Background - Impacts of storm waves at the coast

* Extreme wave heights and powers associated with coastal storms drive severe inundation and potentially
irreversible erosion.

Gravel barrier over wash — Chesil Beach — February 2014
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Background - Importance of low frequency (infragravity) waves

* In addition to a steady increase from sea level rise, coastal total water levels are episodically enhanced by wave
action, termed wave runup.

*  Specifically, an increase in the contribution of low frequency (infragravity) wave energy (f = 0.004 - 0.04 Hz) to
wave runup has been shown to increase during storms, on sandy beaches.

Perranporth - 3-5m, ~18s swell
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Background — Importance of low frequency waves

GuzAa AND THORNTON: SwasH OSCILLATIONS
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Background - Previously Explored Parameter Space

*  Previous observations of infragravity swash have been mostly limited to
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Method Ramd Coastal Response Unit (RCRU)

Versatile and sheltered base, facilitating the collection of hydrodynamic and topographic data during extreme
storms.

Housing an array of in-situ and remote instrumentation, suitable for rapid deployment (hours)

*  Observations collected during:
*  Approach, peak, and decay of the storm
*  From offshore, through the surf zone, to the shoreline.
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1. Perranporth
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Example Analysis

* What is the relationship between infragravity swash height (S;,) and:

* Tanf
* Previously published relationships:

* Stockdon et al (2006) - Sand specific
' Marine Science m\o\py

and Engineering

* Poate et al (2016) - Gravel specific
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Results - IG magnitude and Relationship with H

Gravel : [T
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1. Perranporth Hg g5%=3.1m 2. Beesands Ho os%=1.9m

Results - Stockdon equation

4. Camber Hp g5 =2.0m 5. Minsmere Hp 9s%=1.9m

* S, = (H,L)o5- developed on sandy beaches
 Worked best for the sand beach :
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Results — Poate Equation

* S, = (Tanf)*>H,T,- developed on gravel beaches

* Worked best on gravel beaches
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Results

~H2T

S;; = H,?T - Parameterisation of wave power

Reasonable across IG dominated sites

If waves are powerful enough, IG can become apparent in the swash, across
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Conclusions

e

Shoreline IG measured under an unprecedented range of wave and beach
conditions H; < 6 m, T, < 20 s, tanf3 < 0.32, D,, < 60 mm

Shoreline IG present at all sites, but only dominant over G on ‘pure’ morphologies

Parametrised wave power (H_*>T) shown to explain variability reasonably well at
contrasting IG dominated site, compared with previous empirical fits

Implication that if H *T is large enough, IG can become important at the shoreline
regardless of morphology

Leaving a range of coastal environments vulnerable to IG driven inundation
and erosion
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