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The role of (breaking) ocean waves in coastal hazards
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The role of (breaking) ocean waves in coastal hazards

Wave breaking = Principal forcing of the nearshore circulation
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In situ measurements are essential for better understanding breaking processes:
> breaking criteria, energy dissipation rates and so on...
> statistics, e.g. extrema (both on ¢ and H), runup
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Classic methodology to measure waves in the nearshore

Measuring nearshore waves with pressure transducers deployed at the bottom:

> Robust & cheap, but providing point measurements
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Classic methodology to measure waves in the nearshore
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Classic methodology to measure waves in the

nearshore

Measuring nearshore waves with lidars:
> Relatively cheap & non intrusive

> Direct and highly-resolved measurements of ¢
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Measuring nearshore waves with lidars: principles
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Measuring nearshore waves with lidars: a brief summary

e 1999: First measurements in the (very) nearshore by Irish et al. (2006)

> 4-rangefinder lidar wave gauge (LWG) to estimate directional spectra

LWG ; acquisition
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Deployment over the Field Research Facility pier at Duck, NC
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Measuring nearshore waves with lidars: a brief summary

© 2009: First 2D scans of bores running up a sandy beach (Blenkinsopp et al., 2010). Introduction
. . . . Measuring
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Measuring nearshore waves with lidars: a brief summary
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Measuring nearshore waves with lidars: a brief summary

PhD (2014-2017)
e 2014-2017: Analysing wave transformation in the surf zone with lidars. @ﬁxsnvw
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Measuring nearshore waves with lidars: a brief summary

Animation en temps réel, pour illustrer les données !
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Measuring nearshore waves with lidars: a brief summary

e 2014-2017: Analysing wave transformation in the surf zone with lidars.

Martins et al. (2018, JGR-O)
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Direct measurements of the free surface elevation by lidars

Co-localised pressure and lidar measurements collected in a natural surf zone:
> Analyze non-hydrostatic processes

> Validation of surface elevation reconstruction methods
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Direct measurements of the free surface elevation by lidars
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Direct measurements of the free surface elevation by lidars

Validation of the non-linear weakly dispersive method of Bonneton et al. (2018 CENG):
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Direct measurements of the free surface elevation by lidars
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Direct measurements of the free surface elevation by lidars
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Free surface... or wave ”envelope”? — the case of breaking waves

Consistency between

measurement techniques, and with models (here OpenFOAM)
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Free surface... or wave ”envelope”? — the case of breaking waves

Comparing surf zone wave measurement techniques in the Hannover wave flume

> Resistance-type of wave gauges (WG 1-3)
> Pressure transducers (PT 1-3)
> Lidars
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Free surface... or wave ”envelope”? — the case of breaking waves

Comparing (outer) surf zone wave measurement techniques in the
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Free surface... or wave ”envelope”? — the case of breaking waves

. . . Introduction
Comparing (outer) surf zone wave measurement techniques in the Hannover wave flume
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Free surface... or wave ”envelope”? — the case of breaking waves
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Free surface... or wave ”envelope”? — the case of broken waves

Comparing (inner) surf zone wave measurement techniques in the Hannover wave flume
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Free surface... or wave ”envelope”? — the case of broken waves

Comparing (inner) surf zone wave measurement techniques in the Hannover wave flume

¢& —h[m

C& —h[m]

15 a) WG2 | WG3 15 b) 1.5 ) 15 d)
1 1 1 1
0.5 //“ 05 Lo 05 05
o : e AN
0 \_w/ “1 o /’”J‘ (. 0| ~T 4 o T
0.5 pro el 05 o 0.5 F 0.5
B - r\/“/ - r\/”“’/ - r\/“/
-15 -15 -15 -15
240 245 250 255 240 245 250 255 240 245 250 255 240 245 250 255
15 1) 1514 151 g) 15 | )
1 1 1 1
05 . 05 . 05 05 |
0 _,./“'""M ~ 0 __/_,«—-"'” y 0 ___,/n/“"‘” 0 \\_,..d--"'
-0.5 -0.5 o -0.5 -0.5
1 ,\_/—A‘I/_/ B ,\//\_,//_/ 4 ’\//\_///_/ 4 ’\//\_///_/
-1.5 -1.5 -1.5 1.5
240 245 250 255 240 245 250 255 240 245 250 255 240 245 250 255
z [m] x [m] z [m] z [m]
N T T T N T T T T
1) °  Giida| 141
I (1 A I | (R | (I (i
I [ I I —G I I (I
059 | et F 059 | L e F
! L ] | [ |
o4 | I Yoo I I
[ (I I I I (I
054 | N - (. 054 | N - (.
a) bjejd je)f 49 b a) B I L L | I L
4363 4364 4365 4366 4367 4368 4363 4364 4365 4366 4367 4368
t [s] t [s]

Introduction

Measuring

waves
with lidars

Free surface
direct
measurements

The case of
breaking waves

Summary

17



Free surface... or wave ”envelope”? — the case of broken waves

Issue with 'concept’ of ¢ in the outer surf identified by Kimmoun & Branger (2007, JFM)
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FIGURE 6. Time series comparison between wave gauge elevation (dashed lines) and automatic

surface detection from PIV images (circles). Distance from shoreline: (a) 248 c¢m (incipient

breaking), (b) 142 cm (splash-up event), (c) 42 cm (roller). (d) r.m.s. difference (%) between

the PIV surface detection and the wave gauge measurements.

Introduction

Measuring

waves
with lidars

Free surface
direct
measurements

The case of
breaking waves

18



Summary and perspectives

Key messages:

B Lidar scanners are fantastic tools to analyse the temporal and spatial transformation
of nearshores waves, including for the validation of phase-resolving models
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