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Abstract. Storm-elevated water levels can lead to waves attacking the dune face 
(dune collision regime), resulting in avalanching and shoreward translation of the 
dune face. Predicting dune erosion rates during storms is critical, yet, our knowl-
edge of the relative role of infragravity and sea-swell waves on runup excursion on 
an eroding dune face relies primarily on numerical modeling. Here, we assess the 
role of sea-swell waves, infragravity waves, and dune geometry on runup excursion 
during dune collision with observations collected during the Realdune/REFLEX 
field experiment. In situ and lidar observations were collected from Oct. 2021 to 
Jan. 2022 at the Sand Engine in the Netherlands. Incident sea-swell and infra-
gravity wave contributions resulting in runup on an artificial, unvegetated dune 
during two winter storms were quantified. We find that infragravity wave crests 
contributed to the largest runup events on the dune. Additionally, runup excursion 
is modified by dune geometry, where more sediment at the dune base, associ-
ated with a relatively mild dune face, reduced runup extent relative to events with 
steeper dune faces. This suggests that shallower dune geometries with more sand 
at the base may temporarily enhance dune safety by reducing runup. 

Keywords: Storm events · infragravity waves · dune collision · runup 
excursion · lidar 

1 Introduction 

Storm-elevated water levels can result in waves attacking the dune face, leading to 
significant dune erosion. Continuous incident swash that runs up the dune face but does 
not exceed the dune crest, known as the ‘dune collision regime’ [1], can lead to dune 
steepening and subsequent slumping events [2–4]. This process redistributes sediment 
from the dune face to its base [5], where it can be subsequently transported offshore, 
resulting in shoreward translation of the dune [6]. When mean water levels remain
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below the dune toe during dune collision, instantaneous wave activity dictates the runup 
excursions on the dune face. Consequently, wave-by-wave processes, which encompass 
infragravity and sea-swell wave forcing, control dune erosion rates during this stage. 
During storms, infragravity waves often dominate inner surf dynamics [7] and may be a 
primary offshore transport mechanism of sand from the dune [8]. Yet, our knowledge of 
the role of infragravity and sea-swell waves on runup excursion for an actively eroding 
dune face is primarily informed by numerical modeling studies (e.g., [9]), with few 
field observations to test our mechanistic understanding. Here, we address this data and 
knowledge gap by relating observations of incident wave-by-wave characteristics and 
dune geometry to runup excursions at an artificial, unvegetated dune during two winter 
storms (Fig. 1). 

Fig. 1 (a) An image of the field site and instrumentation during elevated water levels. (b) A 
schematic of the dune with a volume of sand at its base (Vbase) that is overtopped by runup with 
an excursion height on the dune (zrunup), and an incoming wave with an amplitude composed of 
infragravity (η+ 

ig) and sea-swell (η
+
ss) wave components. 

2 Storm Observations 

Hydro- and morphodynamic data were collected at the Sand Engine along the Dutch 
coast during the Realdune/REFLEX Experiment (Oct. 2021 - Jan. 2022; [10, 11]). Two 
artificial, unvegetated dunes were constructed just above the high-water line, increasing
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the likelihood of dune collision during winter storm events (Fig. 1a). Cross-shore arrays 
of in situ sensors measuring pressures and velocities were deployed in the inner surf and 
swash zone at both dunes. The runup elevation and dune geometry at the southern dune 
were estimated from 6-Hz continuous cross-shore lidar scans (Fig. 1b). Incoming storm 
wave conditions and water levels were measured in 14-m water depth [11]. 

Here, we characterize storm processes at the southern dune during two storms with 
elevated water levels ( η 2.07 m and 2.38 m) and large shore-normal and oblique 
waves (Hs = 3.12 m and 3.48 m). Bulk incident infragravity wave energy and reflection 
coefficients in the inner surf zone remained relatively stationary through each event. 
Dune collision occurred during both storms, resulting in significant net erosion of the 
dune face (December event: 2 m3/m, January event: 9 m3/m, Fig. 2a). [4] showed that 
dune erosion rates throughout both storms were correlated with the total water level 
(i.e., the mean water level plus individual waves) with the shortest time between slumps 
occurring during increasing water levels (Fig. 2b). Notably, however, mean water levels 
did not exceed the dune toe during either event. As a result, runup excursions on the 
dune face were driven by individual waves (Fig. 2c). 

Fig. 2. Hydro- and morphodynamic time series over the January storm event, including (a) the 
dune volume (Vdune, , black) and volumed eroded from the dune (Veroded , , gold), (b) the volume 
at the base of the dune (Vbase, , teal) and mean water level at the inner surf zone sensor ( η ,  ,  
pink), (c) the runup excursion elevation above the dune toe (zrunup). The time of slumping events 
(Tslump) are shown as vertical grey bars (as identified by [4]).
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3 Determining Wave-By-Wave Characteristics 

We investigate the relationships between incoming infragravity and sea-swell waves, 
dune geometry, and runup during each collision (Fig. 2). The runup excursion eleva-
tion (ztwl , defined relative to the dune toe, Fig. 2c) and the remaining volume of the 
previous slump in front of the dune (Vbase,  Fig  . 2b, [10]) were computed from 4-Hz 
filtered lidar profiles. The incident waves in the inner surf zone were quantified with co-
located pressure and velocity sensors [12] and band-passed to isolate the infragravity (η+ 

ig , 
0.004 < f < 0.04 Hz) and sea-swell (η+

ss, f > 0.04 Hz) wave amplitudes (Fig. 3c,d). 
The wave-by-wave runup excursion height on the dune (zrunup = ztwl,max − zdunetoe)  was  
characterized as the maximum runup elevation during a continuous time series of total 
water levels exceeding 0.1 m above the dune toe (zdunetoe). The incoming wave associ-
ated with a runup event was identified as the maximum total incoming wave amplitude 
(η+

ss + η+
ig) that propagated past the inner surf zone station 3 to 8 s prior to a runup event, 

which was informed by estimating bore speeds (Fig. 3a,b). 

Fig. 3. Example time series of (a,b) the runup height (zrunup) above the dune toe and (c,d) the 
incoming total (η+ 

T , , black), sea-swell (η
+
ss , , red), and infragravity (η

+ 
ig , , blue) wave ampli-

tude, centered at the maximum runup excursions during events with (a,c) significant and (b,d) no 
contribution from an infragravity wave crest. 

4 Runup Excursion Drivers 

The runup excursion heights generally increased with total incoming wave amplitudes 
but with significant scatter (Fig. 4a). Nearly all runup events were partially associated 
with an incoming sea-swell wave crest at the inner surf-zone sensor (η+

ss > 0 m, Fig. 3 and 
4b), but not necessarily by an infragravity wave crest (η+ 

ig > 0 m, Fig. 3b,d and Fig. 4c). 

Occasionally, runup events occurred in infragravity wave troughs (η+ 
ig < 0 m). However, 

the 90th percentile largest runup excursions (zrunup ≥ 1.75 m) nearly always included 
contributions from both infragravity and sea-swell wave crests. Sea-swell waves may 
dissipate energy between the inner surf zone and the dune; however, the dissipation of 
incident infragravity wave energy between these sampling locations is expected to be 
minimal [13]. Still, this suggests that both sea-swell and infragravity waves are important
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in determining runup at the dune that may suspend and advect sediment offshore. Dune 
geometry also alters runup excursion heights. For a given incoming wave amplitude, the 
volume of the previous slump in front of the dune reduced the runup excursion height. 
Thus, we find that relatively mild dune slopes, when more sand is at the base (larger 
Vbase), may temporarily enhance dune safety by reducing runup. 

Fig. 4. Runup excursion height on the dune (zrunup) vs. the associated incoming (a) total (η+ 
T ), 

(b) sea-swell (η+
ss), and (c) infragravity (η

+ 
ig) wave amplitude. 

5 Conclusion 

The role of infragravity waves, sea-swell waves, and dune geometry during dune collision 
were investigated with field observations during two winter storms. Runup events on the 
artificial dune, extracted from lidar measurements, were driven by waves, as the mean 
water level remained below the dune toe throughout the storms. Wave-by-wave runup 
excursion on the dune was related to the infragravity and sea-swell incoming wave 
amplitude driving the event. Infragravity waves contributed to the largest runup events 
on the dune; however, some runup events occurred independently of an infragravity 
wave crest. A smaller volume of sand at the base of the dune, associated with a steeper 
dune slope, often resulted in higher runup excursion on the dune. Our findings further 
emphasize the need for a rigorous understanding of infragravity and sea-swell wave 
transformation to predict dune erosion rates during the dune collision regime. 
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