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Despite the increased sophistication of numerical models and field techniques for investigating 

wave-induced nearshore sediment transport and ensuing beach morphological response, there 

remains a significant demand for large-scale laboratory experiments to address this research 

topic. Here, we describe the Barrier Dynamics II experiment (BARDEX II), which involved 

placing a near prototype-scale sandy barrier in the middle of the Delta Flume in the 

Netherlands and subjecting the structure to a range of wave, tide and water level conditions. A 

unique aspect of the experiment was the presence of a lagoon behind the barrier, as often 

occurs in natural barrier settings, providing a convenient means to experimentally manipulate 

the groundwater hydrology within the barrier. The overall aim of the BARDEX II was to 

collect a large-scale data set of energetic waves acting on a sandy beach/barrier system to 

improve our quantitative understanding and modelling capability of shallow water sediment 

transport processes in the inner surf, swash and overwash zone. In this paper we introduce 

BARDEX II and present some preliminary results of the experiment. 

1. INTRODUCTION 

In 2008, the large-scale Barrier Dynamics Experiment (BARDEX), funded under the HYDRALAB III 

programme, was carried out in the Delta Flume to investigate swash, overtopping and overwash 

processes, cross-barrier groundwater fluxes and the role of the beach groundwater table on beach 

stability (Williams et al., 2012). BARDEX involved placing a near prototype-scale gravel barrier 

(height 4.5 m; width 30 m) in the middle of the flume and subjecting the structure to a range of 

wave, tide and water level conditions. A unique aspect of BARDEX was the presence of a lagoon 

behind the barrier, as commonly occurs in natural barrier settings, providing a convenient means to 

experimentally manipulate the groundwater hydrology within the barrier. The main results of this 

experiment have been published in a special issue of Coastal Engineering (Volume 63). The main 

BARDEX partners considered it appropriate and timely to carry out a second experiment in the Delta 

Flume, but this time on a sandy barrier. Funding was obtained under the HYDRALAB IV programme 

and the project, named BARDEX II to acknowledge its pedigree. 

The data set collected during BARDEX II is not only relevant in providing direct comparison with the 

gravel barrier data set (thereby providing added value to BARDEX), but the sandy barrier data are 

also important in their own right by providing fundamental new information on cross-shore sediment 

transport processes in the nearshore zone of sandy beaches. Specifically, in addition to explicitly 

addressing the effect of swash/groundwater interactions to sediment transport and morphological 

development in the swash zone, the project also investigates the sediment exchange between the swash 

and surf zone and, related, the dynamics of nearshore bar systems. 

BARDEX II took place over a 3-month period from May to July 2012 in the Delta flume, the 

Netherlands. A total of 58 project days were allocated to the project, comprising 30 days for barrier 

construction and installation of instruments and pumps, 20 experiment days and 8 days for 

decommissioning the experiment. The project was funded under HYDRALAB IV at a total cost of 

€353k and the project was coordinated by Deltares. The academic lead was provided by the 

University of Plymouth (Gerd Masselink, UoP) and, in addition to the technical staff at the facility, 

13 academics, 6 post-docs, 5 PhD students, 4 MSc students and 6 technicians from 8 institutions 

and 6 countries participated in the project. 
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The overall aim of BARDEX II was to collect a near proto-type data set of energetic waves acting on 

a sandy beach/barrier system to improve our quantitative understanding and modelling capability of 

shallow water sediment transport processes in the inner surf, swash and overwash zone. The project 

was structured through 6 work packages (WPs), each with their own set of objectives: 

 WP1 – barrier hydrology: to observe, quantify and model the dynamic groundwater conditions 

within the barrier, subject to varying wave, water-level and back-barrier lagoon conditions (Lead: 

Ian Turner, University of New South Wales UNSW). 

 WP2 – swash and berm dynamics: to examine the relative roles of advected bore- generated 

turbulence versus local boundary layer processes in the full column sediment transport 

processes in the swash zone; to resolve the role of barrier hydrology in controlling equilibrium 

morphological response at the beachface (Lead: Daniel Conley, University of Plymouth UoP). 

 WP3 – swash-surf zone exchange and bar dynamics: to determine and quantify the dominant 

hydrodynamic and sediment transport mechanisms responsible for swash-surf zone sediment 

exchange; to identify key processes responsible for onshore and offshore bar migration (Lead: 

Gerben Ruessink, University of Utrecht UU). 

 WP4 – barrier overwash: to quantify overwash threshold for different wave and water- level 

conditions; to investigate the effect of groundwater gradients on overwash processes; to compare 

overwash processes on sand and gravel barriers (Lead: Ana Matias, University of Algarve 

UAlg). 

 WP5 – Sediment resuspension and bed morphology: to observe and measure vortex resuspension 

processes and bedform dynamics under shoaling and breaking waves; to quantify changes in 

the magnitude and direction of sediment transport (bedload and suspended load) in the region 

just outside the surf zone (Lead: Charlie Thompson, University of Southampton UoS). 

 WP6 – numerical modeling: to further develop and rigorously test advanced process- based 

cross-shore hydro-morphodynamic models that address bar and barrier dynamics, and barrier 

destruction through overwash (Lead: Bruno Castelle, University of Bordeaux UB). 

This paper provides a brief description of the experiment and some preliminary results from each of 

the work packages. A detailed description of the experiment and some initial results has already 

been published in the proceedings of the 2013 International Symposium (Journal of Coastal Research, 

SI 65). A special issue of Coastal Engineering solely dedicated to BARDEX II is in progress and due 

to be published in 2015. 

2. EXPERIMENTAL SET-UP AND INSTRUMENTATION 

A 4.5-m high and 75-m wide sandy barrier was constructed in the Delta Flume with the crest of the 

barrier located at 1.5 m above the default mean sea level (MSL) of 3 m and a lagoon situated to the 

landward (Figure 1). The sand barrier was separated from the lagoon by a permeable wall constructed 

out of a steel mesh (grid size = 0.05 x 0.05 m) shrouded on both sides with two layers of 180 micron 

geotextile cloth (Geolon PE180) to allow water to move freely between back-barrier slope and lagoon, 

but prevent the ingress of sand into the lagoon during overwash tests. Landward of the lagoon, and 

separated by an impermeable gate, a reservoir was located which was used as a water buffer to help 

regulate the water level in the lagoon. To regulate the water levels in the Delta Flume, four computer-

controlled pumps were used: (1) sea to lagoon; (2) lagoon to sea; (3) reservoir to lagoon; and (4) 

lagoon to reservoir. Each pump had a maximum capacity of 50 l s
-1

 and the discharge of the 

pumps between sea and lagoon was recorded to enable quantification of across-barrier water fluxes. 

The barrier was composed of a number of distinct profile sections (Figures 1 and 2): (1) a 1:10 

seaward-sloping concrete toe at x = 24–29 m; (2) a 20-m wide, horizontal section with a 0.5-m thick 

sand layer at x = 29–49 m; (3) a 60-m wide, 1:15 seaward-sloping section at x = 49–109 m; (4) a 5-

m wide crest at x = 109–114 m; and (5) a 10-m wide, 1:5 landward-sloping section at x = 114–124 

m. A 5-m high retaining wall was used to separate the back-barrier slope from a 10-m wide lagoon 

at x = 125–135 m. The lagoon was separated from a large water reservoir that extended from x = 

135 m to the end of the Delta Flume at x = 240 m by an impermeable gate. A suite of instruments 

and sampling devices were deployed during the experiment. An overview of the position of the 

instruments provided by the Delta Flume facility and the project partners is provided in Figures 1 and 

2, respectively, and more information on the instrumentation is used is provided in Masselink et al. (2013). 
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Figure 1 - Delta Flume cross-section with barrier profile at the start of the experiment and location of 

Deltares instrumentation. PT = pressure transducer; EMCM = electromagnetic current meter. Horizontal 

solid line shows the ‘default’ water level used (h = 3 m); horizontal dashed lines show the high and low 

tide ‘sea’ level and the high and low ‘lagoon’ level (h = 2.25 and 3.75 m). The horizontal dotted line 

represents the maximum sea level used for the overwash test series D (h = 4.2 m). Four separate water 

bodies or reservoirs can be distinguished: the area between the wave paddle at x = 0 and the barrier 

(‘sea’); the small region between the barrier crest and the retaining wall at x = 124 m (‘backbarrier’); the 

reservoir from x = 125 to 135 m (‘lagoon’); and the reservoir from x = 135 m to the end of the flume at 

240 m (‘buffer’) (not shown). 

 

 

Figure 2 – Close-up of the barrier showing the locations of the instruments provided to BARDEX II by the 

Project Partners: UNSW = University of New South Wales; UoP = University of Plymouth; UoS = University 

of Southampton; and UU = Utrecht University. The horizontal lines are the same as in Figure 1. BLS = bed-

level sensor; PT = pressure transducer; and GW = groundwater. 

The sediment used to construct the barrier can be classified as a moderately-sorted, coarse-

skewed, medium sand with a small amount of gravel (c. 1%). The median and mean sediment size is 

0.43 mm and 0.51 mm, respectively, and the average sediment fall velocity is 0.046 m s
-1

. The sediment 

used in the experiment was selected to provide sufficient hydraulic conductivity K and porosity P for 

significant horizontal (through-barrier) and vertical (through-bed) groundwater flows (K = 0.0005–

0.001 m s
-1

; P = 0.37–0.42), but not too large a grain size as to inhibit sediment re-suspension and 

nearshore bar formation. 
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3. EXPERIMENTAL PROCEDURE 

3.1 Test programme 

The test programme consists of 19 distinct ‘tests’ with different wave and water level conditions 

making up 5 ‘test series’. The beach-barrier morphology was not reshaped between the different test 

series because, as well as requiring valuable test time, this was impossible without removing most of 

the instrumentation. Table 1 list the different planned tests, while Figure 3 shows the actual test 

conditions encountered. 

Table 1 – Overview of the planned experimental programme during BARDEX II. Hs = significant wave 

height; Tp = peak wave period; hsea = sea level; hlagoon = lagoon level; and Ttest is duration of the test. The 

planned conditions are not identical to actual test conditions (cf. Figure 3). 

Test Hs (m) Tp (s) hsea (m) hlagoon (m) Ttest (min) 

Test series A: Beach response to varying wave conditions and different lagoon levels; 

no tide 

A1 0.8 8 3 3–3.4 320 

A2 0.8 8 3 4.3 200 

A3 0.8 8 3 4.3 180 

A4 0.8 8 3 1.75 200 

A5 0.3–0.8 8–12 3 1.75 17 

A6 0.6 12 3 3 335 

A7 0.6 12 3 4.25 213 

A8 0.6 12 3 1.75 200 

Test series B: Bar dynamics due to different sea levels; no tide 

B1 0.8 8 3 1.75 165 

B2 0.8 8 2.5 1.75 255 

Test series C: Beach response to varying wave conditions with tide (30-min data 

segments) 

C1 0.8, 0.6 8 2.25 → 3.65 1.75 330 

C2 0.8, 0.6 8 3.53 → 2.25 4.25 270 

Test series D: Identification of overtopping/overwash threshold; increase sea level 

until overwash occurs (20-min data segments) 

D1 0.8 4 3.15 → 4.2 1.75 160 

D2 0.8 5 3.45 → 4.05 1.75 100 

D3 0.8 6 3.45 → 3.9 1.75 80 

D4 0.8 7 3.45 → 3.9 1.75 80 

D5 0.8 8 3.45 → 3.75 1.75 60 

D6 0.8 9 3.30 → 3.75 1.75 80 

D7 0.8 10 3.15 → 3.6 1.75 80 

Test series E: Barrier overwash (13-min data segments) 

E   0.8   8   3.9   1.75   65   

The following test series were carried out: 

 Test series A – The objective of this test series was to determine the effect of high and low 

lagoon level, and therefore high and low beach groundwater table, on swash sediment transport 

processes and beach profile development. Two different wave conditions (accretion and erosion) 

and three different lagoon levels (low, medium and high) were used. 

 Test series B – During this test series the effect of lowering the sea level on nearshore bar 

development was addressed. Erosive wave conditions were used and the sea level was lowered by 

0.5 m relative to the default sea level. 

 Test series C – To investigate tidal effects on beach profile development, the beach was 

subjected to a low-high-low tide cycle with erosive wave conditions. The tidal cycle, which 

had a range of 1.5 m and a period of 12 hours, was segmented in 30-min tide steps. To enhance 

the effect of beach groundwater table generally lagging behind the tidal water level, the rising tide 

was executed with a low lagoon level and the falling tide with a high lagoon level. 

 Test series D – During this test series, the water level was incrementally raised by 0.15-m 

intervals for 7 different wave conditions (constant height, but variable period) to achieve a 
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sequence of swash – overtopping – overwash. For each test condition, 20-min of wave action 

was used. 

 Test series E – During this final test series of the experiment, the sea level was set just 

beyond the overwash threshold and the barrier was exposed to consecutive 13-min segments of 

energetic overwash conditions. These conditions resulted in progressive lowering of the bar crest 

and sediment transport across the barrier crest into the back- barrier region. 

 

Figure 3 – Measured significant wave height Hs, peak wave period Tp, mean sea level hsea and mean lagoon 

level hlagoon for all BARDEX II tests. The measured wave conditions were based on the first 512 data points 

of every test (c. 8 min) of the PT sensor deployed at x = 36.2 m. The pressure data were corrected for depth 

attenuation using linear theory and a frequency cut-off based on the peak frequency and the water depth, but 

the signal was not separated into the incoming and outgoing signal. Significant wave height was simply 

determined as four times the standard deviation of the time series. The mean sea level and the lagoon level 

were computed over the complete test using the mean of the PT sensor deployed at x = 36.2 m and 140 

m, respectively. Test A5, which involved 8 short sequences of mono- and bi-chromatic wave action (2 min 

each) was conducted between tests A3 and A4. 

3.2 Wave steering and tidal signal 

For irregular waves, the wave paddle steering signal was a JONSWAP spectrum specified using 

significant wave height Hs and peak wave period Tp with a peak-enhancement factor γ of 3.3. The 

Automated Reflection Compensator (ARC) was deployed at all time to avoid seiching in the flume. 

To enable comparison between different tests within the same test series, for tests with the same 

wave forcing (Hs and Tp), the identical wave steering signal was used. The wave steering signals 

were segmented into separate ‘runs’ to allow frequent interruption of the wave forcing for beach 

profile measurement, and also for instrument maintenance to ensure that near-bed measurements were 

being made. 

Accretionary and erosive wave conditions were used. It was the intention to start with accretionary 

wave conditions (Hs = 0.8 m; Tp = 8 s), followed by erosive wave conditions (Hs = 1 m; Tp = 4 s). 

However, due to the sediment size being significantly finer than planned, the ‘accretionary’ wave 
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condition (tests A1–A4) resulted in beach erosion; therefore, the second wave condition, which was 

supposedly erosive (tests A6–A8), was modified (Hs = 0.6 m; Tp = 12 s). The deep water wave 

steepness values H/L for the accretionary and erosive conditions are 0.003 and 0.008, respectively. 

Assuming a sediment fall velocity of 0.046 m s
-1

, the accretionary and erosive wave conditions 

represent dimensionless fall velocities Ω = Hs/wsTp of 1.1 and 2.2, respectively. 

During test series A, a several hour long erosive and accretionary wave steering signal was made for 

a water depth of h = 3 m. During the tests, this long wave steering signal was divided in periods 

of variable length to allow for beach profiling and instrument adjustment between the periods of wave 

forcing. During most tests of test series A, irregular wave action was followed by 5 minutes of 

monochromatic waves and 15 minutes of bi-chromatic waves. Except for the first mono- and bi-

chromatic tests, which were too energetic, the mono- and bi-chromatic wave heights were selected 

to ensure that the wave energy associated with these signals was the same as that for the random wave 

signal. For test series B, the erosive wave signal was used, but wave steering was adjusted for 

reduced water depth during test B2.  

During test series C the sea level was varied to simulate a tidal cycle. The tidal signal was a ‘proper’ 

sinusoid with an amplitude of 0.75 m and a period of 12 hrs, but the signal was ‘cut’ into 30-min 

segments, each with a constant water depth. The maximum difference in water level between two 

consecutive 30-min segments was 0.2 m. The JONSWAP wave steering signal for each segment 

was identical, although adjusted for water depth, to ensure that any recorded morphological 

changes were not due to changing wave conditions. It was observed that as high tide was 

approached, overtopping started to occur; therefore, Hs was decreased from 0.8 m to 0.6 m, and the 

four planned segments at and around high tide were not executed. Some wave breaking off the paddle 

occurred during the lower water levels (also during test B2). 

During test series D, each segment had 20 min of wave action and water depth was increased in 0.15-

m intervals until overwashing occurred. The wave sequence was identical for each run, but the 

wave steering signal was adjusted for changing water depth and wave period. During test series E, 

the barrier was subjected to overwash conditions with a constant water level and wave forcing. The 

erosive wave steering signal was used during test series E, but only in 13-min segments. 

4. SOME PRELIMINARY RESULTS 

A complete volume of Coastal Engineering will be dedicated to BARDEX II; therefore, only a sample 

of the key results are presented here. 

4.1 Barrier hydrology 

The dynamics of groundwater at the land-ocean boundary has important implications to the exchange 

of water, nutrients and pollutants between the ocean and coastal aquifers, and varying groundwater 

levels may induce differing morphological response (erosion versus accretion) at the beachface. 

The left panels of Figure 4 summarise the water table profile derived from groundwater well data for 

test A4 to illustrate the groundwater conditions that were observed when the lagoon was held at the 

lowered level of 1.75 m (-1.25 m relative to the sea level). The location of each well is indicated along 

the x-axis of the lower panel, along with the initial and final water table profiles derived from the 

cross-shore transect of wells. As anticipated, the action of waves resulted in a mounding of 

groundwater adjacent to the beachface. This over-height is quantified in the upper panel. Relative to 

the condition of lowered lagoon and no waves, a maximum water table over-height of the order of 

0.8 m was observed at the end of the period of irregular waves, corresponding to the same order as the 

significant wave height.  

For comparison, the right panels of Figure 4 show water table profiles through the barrier for test A2, 

where the sea and wave conditions were otherwise identical, but with the lagoon level at 4.3 m (+1.3 

m relative to the sea level). Again the presence of a distinctive mounding of the water table profile 

beneath the beachface is present, but in contrast to the lowered lagoon case, this over-height was 

reduced to about 0.3 m, or 40% of the significant wave height. For comparison, during test A1 (not 

shown), where the sea and lagoon levels were equal, the water table over-height was 0.6 m, or 75% of 

the significant wave height. 
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Figure 4 – Mean water table profile derived from groundwater well data during test A4 (lagoon level at 1.75 m, 

which is 1.25 m below the sea level; left panels) and during test A2 (lagoon level at 4.3 m, which is 1.3 m above 

the sea level; right panels). The lower panels show the barrier cross-section (orange) with the water table profile 

with (blue line) and without waves (black dash-dot line). The upper panels show the mounding of groundwater 

adjacent to the beachface water table due to wave action, referred to as over-height. 

4.2 Morphological development 

The morphological evolution of the BARDEX II beach-barrier system was considered over 3 distinct 

scales: (1) barrier development, which represents the evolution of cross-shore profile (bar/berm 

generation and dynamics), and cross-shore sediment exchange; (2) bedforms dynamics, which 

includes changes in bedform dimensions (height and length) across the profile and with changing 

wave conditions; and (3) evolution of the swash zone due to net change over a swash cycle and bed 

change within a swash cycle. The main results concerning barrier evolution are presented in Figure 5. 

  

Figure 5 – Summary of 

morphological evolution of the 

beach-barrier system: (a, e) profile 

evolution; (b, f) bed perturbations; 

(c, g) transports estimated from 

profile evolution; and (d, h) 

fraction of breaking waves 

estimated from the video 

recordings. Erosive conditions are 

in the left column; accretionary 

conditions are in the right column.  

The lines in the left column are t = 

0 (black solid), t = 90 (black 

dashed), t = 440 (solid gray) and t 

= 840 (dashed gray) minutes. The 

sandbar evolved rapidly during the 

first 90 minutes and remained 

unaltered (= equilibrium) from t = 

440 minutes onward. On the right, t 

= 840, 1115, 1345 and 1665 

minutes (same order of lines). Note 

how now there is no sign of 

equilibrium.    

During the erosive waves (tests A1–A4), a sandbar formed in the outer surf zone. The sandbar resulted 

from gradients in the offshore (undertow-induced) transport; there was no detectable onshore transport 

from offshore and no loss of sediment from the beach above the still water level. A minor berm 

actually formed in the upper swash zone (Figure 5a, b). During the subsequent accretionary waves a 

considerable portion of the sand in the bar zone ended up in the swash zone to build a prominent berm. 

The growth in berm volume was approximately linear with time and there were no obvious changes in 
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growth rate as a function of the lagoon level (Figure 5e, f). The changes during test series B and C 

were, on the whole rather minor and were largely restricted to the remains of the sandbar. Every 

condition with a fraction of breaking waves of 30 to 60% resulted in offshore sandbar migration, while 

lower fractions resulted in onshore migration. Sandbar dynamics also appeared to be unrelated to 

lagoon level. Preliminary modelling results further indicated that wave asymmetry (and not wave 

skewness) is key to predicting the onshore migration. 

4.3 Boundary layer in the swash zone 

Very high-resolution velocity measurements were made in the boundary layer in the swash zone using 

Vectrino II acoustic current meters. Each of these instruments measures the flow velocity at 1-mm 

resolution over a 3-cm vertical range. Three of these instruments were deployed very close together to 

measure the velocity profile from z = 0–0.03 m, 0.02–0.05 m and 0.04–0.07 m, where z = 0 represents 

the bed level. Data from the lowest deployed Vectrino II were used to investigate the velocity profile 

for the region z = 0–0.02 m from the bed. Following careful data de-spiking and event selection, a 

large number of individual swashes were used to derive an ensemble-averaged swash event, and the 

evolution of the velocity profile during the uprush and backwash phases of this swash event is shown 

in Figure 6.  

 
Figure 6 – Ensemble-averaged swash event: (a) water depth z; (b) cross-shore velocity time series u measured 

0.02 m from the bed; (c) and (d) vertical profile of the cross-shore velocity u extracted every /16 radians. 

The grey lines are the best fit lines of the logarithmic (law-of-the-wall) model extended up to 0.02 m (c) and 

across the thickness of the boundary layer (d), where the boundary layer thickness is defined as that part of the 

velocity profile where the r
2
 of the logarithmic fit is > 0.9. 
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The vertical velocity profile in a turbulent boundary layer is logarithmic (law-of-the-wall) and the 

logarithmic model was fitted to the ensemble-averaged velocity profiles, enabling the derivation of 

bed shear stress and friction factor. The results are quite sensitive to the thickness of the boundary 

layer and in Figure 6c the boundary layer thickness  is considered constant ( = 0.02m) over the 

swash cycle, whereas in Figure 6d,  is consider to vary over the swash cycle. Notably, is seen to 

thicken over the duration of the backwash; this is sensible, because the boundary develops from 

flow reversal to the end of the backwash. 

Assuming a constant boundary layer thickness (as in Figure 6c), the logarithmic model provides a bed 

shear stress which varies from a maximum value of 8 N m
-2

 observed during the early phase of the 

uprush to a negative maximum of -14 N m
-2

 towards the end of the backwash. However, including the 

boundary layer growth during the backwash (as in Figure 6d), yields larger values of the bed shear 

stress during the first half of the backwash. The difference in bed shear stress affects the computation 

of the friction factor. Extending the logarithmic model fit up to 0.02 m yields an almost constant 

friction factor of c. 0.025. On the other hand, the larger bed shear stresses observed during the early 

backwash yield larger friction factors after flow reversal. In fact, a friction factor decreasing from 

0.065 to 0.02 is observed in correspondence of a growing boundary layer during backwash. 

4.4 Overwash dynamics 

The final test series E during BARDEX II was focussed on gaining insight into the barrier overwash 

process and provided a complimentary data set to the overwash data obtained using a gravel barrier 

during BARDEX in 2008. Figure 7 compares the evolution of the two overwash data sets where it is 

noted that the wave and water level conditions (in terms of barrier freeboard) during both experiments 

were very similar. During both experiments, overwash causes, and is in fact defined by, a lowering of 

the crest of the barrier; however, the rate of barrier crest lowering is significantly greater for the gravel 

barrier. Another significant difference between morphologic response of the sand and gravel barriers is 

that the seaward face of gravel barrier flattens during overwash, whereas the sandy barrier retreats 

whilst maintaining a steep profile. 

 
Figure 7 – Evolution of the barrier cross-shore profiles during overwash test series E during BARDEX II 

(left panel) and E10 during BARDEX in 2008 (right panel). Water levels on the ‘sea’ side (paddle side, to the 

left) and ‘lagoon’ side on BARDEX 2008 are represented by dash-lines. 
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4.5 Numerical modelling 

Different types of morphodynamic models were developed and validated using the BARDEX II data 

set, including phase-resolving and phase-averaging approaches to deal with the wave motion. In 

Figure 8 a particularly challenging beach evolution sequence is modelled using XBeach. During this 

test (D1), a constant wave forcing was used (Hs = 0.8; Tp = 4 s), but the sea level was raised in 0.15-m 

increments. The beach response was characterised by ongoing berm erosion (even cliffing) and 

nearshore bar construction, and this morphological response was effective in curtailing the wave runup 

and postponing overwash from occurring. XBeach did a remarkably good job in reproducing the 

observed profile response and only required minor calibration relative to the default tuning parameters. 

Less encouragingly, best fit model coefficients different slightly from one test series to another, which 

reflects shortcomings in the physics underpinning the model. 

 
Figure 8 – Comparison between measured (left panel) and XBeach-predicted (right panel) beach evolution 

during test D1. During the test, wave conditions were kept the same, but the water level was increased in 

0.15-m increments, represented by the different line colours. 

5. CONCLUSIONS 

Overall, BARDEX II was very successful, and a comprehensive and high-quality data set was 

collected in this large-scale laboratory experiment. It is hoped and expected that the BARDEX II 

team, as well as other researchers, will use these data to provide fundamental new information and 

understanding on cross-shore sediment transport processes in the nearshore zone of sandy beaches. 
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