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ABSTRACT 
 

 

Matias, A., Masselink, G., Kroon, A., Blenkinsopp, C., and Turner, I.L., 2013. Overwash experiment on a sandy barrier 

In: Conley, D.C., Masselink, G., Russell, P.E. and O’Hare, T.J. (eds.), Proceedings 12
th
 International Coastal 

Symposium, Journal of Coastal Research, Special Issue, No. 65, pp. 778-783 Plymouth, England, ISSN 0749-0208. 

This paper uses results obtained from the large-scale BARDEX II experiment undertaken in the Delta flume to 

investigate the morphological response of a prototype sandy barrier to wave and tidal forcing during overwash 

conditions. Since overwash processes are known to control short-term barrier dynamics and long-term barrier 

migration, the development of a robust quantitative method to define the critical conditions leading to barrier overwash 

is important both for scientific and practical management purposes. The Overwash Potential (OP), defined as the 

difference between the wave runup and the barrier elevation is used to define the overwash threshold condition, and to 

predict the morphological outcome of a particular overwash event. When OP is negative, wave runup is lower than the 

barrier crest and insignificant morphological changes are noticed at the barrier crest. When OP is positive, overwash 

occurs because predicted runup elevation is higher than the barrier crest. When OP is close to zero, overtop is expected 

with limited intrusion of water across the top of the barrier crest. To make effective use of OP it is necessary to identify 

a reliable runup predictor. Twelve runup equations were tested for this purpose, and the results were compared with the 

ones obtained using data from BARDEX experiment on a gravel barrier. A most reliable approach for the determination 

of OP for sandy barrier was similar to gravel barrier overwash experiments, with runup predictions provided by the 

equation of Stockdon et al. [Stockdon, H.F., Holman, R.A., Howd, P.A.,Sallenger, A.H., 2006. Empirical 

parameterization of setup, swash, and runup. Coast. Eng., 53, 573-588]. This is striking, since different runup predictors 

would have been expected because beach slope, hydraulic conductivity, grain-size, amongst other factors, differ for 

both types of barriers. Nevertheless, the two main morphologic characteristics for the computation of OP are beach 

slope and the barrier crest elevation, both accounted for in the proposed equation. The use of OP values provides a 

practical means by which to identify potential coastal hazards associated with barrier overwash processes and is 

considered to have a range of practical coastal management applications. 

ADDITIONAL INDEX WORDS: Runup, storm, BARDEX, coastal hazards. 

 

INTRODUCTION 
Overwash associated to major storms may seem catastrophic; 

however, from a longer term point of view (hundreds of years), 

overwash can be considered as a nearly continuous process, 

shaping and reshaping the barriers (Leatherman, 1988). Where 

overwash is allowed to occur, the net volume of sand is often 

maintained, but the environments translate shoreward (Dolan and 

Godfrey, 1973). Overwash occurs both on sandy barriers and 

gravel barriers. Field studies of overwash on sand environments 

are more frequent (e.g., Leatherman, 1976; Bray and Carter, 1992; 

Holland et al., 1991; Matias et al., 2010) then on gravel 

environments. Nevertheless important field studies on gravel 

barriers are reported by Orford et al. (1999), Lorang (2002), 

Orford et al. (2003) and Bradbury et al. (2005). Overwash mainly 

occurs during storms and accurate field measurements are 

therefore hazardous and difficult to obtain. Large-scale flume 

experiments can provide a valuable complement to field datasets. 

Although many laboratory experiments have been conducted for 

sediment transport in the swash or surf zone, experiments on 

overwash are only a few: Obhrai et al. (2008), Donnelly (2008), 

Alessandro et al. (2010), Park and Edge (2010), and Williams et 

al. (2009). The latter paper describes the results of the BARDEX 

project, focused on Delta flume experiments with a gravel beach. 

The wave heights of previous experiments ranged from 0.14 m to 

0.33 m, whereas BARDEX experiment simulated overwash with 

waves that reached 1.0 m at breaking (Matias et al., 2011). 

Therefore, BARDEX and currently BARDEX II, similar delta 

flume experiment with a sandy beach are the most realistic large 

scale experiments on overwash. Details about BARDEX overwash 

experiment can be found in Matias et al. (2012) and Williams et 

al. (2012). 

Accurate prediction of the occurrence and morphological 

consequence of overwash is of obvious importance for coastal 

flood risk assessment and management (Matias et al., 2008). In 

this work, results from overwash simulations on a sandy barrier 
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are described and serve the basis for the determination of 

overwash threshold. The results will be compared with those on a 

gravel barrier (BARDEX). 

EXPERIMENTAL SET-UP AND METHODS 
Experiments to study sand barrier overwash were undertaken at 

proto-type scale in the Delta flume (The Netherlands) during 

BARDEX II project (Masselink et al., 2013). A barrier (95 m 

long, 5 m wide and 4.5-m high) composed of sand (D50 = 0.42 

mm) was constructed in the flume (Figure 1) with the mid-barrier 

crest located at a distance of x=110 m from the wave paddle. The 

flume volume between the barrier and the wave paddle (hereafter 

called ‘sea’) was filled to a depth of hs and the region behind the 

barrier (hereafter called ‘lagoon’) was filled to a fixed depth of 

1.75 m (only for overwash experiments).  

The morphological response of the barrier due to overwash was 

studied by exposing the barrier to variable wave and sea-level 

conditions. Test Series D consisted of seven sequences (D1 to D7; 

Table 1), each comprising a number of 20-min wave runs. During 

each series hs was gradually increased in steps of 0.15 m to 

achieve a sequence of swash – overtop – overwash. Significant 

wave height (Hs) remained constant at 0.8 m, because waves 

larger than this were observed to break further offshore resulting 

in reduced overwash. Peak wave period (Tp) ranged from 4 s to 

10 s. In test Series E, sea level and waves were kept constant 

(Table 1) to study the morphological response of the barrier under 

fully developed overwash conditions.  

 

 
Figure 1. Overwash over the crest of the sand barrier in the Delta 

Flume. (a) Detail of the overwash flow over the barrier crest, 

located at the first stick at the right; (b) Overview from the 
landward dipping barrier surface towards the waves.  

 

A large number of instruments were deployed during the 

overwash experiments (described in Masselink et al., 2013, Figure 

1). For the purpose of this study those measurements will not be 

regarded. Barrier morphology was surveyed before and after each 

run, using a roller and actuator which followed the bed profile 

from an overhead carriage, thereby allowing profile measurement 

of the subaerial and submerged part of the beach. For all runs, the 

position and elevation of the barrier crest (hc) were determined, 

whereby the crest was defined as the location of the profile with 

maximum elevation. Beach slope was calculated for the barrier 

section between mean water level and the base of the barrier crest.  

The likelihood of overwash occurrence is defined by the 

overwash potential, OP (Matias et al., 2012): 

 

cchigh hRhROP  2     (1) 

where Rhigh is the highest elevation of the landward margin of 

swash relative to a fixed vertical datum (Sallenger, 2000), hc is the 

barrier crest elevation, R2 is the 2% exceedance level for vertical 

runup, including setup and swash, and η is sea level. BARDEX II 

results were used to investigate the applicability of a large number 

of wave runup predictors (R2), similarly to what was done with 

data from BARDEX experiment (Matias et al., 2012). The wave 

runup equations that were tested in this study can be found in 

Hunt (1959), Guza and Thornton (1982), Holman (1986), Mase 

(1989), Powell (1990), Nielsen and Hanslow (1991), van der Meer 

and Stam (1992), Komar (1998), Ruggiero et al. (2001), Lorang 

(2002), Hughes (2004) and Stockdon et al. (2006). The 

description of each equation can be found in Matias et al. (2012).  

 

Table 1.  Overwash experimental programme. Hs = significant 

wave height; Tp = peak wave period; hs = water depth in the 

sea. 

Test Hs (m) Tp (s) hs (m) Process 

D11 0.8 4 3.15 swash 

D12 0.8 4 3.30 swash 

D13 0.8 4 3.45 swash 

D14 0.8 4 3.60 overtop 

D15 0.8 4 3.75 overtop 

D16 0.8 4 3.90 overtop 

D17 0.8 4 4.05 overtop 

D18 0.8 4 4.20 overwash 

D21 0.8 5 3.45 swash 

D22 0.8 5 3.60 swash 

D23 0.8 5 3.75 overtop 

D24 0.8 5 3.90 overtop 

D25 0.8 5 4.05 overwash 

D31 0.8 6 3.45 swash 

D32 0.8 6 3.60 overtop 

D33 0.8 6 3.75 overtop 

D34 0.8 6 3.90 overwash 

D41 0.8 7 3.45 swash 

D42 0.8 7 3.60 overtop 

D43 0.8 7 3.75 overtop 

D44 0.8 7 3.90 overwash 

D51 0.8 8 3.45 overtop 

D52 0.8 8 3.60 overtop 

D53 0.8 8 3.75 overwash 

D61 0.8 9 3.30 swash 

D62 0.8 9 3.45 overtop 

D63 0.8 9 3.60 overtop 

D64 0.8 9 3.75 overwash 

D71 0.8 10 3.15 overtop 

D72 0.8 10 3.30 overtop 

D73 0.8 10 3.45 overtop 

D74 0.8 10 3.60 overwash 

E1 0.8 8 3.90 overwash 

E2 0.8 8 3.90 overwash 

E3 0.8 8 3.90 overwash 

E4 0.8 8 3.90 overwash 

 

The majority of these equations have been derived for sandy 

beaches (Guza and Thornton, 1982; Holman, 1986; Nielsen and 

Hanslow, 1991; Komar, 1998; Ruggiero et al., 2001; Stockdon et 

al., 2006). However, the equations of Hunt (1959), Mase (1989), 

van der Meer and Stam (1992), and Hughes (2004) were 

developed for engineering structures and Powell (1990) and 

Lorang (2002) were developed for gravel beaches. Equations for 

all cases will be tested, because the results of BARDEX II will be 

compared with those from BARDEX. 

The ability of the runup equations, and hence overwash 

potential, to distinguish between the occurrence of overwash and 

swash was assessed using confusion matrices (Kohavi and 

Provost, 1998). In binary frameworks, accuracy, relates to the 
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capability of a given runup equation to distinguish between 

overwash and swash situations, and is expressed as: 

 










overwashoverwashswashswash

overwashswash

NNNN

NN
100accuracy   (2) 

where N+ is the number of true predictions and N- is the number of 

false predictions. In addition, sensitivity and specificity quantify 

the ability of a given equation to predict observed overwash and 

swash events, respectively, and are expressed by: 








swashoverwash

overwash

NN

N
100ysensitivit    (3) 








overwashswash

swash

NN

N
100yspecificit    (4) 

Accuracy, sensitivity and specificity values are used to identify 

the most suitable runup equation for the BARDEX II tests 

examined here. 

 

RESULTS AND DISCUSSION 
A significant barrier crest retreat of about 5 m occurred during 

test series D and E of BARDEX II, particularly during D1 and E. 

The barrier crest elevation during overwash experiments, which is 

the crucial quantity for the definition of the overwash threshold, is 

presented in Figure 2 for experiments on sand (a) and gravel (b). 

During the entire test series D, the barrier crest elevation only 

varied between 4.65 m and 4.83 m above flume floor, and 

decreased to 4.62 m during series E (Figure 2). Crest elevation 

varied between 3.80 m and 4.94 m during BARDEX overwash 

experiment on gravel barrier (Figure 2). Consistently, during 

BARDEX a crest elevation increase was noticed when the water 

intrusion over the barrier crest was small. This defines an overtop 

regime as already identified for gravel barriers by Orford and 

Carter (1982). Conversely, either barrier crest top accreted (47%) 

or eroded (53%) during BARDEX II experiment, when the 

overwash intrusion was small. Therefore, overtop regime could 

not be identified by morphologic criteria; it was rather defined by 

visual observations of water intrusion distance during the 

experiment. In the same way, overwash regime did not 

systematically cause a decrease of the barrier crest. For example, 

during overwash of series D64 (Figures 2 and 3), the barrier crest 

elevation increased, as noticed also during run E1. However, 

during most runs of series E overwash lead to a barrier elevation 

decrease. The results of BARDEX II indicate that on sandy 

barriers, overtop it is not a process on its one, but an initial state of 

overwash. The distinction between overtop and overwash will be 

kept on this study, as overtop provides a threshold condition for 

the beginning of water intrusion on top of the barrier and it is 

therefore useful to determine overwash potential estimates 

precision.  

During test series D and E, average beach face slope was 0.2, 

with the steepest slope during D1 (0.34), coincident with a retreat 

of the barrier crest, and the gentler during D2 (0.12). The Irribaren 

number (ξ) varied between 0.9 and 2.7, and surf scaling parameter 

() varied between 1.4 and 12.4. During D1 and D2, a subdued 

nearshore bar developed around x = 80 m, but after D31 the bar 

became less noticeable (Figure 3). On the barrier top very small 

morphologic changes were noticed during runs dominated by 

swash and overtop processes. When overwash was recorded, the 

barrier top either accreted, or eroded. This was because even slight 

alongshore variations in elevation promoted overwash flow 

concentration. This concentration induced a channel scoured 

through the top of the barrier and sediments were transported 

landward. After each run, the backbarrier morphology was 

manually reconstructed to fill these channels and to level, as much 

as possible, the barrier top and backbarrier slope. 

 
Figure 2. Crest elevations for the sandy barrier during BARDEX 

II (a) and for the gravel barrier during BARDEX (b). Codes refer 
to a number of specific runs. Each dot represents a run.  

 

During BARDEX II the backbarrier morphology did not match 

what would be expected in nature. The vertical retaining wall that 

was used to separate the barrier from the lagoon reduced the 

available space to accommodate overwash sedimentation and 

retained part of the overwash water that reached the backbarrier. 

As a consequence, pooling had to be technically solved in order to 

continue the experiments. Therefore, only the foreshore and 

barrier top morphologies are realistic during these overwash 

experiments.  

 

 
Figure 3. Barrier cross-shore profiles from test series D6 (a) and 

E (b). Water levels on the ‘sea’ side (paddle side, to the left) are 

also represented in dashed-lines.  

 

Swash and overtop processes dominated test series D and 

overwash occurred through test series E. During the 37 runs in test 



 

 

Journal of Coastal Research, Special Issue No. 65, 2013 

 Overwash experiment on a sandy barrier 781 

series D and E, overtop was recorded in 17 runs and overwash in 

12 runs. During the remaining 8 runs, wave runup did not reach 

the barrier crest and swash action only affected the beach face.  

The computation of overwash potential (OP, eq. 1) requires 

consideration of beach slope, wave height, wave period and tidal 

level, combined in different ways according to the several runup 

equation. The results of OP are shown in Figure 4. The line OP=0 

indicates overtop conditions, i.e. when the runup and the barrier 

crest elevations are similar, and therefore water intrusion over the 

crest is reduced. Negative values should correspond to the swash 

regime and those above the line should correspond to the 

overwash regime. The equations of Mase (1989, eq. D in Figure 4) 

and Hughes (2004, eq. K) clearly overestimate observed runup, 

whereas those of Guza and Thorton (1982, eq. B) and Lorang 

(2002, eq. J) underestimate runup. In contrast, the equations of van 

der Meer and Stam (1992, eq. G), Ruggiero et al. (2001, eq. I) and 

Stockdon et al. (2006, eq. L) are performing very well by correctly 

predicting the occurrence of swash and overwash.  

During overtop regime, OP values closest to zero provide the 

best estimates, therefore an average OP close to zero is indicative 

of the predictor precision. Results from precision are presented in 

Table 2. The greatest precisions are obtained using estimates of R2 

from van der Meer and Stam (1998), Stockdon et al. (2006) and 

Ruggiero et al. (2001).  

The ability of the runup equations to distinguish between the 

occurrence of overwash and swash was assessed with the results 

of sensitivity, specificity and accuracy (Table 2). The estimates 

with lower accuracy where those of Lorang (2002), Mase (1989) 

and Hughes (2004). Eight of the twelve predictors are very 

sensitive (100%) because they predict all overwash cases. 

However, most predictors have poor specificity as they predict 

overwash in cases where only swash processes occurred.  

As an overall assessment, for the present study the equations 

that appear to perform best are those of van der Meer and Stam 

(1998), Ruggiero et al. (2001), and Stockdon et al. (2006). The 

predictors have accuracy  90% and -0.25 m < precision < 0.25 m. 

Ruggiero et al. (2001) provides negative average OP for overtop 

situations and does not predict 100% of overwash situations, 

which in a conservative perspective is not recommendable. Van de 

Meer and Stam (1992) developed the runup equations using flume 

tests on smooth and rock slopes of coastal structures, with two 

expressions: one for gentle slopes and another for steeper slopes. 

Stockdon et al. (2006) expression was developed using data 

compiled from ten field experiments ranging from dissipative 

(ξ<0.3) to reflective (ξ=22) beaches. 

Similar tests for overwash threshold methods were undertaken 

with data collected during BARDEX experiment, on a gravel 

barrier, described in detail in Matias et al. (2012). Accuracy and 

precision of the runup estimates was better for the sandy barrier 

cases than for the gravel barrier cases (cf. Matias et al., 2012). 

From the three equations that had smaller accuracy for sand, two 

were equations developed for gravel (Powell, 1990, and Lorang, 

 
Figure 4. Overwash potential using runup values obtained with the several equations: eq. A from Hunt (1959); eq.B from Guza and 

Thornton (1986); eq.C from Holman (1986); eq.D from Mase (1989); eq.E from Powell (1990); eq.F from Nielsen and Hanslow 

(1991); eq.G from van der Meer and Stam (1992); eq.H from Komar (1998); eq.I from Ruggiero et al. (2001); eq.J from Lorang 
(2002); eq.K from Hughes (2004); and eq.L from Stockdom et al. (2006). Dot=swash sit, cross=overtop, circle=overwash. 
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2002). Surprisingly, the precision of the two data sets for each of 

the equations is similar. The least precise equations are the same 

for both cases, with OP values of more than 1 m for overtop 

situations. Results from the gravel barrier experiment suggested 

that the Stockdon et al. (2006) equation was the best predictor of 

runup. The same expression is suggested for sand barrier because 

it is an accurate and precise predictor, it was developed using field 

data from beach experiments and its applicability range is broader. 

 

Table 2. Accuracy and precision of several equations in prediction 

of swash, overtop and overwash regimes. Eq. = Equation 

character; Sens.= Sensitivity; Spec. = specificity; Accur. = 

Accuracy. 

 Eq. Sens. 

(%) 

Spec. 

(%) 

Accur. 

(%) 

Precision 

(m) 

Hunt, 1959 A 100 50 80 0.48 

Guza and 

Thornton, 1982 

B 8 100 80 -0.47 

Holman, 1986 C 100 50 80 0.38 

Mase, 1989 D 100 0 60 1.30 

Powell, 1990 E 100 38 75 0.56 

Nielsen and 

Hanslow, 1991 

F 75 100 85 -0.29 

van der Meer 

and Stam, 1992 

G 100 88 95 0.18 

Komar, 1998 H 100 63 85 0.33 

Ruggiero et al., 

2001 

I 83 100 90 -0.24 

Lorang, 2002 J 0 100 40 -1.05 

Hughes, 2004 K 100 0 60 1.34 

Stockdon et al., 

2006 

L 100 75 90 0.22 

 

Therefore, OP is given by the same equation for sand and gravel 

barriers as  

c

2
oo

oo

h

2

]004.0)(tan563.0(LH[
LHtan35.01.1OP



























 (5) 

where tanβ is the beach slope, Ho is the deep-water wave height, 

and Lo is the deep-water wave length.  

According to OP threshold defined by equation 5, the worst case 

scenario considering only the sand barrier experiment results, is to 

predict that only swash processes will affect the barrier when 

actually overtop is occurring. This was the case of runs D23 and 

D32 (Table 1), when overtop was limited, and negligible 

morphological variations were noticed on the barrier top. 

Overwash must have sufficient depth and velocity to transport 

sediments efficiently to the backbarrier. Additionally, overwash 

must overcome fluid loss through infiltration into the barrier 

sediments. In this respect, OP should exceed zero during 

overwash. The application of OP to the gravel barrier did not show 

this lag effect, but it exists in sand barrier estimates with overwash 

starting only when OP>0.4 m (Figure 4). 

The single expression was not expected to provide good results 

for both sand and gravel barriers, because sediment properties and 

barrier morphology are different in more than one way. The beach 

is generally more reflective in gravel beaches; BARDEX gravel 

beach had an average slope of 0.27 (range between 0.22 and 0.35, 

excluding the extreme overwash and inundation runs) whereas for 

BARDEX II beach the average slope was 0.22 (range between 

0.13 and 0.34, excluding series E). The barrier crest elevation 

during BARDEX gravel experiment varied between 4.5 m and 4.9 

m above flume floor (Figure 2), whilst during BARDEX II the 

crest varied between 4.6 m and 4.8 m (Figure 2). Sediment grain-

size was the most contrasting property between both experiments: 

D50 of BARDEX was 11 mm and of BARDEX II was 0.42 mm. In 

terms of hydrodynamic variables, BARDEX experiment waves 

were generally higher (1.0 m for 35/63 runs) than BARDEX II 

(always with Hs=0.8 m), and Tp was in the same order of 

magnitude: between 4.5 s and 8 s during BARDEX and 4 s and 

10 s for BARDEX II experiment. The tide level varied between 

3.0 m and 3.75 m for BARDEX and between 3.15 and 4.2 m for 

BARDEX II. During overtop situations, which are the more 

specific, average freeboard (i.e. the vertical distance between the 

crest elevation, hc, and the tidal level, hS), were 1.1±0.3 m for sand 

experiment and 1.4±0.3 m for the gravel experiments. From the 

above, it can be concluded that in spite the significant grain-size 

differences between gravel and sand barriers, variables used to 

compute OP have a similar range. The most important 

morphological variables for overwash occurrence are beach slope 

and barrier crest, both considered in the computation of OP. This 

can explain why Stockdon et al. (2006) runup equation is a good 

predictor for the computation of OP both in sand and gravel 

barriers, and even more surprisingly with similar accuracy and 

precision levels (gravel: accuracy of 92%, average precision of 

0.20 m; and sand: accuracy of 90%, average precision of 0.22 m).  

For management purposes, Overwash Potential is accurate in 

distinguishing swash and overwash, and is particularly useful for 

researchers and managers that have limited datasets and resources 

and that are not familiar with profile modeling tools (e.g. 

SBEACH, Larson et al., 2005; LOBARM, Tuan et al., 2007; 

XBEACH, Roelvink et al., 2009). A comparison between 

BARDEX II results and overwash field results is still to be done in 

order to verify scaling effects, to consider more energetic waves, 

and to broaden the range of beach properties. 

 

CONCLUSIONS 
The paper has reported the morphological response of a 

prototype sandy barrier to carefully controlled wave and tidal 

forcing during overtop and overwash conditions. 

Overwash potential has been computed using runup estimates 

obtained from twelve equations developed for sandy beaches, 

gravel beaches and engineering structures. A critical assessment of 

the precision and accuracy of existing equations has been 

undertaken using data from overwash experiments in the 

BARDEX project. The most accurate distinction between swash 

and overwash regimes and the most precise predictor of overtop 

has been obtained with the overwash potential computed with van 

der Meer and Stam (1992) and Stockdon et al. (2006) runup 

equations. Stockdon et al. (2006) is the best predictor that serves 

both sand and gravel beaches. 

Shortcomings in the application of OP may arise from local 

inherent variability in field conditions, such as porosity, grain size, 

nearshore and foreshore features. Also, because field and 

laboratory conditions differ in scale, OP defined thresholds may 

be slightly different. OP has application in a variety of coastal 

management issues, such as emergency beach re-profiling works, 

beach recharge schemes, regional flood mapping, insurance 

valuations and the implementation of appropriate conservation 

measures for sensitive back-barrier environments. 
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