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Based on numerical modelling evolution of beach under waves with height 1,0-1,5 m and 
period 7,5 and 10,6 sec as well as spectral wave parameters varying cross-shore analysed. 
The beach reformation of coastal zone relief is spatially uneven. It is established that upper 
part of underwater beach profile become terraced and width of the terrace is in direct pro-
portion to wave height and period on the seaward boundary but inversely to angle of wave 
energy spreading. In addition it was ascertain that the greatest transfiguration of profile 
was accompanied by existence of bound infragravity waves, smaller part of its energy and 
shorter mean wave period as well as more significant roller energy.  
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I. INTRODUCTION 
The dynamic of nearshore beach relief is complicated process and, especially on short 

timescales, heavily depends on waves and its features of cross-shore propagation. During the 
evolution in coastal zone waves transform under non-linear dispersive processes, what can lead 
to variability of individual wave parameters [1]. Also the underwater profile forming can be af-
fected by periodical energy exchange between non-linear harmonics of wave movement appear-
ing during wave propagation shoreward [2, 3]. 

The main goal of this study was investigation of underwater beach profile evolution 
forced by waves depending on its spectral parameters.  

 
II. MATERIAL AND METHODS 

Study site locates in Skorpilovtsy (Bulgaria, 40 km from Varna), in the middle part of 
Kamchia-Shkorpilovtsy beach, which is 11.5 km long. Due to processes of sediments’ accumula-
tion from rivers Kamchia and Fyndykliska that are responsible for beach appearance and exist-
ence, the dominant sand fraction is originally terrigenous. A schientific-research pier built near 
the mouth of Fyndykliska river has made regular measurements possible e.g. field experiments 
Kamchia 1977, 1978, 1986 and Shkorpilovtsy-2007 [4,5]. 

Underwater slope is covered by anisomerous sands. In the upper part of profile till 2,5 m 
depth more than 95% bottom sediments contain coarse-grained and medium sands, where quartz 
components predominate.  

Underwater slope smoothed relief and parallel to the shoreline isobaths are typical. One 
of the features of the beach on the polygon is existence stable underwater bar on the depth 2-3 m, 
which is oriented under the pier at an angle ≈10°. 



 

 
Fig. 1. Study site location 

 
The xBeach with hydrostatic (surfbeat) mode (release 1.22.4867 20.10.2015 “Kingsday”) 

[6] was used for simulation of morfodynamics, meanwhile MIKE21 with Boussinesq wave mod-
ule [7] applied for cross-shore wave transformation computing.  

Computation grid was build based on 12 profiles of bathymetry survey, conducted on 
27th of September 2007 in frame of international experiment “Shkorpilovtsy-2007”. Spatial 
resolution varies cross-shore between 2-12 m depending on depth, longshore between 20 m in 
the centre of study area and 50 m on the edges. Fig. 2 shows grid and relief of study site – the 
central part of grid used in model. In connection with specificity of grid building in xBeach the 
computational area is mirrored about the meridian. 

 
a     b 

Fig. 2. Bathymetry (a) and model grid (b) of the study site. Black lines – cross-shore profiles: A 
– southern, Pier – under research pier, B – northern



 
Numerical experiments were carried out for 12 cases with different wave conditions. In-

put waves were set on the seaside boundary 1000-1200 m from the shoreline as JONSWAP-
spectra with significant wave height 1.0 or 1.5 m, peak period 7.5 or 10.5 sec. and angle of wave 
energy spreading 5, 15 or 25°, γ=3.3. The main direction of wave approach was set normal to 
coast. In each case xBeach was run 10 hours. Results of morfodynamics modelling were ana-
lysed through mapping spatial distribution of vertical deformations, calculating of shoreline re-
treat as well as detailed examination of storm deformation of three profiles: one locates under 
research pier (Pier) and two 60 m south- and northward (fig. 2-3, table 1). 

 

 
Fig. 3. Initial profiles A, Pier, B 

 
Wave transformation was analysed in particular points along profiles (table 1). In those 

points wave spectra and spectral wave parameters were computed: total wave energy, part of en-
ergy for low-frequency (<0,05 Hz) and main range (>0,05 Hz), as well as respective wave 
heights: significant, infragravity (IGW), wind waves height: 04 mH S ⋅=  [m],  

where ∫
∞

=
0

0 )( ωω dSm , )(ωS  - spectra, ω  - frequency [8]. Wave breaking was estimated as roll-

er energy produced by model.  
 

Table 1. Profiles parameters and wave points coordinates 

Profile Distance between 
bar and coast, m 

True altitude of 
crest, m 

Relative height 
of bar, m 

Wave 
point № 

Distance to 
coast, m 

А 105 -2.6 0.4 

A01 35 
A02 72 
A03 112 
A04 142 

Pier 115 -2.5 0.5 

P01 20 
P02 39 
P03 90 
P04 130 
P05 304 

B 136 -2.9 0.6 
B01 16 
B02 45 
B03 105 



 
S=5° S=15° S=25° 

H=1.0 m, Tp=7,5 sec 

   
H=1.5 m, Tp=7,5 sec 

   
H=1.0 m, Tp=10.5 sec 

   
H=1.5 m, Tp=10.5 sec. 

   

 m 
Fig. 4. Relief transformation 10-hours of different significant wave height (Hs), peak period 

(Tp), angle of wave energy spreading (S) 



 

III. RESULTS AND DISCUSSION 
Fig. 4 presents general relief change relative to initial state after 10 hours of wave force 

for 12 cases with different wave condition.  
According to the results of the xBeach computation, regardless of the width of the angu-

lar dispersion of wave energy there is erosion along the coastline, and sediment accumulation 
seaward. The width of wave attackable area increases from south to north 30 to 50 m in case of 
short (7.5 sec.) and low (1.5 m) waves in comparison to 100-200 m in case of longer (10.5 sec) 
and higher (1.5 m) waves. Relief transformation is spatially uneven: the greatest accumulation 
and denudation observed in the central part of study site.  

It has to be mentioned that for both wave heights and periods increase of angle of wave 
energy spreading leads to decent of transformed area. This process is intensively in central part 
of study site. 

Largest vertical deformation of relief (>1.5 m) were observed near the coast. That area 
broadened with rise of wave height, period and narrowing wave energy spreading. 

In order to define the most active section of coast, value of shoreline retreat was estimat-
ed. It made up 3-10 m in the south part of coast and 10-20 in the central and northern. The max-
imum erosion (up to 23 m) on the profile for all modes of excitement there was in the area of 
603-643 m, which is likely due to the changes the shore bearings. 

 

 
Fig. 5. Shoreline retreat after 10-hours of different significant wave height (Hs), peak period 

(Tp), angle of wave energy spreading (S) 
 
As a result of wave action upper part of barred profiles A, B and Pier become a terraced, 

due to process of transport eroded sediment from shore seaward. For all 12 cases terrace formed 
always and changed slightly only by inclination angle and length. Length of terrace varied from 
30-35 m in cases with shorter and lower waves to 80 for longer and higher waves. Fig. 6 shows 
this process for three chosen profiles for wave conditions with Hs=1.0 m, Tp=10.5 sec., S=5°.  

The most active underwater relief deformation observed on profile A: relief levelling, 
sediment filled hollow before bar, and thus the relative height of bar reduced. In comparison to 
profiles Pier and B, here length of the formed terrace was shorter, but vertical deformation were 
more appreciable. The shoreline retreated more also on the profile A. Profile Pier was character-
ised by the most visible underwater bar levelling. 
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Fig. 6. Characteristical spectra transformation along the pfofiles A, Pier, B (left) and profiles 

evolution during 10-hours wave forcing with Hs=1,0 m, Tp=10,5 sec and S=5°(right)  
 
On all three profiles the same dependence shape and position of the terrace on the wave 

height and period observed. The terrace lies above and is less sloped at the significant wave 
height 1.0 m than at 1.5 m (Fig. 7). Period spectral peak has a greater influence on the rate of re-
treat of the coastline and the mowing out of the maritime boundary formed terrace. 

 



 
Fig. 7. Dependence of micrometric parameters from significant wave height and peak period on 

the profile Pier 
 

Variance of spatial beach change should be caused by different wave transformation sce-
nario. Most importantly all changes of spectral wave parameters occurred similarly for all wave 
conditions, but different for three chosen profiles. Besides, process of wave transformation be-
comes more intensive with growth of significant wave height and peak period at the sea bounda-
ry. How it is can be seen from spectra on fig. 6, only along profile A there is periodical energy 
exchange between lowest and highest harmonics.  

Fig. 8 displays variation of wave height along three profiles calculated for different fre-
quency range: significant (Hs), low-frequency (Higw) and gravity (Hgw). Significant wave 
height as well as wind waves declined moving shoreward on profiles B and Pier, while on the 
profile A steady increase was observed. Significant wave height amounted 1,3 m on the profile A 
exceeds values on 0.2 and 0.4 m for profiles B and Pier at the same distance from shore, respec-
tively. Withal IGW went up approaching coast more gradually on the profile A (from 0.2 m to 
0.3 m) in comparison to B and Pier (from 0.2 m to 0.5 m).  

 

 
Fig. 8. Change of significant, infragravity and wind waves height  

along profiles A, B and Pier 



Wave breaking (fig. 9-a) is described by roller energy, which varies for profiles consider-
ably. On the profile A breaking was most active. I could be assumed that breaking slightly elimi-
nated advance of IGW due to energy exchange between low- and high-frequency harmonics, as 
well as IGW dissipation. 

 

   
a                                                                   b 

Fig. 9. Roller energy value (a) and mean wave period (b) along profiles A, B, Pier 
 
Mean period of waves (fig. 9-b) could play important role in coastal reshaping, e.g. some 

previous research showed that reduction of mean period may lead to wave load. Mean wave pe-
riod near the coast on profile A is less than on profiles B and Pier, that could be explained by 
growth of highest harmonics after bar and producing it as secondary waves along hollow.  

 
IV. CONCLUSION 

It is revealed that changes of parameters of waves influence on deformations of a profile 
of a bottom: at increasing of significant height of a wave, the period and reduction of angle of 
wave energy spreading there is an increase in deformation of a bottom profile. The form and lo-
cation of underwater structure, which is formed under the influence of waves, depend on signifi-
cant height and the period of waves. The period of spectral peak more influences on the speed of 
degradation of the coastline than significant wave height.  

Active impact of waves on deeper parts of an underwater profile begins at preservation of 
the same wave conditions more than 3 hours. 

There is heterogeneity of change of a bottom profile in the northern and southern direc-
tions which is caused by the features of transformation of irregular waves over this bottom pro-
file leading to non-uniform variability of a field of infragravity waves. 
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