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 Background: Google Earth images were widely used to remotely study the natural 

phenomena such as wave diffraction. Breakwaters are built in Ras El-bar to protect the 
shore line against erosion and make the sea water suitable as harbors. Unfortunately 

through Google Earth, it became evident that the shape of the beach has changed behind 

the breakwaters. It took the shape of a decaying sinosoidal form. Headlands and bays 
are formed along the coast behind the breakwaters. Objective: Google earth images are 

used to calculate the sizes of the breakwaters, the distances between the breakwaters 

and the shoreline and the shapes of the shoreline. Then, Huygens Fresnel Diffraction 
formula is used to study why the shape of the shore line at Ras El-bar has changed in 

this way. Results: The intermediate spaces between the breakwaters act as slits which 

diffract the incoming water waves according the wavelength of the wave. Energy of 
water waves is maximized on the beach when the wavelength is much smaller than the 

width of the slits. But as the wavelength increases the effect of water waves on eroding 

the shore line lessens. Conclusion: The different sizes of the slits permit the inflow and 
outflow of water waves. Long shore drift is the result of the inflow through some of the 

slits and outflow through others. The transportation of beach material along the coast 

happens through waves which push material along the beach a bit more every time a 
wave hits the beach. Sediment movement along the beach causes the buildup of the 

beach material in front of some of the breakwaters. In addition, as waves move into 

shallow water their phase speed decreases causing an increase in the rate of sediment 

movement to build up Headlands. Studying the images of the Ras El-bar beach can be 

used in developing better designs in the future which would eliminate the effects of 

water waves on the shape of shore. 
 

 
© 2015 AENSI Publisher All rights reserved. 
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INTRODUCTION 

 

 Waves are energy movements through the water caused by the wind. They play a very important role in 

shaping the coastline and they are the main way in which the sea erodes, transports, and deposits material. 

Several studies have been conducted to study the effect of sea waves on beach erosion. A probabilistic model 

has been developed by Komar et al. [10] to analyze the susceptibilities of coastal properties to wave attack. 

Using an empirical model for wave runup, long term data of measured tides and waves are combined with beach 

morphology characteristics to determine the frequency of occurrence of sea cliff and dune erosion along the 

Oregon coast as shown in [1]. Another study of the impacts of extreme sea levels and waves on the coastal area 

of the bay of Lundåkra is reported by Ottosson [2]. Applying the Bruun rule to the future scenarios, a risk has 

been estimated in [2] of a coastline retreat of several hundreds of meters along the entire bay area. An analysis 

for calculating the wave runup levels indicates that the highway may be exposed to wave runup at extreme 

events in the future scenario of a 1m sea level rise. The wave runup analysis further shows some indications that 

some sections of the coastline are more exposed to wave erosion than others [2]. Beach morphodynamic 

processes are investigated in [3] over part of a sea breeze cycle on a microtidal, low wave energy sandy beach in 

southwestern Australia. The sea breeze induces pronounced changes to the nearshore morphodynamics which 

were similar to that of a storm event. Before the sea breeze, sediment resuspension typically occurres during 
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isolated high wave events associated with the passage of wave groups. The role of suspended sediment in shore 

normal beach profile changes induced net onshore suspended sediment transport, resulting in beach face 

accretion and a steepening of the foreshore profile. In contrast, during the sea breeze, sediment resuspension is 

almost continuous. The suspended sediment load increases six-fold and, as a consequence, the long shore 

suspends sediment transport rate increases by a factor of 100. This results in erosion of the beach face and 

deposition in the surf zone and, consequently, a flattening of the beach profile [3]. In [4], a systematic survey of 

high-frequency sea level oscillations measured between 2006 and 2011 along the US East Coast is performed. 

An assessment of a generating force in the atmosphere is performed to allow for a better prevention of potential 

flooding along the US East Coast [4]. Relative sea level rise appears to be more important to potential hazards 

than an increase in the frequency of major El Niño events (from approximately one to two events per decade) 

[5]. The paper outlined in [6] shows a practical approach to mapping extreme wave inundation and the influence 

of sea-level rise and coastal erosion. In the studies presented in [7,8], coastal geomorphology and coastal slope 

are considered the most important variables in determining the coastal change due to sea-level rise. In [9], shore 

erosion was simulated under ranges of wave height and period, tidal amplitude, rock strength, beach volume and 

rate of sea-level rise. 

 Scientists monitor the changes in sea surface turbulence around the world to help predict global weather and 

climate events [10]. Research has shown that an important relationship exists between sea level rise and sandy 

beach erosion [11]. Sea level rise is a secondary but inexorable cause of beach erosion [11]. At the least, it is 

plausible that rising sea level enables high-energy waves to reach farther up the beach and redistribute sand 

offshore [11]. Lithological characteristics of a beach represent the dominant control on mass movement 

occurrence [12]. However, if lithological variation is controlled by analyzing only the most common lithology in 

the study area, spatial variations in nearshore wave energy driven by the interaction of wave conditions with 

coastline orientation are found to influence mass movement occurrence [12,13]. 

 Breakwater or seawall is an offshore sloped or vertical structures reducing incoming wave energy arriving 

at the coastline [14]. As well as reducing erosion [14], they also create calmer waters for harbors and shipping. 

They can be constructed out of concrete or stone and rock. Breakwater acts as a bulkhead. It protects only the 

land immediately behind the structure [14]. Diffraction of water waves around Breakwaters has attracted the 

attention of many researchers. Diffraction is the change of direction of wave crests associated with a breakwater 

or a seawall [15]. Diffraction develops in the "shadow" or "protected" area of the obstacle [15]. Adjacent land 

and fronting beaches often experience increased rates of erosion [14]. Wave diffraction is of high concern to 

designers who use breakwaters as barriers to protect the beaches from damaging wave energy. In [16], the 

author considers the three-dimensional reflection and diffraction properties of internal waves in the sea. 

Diffraction is also of interest to engineers designing shore stabilization systems in how they will affect the 

sediment transport. By understanding the mechanics of wave diffraction, a designer can properly prevent 

diffracted wave energy from causing significant agitation within the shadow zone [17]. In [18], it is shown that 

the diffraction of waves around structures is governed by the initial wave condition at the structure, which can 

be expanded into progressive and evanescent wave modes. Away from the structure, the wave field consists of 

only the progressive wave modes, which disperse according to their direction of propagation, the water depth 

and Snell's Law. 

 The subjects of increasing shoreline erosion and building seawalls to protect coastal lines are gaining a 

growing interest from researchers. Weather conditions are changing due to global warming and the continual 

usage of non renewable resources. Ice is melting at the poles and so the levels of water in oceans is increasing 

[19]. This increase the risk of sea waves sweeping larger areas of the coasts and so probability of beach ersoion 

as well as endangering lives living by the coastal lines are increasing [19]. One of the solutions is to build 

seawalls to decrease the rate of erosion and protect lives. However; the science of how to build the seawalls 

inorder to maximize their efficiency in elliminating shorelines erosion remains open to research. This work 

serves as a step to study the effect of some already built seawalls on the shape of the shoreline of Ras El-bar in 

Egypt.       

 Breakwaters are built at Ras El-bar beach to protect the shore against erosion. The space between the 

breakwaters and the shore line can be used as swimming areas for local residents and tourists. In this paper, we 

study how the breakwaters have affected the shape of the shore line. The space between the breakwaters acts as 

slits which cause the incoming water waves to diffract.  In section 2, the methods and tools which are used to 

study the diffraction of water waves and their effect on the shore line are explained. In section 3, the calculated 

results are shown and illustrated. In section 4, a discussion of the results is explained and finally conclusions are 

drawn. 

METHODS AND MATERIALS 

 

 In this section, we present the tools which are used to realize our aim in this paper. An imaging tool and a 

mathematical one are used. Remote images from Google earth are used to identify the problem. Actual measures 
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of the breakwaters and the shoreline are obtained from the images. The Huygens Fresnel diffraction equation is 

used to calculate the diffraction of water waves as they pass around the breakwaters. 

 

2.1 Remote Sensing and Imaging: 

 

 
 

Fig. 1: An image which is copied from GE. It shows the Breakwaters “BW”/Seawalls which are built at Ras El-

bar beach and the Headlands “H” and Bays “B”. 

 

 Google Earth “GE” is a huge source of interesting illustrations of various natural phenomena. It can 

represent a valuable tool for science education, not only for teaching geography, geology and physics but also to 

study them [20]. From GE, once a geographic path is drawn, the horizontal position is known on screen for 

every point on the path. One downloads an XML file from GE which contains the description of the place 

defined by the path. Inside the file, a path object is found which specifies the positions of each point on the path 

(Longitude, Latitude,…….) [21]. In [20], examples of GE images for water wave diffraction and interference 

are explained from different places around the world. 

 Here, we suggest that GE can be used to study the effect of the Breakwaters which are placed at Ras El-bar 

on the erosion of the shore. In fig. 1, we copied an image from GE which shows the Breakwaters and the shore 

line at Ras El-bar. Each Breakwater “BW” is defined by a single path which consists of two points. Another 

path is drawn to define the position of Headlands “H” and Bays “B” which are found along the beach. All paths 

are downloaded and MatlabTM is used to calculate several measurements as follows. Eight BWs are placed at 

an average distance of 320m away from the shore line. The average length of each BW is 221m. The average 

length of each Slit “S”, distance between each BW and the other, is 208m. The shore line is seen to consist of 

eight Hs and Bs which take the form of a decaying sinusoidal signal. H1 which exists behind BW1 has the 

largest crest among all the Hs. H8 which exists behind BW8 has the smallest crest. Behind BW8, a head spit 

exists which acts as a protecting arm for the beach from water currents coming from the open sea. S9 has the 

smallest width with respect to the widths of all other slits because of the head spit. On the other hand, S1 acts as 

a semi-infinite slit which is open to the sea. Diffraction of water waves can be seen in the GE image at the 

entrance of the nine slits as shown in fig. 1. Erosion of the beach is seen in the form of the shape of the shore 

line. Unlike the rest of the shore line, it takes the form of a decaying sinusoidal wave just behind the BWs. 

 

2.2 Diffraction Equations: 

 Wave diffraction has been of interest for a number of years. Sommerfield’s solution, based on optics, is 

shown to apply to water waves by Penny & Price. Here, we use diffraction of electromagnetic waves to study 

how the incoming energy of water waves from the Ss affects the shore line.  
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 The diffraction of electromagnetic waves can be treated with the time domain Huygens-Fresnel diffraction 

formula [22]: 
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which corresponds to the phase shift between the input field  vPU ,1
 and the far field  vPU ,0  where 0P  and 1P  

represent the amplitude of the object point and the far field point respectively while v  represents the phase. 

 01r  which is the distance between point   ,1P  and point  yxP ,0
 can be calculated using the following 

formula [23]: 
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The energy of the incoming waves (Intensity) is calculated using the formula: 

  2,0 vPUI             (5) 

 

The equations 2-5 are used to calculate the diffraction pattern of water waves. 

 

1. Results: 

 MatlabTM is initiated to be used to calculate the diffraction pattern of waves through multiple slits. The 

same dimensions as those of the BWs and Ss which are mentioned in the previous section are used in our 

calculations. The slits S2 to S8 are made to have a width equal to 208m. S1 is a semi-infinite slit which is larger 

than all other slits. S1 is made to have a width equal to 416m which is equivalent to double the width of S2. S9 

is faced by a head spit which makes its width smaller than all other slits. S9 is made to have a width equal to 

104m which is equivalent to half the width of S8. The Full Width Half Maximum “FWHM” and Maximum 

Intensity “maxI” are the two parameters which are used to evaluate our results. The energy of water waves at the 

shore line is evaluated by the intensity of the energy of the incoming waves as well as the width of the peak of 

energy at each slit. Three cases are studied in this section as follows. The wavelengths which are used in our 

calculations are expressed in terms of the width of the slit S2 “SW2”. 

 

3.1 The First Case 102SW : 

 For a wavelength  =20.8m which is equal to one tenth SW2. Each of the slits S1 to S9 has a width that is 

much larger than the wavelength used. The diffraction pattern of the nine slits is plotted in fig. 2. Nine peaks are 

seen in the figure. Seven of the peaks correspond to the energy of the water waves entering through the seven 

slits S2 to S8. Each of the peaks P2 to P8 has the same maxI and FWHM as shown in table 1. The FWHM of 

any of the peaks P2 to P8 is almost equal to 152m. While the maxI of any of the seven peaks P2 to P8 is equal to 

0.0038. The peak P1 which corresponds to the slit S1 has the FWHM equal to 379m and the maxI equal to 

0.0037. The last peak P9 which corresponds to the slit S9 has the FWHM equal to 76m and maxI equal to 0.003. 

P9 has the smallest maxI among all peaks as well as the smallest FWHM. P1 has the largest FWHM but a maxI 

which is almost equal to that of any of the slits S2 to S8. Secondary peaks appear in the diffraction pattern 

shown such as the one between P1 and P2 and between P3 and P4. The main peaks P1 to P9 represent the 

central bright spots in the diffraction pattern while the secondary peaks represent a circular bright circle around 

the central spot. Intermediate dark areas, which have minimum values of maxI, are shown in fig. 2. 
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Fig. 2: A plot which shows the wave energy which reaches the beach at a distance 320m behind the 

breakwaters. 8.20 m. 

 
Table 1: The results which are plotted in fig. 2 are tabulated. 

Peak max I FWHM 

P1 0.003692 378.76 

P2 0.003832 151.6 

P3 0.003767 151.5 

P4 0.003793 152 

P5 0.00379 152 

P6 0.003786 151 

P7 0.00383 151 

P8 0.003759 152 

P9 0.002727 76 

 

3.2 The Second Case 2SW : 

 
 

Fig. 3: The same plot which is shown in fig. 2 but when using 208 m. 
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Table 2: The results which are plotted in fig. 3 are tabulated. 

Peak max I FWHM 

P1 0.0004033 202 

P2 0.0002067 126.3 

P3 0.0002045 126.25 

P4 0.0002047 126.5 

P5 0.0002021 126.5 

P6 0.0002015 126 

P7 0.0001934 126 

P8 0.0002117 101 

P9 0.00005161 151.5 

 

 Next, the same calculations are done but for a  =208m which is equal to SW2. The slit S1 has a width that 

is equal to double the wavelength used. While, each of the slits S2 to S8 has a width that is exactly equal to the 

wavelength used. The slit S9 has a width that is equal to half the wavelength used. The diffraction pattern of the 

nine slits is plotted in fig. 3 and tabulated in table 2. Seven of the peaks corresponds to the incoming energy of 

water waves from the slits S2 to S8 at a distance 320m behind the BWs. Each of the peaks P2 to P8 has a 

FWHM that is almost equal to 126m and a maxI that is almost equal to 0.0002. The energies of the incoming 

water waves “maxI” from the slits S2 to S8 are equal to almost one tenth the values which are shown in table 1 

for the same slits. P1 has a FWHM which is almost equal to 202m and a maxI which is almost equal to 0.0004. 

But P9 has a FWHM which is almost equal to 151m and a maxI which is almost equal to 0.00005. The FWHM 

of P9 is larger than those of P2 to P8 because the wavelength used is larger than the width of the slit S9. The 

amount of energy allowed through the slit is very small due to the size of the slit and the P9 is overlapped by 

surrounding peaks. Unlike what is shown in fig. 2, a secondary bright peak appears between all the main peaks 

P1 to P9. The difference between the values of the maxI for the main peaks and the secondary peaks is not as 

large as those shown in fig. 2. The diffraction pattern is seen much clearer when the wavelength of the water 

waves is almost equal to the width of the slits. Intermediate dark areas are seen in fig. 3 but not as clear as those 

shown in fig. 2. 

 

3.3 The Third Case 210 SW : 

 
 

Fig. 4: The same plot which is shown in fig. 2 but when using 2080 m. 

 

 Next, the same calculations are done but for a  =2080m which is equal to ten times SW2. Each of the slits 

S1 to S9 has a width that is much smaller than the wavelength used. The diffraction pattern of the nine slits is 

plotted in fig. 4. No peaks are seen for the energy of water waves coming through the slits S1 to S9. The peaks 

converge together to form a single large peak as if there were no BWs built in this area. The average intensity I 

for the incoming energy is 5x10-5 which is smaller than any maxI shown in fig. 3 and 2. 
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2. Discussion And Conclusion: 

 From the results which are shown in section 3, we conclude that as the width of a slit decreases, the amount 

of energy of water waves entering through the slit decreases. The width of S1 is larger than that of any of the 

slits S2 to S8. The width of any of the slits S2 to S8 is larger than that of S9. Generally speaking, it is 

numerically shown that the value of the FWHM of P1 is larger than that of any of the peaks P2 to P8. The 

FWHM of any of the peaks P2 to P8 is larger than that of P9. The same applies to the values of maxI for the 

peaks P1 to P9. Two special cases are seen in fig. 2 and 3. In fig. 2, the value of the maxI for P1 is almost equal 

that of any of the peaks P2 to P8. The wavelength used is much smaller than the width of the slit S1 to S8 and so 

the intensity of the peaks is almost the same. In fig. 3, the FWHM of P9 is larger than that of any of the peaks 

P2 to P8. The wavlength used is equal to the width of the slits S2 to S8 but larger than the width of the slit S9. 

The intensity which is allowed to pass through the slit S9 is minimal and so the peak is overlapped by the 

secondary peaks of P8. 

 
 

Fig. 5: A sketch to scale for the effect of the BW on the sediment movement at Ras El-bar beach and the erosion 

of the shore line. 

 

 The whole problem addressed in this work and the energy distribution due to the BWs is drawn in the 

sketch which is shown in fig. 5. The paths describing the BWs, Hs and Bs which are described in section 2 are 

downloaded from GE. The BWs, intermediate slits “Ss” and the shore line with all its Hs and Bs are drawn to 

scale in fig. 5. The energy distribution from the water waves passing through the slits are shown with white 

arrows outlined with black lines. The size of the arrows describe the amount of energy hitting the shore line. 

Although P1 is the largest arrow, let us not forget that this amount of energy hits the rest of the shore line which 

is not protected by the BWs. P9 is the smallest arrow because of the existence of a head spit which decreases the 

width of the slit S9. The arrows P2 to P8 have the same size. The outflow of water waves entering through S2 to 

S8 can only happen through the two slits S1 and S9. Since S1 is much larger than S9, most of the outflow 

happens through S1. Long shore drift is the result of the inflow through slits S2 to S8 and outflow through S1. 

The transportation of beach material along the coast happens through waves which push material along the 

beach a bit more every time a wave hits the beach. As shown in fig. 5, sediment movement along the beach 

causes the buildup of the beach material in front of BW1, 2 and 3. Beach material is transported along the coast 

in several ways. Boulders and cobbles are rolled along by powerful water currents. Pebbles are bounced along 

by water waves. Sand and silt are carried in suspension and calcium carbonate and salts are dissolved in the sea 

water. Movement of sediments is the reason for the formation of the shore line in the shape of Hs and Bs. The 

beach takes the shape of a decaying sinusoidal signal. In addition, as waves move into shallow water their phase 

speed decreases because it is proportional to the square root of the depth of the beach [25]. The decrease in 

phase speed causes then a corresponding decrease in wavelength of water wave. This decrease in wavelength 

with decreased depth causes the wave to concentrate over shoals and to diverge over bathymetric depressions 

[24]. This causes energy convergence at promontories and points, and energy divergence at coastal indentations. 

As waves reach shallow water in front the headland “H” the frictional drag from the increasing sea floor causes 
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the wave to slow [25]. This leads to waves bending either side of the shallow water attacking all sides of the 

headland “H”. The final outcome is that the rate of sediment movement to build up Hs increases. 

 Building the breakwaters parallel to the shoreline makes them standing against the movement of the 

seawaves. This makes us in need of building the breakwaters from tough materials that can withstand the energy 

of the seawaves. Their lifetime is short as well because of the effect of the weather conditions and so they need 

continuous maintenance. A new way of building the seawalls is under study. Instead of building the seawalls 

parallel to the shoreline, they are built perpendicular to it [26]. The seawalls now absorb the energy of the 

incoming seawaves instead of colliding with them. In this way, the durability of the seawalls can be extended 

and their effectiveness in decreasing the long shore drift effect is increased [26].  
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