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Abstract— The development along the coastal zone has led to the host of problems such as erosion, siltation, 

flooding, loss of coastal resources and the destruction of the fragile marine habitats. The erosion threatens the 

coastal zone, which affects people's economic, tourist, and recreational life. The main reason of the erosion is due 

to Khan Younis breakwater and the sea waves working on empty the beachy sand, thereby flooding and scouring 

the area as it ebbs and removing part of the unconsolidated sand. This study uses Geographic Information System 

to detect changes in the coastline along Deir El Balah coast during the 1972–2020 period. Shoreline change rates 

in the form of erosion and accretion patterns are quantified. In addition, four alternatives are proposed to to mitigate 

the current problems raised by repeated flooding and erosion through reefballs, cubes, geotubes and seawalls and 

analyze their impacts on coastal protection to provide the best possible mitigations in environmental, economical 

and engineering terms. Multi criteria analysis is used to assess the alternatives with respect to criteria that capture 

the key dimensions of the selection process. Multi criteria have been selected and addressed the most important 

factors when planning, designing, financing, and implementing coastal protection measures. Based on the analysis, 

the best alternative of three-row reefballs submerged breakwaters is recommended.  
 
Index Terms— Flood Defense, Erosion, Offshore Breakwater, Gaza  

I. INTRODUCTION

Gaza's Mediterranean coast, which stretches for around 40 

km, is rich in coastal resources. Coastal development has re-

sulted in hosting problems, including increased flooding, ero-

sion, siltation, depletion of coastal resources, and the degra-

dation of vulnerable marine ecosystems. In some parts along 

the coast of Gaza strip, the coastal erosion is the most serious 

problem. The erosion threatens the structure, buildings, roads 

and other installations located directly on the coast. On other 

words, erosion threatens the coastal life, which affects peo-

ple's houses, economic, tourist, and recreational life as well 

as the daily life [1].  

Fixed buildings near the beach are being increasingly ex-

posed to the direct impact of storm waves, and will be dam-

aged unless costly protective measures are taken against ero-

sion. It has long been assumed that the underlying rate of 

long-term sandy beach erosion is two orders of magnitude 

faster than the rate of sea level rise, implying that any sub-

stantial rise in sea level would result in a significant increase 

in sea level [2].  

Developing future shoreline change projection necessi-

tates a detailed understanding of the underlying coastal pro-

cesses. These processes are largely caused by the interaction 

of mean sea level, waves, storm surges, and tides, all of which 

are influenced by global and regional climate change and 

whose variability grows over time [3]. Coastal ecosystems are 

being threatened by sea level rise and wave action. The resto-

ration of wetlands to preserve shorelines has been touted as a 

win-win strategy for humans and nature, but field evidence 

for the wetland protection purpose, as well as an understand-

ing of its background dependence, are rare [4].  

The coastal region usually concentrates better social, eco-

nomic and recreational opportunities [5]. It is of great im-

portance for the natural environment and economic develop-

ment, in spite of presenting higher risk of natural disasters, 

such as tsunamis, extreme waves and coastal erosion [6]. In 

recent decades, the coastal region was changing continuously 

under the roles of anthropogenic activities such as breakwa-

ters. 

The ignoring of beach erosion in Gaza strip leads to aggra-

vation this problem and increasing the danger on the coastal. 

So to increase the protect of the beach, there are a lot of meth-

ods to reduce the erosion such as seawall, groins and break-

water but the suitable methods and the lowest cost should be 

chosen, and trying to have a beautiful landscape [7]. Gaza's 

coastal zone is a narrow strip of land that is rapidly expand-

ing, and the growth rate is attributed to its potential for a va-

riety of economic activities and the pressures of urbanization 

[8].  

 

Impacts of erosion on coastal structures and beaches:  
During the last few years, the beach faced bad weather condi-

tions due to climate change (high waves and strong currents) 

led directly to many of the problems that collapse and come 

because of beach erosion continuous years ago along the Gaza 

beach.  

A site visit was conducted on June 8, 2020 to the areas that 

were severely affected along Deir El Balah Beach, where the 
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damage was inspected and their existing situation was as-

sessed. Many areas along the Deir El Balah coast suffer from 

the disappearance of the beach erosion, which poses a great 

danger to the road, structures, properties and citizens, beside 

the safety, environment and beauty of the beach. The follow-

ing images show the damage to the Fishing Port in Deir El 

Balah after the severe weather conditions, which is located 

1.4 km to the south of the study site. During the site visit, the 

head of Fishermen's Union explained the impacts of recent 

wave attacks during the last two years on the port buildings 

and dunes as well as the mitigation measures to support the 

building foundations. 

 
Fig. 1. Wave attacks of the Fishery Port at Deir El Balah 

(January 16, 2020) 

 

Furthermore, on January 16, 2020, a site visit to beach club 

at Deir El Balah (located 3.4 km to the south of study site) 

was performed immediately after last wave attacks. The club 

has witnessed sever beach erosion of the cliffs and coast, 

where the landscaping of the club was collapsed as shown in 

Figure 2. 

The citizens living in the Deir EL Balah camp have faced 

flooding of their houses in the last storms. Therefore, the con-

struction of flood defense at the beach in front of Deir El Ba-

lah camp is at top priority to prevent the repeated seawater 

flooding in the winter seasons and to find a proper space to 

the families who need to set in the front of the beach. The 

flood defense should be planned to target these needs raised 

by the people by constructing a concrete barrier, which takes 

into consideration the recreational perspectives.  

The main aim of the study is to examine coastal protection 

techniques against erosion and contribute to improving and 

developing coastal areas and to support tourism. Several off-

shore breakwater alternatives were analyzed their impacts on 

coastal protection to provide the best possible solutions in en-

vironmental, economic and engineering terms.  

 
Fig. 2. Wave attacks of the Beach Club at Deir El Balah 

(January 16, 2020) 

II. MATERIALS AND METHODS 

Existing baseline conditions of the study area were identi-

fied in order to understand the nature of the problem. These 

include information on location and topography, climate, ba-

thymetry, coast and seabed characteristics, sediment 

transport, waves, tides and sea level rise, currents, wave run-

up, erosion, flooding, and social and economic activities.  

 

2.1 Location and topography  

Available topographic points of the study area have been 

collected, in order to acquire ground level for identifying the 

flood area and coastal defense. The existing topography for 

the study area is illustraed in Figure 3. The figure shows the 

location of planned coastal defense as well as the proposed 

location of the offshore breakwaters.  

 

2.2 Climate 

Temperature: Deir El Balah is located at the middle part of 

Gaza Strip, which is considered within the arid desert climate. 

The average daily mean temperature ranges from 25°C in 

summer to 13°C in winter [9].  

Rainfall: In Deir El Balah Governorate, similar to the Gaza 

Strip, there are two well defined seasons, the wet season start-

ing in October and extending into April, and the dry season 

extending from May to September. The rainy season extends 

from about mid of October to the end of March, with essen-

tially no rain falling in the remaining months. The annual av-

erage 5-year rainfall in Deir El Balah governorate is about 300 

mm for the last five years [10]. 

Winds: The predominant wind direction in Gaza is through 

NW with more than 28% of the time. The wind speed is con-

sidered calm, as the most speeds are below 5 m/s. The weather 
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in the winter season is dominated by cyclones passing in east-

erly directions. This results in rather unstable conditions, the 

most frequent winds occurring from directions between SW 

and NE. These winds are often strong and generate high 

waves during the winter season [11]. 

 
Fig. 3. Existing topography contour map for the study area  

 

2.3 Bathymetry 

The site-specific bathymetric survey of the study area was 

conducted on 9 July 2020 within an area of 200 m offshore by 

300 m alongshore as shown in Figure 4. 

 
Fig. 4. Bathymetric contour map for the study area (July 

2020) 

Results of the survey showed that the seabed off the study 

area  has an average slope of about 1 in 40 between 0 and 200 

m offshore. The seabed level, although following a general 

pattern, can be subject to seasonal changes depending on 

waves, currents and supplied sediment. The visual inspection 

by the surveyor showed a sandy bed. Therefore, the stability 

of submersed breakwater units may be affected by local cur-

rents causing scouring near and under these units. Thus, the 

use of geotextile sheet as a lining material is required to en-

hance the structure stability. 

 

2.4 Coast and seabed characteristics 

Moving from beach to the coastal profile, the coastline can 

be divided into the seabed, the beach, the dune face or coarse 

sand cliffs, and the adjacent body of the dune. The coastal 

profile consists of erosion-resistant formations of rock and 

coarse sand protrude, on the seabed, on the beach, and in the 

cliffs. On the beach especially near the waterline of the Gaza 

shoreline on many places coarse sand outcrops and rocky 

ridges can be seen, which works well to reduce erosion. 

Where these hard layers are covered only by a relatively thin 

layer of sand, a retreating coastal profile will gradually con-

sist of an increasing amount of erosion-resistant surface. 

The identification of erodibility and composition of the 

steep coarse sand cliffs along the Gaza coast is important. 

These cliffs themselves are, somewhat, able to delay the ero-

sion tendency. If these cliffs are attacked by waves and locally 

collapsed, the eroded kurkar material will feed the beach with 

a mixture of very fine to very coarse sediment. The fine par-

ticles are moved to deep water, whereas the coarse particles 

work as an armour layer, protecting the freshly exposed 

coarse sand cliff face during some time. 

The Gaza strip seabed is composed of sand, locally slightly 

cemented, light gray color, with locally shell fragments. Soil 

investigation report for the study site (issued on 2 March 

2020) states that the soil profile encountered in this investiga-

tion for the boreholes under buildings consists of sand layer 

at top followed by a clayey silty sand layer then sand layer. 

The grain size (D50) of top layer ranges from 260 to 280 m 

for borehole BH1 to borehole BH3, respectively. For grain 

sizes bigger than 150 m, the erosion rate decreases as the 

grain size increases [12]. Therefore, the beach off the study 

area is considered to have medium to high erosion rates. 

 

2.5 Sediment transport  

Gaza coastal zone is part of the more extensive Nile littoral 

cell, which extends from the Nile Delta in Egypt. This cell 

comprises of quartz, sand, silt and clay sediment derived from 

the Nile Delta by longshore sediment transport, which trans-

ports sand by waves and currents north and eastward along 

the Sinai coast towards Gaza. Therefore, significant amounts 

of sediment may transfer to the coastal and seaward areas. 

The longshore sediment transport of about 200,000 m3/year 

was estimated [13]. 

 

2.6 Waves 

Waves’ historical data for Gaza are based on wind statis-

tics and fetch considerations, which show that the dominant 

wave direction is the north-west. Table 1 shows the significant 

wave height for various return periods [14]. 

 

TABLE 1 

 Significant wave height for various return periods 

Significant wave 

height 

Return period (year) 

1 5 10 25 50 100 

Open sea, Hs (m) 6.5 7.8 8.3 9.0 9.6 10 

 

2.7 Tides and sea level rise 

The Mediterranean tidal range is very small. From an eco-

logical and morphological perspective, this means that the in-

tertidal zone is very small, and is influenced mainly by wave 
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action rather than by tidal processes. The effect of meteoro-

logical variations on sea level may often be greater than as-

tronomical tides. In the Mediterranean, the combined effect 

of barometric pressure variations, storm surges and waves can 

reach values that are of the same order as the tidal variations. 

Table 2 shows the tidal and meteorological data for Gaza 

coast [15].  

 

TABLE 2 

 Astronomic tide and meteorological table for Gaza 
Astronomical  type Symbol Level (MSL) 

Max sea level*  + 0.93 m 

Max high surge level*  + 0.71 m 

Highest astronomical tide HAT + 0.45 m 

Mean high water in spring MHWS + 0.35 m 

Mean high water in neap MHWN + 0.15 m 

Mean sea level MSL 0 

Mean low water in neap MLWN - 0.15 m 

Mean low water in spring MLWS - 0.25 m 

Lowest astronomical tide LAT - 0.35 m 

 

2.8 Currents 

Tidal currents in the Eastern Mediterranean are relatively 

weak. The general circulation is oriented counter-clockwise 

most of the time, with current speed decreases towards the 

shore due to the geostrophic current and shelf waves. Currents 

of about 1.0 m/s have been measured [16]. However, typical 

current mean velocities are 0.05 – 0.10 m/s [17]. The current 

speed fluctuates between zero and 1.00 m/s, and the dominant 

current direction is 31° to the north [18]. 

 

2.9 Wave Run-up 

Extreme weather events bear a significant impact on 

coastal human activities. Forecasting the action of sea storms 

on coastal structures and beaches is an important tool to mit-

igate their effects. To this end, with particular regard to low 

coasts and beaches, we will use empirical formula to evaluate 

beach wave run-up levels and beach flooding during a storm.  

The wave run-up can reach beach elevation about +2.0 m 

MSL during high storms for a significant wave height of >5 

m as per Hunt formula [19], which also includes the wave set-

up and storm surge. The formulation of run-up height can be 

calculated from the incident waves. Hunt empirical formulas, 

Ru includes the wave set-up: 

 
𝑅𝑢

𝐻𝑜
= 𝜉 

𝜉 =
𝑡𝑎𝑛𝛽

√𝐻𝑜
𝐿𝑜

 

𝐿𝑜 =
𝑔𝑇2

2𝜋
 

where,  
Ho is the deep-water significant wave height  

T is the wave period 

Lo is the linear theory deep-water wavelength 

 is the beach slope angle 

 is the Iribarren number or surf similarity parameter 

Ru is the wave run-up 

 

The calculated run-up based on Hunt formula was 1.02 m. 

However, the local people have witnessed a run-up of +4.0 m 

elevation on the beach dune (60-70 m away from the shore-

line) during the last storms. Therefore, the study is rely on the 

local observed figures in which the run-up of 4 m is consid-

ered in the design. 

 

2.10 Environmental Conditions 

This section highlights the existing key environmental 

conditions of the study area. 

 

a. Erosion 

The coastal zone of the Gaza Strip is a narrow piece of land 

lying on the eastern coast of the Mediterranean Sea. The study 

area covered the beach stretch off 210 m of the northern part 

of Deir El Balah Camp. The shoreline changes between 1972 

and 2020 were analyzed using remote sensing and GIS tools, 

where satellite Landsat and aerial images for the Mediterra-

nean coast of Gaza were acquired for different years covering 

a time span of 48 years. The images were acquired in for var-

ious periods and in good quality, with no effective clouds, 

three images were acquired as shown in Table 3.  

 

TABLE 3 

 Satellite images source and resolutions 

Image Satel-

lite 
Bands Date 

Reso-

lution 

[m×m] 

Pixel 

Depth 

Image 

Source 

Landsat 5 

TM 

4 22/10/

1972 

60×60 8 Bit USGS 

Landsat 8 10 17/6/2

016 

30×30 16 Bit USGS 

Sentinel-2 13 06/1/2

020 

10×10 12 Bit ESA 

USGS: U.S. Geological Survey     

ESA: European Space Agency 

 

The images pre-processing is the process of making them 

more suitable for a particular purpose. The image pre-pro-

cessing of remotely sensed data is essential for image classi-

fication, and in the direct linkage between the data and bio-

physical phenomena and features. This requires several pro-

cessing steps for better identification of the image features. 

These steps include atmospheric correction and geometric 

correction. 

For this analysis, supervised classification was used in 

shoreline extraction since the area of interest is known and 

clear to be distinguished, i.e. the water and land, so the spec-

tral signatures of classes are developed and then the software 

assigns each pixel in the image to the type to which its signa-

ture is most similar. 

The analysis shows that the current average beach width 

in the study area is about 60 m. However, comparing the im-

ages of 1972 and 2016, when the construction of Khan Younis 

breakwater was started, shows that accretion took place to the 

area to the south of the study area, where the beach width has 
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decreased with 5-15 m. On the other hand, comparing the im-

age of 2016 to the image of 2020 shows that erosion takes 

place along the shore within the area, given that it is located 

to the north of the port (See Figure 5). According to this anal-

ysis, the average annual erosion rate in the study area during 

the period between 2016 and 2020 is 2.37 m per year. 

 
Fig. 5. Shoreline erosion for the study area 

 

An overview of shoreline erosion for the whole coastline 

of Deir El Balah over the four-year period between 2016 and 

2020, the analysis showed that a maximum shoreline retreat 

of 40 m is found to take place at some locations along Deir El 

Balah shoreline, while a minimum retreat of 1 m is taking 

place at some other locations.  

In general, an advancing shoreline and growing beach oc-

cur south of Khan Younis breakwater, as the littoral sediments 

transport has been interrupted by the breakwater. On the other 

hand, a retreating shoreline and eroded beach are present 

north of the breakwater. These erosion and accretion patterns 

reveal the natural processes of wave-induced long-shore cur-

rents and sediment transport, in addition to the impact of hu-

man intervention by coastal structures. 

 

b. Flooding  

According to the local residents of the study area, seawater 

flooding occurs during heavy storms, where seawater can 

reach specific locations that were identified during the visit 

with a ground level near +4 m MSL. From residents’ obser-

vations, the frequency of stormy season was once every ten 

years, however the return period become shorter these days. 

Based on the collected data during the site visit and taking 

into consideration the historical wave records, the area was 

identified to have a flood risk potential as shown in Figure 6. 

The estimated flood area is about 5,000 m2 based on the avail-

able topographic survey, this area represents about 3% of the 

total camp area (160,000 m2). Therefore, the design level of 

the new recreational area should be slightly above +4 m MSL 

as per the local residents’ feedbacks. 

 
Fig. 6. Location of flooding area 

 

2.10 Multi criteria analysis 

Three offshore alternatives were addressed, namely: artifi-

cial reefballs, concrete cubes, and geotubes. Additional sea-

wall alternative on-shore structure was considered.  

Multi criteria analysis was used to assess the alternatives 

with respect to criteria that capture the key dimensions of the 

selection process, the main criteria include erosion/scouring 

control, impact on ecosystem, associated safety risk, accepta-

bility, material availability, construction experience, cost, aes-

thetic aspects, socio-economic impact, and sustainability.  

III RESULTS AND DISCUSSION 

Several mitigation measures were analysis using numeri-

cal model for Gaza coastal area such as groins, detached off-

shore breakwaters, and submersed offshore breakwaters [20]. 

Results show that the offshore-submerged breakwater is an 

effective structure for preventing sandy beach erosion due to 

wave and nearshore current actions, and for the landscape of 

seaview in front of sandy beaches. 

 

3.1 Geometric characteristic and sizing of offshore 

breakwater 

Offshore breakwater is a structure constructed parallel 

with the coast. Even though it is called offshore breakwater, 

the position of the construction is quite close with the coast, 

where the construction efficiency is very much determined by 

the distance between the breakwater and the original coast-

line. The creat of submerged breakwater is usually below the 

higher sea level, mean sea level and lower sea level. The 

breakwater is built to provide protection from wave action 

and currents in some cases. Breakwaters are constructed to 

minimize wave action in an area behind the structure. On the 

coast protected by offshore breakwater, sediment deposit will 
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be formed which is called salient. The success of coastal pro-

tection using offshore breakwater is determined by salient 

(Ys) that was formed, see Figure 7, where the height of the 

salient is determined by the length of breakwater (Ls) and the 

distance between breakwater and the original coastline or 

breakwater distance (X). Considering that breakwater is con-

structed quite close with the coast where the crest-line is al-

most parallel with the coast or the wave direction is almost 

perpendicular to the coast [21].  

Submerged breakwaters are recommended from environ-

mental and aesthetics perspectives; considering that the tar-

geted area is a tourism place. Moreover, the location of the 

breakwaters was selected in order stabilize the shoreline off 

the Deir El Balah camp without causing erosion to the shore-

line to the north of the study area. 

 
Fig. 7. Offshore breakwater and salient 

 

Most commonly offshore obstruction will cause the shore-

line in its lee to protrude in a smooth fashion, forming a sali-

ent or a tombolo. This happens because the breakwater lowers 

the wave height in its lee, reducing the waves' ability to 

transport sand. As a result, sediment carried by longshore cur-

rents and waves accumulates in the breakwater's lee [22]. The 

level of protection is governed by the size and offshore posi-

tion of the breakwater, so the size of the salient or tombolo 

varies in accordance with reef dimensions. Of course, one can 

expect this kind morphological change only if the sediment is 

available (from natural sources or as sand nourishment). 

Simple geometrical empirical criteria for the layout and 

shoreline response of detached breakwaters are [23], [24]: 

 for tombolo formation: Ls/X > (1.0 to 1.5)  

 for salient formation: Ls/X = (0.5 to 1.0)  

 for salients with multiple breakwaters: GX/Ls2  > 0.5 

where,  

Ls is the length of a breakwater  

X is the breakwater distance to the shore,  

G is the gap width between two successive breakwaters 

In addition, Rijn et al. [25] has made relation between Ls 

and X against the formation of salient or tombolo as per Table 

4. The recommended formation is salient, since it allow the 

current streaming for better seawater quality. 

 

TABLE 4 

 The value of 𝐿𝑠 𝑋 and salient formation  

Ls/X ratio Formation  

> 3 Permanent tombolo 

2 < Ls/X < 3 Permanent or periodic tombolo 

1 < Ls/X < 2 Well-developed salient 

0.5 < Ls/X < 1 Weak to well-developed salient 

0.2 < Ls/X < 0.5 Incipient to weak salient 

Ls/X < 0.2 No effect 

According to the bathymetric survey at the study site, it 

was found that the water depth of 1.5 m is at 18-50 m cross-

shore. For a well-developed salient, X is 30 m for Ls of 40 m. 

The width of the gap (G) between two successive breakwaters 

is usually according to Pilarezyk [26]: 

𝐿 ≤ 𝐺 ≤ 0.8𝐿𝑠 

where, the wave length 𝐿 = 𝑇(√𝑔ℎ) = 25 m 

Thus, the gap width is 25 ≤ 𝐺 ≤ 32 for detached break-

waters. 

 The salient can be formed if the submersed breakwater 

along the study site without gaps, but it is recommended to 

keep a gap of 25 m and for small boat navigation. 

The size of breakwater is affected by the wave height 

reaching the water depth of 1.5 m. Therefore, the shoaling, 

refraction and breaking excel model was used to compute the 

onshore wave characteristics at water depth of 1.5 m MSL 

(1.95 m at HWL) for the extreme significant wave height of 

10 m (at deep waters) that may occur in a return period of 100 

years (see Table 1). The computed wave height is 0.93 m at 

MSL and 1.20 m at HWL and the following equations were 

used [27]: 

𝐻𝑟𝑠 = 𝐻𝑜 × 𝐾𝑟 × 𝐾𝑠 

 

𝐾𝑠 =  √
1

2𝑛 tanh (
2𝜋𝑑

𝐿
)
 

𝐾𝑟 =  √
𝑐𝑜𝑠 ∝ 𝑜

𝑐𝑜𝑠 ∝
 

 

𝐻𝑏 = 0.56𝑑𝑒3.5𝑚 

where, 

Hrs is the wave height affected by shoaling and refraction 

Ho is the wave height at deep-water 

Hb is the breaking wave height 

Ks is the shoaling coefficient 

Kr is the refraction coefficient 

o is the wave approaching angle in deep-water 

 is the wave angle at local depth 

L is the wave length 

d is the local water depth 

m is the seabed slope 

 

Stability of the submerged breakwater (S), water depth (h), 

significant wave height (Hs), breakwater crest height (hc’), 

wave period (T), water density (𝜌𝑤) and rock/concrete den-

sity (𝜌𝑟) are main factors that affect the unit size of sub-

merged breakwaters. The following equations were used for 

sizing the breakwater units [28], [29] and the median mass of 

concrete unit (M50) must be greater than 643 kg: 
ℎ𝑐

′

ℎ
 = (2.1 + 0.1 𝑆)𝑒−0.14 𝑁𝑠

∗
 

𝛥 =  
𝜌𝑟

𝜌𝑤

− 1 
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𝐷𝑛50 =  (
𝑀50

𝜌𝑟

)

1
3⁄

 

𝐻𝑠

∆𝐷𝑛50
 𝑠𝑝

−1
3⁄

=  𝑁𝑠
∗    

𝑠𝑝 =  
2𝜋𝐻𝑠

𝑔𝑇2
 

where, 

𝑁𝑠
∗ is the modified stability number, 

𝐷𝑛50 is the nominal diameter, 

∆ is the relative buoyant density, 

𝑀50 is the median mass of unit given by 50 % on mass distri-

bution curve  

𝑠𝑝 is the local wave steepness. 

 

For any reason at the lowest sea level, where the breakwa-

ter structure will behave as a low crest breakwater. Therefore, 

the structure must be check for low crest breakwater. For de-

sign low crest breakwater, water depth (h), crest freeboard 

(Rc), breakwater slope (cot ), stability Number (Ns), Wa is 

weight of reef units, γa is specific weight of reefs, R is the 

ratio between reef and water specific weight = γa/γw and 

equilibrium coefficient (KD) are main factors that affect the 

design of low crest breakwaters. Hudson equations were used 

for the compuation of the breakwater units [30]: 

𝛥 =  
𝜌𝑟

𝜌𝑤

− 1 

𝑀50 =
𝜌𝑟𝐻3

𝐾𝐷∆3𝑐𝑜𝑡𝛼
 

𝐷𝑛50 =  (
𝑀50

𝜌𝑟

)

1
3⁄

 

𝑠𝑝 =  
2𝜋𝐻𝑠

𝑔𝑇2
 

𝑅𝑝∗ =  
𝑅𝑐

𝐻𝑠

√
𝑠𝑝

2𝜋
 

𝑅𝐷50 =  
1

1.25 − 4.8𝑅𝑝∗

 

𝑁𝑠 =  
∛𝛾𝑎𝐻

(𝑅−1)∛𝑊𝑎
  

The stability coefficient for artificial reefs or breakwater 

blocks can be determined from the stability numbers Ns that 

are obtained from laboratory tests using the following rela-

tionship: 

𝑁𝑠 = ∛(𝐾𝐷𝑐𝑜𝑡𝜃) 
Thus, the median mass of concrete unit (M50) must be 

greater than 1,131 kg. 
 

3.2 Artificial Reefballs Breakwater Alternative 

Reefballs are hollow hemispherical-shaped artificial units, 

designed for improvement in biological growth and acting as 

coastal protection structure to control beach erosion. Reef-

balls are constructed from concrete. This allows reefballs to 

mix in the marine environment and decreasing potential neg-

ative impacts and disturbing the existing ecosystem’s growth. 

Based on the sizing of breakwater under the water level 

conditions, it was summarized that the minimum concrete 

unit weight is 1,162 kg. 

Open sea significant wave height of 10 m for a return pe-

riod of 100 years was used. The individual units selected for 

the breakwater were 1.16 m high reefball units, with base di-

ameter of 1.83 m, and weight of 1364-1,909 kg. Three rows 

of the selected unit should be installed at distance of 15-40 m 

from the shoreline. The length of sets of the reefballs is 120 

m. The proposed location of the submerged breakwaters is 

shown in Figure 9. The breakwater is proposed to be installed 

in water depth of 1.10-1.50 m, so that the units are 0-0.35 m 

below MSL. The tide range in the study area is approximately 

0.4 m, i.e. the highest astronomical tide depth and the lowest 

astronomical tide depth at the selected location are about 1.95 

m and 1.15 m, respectively.  

  

  
Fig. 8. Submersed reefballs [31] 
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Fig. 9. Location of reefballs breakwater (top) and layout 

(middle) and section (bottom) 

 

3.3 Concrete Cube Breakwater Alternative 

Concrete cube breakwater had been widely used to de-

crease the impact of the wave force that reached the front part 

of vertical wall breakwater. The gaps between the cubes could 

reduce the volume of concrete being used. The concrete cubes 

of 1.00 m high should be used at water depth -1.35 m MSL (-

1.00 low water level). The concrete volume is 1.0 m3 (2,400 

kg) which is > 1,162 kg. 

 

 

 
Fig. 10. Location of concrete cubes breakwater (top) and 

layout (middle) and section (bottom) 

 

3.4 Geotubes Breakwater Alternative 

For more than 20 years, geotubes, or geosynthetic contain-

ers, have been used as an alternative, long-term solution for 

coastal protection. They have a lesser impact on the environ-

ment than hard structures, such as rock and concrete. Geotube 

systems are also used for land reclamation, island creation, 

wetlands creation, construction platforms, revetments, dykes, 

groins, offshore-submerged breakwaters, protecting the cliff 

along the shore from erosion from wave and wind damage 

and dewatering container. 

The geotube system entails the creation of close-ended 

tubular containers with filling ports spaced at regular inter-

vals. The containers are hydraulically filled with a sand and 

water mixture, and transported inside of the tube by hydraulic 

pressure. Water will dissipate through the permeable fabric, 

while sand will settle inside the container. Geotube systems 

are made of woven and composite fabrics in order to meet 

varying tensile strength, durability and environmental re-

quirements. The tubular shaped geotube containers typically 

range in diameter from 1.5 m to 5 m. The size of geotube 

should satisfy Bezuijen & Vastenburd equations [32]: 

ℎ ≥ (1 − √1 − 𝑓). 𝑑 

𝐵 ≥ ℎ +
1

2
. 𝜋. (𝑑 − ℎ) 

where, 

f is the percentage of sand filling, 0.56 % is recommended 

d is the water depth 

h is the height of the geotube 

B is the width of the geotube and B ≥ 2.35 m 

For sizing the geosynthetic material strength and as a result 

of Bezuijen & Vastenburd equations, the structure to protect 

the beach should be build with two parallel tubes with a 

diameter of 1.60 m and a fill height of 1.0 m and the 

circumference of 5.0 m is recommended. The tubes should be 

installed with a free board of 0.40 meter. A numerical analysis 

software called TC Geotube Simulator was used for the sizing 

the geosynthetic tubes as shown in Figure 11. 
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Fig. 11. Location of geotube breakwater (top), layout (mid-

dle) and section (bottom) 

 
3.5 Concrete Seawall Alternative 

Seawall is a protection built along to the seawater barrier. 

It is usually the preffered protection method for areas where 

further shore erosion will cause significant damage, such as 

when roads or buildings are about to fall into the water. Sea-

walls must be stable and structurally sound as a primary de-

sign requirement. They are located at the top of the shore and 

will be safe during good times (at low water). During times 

of stress (at high water), they will be exposed to direct wave 

action. Majority of seawalls are under severe stress. The 

waves attack the structure, move sand offshore and longshore 

away from the structure. For long-term, the wave action re-

flected off the seawall disturbs water near the wall, which can 

lead to deep scour holes just offshore of the seawall. The 

scour areas and disturbed flows can be dangerous, and the 

scour may even excavate the supporting sand from beneath 

the structure, jeopardizing the wall's stability. 

The total length of the seawall is 252 m in a curvy shape. 

The existing ground level is about +3.5 m MSL, and it was 

assumed that the beach in front of the seawall will not drifted 

so that the seawater is deep adjacent to the seawall, i.e. the 

beach level just at 0.00 m MSL due to scouring. This because 

of the actions from Deir El Balah Municipality to dump the 

area with sand to protect the seawall after storm season. 
The structural analysis for the retaining wall for a section at 

the highest level (+5.00 m MSL) was carried out using a design 

code of ACI 318-2011. It was concluded that a wall thickness of 

0.40 m is required to support the soil action. The structure was 

extended to level of 1.0 m below MSL with a foundation of cross 

section of 3.4×0.4 m as shown in Figure 12. 

The proposed top level at different sections of the seawater 

barrier is +5.00 m MSL, which is above the highest observed 

wave run up level of +4.0 m MSL. Therefore, the proposed 

level is suitable to work as a flood defense and protecting 

shelters from sea attacks. 

 

 
Fig. 12. Sewall layout (top), and section (bottom)  

 

3.6 Recommended Protection Alternative 

A comparative matrix between the different protections al-

ternatives is presented in Table 5. Multi criteria analysis was 

used to assess the alternatives with respect to criteria that cap-

ture the key dimensions of the selection process. Criteria have 

been selected based on a literature review, consultations with 

key stakeholders and the consultant experience (via inter-

views) of the most important factors when planning, design-

ing, financing, and implementing coastal protection 

measures. The selected factors can be summarized as follows: 

 Erosion and scouring control: this factor assesses the pro-

posed alternative effectiveness in providing the required 

control of shoreline erosion in the study area. 

 Ecosystem: implementing this option would enhance the 

marine habitat and the ecological value of the study area. 

 Risk: implementing this option is expected to cause some 

safety hazards to people in the area, especially children. 

 Acceptability: implementing this protection option would 

be readily accepted by the community and relevant stake-

holders. 

 Material availability: each material required to implement 

this protection option, including additives, is available in 

the local market/ or could be supplied with no restrictions 

on its entry to the Gaza Strip. 

 Construction experience: implementing this option is pos-

sible and the local contractors have the required experi-

ence, equipment, human and technical resources to imple-

ment this alternative. 

 Cost: implementing this protection option is economically 

feasible and cost effective. 

 Aesthetic: implementing this option has aesthetic visual 

effects on the seaside landscape. 

 Socio-economic: implementing this option would have 

impact upon business activities in the study area (e.g. fish-

ing activities). 

 Sustainability: this factor addresses the relevance of the 

proposed option in the present and future, its resilience 

against irresponsible behavior of some local residents, and 

its resilience to future changes. 

Quantitative scores ranging from -5 to 5 were used in the 

evaluation of the proposed alternatives, where -5 is used when 

the option is highly unfavorable in terms of the specific factor, 

while 5 is used when the option is highly favorable and zero 

(0) is used when the option is neutral. 
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TABLE 5 

 Protection alternatives comparison matrix 

Factor  Weight 

Protection Alternatives 

Reef-

balls 

break

water  

Cubes 

break-

water  

Geo-

tube 

break-

water 

Sea-

wall  

Ero-

sion/scouring 

control 

2 5 5 5 0 

Ecosystem 2 5 2 1 0 

Risk 2 -3 -3 0 0 

Acceptability 1 5 4 2 4 

Material 

availability 
2 5 5 2 5 

Construction 

experience  
2 4 5 0 5 

Cost 2 3 2 5 1 

Sustainability 2 5 5 2 3 

Aesthetic vis-

ual effect 
1 4 3 5 2 

Socio-eco-

nomic 
1 2 1 0 0 

Sum of 

weighted 

scores 

 59 50 37 34 

 

Based on this analysis, the recommended alternative is the 

reefballs offshore breakwaters, where three sets of three-row 

reef ball submerged breakwaters are proposed to be installed.  

IV CONCLUSIONS 

This study proposes a rational solution to the flooding and 

erosion problems at Deir El Balah Camp, araising from the 

shoreline imbalance due to climate change and the construction of 

Khan Younis breakwater in 2016.  

Seawater flooding occurs during heavy storms, where sea-

water can reach a ground level near +4 m MSL. From resi-

dents’ observations, the frequency of stormy season was once 

every ten years, however the return period become shorter 

these days.  

The shoreline changes between 1972 and 2020 were ana-

lyzed using remote sensing and GIS tools, where satellite 

Landsat and aerial images for the Mediterranean coast of Deir 

El Balah were acquired for different years covering a time 

span of 48 years. The analysis shows that erosion takes place 

along the shore within the area, and the average annual ero-

sion rate in the study area during the period between 2016 and 

2020 is 2.37 m per year. 

It is found that the submerged breakwater is the best alterna-

tive as a solution to the erosion problem at Deir El Balah 

beach as it has no adverse effects on the ecosystem, quite the 

contrary it is environmental friendly alternative especially if 

we designed it as "artificial reef", it will enrich the marine 

environment and give a beauty shape, moreover it will protect 

the shoreline and provides the beach with new accretion ar-

eas. 
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