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Due to the absence of a national strategic plan for coastal management, the Nile Delta coast is no longer
described as a fully dissipative, divergent, low-gradient beach face composed of fine to very fine sand.
Instead, new patterns have emerged depending on rock type, geomorphology of the coast, direction of
the shoreline in relation to waves and current, and the implemented defense measures. This study at-
tempts to record the morphodynamic changes which occurred due to human intervention. Landsat
satellite images acquired for the periods of time of 1973, 1984, 1989, 2003, and 2015 are used together
with geomorphologic observations in order to monitor the changes along the coastal strip between Ras
El-Bar and Damietta Harbor. This study reveals two beach segments; one of which lies to the east, it is
protected with detached breakwater system, and shows average shoreline accretions of +4.73
myr~!, +5.0 myr—!, and +0.89myr~! during the periods of 1984—1998, 1998—2003, and 2003—2015
respectively. This segment still has the geomorphologic imprints of the dissipative beach, wave diver-
gence, low-gradient beach face, fine grained sand and spilling breakers. The second is to the west, be-
tween the detached breakwaters and the eastern jetty of the Damietta Harbor. It is an erosional segment
with shoreline retreat of —7.43 myr~!, —10.90 myr~, and —3.11myr~! for the same periods. This segment
shows intermediate “d” beach or intermediate-reflective, wave convergence, rip currents, with the
characteristic steep sloped and cuspate beach face, cliffy, reworked sediments of coarse grained sands,
mud clasts, discoidal gravels, shelly beach, and plunging breakings. The presence of convergent waves
along this segment confirms the concept of an emergence of a new wave pattern of reversed eddy which
enhances the steepness of the beach face, accelerates erosion, and increases the possibility of drowning
of swimmers at Ras El-Bar resort. Under such circumstances the plunge step approaches the shore and its
shell content forced by wave to accumulate forming the shelly beach. To secure the coastal strip against
erosion and sea level changes the detached breakwaters should be extended to reach the eastern jetty of
the Damietta Harbor. The protection of this segment is a matter of interest for investment projects
related to industries and trading along the Damietta Harbor as well as the touristic investments at Ras El-
Bar, as one of the important tourist destinations in Egypt. Millions of pounds spent by beach visitors and
investment annually provide significant input to local and regional economy. Hazards associated with the
morphodynamic effects on recreational beaches can influence the suitably of any given stretch of coast as
a recreational resource, and thus impact tourist money spent in addition to the safety and well-being of
beach visitors.

© 2016 Elsevier Ltd. All rights reserved.
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The annual amount of sediment discharged by the Nile River at
Aswan was calculated in the range of 160 x 10’ m® yr~! (Sestini,
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1989). Aswan High Dam, completed in 1964, was built to control
the flow of the Nile, to generate electricity and to provide water for
irrigation. However, the dam has also impacted the sediment flux;
amounts of sediment delivered at the river mouths of Rosetta and
Damietta range between 100—115 x 10® m?yr~! (El-Dardir, 1994;
Frihy and Lawrence, 2004) are no longer sufficient to nourish the
Nile Delta coastline and prevent coastal erosion (Orlova and
Zenkovich, 1974; Smith and Abdel Kader, 1988; Lotfy and Frihy,
1993; Stanley, 1996). As a result, a great deal of effort has been
expended on construction of coastal defense structures to protect
sections of the coast of particular socioeconomic importance, such
as recreational beaches (El-Asmar, 2002), and new communities
and harbors (White and El-Asmar, 1999; El-Asmar and White,
2002). Due in part to the absence of a unified strategy for protecting
the whole Nile Delta coast, contemporary erosion of the coastline
threatens to become a major environmental hazard (White and El-
Asmar, 1999).

In Egypt, several studies discussed the issue of coastal erosion
along the Nile Delta coast based on beach and nearshore profiles
semi-annually collected by stations belong to Coastal Research
Institute (CORI) since the Eighties of the last century. Contemporary
to that time the coastal research along the Nile Delta using remote
sensing technology had been used (Klemas, and Abdel-Kader, 1982)
and focused on mapping the shoreline and offers the potential
updating maps in order to distinguish sites of erosion and accretion
(Smith and Abdel-Kader, 1988) and led to subdivision of the coast
into subcells of convergence and others of divergence waves (Frihy
et al,, 1991). In attempts to save beaches, such inadequate human
intervention, led to an emergence of unsuccessful project enhanced
the changes in morphodynamic. Consequently a new approach of
thematic mapper imagery (El-Asmar and White, 1997) was used for
the purpose of integrated coastal zone management along the Nile
Delta using segmentation process, based on the orientation, the
nature of shoreline sediments and the implemented defense
measures. Later, Dewidar and Frihy (2010) estimated rates of
shoreline changes from three statistical approaches of Digital
Shoreline Analysis System (DSAS) (the end point rate, the Jackknife
and a weighted linear regression) are validated with ground ob-
servations of beach profile survey data at the same positions. El-
Asmar and Hereher (2011), Dewidar (2011) used two techniques
to estimate rate of shoreline retreat. The first technique corre-
sponds to the formation of automated shoreline positions by digi-
tizing for mapping erosion/accretion pattern and the second one is
for estimating rate of shoreline change based on data of remote
sensing applying Digital Shoreline Analysis System (DSAS) soft-
ware. The End Point Rate (EPR) was calculated by dividing the
distance of shoreline movement by the time elapsed between the
earliest and latest measurements at each transect. El-Asmar and
Hereher (2011); El-Asmar et al. (2012, 2013), Hereher (2014)
identified changes in lagoons surface area using water index
algorithms.

The Damietta promontory as one of the two promontories of
Nile river mouths at Damietta and Rosetta is a fragile costal area
subjected to severe erosion, we emphasize on monitoring this
coastal strip due to its economic and touristic value. This coast
includes the elite, historical and favorable resort beach at Ras El-
Bar. At present and due to population expansion, Ras El-Bar has
become a new permanent community for about a quarter of
million. Together, Ras El-Bar, the historical Damietta City with the
Damietta Harbor and City represent the Damietta governorate of
about 2 million of Egyptian populations, with tens of billions of EL
investments in activities of real-estate, accommodations, hotels,
and entertainments and the consequent taxes collected by the
government related to such activities. In addition to shipping, lo-
gistics and free industrial zone at the Damietta Harbor and the

traditional furniture industry at the Historical Damietta City, all
these spots may be threatened by sinking hazards and complete
disappearance of such activities.

1.1. The study area

The study coastal area at Ras El-Bar is part of this fragile Dam-
ietta promontory (Fig. 1A), which was described as wave conver-
gent subcell (Frihy et al., 1991, 2003). At Ras El-Bar coast; several
defense measures were implemented including two jetties lining
the Damietta branch of the Nile River, seawall, revetment, three
jetties and 8 detached breakers parallel to shoreline. Together these
defense measures and the Damietta Harbor constructions led to the
emergence of a new pattern of wave reflection with consequent
erosion and accretion along the coast.

In the early 1980s, a decision was made to construct a new
harbor and city to the northwest of Damietta (Fig. 1B) in order to
increase the trade potential along the Mediterranean coast. It was
also decided to construct the harbor some distance inland to be
protected from winter storms so that it could be used year-round
and avoid shipping delays. A site location (Fig. 1A) was selected in
a coastal embayment with minimal effects from waves and currents
(Sogreah, 1982). The selection of the harbor site is characterized by
a wave divergent and a sediment convergent (sink area) (Abo Zed,
2007). Before the construction of the harbor (1978—1982), the
coastal stretch extends from the Gamasa drain to the Damietta
mouth (Damietta Harbor lies in the middle), it was marked by ac-
cretion (Abo Zed, 2007). The location was described by UNESCO/
UNDP (1978) as one of long-term coastal accretion. It is sup-
ported by significant fields of active dunes fed by beach sands (Frihy
et al., 1991; Fanos et al.,, 1995). The harbor (Fig. 1B) is composed of
two parts: the shipping area, which is an inland basin containing 12
platforms, and an access channel connecting the shipping area with
the Mediterranean Sea. In 1982, the entrance to the access channel
was protected against littoral drift by two jetties, which were
extended in 1985. The western jetty is 1300 m long and the eastern
jetty is 600 m long (El-Asmar, 1995, Frihy et al., 2002). After the
construction of Damietta Harbor (1988—1997), the western area of
the harbor (2 km west) was marked by accretion, whereas the
eastern area (5 km east) was marked by erosion (Fig. 4). This could
be attributed to the fact that the western jetty (1.5 km long) in-
terrupts the eastward sediment transport along the coast and
blocks the eastern sediment transport. The annual net rate of
littoral drift on the western side of the harbor is about
1.43 x 105 m? (accretion), while the annual net rate of littoral drift
on the eastern side is about 2.54 x 105 m?> (erosion) (Abo Zed,
2007). Presently, the Damietta Harbor is one of the Egyptian har-
bors expected to receive new investment projects such as the global
logistics center for storage and handling of grain and cereals. The
sustainable development of the harbor is a public request, and the
most important hazards threatening the harbor are the erosion
issue and siltation of the navigation channel. The latter was dis-
cussed in El-Asmar and White (2002); Frihy et al. (2002); Abo Zed
(2007); and in Gad et al. (2013).

1.2. Wave climate

Wave action along the Nile Delta coast is seasonal with high
storm waves approaching from the NW— NNW during the winter
(October to March). These generate eastward longshore currents
with velocities of up to 0.9 m s~! (Tetra Tech, 1984), driving a
sediment flux. Swells during the spring and summer are predom-
inantly from NNW—-WNW, with a small component from NNE
(Fig. 2). These can cause either easterly or westerly sediment
transport depending on local shoreline orientation (Fanos et al.,
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Fig. 1. (A) MMS Satellite image of 1973 showing the location of the study coast before excavation of Damietta Harbor, (B) 1984 after excavation of the harbor with two jetties
protecting the navigation channel, the Western (WJ]) and the Eastern (EJ), and (C) ETM Satellite image of Showing the main shoreline changes along Ras El-Bar coast from 1973 to

1984.

1995). Wave climatology data were collected from 1985 to 1990 at
Abu-Quir, east of Alexandria, and Ras El-Bar, the modal significant
wave height for both stations is 0.75 m and significant wave period
is 7—8 s during winter decreasing to 5 s in summer (Frihy and
Deabes, 2011). The Mediterranean Sea at the Nile Delta has an
extremely low tidal range; measurements at the inlet to Lake
Burullus show a mean tidal range (change in the level of the sea
during one tidal day—approximately 25 h) of only 14 cm over the
last 20 years (El-Fishawi, 1994), with 60-cm variation in daily mean
sea level at Port Said over the period 1980—1986 (Eid et al., 1997).
Several estimates of the magnitude of littoral drift have been made
for this section of coast before the harbor was built. Sogreah (1982)
estimates a drift of some 0.66 million m> yr~! to the east and 0.26
million m> yr~! to the west, resulting in a net annual transport of
0.4 million m? yr~! to the east. Other estimates of net transport
include 1.16 x 10 m? yr~1, 0.8 10 m3 yr~' (Tetra Tech, 1984) and
0.6—1.8 x 10° m* yr~! (A.S.R.T, 1988).

1.3. Aims

The present study is part of our research program”Monitoring

coastal changes along the Eastern Nile Delta” (EI-Asmar, 1994;
1995, 2002; El-Asmar and White, 1997; White and El-Asmar,
1999; El-Asmar et al., 2014). The main objectives of this study
are: (1) to monitor and update knowledge of this very dynamic and
strategic segment of the coastline, (2) to determine its vulnerability
to erosion problems related to hydrodynamic changes, (3) to
introduce for the first time significant geomorphodynamic features
emerged along this coasline due to the changes in beach morpho-
dynamic as a result of human intervention. Such geomorphic
changes were regionally detected using remote sensing application
then land verification through field observations and photograph-
ing, and finally (4) to introduce our recommendations to the de-
cision makers in order to secure the socio-economic community at
the coastal zone of Damietta-Ras El-Bar.

2. Methods, data and processing

Remote sensing techniques are considered among the best so-
lutions for detecting the regional changes and exploring the new
phenomena over the earth surface. Satellite remote sensing has
proved its utility in all fields of earth sciences including the study of
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Fig. 2. Directional distribution of significant wave heights showing the predominant
winter wave approaching from the NNW, NW, and WNW is responsible for generating
the eastward longshore drift the opposing summer waves occasionally approach from
the NNW, N, NNE and NE sectors.

changes in the coastal processes and morphology (Guneroglu,
2015), and the assessment of shoreline movement because of the
repetitive, synoptic and multispectral coverage's of the satellites
(Alesheikh et al., 2007; Rao et al., 2009). It has also the potential to
provide accurate and time-wisely geospatial information
describing changes in land use/land cover (LU/LC) (Foody, 2003;
Herold et al., 2002; Yuan et al., 2005; Guneroglu, 2015). On the
other hand, multispectral remote sensing satellites provide digital
imagery in various spectral bands, including the near infrared
where the land-water interface is well defined. Furthermore, this
approach has several advantages; it is not time consuming, inex-
pensive to implement, large ground coverage, and has the capa-
bility for repeat data acquisition and monitoring (Van and Binh,
2008).

Generally, change detection involves the application of multi-
temporal data sets to quantitative analysis of temporal change of
the phenomenon (Lu et al., 2004; Srivastava et al., 2012). The basic
principle behind using digital data is that any subtle change in LU/
LC results in a change in the radiance of that object detected by
satellite sensors (Mass, 1999) at a range of spatial, spectral and
radiometric resolutions. For example, the conversion of land use
from rural to urban land causes change in the visible portion of the
spectrum (brightness). The change from vegetation to non-
vegetation land use causes difference in the near-infrared (NIR)
radiation (greenness), and the change in the shortwave-infrared
(SWIR) reflects change in moisture content (wetness) (Lunetta
and Elvidge, 1998; Lu et al., 2004). LU/LC change detection gener-
ally employs one of two basic methods: pixel-to-pixel comparison
and post-classification comparison (Dennis and Colfer, 2006,
Dewidar, 2004; Mukherjee et al., 2009), which compares two or
more separately classified images of different dates (Serra et al.,
2003; Shalaby and Tateishi, 2007). Post classification comparison
is considered the more appropriate and commonly used method for
change detection (Lillesand et al., 2004).

Landsat images data covering the study area have been digitally
processed, analyzed and interpreted to produce a LU/LC map at a
scale of 1: 50.000. This is based mainly on the multilevel LU/LC
classification system used with remote sensor data adopted by the
U.S. Geological survey (Anderson et al., 1976). The produced Landsat
image classification map clearly displays the major classes of LU/LC.

This necessitates the use of geometric rectification algorithms that
register the images to each other or to a standard map projection. In
addition, most of the methods require a decision as where to place
the threshold boundaries in order to separate areas of change from
those of non-changes.

Change detection is the use of remotely sensed imagery of a
single region, acquired on at least two dates, to identify changes
that might have occurred in the interval between the two dates.
The calculated average shoreline changes and the total area for
identified segments in regions showing significant variations are
something very critical as the shoreline is a dynamic and complex,
it has mixed results of tidal, aeolian, tectonic, and sometimes
riverine. The shoreline change has its impact, but it is not so visible,
to observe this we need a long and continuous set of data. In the
present study a shoreline length of approximately 9.9 km was
examined, and a series of image data are acquired at unequal in-
tervals between 1973 and 2015, that is, covering a time span of 42
years (Table 1). These series includes five shorelines: 1973, 1984,
1998, 2003, and 2015. The data acquired from the GLOVIS and
EARTH EXPLORER sites, maintained by USGS. The study area is
covered by the Thematic Mapper (TM) and Enhanced Thematic
Mapper (ETM+) scene (Path/Row 176/38), and by (Path/Row 189/
38) for the multi-spectral scanner (MSS). All image scenes are
subjected to image processing using ENVI software version 5.1. The
selected based on the criteria of Cloud cover less than 10%.

The method of processing of the satellite images (Fig. 3A) started
with the geometric correction was performed through image-to-
image geo-referencing in the Universal Transverse Mercator Pro-
jection (UTM/zone 36 WGS 84) using a first-order polynomial
transform. At least 20 prominent well-distributed ground control
points (GCP) selected in the master images, located in the other
images, and then a nearest neighbor resampling method was
applied. (El-Asmar et al., 2013; Jayson-Quashigah, 2013; Hereher,
2014; Deepika et al., 2014). All the optical images, after geometric
and radiometric corrections, were then digitally processed using
the Water Index method. The Water Index is one of the band ratios
where the sum of visible bands is divided by the sum of the infrared
bands (Braud and Feng, 1998; Mahboob and Atif, 2016). The pro-
cedure aims at obtaining the sharp edge between water and land as
water reflectance is more pronounced in visible bands, while ab-
sorption is dominant in the infrared band. Using this characteristic,
this technique was applied on the images and threshold level
slicing was done to distinctly separate landmass from the water.
The sharp edge between the two classes refers to the shoreline.
Then in the GIS environment the sharp shorelines were digitized
(Thieler et al., 2005), and the layers of multi date shorelines were
prepared for 1973, 1984, 2003, 1998, and 2015 in the line feature
class. Using the overlaying operations and spatial analyst tools the
analysis for spatial and temporal change detection had been done.
To study the spatial change pattern along the shoreline, cross sec-
tions (Fig. 3B) were taken almost at the 90° angle across all the
shorelines, digitized and amount of the shift of the shorelines in a
certain time-interval were measured. It gives the spatial shift of the
shoreline over the time. Then cells were generated over the total
amount of shifts. (Santra Mitra et al., 2013; Ozturk and Sesli, 2015).
Because the images being acquired in different seasons, it was
crucial to make an atmospheric correction and radiometric
normalization to all images in order to get comparable data at the
same level (Chander et al., 2009; Tyagi and Bhosle, 2011) and
eliminate effects of dust, haze and smoke as well as the solar angle
variations. Atmospheric correction was carried out to all images by
subtracting the minimum pixel value from the pixel matrix of each
image (dark object subtraction) (Chavez, 1996). The dark object was
chosen to represent the clear deep water of the Mediterranean Sea.
As the solar angles are different in all images, it was crucial to
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Satellite data acquired and utilized in the present study in a chronological order from 1973 to 2015.
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Fig. 3. (A) Flow chart showing the applied procedures on the selected satellite images for the present study, (B) and cross-section showing how we calculate shoreline changes
based on right angles on the base shoreline of 1984.

normalize these angle variations as they were subjected to radio-
metric normalization taking into account the earth—sun distance,
the solar elevation angle, and the dark object (minimum pixel
digital number). The radiometric correction was applied using the
COST Model in ERDAS Imagine producing normalized images of

reflectance values and ready for subsequent processing.

For visual interpretation of the data a False Color Composite
(FCC), which is a combination of IR, Red and Green positioned in R,
G, Brespectively is used. This is because the data we are using has a
low resolution. So every pixel indicates an average value of a large
area. The True Color Composite of RGB may be inefficient in such

situations. But the use of FCC greatly improves our understanding
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of various features in a data bodies (Lillesand and Kiefer, 1994). The
data acquired were of individual bands, so the bands required for
the FCC were added and the FCC was created in ENVI software
version 5.1.

3. Results
3.1. Remote sensing applications

As mentioned before the site of the Damietta Harbor was
selected in a coastal embayment with minimal effects of waves and
currents. It was described as one of long-term coastal accretion at a
divergent subcell. However, comparison of the satellite images of
(1973) before and (1984) after the construction of the Damietta
Harbor reveals the presence of coastal erosion with shoreline
retreat along the whole coast between the Damietta Harbor and Ras
El-Bar (Fig. 1C), totally being —590 m and increased eastward to the
Damietta promontory to reach —-915 m, with an average
of —53.6 myr~! and —83.2 myr~! respectively. During this period
no obvious shoreline changes is detected to be related to the human
intervention. The shoreline changes in concern is that contempo-
raneous to the construction of two entrance jetties along the
Damietta Harbor, which led to emergence of a new wave and

31°42°0"E 31°46'0"E

current pattern with up drift deposition and down drift erosion to
the west and east of the harbor respectively (Fig. 4A and B).
Measurements for shoreline changes have been taken at 9 sta-
tions along the coast between the Damietta Harbor and Ras El-Bar
(Fig. 4B). They reflect two coastal segments (Fig. 5A, and Table 2).
The eastern segment shows accretion at the shadow of detached
breakwaters, with a gained area of 0.46 km? and shoreline advance
of 3.54myr~! (Fig. 5A). On the other hand, the western segment,
which is located between the western tip of the detached break-
waters at Ras El-Bar and the eastern jetty of the Damietta Harbor, is
suffering from erosion and shoreline retreats. The eroded area at
the western segment reached 0.57 km? with an average shoreline
retreat of —7.14 m yr~ L. The retreat along the shoreline from 1984 to
1989 (Fig. 5B) was —7.43 myr~ !, then increased from 1998 to 2003
(Fig. 6A) to reach —10.90 myr~, and again decreased after the
extension of the detached breakwaters from 2003 to 2015 (Fig. 6B)
to —3.11 myr~! (Table 2). The longshore transport pattern along the
western erosional segment at the down drift of the eastern jetty of
the Damietta Harbor reflects an upward increasing rate with a
maximum of 449 x 10° m? yr~!, and continuous erosion (Frihy
et al.,, 2003) except during the period from. 1984 to 1987 an ac-
cretion equal to 304 m was observed, which interpreted by El-
Asmar et al. (2014) as related to disposal of more than
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the excavation of the navigation channel. The white points from 1 to 9 refer to the stations selected for measurements of shoreline position and beach profiles along with the
baseline (red line). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 2

Changes in shoreline across the studied two segments and transitional point 5 at the end of detached breakers. During the periods 1973—1984, 1984—1998, 1998—2003, and

2003-2015.

The present study

Stations Segments 1973-1984 1984—1998 1998—-2003 2003—-2015
11 yrs. m/yr. 14 yrs. m/yr. Average 5yrs. m/yr. Average 12 yrs. m/yr. Average

1 Western Segment -590 -53.6 —71.00 -5.07 -7.43 —85.00 -17.00 -10.90 —-30.00 -2.50 -3.11
2 —120.00 —8.57 -50.00 —10.00 —45.00 -3.70

3 —145.00 -10.36 —47.00 -9.40 —60.00 —5.00

4 —80.00 -5.71 —36.00 -7.20 —15.00 -1.25

5 End of break water system —15.00 -1.07 +28.00 +5.60 +10.00 +0.83

A —16.00 -1.14 +9.50 +1.90 —4.50 -0.38

B —19.00 -1.30 +16.50 +3.30 +1.50 +0.16

6 Eastern Segment -915 -83.2 +31.00 +2.21 +4.73 +48.00 +9.60 +5.00 +3.50 +0.29 +0.89
7 +67.00 +4.79 +50.00 +10.00 +24.00 +2.00

8 +103.00 +7.36 —20.00 —4.00 +6.00 +0.50

9 +64.00 +4.57 +22.00 +4.40 +9.00 +0.75

5 x 108 m?) of sediment dredged during the excavation of the
harbor entrance and navigation channel (Frihy et al., 1991; El-
Asmar, 1995), such dredged sediments have been stored along the
eastern down drift coast (Fig. 4).

At station 5, three points 5, A, and B at the end of the detached
breakers (Fig. 7A and B) showed erosion from 1984 to 1998, with
averages shoreline retreat of —1.07 m, —1.14 m and —1.30 m yr~!

respectively. These values seem in accordance with the whole
western segment at the same periods (Table 2). After complete
construction of detached breakwaters (totally 8 detached breakers)
the pattern in 1998—2003 was reversed with accretion at the points
5, A, and B and shoreline advances being +5.6 m + 19 m,
and+3.3 myr~! respectively. From 2003 to 2015 at the western tip
of breakwater 8, the accretion decreases at the two points 5, and B
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Fig. 6. (A) ETM Satellite images showing shoreline changes between 1989 and 2003, and (B) between 2003 and 2015. The yellow circles in both photos A, B refer to the eroded

embayment at point 5 closely shown in Fig. 7. (For interpretation of the references to

being +0.83 m, and +0.16 m yr~' respectively, with noticeable

erosion (—0.38 m) at point A (Fig. 6, and Table 2). Similar erosion
was observed at the up drift of the detached breakwaters, in 1994
when they were only four of them, and interpreted as related to the
development of an adverse eddy waves resulted due to collision of
strong waves outside the breakwaters area with the stagnant waves
~) 25%) at the shadow area of the detached breakers (El-Asmar,
1994). Such eddies appeared again at the up drift tip when the

colour in this figure legend, the reader is referred to the web version of this article.)

detached four breakers became and led to the development of
erosional embayment at point 5A (Fig. 7A—C).

3.2. Beach profiles
A detailed survey of the foreshore-backshore zone is carried out

using a theodolite and six profiles measured from baseline at five
points located along the studied coast (Figs. 4B and 8).



H.M. El-Asmar et al. / Journal of African Earth Sciences 124 (2016) 323—339

331

31°48"25"E 31°48'30"E 31°48'35"E

31°46'E 31°46'30"E 31°47'E 31°47'30"E

31°48°

z 31°46'E 31°46'30"E 31°4TE 31°47'30"E 31°48'E 31°48'30"E 31°49'E =
z 3 A o A 3 A i »
2 I — S l z
g ] | Y £l w E z
s g H 2
= = 2 E
W E = =
S
£ z
g ) 2 z 2
] { ~G ¢ £
\ 8
\ 2 =
Legend
z / —— shoreline1998 z
B H
aT - —— shoreline1984 L 1=
Y 7 shoreline2003 s £ £
= ] H
shoreline2015 ; Legend ]
o ems 055 K0\ —— shoreline1998 o
- T == = —— shoreline1984
T 31°48'E

30"E 31°49'E —— shoreline2003

1984 - 1998 = -16 m
1998 - 2003 =+ 9.5 m
2003-2015=-45m

1984 - 1998 =-19m
1998 - 2003 = +16.5m
2003-2015=+1.5m

7

— shoreline2015

- — —
oeoimes  ose oos 012

31°48"25"E 31°48'30"E 31°48'35"E

Eastward looking photo

Westward looking photo
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formed at the end of detached breakers at point 5 of Figs. (6, 7B).

The stations from 1 to 4 selected to represent the erosional
coastal segment (Figs. 4B and 8 from 1 to 4). The fifth station has
taken as an example for the accretional points at the shadow area of
the detached breakwater no.8 (Fig. 7B points 5, A, B, Fig. 8-5, 5B).
The profiles measurements are plotted on a regression diagram and
illustrated in Fig. 8. The erosional segment show steep slope pro-
files with averages of 1/4.4, 1/6.9, 1/6.7, and 1/5.0 for the stations
from 1 to 4 respectively. At station 5 two profiles 5A and 5B (Fig. 8)
have been measured, the first at point 5A is erosional with a steep
slope 1/4.6 located in the embayment at the end of detached
breakers no.8 (Fig. 7A—C, point A, and Fig. 8-5A). The second is
accretional, gently sloped beach with an average of 1/19 (Fig. 7A—C,
point B, Fig. 8-5B, 10G). During our field observations the steepest
scarp developed in the western erosional segment (Fig. 9E and

10A). A new revetment project (Fig. 9A and B) was installed at
the stations from 1 to 3 (Fig. 4), itis 1.5 m height composed of loose
carbonate blocks, and constructed in two parts, the first is a 320 m
length, and the second is a 640 m length. This made to support the
eastern jetty of the Damietta Harbor and to protect an area sup-
posed to have a big heavy industry of nitrogen fertilizers by Agrium
Company (Fig. 9A and B). However, the revetment partially
collapsed due to sand dredged by waves and drifted by longshore
current.

3.3. Beach type and swash beach cusps

Some morphologic aspects are observed and easily used to
distinguish the coastal segments, of which are the rhythmic, nearly
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accretional beach at the shadows of the detached breakwaters at No. 8 at Fig. (7C).

equal sized and spacing foreshore topographic features known as
beach cusps, making crescentic shoreline formations, concave
seaward, that are characterized by uniform longshore wavelength
or spacing between horns (Komar, 1971,1975; Holland and Holman,
1996; Lopes et al., 2011). Cuspate beaches normally associated with
erosional processes (Asbury and Sallenger, 1979; Inman and Guza,
1982). Cusps appear to develop when waves are parallel to shore,
approaching it at a 90° angle, but they may also form when waves
approach at an oblique angle (Thornton et al., 2007).

In the present study, swash cusps are ranging from 6 to 15 m and
associated with the reversed rip currents (Fig. 9 C, D, and E). The
cusps not only observed at the beach but leave imprints on the
erosional muddy scarp (Fig. 9E). Thornton et al. (2007) confirmed
the association of swash cusps with rip currents, both are features
(Fig. 9C and D) associated with the intermediate - reflective beach
(Wright and Short, 1984; Komar, 1998; Lorang et al., 1993; Miles and
Russell, 2004; Aagaard et al., 2012, 2013), with the characteristic
steep slope, storm or winter profile, and plunging or surging wave
breakings on the beach or collapsing over the step (e.g. Wright
et al, 1979, 1982; Masselink et al, 1997; Masselink and
Pattiaratchi, 1998; and Coco et al., 2000).

3.4. Plunging breakers and shelly beaches

As most of the dominant waves affecting the study area are long
waves (H 0.5-1 m and T 6.5s, Frihy et al., 2003), a conditions

suitable for plunging breakings occur when the sea floor is steep
(Fig. 10 A) or has sudden depth changes and low tidal range (Dean
and Dalrymple, 1991; Arkhipenko et al., 2002), with generation of
clear step below the sea water level (Chanson and Lee, 1997; Short,
2012; Pedrozo-Acuna et al., 2010, 2011; 2012). Coco et al. (1999)
reported evidence for a plunging breaking type being associated
with the presence of cusps, and the development of a plunge step
(King, 1972; Shepard, 1973; Davis, 1985). Due to its high energy,
sediments along this step are typically coarse grained with con-
centrations of shell debris (Davis, 1985). On the other hand, “shell
beach” is defined as a sea beach that routinely has an unusually
large accumulation of sea shells washed up on it. Sea shells are
most often the dead empty shells of marine mollusks. As the beach
become steepness, the plunge step moves shoreward and most of
its shell materials pushed away to the beach forming a shell beach
The occurrence of beaches composed predominantly of shells and
shell material provides evidence of converging waves associated
with a steep slope (Watson, 1971). In the present study, shell beach
(Fig. 10E and F) occurs on the western segment of the coast, where
both the berm and beach face are steep (Fig. 10E). Most of detected
shells belong to bivalves and some gastropods (Figs. 11 and 12, and
Table 3).

4. Discussion

The results emerged for shoreline changes along the coastal
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Revetments

Damietta Harbor Eastern Jetty

Fig. 9. (A) 1.5 m height carbonate revetment in two parts, the 1st 320 m length started eastward from the Eastern Jetty of Damietta Harbor, and the 2nd 640 m length with 4 m
apart along the coast. (B) Close up of the revetment showing how much it is composed of loose blocks randomly arranged and partially collapsed. (C) Satellite image, showing the
beach cusps and rip current, with reworked mud clasts. (E) Field photo for the beach cusps, rip current, with low tidal bars and crescentic troughs (D). The eroded muddy cliff with

3 m height and the crescentic edge reflect the wave effect on the cuspate beach.

zone between Ras El-Bar and the Damietta Harbor using remote
sensing application reveal subdivision of the coast into two seg-
ments; the eastern and the western ones. The field verifications of
both segments together with beach profile measurements reveal
distinguished geomorphodynamic changes along those two seg-
ments. The eastern segment, developed at the shadow area of the
detached breakwater system. It is an accretional one with total
deposition of an area equal to 0.46 km? (Fig. 5A), during the period
form 1984—2015 with an average shoreline advance of 3.54myr .
It is characterized by gentle slope beach face of 1/19 (Fig. 8, profile
5B, and Fig. 10G). The western segment shows evidence of coastal
erosion with total loss of the coastal area equal to 0.57 km? during
the period from 1984 to 2015 (Fig. 5A), with an average shoreline
retreat of —7.14myr~ L It is characterized by a steep slope beach face
with an average slope of 1/5.72. (Fig. 8 profiles 1—4). The Nile Delta

beaches were described as fully dissipative, fully divergent smooth
wide beach face, gentle sloping, composed of fine to very fine sand
and exhibit a very low-gradient (tan 3 = 0.05 to 0.02.; Nafaa and
Frihy, 1993). Due to sea level rise and human intervention, the
Nile Delta coast is no longer a dissipative or divergent one, and new
patterns of waves and currents have resulted in new beach seg-
mentations in response to the shoreline direction, the relation to
induced waves and currents, and the implemented defense
measures.

In the study area, the western segment shows some geomorphic
features including cuspate beach, rip currents (Fig. 9 C, D), scarps
(Figs. 9E and 10 A) and shell accumulations (Fig. 10E and F). The
cuspate steep slope beach face (Fig. 9 C, D, and E), with medium to
coarse grained clean sand (Fig. 10E) and shoreline retreat with a
convergent waves, indicate features of intermediate state “d”
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Fig. 10. (A) The muddy cliff of 3 m height, formed due to the plunging wave mechanism. (B) The mud clasts are eroded from the cliff, and (C) reworked at the beach eventually (D)
forming discoidal platy gravels. (E) The reflective, eroded shelly beach with steep slope berm and beach face with foreshore profile showing plunge step where most by valves
accumulated and thrown shoreward during storms and (F) close up showing thick shell accumulation. (G) The dissipative, accretional, low gradient beach composed of fine black

sediments with lack of shell accumulation.

described in Wright and Short (1984) or intermediate reflective. On
the other hand, the eastern segment, at the shadow of the detached
breakwaters, the beach is accretional, gently sloped, fine grained
relatively dark sands enriched with mud and heavy minerals, and
spilling wave breaks, features characteristic for the dissipative
divergent beach (Komar, 1998). At the western segment of the
present study, the plunging breaking waves are responsible on
severe coastal erosion and formation of scarp of about 3 m height
(Fig. 10A). Such escarpment was excavated through the muddy
sediments, which dredged from the navigation channel and stored
to the east of the Damietta Harbor (Fig. 4). The plunging waves
break down the coherent sediments, dragged and rolled along the
beach forming the mud clasts (Fig. 10B and C). The latter eventually
transformed into gravel sized discoidal mud (Fig. 10D). Similar mud
clasts observed along the coast Northeastern Red Sea, South Al-

Wajh, Saudi Arabia and interpreted as related to erosion and
reworking by wave action (Ghandour et al., 2013).

The occurrence of shell accumulation, together with evidence of
plunging breaking, occurrence of cusps and rip currents in a
convergence waves, confirm the idea of the presence of adverse
eddy waves generated at the upward current of the detached
breakwater system (El-Asmar, 1994, 1995), such eddy waves have
recently been recognized by El-Banna and Hassaneen (2002).
Furthermore, they admitted the responsibility of eddies for
drowning of average of 70 victims/year (El-Banna, 2006). Such
eddies are responsible on convergence of waves that creates
erosion, steepness and shell accumulations. The plunge step
(Fig. 10E) is known to the rural oystermen as the 1st island, where
empty dead shells are accumulated, and locally known as “Kishr”.
Usually, local oystermen used to collect shells during winter, when
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Fig. 11. 1, 2 Cerithidea cingulata (Gmelin, 1791). 3, 4, Neverita (Glossaulax) didyma (ROding, 1798). 5, 6, Murex scolopax Dillwyn, 1817. 7, 8, Ringicula propinquans Hinds, 1844. 9, 10,
Anadara antiquata (Linnaeus, 1758). 11, 12, Anadara uropigimelana (Bory de St. Vincent, 1824). 13, 14, Scapharca inflata (Reeve, 1844). 15, 16, Glycymeris livida (Reeve, 1843). 17, 18,

Glycymeris cf. arabica (H. Adams, 1871). 19, 20, Modiolus auriculatus (Krauss, 1848).

the beach face is steeper and plunging or surging waves are active.
Under such circumstances, the surf zone narrows and shifts toward
swash zone i.e shoreward with an increasing in depth (Wright et al.,
1985). Donax cf. bipartitus (47.56%) tends to live in colonies at the
edge of the surf zone or beyond offshore (Watson, 1971). In the
present coastal segment, a noticeable mixing of bivalves Donax cf.
bipartitus with Mactra aequisulcata, Mactra lilacea, and Ringicula

propinquans which live in the surf zone, sandy offshore marine
environment, together with shallower assemblages such as Glycy-
meris livida, Glycymeris cf. arabica, Fulvia fragile, Anadara antiquata,
Marcia flammea and Scapharca inflata (Table 3) of shallow intertidal
lower shoreface and muddy sands and shells attached to rocks in
very shallow sea and/or lagoon such as Brachidontes variabilis,
Modiolus auriculatus, Hyotissa numisma and Saccostrea cuccullata

335
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Fig. 12. 1, 2, Brachidontes aariabilis (Krauss, 1848). 3, 4, Fulvia fragile (Forrskal, 1775). 5, 6, Donax cf. bipartitus Sowerby, 1892. 7, 8, Mactra lilacea Lamarck, 1818. 9, 10, Mactra
aequisulcata Sowerby, 1894. 11, 12, Marcia flammea (Gmelin, 1791). 13, 14, Hyotissa numisma (Lamarck, 1819). 15, 16, Ostrea subucula Lamy, 1925. 17, 18, Saccostrea cuccullata (Born,

1778). 19, 20, Solen bravis (Gray, 1842).

(Table 3). Such mixing suggests stormy conditions in a steepness
and narrowness of the surf and swash zones, able to break and
fragments the shell into pieces. Such storms never prevailed all
over the year except in plunging wave breakings in an intermediate
or reflective beach.

The present study clearly demonstrates the importance of
implementation of coastal zone management strategy when

dealing with the coastal hazards. It is important to stop con-
structing new heavy projects of oil and gas industries as well as
petrochemical and logistic projects along the fragile segments of
the coast. As most of these projects already have established, it is
very important to look how we can secure the region in a scientific
way. El-Asmar (1994) argued the strategy of the construction of the
detached breakers to protect the resort houses without taking into
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Table 3
Species, habitats and percent of the detected seashells along the study area.

Species Habitats Percent
Fulvia fragile in muddy sand, lower shore and below 12.24
Donax cf. bipartitus in sand, offshore 47.56
Neverita (Glossaulax) didyma in sand 9.22
Mactra lilacea in sand, offshore 475
Anadara antiquata in muddy sand, intertidal and offshore 3.67
Marcia flammea sand flats, intertidal 3.67
Glycymeris livida in clean sand and gravel, shallow water 3.23
Glycymeris cf. arabica in clean sand, shallow water 2.78
Mactra aequisulcata in sand, offshore 2.60
Anadara uropigimelana in sand, offshore 245
Ringicula propinquans offshore to deep water and beached 2.14
Brachidontes variabilis attached to stones and rocks or among rock oysters 1.83
Modiolus auriculatus In shelly sand in crevices on rocky shores 1.38
Scapharca inflata in sandy mud and mud in shallow waters 0.61
Hyotissa numisma attached to rocks, mid-shore and below 0.45
Cerithidea cingulata intertidal in sand 0.31
Saccostrea cuccullata covering rocks, upper middle shore 0.31
Murex scolopax in sand 0.16
Ostrea subucula under rocks, upper middle shore 0.16
Solen brevis offshore 0.47
Total 100

consideration the importance of the protection of the other stra-
tegic projects at the Damietta Harbor; such projects must have the
priority in protection. He considered such way of construction of
the detached breakwater system starting from Ras El-Bar westward
in an opposite direction to the normal current as a technical
mistake. Whatever the cost, it seems a vital and cheaper alternative
is to extend the detached breakwater system to reach the eastern
jetty of the Demiatta Harbor in order to secure the further coming
projects as well as the recreational area Ras El-Bar extension to
avoid categorizing as unsafe beaches (Zhigiang, 2016).

5. Conclusions

Due to sediment entrapment after the construction of Aswan
High Dam, the Nile Delta coast became no longer dissipative,
divergent with a low-gradient. A subdivision into segments is here
proposed in relation to shoreline direction toward induced waves
and current, nature of sediments, and type of the implemented
defense measures. Accordingly, the coastal strip between Ras El-Bar
and the Damietta Harbor subdivided into two segments one to the
east protected against erosion by detached breakwaters, the second
to the west between the eastern jetty of the Damietta Harbor and
the tip of the detached breakwaters system. The eastern segment is
an accretional, gentle sloping, wide beach with fine to very fine
sand enriched with heavy minerals and shows evidences of being a
dissipative beach in divergent and spilling waves. The western one
is erosional intermediate “d” beach, with shoreline retreat; steep
slopping, cliffy, convergent and plunging breakings, with charac-
teristic cuspate beach, rip currents, shell accumulation, reworked
mud clasts, and discoidal gravels.

Shell accumulation in a convergence condition emphasized the
presence of eddy waves resulted at the tip of the detached breaker
system, creates the convergence conditions, lead to narrowing the
surf and swash zone and mixing of shell assemblage.

An extension of the detached breakwater system is a must to
protect private investments in real-estate of accommodations and
hotels estimated in tens if not hundreds of billions at Ras El-Bar,
beside the governmental taxes collected in due of such activities.
Another kind of investments in free industrial zones, shipping and
logistics, as well as gas industries along the Damietta Harbor should
be also protected. The Damietta Harbor is expected to receive one of
the Hub national projects for construction of the global logistics

center for storage and handling of grain and cereals.
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