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Abstract— Rosetta promontory in Egypt is liable to coastal problems such as severe erosion beside the shoreline and siltation problem at 

the outlet. This problem is due to many reasons including the lack of water and sediment resources as a side effect of constructing the 

High Aswan Dam (HAD) and other head structures along the Nile River. Remarkably, the situation is still unstable although protection 

works have been constructed to mitigate shoreline erosion. The main goal of our study is to analyze the coastal region at Rosetta 

promontory and to determine erosion and accretion rates besides accretion/erosion patterns through using the integration between remote 

sensing techniques and statistical analysis of shoreline using DSAS software. Moreover, it aims to determine the hotspot areas that need to 

be protected. Ultimately, a decision matrix will be developed to indicate the level of vulnerability along the shoreline; accordingly, the 

decision-makers will have a powerful tool to help them make decisions regarding coastal zone management. 

Index Terms— Rosetta Coastal Zone, Remote sensing and GIS, DSAS, Shoreline change, Shoreline prediction. 

——————————      —————————— 

1 INTRODUCTION                                                                     

everal international studies included quality and quantity 
analyses of Spatio-temporal shoreline variations (Addo & 
Kufogbe, 2011;  Kabuth et al., 2013; Thi et al., 2014; El-

Sharnoby et al., 2015; Murali et al.,2015; El-sharnouby et al., 
2015;  Masria et al., 2015;  Nandi et al., 2016; Anand et al., 2016;  
Kermani et al., 2016;  Nassar, Fath, et al. 2018; Nassar, 
Mahmod, Masria, et al. 2018; Nassar, Mahmod, Fath, et al. 
2018).  

The Rosetta promontory is a regional example of a variety 
of outlets that are impacted by many coastal issues, such as 
coastal erosion. That is because the Nile River lacks water and 
sediment supplies to the detriment of constructing infrastruc-
ture for flood protection along the River Nile (Frihy 2001). Fur-
thermore, the Rosetta outlet is used as an offshore drain for 
eroded sediments from Abu Quir Bay and Rosetta (Ahmed 
2006). Such sediments build up at the exit and cause major 
problems with the navigation, livelihoods in the region and 
also threaten the surrounding area with flooding, as this di-
minishes the waterway capacity. 

 
While protection works were built to minimize erosion in 

the outlet Rosetta (two defences 5 km long and 14 east and 
west of the promontory) as stated by Fanos, Khafagy, et al. 
(1995). In EL-Sayed et al. (2005), there is still an unstable coast-
line along the Rosetta promontory, which has not been suffi-

ciently effective to avoid it. Coastal infrastructure mini 
mized the issue of erosion within the building area, but had a 
negative effect in the vicinity. 

    The main purpose of the current study is to examine the 
Rosetta promontory coastal area and evaluate the erosion and 
accretion levels and the protected areas. Moreover, this study 
is specifically designed to (1) identify erosion/accretion pat-
terns across coastal areas and detect the change in the land 
cover up to the period 1984-2019; (2) evaluate the development 
of land use near the coast; (3) track change in the shoreline at 
different periods (1984-2019); (4) determine coastal change 
levels using DSAS, and (5) forecast shoreline changes up to 
2100.      

2 STUDY AREA 

Rosetta Promontory is considered one of the most vulnerable 
areas along the Nile Delta coastal area. It lies on the north-
western Nile Delta coast as stated in Fig. 1a. This promontory 
is one of the most important areas since it is used for transpor-
tation, agriculture, and fishing activities. Frihy et al. (1994) 
state that the promontory is a coastal headland with flat ter-
rain covered by sand mounds and small sand dunes. They 
also emphasize that the beach is composed of fine to very fine 
quartz sand and rich in heavy minerals. There are also many 
low-lying areas forming salt-crusted sabkhas. The headland is 
inundated periodically by seawater during winter storm surge 
Agricultural lands encompass the River Nile course. Also, 
Badr et al. (2005) indicate that the dynamic factors that influ-
ence the shape of the Nile Delta coast are the same as those 
found in other deltas. They add that most of the energy driv-
ing nearshore processes along the delta coast come from the 
Mediterranean Sea in the form of wind, waves, currents, and 
sea-level variation. Moreover, the direction and strength of 
wind play a vital role in controlling the processes that form 
the inland coastal areas. As shown in Fig. 1b, the annual wind 
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rose offshore the Nile Delta coast indicates that the wind is 
predominantly blowing from the North West (NW) and West 
North West (WNW) directions. Speeds average 3-5 m/s in 
summer and spring seasons and 5-7 m/s in the winter season, 
from NW direction. 
      According to waves, the obtained data during the period 
from 1985 to 1990 show that the maximum significant wave 
height and wave period at Abu-Quir are 5.5 m and 13 sec. 
Badr et al. (2005) state that these wave data have been subject-
ed to statistical analysis in order to get the percentage of oc-
currence of certain wave height from a certain direction, 
known by the wave rose. This wave rose indicates that the 
predominant wave directions are from WNW, NNW, N, and 
W with a small portion of waves arrived from the NNE and 
NE especially in March and April. 
      Badr et al . (2005) also mentioned that coastal current is 
seen as a significant factor in the shipping of sediment along 

the coast or on / offshore. In addition, the surfing zone and 
offshore zone are being combined. This current will also be 
reversed within a few months, depending on the wind direc-
tion and bottom morphology (April, May, and/or August on 
the east, May, July, November and/or December on the west 
side). 
     The water level changes are reported near the headland of 
Rosetta between 1995 and 2000. The collected data were ana-
lysed and thus the tide in the area was found to be semi-
diurnal. It is also noted that the maximum recorded water lev-
el was around 80 cm and the lowest water level was -64 cm. 
The data from the Institute of Coastal Research (Institutes of 
Coastal Research of Alexandria) revealed a land shrinkage of 
about 0.163 cm/year (from 1951 to 1988) in Alexandria, 1.0 
mm / year in Burullus (Fanos 2001),(Stanley & Warne 1993), 
(Sharaf El-Din et al. 1989). 

 

Fig. 1. (a) Rosetta promontory at the terminal of the Rosetta branch, SPOT image 2012, (b) the qualitative wind/wave rose.

3 MATERIALS AND METHODS 

3.1 Sources of Data 

The image data was taken for 35 years at inconsistent times 
spanning from 1984 until 2019. Of note, the images were cre-
ated in good quality without successful clouds almost in the 

summer. Three images from Landsat 4-5 (30 m spatial resolu-
tion) took in 1984, 1995, 2004, 2011, and one from Landsat 08 
(30 m spatial resolution) taken in 2019 were taken in Table 1. 
For ENVI version 4.8, all image scenes were subjected to im-
age processing. We used the following website to download 
satellite images: https://earthexplorer.usgs.gov/. 
 

 

TABLE 1 
THE IMAGES OF SATELLITE USED IN THE STUDY 

Acquired Data Spacecraft ID/Sensor Pixel Size (m) Used bands 

25/07/1984 Landsat_4-5 30 1,2,3 

22/06/1995 Landsat_4-5 30 1,2,3 

14/06/2004 Landsat_4-5 30 1,2,3 

25/04/2011 Landsat_4-5 30 1,2,3 

10/07/2019 Landsat_08 30 2,3,4 

3.2 Classification of images 

     The classification method was designed to distinguish the land cover units so that identification could be modified for each 
type. All spectral bands (1984, 1995, 2004, 2011, 2019) within TM and ETM images were used for this classification except for 

(a) (b) 
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those in the thermal bands. Pre-classification images are displayed in Fig. 3. 
 

 

 
Fig. 3 original images before classification for different dates (1984, 1995,2004, 2011 and 2019)  
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Fig. 4.   The Landuse/Landcover supervised-classification for the Landsat images in 1984, 1995,2004, 2011, and 2019.  
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       In order to divide these three images into seven land cov-
er groups including water, urban area, green area, Sabkhas 
(salt-flate), and alluvial zones, the supervised classification by 
supporting vector machine algorithms was made. Instead, a 
3x3 majority/minority technique was used to refinish classi-
fied images to eliminate odd pixels in the classified matrix and 
minimize noise on the display maps. 
     The accuracy assessment of all land cover maps ranged 
from (0.97-1.0) for both the producer and user accuracies as 
well as for the overall accuracy. The areas were computed for 
each land cover type in each classified image shown in Fig. 4. 
Table 2 indicates the descriptions of the land cover types used 

for the study area analysis.  
Figure 5 shows the relationship between different class areas 
over the years 1984, 1995, 2004, 2011, and 2019. Statistics show 
that the seawater area is up from 98095500 m2 in 1984 to 
109318500 m2 in 2019. This means the eroded land is the dif-
ference between the two areas during this time. Therefore, 
during the period (1984-2019), green areas grew from 
37519200 m2 to 60516000 m2. On the other hand, the coverage 
of Sabkha areas is increased slightly due to climate changes 
that have led to the rise of the sea level causing flooding. 
 

 

TABLE 2 
AREA OF DIFFERENT LAND COVER CLASSES OF CLASSIFIED IMAGES FOR DIFFERENT DATES 1984, 1995,2004, 2011, AND 2019. 

Year Urban area 

[m2] 

Green area 

[m2] 

Fish Bond[m2] Sea Water 

[m2] 

Sand [m2] Alluvial 

[m2] 

Sabkhas 

[m2] 

1984 4526100 37519200 0 98095500 24236100 55371510 14017590 

1995 6261300 42597000 0 102943700 22974435 49582630 9406935 

2004 8674200 58408300 0 106860500 13795740 36415620 9611640 

2011 11693700 63340200 0 107529300 10894770 33447060 6860970 

2019 12536100 60516000 11755147 109318500 13069553 15847200 10723500 

 

 
Fig. 5. Relationship between areas for different classes through the years 1984, 1995, 2004, 2011, and 2019.  

4 DSAS RESULTS 

4.1 DSAS software uncertainty 

 

Firstly, an error between the measured and calculated 
shoreline position form DSAS software for the year 2019 is 

computed and the predicted shoreline in the same year (Fig. 
6), then we used this error to correct the predicted shorelines 
in years 2050 & 2100. 

4.2 Qualitative analysis by DSAS from 1984 to 2019 

4.2.1 Transects between years 1984 &2019 
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Firstly, transects, between the years 1984, and 2019 were es-
tablished using the LRR method as shown in Fig. 7. The figure 
shows the annual rates of shoreline changes.  Fig. 8 shows the 
net area represented in erosion/ accretion patterns for the 
shorelines between the years 1984 and 2019. It is clear that 

severe erosion dominates the Rosetta coastline due to lack of 
sediment and water discharged to the Mediterranean Sea in 
combination with constructing hard protection measures 
caused instability in the sediment budget at the study area. 

 
Fig. 6 DSAS Software uncertainty.  

 
Fig. 7  Transects & shorelines from 1984 to 2019.  
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Fig. 8 Net area between the years 1984 & 2019.  

 
The casted transects accompanied with (erosion/accretion) 

patterns resulted from detecting changes mechanism for dif-
ferent periods (1984-1995), (1995-2004), (2004-2011), and (2011-
2019) are shown respectively from Figs 9 to 16. It is noticeable 
for the period (1984-1995) that erosion rate was severe particu-
larly in front of the promontory at the eastern side (127 
m/year) and decreased at the western one, while the accretion 

extends downdrift due to the longshore currents driven by the 
dominant wave from NW direction. During the period (1995-
2004), erosion continues creeping towards land until it reaches 
the seawalls constructed in front of the promontory at both 
sides, and the erosion rate decreased slightly to be about 45 
m/year. 

 
Fig. 9. Transects & shorelines from 1984 to 1995.  
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Fig. 10 Net areas between the years 1984 & 1995.  

 

 
Fig. 11 Transects & shorelines from 1995 to 2004.  

 
 During the period (2004-2011), erosion has been stopped at 

front of seawalls, and redirected to the downdrift specifically, 
the eastern side passing the groins (built to decrease erosion). 
The maximum erosion rate was 45 m/year at the eastern side 

of the promontory. During the period (2011-2019), the erosion 
rate slightly increased to be 59 m/year. However, the erosion 
will continue as the human-made modification occurred due 
to interference with the natural stability of the promontory. 
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Fig. 12 The net area between the years 1995 & 2004.  

 
Fig. 13 Transects & shorelines from 2004 to 2011. 
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Fig. 14 Net areas between the years 2004 to 2011.  

 
Fig. 15 Transects & shorelines from 2011 to 2019.  
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Fig. 16 The net area between the years 2011 to 2019.  

4.3 Prediction by DSAS from (2019 to 2100) 

In this section, the accretion/erosion rates by DSAS have 
been predicted, (Fig. 17), besides identifying erosion/accretion 
patterns through ARCGIS software between (2019-2040), (2040-
2070), and (2070-2100), (Figs. 18 to 21). It is remarked that the 

erosion rate from (2019-2100) will not rapidly rise as forecasted 
before. The erosion rate is predicted to be 28 m/year and this 
attribute to the study area nearly reaches the stability as the 
erosion will extend to distances far away from it at downdrift. 

 
Fig. 17 Transects & shorelines from 2019 to 2100. 
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4.3.1 The area between the years 2070 & 2100 
     As a result of the prediction of the shoreline from 2070 

until 2100, there was accretion and erosion in the areas of Ro-
setta promontory. 

 

4.3.2 The area between the years 2019 & 2040 

     As a result of the prediction of the shoreline from 2019 
until 2040, there was accretion and erosion in the areas of Ro-
setta promontory. 

 

4.3.3 The area between the years 2040 & 2070 
      As a result of the prediction of the shoreline from 2040 

until 2070, there was accretion and erosion in the areas of Ro-
setta promontory. 

 

4.3.4 The area between the years 2019 & 2100 

    As a result of the prediction of the shoreline from 2019 
until 2100, there was accretion and erosion in the areas of Ro-
setta promontory. 

                            
Fig. 18 The net area between the years 2019 & 2100.  

 

                             
Fig. 19 The net area between the years 2019 & 2040.  

It is clear from Figs. 22 and 23 that the maximum erosion rate 
was confined in front of the eastern side during the period 
(1984-2019) almost all the time, while after 2019 to 2100, it is 
predicted that the maximum eroding rate happened at the 
downdrift of the eastern groins. Table 3 indicates the annual 

erosion rate and the expected one.  However, the situation in 
front of seawalls at the eastern and western sides will be exac-
erbated if there is no periodic maintenance to the seawalls as 
the local erosion in front of it forms a great threat and may 
lead it to failure.  
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Fig. 20 The net area between the years 2040 & 2070.  

                            
Fig. 21 The net area between the years 2070 & 2100.  

 

TABLE 3 
The relationship between LRR (Mean) & Evaluation and years. 

 Year LRR (Mean) Evaluation 

(1984-2019) -6.4 m Erosion 

(2019-2100) - 7.8 m Erosion 
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Fig. 22 Erosion/accretion rates using LRR technique from 1984 to 2019.  

 

 
Fig. 23 Erosion/accretion rates using LRR technique from 2019 to 2100.  

 

5 Decision Matrix 

A decision matrix is considered a simple tool, especially when 
there are many alternatives and criteria of diverse signifi-
cance, which is useful in making decisions that are complex. 
Table 4 displays the recently introduced EPR- and LRR-based 
shoreline classification. Moreover, the methodology of the 
decision algorithm is performed by (Karim Nassar et al. 2018). 
The final decision is made on the basis of the sub-regions di-
vided into a cluster of areas (Tables. 5 and 6). The first is based 
on erosion and accretion severity (Table 4). The second evalu-
ation, however, included a level of risk of near-shore erosion 

and sedimentation hazard services that  Mahapatra et al. 
(2015) and Frihy & EL-Sayed (2013) had virtually previously 
studied because the sensitivity to risk was classified as high, 
moderate and low. This category was analyzed on the basis of 
possible socio-environmental losses resulting from coastal 
erosion and programming by the surrounding coastal ser-
vices. A maximum-likelihood controlled classification of land 
cover for each area is achieved in this research. According to 
this classification, the risk index is established by Mahapatra 
et al. (2015) for each sub-region based on the land-use coeffi-
cient. 

 

TABLE 4 
Classification of shoreline based on EPR, and LRR (Karim Nassar et al. 2018). 

Category shoreline change rate 

(m/year) 

classification of shoreline 

1 > -2 Very high erosion 

2 > -1 and < -2 High erosion 

3 > 0 and < -1 Moderate eroding 

4 0 Stable 

5 > 0 and < +1 Moderate accretion 

6 > +1 and < +2 High accretion 

7 > +2 Very high accretion 
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TABLE 5 
Decision matrix indicating shoreline evolution and risk assessment between 1984 and 2019 by LRR 

 
 

     During the time (1984–2019), the matrix was generated on 
the basis of LRR as shown in Table 5. Rosetta zone is com-
posed of four sequential sub-areas (i.e. A, B, C, and D) by the 
erosion/accretion rate curve concavity shifts as outputs from 
LRR. The coastal extension of Rosetta from west to east, along 
with a combination of LRR feature class and transect class in 
ArcMap 10.2.2, is marked by a quantified multimedia ero-
sion/accretion transect map.  The recession shorelines are 
situated in sectors A, B and C, while the shorelines are accret-
ed in sectors D. In Sector B center there is a maximum eroding 
rate of -16,4 m /year. Then, the coastal drifts crawl eastward 
along the coast of Rosetta powered by eastward currents to 
the D sector at a maximum accretion rate of +9,815 m / year. 
       In addition, for the adjusted shorelines between 2019 and 
2100, the foreseeable fluctuations of LRR from west to east 
along the coastline of Rosetta, using 5 sectors A, B, C, D, and 
E, are calculated and graphically tracked in Table 6. Indeed, a 
strong correspondence is observed between future-oriented 
and historical LRR trends, which means that the predictions 
almost follow the same eroding and accretion activity. In ad-
dition, the forecast shoreline of the LRR model shows that the 
maximum eroding in sector D will be -11,6 m / year. The con-
tinuation of this rate in this region will result in a complete 
collapse of the Rosetta estuary ecosystem by 2100. In addition, 
the highlighted red sectors mean that approximately 90% of 
Rosetta's coastline is very vulnerable to degradation. In these 
areas, immediate measures are therefore necessary to decrease 

the erosion rate.  
      According to the above two mentioned tables, the degree 
of vulnerability is categorized as follows: 
Zone (A): Very high erosion, high risk, required artificial pro-
tection with sand nourishment along 6.8 Km. 
Zone (D): Very high erosion, high risk, required artificial pro-
tection with sand nourishment along 9.55 Km. 

6 CONCLUSION 

Shoreline changes along the Rosetta coast from 1984 to 2019 
are easily discovered and computed through geospatial tech-
niques and automatic calculations done by DSAS. Firstly, su-
pervised classification has been applied to the study area us-
ing several Landsat images to detect the changes. It is clear 
that severe erosion occurred in almost the whole area. Besides 
Accretion/Erosion patterns have been mapped through the 
period (1984-2019). Moreover, Shoreline change rates have 
been mapped along the shoreline using DSAS software which 
extracts valuable information regarding erosion pattern, ero-
sion rates, and its specific location. Finally, a decision matrix 
has been developed to identify the degree of vulnerability 
along the shoreline of Rosetta. This tool proved to be a valua-
ble tool for decision-makers. This study provides local coastal 
managers and decision-makers with a highly reliable tool of 
decision support that may help in evaluating coastal changes 
to elaborate coastal management plans in Rosetta Promontory.  
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TABLE 6 
Decision prediction matrix indicating shoreline evolution and risk assessment between 2019 and 2100 by LRR 
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