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Article History: Baltim resort has exposed to severe erosion dwettcal natural

Received: Dec. 2016 factors, especially after the establishment of Aswigh Dam.The

Accepted: Jan. 2017 number of detached breakwater along Baltim resort4 detached

breakwaters; nine of them were constructed in the period (1993-

2002). The other 5 segments were constructed inpdied after

Keywords: 2003 with the same dimensions; in addition, 9 short groins were

Baltim constructed on the west of Kitchener drain). Thesent study was
Landsat 8 conducted to evaluate the recent shoreline sedatientpatterns and
Quality Assessment to determine whether the implemented detached ivaak systems
DSAS along Baltim resort have affected that patternsnot. Quality

Gls assessment through quantitative method has bednasalidate the
;gore"”e used data, since the used images in this reseezdoan 4 different

satellite sensors; where the special and speasalutions are not
equal. In this study, the behavior of Baltim re'sodoastline was
analyzed after the construction of the detachedkovaters #9 to
#14, to determine whether the general erosion/etotr pattern

along the resort has been reshaped or not. Shemdignge detection
was calculated using the Digital Shoreline Anal\8ystem (DSAS).

The rate of shoreline change was estimated froreetatatistical

models of DSAS: Linear Regression Rate (LRR), EwihtPRate

(EPR) and Least Median of Square (LMS). Accretiorthie form of

tombolo between breakwaters #9 to 14 is found olie very high

with a maximum value reached ~ +32.4 m/yr, whiatorded in front

of breakwater #11, followed to the east by dowiitderosion that

reached its maximum rate value to be ~ -34 m/yramtf of the 9

groins west of Kitchener drain. At the east ofdkiner drain severe
erosion happened to a distance of 5.7 km and tifgerdistance, the
shoreline is almost stable and this pattern matehiisthe calculated
alongshore rate of shoreline changes of the preseady.
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INTRODUCTION

Coastal areas are consider as one of the mostplesm dynamic and sensitive
geomorphic units which need to be under temtsobservation to track and monitor the
continuous changes, occurring there (Alesheikdh., 2007). The coastal zone of Nile Delta
is currently undergoing extensive changing in (@rosnd accretion) due to mutually natural
and human impacts. These changes, erosion andiaocmaused a damage in the national
economy of Egypt, where some costal roads are demedl and caused loss of building and
agriculture lands (Stanley and Warne, 1993). 15%efdelta coastline is artificially protected
by engineering structures, 30% is exposed with nateption, and 55% is naturally protected
by coastal dunes and accreted beaches along emtizs/mued promontory saddles (Fridly
al., 2003). It is important to distinguish betweeradie erosion and shoreline erosion, where
beaches change on a daily, monthly and seasonial ibastly in response to changes in the
incoming waves; while, beach erosion occurs in evirdnd beach accretion (build-up) in
summer. However, Shoreline erosion occurs durirtgeme winter swells or during tropical
storms and hurricanes when the waves reach thelahihd the vegetation line and start
eroding it (Pilkey and Dixon, 1996) such as the lgiwg plains land of Baltim's and dunes.

Remote Sensing (RS) and Geographic InformationeBy«{GIS) based application
were used to determine the change detection ofnBathoreline in the period from (2000-
2015). The methods for change detection analysasy across the countries and
geographical characteristics ([&t al., 2004). Numerous change detection techniquegusin
digital images have been reported in the literature as in (Singh, 1989; Lu et al., 2004). The
most common methods applied for change detectiolude band ratio, band differencing,
principal component analysis, vegetation indexedéhcing, and post-classification change
detection. Frihyet al. (1998) estimated the area change of Manzala fadpyoapplying an
unsupervised classification upon MSS and TM datpiaed between 1978 and 1995.White
and El-Asmar (1999) recommend automatic extraatifoshoreline vector by computer, since
it is more objective without the bias of a person.

Kaiseret al. (2004) found from Modelling and remote sensirgutes that eroded
material from the down drift sites is depositedhat up drift sites and that previously
eroded materials are now being redistributed altreg Nile Delta coast. Remote
sensing results of land thematic mappers acquil@uyathe Nile Delta coast in the
period from 1984-2000 indicate that the planformeadecreased from sediment lost at
a rate of -4.6 *1b m%yr before engineering structures to -2.6 *10/yr after
engineering protection became effective. Dewidal Brihy (2010) used the Landsat
Multi-spectral Scanner (MSS) and (ETM+) digital @lab monitor coastal changes
along the North-eastern Nile Delta at Rosetta pruory. EI-Asmaret al., (2012) used
images from different satellites sensors MSS. TRTE!, from 1973 to 2003, and
presented the major environmental hazards faciegctastal wetlands at (Manzala
and Burullus) of the Nile Delta.

Ghoneimet al. (2014) applied remote sensing technique at Ropettmontory by using
moderate resolution Landsat imagery in mappingdimas and estimating rates of coastal
change through a comparative analysis with veryh higsolutions (VHR) multispectral
imagery. Sanchez-Garcéhal. (2015) analyzed the shoreline position extraftech Landsat
TM and ETM+ imagery and applied a statistical asialpf results to characterize the medium
and long term period changes occurring on beachasgess the validity of extracted Landsat
shorelines knowing whether the intrinsic error coalter the position of the computed mean
annual shoreline or if it is balanced out betwdsm successive averaged images. ERDAS
Imagine 2013 and Envi 5 software were used atdtidy to implement image processing of
satellite imageries from 2000-2015 and ArcGIS 18dttware Package was used in image
digitizing for delineating the shoreline vectorrdbgh heads-up digitization.
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MATERIAL AND METHODS

Study area

The study area located between°3D 00N to 31°40 OON latitudes(3492000 to
3600000) and 3D0 O0’E to 31°15'00”"E longitudes (318000 to 328000) as illustrated in
Fig.1. Baltim resort located 15 km eastward of Buruinlet.

A system of four phases of detached breakwaterbéas implemented since 1990 to
protect the resort from erosion. The total lengtipmtected coast is about 7 to 8 km. The
number of segments in the whole system is 14 dethdireakwaters, nine of the 14
breakwaters were constructed in the period 1992-2@fth these dimensions (4-7 ton dolos,
250-300 m length, 220m far from the coast, with-800m gap between them, 3-4m water
depth, and 2.5m crest level). Other 5 breakwatens wonstructed in the period after 2003
with same dimensions in addition to 9 short grawmt (75-100m length, and 250-300m
apart) constructed on the west of Kitchener draisteown in Figs. 2& 3and Tablel.

2 Mediterranean Sea .-

Stage |

Stage Il

Stage Il

Stage VI /
Kitchener drain_~

Fig. 2: Protection works along the coast of BalR@sort include (14 detached breakwaters and
9 groins) west of Kitchener drain — 4 stages cowesion.
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Table 1: Type of protection work along

Type of protection

Baltim rdso

Start date

End date

Detached "Emerged" Stage I December May 1993

Breakwater (No.1,2,3,4) at 1990

Baltim

Detached "Emerged" Stage 11 June 1994 December

Breakwater (No.5.6.7) at 1998

Baltim

Detached "Emerged" Stage III July 1996 September

Breakwater (a) 2001

(No. 8.9,10) at Baltim Stage III | September June 2007
(b) 2004

Detached "Emerged" Stage IV | August 2001 May 2006.

Breakwaters (No. 11,12,13.14)

and 9 groins west of Kitchener

drain at Baltim

Remote sensing:-

The shoreline positions of Baltim resoart were aoted from satellite images
obtained from within 15 years span. In present\stadseries of image data from
different sensors (Egypt sat, Spot4, Landsat-8,EBRd+) are usedThe dates from
"2000-2003" LANDSAT ETM were downloaded from the USGS Global
visualization Viewer (http://glovis.usgs.gov) witheir multicolored bands with
a resolution of 30m*30m for pixel size. The panchatic of 15m resolution
pixel size for each date has been downloaded ds Bats 2006; 2010 brought
from the National Authority for Remote Sensing &mhce Sciences (NARSS) and
they are as follows: Date 2006 spot4 image witml@esolution after merging the
colored bands with the panchromatic band. Date HijyMpt Sat image with 7.8 m
resolution pixel sizeAll images were acquired in summer and were cloee (Table 2).

Table 2: Acquired dates, sensor type and spasalution of Land sat sensors data used in thisystud

Sensor No. of Down

Acquired

Spatial

dates Resolution (m) Bands sampling

type

2000 | Landsat ETM+ ‘ 30 8 15m
|
24/5/2001 Landsat ETM+ 30 8 15m
22/8/2003 | Landsat ETM+ ‘ 30 | 8 15m
13/4/2006 Spot 4 | 20 [ 6 15m
30/4/2009 Landsat ETM+SLC-off | 30 8 15m
30/6/12010 | Egyptsat ' 7.8 4 15m
30/8/2011 [Landsat ETM+SLG-off ‘ 30 [ 8 15m
27172012 | Landsat ETM+SLC-off | 30 [ 8 15m
24/8/2013 | Landsat-8 | 30 [ ] 15m
25712014 | Landsat8 ' 30 ' 11 15m
20/5/2015 | Landsat-8 ‘ 30 [ 1 15m
|

Pre-processing of the satellite images

ENVI 5 software was used to prepare the imagerg-fpocessing). The pre-
processing is an important step to prepare thdligatenagery for analysis. The
purpose of this step is to normalize the imageraltow inter-comparison between
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scenes. This can be achieved by the following stef$ remove the effects of
atmospheric scattering, 2) Noise Removal — Prind@mponents Analysis (PCA)
and 3) De-striping removal.

Landsat Geometrical Correction and Band Combinatiors

All used image data were geometrically correctedeldaon the Universal
Transverse Mercator (UTM) projection system- zordN.332 Ground Control
Points (GCPs) were selected based on well-knowiturfles in a Geographic
Information System (GIS) to register the correcimdges. Band combination of
(RGB) 3:2:1 is used to display the best contrasivéen land-water boundaries to
identify the shoreline in satellite image.

Data Validation

Rates of shoreline changes estimated from tstatistical approaches of
DSAS [the End Point Rate (EPR) and Least Medgquare (LMS)]. The data
obtained from the processing of Landsat images walidated with data calculated
from field survey using post-processing KinematPK) surveying for year 2014
(GPS data from Mansoura University, 2014)are véddavith survey data at the same
corresponding positions and time. Comparison lodredine rates of beach change
obtained from Landsat data with that previpestimated from beach profiles
shows that the method used is reasonablyraiec with a correlation coefficient
value of 0.8.

The difference in distance between the shorelirieeted from ground survey
and that estimated from the landsat-8 image isutaked by using DSAS, EPR and
LMS models. The correlation coefficient betweendfidata and the Landsat -8 image
is found to be 0.79 and 0.64 by using EPR and LM&lets respectively with
difference distance varies between (2-15m) in ch$8PR model (Figure.3).
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Fig. 3: @) Shoreline positions measured by Ground survegahim 2014 using (GPS) and vector data
extracted from Landsat-8 image for year 2014. (Byrrelation coefficient between field
measurements and vector data of shoreline positising EPR and LMS models.
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Digital Shoreline Analysis System (DSAS)

The Digital Shoreline Analysis System (DSAS) Versid.2 was used to
calculate the rate of shoreline changes at theerond sites along the Nile Delta. It is
an application which is added to the ArcView Gl&ware (Thieleet al., 2009). The
rates of shoreline changes calculated by DSAS ealiabte as the shoreline data
(Anders and Byrnes, 1991; Moore 2000). The data required for the DSAS application
are: 1) Vectors data for the shoreline positionsaexed from satellite images, 2) a
digital baseline; onshore or offshore. The applicatis carried out through the
following steps:

Step (1): Forming transects perpendicular on the baselirtk carting the digitized
shorelines by fixed spacing and length.

Step (2): Measuring the transect length between the basklyse and the shorelines
layers. The distance between the shoreline andadaseline layers is calculated by
measuring the distance between the start of tranaecthe baseline and the
intersection of transect with the digitized shorel{Fig. 4).

Step (3): Calculating the rate of changes in the shorelini \different statically
methods according the changes in the shorelineighrdifferent dates.

—— Shoreline_ 2000 Shoreline_2009 —— Shoreline_2013 R (A)
Shoreline_2001 Shoreline_2010 — Shoreline_2014
Shoreline_2003 Shoreline_2011 ——— Shoreline_2015

—— Shoreline_2006 —— Shoreline_2012

Transect lines
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Fig. 4 (A): Digitizing of shoreline change detectlon adpBaltim resort for dates (2000-2015). (B):-
Zoom in to show transect lines, transect lengthngect spacing, baseline and extracted
shorelines.

RESULTS AND DISCUSSION

Each method used to calculate shoreline ratesafggnwas based on measured
differences between shoreline positions througle tifthe reported rates are expressed
as meters of change along transects per year. daitelations were performed by
MATLAB executables bundled within the DSAS instaitha.
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DSAS Models Statistical

517 transects were used to calculate the rate mktbkhe change along Baltim
resort for shore distance of ~26km started from shawall of burullus inlet as
presented in Figure (4). Each method used to ckewhoreline rates of change was
based on measured differences between shorelingiopssthrough time. The
reported rates were expressed as meters of chéorgeteansects per year.

1. (EPR-Model):- The End Point Rate was calculated iligithg the distance of
shoreline movement by the time lapsed betweenltlessband the most recent
shoreline.

2. (LLR-Model):- The Linear Regression Rate-of-chastgistic was calculated
by fitting a least-squares regression line to hbrsline points for a specific
transect.

3. (LMS-Model):- The Least Median of Squares statistas calculates by using
the median value of the squared residuals instetteanean in LRR model to
determine the best-fitequation for the line toshlbreline points for a specific
transect. This method is a more vigorous regressgiimator that minimizes
the influence of anomalous outlier on the overafiression equation. Values
of LRR, EPR, LMS for the 4 sectors covers the arfestudy are presented in
Fig. (5) for the time span 2000 to 2006 and 200B05. Positive and negative
values refer to the accretion and erosion proaegsectively (Table 4).
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Fig. 5: (A) Burullus-Baltim sector showing superioged shoreline positions from 2000 to 2015 and
protection structures. (B) Variations in the radé®each change calculated using DSAS program along
the study coastline divided sectors, alternatirtgvben erosion and accretion.
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SAS rate of change models during and after thggramplementation (2000-
2006) are repesented in Figure (6). The EPR- Maddl LRR-Model show the the
most confidance of shoreline pont data with tratsséaking perpendecular on the
shoreline, where, the R-squared has reached 0&6%.&5 respectively in the time
span 2006-2015.

(A) DSAS rate of change models during the (B) DSAS rate of change models After
project implementation (2000-2006) the project implementation (2006-2015)
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Fig. 6: DSAS rate of change models (A): During fiteject implementation (2000-2006), and (B):
After the project implementation (2006-2015), whéay:EPR-Model, (b): LMS-Model; (c):
LRR-Model, (d) Rate of shoreline change from the¢hmodels (EPR, LMS, LRR).

Area lost from shoreline

The fundamental problem associated with constrgdtie protection structures
is, they cause beach erosion on their down-ditfe.sThis process of erosion-
accretion may be repeated and continued to coeecdhstline as "an erosional chain
reaction”. Mostly, the shoreline retreat resultesirf chain reaction can't be stopped,
but it can slowdown ; moreover, sand beach losdeastompensated (Frihy, 2009).

At the present study, the area lost or gained fiteershoreline in the period from
2000 to 2015 are calculated and presented in F)g.I{ was found that sector 4, East
Kitchener drain, which is the most risk zone intBallocality, has lost about 25.4
million hectares during the implementation of ghreject "2000 and 2006" and the
area continued in its sever erosion to lose ~ A8lkon hectares. However, the area



Assessment of coastal changes along Baltim resording remote sensing and DSAS 45

gain in sector 4, has reached 15.8 million hectamreng the implementation of the
project "2000-2006" , and this amount has shranet®.1 million hectares after the
project completion in "2006-2015".
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14 detached breakwaters  Sector.d. A
East Brullus N—
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Fig. 7: Area loss and Area gain along Baltim Regajt during the implementation of the project; (B)
after the implementation of the project.

Protection structures have harmful impact on beatdbility, since they
constructed at areas of reflective beaches, whiehnere dynamic in morphologic
changes under erratic wave condition. Relative liescharacterized by steep slope
and narrow surf zone where waves break near teltbee and develop into an intense
swash that runs up and down the beach face.Theshwrar sedimentation
(erosion/accretion patterns) along Baltim coastlas been significantly disrupted
due to the interruption of alongshore transport thg shore parallel detached
breakwaters that increased the erosion at the dftrside of Baltim by 32-m/yr. in
2000-2015.

Friny and others (2003) studied the changes inediner position prior to
building the detached breakwaters of Baltim in 1%8@ after construction of 9
breakwaters out ofl4 in 2002 and came to a coroiusiat accretion in the form of
tombolos has occurred in the leeward side of tts-fiuilt structures from breakwater
#1 to 7. This beach accretion is followed to thstd®y down-drift erosion between
breakwaters #8 and 9.

The changes in shoreline position prior to buildihg detached breakwaters of
Baltim in 1990 and after construction of 9 brealevatout of 14 in 2002 and came to
a conclusion that accretion in the form of tombdias occurred in the leeward side of
the first-built structures from breakwater #1 toThis beach accretion is followed to
the east by down-drift erosion between breakwat8rand 9.
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At present research after 13 year and after thetagstion of breakwaters #10
to 14, the same process of forming tombolo at ¢#esvard side followed by severe
down-drift erosion still happening at breakwater4#1t noticed that the 14
breakwaters transferred sediments behind them,wiBi@ good indication of high
speed of current as simulated and caused erosithre @lown-drift side. However, at
breakwater #1 and 2 the shoreline advanced anetamtioad behind the detached
BWs have reached the beach to act as seawall.s@ aathe 9 groins, scouring
happened between them because of slowing in cusgetd and the large space
between them, which caused sedimentation aftemg#8 accretion. At east of
Kitchener drain, sever erosion happens to a distaxtended to ~5.7 km and after
that distance the shoreline almost stable. Thigpatatches with the alongshore rate
of shoreline changes calculated at this study bA®Swvhere a maximum rate of
erosion reached (~ -33 m/year),

The down-drift erosion east of the breakwater #\dntually resulted from the
tombolo formed behind breakwaters # 10, 11, andTh2. formation of the tombolo
acts as a complete littoral barrier that trapstiad littoral drift and accordingly
interrupts the eastward longshore sediment tratspor

SUMMARY AND CONCLUSION

The present study was undertaken in order to deterwhether the implemented
detached breakwater systems that built along Balieaches have affected their
sedimentation patterns. Mostly, as anticipated)lt®®f transects analysis documented
accretion behind the breakwaters associated watkicr in their down-drift sides. The
formation of this erosion is previously explainediiterature due to the interruption of
the longshore transport by the shore-parallel dethbreakwaters.

The 15-year monitoring period at this study of Baltoastline recommends that
the breakwaters caused an additional and continer@sson rate above the background
erosion by approximately (-34.7m ) east of Kitcheth@in. The problem of scouring
erosion between the 9 groins west of Kitchenemndnas been shifted to down-drift areas
with higher rates. Shoreline accretion due to tdmldormation at Baltim detached
breakwaters # 11 is (+33m/year) and followed by maolift erosion that reached (-12.4
m/year) east to Kitchener drain in front groin#R.is detected at this study after the
completion of constructing the 14 detached breatwatf Baltim, they are not
satisfactory to let water to tide over the brealensaind avoid forming tombolo.
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