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Landsat Thematic Mapper images (TM) covered the coastl ine between Damietta and Port Said, tak en at intervals in
1984, 1 ~187 and 1991, were used to det ect shoreline changes. When combined with geomorphological and sedimento­
logical data , the remot e sen sing data enable the class ification of the coastline into five segments, based on whet her
erosiona l or depositional process domain s domin at e them. Alth ough the 30m spatia l resolution of t he sa tellite 'LvI
data precludes precise ca lcula tion of rates of cha nge, they do enable erosiona l and accreti ona ry coast line segments of
the Dami etta Port Sa id coas t to be recognised over these t ime sca les. Segments 1 and 2 ar e erosiona l with an nvc rage
shoreline recession of - 4 1.4 m yr I , and - !!l.3 m yr 1 respectively. Segment 3, Damiett.a spit, is a n accret iona ry
segme nt with an average shoreline advance of 81.4 rn yr I . Segment 4, El-Deiba , experienced erosion in the period
1984-1987, with an average shore line recession of - 17 m yr I, hut appears to have been stable over most of its lengt h
during the period 1987- H191, with observed declara tion in th e rate of shoreline recession to be - 2.ii m yr I . Segment
ii, EI-Gami el, was sta ble during th e per iod H184-1987 , but due to the constru ct ion of projectin g jett ie« a round the
mouth ofthe inlet and the subsequent int erruption of the sediment tr an sport supply, the coas tline became accret iona ry
updri ft of the in let (west ) and erosiona l downdrift (east ). Granu lometric and heavy minera l an a lyses show significant
differenc es between beach face sediment samples collected from the differ ent coastli ne segments , TIlt' erosiona l Sl'g­
ments are cha racte rised by coarse r sa nds and high concentrations of heavy miner als; while the accret ionary sl'gmenls
a re composed of finer sands with lower concentrations of heavy minera ls. Poor coas ta l management strategil's and
the shortage of data on geomorphological processes a long the coas t has resulted in const ruct ions ta king place a long
sect ions of erosiona l coastl ine, requiring subsequent expens ive defence measures . Moroo ver, these resu lt» have im­
plication fill' future development on onshor e facilities a fte r the recent discovery of oil and gas res erves ons hore.

A DDI TIONAL I NDEX WORDS: N ile Delta. coastline, erosion, Damictta , Port S aid, satell ite images.

INTRODUCTION

Th e Nile Del t a is a class ic la nd for m , the word de lta is de­
riv ed from the Greek ch aracter a , the sha pe of which th e Ni le
delta re sembles in plan form (S ";STINI, 1989 ). The Ni le Del ta
coa stline consists of sa ndy arcuate beaches creating a fu lly
di ssipative wav e environ ment for most of its lengt h , ba ck ed
by coa stal flats , dunes a nd lagoons (N ""'A A a nd FHIIIY, 1993 ),
Lon g term monitor in g of shore line changes a long the Ni le
Delt a coa stlin e usi ng a ncien t maps has demonstrated a pro­
grada t ion of some 3-4 km during t he 19th century, follow ed
by eros ion and shore line ret rea t of some 106 m yr 1 during
the period 1970-1990 (LOTFY a nd FHIHY, 1993 ; FIUIIY and
KOMAI1, 199 3 ), This is attributed mo stly to t he reduction in
su pply of flu vial se d ime nt s from t he Ni le cons equent to con ­
s t r uct ion of the hydrological contro l st ruct u res , chiefly t he
Asw an High Dam completed in 1964, Se d im ent en t rapm en t
a long the 10,000 km of a rtific ia l ca na ls in the del t a , climate
changes in East Africa, la nd su bs ide nce and se a level rise ,
ha ve also been implicated by various workers (FO UCAULT
a nd STANLEY, 1989 ; EL-AsMAl l, 1994 a nd 1995; STANLEY
a nd WINC;ERATII, 1996 l.

Seasonal wav e climatology data a long Ra s E l-Bar and Po rt

00 143 received and accepted ill revision .'JAugust 2000

Sai d were giv en in S IIARAF EL-DI N a n d MAIIAR ( HJ971, an d
sum ma r ize d in Table (1 I, Du e to t he effect of t he preva ilin g
NNW-N a nd WNW- NNW stor my winter wa ves a t Ra s EI-Bar
a nd P ort Said respective ly , the longshore current is found to
be eastward, with a small westward compon ent resu lte d fro m
the effect of the NNE swe lls during spring a nd su m mel', Th e
direction and velocity of the lit tor al current we re me asured
along t he eastern (presen t st udy area ) a nd th e western (Ras
El-Bar ) coastlin e of the Damietta mouth during t he pe ri ods
from January to Decem ber 1991 a nd from J anuary to -Iul y
1993 (BAlli{ a nd LOTFY, 1998 and 1999), At th e we st of the
Damietta mouth the percentage ofthe occurrence of t he east­
ward current ra nges between 65'/r a nd 8:3'lr, with a mean
velocity of 44.48 I'm s I , whil e we stward current ranges from
15'k to 20 %, with a mean velocity of 30-:34 I'm s I , On the
ot her h a nd , th e measurem ents at t he east of the Da m ie t t a
mouth show east wa rd current ranges between 84'lr a nd 89'lr ,

with a mea n ve locity of 4 1-47 I'm s I , whi le t he westward
cu rren t ra nges between 10-12%, with a mean ve locity of 33­
36 I'm s I , T he Mediterranean Sea at th e Nile De lta is vir­
tually tide less , the t ide gauge a t Burullus in le t showed a tida l
range of on ly 14 I'm in the 20 years (EL-FISHAW I, 1994), wit h
60 I'm variation in dai ly mea n se a level at Port Said (E rn el

aI., 1997 ),
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Thi s pa per com bines sate llite remote se ns ing da ta with
conven t iona l geomorphologica l a nd sedimentologica l data , in ­
cluding gra in size a nd heav y min era l an a lyses to exa mine the
di stribu tion of processes dom ain a long th e se ction of the coast
from Dami etta to Port Sai d . Thi s coast is expe r ie ncing con­
side ra ble developm en t pressure a t pr esent, a nd looks se t to
increase ufto r th e recen t di scovery of offsh or e oil and gas re -

METHODOLOGY

Hl'nlOte se nsi ng has been wide ly used to mo ni tor coastal
chan gl's a long t he Nile Delta coastl ine ; however, most st udies
huvo focused on th e long term a nd on a rea s of very rapid
chan ges such as th e Rosetta promontory. By a pplying ad­
vanced pattern recogn iti on a lgorith ms to Landsat Th em atic
Mapper images, EL-ASl\IAH a nd WHITI'; (1997) were a ble to
a utoma te th e pro cess of ex t raction of coas t line from th e da ta
a nd mon itor coa stal cha nges over th e who le Nile Delt a . Th ey
demonstrated tha t th ese data can be used to detect ch a nges
during the short tim escal e of 1984-1987-1 991.

Landsat Th em atic Mapper data were ac qui re d covering the
Nile Delt a coastline from Damietta to Port Said (pa th 176
row :38- Wor ldwide referen ce syste m) for th ree dates (1984,
1987 a nd 1990/91l. Th e 1991 scene wa s registered to ge o­
gra phica l coordinates usin g a second order polynomi al to
tran sfo rm th e lin e a nd column locations of pixel s to th eir lat­
it ude a nd longi tude loca t ions , deri ved from map a nd G.P.S.
da ta . Th e root mea n squa re (R M.S.) error is a lso ca lcu la te d
for each gr ound con t rol poin t (G.C.P.l, to provide a measure
of the residua ls associa te d with th e tran sformati on . Th e low­
er the R.M.S. error , th e better th e fit of the transforma tion
to the C .C.P.'s . In thi s proj ect , no single G.C.P . wa s permitted
to hav e a RM .S. er ror grea ter th an 1 pixel (or 0.5 pixel for
im age-to-im age registra tion , wh ere C .C.P .'s ca n be more ac­
cu ra te ly loca ted l. T he mean R M.S. error for a ll the G.C.P .'s
was not permitted to exceed 0.55 pixel (or 0.4 pixel for im age­
to-imag e registra ti on l. A full a na lys is of the geogra ph ica l ac­
cu racy of the im age pr odu ct s used in thi s project is give n
elsewhe re (WIIITE a nd E L-As MAI{, 1999 l.

In ord er to del inea te the coas tli ne, Them atic Mapper band
7 tshortwave in frared ) was used . Shorter wav elen gths a llow
some pen etra tion th rou gh wa ter, giving a more grada t iona l
effec t a nd ma ki ng exact delinea ti on of th e coastl ine difficult
(WILSON, Hl97 1. Th e shortwa ve infrared data a lso reduces
the im pact of high -r eflectan ce su rf in th e breaker zone
I FIWlIlN et al., 1996 ).

Im age segme nta t ion a nd edge detection a lgorit hms , deve l­
oped for robot vision , follow the process of human image in-

terpretati on (CIWSS 1'1 al.. 1988 ), by di viding a n im age into
different region s (SON\(A 1'1 al.. 199:3l. Th ere a re two tech­
niques , the edge detection (disjuncti ve ) a pproach find s a nd
lin ks high frequency edges a round region s by passing spa t ia l
con volution filters over th e im age. Th e a lternative (conjunc­
tiv e ) approach seeks to grow homogeneou s region s by merg­
ing pixels or sub-r eg ions on th e basis of some simila rity cri­
teri on (LI';l\IO!l;NE a nd TI LTO N, 199 5 1. Th e latter, region­
growing , a pproac h has been found to he more su itable for
most remote sens ing a pplica t ions (KE'I''I'I< : a nd LANIl(;HEBJo: ,
1 ~17G ) a nd is adopte d here . Th e seg me nta tion of different lan d
cover ty pes , such a s ag r icu lt ura l la nd usc , va rio us measure­
ments of te xtu re are normall y necessary (WI';SZKA ('I al..
ID7£) ; C m ;N a nd PAVLlIlIS, ID79 1. Segme ntati on of land a nd
wa ter in shortwa ve in frared opti cal images can usu a lly be
impl em ented usin g a spec ified grey level differen ce from th e
region mean as a hom ogen eity criteri on , by virtue of their
dis ti nct spect ra l reflect an ce cha racte r is t ics at th ese wave­
lengt hs. In thi s project , mean a nd standa rd deviati on sta tis­
t ics of beach surfaces and water su rfaces were ext rac ted from
th e geore ferenced imagery a nd used to s pe cify the hom oge­
neity cri terion .

Little pre-processing is necessary for a u tomat ic segme n­
tati on of water (WILSON, 199 7 ). In ord er to ensure that the
same hom ogen eity cri terion could be a pplied to a ll images, a
cosine correct ion was a pplied for di fferen ces in sun a ng le
ari sing from the different tim es of th e yea r th at the im ages
were collected . This onl y had a minimal effect on DN va lues,
a s a ll images were acquired in th e Northern Hemi sphere
summer months between May a nd Au gu st. A DN differen ce
from region mean of 20 was found to accoun t for vari ab ilit y
in the sea reflectan ce in TM band 7, wh ile st ill ens u ring th at
th e coast was a lways picked up as a region boundary. Th e
region mea n wa s upda ted with eac h addit iona l merge. Region
gro wing was initia ted a t th e sa me point over th e sea for ea ch
date , in or der to a void differen ces ari sing from mergin g order.
Cloud regions over the sea were deleted a nd interi or shore ­
lin es of th e Man zal a lagoon , picked up as th e region growth
extende d down canals a nd drain age cha nnels , were delet ed
manuall y to lea ve only the coast line. The resu lting vectors
a re located a t intercell , rather th an on-cell boundaries
IF LEe \(, 1992 ), formin g a cra ck -ed ge representation of th e
coastline of th e Nile Del ta at th e tim e of im age acquisitio n.

Sedim ent cha ra ct erist ics can a lso be used to recognise the
dom inant pr ocesses dom ain a t a loca t ion on a coast line. Sam­
ples of beach-face sedime n ts were collected a t numerous
points a lon g th e shore line under con sid eration . Three sa m­
ples were collected at ea ch sa mple loca t ion , one a t th e low

.lourna l of Coastal Research. Vo!. Ill, No. :I. 2002
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Figure 1. Location map and coas tl ine segments a long th e Dami etta and Port Sa id, northeast of the Nile Delta , Egyp t.

Table 2. Shoreline changes along the coastlin e between the Damietta and Port Said, northeast of the Nile Delta, Egypt, deduced from the Thematic Mapper
Imagery of 1984, 1987 and 1991.

Measu rem ent sites

SEGMENT-1

SEG :YIENT-2

SEGMEN T-3
SEG MENT-4

SEGME NT-5

Shoreline Cha nges' Shoreline Cha nges Tota l Chan ges 1984-
1984-1987 (m yr · ' ) 1987-1 991 ( rn yr" ' ) 1991 1m yr 1)

Measur ed Average Measured Average Measured Average

1 - 90 - 150 - 240
2 - 180 - 43 - 150 - 40 - 330 - 4 1.4
3 - 120 - 180 - 300
4 - 60 - 90 - 150
5 - 60 - 20 - 90 - 19 - 150 - 19.3
6 - 60 - 30 - 90
7 - 60 - 90 - 150
8 270 90 300 75 570 81.4
9 - 60 - 90 - 150

10 - 90 - 60 - 150
11 - 30 - 17 60 - 2.5 30 - 8.6
12 - 30 60 30
13 - 30 - 30 - 60
14 - 60 0 - 60
15 0 30 30
16 60 5 - 30 0 30 2.1
17 0 0 0
18 0 0 0

* Figures ar e in met er , measurements are tak en normal to th e shoreline and quantified to 30m pixel interval , Negative values ind ica te shore line recession ,
while the posi tive ones indicat e accre t ion.

J ournal of Coasta l Resea rch, VoL 18, No.3 , 2002
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Figun.' 2. Vector ma p showing shoreline cha nges a long the coastline seg­
nu-nts 1. 2 a nd :1 past of Da miett a mouth an d Da miett a s pit, ded uced
from the Satel liu : T hematic Ma pper Imagery of 191'4, 19R7 a nd l!Hll.

water mark, one at t he high water mark , a nd one in the mid­
dle. Th ese were wet -sieved in to phi particl e size classes a nd
th e weigh ts of these classes were used to det ermine the par­
ti cle size dist r ibution . Total heavy min eral conte nt was de­
termined fill' the fine sand fraction of a ll sa mples .
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RESULTS AND DISCUSSION

18 monitoring points wer e selected a long th e coastline be­
tw een Dami etta and Port Sa id (Figure 1). At these points ,
shoreline positions have been monitored from th e sa te llite
imagery and measurements (in uni ts of 1 pixel = 30 m ) of
th e movement in th e periods 1984-1987 and 1987-1991 wer e
mad e <Table 2 ). On th e basis of th ese measurements , and th e
orienta tion of the coas tl ine , th e shorel ine is subdivided into
five seg me nts based on wheth er erosio na l or depositional pro­
cess dom ains are dominant. Points 1-7 a re within seg ments
1 a nd 2 (Figure 1), which lie imm ediately adjacent to th e

Figure 4. Vector ma p showing shore line cha ng-es a nd the noda l point
(a rrow) between the eros iona l coastli ne seg-me nt·4 rEl-Dciba) an d t he ac­
cretiona l coast line segme nt· 5 IEl-Gumiol I, deduced from th e Sa tel lite
The mat ic Mapper Imagery of 1 ~)R4 , 191'7 a nd 1991.
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Fig-u n ' :1. Vector map showing- shore line cha ng-esa long-th e coastl ine seg ­
rnr-ut.-! <E1· Deiba l, deduced from the Satellite Th em ati c Mapper Imagery
of 191'4, 191'7 a nd 1991.
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Figu re 5. Shor eline cha nges a long the coas tl ine bet ween Dami etta a nd
Port Sa id du ring the per iods 1984-1!lR7 a nd 19R7- 1991.
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Figur e 6. Th e recently cons t ru cted seawall (revetment) a long th e coastline eas t of the Dam ietta mou th "DM" for a distance of about 5km to pro tect
segme nts 1, and 2 from erosion.

Figu re 7. Two je tti es "W, E" construc ted to preven t sedimena tion of drifted sands along El-Gamiel inlet from. El-Fard ows tour ist village "F" appears at
the ext reme right-side of th e pho to, constructed a t the erosional down-drift side of the in let.

Figure 8. Sediment at ion at th e up-drift west ern jet ty "W,]" of El-Ga miel inl et.

mouth of the Damietta br an ch of th e Nile, a re experiencing
rapid rates of ero sion and shoreline recession (Figures 2, 5;
Table 2) with the barrier beach migr ating ba ck over th e Man ­
zala lagoon . Th e avera ge shore line recession along segme nt­
1 during the period 1984 to 1991 is - 41.4 m yr : ", whil e th e
avera ge recession along segment-2 is - 19.3 m yr - 1 (Table 2).
Importance of coastline orientation is evide nt from th ese
data; segment- I ha s a n ENE-WSW trend a nd ha s experi­
enced much grea ter amounts of erosi on than segment-2,
which ha s a NW-SE trend (Figu re 2). Eastward movin g long­
shore currents set up by waves approaching th e coast from
th e NW-NNW feed th e spit platform. When waves approach
from an opposite oblique quadrant (NNE) th e spit platform
undergoes erosion , which was evidenced else whe re by Fried­
man et al. (1992).

Long term erosion rates along th is sect ion of coas tl ine ha s
been est imated from historical map s to be in the range of - 35
to - 50 m yr - 1 betw een 1945-1973 (SESTINI, 1992). SMITH
and ABDI<;LKADER (1988) det ermined a rate of - 50 to - 60 m
yr" for th e peri od 1973-1984. FRlHY and KOMAR (199 3) de­
termined an erosion rate of - 10 m yr " ! for th e period 1971­
1990. More recently, ABOU EL-MAGD (1995 ) has suggested

an erosion rate of - 37 m yr ", focused at a point coincid ing
with sa mpling points 2 and 3 (Figu re 1). Rates of - 9.8 m yc '
an d - 44 m yr - 1 was suggeste d during th e peri od 1922-1995
(F IWIY et al., 1998a and b). Th e discrepan cy in Frihy's rates
cam e from using wide range time interv al , including t he pe­
riod 1922-1964 befor e the construction of Aswan High Dam,
during which no erosion was detected along th e Darni etta
Promontory.

Th e beach sa nd transport and th e littoral drift a long th e
coastline east of th e Damiet ta mouth were studied using
heavy mineral distribution and flourescent sa nd tracers eE L­
ASKARY and BAIm, 1996 ; BADR and LUrFY, 1998 and 1999 ).
Accordingly, the severe erosion along thi s coastline was in ­
terpreted as being du e to th e higher gr ain velocity a nd the
thicker mobil e bed layer. Th ese studies have demonstrated
that the average depletion rate was 39.4 X 106 and 41.65 X

106 grain min " during 1991 a nd 1993 respectively. The gra in
velocity ranges from 3.07-3.51 m rnin ? and thickness ofmo­
bile layer of 2.0 to 3.0 em. Thus, th e annual dr ift rate ha s
estima ted to be between 2.21 X to 3.19 X 106 m" yr- 1

Point 8 is located at th e eastern end of th e contemporary
spit (Figu re 1), represented by an accre tiona ry segment (seg-

J ournal of Coas ta l Research, Vol. 18, No.3, 2002
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Figure 9. Erosional features including th e cuspat e beach "C" and sha ll accumula tions a long the coas tl ine east of EI-Gamiel inlet at th e tourist village
"G".

Figure 10. Sedimenta tion "S" at th e west ern jetty of El-Gamiel in let due to sedim ents delivered by NE summer waves.

men t-3) whe re the shoreline is ad vancing at a rat e of 81.4 01
yr " ' (Table 2, Figures 2 an d 5), fed by materi al ero ded from
segmen ts 1 an d 2. A ra te 01' 7501 yr" was suggested by ABOU
EL-MAGD (1995 ). Th e conte mporary spit forme d in 1955 and
has subsequently migr ated la ter all y to th e SF: (MANOHAR,
1981). This has taken place un de r the sediment tran sp ort
flux se t up by th e NW-NNW wave direct ion, reaching 5- 6 km
length du ring 1971- 1975 (HAMAMA, 1978; LOTFY, 1978), and
10 km length by 1991 (Figure 2). FRlIIY et al. (1998 b) have
suggested a lengthen ing rate of 170 m yr - ! and an increasing
in the width by 60 01 yr 1, wit h shoreline accretion of 8 01
yr - ' . Recentl y, a seawall (Figure 6) has been cons tructed
along 5 km of the coastline (segmen t-I , Fig ure 1). While th is
will contro l eros ion in scgment-J , it will starve th e spit se d­
iment and ul t imately lead to erosion of segment-3.

Point s 9- 14 lie within segment-4 (El-Deiba, Figures 1 and
3). During 1984-1987, it experi enced significan t eros ion with

an ave rage shoreline recession of - 17 m yr -] (Ta ble 1; Figure
5). During the period 1987-1991 this segment subse quently
becam e more sta ble and decelera tion in th e rate of shoreline
recession is obse rved (Ta ble 1; Figure 5). Th e detected aver ­
age shoreline recession was - 2.5 01 yr" , wit h some points
(9, 10 and 13; Tab le 2) experiencing eros ion, and others
(points 11 an d 12; Tabl e 2) experie nce accretion (Figure 5).
Rates of eros ion of - 7 to - 16 01 yr - ! have been estima ted
from conve ntio na l surveys of this segment of the coast (ABOU
EL-MAGD, 1995; SMITH an d ABOELKADER, 1988).

Points 15-18 lie within segme nt-5 (El-Gamie!. Figures 1
and 4). Thi s seg ment of coas tli ne was stable betw een 1984­
1987, bu t experienced some accret ion in some places. A ra te
of shoreline adva nce of 5 m yr - I is here adopte d (Table 2;
Figures 4 a nd 5), and a volumetri c sand accret ion of 2.6 X

106 01 3 was measured du ring the period 1978-1981 (LOTFY
and FHlHY, 1993). However , at some stages wit hin the per iod

Journal of Coas tal Researc h, Vol. 18, No.3, 2002
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1987-1991 , an artificia l inl et to the Man zal a lagoon was con­
st ructe d a t EI-Gami el to improve th e water circ ula tio n in t he
lagoon . Tw o je tties were cons t ructed on eithe r sides of th e
inl et to protect it from siltup by the longshore sediment flux
(Figure 7 ). However, th e je ttie s ha ve crea te d a discontinuity
in th e eastward-moving longshore flux, resulting in accre t ion
against the west ern jetty (Figure 8) and erosion (Figure 9 )
adjacent to th e ea stern jetty (Table 2; points 15 an d 16 l. De­
spite th e je tty construction , the channel is experiencing sig­
nificant silta t ion from th e longshore drift , and from th e de­
livery of sedi ment by th e sum me r NE wave di recti on (Fig ure
10 l. Clea r ly mech a nical dr edgin g will be required at some
future date.

The se diment sa mples demonstrate significa nt differen ces
between th e erosional and accre t iona ry coastline segme nts
recogn ised from th e remote sensing TM images. Erosiona l
seg me nts are cha ra cte rised by coa rser sa nds with high heavy
min eral (l-1. M.) content (Ta ble 3; Figu re I ll, whil e accret ion­
a ry segme nts are cha ra cter ised by finer sa nds wit h lower (H.
M.l conte nt (Table 3, Figure IlL For example, the erosiona l
seg ments 1, 2 and 4 have a mean phi particle size of 1.97 <I>
(medium sands), well sorte d ( rr = 0.44 <I » , near symmetr ica l
(Sk = 0.03 <I» , and ha ve a mean (H. M.l content of 65.88'lr
by weight offine sa nd. Th e accreti onal segme nts 3 and 5 hav e
a mean ph i particle size of 2.56 <I> (fine sa nds ), moderately
well sorte d «f = 0.61<1» , a nd skewed to the finer fractio n (Sk
= 0.14 <I» , with a mean (H. M.J content of 19.4'lr by weight
of fine sa nds (Table 3, Fig. Il l.

The freque ncy distribution of grai n size pa ram et ers a nd
tota l heavy min er al (T.H.M.) concentra tion s a long th e Dam­
ietta coast show th at most of th e sedime nts belon g to fine
sands a nd display a mode between 1- 3 <I I <E L -AsKA I{Y a nd
LO'l' FY, 1995 ). Th e average well- sorted sands a re in the range
of 77.08'k with ncar symmet rica l distribution a nd only 6.25';'
of th e distribution show negat ive skewness (E L -As K A I{Y a nd
BAlm, 1996 ). Th e encountered total heavy min er al (T.H.M. )
percent a long th e Dami etta coas t is 13.74'!! , with high er con­
centra t ions record ed at th e eroded sa nds , range from :3.4'lr to
89.8'!!· with a n ave rage of 37 .17 '!! . Th e accre te d sa nds , on th e

'J III I I 12 " 14 15 II, 17 IX
Mcusurcmcu t Sues
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o

Figu re 11. Distri butions of gra in s ize param et er s IAI a nd tot al hea vy
min eral s IBI a t th e s tudie d sites a long th e Dam ietta a nd Port Sa id coast.
nor th east of th e Nile Delta .
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Tabl e 3 . Sedim vntologico ! chnra ctcristirs and total hrtu -v m ineral di stribu tion« aloru; the [Iamietta -Port Said coast. northeas t or the N ile Della. ",'g v/it.

SEG MENT-I

SEG MENT-2

SEGMENT-:1
SEG MENT-4

SEGl\ IE NT-5

M easurement Si tes and Ch aracte rs

Ea st Da rnietta s pit

Ea st Dami ett a spit

Damiet t.a s pit
EI-Dt'iha

Erosion a l

Eros iona l

Dep ositi on a l
Ero sion al

Dep osi ti on al

I\1zl <l») ,, 1<1») Skl ,I,) 1'I'.H .l\1.i ' j,

I 1.83 0.:19 - 0. 10 8:l.40
2 1.96 0.4 8 - 0.0:1 96.:10
:1 1.88 0.41 0.08 78 .:\8
4 1.86 0.:l8 - 0.06 (j8.fHj
5 2.0:\ 0.55 0.1:1 4:1.16
6 2. 18 0.5:3 0.18 7 1.0:3
7 1.89 0.44 - 0.0:1 52.11
8 2.fl2 0.78 0.2 1 1:1.60
9 1.46 0.4 8 - 0.16 5:1.Hi

10 1.7f! 0.4 2 - 0.09 85. 11
11 2.2 1 O,{i4 0.1:1 68.7:\
12 2.:1(j 0.59 0. 18 6 1.1:\
1:1 1.82 0.4 6 - 0.0£; 5:3.81
14 2.28 0.57 0. 16 4 1.2 1
15 2.8(; 0.67 0. 14 18.82
16 2.2(i 0.50 0.10 :)(i. 12
17 2.:n 0.4 f) n.os Hi. I I
18 2.4:1 o.ss 0. 18 12.41
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Figure 12. Seve re erosion "E" along the sand-nour ished beach a t El­
Ga miel tourist village east of El-Gami el inlet. with the chara cte ristic
s teep slope heach face.

oth er ha nd, show lower concentrations of total heavy miner­
als (T.H.M.) ran ge from 0.9% to 19.4% wit h a n ave rage of
7.237, (EL-As KAHY and L OT FY , 1995 ).

Poor coastal managem ent in the face of th e cha ngi ng sed­
imen t t ra nsport sys tem along thi s sect ion of t he coast has
resulted in a number of problem s. El-Gamiel a nd El-Fa rdow s
tourist villages ha ve been cons tructed at the erosiona l down­
drift ea st of El-Gamie l inlet As a resul t of the pattern of
ero sion an d depo sit ion outlined above, th ese villages now are
suffer ing erosion (Figures 9 and 12), and need to be pro tected
by construction of detached br eakwaters. Th ese defenc es
have encouraged th e form ation oftombolos (Figure 13), which
the mselves are in terrupti ng th e longshore sediment flux and
sta rving the shore line down-drift of sedimen ts . Appli cation of
a simple coast al GIS (V A."i HEUVEL and HILLEN, 1995) using
sa tellite TM images simi lar to those employed in th e pr esent
study may fa cilitate coasta l man agement and would prevent
such problem s. The recently discovered offshore oil and gas
well s at Damietta and Port Sa id coast may encourage th e
establis hment of oil and gas industry. The se ongoing projects
may threaten an erosiona l problem if th ey constructed in non
prop er locations.

Th ese results have important implications for the devel­
opme nt consequent on the recen t discovery of oil and gas re­
serves offshore. It is important that coas tal sediment trans­
port pr ocesses are account whe n any const ruction is a ttempt­
ed along the Nile Delta coast

CONCLUSIONS

Remote sens ing using Landsat Th em atic Mapper (TM) im­
ages of the coastline betw een Dami etta and Port Said cov­
ering th e yea rs 1984 , 1987 an d 1991 have been used , in as­
socia tion with geomorphoplogica l a nd sedime ntological a nal­
yse s , to determine th e pattern of coastal changes in th e
northea stern Nile Delta . The results enable classifying thi s
sect ion of coas t in to five segme nts, on t he ba sis of dominant
proce sses dom ain and coastl ine orien tation. Segments 1 and

Figure 13. Tom bolo "T" formed due to cons truction of th e det ached
break wat er sys tem "b" to pr otect th e coastl ine a t El-Gam iel tourist vil­
lage.

2 comprise the coastline east of th e mouth of th e Dami etta
br anch of th e Nile, which experienced significant erosion
throughout the study period. Segment-3 compri ses th e ag­
gr ading ea ste rn end of th e spit , which has been fed by ma­
te rial eroded from segme nts 1 and 2 by th e eastw ard-moving
longshore flux. Segment-4 comprises El-Deiba , which expe­
rienced significant erosion during the period 1984-1987, but
was mor e stable subsequently (1987- 1991). Segment-5 com­
pr ises th e coas tl ine a round EI-GamieL This section of coast­
lin e was stable from 1984-1987, even experiencing some ac­
cretion in places. However, following construction of a n ar­
tificial inl et to th e Manzal a lagoon at som e tim e in th e period
of 1987-1991, th e eastwa rd-moving flux was interrupted by
the jetties on either sides of th e inlet , resulting in accretion
against th e western jetty a nd erosion adjacent to th e eas tern
jetty.

Sediment characteri stics of th ese different shore line seg­
ments show significant differ en ces rela ted to th e dominant
processes dom ain operating on each segment. Ero sion al seg­
men ts are characteri sed by relatively coars e sa nds with high
conce ntra t ions of heav y min erals, wh ile accret iona ry seg­
ments are characterised by relatively finer sands with lower
concentrations of heavy mineral s .

Poor coas ta l management, a long with the cha nges in th e
sediment tran sport system outlined in this paper, have cre­
a ted problem s by allowing construction to ta ke pla ce along
erosiona l segments of th e coast, necessitating costly defence
measures. Moreover, th ese results have important implica­
tion s for future development consequent on th e recent dis­
covery of offshore oil and ga s reserves.
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