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Beach accretion and erosion developed along the Israeli coastline following coastal structures construction
may provide evidence for the direction of the littoral drift. Long-term changes (30-40 years) in the position
of the coastline are the indicators of this drift. Methodological improvements involving: selection of the
best period for coastline monitoring, enhancement of the shoreline appearance in scanned aerial photography and the increase in the precision of the photographs' geo-referencing procedures increased the
accuracy of the detection of these changes. Historical aerial photography for the years between 1951 and
1.990of two sites along the Israeli coastline were processed. The results provided new evidence for the
relative contribution of littoral drifts with north to south and south to north directions in determining
the coastline position in different locations along the Israeli coast. Evidence is provided for the location
of the nodal point in this region.
ADDITIONAL INDEX WORDS:

INTRODUCTION
Comparison of aerial photographs taken from
the same section for coastline at different dates
may be, and has been, used for studies of changing
coastlines (DOLAN et al., 1978, 1980; SMITH and
ZARILLO, 1990; ANDERS and BYRNES, 1991; CROWELL et al., 1991; FENSTER et al., 1993). Methodological improvements in shoreline detection
and geo-referencing due to the use of image processing techniques (SHOSHANY and DEGANI, 1992)
allowed an increased accuracy in determining
temporal changes in the shoreline position. The
objective of this study was the utilization of these
techniques for detecting coastal changes indicative of sand transport direction along the coastline
of Israel.
During the last 40 years, questions regarding
the coastal changes and coastal processes of the
southeastern Mediterranean Sea attracted many
studies. This coastline, defined as the Nile Littoral Cell by INMAN and JENKINS (1984), extends
from Alexandria, Egypt to Akko, Israel, a distance
of 650 km (Figure 1). Various approaches were
used to estimate the direction and rate of the
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longshore sediment transport along this coastline.
Some used beach accretion and erosion next to
coastal structures as indicators of the major direction of the sand transport (INMAN and HARRIS,
1970; DORNHELM, 1972; KRAN, 1980; FINKELSTEIN,
1981; NIR, 1982); others conducted field experiments using tracers to obtain this information
(MIGNIOT, 1974; SAUZAY et al., 1974; MANOUJIAN
and MIGNIOT, 1975). Theoretical considerations,
such as direction of fetch in relation to the coastline orientation and wave refraction pattern, were
used to propose models for the net littoral drift
(EMERY and NEEV, 1960; INMAN et al., 1976; QUELENNEC and MANOHAR, 1977; GOLDSMITH and
GOLIK, 1980). Directional wave measurements were
also used to compute the wave energy flux and
longshore sediment transport rate on this coastline (CARMEL et al., 1984, 1985).
The general picture which emerged from all
these studies is that sand brought by the Nile
River to the Mediterranean drifts eastward along
the Nile Delta coast and Sinai and then northward
along the Israeli coast. There is, however, disagreement as to the sand transport direction in
the northern section of the littoral cell, between
Tel Aviv and Haifa. EMERY and NEEV (1960) suggest that, in this section the net littoral drift is
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Figure 1. General location map of the Nile Littoral Cell.

directed southward, whereas MIGNIOT (1974),
SAUZAY et al. (1974), MANOUJIAN and MIGNIOT
(1975), and CARMEL et al. (1984, 1985) claim that
it is directed northward.
In this paper, shoreline changes since the 1950's
in two sites along the Israeli coastline will be described together with a short review of the research methodology. The magnitude of changes
in the vicinity of coastal structures constructed
at these sites will then be assessed with regard to
the net littoral drift in the region.

complexity and dynamics, due firstly to its wide
range of components (dry sand, wet sand, waves,
foam, beachrock, etc.) and their mixtures, and
secondly to the fast rate of changes in their spatial
distribution. The momentary, daily, seasonal and
annual displacements of the shoreline add a difficulty in differentiating the component of longterm changes from the total changes detected.
In order to achieve the accuracy necessary for
determining long-term coastal changes the methodology utilized here is based on the following
three key elements:

DATA GATHERING METHODOLOGY

(1) Selection of the time of year which is most suitable for monitoring the shoreline. On the basis
of the evidence of tide amplitude (GOLDSMITH
and GILBOA, 1986) and wave height frequency
regime (CARMEL et al., 1985) during September and October the sea is at its lowest monthly average energy level. As a result of the low
wave energy regime the deposition in the beach
is at its maximum, the shore profile is fully
developed and the berm is at its highest position during these months. The selection of
this period has two advantages. The first concerns the relative stability of the sea conditions which imply that there will be lower

Historical aerial photography coastline mapping is a difficult task as a result of two typical
problems. The first concerns data quality which
varies greatly due to acquisition apparatus, methods and storage conditions (e.g., ANDERS and
BYRNES, 1991; CROWELL et al., 1991). Some of the
photographs may be only reproduced from contact prints as a result of the lack of negatives or
diapositives. Inaccuracies due to object displacement, geometrical distortions, resolution limitations and low contrast are compounded where the
quality of the photographs' information was reduced. The second problem concerns coastal zone
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Figure 2. Schematic diagram of th e research methodology.

magnitudes of weekly/diurnal fluctuations.
The second advantage concerns the fact that
the momentary horizontal displacements of
th e shorel ine are of minimal magnitude when
the beach profile is fully developed and therefore decrease the inaccuracies due to momentary changes in its position.
(2) Selection of the type of shoreline which is most
suitable for monitoring the shorelines from aerial photography acquisition. As discussed in
SHOSHANY and DEGAN! (1992) and as pointed
out, for example, by DOLAN et al. (1978) and
SMITH and ZARILLO (1990), the High Water
Line (H WL) provides the most suitable
shoreline as a result of its relatively clear and
sharp representation in the photographs and
its low rate of momentary change.
(3) Application of digital image processing methods. A large number of works utilized aerial
photography for detecting historical shoreline
changes (see for example: STAFFORD and
LANGFELDER, 1968; SMITH and ZARILLO, 1990).
However, these works are based mainly on
human interpretation and therefore lead to
some level of subjectivity and inconsistency
in the detection process.

DATA PROCESSING
The computerized methodology utilized here
was described in detail in SHOSHANY and DEGAN!
(1992). Figure 2 provides a schematic flow diagram of the research methodology. The main processing steps are briefly described as follows:
(A) Data Input-conversion of air photographs
from analog/photographic form into a digital format by scanning;
(B) Image Preprocessing-the HWL represents
a line with high brightness contrast; two enhancements were combined for improving the detectability of the shoreline: (1) a texture image (Figure
3a) which enhances edges by calculating the
brightness variance within a fixed size window
around each of the image pixels; (2) a brightness
contrast enhanced image (Figure 3b) achieved by
stretching the brightness histogram of the original
image.
(C) Shoreline Detection-by combining the en hanced brightness image with the texture image
a color composition was formed , allowing clear
indication for the position of the shoreline. Between 85 % and 95 % of the HWL length was recognized and then manually digitized on the screen.
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Figure 3. A texture image (left) and a brigh tn ess enhanced image (right ) which are combined for dete cting th e shoreline.

Human professional judgement was then applied
to the remaining 5 to 15 % of problematic segments;
(D) Shoreline Rectification-in previous works,
the shoreline was manually digitized and the coordinates of its points were transformed to a common coordinate system by a computer program
(see for example: DOLAN et al., 1980; LEATHERMAN, 1983; CLOW and LEATHERMAN , 1984) using
a set of control points which are well recognized
both in the base map and the photography. Comparison of maps with historical aerial photography shows that only a few points may serve the
rectification process. Consequently, it was found
preferable to accomplish full rectification of the
shoreline in a three step process:
(1) Selection of a reference aerial photograph
which has the widest set of common detail
with all of the other photographs (from earlier
and/or later dates) and with the existing maps.
For this purpose it was found useful to select
the photograph which represents the middle
of the time period or that of the beginning of
the coastal structures const ruct ion phase.

(2) Since aerial photography contains more detail
than the maps, it was found preferable to register all of the ot her photographs to the reference one. Such registration may then be
based on a relatively large set of common
points, which may be used as control points
for th e transformation. These points could be
corners of buildings, bridges, junctions, tall
trees which are well recognized in the photographs, sewage canals, and certain structures on the beach: pipes, walls, piers, etc. The
transformation coefficients are then calculated according to the set of common points and
the transformation equations are applied to
the shoreline digitized in the previous stage.
(3) The shorelines were geo-referenced for calculating the changes using standard units
(meters) and to allow the future comparison
of the shorelines detected from the photographs with other sources of data. The reference aerial photograph is geo-referenced using a detailed base map and local ancillary
data. The ancillary data of elevation points
and accurately measured coordinates for road
junctions and public buildings and infrastruc-
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ture (bridges, water channels and sewage systems, for example) may be provided by the
National Mapping Agency or the local councils in digital form or derived from accurate
geodetic maps.
In this procedure, the relative position of one
shoreline to the other is well maintained between
all of the shorelines. Since artificial constructions
such as buildings and roads were not present in
the beach zone during all the dates included in
the research, and since they occupy only small
portions of shoreline, the geo-referencing process
is based on points which are relatively far from
the shoreline itself. The absolute accuracy of the
shoreline coordinates are expected to be lower
than those found for land areas. This problem
affects all of the shoreline mapping procedures,
however, using our registration technique (Steps
1 and 2 described above) its relative effect on the
comparison between shorelines of different dates
can be minimized.
(E) Shoreline Resampling-the digitization of
the shoreline detected at Stage C was done with
a sampling distance of 1 to 5 pixels between consecutive points. This sampling density was adjusted according to the magnitude of the local
fluctuations and exceeded the density needed for
assessing the beach area changes at different distances on both sides of the structures constructed
on the beach. For reducing the large volumes of
data (reaching a maximum of 16,000 point records
for one shoreline) to a more manageable size and
for allowing better comparison between different
lines we applied two types of res ampling techniques: selective resampling and systematic resampling. In the first technique critical points were
selected and the stationarity of the shoreline fluctuations between these points was ensured. The
systematic resampling was achieved by utilizing
constant sampling interval along a baseline, a line
parallel to the major direction of the shorelines.
Following the assessment of few alternative intervals, the distance of 25 m length was found to
allow inclusion of all of the major extremum points
along the shore. Thus, the perpendicular distance
of each shoreline to the baseline was determined
at each sampling point. This sampling scheme
simplified the calculation of shoreline changes,
since all the shoreline records were of the same
length and the corresponding points along records
of different years represented measurements along
the same line, perpendicular to the baseline.

315

(F) Shoreline Changes Analysis -shoreline
changes were described in three forms: (1) distances between corresponding points along two
shorelines of different dates, (2) accumulated area
between two shorelines of different dates, and (3)
the average distance of the shoreline at each of
the sampling points in the years before and after
the construction of a coastal structure.
AREA OF STUDY
Two sites were selected for this study, Netanya
and Gaza (see Figure 1). In both, coastal structures have interfered with the natural processes
and aerial photographs as of the 1950's are available. Netanya is located on the central part of the
the Israeli coastline, while Gaza is in the southern
part. In Netanya, two detached, beach parallel
breakwaters were built in 1969-1970. These caused
the formation of two tombolos behind them. The
tombolos are symmetrical and therefore do not
indicate any preferred direction of the littoral drift
(Figure 4). In Gaza, two groins perpendicular to
the coastline were built in 1972 (Figure 5). These
exhibit beach accretion on their southern side and
coastal erosion on their northern part. This erosion was so severe that small breakwaters were
built north of the groins to protect the coastal cliff
and the houses on the cliff top from collapsing.
There is no question, therefore, that the littoral
drift on that beach at Gaza is directed northward.
A comprehensive search of all the available aerial photography for these sites taken during the
autumn season (September and October) was conducted in the early stages of this research. Data
of the photographs date, scale and resolution are
included in Table 1. The photographs selected for
the coastline of Netanya cover 1,400 m in length
of the beach north and south of the tombolos. The
photographs for the coastline of Gaza cover a section of 1,200 m north of the groins and 1,100 m
south of them.
Supplementary data including wave height
(Figure 6) and sea level (tide) height were collected for assessing the conditions which influenced the position of the shoreline at the time of
the photography. The wave height data for the
months September, October and the beginning of
November were provided by the National Institute of Oceanography in Haifa. Sea level data as
measured in Tel-Aviv during the day of the flight
were provided by the Survey of Israel. Both sources
of supplementary data were not complete as a
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Figure 4. Aerial photograph of Netanya shoreline (taken on
the 11/10/84). Note the symmetrical shape of the tom bolos.
Figure 5. Aerial photograph of Gaza shoreline.

result of failures of the measurement apparatus
and problems of data storage.
ASSESSMENT OF THE SHORELINES'
POSmONAL ACCURACY

As discussed earlier, the long-term changes determination accuracy is affected by both the techniques employed for image acquisition and data
processing, and by the short-term fluctuations in
the shoreline position.
Image acquisition stage refers to the whole process of photography and conversion of the photographs from the analog to the digital format.
Three major parameters define the scale and spatial resolution of the photographs: the focal length
of the camera, the film type and the flight height.
Assuming ideal flight conditions (constant speed,
height and direction with no rotations in the
plane's three axes, nadir viewing and narrow angle
field of view), the scale of a photograph of a perfect plane will be kept equal throughout the imaged area. The maximum spatial resolution (the
minimum distance which allows differentiation
between two distinctive points) which can be
achieved depends on the resolving power and the
brightness sensitivity of the film negative. The
actual resolution of the digital image produced by
scanning the black and white contact prints was
limited by the technical limitations of the scanner
rather than the information content of the photographs themselves. Table 1 provides information regarding the photographs used in this research and the actual resolution gained using a
Howtek scanner with 300 dots per inch (dpi) scanning density. The resulting pixel (smallest de-

tectable and differentiable area) size sets the basic
limit on the possible accuracy of the shoreline
detection.
Since the flight conditions cannot be ideal, the
photograph central axes system tilts as a result
of movements in one or more of the three planes'
rotation axes (yaw, pitch and roll). This movement causes displacement to the location of objects in the photograph relative to their real position (LEATHERMAN, 1983; ANDERS and BYRNES,
1991). The magnitude of the displacement is directly proportional to the distance of the object
from the principle point, the tilt angle and the
Table 1. A description of the aerial photographs and their
accuracy . (Units in meters)

Date

Scale

Resolution

Sea
Level

Waves
Height

Accuracy

1:6,513
1:10,200
1:5,789
1:16,447
1:15,359
1:12,810

0.55
0.86
0.49
1.39
1.29
1.09

- 0.13
-0.19
0.0
0.3
0.15
0.14

nd
0.6
0.57
0.68
0.69
nd

2.2
3.3
1.5
5.29
4.42
3.79

1:16,667
1:15,789
1:15,411
1:5,921
1:12,039
1:11,112
1:12,287

1.38
1.31
1.28
0.49
1.00
0.93
1.04

nd
nd
-0.01
nd
- 0.02
nd
0.01

nd
0.841
0.64
nd
0.478
0.691
nd

4.88
4.43
3.87
2.24
3.03
3.53
3.12

Gaza
29/10/69
21/20/71
15/9/73
26/9/80
3/10/84
1/9/90
Netanya
21/9/55
··10/61
10/10/64
24/9/76
10/9/82
11/10/84
21/9/90

nd = no available data
•• Date and hour are not known
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Figure 6. Graphs of wave heigh t record ed between the Ist of Se ptember and the 6t h of November for different years . Time of
photographing was marked where known. The 1 meter height line was marked for illustr at ive reasons only.

angle between the flight line and the radial line.
Another source of displacement is given by the
relief of the photographed area. As a result of
these displacements and of momentary changes
in the flight height, the scale of the image changes

in a certain magnitude. Other sources for positional errors are : lens distortions, photographs'
paper shrinkage/expansion and film processing.
Where the scale is assumed to be constant, these
displacements may cau se a severe decrease in the
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positional accuracy of the shoreline data. Using
the registration techniques described in the preceding section, it is possible to correct some of
the inaccuracies caused by the different displacement sources. The RMS (Root Mean Square) of
the positional errors for the different photographs
is an estimate of those inaccuracies and of the
registration/rectification process. Table 1 provides data on the magnitude of positional errors
in the different aerial photographs. Another source
for possible error concerns the shoreline detection
process. As discussed in SHOSHANY and DEGAN]
(1992), the application of the computerized methodology improves the objectivity and consistency
of the shoreline detection process. Those improvements allow better comparison between
shorelines detected in different photographs since
they were derived following the application of the
same techniques and the reduction of effects due
to different photographing conditions (mainly
brightness differences).
The second group of factors that have to be
considered are the physical factors which determine the position of the shoreline at the time of
photography. As discussed earlier, emphasis was
given to data from the summer end as the appropriate season which will best allow comparison
between different years. The following factors have
to be considered: (1) the sea level at the time of
the photograph; (2) the height, frequency and direction of the waves at the time of the photograph;
and (3) the sea conditions within a month before
the time the photograph was taken.
During the search for appropriate photographs,
attention was given to the sea state at the time
of photography. Only those images with low waves
and quiet sea conditions were selected. Figure 6
provides the graphs of available data of wave
height during the period from September to November of years included in this research. According to Table 1 the average wave height during
the months of the photograph acquisition was below 1 m. Assessment of Figure 6 indicates that
except for 1982, there had been exceptional events
of wave heights higher then 1 m during 24-72
hours within a two week period prior to the photographs acquisition dates. Apart of these events,
during most of the time the wave height is well
below 1 m. The effect of such short time events
on the shoreline has yet to be studied. However,
it is assumed here that since these events lasted
less than 72 hours their effect on the beach is
minimal and concluded that the shorelines de-

tected are comparable. Furthermore, an attempt
to link the magnitude of these events to changes
in the relative position of the shorelines has proven unsuccessful. On the other hand, attempts to
relate relative shoreline positions to the general
wave height regime in September and October
yielded explanations for some of the trends of
shoreline changes as will be discussed in the next
paragraph.
Assessment of sea level (tide) data gathered for
photograph dates indicated a maximum vertical
fluctuation of 43 em, On the basis of topographic
slope measurements across the foreshore and berm
zones, it was found that, at the end of the summer,
the beach face is very narrow and its slope is relatively steep. According to these measurements
and data provided by EITAM (1974), an angle of
15°was determined as the characteristic angle for
the beach face at this time of the year. The horizontal displacement of the shorelines from what
is regarded as level 0 (base sea level) is determined
by the tangent of this angle. The total accuracy
of shoreline determination by aerial photography
(E) is described by the following expression:
E

=

3E, + h/tan(15°)

(1)

where E, is the resolution of the scanned photograph, and h/tan(l5°) is the magnitude of the horizontal displacement of the shoreline resulting
from a rise of the sea level (tide) by h meters above
the zero level. The multiplication of E, by 3 accounts for two known error components and an
added confidence interval. The first component
describes the positional errors as determined by
the RMS error (Root Mean Square error) of the
rectification process (in all of the photographs a
RMS error lower than 1.25 was calculated); the
second component quantifies errors due to detection inaccuracies. Where the detection process is
based on the agreement of the visual recognition
with the computerized technique, it is considered
that there is no error. Where the detection is done
by visual assessment alone (in complicated situations mainly), there the error is proportional to
the width of the uncertainty zone and its part in
the total length of the shoreline. Examination of
the uncertainty zones showed that they were less
than 10% of the total shoreline length and their
width was less than 5 pixels. Assuming the same
probability for all possible errors results in a total
RMS error of 1.04 pixel. The multiplication of E,
by 3 results in a significantly higher error estimate
than that given by adding the two components.
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Figure 7. Shorelines detected in Netanya region between 1955
and 1990. Verti cal exaggeration was applied for allowing dif'ferentiati on between the lines: (a) North ern section; (b) Southern
section.

This was done intentionally to increase our confidence in the total error estimates given in Table
1. Of 13 photographs, 9 had errors below 4 m, and
4 had errors higher than 4 m with a maximum of
5.29 m. These results are significantly better than
those achieved in previous works which utilized
air photographs of similar scale.
ANALYSIS-COASTLINE CHANGES

In Netanya, shoreline data were acquired seven
times between 1955 and 1990, while in Gaza data
were acquired only six times between 1969 and
1990. Figures 7 and 8 provide graphs of these
shorelines after their rectification and resampling.
An inspection of the distances between the shorelines indicates that the width of the zone of shoreline changes reaches a maximum of 200 m and
extends on average more than 25 m. Considering
the error levels calculated for each of the photographs (as given in Table 1), it is possible to con-

900

1100

1300

(melers)

Figure 8. Shorelines detected in Gaza region between 1969 and
1990. Vertical exaggeration was applied for allowing differen tiation between th e lines: (a) Northern section ; (b) Southern
section .

elude that they are of a significantly lower magnitude than the width of the zone of changes and
thus suggest that significant changes have occurred. The analysis of the shorelines concerns
four inter-related aspects: changes occurring before and after the construction of the groins/detached breakwaters and changes occurring north
and south of these construct ions.
In order to assess the general trends of shoreline
change after the construction while reducing the
effects of individual years, new lines were calculated representing the average position of the
shorelines from all pre- and post-construction
photographs (Figures 9 and 10).
Netanya Shoreline
Shoreline Position Before the Construction of
the Coastal Structures

There were three suitable photographs available for Netanya region for the period prior to
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Accumulated area added (positive sign) or remov ed
(negative sign) in sections of th e shorelines of Netanya and
Gaza according to th e distances between the first and last
shoreline.

Table 2.

Gaza
Section
North
South

Netanya

Gaza

Extrapolated"

36,700 m'
-20,150 m'

-4 ,825 m'
18,600 m'

-8,660 m'
41,333 m'

"Since the sections of Gazs shoreline were shorter than those
of Netanya and since the time span between the first and last
photograph was also shorter, the data were extrapolated to account for these differences for allowing better compar ison between the regions. Note that in the northern section of Gazs
the magnitude of erosion was decreased as a result of the construction of 9 breakwaters along the coast

the breakwaters construction. Inspection of
shoreline changes between them (Figure 7) suggests that there is no indication for long-term
changes in the shoreline position between 1955
and 1964. It is interesting to note that in 1961
there is good correlation between the relative position of the shoreline and the regime of waveheights; it is in its most eastern position between
these years, a fact which corresponds to the relatively high frequency of high waves found in September and October of this year compared to all
of the other records (Figure 6).
Changes Northern to the Coastal Structures

Analysis of Figure 7 indicates that significant
changes have occurred in the position of the
shoreline north of the breakwaters of Netanya. In
1976, which represents the sixth year following
the breakwaters construction, the extension is
limited mainly to the section of 500 m north to
the breakwater. The maximal extension was to be
reached in 1990. It is interesting to note that 1982
and 1984 represent two conflicting trends: (1) in
1982 the beach reaches, in few sections, the position found in 1990; while in 1984, only two years
later, the shoreline position returned in few sections to the location found in 1976. These conflicting trends may well be explained by the fact
that a low level wave heights regime was observed
during the end of September and the beginning
of October 1982 (Figure 6); while in 1984, there
are at least two periods with wave heights over 2
m. Looking at the average position of the beach
before and after the breakwaters construction, it
is possible to conclude that the shoreline had advanced westwards 35 m on average. Looking at
the lateral effect of the coastal structure, it is

possible to conclude that the magnitude of the
deposition decreases toward the north, however ,
with an indication that the accretion extends beyond 1,400 m north to the coastal structures.
Changes Southern to the Coastal Structures

There are two conflicting trends in this area:
(1) within the the zone of 250 m from the center
of the southern breakwater where the beachfront
had extended due to the reduced wave energy and;
(2) the area further south of this zone, which is
characterized by erosion. Our discussion will be
restricted to this southern part. Similarly to the
situation recorded in the northern section of the
beach, the shorelines found in 1976 and 1984 are
also here nearly at the same position. In both of
them there are several segments which indicate
erosion further east than the position found in
1961 (a year with a relatively high waves regime);
while relative to the shoreline position in 1955
and 1964, there is a clear indication for erosion
all along the coast. As explained in the former
section, the shoreline position in 1982 represents
a phase of accretion as a result of low wave heights
regime . In 1990, we find a line which represents
a major phase of erosion where the shoreline had
moved eastwards relative to 1984 by more than
20 m on average. The magnitude of the temporal
changes as represented by the average position of
the beach before and after the breakwaters construction (Figure 9) is lower than that found in
1990, however, it indicates that despite differences between individual years there is a significant trend of erosion which had moved the beach
eastwards 15 m on average. Looking at the lateral
effect of the coastal structure, in 1990 there is an
increase in the magnitude of the erosion toward
the south while in the average temporal position
of the shoreline (Figure 9); the dimension of erosion fluctuates with an indication to the continuation of the erosion more than 1,400 m south to
the coastal structures.
Gaza Shoreline
Shoreline Position Before the Construction of
the Coastal Structures

The earliest photograph available for Gaza was
from 1969;while groin construction started in 1971.
Considering the low level of change between 1969
and 1971 and results of an assessment of shoreline
changes between 1950 and 1986 in Ashquelon region (SHOSHANY, 1991) which is only 15 km north
to Gaza, it is possible to suggest that the shoreline
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Figure 9. The average position of shorelines before (1955-1964) and after (1982-1990) the construction of the tom bolos in Netanya.

had not changed its position significantly between
1950 and 1969.
Changes Northern to the Coastal Structures

A severe erosion has taken place beyond the
zone of 250 m north to the groins following their
construction and as a consequence 9 detached
breakwaters were built in the area in 1978. The
magnitude of this erosion is represented by the
shoreline position in 1980 (Figure 8), although
there is already a noticeable effect due to the
breakwaters construction. An indication to the
continuation of the erosional processes is found
further north to the breakwaters, beyond the distance of 1,200 m north to the northern groin. The
magnitude of the change in the position of the
shoreline is 30 m. It is possible to differentiate
between three transitional stages: 1969 and 1971
with the most western position; 1973 and 1980
with an intermediate stage 15 m east to the former
position; and 1984 and 1990 with the most eastern
position. These changes are indicators for both
the high intensity of the erosional processes up
to a distance of 1,200 m from the groin, despite
the construction of the breakwaters, and the fur-

ther lateral influence of the coastal structures beyond a distance of 1,4.00 m from the groins. Analysis of the average shoreline position following
the groins construction (Figure 10) provides further support for these two findings.
Changes Southern to the Coastal Structures

A significant extension of the beach has occurred south of the groins in Gaza . Within the
zone of 300 meters south to the groin , there is a
build up of the beach which stabilized in 1980.
Between the distance of 300 m and 1,000 m, there
are two phases represented. Until and including
1973, there had not been much change; while in
1980,1984 and 1990 the shorelines seem to cluster
around the shoreline position of 1980. Within this
intermediate zone, the deposition decreases from
a maximal extension of 50 meters at the north to
a situation where all of the shorelines converge at
a distance of 1,000 meters from the groins . Apart
from the lines of 1980 and 1990 which indicate
some trend of erosion beyond the distance of 1,000
m south to the groin, the lines are basically converged to the position before the construction.
The lateral effect beyond this distance is therefore
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Figure 10. The average position of shorelines before (1969) and afte r (1973-1990) the construction of the groins in Gaza .

concluded to be minimal. These findings are also
supported by the graphs of average position following the construction.
In conclusion, the northern part of Netanya
shoreline and the southern part of Gaza show similar trends of accretion while their counterparts
have similar trends of erosion. In the next paragraph these trends will be analyzed with regard
to the directions of the net littoral drift.
DISCUSSION-THE GEOGRAPHICAL
EXTENT OF THE EFFECT OF
COASTAL STRUCTURES

The SW-NE orientation of the southern part
of the Israeli coastline (south of Tel Aviv) in relation to the general wave direction (from the west)
is such that the littoral drift must be predominantly northward most of the time (INMAN and
HARRIS, 1970; DORNHELM, 1972; KRAN, 1980;
FINKELSTEIN, 1981; NIH, 1982; MIGNIOT, 1974;
SAUZAY et al., 1974; MANOUJIAN and MIGNIOT,
1975; EMERY and NEEV, 1960; INMAN et al. , 1976;
QUELENNECand MANOHAR, 1977; GOLDSMITH and
GOLIK, 1980). This observation is also supported

by field evidence such as beach accretion on the
southern side of coastal structures in Gaza and
Ashkelon and erosion on their northern side . It is
therefore not surprising that the results of our
study also showed the shoreline advance seawards
south of the Gaza groins. EMERY and NEEV (1960)
proposed on the basis of directional relationship
between the waves and the coast that between
Haifa and Tel Aviv the net transport of sediments
is southward, whereas south of Tel Aviv the direction is northward. This implies that in Tel Aviv,
or in its vicinity, a nodal point for the sand transport mu st exist. GOLDSMITH and GOLIK (1980) emphasized that the position of this nodal point will
change with the wave direction. For example,
waves approaching from azimuth 315 (NW) will
result with a nodal point in the vicinity of Rafah;
whereas waves approaching from azimuth 282.5
(the direction of the longest fetch which faces the
Israeli coastline) will cause a nodal point near
Netanya.
On the other hand, CARMEL et at. (1984, 1985)
estimated on the basis of directional wave measurements in Haifa that the rate of longshore sand
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Figure 11. (Top) Th e tombolo beh ind th e deta ched breakwater at Ha ifa. Note the asymm etry of the tambala. Its northern beach
is alm ost normal to the coast indica t ing tha t th e wave energy has a strong sout herly component. (Bottom) Beach accretion next to
a groin in Haifa .

transport is 100,000 ± 100,000 m3/yr to the north.
As the orientation of the coastline gradually
changes from nearly N-S in Haifa to E- W along
the Sin ai coast, the results of CARMEL et at. (1985)

in Haifa imply that there is no net sand flow to
the south along thi s coast and therefore there is
no nodal point there either. In addition to the
a bove described data and hypotheses, there are
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the following beach accretion and erosion next to
coastal structures must be considered (see Figure
1):

(1) In the southern part of the Israeli coast, high
magnitude beach accretion occurs on the
southern side, and significant erosion on the
northern side, of the following structures: two
groins in Gaza, quite water basin of a power
plant in Ashkelon, a marina in Ashkelon and
a marina in Herzelya. Next to Ashdod harbor,
which is also in the same part of the coastline,
beach accretion south of the structure is minute. All these indicate a net sand transport
northward.
(2) In the northern part of the Israeli coast, beach
accretion occurs north of the quite water basin of a power plant in Hadera, and north of
a groin in Haifa (Figure ll,b). A tombalo behind a detached breakwater in Haifa exhibits
asymmetry facing northward (Figure II,a). All
these indicate a net sand transport southward.
(3) In Netanya, between these two sections of the
coastline, the tombalos behind the two detached breakwaters are symmetrical showing
no preferential direction of the littoral sand
transport.
These observations led many to believe that a
nodal point for the littoral drift exists in Netanya.
The present study enabled to detect beach accretion north of Netanya's breakwaters and erosion
south of them. Hence, the net long shore transport
in Netanya is southward and the nodal point must
be some place between Netanya and Herzelya.
Another contribution of this study is that for
the first time, at least in Israel, it has been shown
that the effect of coastal structures on the position
of the shoreline is not limited to a few hundred
meters from the structure, as was believed in the
past, but to a distance of about 1.5 km.
CONCLUSIONS

The magnitude of the accumulated erosion and
accretion in the central part of the Israeli coast
is relatively small compared to some diurnal and
seasonal fluctuations; it could not be detected by
a naked eye. An image processing technique was
required therefore for allowing accurate determination of historical positional changes from aerial photographs. An important component of the
research methodology was the selection of the end

of the summer as the most appropriate season for
monitoring long-term changes along the beach.
The results of this study support the generally
agreed opinion that sand migration along the
southern Israeli coast is northward, while providing new evidence indicating that the sand migration direction north to Netanya is southward. The
nodal point for the sand flow must be further
south of Netanya.
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