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Abstract
of civilizations, it is of great significance to understand their characteristics and behavior. Changes in

Since coastal areas have highly dynamic nature and are one of the most beneficial regions

shorelines in the form of accretion and erosion can leave devastating effects on businesses and cities located
along the shore. In this study, we statistically calculated the tendency of shoreline changes by processing
and analyzing historical satellite images of Boushehr Province, Iran. Results show that these shores have
experienced both sedimentation and erosion in the past 30 years. Net shoreline movement presents more than
350 m of erosion and 650 m of accretion, which are corresponded to change rates of almost 12 and 22 m/a,
respectively. Statistics of shoreline changes are calculated from regression methods including end point rate,
linear regression rate, weighted linear regression, and least median of squares. The best-performed method
is applied to predict the shoreline position in 2050 and 2100. Potential locations of excessive changes are
identified for the predicted shorelines, which should be dealt with properly.

Keyword: digital shoreline analysis system; satellite image; accretion and erosion; linear regression;
sediment; Boushehr Province

Abbreviation: DSAS: digital shoreline analysis system; EPR: end point rate; LRR: linear regression rate;

LMS: least median of squares; MAPE: mean absolute percentage error; NSM: net shoreline

movement; SCE: shoreline change envelope; USGS: the United States Geological Survey;

WLR: weighted linear regression

1 INTRODUCTION

Shoreline has been identified as one of 27 important
phenomena by the International Geographic Data
Committee (IGDC) (Kuleli et al., 2011). Due to
complicated behavior and dynamics of shorelines,
they experience temporal and spatial changes, and
evolve continuously over time (Stive et al., 2002;
Miller and Dean, 2004; Stive et al., 2009). They
experience both long term as well as short terms
variations, caused by hydrodynamic processes, (e.g.
river cycles, sea level rise), geomorphological
phenomena (e.g. barrier island formation, spit
development), and other factors (e.g. sudden and
rapid seismic and storm events) (Scott, 2005).
Shoreline changes are greatly concerned in many
coastal areas (Genz et al., 2007). The study of
shoreline evolution and its change rate is important

for a broad range of coastal studies. These studies are
mainly about shoreline advance and retreat (Chalabi
et al., 2006; Qiao et al., 2018), construction planning
(Mani et al., 1997), regional sediment budget
(Kaminsky et al., 2000) and coastal morphodynamic
prediction (Zeinali et al., 2016).

There have been so many methods in studying
coastal and shoreline evolution. Each has been used
in so many studies and their performances have been
reported in the literature. Some of these methods
could pointed out as numerical models based on
historical data (Adamo et al., 2014), Monte-Carlo
(Davidson et al., 2010; Banno and Kuriyama, 2014),
mathematical models (Kaewpoo et al., 2012), models
based on regime equations (Leont’yev, 2012) and
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those using data assimilation (Vitousek et al., 2017).
Although these methods are very reliable and
sophisticated, they might have some defects. The
need for a huge amount of input data, which are
mostly field data, increases the computational cost
and effort for modeling. The fact that field data for
shoreline modeling must usually be obtained at the
same time of each year, makes some of the historically
recorded data useless. In addition, recorded data
should be taken along the shore on a particular time
during a day, because of tidal variations. This will
require a significant number of human power or a
long period of data acquisition (Chen and Chang,
2009). Fairly, most of these models are site-specific
and could be used for a particular area (Moosavi et al.,
2016). Due to the complexity of coastal areas and the
significance of affecting parameters, these models
may exclude some parameters for the sake of
simplification. Therefore, using a simpler method
with fewer simplifications and trustable results can be

advantageous.
Ground-based surveys of rapidly changing
landscapes are intrinsically complicated and

expensive (Mills et al., 2005). Subsequently, most of
the world's coastline morphology has not been
quantified sufficiently. However, improvements in
coastal studies suggest that remote sensing and
geographical information system (GIS) are very
useful tools and make the studies easier (Yamano et
al., 2006). Remote sensing enables us to record the
current location of shoreline rapidly and easily as well
(Addo et al., 2008). The application of satellite images
simply provides images of the study area for the
desired period and acquisition date (Chen and Rau,
1998; Mishra et al., 2019). In addition, these images
have recorded the effect of all dominant parameters
on the coastal area and shoreline. Therefore, no
unnecessary simplifying assumption is required.
Furthermore, the fact that the satellite images are
available for any study makes it globally applicable.
Finally, it can be pointed out that these valuable data
can be used for change prediction, which is key
information for long-term management planning.
The rate calculation is carried out by regression
methods, e.g. end point rate (EPR). These methods
are applied to enquire change rate statistically, over
the study period based on the formulation of each
method. The distance of shorelines from a user-
defined baseline in different years of acquired images
and their temporal intervals are the input information
of these methods. Some of them include the reliability
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of each extracted shoreline, while others deal with all
shorelines equally, and similarly. The performance of
each method is the key factor to be chosen for further
steps of this study. These approaches are discussed
and examined widely in the literature. An automatic
analytical techniques using a geographical information
system (GIS) and a digital shoreline analysis system
(DSAS) were applied to analyze shoreline change
rates along the 20 km Kenitra coast, Morocco
(Moussiad et al., 2015). Jijelian sandy coast in East
Algeria was studied and the statistics of shoreline
changes were illuminated thoroughly using Quick-
Bird satellite images covering the period 1960-2014
(Kermani et al., 2016). In another study, a self-
developed shoreline analysis program was used to
analyze shoreline changes extracted from aerial
photos for southwestern France (Castelle et al., 2018)
with almost 270 km of high-energy sandy coast. A
similar procedure was used to analyze change rates in
the Goku Delta, Turkey, where five Landsat images
between 1984 and 2011 were used for shoreline
extraction. Then shoreline change envelope (SCE),
EP rate, and linear regression (LR) rate were the
methods to calculate change rates (Ciritci and Tiirk,
2019).

The selected study area is of great importance in
several aspects due to the diverse activities along its
sandy shores. Accordingly, the core objectives of this
study were to analyze shoreline changes in the study
area, calculate change rates, and estimate the future
position of the shoreline. The statistical results of this
study could give a better understanding of the patterns
of sediment movement in the area, and hopefully
could be used to estimate the direction of longshore
erosion and sedimentation in future studies.

2 STUDY AREA

Boushehr Province is located in the south Iran, on
the shores of the Persian Gulf. Shorelines of this
province are chosen for monitoring (Fig.1). This
region is of value because it holds subareas with
industrial, economic, municipal and tourism activities.
Each of these activities and communities in a coastal
area is crucial enough to justify the importance of this
study. Asaluyeh is the heart of oil and gas production
in Iran is also located in this area. Also, other
municipal communities of this region such as Shirino
and Nakhl Taghi ports, are highly dependent on
fishing. Furthermore, Nayband Bay is a visiting target
for tourists because of clean water and diverse
shoreline. Altogether, to find the nature of shoreline
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Table 1 Acquisition information of images

Pixel size (m)

Georef. error (m) Interpre. error (m) Total error (m)

6.1 7.5 31.50
52 7.5 31.36
5.8 7.5 31.46
6.3 7.5 31.56
5.8 7.5 31.46
53 7.5 31.37

No.3
Sensor Date of acquisition Time (GMT +3:30)
™ 10 Aug., 1987 09:53:48 30
™ 25 Jul., 1993 09:50:18 30
ETM+ 04 Jul., 1999 10:19:31 30
ETM+ 18 Jul., 2005 10:17:19 30
ETM+ 05 Aug., 2011 10:21:14 30
OLI 27 Jul., 2017 10:27:47 30
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Fig.1 Location of the study area in Iran and along Persian
Gulf beaches

changes in this area can be a fundamental element for
shoreline management.

The significance of the Asaluyeh oil and gas
industry has affected the area in several ways. First,
the shoreline in this industrial zone has been disturbed
enormously in time. Second, this industry has
attracted population to neighboring urban areas.
Accordingly, constructions along shores have recently
increased a great deal (Ebadati et al., 2018).

The study area is from Shirino port to Haleh beach.
The average annual rainfall in this area is 157.32 mm.
In addition, the tidal range is 2.11 m on average, with
variation from 0.7 to 3.32 m during neap and spring
tides, respectively (Kalantari et al., 2012). Most of the
sediment transport in this area is caused by wave
diffraction and tidal currents. This area is exposed to
waves traveling mostly in the northwest to southeast
direction, creating longshore sediment transport. An
approximate amount of 21 000 m? sediments per year
moves along the shore in this area (Sami et al., 2010).

3 MATERIAL AND METHOD

Satellite images are the main materials for this
study, and here Landsat images with 30-m pixel size,
have been used from different sensors for covering
the period of the study. Satellite data over the study
area for the period from 1987 to 2017 have been
acquired. These data are from Landsat satellite
sensors, i.e. Thematic Mapper (TM), Enhanced
Thematic Mapper (ETM)+ and Operational Land
Imager (OLI). The acquired data are listed in Table 1.

The next step is to extract the shoreline from each
image. For this purpose, three steps must be taken.
First, a water body in each image should be highlighted
by the normalized difference water index (NDWI).
Then the image should be divided into two categories
by thresholding. Finally, shoreline must be obtained
by the morphology filter as the edge of two categories.
Each of these actions is explained in detail, in Section
3.1

Then, the changes in the location of the extracted
shoreline in the direction of perpendicular to shoreline
must be identified. For this part, transects are
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introduced in constant intervals along the shoreline
whose intersections with the shoreline in different
dates give shoreline movement in time. Eventually,
temporal changes along each transect are calculated
by these locations. Net shoreline movement (NSM) is
a sample of shoreline change, which indicates the
change between the first and last acquired date.

Furthermore, these changes are used to calculate
the rate of change along each transect, for instance,
temporal changes divided by the acquired period.
There exists a bulk of methods to calculate change
rates, and four of them are used in this study. Results
of all four methods are verified by an available
shoreline and their performance is compared.

Finally, the method with the best performance is
applied to calculate the shoreline position for 2050
and 2100. These steps are illustrated in Fig.2.

3.1 Shoreline extraction

There are several methods to extract shoreline in a
satellite image such as visual interpretation (Winarso
and Budhiman, 2001), classification (Yamani et al.,
2011; Zeinali et al., 2017), band ratio and thresholding
(Guariglia et al., 2006). The accuracy of visual
interpretation is very dependent on the accuracy of
the interpreter. This method is a subjective one with a
high degree of approximation, which leads to low
accuracy. On the other hand, the classification method
is based on the training data selected for each class.
The classification accuracy is therefore highly related
to the accuracy of the training data.

For the extraction of open water features, an index,
namely, the NDWTI that uses two spectral channels
can be applied. Consequently, the shoreline will be
delineated as well. This criterion increases the contrast
between water and land in an image. The NDWTI is
applied to every single pixel in the image (McFeeters,
1996). The resulted images are then applied by a
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thresholding equation. In thresholding of an image,
1(x,y) contains both bright and dark objects. These
objects may be differentiated by a straightforward
equation called thresholding along with a value called
T, that is the threshold magnitude decided statistically
or empirically by the analyst. All the pixels which
belong to the bright object are coded as 1, while the
dark part is labeled by 0 (Singh, 1989). In order to
indicate irregular objects in an image, morphological
operations can be used. Morphological processing is a
template-based operation that the template chosen by
the operator establishes how the object in an image is
modified. This template operation is defined in terms
of a structuring element (SE), which is effectively a
template. In this template, the elements are either
present or not present, and are often represented
respectively by template entries of 1 and 0. One of
these operations is erosion. As its name implies this
operation has the effect of eroding, and thus reducing
the size of an object. Members of the structuring
element are named as S while O is the set of pixels
from which the object is composed. A sample SE is
addressed as S;;, in which subscripts (i,j) are the
location of image pixel that the center of structuring
element is placed on. The structuring element is said
to be a subset of the object, if it is completely located
inside the object, and it is written as S;;cO. The
eroded object is the set of pixels that fits into the
subset condition. If the set of pixels of the eroded
object is named E then that object is expressed as
(Richards, 2013):

E=0S=1ij| 5,20} M

The equation says that from all points of the
original object, only the set of points that satisfy the
subset condition (SE completely enclosed within
original object) will form the eroded object. Erosion
is represented by symbol . Deducing the eroded object
from its original will effectively give the boundaries,
since the boundaries are shrunk by erosion. This is
written in the form of:

B(0)=0-08, 2
where B(O) is the difference between the object and
its eroded version as set of pixels (Richards, 2013).

3.2 Accuracy assessment

The processing of remotely sensed imagery and
procedures of extracting shorelines introduces errors
during shoreline change analysis. Therefore, to obtain
reliable shoreline change statistics, three sources of
uncertainties are considered in this study, i.e.,
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digitizing error, pixel error, and rectification error.
Pixel error is calculated by the spatial resolution of
the images. Georeferencing error is calculated from
the standard deviation of the shoreline position from
rectification, and the standard deviation of the
shoreline position from repeated digitization of the
same part of coast by several operators could give the
interpretation error. The overall shoreline error is
derived from the above errors, which is the root mean
squared errors (RMSE) for each acquisition date
(Table 1).

3.3 Calculation of shoreline changing rate

All of the shorelines are overlaid simultaneously
and a baseline is defined in the area, manually. This
baseline is considered as a reference line for further
steps.

Transects perpendicular to baseline at desired
spacing (100 m) is then created. These transects
intersect with each shoreline, casting measurement
points. The rate of changes is then computed from the
distance between the baseline and the intersection
points. The rate-of-change statistics include NSM,
EPR, LRR, least median of squares (LMS), and
weighted linear regression (WLR) rate. Digital
shoreline analysis system (DSAS) (Thieler et al.,
2009) by the United States Geological Survey
(USGS), an extension for ArcMAP, has been
employed for this purpose.

The NSM reports a distance between a single
shoreline corresponding to two particular dates. These
two dates are the oldest and the most recent ones and
the distance values are calculated along each transect.
The EPR is calculated by dividing the values of NSM
by the time elapsed between two shorelines (Thieler
et al., 2009).

NSM

EPR= .
Time between oldest and most recent shoreline

Easy computation and requiring only two shorelines
in different times are the main advantages of this
method while the disadvantage is missing the major
phenomenon or alteration between accretion and
erosion of the shoreline in the elapsed time (Thieler et
al., 2009).

A linear regression rate (LRR)-of-change statistic
can be determined by fitting a least-squares regression
line to all shoreline points for a particular transect, in
the form of (Genz et al., 2007):

D=mT+b, “4)

where D is the distance from baseline and T is

shoreline date. The LRR is the slope of the line m, and
b is the gain of the fitted regression line. Then, if more
reliable data are given with weight in determining a
best-fit line, the method is called the weighted linear
regression. The weight (w) is defined as a function of
the variance in the uncertainty of the measurement (e)
(Genz et al., 2007):

w=1/e?, (5)
where e is shoreline uncertainty value. In ordinary
and weighted linear regression, the best-fit line is
placed through the points in such a way as to minimize
the sum of squared residuals. In the linear regression
method, the sample data are used to calculate a mean
offset, and the equation for the line is determined by
minimizing this value so that the input points are
positions as close to the regression line as possible. In
the LMS method the median value of the squared
residuals is used instead of the mean to determine the
best-fit equation for the line. This method is a more
robust regression estimator that minimizes the
influence of an anomalous outlier on the overall
regression equation (Thieler et al., 2009).

3.4 Shoreline prediction

Images acquired from 1987 to 2011 are used for
computing the statistics, as in training, while the
image acquired in 2017 image is considered for
validating. Performance of all methods are examined
by using them to estimate 2017 shoreline and
comparing their result with actual location of 2017
shoreline, across each transect. The performance
criteria is mean absolute percentage error (MAPE)
between the estimated and actual positions of 2017
shoreline intersected at all transects. The MAPE is a
measure of prediction accuracy of a forecasting
method in statistics. It expresses accuracy as a
percentage, and is defined as:

At_F;
A

t

t=1 >

0,
MAPE = IOM’Z"
n

where A4, is the actual value and F, is the forecast
value. The difference between 4, and F, is divided by
the 4, again. The absolute value in this calculation is
summed for every forecasted points and divided by
the number of fitted point n. Multiplying by 100%
makes it a percentage error (De Myttenaere et al.,
2016).

Then it is assumed that the shoreline changes in
time by the rate of the best-featured method after
2017. By that, a rough estimation of the shoreline
location in 2050 and 2100 could be achieved.
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c

Fig.3 Shoreline extraction for the image acquired in 2017

a. original image; b. NDWI applied on the original image; c. thresholding applied on NDWI; d. after morphological filtering.

e Haleh

Fig.4 Subsets of the study area (a) and the shorelines
extracted at acquisition dates and the defined
baseline (black line) (b)

4 RESULT AND DISCUSSION

The whole process of extracting shorelines
including applying the NDWI, thresholding and
morphological filtering is elaborated in Fig.3.

For more detailed monitoring of the shoreline, the
study area was divided into 5 different subsets
(Fig.4a). Shorelines extracted in all acquisition dates
as well as the baseline defined for all subsets are
plotted on the 2017 original image (Fig.4b). Transects
were defined for the whole area for all acquisition
dates. Moreover, 642 transects at 100 m intervals
were automatically created along the shorelines.
Latitude and longitude of top left transect are
27°38'59"N and 52°23'40"E, and those for the bottom
right transect are 27°20'03"N and 52°38'44"E. The
baseline was then defined on the landside of the
shoreline, which is demonstrated in Fig.4b with a
black bold line. The position of shorelines on all
acquisition dates along the created transects, which is
measured according to the baseline, is presented in
Fig.5. Among all subsets, Nakhl Taghi shows
significant sedimentation from 1999 to 2005, which is
due to the massive constructions on the shoreline and
building several docks in the area that moved the

shoreline seaward, dramatically. Another phase of
constructions seems to have moved the shoreline in
the same direction between transects 145 to 165 in the
20052017 period.

4.1 Net shoreline movement from 1987 to 2011

Shoreline changes along transects were calculated
over the period of interest. The values of NSM are
depicted in Fig.6. It can be observed that the main
accretion happens on Nakhl Taghi due to massive
constructions. The magnitude of changes are
categorized into different groups whose frequency are
calculated in Fig.7. In this figure, the values of the
whole area are depicted in Fig.7a, and in Fig.7b Nakhl
Taghi is excluded for better analysis. From Fig.7a, we
understand that accretion is dominant in this area
(51.11%). Most of the accretion is less than 150 m
and almost 13% of transects reports sedimentation
more than 350 m. The maximum erosion is 360 m
whereas maximum accretion is 680 m, which indicates
that accretion has happened more significantly.
Because of local constructions in Nakhl Taghi, if we
exclude this part of shoreline from the statistics, the
maximum value of accretion changes to 310 m and
erosion values remain constant. In this situation,
erosion is dominant (60%) (Fig.7). Moreover, the
fluctuations in shoreline position in the period
between 1987 and 2011, is presented in Fig.8. It
suggests that most of the overall erosion has taken
place between 1987 and 1993 and after that between
1999 and 2005. Maximum accretion, on the flip side,
has happened from 1999 to 2005 and from 2005 to
2011. The construction that is talked about on the
Nakhl Taghi subset has been made during the 1999—
2005 period, which is between transects 170 and 245.
Also, this constructions goes on to take place on
Nakhl Taghi subset during the 2005-2011 period
between transects 145 to 165. Not taking into
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Green color shows accretion while red color shows erosion.

consideration these considerable changes, during two is dominant in most of the transects, and erosion is
time periods 1993 to 1999 and 2005 to 2011, accretion recorded mostly in the last transects.
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Green color shows accretion while red color shows erosion.

4.2 Rate-of-change analysis and prediction

Rate-of-change statistical approaches have widely
been used to obtain reliable results in time-series
studies of satellite images, despite the inconsistencies
and variations in their accuracy (Douglas and Crowell,
2000; Maiti and Bhattacharaya, 2009; Santra et al.,
2011). The rate-of-change along all transects extracted
from different methods including EPR, LRR, WLR,

and LMS were calculated (Fig.9). As observed, the
first three methods have a similar behavior in almost
all of the transects. In certain parts of the shoreline,
however, the LMS method resulted in different rates.
For a more detailed study of shoreline changes in
this area, statistics of change rates using three methods,
i.e. LRR, WLR, and LMS, are compared in all five
subsets and illustrated in Figs.10 to 14, and Table 2.
All four methods were used to calculate change
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Table 2 Statistics for EPR, LRR, WLR, and LMS between 1987 and 2011
Shirino Nakhl Taghi Asaluyeh Nayband Bay Haleh Total
Total number of transects 125 123 139 64 191 642
Shoreline length (km) 12.4 12.3 13.9 6.4 19.1 64.1
Mean shoreline change rate (m/a)
EPR -0.771 17.230 0.109 -0.995 -1.558 2.516
LRR -0.219 19.215 0.617 -0.220 -0.941 3.415
WLR -0.259 19.264 0.455 -0.505 -1.072 3.254
LMS -0.137 15.459 0.392 -0.343 -0.124 2.840
Maximum shoreline change rate (m/a)
EPR 3.74 30.89 15.36 5.02 3.63 30.89
LRR 3.21 36.85 15.10 291 4.4 36.85
WLR 3.44 37.00 14.83 2.46 4.48 37.00
LMS 5.60 28.64 13.88 3.84 4.75 28.64
Minimum shoreline change rate (m/a)
EPR -3.36 -1.42 -7.05 -6.90 -15.03 -15.13
LRR -2.47 -0.77 -5.31 -3.93 -11.61 -12.27
WLR -2.66 -1.08 -6.03 -7.02 -12.11 -14.16
LMS -2.89 -0.73 -5.12 -4.01 -4.34 -18.40
Total transects that record accretion
EPR 33 118 59 13 51 274
LRR 46 118 70 35 63 332
WLR 45 119 70 34 60 328
LMS 41 107 64 18 63 293
Total transects that record erosion
EPR 86 5 74 35 110 310
LRR 79 4 68 28 118 297
WLR 80 4 69 29 120 302
LMS 81 12 68 31 95 287
40
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Fig.9 Rate of change along all transects from all methods
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Fig.10 Change rates between 1987 and 2011 calculated by LRR, WLR, and LMS for Shirino subset
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Fig.11 Change rates between 1987 and 2011 calculated by LRR, WLR, and LMS for Nakhl Taghi subset
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Fig.12 Change rates between 1987 and 2011 calculated by LRR, WLR, and LMS for Asaluyeh subset
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Fig.14 Change rates between 1987 and 2011 calculated by LRR, WLR, and LMS for Haleh subset

rates. These rates were then used to obtain the
shoreline corresponding to 2017. The calculated
shoreline location in 2017 and the actual one are
compared for all subsets in Fig.15.

With respect to Figs.10 to 14 and Table 2, it can be
found out that on the Shirino sector, accretion has
happened in greater rates but most of the transects
experience erosion. Therefore, the mean change rate
is negative. Most of the transects in the Nakhl Taghi
sector are under accretion, and the main reason, as
mentioned previously, is due to the construction of the
oil and gas industry in this area. The mean change rate
in this area is far greater than other sectors, and the
maximum change rate is almost twice the rate in
Asaluyeh and it is 10 times those of other sectors.
These values are the results of human activities and
could not be considered because of natural processes.
The Asaluyeh sector starts with transects experiencing

erosion and continues with accretion, which could be
said that the eroded sediments in starting transects are
deposited in finishing transects. It could also be
verified by the previously mentioned fact that the
dominant wave direction in the region is northwest to
southeast. Mean change rates are almost in balance
with a slight favor in accretion. However, accretion
rates are greater than erosion ones. For the Nayband
Bay, mean change rates are towards erosion, and
maximum and minimum rates are equal. In this subset,
WLR reports a balanced condition between 399 and
410 transects, unlike LRR and LMS. Finally, the
Haleh sector is dominated by erosion, which has taken
place in the final transects. In this sector, between
transect 537 and 602; change rates are very low, which
could be due to the rocky shores in this part.

For accuracy assessment of these methods, MAPE
has been calculated between the available and
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calculated shoreline of 2017 (Table 3) and are
compared in Fig.15. As presented, the least accuracy
has been achieved on Nakhl Taghi, which has
experienced massive constructions over time, and it
has been an anomaly to the natural evolution of
shoreline. Therefore, using statistical methods may
reflect results with low accuracy. However, there have
been reliable results on the other subsets. Overall
results showed that LMS has a fairly better result for
predicting shoreline of the year 2017. Thereby, this
method is used to predict long-term shoreline
locations for years 2050 and 2100 (Fig.16). A
prediction has been carried out by assuming that the
change rates calculated by LMS, will continuously
change the location of shoreline until targeted years.
Therefore, the change rates are multiplied by 33 and
83 years, and then added to the location of shoreline
in 2017, in order to gain location for the years 2050
and 2100, respectively. As observed previously,
changes in Nakhl Taghi are remarkable. Since these
changes are made by coastal structures, it does not
seem to continue to change by the same rate, so such
results can be ignored in predictions. The least amount
of evolutions is happening in Haleh. That is because
this part of shoreline mostly includes rocks and is,
therefore, resistant against sedimentation and erosion.

Fig.15 Estimated compared to extracted 2017 shoreline

Table 3 Accuracy assessment of applied methods

MAPE (%)

Region
EPR LRR WLR LMS
Shirino 8.79 8.79 8.79 8.79
Nakhl Taghi 20.28 21.77 21.80 20.77
Asaluyeh 11.87 11.61 11.80 11.73
Nayband Bay 7.37 6.03 6.18 6.48
Haleh 11.64 9.85 10.31 7.74
Overall 11.99 11.61 11.77 11.10

In Shirino, the most fluctuations are predicted near
transects 21 and 66. These parts consist of two docks
that obviously affect the natural longshore sediment
flow and causes accretion and erosion around them.
This matter can also be observed in Asaluyeh around
transects 285, 310, and 345, with considerable
accretion. A considerable amount of erosion can be
detected at the end of Nayband Bay in which there is
a river mouth. Obviously, the corresponding bank of
the river mouth is eroding noticeably. At the beginning
transects of Nayband Bay, accretion is dominant. This
river is called the Gavbandi River that is a seasonal
river. It carries currents only in about 3—4 months of a
year when there is rainfall in the area. There is another
river mouth there that experiences sedimentation. On
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Fig.16 Estimated future shoreline position for 2050 and 2100 with respect to defined baseline

the contrary, this river had been blocked farther
inland, as the result of industrial constructions in the
region.

5 CONCLUSION

The most common event in coastal areas with
commercial and trading activities is the accretion and
erosion near dikes and ports. In this study, we analyzed
the shoreline change rates and used them for prediction
along Boushehr Province shorelines. In order to
achieve reliable results, different methods including
EPR, LRR, WLR, and LMS were applied.

The results demonstrate that despite the part of
shoreline that has undergone heavy constructions
resulting in shoreline accretion, erosion is dominant
in this area, which is the case for 60% of transects.
Locally speaking, changes are greater around
available docks in Shirino and Asaluyeh, which is due
to disturbing the natural longshore sediment flow
caused by northwest-southeast wave directions. The
Nakhl Taghi sector had the highest accretion rates and
the Haleh sector had the lowest negative rates.
Considering the LMS with the best performance, the
Shirino subset had a 0.14-m/a erosion rate, Nakhl
Taghi had moved seaward with the rate of 15.46 m/a.
Moreover, Asaluyeh had undergone accretion by the
rate of 0.39 m/a, and both Nayband Bay and Haleh
had eroded 0.34 and 0.12 m/a, respectively. Shirino
and Haleh had the lowest change rate amongst all five
subsets, which were both eroded in time. Finally,

rocky parts of shorelines in the Haleh subset had
minuscule change rates.

The method with the best performance and lowest
MAPE were used for future estimation. Using
calculated values for estimating future shoreline
position showed that considerable changes have taken
place beside the constructed dikes and around river
mouths, as expected. The future estimation shows
some considerable accretion and erosion in certain
transects. These magnitudes of changes emphasize
the importance of this study as well as the application
of results to design a protection plan for the shoreline.
Although these estimations are based on historical
change rates and might seem not accurate in reality,
this prediction gives an approximate view of what
future shoreline might look like if the present
processes keep on going to happen.

6 DATA AVAILABILITY STATEMENT

The Landsat satellite images that support the
findings of this study are available in USGS’s Earth
Explorer website https://earthexplorer.usgs.gov.
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