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In recent years, determining the rate of shoreline change by its historical trend 

has been reported frequently. This study has focused on shorelines at the 

adjacency of Javad Al-Aemmeh port which has undergone successive 

constructions in its region. The decadal trend of studied shoreline change was 

determined by the historical trend method. A numerical method was also 

employed to reduce the probable deficiencies concerned to these constructions. 

Accordingly, for the first time, a framework was developed to compare the 

results of historical trend and numerical methods with a field-measured value 

both spatially and quantitatively and based on this comparison, the most 

suitable rate of change was assigned to each coastal landform. Finally, it was 

revealed that among the computed rates, the Linear Regression Rate (LRR) 

from historical trend method has given the best estimation for the shoreline 

change rate, but in those parts which the shoreline was directly under influence 

of human interventions the change rate derived from the numerical method has 

been more accurate. Besides, results showed that at those parts which the Net 

Shoreline Movement (NSM) and the Shoreline Change Envelope (SCE) are 

identical, predicting the future position of shoreline by its past trend is more 

reliable. 
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1. Introduction 
The shoreline term indicates the soil–water contact line 

at a particular time [1, 2]. Shoreline “is one of the most 

important linear features on Earth’s Surface” [3]. It is 

well known that during the time, due to natural 

processes (e.g. water surface change, climate change, 

breaking waves, wave-induced currents, storms and 

etc.) and human intervention in coastal zones (port 

constructions, coast-protection structures, dredging, 

ship-induced waves), shorelines would take changes 

constantly in shape and position in response to these 

changes [4, 5]. 

Surely to adopt effective management decisions in 

coastal areas, a thorough understanding of coastal 

processes which leads to predict shoreline evolutions 

with a level of confidence, is inevitable. This issue 

challenges coastal scientists as well as engineers to 

derive sufficient knowledge for such predictions [6-

11]. 

In recent years, several methods have been established 

to determine and predict shoreline changes [12]. 

Among them, using the historical trend to determine 

shoreline changes (related to average annual erosion 

rates) and keeping the linear trend to forecast further 

changes, is the most typical one. But “the intrinsic 

uncertainty of using a simple linear technique to model 

the stochastic nature of the climatic forcing is obvious” 

[13] which imposes additional concerns to apply this 

method. Moreover, determining shoreline changes by 

using the historical trend method includes significant 

uncertainties when a new structure is constructing in 

the coastal zones. This is because of the large impacts 

that coastal structures have on coastal processes and 

shorelines both up-drift and down-drift of themselves  

[11, 14, 15]. 

Javad Al-Aemmeh fishery port located along the north 

coast of the Persian Gulf is a good example of coastal 

areas which have experienced successive constructions 

in their region. Consequently, determining the 
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shoreline changes in that area by using the historical 

trend method seems to be inaccurate at some levels. 

The present study aims to employ a numerical method 

(besides the historical trend method) to cover the 

aforementioned uncertainties of historical trend 

method in determining the shoreline changes at the 

adjacency of the Javad Al-Aemmeh port. 

Regarding the spatial dimensions of sediment 

transportation, there are different approaches in 

numerical studies of shoreline evolutions: The one-line 

(1D) models which do not consider the cross-shore 

sediment transportation; The two-dimensional (2D or 

field) models which include the 2DH and 2DV models 

with horizontal and vertical computational grids, 

respectively; The quasi-three dimensional models 

which employ some of the two-dimensional features to 

facilitate computations (e.g. [16, 17]); The three-

dimensional which are the most sophisticated models 

and describe water levels, wave action and currents 

over a 3D grid by solving the continuity and motion 

equations (e.g. [18]).  

The one-line models are “typically run to investigate 

shoreline change over distances of from one to tens of 

kilometres and for time intervals of months to longer 

than 10 years” [14]. Spatial and temporal conditions of 

the current study shoreline fulfil the required criteria of 

the one-line models. Hence, a one-line model has used 

to assist the historical trend model in this study. 

Through a framework developed for the first time in 

this study, results of the historical trend and the 

numerical methods were compared spatially and 

statistically to a field-measured shoreline, in order to 

reveal their accuracy in determining the shoreline 

changes. The studied shoreline with the length of about 

5.5km includes a variety of natural landforms and some 

human-made structures which challenges comparison 

of these methods more than studies with a single type 

of landforms. Eventually, a single shoreline for the area 

was predicted by assigning the best results of each 

method to each coastal landform rather than using just 

the historical trend or just the numerical method. 
 

2. Literature review 
Since today, plenty of shoreline change and sediment 

transportation studies have been conducted by other 

researchers. An investigation into these studies reveals 

that they can be classified by their method of research. 

Table 1 was prepared to show this classification. In 

addition, since in these studies, the inclusion or 

exclusion of the structure influences on the surrounding 

shorelines is considerably important, it was remarked 

in Table 1, too. 

As it can be seen from Table 1, a comprehensive study 

which uses the numerical modeling alongside with the 

remote sensing technique and doing a verification by 

comparing the results with field measurements has not 

been performed yet. Besides, none of these studies 

provide a clear estimation for the future evolutions of 

the shorelines. In contrary, the presented study has 

aimed to make a comparison between the numerical 

method and the use of remote sensing in studying 

shoreline change issue to reveal the accuracy and 

benefits of each method in predicting the future 

changes. 

Again, it should be noticed that the study area in this 

research contains different types of coastal landforms 

and successive constructions have been taken place in 

that region during the time span of study. This approach 

would enhance the contribution of these studies.  

 

Table 1. Studies which has been accomplished by other researchers classified based on their research method 

Researcher(s) 
Numerical 

Modeling 

Remote 

Sensing 

Field and/or 

Laboratory 

Including 

Structural effects 

Siegle et al. [19], Lumborg & Windelin [20], Merriit et al. [21], 

Lumborg & Pejrup [22], Elis & Stone [23], Van Maren [24], Hu 

et al. [25], Kamalian & Safari [26], Eisaei M. & Hakimzadeh 

[27], Khalifa et al. [28] 

  - - - 

Deguchi & Sawaragi [29], Rosati & Kraus [30], Suresh & Sundar 

[31], Tajziehchi & Shariatmadari [32], Saengsupavanich [33], 

Kristensen [34], Noujas et al. [35] 
 - -  

DeWitt et al. [36], Alesheikh et al. [37], Alesheikh et al. [3], 

Naeimi N.A. et al. [38], Ardeshiri L. & Moradi [39], Baharlouei 

& Maafi G. [40] 

-  - - 

Ari et al. [41], Rajasree et al. [42]   - - 

Nielsen et al. [43], Li et al. [44], Leroy [45], Allyev [46] - -  - 

Hosseini N. [47], Nadimi & Lashtehneshaei [48], Taghvaei & 

Ghiasi [49]  -  - 

Lillesand et al. [50], Sulis et al. [51] -   - 

Zarifsanayei & Zaker [52]  -   

Jafarzadeh et al. [53]   -  
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3. Study area 
The westernmost county of Hormozgan province in 

Iran, Parsian (formerly known as Gavbandi), has 1500 

fishers which are fishing near 6500 tons of aquatic 

species each year. Moreover, about 15% of the 50,000 

residents of the county are working in the fishing 

industry. The Javad Al-Aemmeh fishery port located in 

Parsian county by covering more than 530 fishers and 

berthing 109 fishing as well as 50 merchant vessels, 

plays an important role in the local economy [54, 55]. 

The location of Parsian County in Hormozgan Province 

of Iran and the studied shoreline at the adjacency of 

Javad Al-Aemmeh fishery port are illustrated in Figure 

1. Geographical coordinates of the studied shoreline 

differ from 52°57’48” East longitude and 27°08’30” 

North latitude (point [A] in Figure 1) to 53°00’23” East 

longitude and 27°07’29” North latitude (point [B] in 

Figure 1). 
 

 
 

Figure 1. Location of the study area 

 

To explain an advantage of Javad Al-Aemmeh port's 

location, it is worth mentioning that a vessel from the 

port can reach the International waters within a 10-

minute sailing. Distances between Javad Al-Aemmeh 

port and major ports of the Persian Gulf are presented 

in Table 2 [56]. 
 

Table 2. Location of Javad Al-Aemmeh relative to the major 

ports of Persian Gulf [21]. 
 

Port Name 
Location 

(Country) 

Distance 

(Nautical mile) 

Sailing 

Route 

Ras Tanura Saudi Arabia 157 Straight 

Kuwait Kuwait 300 1 Deviation 

Bahrain Bahrain 140 Straight 

Doha Qatar 135 Straight 

Abu Dhabi 
United Arab 

Emirates 
174 Straight 

Dubai 
United Arab 

Emirates 
165 1 Deviation 

Bandar 

Lengeh 
Iran 116 2 Deviation 

Shahid 

Bahonar 
Iran 199 2 Deviation 

Asaluyeh Iran 33 1 Deviation 

 

Today, the Javad Al-Aemmeh fishery port is composed 

of two different basins which are developed separately 

during the years. At first, a combination of a valley 

called the Had-Kooh and an ancient bay which is filled 

up today and is called the Kharabeh had formed a 

natural basin. In the year of 1984 by implementing 

some changes to the natural basin as well as 

constructing berthing facilities, the port (part [a] in 

Figure  2) was established to serve local fishers [56]. 

In 2001, Iran Fishery Organization started to study 

about the port and recognized that the length of 

breakwater arms (part [b] in Figure 2) is not long 

enough to prevent sediment penetration into the port’s 

entrance canal. Length of the western and the eastern 

breakwater arms was 95 and 125 m, respectively. After 

the modification, they became 305 and 280 m long each 

[57]. 

In 2005, a new port yard (part [c] in Figure 2) with an 

area of 2 hectares was built in the vicinity of the east 

arm to speed-up the fish loading/unloading operation. 

Later in 2011, new breakwaters of length 850 m (west 

breakwater) and 315 m (east breakwater) were 

constructed by the port development program to 

provide a 25 hectares basin (part [d] in Figure 2) with 

the aim of increasing the port capacity [58]. 

The tidal range in this area is 1.25 m based on analyzing 

the available dataset of National Cartographic Center 

of Iran. The Mean Higher High Water (MHHW) is 1.7 

m while the Mean Lower Low Water (MLLW) is 0.45 

m and the Mean Tide Level (MTL) is near 1.1 m [59]. 

According to the Monitoring and Modeling Studies of 

Iranian Coasts (phase4-Hormozgan coasts), the 

average wind speed and wind direction in this region 

are 10 m/s and 45 degrees azimuth, respectively which 

result in wind shear stress of 10-3 m2/s. The local 

currents in the area (not the wave-driven currents), by 

average, have the velocity of 0.5 m/s beyond the 4 m 

depth contour with the roughness of 0.02 m [60]. 

Interpretation of Google Earth Landsat images from 

2005 to 2015 revealed that the studied shoreline in 

January 2005 was made up of 5 different types of 

coastal landforms. Sandy beaches which covered about 

1.63 km of the shoreline, were the dominant landform 

in January 2005. Regarding their length, other 

landforms were 1.60 km of coastal reefs, a continued 

rocky cliff with the length of 1.29 km, two adjacent 

tombolos that occupied 578 m of the shoreline, and two 

pieces of sandy beaches which were formed by 

blockage of sediments next to the coast normal 

breakwaters and together had 354 m length. These 

landforms are illustrated in Figure 3. 
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Figure 2. Locations and pictures of; (a): old basin of the port established in 1984, (b): breakwater arms of the old basin modified in 

2001, (c): new port yard constructed in 2005, (d): new breakwater arms and basin constructed in 2011. 

 

4. Materials and methods 

Since the current study has employed two different 

methods, datasets of each method and their modeling 

procedures are presented separately in this section. 

Before entering into the modeling details, the concept 

regarding the methodology of this study is provided in 

the following paragraphs. 

 

4.1. Concept 

As the first step, shorelines of studied area were 

digitized from available satellite images. Afterward, 

the rate of shoreline change was calculated using the 

End Point Rate (EPR) and Linear Regression Rate 

(LRR) methods. At the same time, the shoreline change 

of area was computed numerically in one hour time 

steps. The rate of shoreline change related to the 

numerical method was calculated too. 

 

 
Figure 3. Coastal landforms of the studied shoreline (the background image is referred to March 2005 satellite image). 
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The digitized shoreline of the first proper satellite 

image of the studied area (01/01/2005) was considered 

as the first known state of shoreline in the model. The 

other known state of shoreline was a field-measured 

shoreline related to the year 2009. Therefore, based on 

the change rates calculated earlier, shoreline position of 

2005 was updated to make an estimation for 2009 

position (separately for each rate of change and each 

coastal landform).  By comparing the field-measured 

shoreline with estimated shorelines, the accuracy of 

each rate of change in predicting the shoreline position 

was achieved. Subsequently, for each landform, the 

best rate of change was selected which benefits from 

either the historical trend or the numerical method. 

Through this procedure, deficiencies of historical trend 

method in determining shoreline change of areas which 

are constantly under human interventions would be 

covered by the numerical method. Ultimately, the 

digitized shoreline related to the last available satellite 

image (04/24/2017) was compared with a shoreline 

predicted by this procedure. Results of the final 

comparison were satisfactory in most of the landforms. 

The methodology flowchart of the research is 

illustrated in Figure 4. 
 

 

 

4.2. Historical trend method 
Through the years, several systems have been 

established to provide the dataset of shoreline 

analyzing via the historical trend method. Beside the 

well-known systems, the LiDAR surveying, video 

images [61], infrared camera based imaging [62], UAV 

and drone system [63], synthetic aperture radar [64-66] 

and marine navigation radar [67] are some of these 

systems [12, 68, 69]. 

The investigation of selecting the proper system 

usually is done by considering the time efficiency, area 

coverage, economic priority and availability of 

historical images for a specific region. Eventually, 

utilizing the satellite remote sensing is preferred for 

data acquisition in coastal projects which are supported 

by low budgets in developing countries [5, 7, 11, 69-

71]. 
 

4.2.1. Shoreline digitizing 

To specify shoreline positions, several indicators such 

as the vegetation line, the high water line (HWL) and 

the low water line (LWL) can be used [68]. The 

vegetation line did not exist all over the shoreline 

extend and the LWL cannot be traced on satellite 

images. Therefore, the HWL which can be easily 

identified by the wet/dry line was used for shoreline 

digitizing. The HWL is a valid indicator which has 

been used frequently in coastal researches [69, 72]. 

Historical images of the area were obtained from 

Google Earth software. Some of the images were 

ignored in shoreline rate of change calculation because 

they do not cover the entire shoreline in a specific date 

and, the last updated image preserved to be compared 

with the final prediction. Information about these 

images is presented in Table 3. 
 

Table 3. Available satellite images of the area and their 

application in the current study. 
 

Imagery 

No. 

Imagery 

date 

Coverage 

status 

Application in 

study 

1 02/27/2003 
Part of the 

shoreline Ignored  

2 01/01/2005 
Entire 

shoreline 

Rate of change 

calculation 

3 08/14/2011 
Part of the 

shoreline 
Ignored 

4 10/09/2011 
Entire 

shoreline 

Rate of change 

calculation 

5 02/15/2015 
Entire 

shoreline 

Rate of change 

calculation 

6 08/25/2015 
Entire 

shoreline 

Rate of change 

calculation 

7 04/24/2017 
Entire 

shoreline 
Final prediction 

 

Although it should be noticed that these (historical) 

Google Earth images are not georeferenced precisely. 

It can be seen from the location of old breakwaters. 

Hence, for each historical image, several control points 

were marked on the tip of breakwater arms. The total 

 

Figure 4. Workflow diagram of the research. The purple and the 

orange colored shapes represent the modeling procedure of the 

numerical method and the historical trend method, respectively. 
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Root Mean Square (RMS) error of georeferencing 

these control points was obtained 1.9 m. 

Extraction of shorelines from satellite images was 

carried out manually using visual interpretation. The 

wet/dry line was marked by “Add Path” tool of Google 

Earth software and then converted into a shape-file by 

using an on-screen technique reported by Brown [73]. 

This technique enables the user to zoom and rotate 

around the wet/dry line position and check them from 

different viewpoints without losing the image 

resolution rather than downloading large-scale raster 

images and generating vector shorelines. 
 

4.2.2. Shoreline rate of change calculation 

The digitized shorelines of images number 2, 4, 5 and 

6 from Table 3 were used to calculate the shoreline rate 

of change using the Digital Shoreline Analysis System 

(DSAS) v.4.3. DSAS is a freely available extension of 

Geographic Information System (ArcGIS) software 

which is developed by the United States Geological 

Survey (USGS). Detailed descriptions about DSAS 

have been provided by Thieler et al. [68] and addressed 

by Manca et al. [74]. 

Regarding the time span which the satellite images are 

available, changes in the cliff part and the tombolos 

head parts (illustrated in Figure 3) cannot be evaluated 

accurately in such a relatively short time span and then 

these parts were omitted from analysis. 

The uncertainty value as a major input of the DSAS is 

related to the reliability of the output rates of change. 

This value is calculated based on sampling, 

measurement and statistical errors of compiling each 

shoreline position [68, 72, 75]. After Jonah et al. [72], 

to calculate the uncertainty value, three uncertainty 

terms related to this study were considered according 

to Hapke et al. [6]. They are georeferencing uncertainty 

(Ug), digitizing uncertainty (Ud) and the HWL 

uncertainty at the time of survey (Upd). 

Value of georeferencing uncertainty was obtained 

earlier 1.9 m. The digitizing uncertainty and the HWL 

uncertainty values were chosen from Hapke et al. [6] 

(following Jonah et al. [72]) which are 1m and 4.5m 

respectively. The total uncertainty value (Up) is 

calculated from Eq.(1) and the end point shoreline 

change uncertainty for a single transect (UE) is from 

Eq.(2). 
 

2 2 2

p g d pdU U U U                         (1) 

2 2

1 2

2 1
E

U U
U

year year






                                               (2) 

Where terms of U1 and U2 in Eq.(2) are the total 

uncertainty value for each shoreline position. Therefore 

based on Eq.(1), the total uncertainty value for each 
                                                                        
1 The WLR and the LMS approaches would not take value since 

the uncertainty value for all shoreline positions is identical. 

shoreline position was obtained 4.98 m which is 

identical for all digitized shorelines since their 

extraction technique was the same. Moreover, the 

annualized uncertainty value at each transect was 

calculated by Eq.(2) as ±0.66m. Calculation of the 

annualized uncertainty value was accomplished by 

considering the first and the last digitized shorelines for 

terms of U1 and U2 as well as year1 and year2. 

To adjust the DSAS model, a baseline which is 

complied with the general direction of shoreline (i.e. 

azimuth of 110 degrees), was placed onshore and next 

to the port canal. The number of 465 transect lines with 

10 m space and 1300 m length were set to intersect each 

shoreline (Figure 5) and the uncertainty value was 

calculated 4.98 m earlier. The calculation statistics 

were run in Shoreline Change Envelope (SCE), Net 

Shoreline Movement (NSM), End Point Rate (EPR), 

and Linear Regression Rate (LRR) approaches1.  
 

 
 

Figure 5. The baseline, transect lines, and digitized shorelines. 

Cliff parts and human-made structures which cannot be 

analyzed considering the investigation period were illustrated 

as “Firm parts” and excluded from calculations. 
 

4.3. Numerical method 

As it was mentioned earlier in the introduction section, 

since the shoreline of the current study by the length of 

near 5.5 km was investigated for time intervals of 

almost 12 years, according to Sorensen [14] the one-

line models are suitable for being employed in this 

study. In one-line models, by considering a small 

section of a sandy beach (Figure 6) in the zones that the 

longshore transport is active, the continuity equation 

for the beach sediment can be written in the way that 

the change in the beach section volume would be equal 

to the net longshore transport of sediment into and out 

of the mentioned section, Eq.(3). 
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Figure 6. The section for developing sediment continuity 

equation [14]. 
 
 

 

 

Q hdxdy
Q Q dx

x dt

 
   

 
 

                                                                                           (3)                                                     

0
dQ dy

h
dx dt

    

 

Therefore by dividing the shoreline to short segments 

and refracting the offshore waves to the shoreline, over 

the time interval, dt, the longshore transport rate at the 

boundary of each segment can be calculated. Then, by 

applying Eq.(3) retreat or accretion of the shoreline in 

that segment would be achieved. The process is 

repeated until the last time interval updates the new 

shoreline position of all segments. 
 

4.3.1. Modeling Procedure 
The studied shoreline evolutions were investigated 

numerically through the contribution of Littoral 

Processes and Coastline Kinetics (LITPACK) 

modeling system developed by the Danish Hydraulic 

Institute (DHI). Coastline evolution (LITLINE) is one 

of the LITPACK’s main modules which benefits from 

the one-line theory of shoreline change. LITLINE 

solves the continuity equation by using an implicit 

Crank-Nicholson scheme which gives the shoreline 

position changes in time [76]. 

Necessary datasets for numeric modeling of shoreline 

evolutions near the Javad Al-Aemmeh port were 

obtained from Monitoring and Modeling Studies of 

Iranian Coasts (phase4-Hormozgan coasts) which 

provides data for Iran’s Integrated Coastal Zone 

Management (ICZM) program [60]. The wave-climate 

dataset from January 1999 to December 2009 was 

available in every one hour time step. This dataset 

includes the records of wave specifications, mean water 

level, spreading factor, local current’s speed, wind 

specifications, and a cross-shore profile described by 

43 grid points in one-meter steps covering depth of -

21.61 to +2.12 m. Furthermore, an estimation for 

annual sediment drift concerning to the years 1999 to 

2006, and, a 2009 field-measured shoreline marked by 

the HWL indicator were provided as 

calibration/verification data. Wave condition of the 

years 1999 to 2006 is presented in Figure 7 via a rose-

plot. 
 

 
 

Figure 7. Rose-plot of the area. It represents the condition of 

wave height distribution relative to the wave direction for the 

years 1999 to 2006. 

 

To make results of the numerical model comparable 

with the historical trend model, a framework was 

developed to make this comparison achievable. In both 

models, the shoreline position is determined by its 

perpendicular distance from the baseline. Hence, the 

baseline considered in DSAS selected for being 

employed in LITLINE and grid lines of the LITLINE 

were defined as the same of transect lines of the DSAS. 

Undoubtedly, the other similarity between the two 

models should be the initial state of the shoreline 

(Figure 8). Finally, based on these considerations and 

after operating the shoreline change simulation in both 

models, shoreline position in each transect line of the 

DSAS can be easily compared to its corresponding grid 

line of the LITLINE. 

Based on the workflow presented in Figure 4, adjusting 

and running the LITDRIFT model yielded the annual 

sediment drift (i.e. the Q1 in Figure 4) 9839.24 m3 for 

the years 1999 to 2006, while the Monitoring and 

Modeling Studies of Iranian Coasts (phase4-

Hormozgan coasts) reported the average annual drift of 

the area near 10,000 m3 for the same time span [60].
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Furthermore, a sensitivity analysis was carried out to 

check if the LITDRFT model is adjusted properly. 

Parameters of Relative Sediment Density (RSD) and 

Mean Grain Diameter (D50) was altered intentionally to 

a random amount2 to evaluate the subsequent changes 

in the annual drift value (Figure 9). 

According to Figure 9, as it was expected by comparing 

the black line with the blue line and also the yellow line 

with the red and green lines, a decrease in RSD leads to 

an increase in transport rate capacity. Moreover, by 

comparing the blue line with the red line and also the 

black line with the yellow line, an increase in D50 leads 

to a decrease in transport rate capacity to a reasonable 

magnitude. Besides, since from December to March the 

weather events in the Persian Gulf is extreme, the 

transport rate in each graph was accelerated. This can 

be seen from the sudden jumps of the graphs at this 

period of time. Ultimately, through the sensitivity 

analysis and comparison of the calculated annual rate 

with the reported rate, the LITDRIFT model was 

considered verified. 

Afterward, the sediment transport table (LINTABL) 

was adjusted. To compare the LINTABL results with 

LITDRIFT, the DHI [76] declares to prepare the 

LINTABL transport table file and make a straight 

shoreline in LITLINE. Then simulating the LITLINE 

in “disable evolution” mode provides an output time-

series file which can be compared with LITDRIFT 

results. The LINTABL rate of transport (i.e. the Q2 in 

Figure 4) calculated by LITLINE was obtained 

10356.57 m3/year while the LITDRIFT rate was 

9839.24 m3/year which means the difference is poor 

and negligible (i.e. 5 percent). 

 

 
 

Figure 9. Sensitivity analysis of LITDRIFT model. Printed graphs represent the accumulated sediment transportation against the 

period of investigation. 

                                                                        
2 It should be noticed that these random values are not necessarily 

the actual values of the area. The main idea of doing such analyses 

is to check if the output takes changes in a reasonable magnitude 

when a significant input is changing. 

 

Figure 8. DSAS versus LITLINE simulated shorelines for 01/01/2005. To present more details, a video file is provided. 
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According to DHI [76], to take the breakwater arms of 

the entrance canal (part [b] in Figure 2) into account, 

regarding their length they were modeled as parallel 

jetties. Furthermore, LITLINE does not participate 

deposits with D50  1 m in sediment transportation 

because they would be considered as hard rock 

material. Consequently, the cliff part and the tombolos 

head parts of the shoreline (depicted in Figure 3) were 

modeled as revetments to prevent them from erosion. 

These parts were also omitted from analysis of 

historical trend method earlier, because of that 

relatively short time span of the study (see section 

4.2.2). 

Eventually, the shoreline evolutions corresponding to 

the years 2005 to 2009 were investigated by LITLINE 

model. The LINTABL which was tuned earlier, 

updated by the time-series of 2005 to 2009 wave-

climate. The input parameters are given in Table 4. 
 

Table 4. The inputted parameters of LITLINE model 
 

Parameter Value Parameter Value 

Angle of coast 

normal  

200 

(deg.) 

Additional 

current (0/1)* 0 

Height of active 

beach  

2.12 

(m) 

Wind status 

(0/1) 
0 

Active Depth  
21.61 

(m) 

Update scheme 

(0,1,2,3)** 
3 

Active length  
42 

(m) 

Sediment 

Sources (0/1) 
0 

Roughness  
0.02 

(m) 

Modify Q-Alfa 

(0/1) 
1 

Mean grain 

diameter 

0.9 

(mm) 

Maximum 

Courant number 
1 

Fall velocity 
0.05 

(m/s) 

Crank-Nicolson 

factor 
0.25 

Geometrical 

spreading 
0.193 

Diffraction Pts. 

behind structures  
56 

Ref. Depth 

height/angle  

10 

(m) 

No. of specified 

calculation Pt. 
1 

Spreading factor 0.5 
specified cal. 

position 
200 

* Value of 0 indicates that no additional current exist and value 

of 1 indicates the existence of it.   

** The 0, 1, 2 and 3 values respectively are referred to “disable 

coastline evolution”, “update by time interval”, “update by 

duration steps” and “update continuously” conditions of 

morphological update scheme. 

 

Once the LITLINE model simulated the shoreline 

change of 2005 to 2009, its 2009 shoreline position was 

compared to the field-measured shoreline (Figure 10) 

to evaluate the validation of the results. As it can be 

seen from Figure 10, in most parts, the LITLINE 

shoreline passes smoothly throughout the field-

measured shoreline. 

In each grid line, movement of shoreline was divided 

by the time elapsed between the initial and the final 

state of shoreline position. Through this operation, a 

linear estimation for the rate of change was made based 

on LITLINE model. DSAS model uses the same 

method to calculate the EPR in each transect line. 
 

 

 

 

Figure 10. Result of LITLINE simulation in comparison with the field-measured shoreline. Both shorelines are 

associated with end of 2009. The background image is related to the available satellite imagery by closest date to the 

year 2009 (i.e. 10/09/2011). 
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5. Results 
The shoreline change rates of studied area were 

obtained from the DSAS model in EPR and LRR 

approaches. Another rate of change was calculated 

based on the LITLINE simulation (LITLINE-derived 

rate of change). Therefore, by updating the 2005 

shoreline position via each rate of change, three 

estimates for the shoreline position in 2009 were 

achieved. 

Comparison between the field-measured and estimated 

shorelines, and also between the real and computed 

change rates of studied area are presented in Figure 11. 

The net movement of the field-measured shoreline 

relative to the shoreline position in 2005, divided by the 

time of this movement in years, provided an 

approximation for the real rate of shoreline change in 

this area. It should be noticed that since there is no 

satellite image available for the time which comparison 

of estimated shorelines was taken place (i.e. 

12/31/2009), the image No. 5 from Table 3 (i.e. 

02/15/2015) was used as the background of Figure 11 

to indicate shorelines location, visually. 

To assign an appropriate single rate of change to each 

coastal landform, performing a visual judgment on 

Figure 11 could be enough for decision making. 

Although, in order to quantify the comparison, a 

statistical analysis was carried out based on measuring 

differences between the field-measured and the 

predicted shorelines in each grid line. In Table 5, 

precision of predicted shorelines (or corresponding 

rates of change) relative to each other is presented. The 

landforms mentioned in Table 5, and comparison of the 

change rates in a single graph are depicted in Figure 12. 

 
Table 5. Quantitative comparison between the change rates 

accuracy relative to each other. (E.g. the LITLINE rate of 

change was 1.25 times worse than the EPR in predicting the 

Part1 of the sandy beach while it was 0.186 times better in 

predicting the Part2 of the coastal reef). 
 

Landforms 
LITLINE 

relative to 

EPR (%) 

LITLINE 

relative to 

LRR (%) 

DSAS LRR 

relative to 

EPR (%) 

Sandy beach 
Part1 -125 -191.9 +22.9 

Part2 -44.9 -52.3 +4.9 

Coastal Reef 

Part1 -1.4 -99.7 +49.2 

Part2 +18.6 -0.3 +18.8 

Part3 +68.9 +69.5 -2 

Sandy 

(Breakwater) 
Part1 +31.5 +29.2 +3.2 

Tombolo 

Part1 +8.4 +8.5 -0.1 

Part2 -84.1 -107.3 +11.2 

Part3 -96.8 -125 +12.5 

 

Eventually, regarding the assigned change rates to each 

landform, an estimation for the shoreline position with 

the date similar to the image number 7 in Table 3 was 

made to be compared with the digitized shoreline of 

this satellite image (Figure 13). 
 

 

Figure 121. Comparison of: the field measured with the 

predicted shorelines (at the top and in the middle), and the 

real with the computed change rates of studied shoreline 

(at the bottom). The positive values indicate accretion, 

while the negative values indicate erosion. 

 

Figure 112. Parts of the landforms in Table 5 (at the top), and 

comparison of the shoreline change rates (at the bottom). 
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Figure 13. The estimated shoreline and the digitized shoreline 

associated with April 2017 satellite image (i.e. the most recent 

available satellite image of this area). 

 

6. Discussion 

Considering Table 5 and Figure 12 (or Figure 11), it 

was revealed that among all the computed rates of 

change, the LRR has provided the most accurate 

estimation for 6 out of 9 parts of the landforms in 

(decadal-scale). After that, the LITLINE-derived rate 

was better than the EPR and the LRR in estimating the 

change rates of the other three parts. Besides, at part2 

of the coastal reefs, the precision of LRR is only 0.003 

times better than the LITLINE-derived rate; hence, 

they can be considered identical in precision. 

Moreover, the EPR could not estimate the rate of 

changes better than the other models at any of these 9 

parts. 

Since the LITLINE model is more applicable for non-

cohesive materials of sand size [76, 77], then it seems 

if the LITLINE-derived rate could estimate the change 

rates of a single landform better than the other 

computed rates, this landform would be the sandy 

beaches. But, as it can be seen from Figure 11, Figure 

12 or Table 5, the LRR has estimated change rates of 

this landform more precisely. 

To explain the reason, position of the landform parts 

associated with the superiority of the LITLINE rate 

should be noticed by using Figure 12. These parts are 

the next to breakwater sandy beach, part3 of the coastal 

reefs and part1 of the tombolos (the underlined items in 

Table 5). These three parts, as well as the part2 of the 

coastal reefs (which function of the LITLINE-derived 

rate and the LRR was considered identical), are located 

at the adjacency of the later-constructed breakwater 

arms in the year 2011. 

As it was described in section 3 (Study area), the new 

basin’s breakwater arms were constructed in 2011 

while the computed shorelines and rates of change were 

estimated for the year 2009 to be compared with the 

2009 field-measured shoreline. According to Table 3 

and the modeling procedure in section 4.2.2, there is 

only one satellite image available before 2011, so the 

digitized shorelines from satellite images after 2011 

were used in the calculation of the EPR and LRR. As a 

consequence, at these four parts, the EPR and LRR 

were affected by responses of the shoreline to the new 

breakwater arms. Ultimately, because the LITLINE 

model has used the dataset before construction of the 

new basin, the shoreline position and the rate of change 

derived from this model became more accurate than the 

LRR estimation only for these parts in 2009. 

Furthermore, one of the important issues in evaluating 

the shoreline changes is determining the parts which 

are prone to erosion. The change rates presented in 

Figure 11 and Figure 12 revealed that in regard to 

erosion or accretion, the LRR and EPR graphs are 

following the field-measured rate much more than the 

LITLINE-derived rate (notably at the parts related to 

the sandy beach landform). 

Moreover, to clarify the final prediction (i.e. estimation 

for the shoreline position in 2017) accuracy which is 

carried out by statistical analysis of Figure 13, the 

average differences between the predicted and the 

digitized shorelines for each coastal landform were 

computed. Results showed that the framework used in 

this study has predicted the shoreline position at these 

landforms by the average difference of 1.1 m for 

coastal reefs, 1.5 m for the sandy beaches, 2.7 m for the 

tombolos and 14.7 m for the sandy beach that is next to 

the old breakwater arm. Although, the idea behind 

analyzing the studied shoreline evolutions by the 

DSAS model is to determine its decadal trend, not to 

predict the exact position of shoreline at a given time 

(e.g. 2017). 

On the other hand, according to Figure 14, at most parts 

of the studied shoreline, the NSM and the SCE are 

almost equal to each other over the years of 2005 to 

2015. This situation somehow means, over the period 

of investigation at these parts the shoreline has been 

constantly under erosion or accretion. In conclusion, it 

is true that extending the prior trend to predict the 

future position of shoreline might include some 

uncertainties, but results of this study showed that at 

the parts which the NSM and the SCE are closer 

together, the predicted shoreline is much closer to its 

actual position. For example, the average difference 

between the predicted and the actual position of the 

2017-shoreline is 1.5 m at sandy beach parts, while its 

corresponding difference of NSM and SCE in Figure 

14 is relatively smaller than the tombolo parts with the 
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average difference of 2.7 meters in its predicted and 

actual position. 

In addition, the large distance (14.7 m) between 2017 

predicted and digitized shorelines at the sandy beach 

next to the old breakwater arm can be because of using 

the LITLINE-derived rates in prediction of this part. 

The LITLINE model has simulated shoreline changes 

for the time span of 2005 to 2009 and based on this 

simulation, an estimation for shoreline change rates 

was made to predict its 2017 position. Consequently, 

the sediment sources due to constructing the new 

breakwater arms in 2011 were not considered in the 

LITLINE modeling procedure which had a direct 

impact on the condition of the downstream deposits. 

Furthermore, this Construction in 2011 was the reason 

why despite the results in Table 5, the LRR was 

selected to predict the part3 of coastal reefs position in 

2017, instead of the LITLINE-derived rates. 
 

7. Conclusions 

Evolution of a 5.5 km shoreline in the surrounding of 

Javad Al-Aemmeh fishery port was investigated to 

determine its decadal-scale rate of change. Since the 

studied area has experienced consecutive constructions 

in its region, a framework was developed to compare 

results of the DSAS model with the LITLINE model 

which are totally based on different approaches of 

historical trend and numerical modeling, respectively. 

Results showed that, under the modeling circumstances 

of this study, the LRR which benefits from the 

historical trend method would determine the studied 

shoreline evolutions better than the one-line numerical 

method (even at sandy beach landform). However, the 

LRR is not accurate enough in areas which are directly 

influenced by human interventions. Therefore, 

applying other methods (like numerical modeling) to 

cover this shortage seems to be quite essential. 

Moreover, it was realized that predicting the future 

position of studied shoreline through the historical 

trend method is more reliable in case the NSM and the 

SCE are identical. Also in regard to determining the 

erosion-prone areas, the LRR was better than the EPR, 

and the LITLINE-derived rate had the least accuracy 

relative to the two others. 

Eventually, at the parts of the shoreline concerned with 

the LITLINE model, to obtain a more precise 

estimation for the shoreline position in 2017, it is 

recommended to build a representative wave climate to 

simulate the changes instead of predicting them via the 

derived rate. Another recommendation is, including the 

field-measured shoreline in the calculation of DSAS 

model and comparing the results with those presented 

in this study. In the end, it is highly recommended to 

study the shoreline change issue from different points 

of view (by applying different approaches) in order to 

cover the deficiencies of each other. This would result 

in presenting more efficient information to coastal 

managers and decision makers about future changes in 

shorelines position.  
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