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This research investigates the morphodynamic classification of beaches of 
Iran according to the dimensionless fall parameter (Ω) and the relative tide 
range (RTR). According to RTR parameter, the southern Iranian coast 
(Hormozgan province) is mixed wave and tide and the northern Iranian coast 
(Mazandaran province) is wave-dominated. By using some schemes, the 
beach states in the north regions of the eastern and central parts of the 
Mazandaran province are dissipative and in the western part it is intermediate. 
Also, in the south section in most of the regions of the Hormozgan province, 
the beach states are ultradissipative, but in some areas low tide terrace and low 
tide bar/rip occur. 
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1. Introduction
Despite the long history of research on the
classification of beach morphodynamics, coastal
classification can be useful in providing a conceptual
framework for studying coastal environments, as well
as predicting coastal morphology [1]. On the other
hand, the relationship between coastal morphology
and coastal risks (coastal crises and natural hazards)
such as rip currents (based on beach state) is still a
matter of great importance for coastal engineers and
geomorphologists [2, 3, 4]. In the past years, coastal
studies and the classification of morphodynamics have
been carried out on various coastlines of the world
with the help of various methods such as field
experiments, numerical modeling in a variety of
morphodynamic models [5, 6, 7, 8] and long-term
field observations using video monitoring techniques
[9, 10, 11, 12, 13, 14, 15]. One of these studies is the
Wright and Short [16] research that relied on dynamic
shore-based factors based on a 6-year observation
period from the Australian coast. For these wave-
dominated beaches, they presented a beach
classification scheme in which three main beach states
were identified as dissipative, intermediate, and
reflective states (Figure 1).
Masselink and Short [17] have also identified a
number of distinct morphological states or stages
associated with various wave and tide regimes. In fact,
they propounded the classification of natural beaches
on the basis of four physical constraints: modal

breaking wave height, modal breaking wave period, 
sediment characteristics of the upper beach face and 
mean spring tide range. These variables are quantified 
by two dimensionless parameters: the dimensionless 
fall velocity Ω and the relative tide range RTR [2]. 
Figure 2, is a simplified version of this kind of 
classification that consists of eight major beach types 
placed into three categories. 
These different coastal models in this classification 
are defined using a dimensionless fall velocity 
parameter (DFVP), which was first proposed by 
Gourlay[18] and rewritten by Dean [19]. 

b sH W T          (1)
where

bH = breaker height (m),T = wave period (s), 

and
sW =sediment fall velocity (m/s).Reflective beach 

states are expected to occur when <1, intermediate 
beaches when 1< <6, and dissipative beaches when 
 >6. 
Masselink and Short [17] developed an empirical 
model to simulate the tide-induced migration of 
hydrodynamic processes across a beach profile and 
used the relative tide range RTR: 

b

TR
RTR

H


 (2) 

Where TR is the tide range (m) to quantify tidal 
effects. 
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Figure 1. Plan and profile configurations of different kinds of wave-dominated beaches [2] 

Figure 2. Conceptual beach model based on Ω and the relative tide range (RTR). When RTR< 3 and Ω< 2. When RTR> 3 the 
transition to tide-dominated tidal flats is entered [17] 

Also, Masselink and Hegge [20] studied the 
morphodynarnic characteristics of three types of 
beach states by measurements of the morphology, 
waves, and longshore and cross-shore currents were 
conducted on two beaches on different macrotidal 
coastline of central Queensland (Australia). Summary 

of morphodynamic characteristics of these types of 
beaches shows in Table 1. 
Short [21] presented Tide-modified and Tide 
dominated beaches models. Tide-modified beaches 
are divided into three states: Reflective +Low tide 
terrace (R+LTT), Reflective +Bars and Rips (R+LTR) 
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and Ultra-dissipative (UD). Also, Tide-dominated 
beaches are divided into three types: Beach +Sand 
riges (R+SR), Beach +Sand flats (R+SF) and Tidal 
Sand mud flats (RTSF). 
The results of these studies showed that the 
morphological conditions and energy levels of the 
coast depend not only on the wave conditions but also 
on the range of tides and storms in each winter period. 
In Iran, few studies have been conducted on the 
classification of beaches, which can be pointed to the 
research carried out by Khoshravan et al [22], based 
on sediments and geomorphologic evidence on the 
southern coasts of the Caspian Sea. Firoozfar et al[23] 
studied the changes of sea level on the southern coasts 
of the Caspian Sea by investigating the sediments and 
coastal profiles. 
Rahbani et al [24] studied the south-eastern coastline 
of Iran (entrance of Coastal Makran) based on 
Shepard classification and using satellite imageries. 
Kamranzad [25] investigated the wave characteristics 
in a 31-yearly period using localized ECMWF wind 
data and numerically model. The results of this study 
showed that the highest mean significant wave height 
occurs in the central strip of the middle parts of the 
Persian Gulf. While the monthly changes in wind and 
wave characteristics at different stations in the vicinity 
of the Strait of Hormuz is different. 
Considering the mutual relationship between the 
beach states and the hydrodynamic and 
morphodynamic characteristics in beaches, 
determining the type of beach state in different 
regions of the northern and southern coastline of Iran 
plays an important role in the identification of 
characteristics of waves, currents, bed profile changes 
over time, coastal features and generally in the 
optimal coastal management of Iran. Therefore, in this 
study, beach states in some areas of the northern and 
southern coasts of Iran were classified according the 
methods of Wright and Short [16] and Masselink and 
Hegge [20]. 
For this purpose, first the beaches' slope was 
estimated by using Arc GIS, then the breaker height 
and the tide range were calculated. Sediment features 
were characterized to estimate the dimensionless fall 
velocity and determine the beach state. Next, the role 
of waves, tides and sediments in formation of Iranian 
coast were studied. 
The study is structured as follows: In section 2 
different characteristics of the study area were 
described. In section 3 we presented data and 
methodology for determining the beach state in  
differentstations. In section 4 the results were 
discussed by determining the hydrodynamic 
conditions and sediment characteristics. Also, spatial 
and seasonal changes in different coastal conditions 
were investigated and then the results of the studies 
were summarized in section 5. 

2. Study area
The studied regions in this research include 14
stations located in the Caspian Sea coast in the
Mazandaran Province (between 53˚11' 34" E and
36˚49' 54" N until 51˚ 01' 30" E and 36˚ 01' 0"N)
and the Hormozgan province coast located near the
Strait-of-Hormuz and the Persian Gulf (between
54˚39' 18" E and 26˚30' 29" N up to 53˚ 9' 39" E and
27˚4' 34"N). In Figure3 and Table 2 the name and
location of the study areas are presented.
Generally, there are no gravitational tides in the north
Caspian basin, and only weak radiational tides are
observed whereas a semidiurnal type of tide is
predominant in the middle and south Caspian basins
and maximum tidal range of 21 cm was found in the
southeastern part of the Caspian Sea[26]. Caspian Sea
coast can be classified into three areas based on
onshore sediments: (1) sandy beaches: west Guilan,
central Guilan, and east Mazandaran (2) gravelly
beaches: west Mazandaran (in some segments; not the
entire coastline) and (3) muddy beaches: Golestan
province [23].
On the other hand, the Persian Gulf is a semi-
enclosed, marginal sea that is exposed to an arid, sub-
tropical climate. Tidal range varies from 3 to 3.4
meters in the northwest of Persian Gulf and decrease
to 0.8 to 1.2 meters in western part of Hormozgan
province also reaches to 2.7 to 3 meters in the extreme
southeast. The Persian Gulf is located between
latitudes 24˚to 30˚ N, and is surrounded by deserts
[27].

3. Data and methods
In order to achieve the research objectives, field
observations and measurements, laboratory
measurements and numerical model results, and
finally computational methods, had been used. Field
operations were done initially in two steps: (1)
photography of the coastal features and important
coastal phenomena (such as erosion cliffs, sand bars,
channels of rip currents), (2) coastal sediment
sampling. In the next step, the spatial variations of
thecoastal hydrodynamic and morphodynamic
conditions in the northern and southern Iranian coasts
were investigated by studying sediment variations,
coastal features, and waves climate at each station.
Then, with regard to the characteristics of the waves
and the calculation of the coastal slope, the calculation
of sediment falls velocity (Ws), different beach states
were determined in each station. The method for
collecting morphological and hydrodynamic
information at each of the stations on the northern and
southern coasts is summarized in the table 3.
3.1. Wave breaker height
In this research the wave data from the modeling
project (ISWM), which was done by the National
Institute of Oceanography has been used. The patterns
of wave breaking depend on the wave properties
(wave height, wave period) and bed slope.
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Table 1. Summary of morphodynamic characteristics of low tide terrace, low tide bar/rip and ultra-dissipative beaches [20] 

Parameter/Process Low Tide 
 Terrace 

Low Tide 
 Bar/Rip 

UltraDissipative

Ω < 2(3) 2-5 >5(3)

RTR 3-15 3-7 3-15
High tide conditions and upper part of the intertidal profile 

Sediment size  >0.3 mm 0.2-0.4 <0.3 
Tan β >0.05 0.03-0.05 0.02-0.04 
𝛆 <5 5-20 5-30 
Breaker type  surging/plunging Plunging plunging/spilling 
Attenuation 
coefficient  

0.6-0.8 0.5-0.7 0.4-0.6 

Dominant process swash  swash/surf zone swash/surf zone 
Beach cusps  common  occasional rare 
Morphological 
change over lunar 
tidal cycle 

Steepening during 
neap tides, 
flattening during 
spring tides 

swash bar 
development, 
destruction and 
migration 

minor,  
possible profile changes due to 
swash bar 

Storm response major erosion of 
steep upper part 

erosion of upper 
part and of swash 
bar morphology 

erosion upper part 

Low tide conditions and lower part of the intertidal profile 
Sediment size  <0.2 <0.3 <0.2 
Tan β <0.03 0.02-0.04 <0.03 
𝛆 >30 >20 >30
Breaker type  spilling plunging/spilling spilling
Attenuation 
coefficient  

0.3-0.5 0.3-0.6 0.3-0.5

Dominant process surf zone/shoaling surf zone surf zone/shoaling 
Swash bars occasional Common occasional 
Rip currents drainage rips at low 

tide 
surf zone rips at 
low tide 

absent 

Tidal currents important minor importance important 
Morphological 
change over lunar 
tidal cycle 

none minor bar change none 

Storm response deposition deposition and 
destruction of bar 
morphology 

deposition 

Figure 3. Map of Iran and locations of study areas and beach sites 1-14
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Table 2. The names and locations of different stations in the study 

NO. Station name Station location 

Northern beaches 

1 Neka Long:53˚ 11ʹ 34˝   lat: 36˚ 49ʹ54˝ 

2 Farahabad  Long:53˚ 03ʹ 35˝   lat:36˚ 47ʹ57˝ 

3 Larim Long:52˚ 55ʹ 48˝   lat: 36˚ 45ʹ53˝ 

4 Naftchal Long:52˚ 48ʹ 06˝   lat: 36˚ 44ʹ16˝ 

5 Mazandaran university  Long:52˚ 42ʹ 04˝   lat: 36˚ 43ʹ19˝ 

6 Babolsar Long:52˚ 40ʹ 06˝   lat: 36˚ 42ʹ57˝ 

7 Noor Long:52˚ 03ʹ 29˝   lat: 36˚ 35ʹ09˝ 

8 Nashtarud  Long:51˚ 01ʹ 30˝   lat: 36˚ 01ʹ0˝ 

Southern beaches 

9 Bostaneh  Long:54˚ 39ʹ18˝   lat:26˚ 30ʹ 29˝ 

10 Charak  Long:54˚ 3ʹ14˝      lat:26˚ 44ʹ 27˝ 

11 Gorzeh  Long:53˚ 53ʹ5˝      lat:26˚ 43ʹ 22˝ 

12 Near Gorzeh  Long:53˚ 51ʹ24˝   lat:26˚ 42ʹ 23˝ 

13 Chiruyeh  Long:53˚ 44ʹ4˝       lat:26˚ 42ʹ 6˝ 

14 Moghdan  Long:53˚ 9ʹ39˝   lat:27˚ 4ʹ 34˝ 

Weggel[28] based on some of experimental results 
proved the dependence of the breaking wave height on 
the bed slope as followed: 

2
b

gT

H
)m(a)m(bK 

 (3) 
where 

)e0.1(8.43)m(a m19 (4) 

1m5.19 )e0.1(56.1)m(b    (5) 

In these relations, m is the beach slope, T is the wave 
period, and Hb is the breaking wave height. Also, 
McCowan [29] showed that waves break when their 
height becomes equal to a fraction of the water depth: 

bb kdH  (6) 

As a first approximation, the breaking wave depth can 
be obtained if the characteristics of the offshore wave 
are known by shoaling and refraction formulas in the 
case of straight and parallel contours [30] 
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For shallow water, this relationship is approximately 
equal to: 
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Now if the angle of wave breaking is assumed to be 
small  0 , we use the McCowan's breaking
criterion: 
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Table 3: Morphological and hydrodynamic information at each station on the northern and southern coast. 

 

 

 

 

 

 

 
 

In the above relationH0is the average height of deep 

water, 𝐶 = is the velocity of the deep-water wave

and 0 is the radiation angle of the dominant waves. 

The value of db obtained from the above equation is 
replaced in equation 6, and then the resulting Hbis 
compared with the numerical value of the hypothetical 
Hbh. It is necessary to determine the breaking wave 
height at each station. This operation is repeated 
consecutively to establish the relationship Hb≅Hbh. 

Therefore, due to the implementation of such a trial-
and-error method, the breaker index is calculated at 
each station. 
Table 3 shows the characteristics and properties of 
waves in the northern and southern regions of Iran. 

3.2 Sediment grain sizes 
In order to investigate the effect of hydrodynamic 
conditions on sediment transport and bed form in the 
coastal zone, sediment sampling operations were 
performed at depths that covered the entire nearshore 
zone. A total of 56 sand samples were collected at 14 
stations. Samples were taken from different depths (0, 
2.5, 5 and 10 meters) of cross-shore profile with 
different morphological features such as beach face, 
surf domain, troughs and bars. Then sand samples 
were analyzed from different depths of the northern 
coasts in the Oceanographic laboratory and 
sedimentary information related to southern coasts in 
the Marine Geological Organization. In this way, 
specific gravity of sediment particles and diameter of 

tidal range (TR) 
the relative tide 

range (RTR) 

coastal sediment 
sampling in 

different depths, 
laboratory 
studies and 

determine the 
morphological 

and 
sedimentological 

analysis the 
wave 

characteristics by 
result of 

MIKE21 SW 
model (ISWM 
project) and 

determine the 
type of waves 

determine the 
kind of coastal 

effects by 
photography 

(e.g. rips, bars, 
scarp and cusps) 

determine of 
general slope by 

Arc GIS 
software 

,hydrographic 
maps and study 
of beach profile 

in available 
stations 

Analysis of beach types 

Hydrodynamicsetting Beach morphology 

Coastal features Sediment size Beach slope Wave climate Tide climate 

determine the beach state by calculating non 
dimensional scaling 

coastal stability(K*) 
dimensionless fall parameter (Ω) 

analysis of morphodynamic and hydrodynamic information by extract 
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50% of sediments were determined from different 
depths then the average of these parameters were 
obtained from information about different depths. 
Finally, the average dimensionless fall velocity 
parameter and scale of morphodynamic features were 
determined and calculated in accordance with the 
sedimentation status of each station.
3.3 Beach morphology: Fieldmapping and 
imageinterpretation 
In this study, with the help of images taken from 
coastal features in accordance with the characteristics 
of each beach state, comparing the features of 
different stations and monitoring the type of breaking 
wave, the morphological characteristics of the beach 
during the year were evaluated. 

4.Results and discussion
Since tidal oscillations in the south Caspian basin are
mainly caused by radiational effects and maximum
tidal range is negligible in the central part of the
southern Caspian, the effects of tides on the
hydrodynamic conditions of the beach are ignored
[26]. Also, the waves play an important role in this
basin and so these coastal areas were considered as
wave-dominated coast and the Wright and Short [16]
method was used to determine the state of the
northern coast in this study. On the other hand, in
Iranian southern coastal areas, considering the effects
of the tide on these coasts and the weak effects of
waves compared to the northern coastal area, the
Masselink and Short [17] classification was used.
4.1 Hydrodynamic conditions
According to figure 4, the information obtained from
the wave roses showed that the prevailing wave
direction over the western coast of Mazandaran
province was northward; and in the central and eastern
parts, was mostly northwest and wave height
decreases from west to east. Therefore, on the western
parts of the northern Iranian coast, hydrodynamic
conditions were stronger than the central and eastern
regions.
While on the southern Iranian coast, the wave
characteristics at different stations in the vicinity of
the strait of Hormuz are variable. Also, according to
the definition of the Iribarren Number  ε  :

 1 2

0

tan
b

bH L

 
 (11) 

(where tanβ is the beach gradient andHbis breaker 

wave height, L is the water length and the subscripts 0

indicate deep water conditions) in all southern coast 
stations occur spilling breakers (Figure 5), while in 
the northern coast spilling breakers were often 
observed (Table 4). Although at station 8 (Nashtarud), 
surging breakers occur during in some periods (Figure 
6). 

4.2. Sediment characteristics 
According to the information recorded in table 5 that 
show characteristics and properties of sediments, the 
mean sediment grain size increases discontinuously 
from east to west on the northern Iranian coasts. Also, 
morphodynamic conditions on the northern coasts 
showed the morphodynamic effects from station 1 to 7 
are related to the dissipative state. On the other hand, 
the eastern parts of these coasts had low height berms, 
wide surf zone and low slope (compared with other 
coastal regions). The southern Iranian coasts did not 
follow a certain order, but in all of the stations in these 
coasts, the sediments consisted of more than 95% 
sand and less than 5% gravel. 
4.3. Beach states 

Due to the minimal effects of the tide in the Caspian 
Sea and the conditions mentioned about the waves, 
these coasts are considered wave-dominated (RTR<3). 
In this condition, to determine the beach state in the 
stations located in these area two dimensionless 
parameters, fall velocity parameter Ωand coastal 
stability were examined [31].

2
*

2
50

bH
K

gT d
  (12) 

Where 50d is the median sediment grain size, g is 

acceleration due to gravity, T is the wave 
period.According Figure 7, the coastal conditions at 
seven stations in this area (Neka, Farahabad, Larim, 
Naftchal, Mazandaran University, Babolsar, and 
Noor) on average during the yearwere dissipative (D), 
while at the Nashtarud station was on intermediate 
state (Figure 8). 
Along Iranian southern beaches, the spring tide range 
was TR ~ 0.8 - 1.13 m, and the wave period and 
breaker height ranged from T ~ 0.95 – 2.89 and Hb = 
0.10 – 0.30 m. As a result, RTR ranges from 3 to 12 
and all the beaches along the Hormozgan western 
coast were a tide-modified (see Short, 2006) and 
remain in this state throughout the year (Figure 9). 
4.3.1. Wave-Dominated beaches (Iranian northern 
beaches)  
4.3.1.1. Spatial variation in beach conditions 
The poor hydrodynamic conditions with average 
breaker height of Hb ~0.585-0.772 m during the year, 
the gentle slope and fine sediments d50 ~ 0.116 – 
0.158mm cause the beach state to be mostly on the 
dissipative state in the eastern and central area of the 
Caspian Sea coasts (from Neka to Noor). There were 
some similar morphodynamic features in almost all 
the seven dissipative stations which are in accordance 
with the value of Ω in each station had a different 
scale. Hence, the eastern coast of Mazandaran had 
lower berm levels and wider surf zone with a slope 
less than other the coastal areas. 
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Figure 4. Wave rose of different stations of northern beaches 

In the beaches that are not the fully dissipative state 
(all stations except for Naftchal), the crescentic bar 
was replaced shore-parallel sandbars when wave 
height decreased and these beaches were entered the 
intermediate state (RBB, LBT). Among these 
stations,there were more prominent bars and troughs 
in the bed of Noor and Farahabad stations. These sites 
also contained a mixture of undertow and rip currents 
system which changed in accordance with the 
prevailing morphodynamic conditions (Figure 10). 
While the beaches were fully dissipative state 
throughout the year (such as Naftchal) contained some 
subdued bars and troughs on the bed. 
In the western stations such as Nashtarud with a steep 
slope in comparison with other stations 
(slope=0.0072), increasing the beach slope and 
stronger hydrodynamic conditions, especially 
increasing of sediment grain size had caused that this 
station was often on the intermediate (ridge-runnel or 
low tide terrace) during most of the year (85.2%) and 
beach profile was variable compared to other stations. 
Also, the type of breaker was predominantly spilling 
type (εb = 0.029) in this station, but when the beach 
returned to the reflective state the probability of 
occurrence of the surging type increased (14.79%). 
compared to the eastern and central beach regions this 
beach entered the ridge-runnel state with narrow and 
weak rip currents during the year. 
4.3.1.2. Seasonal variation in beach conditions 
For the study of seasonal variation of the beach state 
in the northern stations, the changing procedure of 
coastal hydrodynamic and morphodynamic effects 
were investigated during the year. 

Figure 5. Spilling breakers at different stations on southern 
beaches a) Bostaneh (station 9) b) Charak (station 10) c) 

Moghdan (station 14) 

According to Figure 11, diagram of the probabilities 
of annual occurrence of beach states for different 
stations of northern beaches showed that in all 
dissipative stations variations of beach state were 
small, so that the beach state was often in the 
dissipative state most of the year. But these changes 
were more evident in Nashtarud and regarding beach 
conditions had a good coordination with the 
intermediate beach state.    
During winter when wave height increased, the profile 
of bed gradually changed as wave up rush and surf 
zone currents increased. These conditions also caused 
erosion and actually deepen of the rip channels. This 
process occurred while some bars sections were still 
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Table 3.Data of hydrodynamic properties of different stations 
in the study 

NO. Hs (m) 
b T 

Northern beaches 

1 1.128 0.018 2.69 

2 1.093 0.023 2.68 

3 1.131 0.025 2.69 

4 1.125 0.026 2.69 

5 1.14 0.024 2.71 

6 1.17 0.021 2.74 

7 1.375 0.042 2.98 

8 1.312 0.029 2.91 

Southern beaches 

9 0.487 0.018 2.897 

10 0.254 0.179 1.717 

11 0.168 0.056 0.956 

12 0.223 0.090 1.226 

13 0.273 0.013 2.480 

14 0.281 0.013 1.494 

connected to the beach. In this state, an increase in the 
height of the beach scarp was observed as the 
beachreached the transverse bar and rip (TBR) state. 
Given the severity of these rip currents when there 
were stormy conditions, the shoreline became more 
rhythmic. Based on field results, the beach state 
remained in this situation about 0.96% of the year 
(Nashtarud). Although this period was short, there 
was sufficient time for the beach to reach the 
transverse bar and beach (TBR) state. During summer 
wave height decreased gradually rip current velocity 
reduced and sediments moved from the bar to the 
beach. During this stage the surf zone width was 
reduced, the rip current channels were filled with 
sediment. So, the depth of the channels was reduced 
and the beach reached the ridge-runnel or low tide 
terrace (LTT) state, such that the rip currents became  
weak and the remaining narrow channels from these 
currents appearedas runnels on the beach profile. With 
the reduction of wave height and as more sediments 
transfer from the bars towards the beach, gradually all 
the runnels were filled with sediment and formed step-
like effects in the base of the beach face. In this state 
the beach entered the reflective state (R). In general, 
the main impact on the beach profile was the bar 
connecting to the beach (terrace) and runnels. Other 
important effects in this area were the erosion scarps 

which distance between the base of these scarps from 
the shoreline increased and the height reduces in 
warm seasons (Figure 12).This phenomenon is most 
likely related to beach state changes towards the 
reflective state and sea level changes. 
4.3.2 Wave-Tide beaches (Iranian southern 
beaches) 
4.3.2.1 Seasonal variation in beach conditions 
According to Figure 13, generally in all the southern 
stations the effects of waves were stronger in spring 
and winter, so the highest wave effects were created 
inApril, after that the wave height began to decrease 
and in October it was minimal. 

Figure 6. Breaker types on different stations in northern 
beaches a) Larim (station 3) b) Noor (station 7) c) Nashtarud 

(station 8)
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Table 5. Sediment’s characteristics of different stations in the study

NO. D(φ) d50(mm) ρ(gr/cm3) w (m/s) 
Northern beaches 
1 2.66 0.158 2.67 0.0182 

2 2.64 0.116 2.67 0.0186 

3 2.77 0.146 2.713 0.0169 

4 2.96 0.128 2.71 0.013 

5 2.76 0.147 2.72 0.0171 

6 2.85 0.138 2.75 0.0154 

7 2.10 0.23 2.71 0.028 

8 0.95 1.93 2.71 0.187 

Southern beaches 
9 1.577 0.25 2.1 0.0023 

10 1.14 0.64 2 0.0603 

11 1.752 0.215 2.85 0.0282 

12 2.678 0.12 1.5 0.0035 

13 2.723 0.115 2.5 0.0099 

14 1.759 2.5 2.5 0.197 

Figure 7. Range change of breaker height (Hb); sedimentation rate (Ω), coastal stability (k*) and mean of these parameters (•)at 
different stations of northern beaches

Figure 8. Examples of wave-dominated beaches in northern beaches a) Noor (station 7) b) Babolsar(station 6) c) Farahabad (station 
2) d) Nashtarud (station 8)
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Figure 9. Range change of breaker height (Hb), tidal range (TR), relative tide range (RTR), sedimentation rate (Ω); mean of these 
parameters (•) at different stations of southern beaches

Figure 10.View of a topographic rip current and multiple longshore bar near Noor station 

Figure11. Probabilities of annual occurrence of beach states for different stations of northern beaches 
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Figure12. View of an erosion scarp at Nashtarud station

Figure13. Mean monthly of breaker height (Hb), tidal range (TR), relative tide range (RTR) during a year 

On the other hand, tidal effects in fall and winter were 
at their maximum height. So that most amount of TR 
was observed in March. After March, tidal range 
decreased and in summer it was at its minimum, 
reaching its lowest in July (Figure 14). 
Also, the study of the patterns' sediment grain size in 
all stations of the southern coast revealed that the 
sediment grain size did not follow a certain order. 
However, despite the changes of tide and waves, the 
beach state for each station was almost fixed and 
unchangeable during the year.  

4.3.2.2. Spatial variation in beach conditions 
The results show that station 9 had the lowest slope 
(0.00277) and highest waves based on Figure 9 
(Hb~0.175-0.47). Also, the intertidal sediment was 
4.7% gravel and 95.3% sand. The average beach state 
during the year was low tide bar/rip beaches (75%), 
while 25% of the year the beach in this area was ultra-
dissipative state. 
At stations 10 and 14, the sediment particle diameter 
(in the upper part of the intertidal profile) was coarse 
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sand (0.64 mm) in station 10 and (very coarse sand) 
2.5 mm in station 14 and this included 99.7% sand 
and 0.25% gravel. In these two stations the average 
beach state during the year was low tide terrace (92% 
at station 10) and became close to ultra-dissipative 8% 
of the year. However, at station 14 this state remained 
unchanged during the year, with the yearly incidence 
100% low tide terrace (Figure 14). 
In the three stations (11-13) located between Gorzeh 
and Chirooyeh Ports, the average beach state during 
the year was ultradissipative. This was primarily a 
result of the finer sediment (station 11 with d50=0.215 
mm, station 12 with d50=0.12 mm and station 13 with 
d50=0.115 mm) together with the relative tide range 
(RTR = 5-7), sedimentation rate (Ω = 5-35) and the 
slope of these beaches was less than 0.03.  
In station 11, close to the Gorzeh area ultradissipative 
conditions occurred 75% of the time and low-tide 
bar/rip 25% of the time, while at station 12 and 13 
ultra-dissipative conditions prevails 100%. 

5. Conclusion
The northern coasts of Iran are adjacent to the Caspian
Sea, the largest lake in the world, and are exposed to
short waves that increase in height from east to west.
The waves combined with the minimum of tidal
amplitudes in this region, result in wave-dominated
beaches. In the southern regions of Iran, which
borders the Persian Gulf, the waves are lower
compared to the northern region of Iran and the
presence of tides effects in these beaches cause them
to be tide-modified. These differences of
hydrodynamic factors cause a variety of beach states
in the northern and southern coastal areas of Iran.
Results of this study show that for the northern
beaches, 10 out 11 stations are in the dissipative state
while Nashtarod (station 8) is in the intermediate state
(ridge-runnel or low tide terrace). By comparing the
stations studied, it can be stated that, the most
dissipative state can be observed in the Naftchal
station and the least dissipative can be observed in the
Noor and Farahabad stations. Also, there are very
minimal changes during the year in the beaches in the
stations in the dissipative state and so those beaches
are in the dissipative state more than 90% of the year,
while the intermediate beach ranges seasonally from
reflective to transverse bar and rip.
On the southern beaches of Iran, a wide range of
beach states are present in the study area: reflective,
dissipative, and intermediate have been observed.
However, the ultra-dissipative beaches (which are a
part of the dissipative groups) at most of the stations
undergo little annual change, while the stations with
intermediate beach states such as low tide terrace
beaches and or those with a bar, change during the
year and can become close to the dissipative beach
state. Based on the results of this study the most
frequent beach states in the north and south of Iran are

dissipative, with the southern coastal area being tide-
modified with the ultra-dissipative state. 

Figure 14.Examples of Wave-tide beaches in southern beaches 
a) Chiruyeh (station 13) b) Moghdan (station 14) c) Bostaneh
(station 9)

are in the dissipative state more than 90% of the year, 
while the intermediate beach ranges seasonally from 
reflective to transverse bar and rip.  
On the southern beaches of Iran, a wide range of 
beach states are present in the study area: reflective, 
dissipative, and intermediate have been observed. 
However, the ultra-dissipative beaches (which are a 
part of the dissipative groups) at most of the stations 
undergo little annual change, while the stations with 
intermediate beach states such as low tide terrace 
beaches and or those with a bar, change during the 
year and can become close to the dissipative beach 
state. Based on the results of this study the most 
frequent beach states in the north and south of Iran are 
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dissipative, with the southern coastal area being tide-
modified with the ultra-dissipative state. 
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List of Symbols (Optional) 

C0  velocity of the deep water[m/s] 
db  breaking wave depth [m] 
 d50 median sediment grain size [mm] 
 g acceleration due to gravity[m/s] 
 Hb breaker height[m] 
 K* Coastal stability 
 L water length[m] 
 m beach slope 
RTR relative tide range 
T wave period [s] 
 TR tide range [m] 
Ws sediment fall velocity [m/s] 

radiation angle 
Ω dimensionless fall velocity 
 𝜀  Iribarren Number 
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