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This study concentrates on the 61 tidal constituents of 17 stations on the north 

of Oman Gulf (OG), Strait of Hormuz (SH) and Persian Gulf (PG). Five-years 

tidal data (2014-2018, 30-minutes intervals) was achieved by Iran National 

Cartographic Center to calculate mean levels of stations. Then, t_tide library 

was used to calculate 61 tidal constituents by 95% of confidence in Matlab for 

2018 data. Then, they sorted by the magnitude of the amplitude to express the 

most significant ones in each stations. Results shows that the mean levels of the 

northwest and northeast of PG are mirror images. Although the major diurnal 

and semidiurnal tidal constituents of 11 stations are M2, K1, S2 and O1, by 

changes in order of importance; in 6 stations, N2 constituent is more important 

than O1. These exceptions go back to the stations of SH and northwest of PG, 

which shows the importance of the SH bending and the shallowing of the 

northwest of PG. Moreover, the top ten components of all stations are not 10 

unique components and they include 21 components. Due to the Form factor, 

F, all the studied stations are mainly mixed semidiurnal type. The predicted t-

tide tides show small errors compare with the original ones. The results also 

showed that the range and components of harmonic astronomical tides are 

influenced by local geography. On the head of PG, the Emam Khomeini’s tides 

is sharp due to the shallow water, and the semidiurnal components (S2 and N2) 

are much stronger than the diurnal components (O1 and P1). The Pol Port’s tides 

is effected by narrowing of SH. Therefore, in some ports, non-tidal parameters 

such as geographical shape or shallow water are effective while considering 

astronomical components of moon and sun.  
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1. Introduction
For thousands of years, tides have been so important

economically and scientifically that have entered our

everyday language, and a saying like "time and tide

wait for no one" is a clear example. Tide is important

for navigation and ocean mixing. In the vertical mixing

of coastal waters with a horizontal scale of 10 km or

less and a time interval shorter than 24 hours, tides

plays an effective role [1]. Tides can suspend bed

sediments even in deep oceans. In addition, it can cause

internal waves on seamounts, continental slopes, and

midoceanic ridges, which dissipate lethal energy. In

tidal history, real oceanic tides are considered stable

because of their close association with astronomical

motions [2]. Since the earth's crust is elastic and rotates

counter-clockwise around its axis [3], due to the

difference in the gravity of the moon, sun, and other

celestial bodies, the earth's crust is bent under the

influence of the tidal potential [4] and as a result, the

ocean fluctuates semidiurnal, diurnal or with other 

frequencies. 

In classical analysis, it is customary to decompose the 

recorded tidal observations into its components, and the 

tidal signal is modeled as a finite sum of a sinusoidal 

terms with specific frequencies, related to astronomical 

parameters. These parameters are related to many 

factors such as latitude, the north deviation of the 

moon/sun from the equator, the hour angle of the 

moon/sun, the deviation of the earth's rotation axis, the 

inclination of the earth's rotation axis with respect to 

the stars, the rotation of the plane of the celestial 

sphere, and the temporal variations of the elliptic 

inclination of the earth's rotation in the plane of the 

celestial sphere and the angle of the moon's ellipse in a 

plane depend on the plane of the celestial sphere [5-7]. 

These processes cause changes in tidal potential.  

Fourier analysis is used to determine frequencies of 

tidal spectrum. The spectrum does not look like the 

oceanic wave spectrum. Oceanic waves have all 
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possible frequencies by a continuous spectrum while 

tides have precise discontinuous frequencies. It 

consists of discrete lines related to astronomical 

motions and harbor properties. Doodson (1922) [8] 

expanded tidal potential as Fourier series using the 

cleverly chosen frequencies, leads to an elegant 

decomposition of tidal constituents into groups with 

similar frequencies and spatial variability. Doodson’s 

expansion included 399 constituents, of which 100 are 

long period, 160 are daily, 115 are twice per day, and 

14 are thrice per day. Although most constituents had 

very small amplitudes, but the amplitude accuracy of 

10-3 of the largest term requires at least 39 frequencies 

be determined.  

The Standard list of tidal constituents was prepared by 

Mr. Bernard Simon of SHOM (Service hydrographique 

et océanographique de la marine) and Cdr John Page of 

the UKHO (The United Kingdom Hydrographic 

Office) on behalf of IHO (The International 

Hydrographic Organization) Tidal Committee, now it 

is called the Tide, Water Level and Current Working 

Group (TWCWG) [9]. By evolving tides at diverse 

rates, there is not sometimes any apparent relationship 

to astronomical force [10-13] and may change major 

diurnal and semidiurnal tides (eg. Eastern Pacific [14], 

Gulf of Maine [15], North Atlantic [16-17], China [18-

19] and Japan [20]).  

Non-tidal variability introduces large errors into the 

calculated amplitudes and phases of weaker tidal 

constituents. The weaker tides have amplitudes smaller 

than variability at the same frequency due to the other 

processes such as wind set up and currents near the tide 

gauge.  
This research is planned to examine the tidal 

constituents on major ports along the north Oman Gulf 

(here after, OG) towards Persian Gulf (here after, PG). 

These basins have different tidal variability that may 

affects their tidal constituents.  

The tidal circulation in PG was modeled by a 

homogeneous two dimensional shallow-water model 

with free surface and forced by seven tidal components 

at its southern boundary [21]. The model accurately 

reproduced the tidal phase and amplitude observed at 

42 tidal gauges in the region. This accuracy was 

attributed to the presence of seven components which 

are able to interact nonlinearly. The amphidromic 

points were also well positioned by the model due to a 

proper choice of bathymetry. The tidal currents could 

be strong in the Straits of Hormuz (here after, SH) and 

in shallow areas; thus they would have an effect of the 

hydrology of the region. The residual currents were 

weak so that they were negligible for the large-scale 

circulation on long periods. Finally, the sea-surface 

elevation forecast by the model was in close agreement 

with insitu measurements of pressure, performed 

during the GOGP99 experiment [21]. 

Akbari et al., (2016) [22] were also simulated three 

tidal semidiurnal (M2, S2, K2) and diurnal (K1, O1, Q1) 

amplitudes in PG and OG by FVCOM (Finite Volume 

Coastal Ocean Model). They clearly showed that the 

different characteristics of PG and OG. The 

semidiurnal constituents (M2, S2, K2) has two 

amphidromic points while diurnal constituents (K1, O1, 

and Q1) had only one amphidromic points on PG. None 

of them had amphidromic points on OG. The tide 

simultaneously happens on OG is unlike PG. The 

model showed that tides of PG is a constant wave with 

two semi-diurnal and one diurnal amphidromic point. 

But tides of OG and the Arabian Sea is a progressive 

wave that moves on surfaces. The most important 

semidiurnal and diurnal components in the entire 

domain was M2 and k1 [22].  

As can be seen, there are few near-shore studies of 

various components on PG, OG and SH. This study 

examines the components (61 constituents) near the 

coast of PG and OG by a library function named t-tide. 

These components will be checked on different ports of 

area to see if they have non-tidal effects by their 

geometric position. 
 

2. Materials and Methods 
2.1. Study area 

The study area (48-62°E, 22-30°N) is a coastal area 

along the north of OG and PG with their connection 

through SH. Coastlines of the study area achieved by 

Iranian Army Geographic Agency as a shape file with 

the resolution of 30 seconds and plotted by ArcGIS 9.2 

[23] software (Figure 1). The study area divided into 

three parts: OG, SH and PG. PG also divided into two 

parts of northeast and northwest because of its 

geometric shape. 

OG (also named Macran or Mecran in native 

language), is a kind of strait (not an actual gulf) that 

connects the Arabian Sea to the SH which then runs to 

PG. OG is linked from three sides to the land by depths 

less than 1000 m and to the open ocean on the other 

side by depths more than 3000 m [24].  

PG itself is a semi-enclosed marginal sea by total area 

of 240,000 km2 [25], completely located on a 

continental shelf and downhill of OG. PG is a water 

catchment area drawn from the northwest to the 

southeast. Its length is 990 km while the width differs 

from 56 km to 338 km by the mean depth of 35 meters 

[1]. Its morphology is asymmetrical and the coastal 

slope is more relaxed on the southern coast than the 

northern coast [25]. SH, a curved waterway, separates 

Iran's plateau from the Arabian Peninsula and links the 

PG waters to OG and the Indian Ocean (here after, IO). 

Since PG is located on the subtropical high-pressure-

zone, it is characterized by low precipitation (0.07–0.1 

m yr-1[26]) and high aridity, resulting high evaporation 

rates (above 2 m yr-1 [27]; 1.4–2.1 m yr-1 [28-29]), 1.5 

meters of the surface in a year [30-33]) by seasonal Sea 

Surface Temperature (SST) changes [34]. High 

precipitation is rare in this area [35-36]. This makes PG 

as one of the most saline water of the world (36.6 to 
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40.6 [37]) because of high evaporation, less 

precipitation  (less than 5 mm yr-1) and less river inflow 

 

 

 

 
Figure 1. The study area. Oman Gulf (OG), Strait of Hormuz (SH), and Persian Gulf (PG). Gray circle marks are tidal stations 

(Table 1). The map is generated by ArcGIS [23] and the coastlines are achieved by Iranian Army Geographic Agency. 
 

 (0.15 m yr-1 [29]). The salinity is higher near the 

southern part [1, 32]. The saline water forms a very 

dense water especially in early November, when the air 

temperature decreases and wind speed increases [37]. It 

can also make some mesoscale eddies by the diameters 

less than 50 meters [38]. The dense flow of PG travels 

to OG by seasonal changes [39-43] to depths of 150 to 

350 meters [44] through the south of SH. It makes 

changes on the thermoclines of OG [45] and deepen it 

to 1200 meters [46]. The less saline water of OG enters 

PG through the north of SH and replaces the outflow of 

PG [44, 47] for equilibrium [48]. This water is warmer 

than surrounding waters [49-50].  

Tides are complicated on PG and OG. Tides of PG co-

oscillate with SH while tides of OG co-oscillate with the 

Arabian Sea [1] and they make different tidal conditions 

in PG, SH and OG [51]. Due to the complex geometric 

shape of the coastline, tides of PG fluctuates [52] and 

has potential extracted energy [53]. PG has a diurnal and 

semidiurnal fluctuations, which initially emitted energy 

from SH into OG [52]. The tidal patterns of PG change 

from semidiurnal to diurnal tides [1]. The tidal range is 

more than one meter (three meters on the head of PG 

and one meter on the other parts) [54]. The dimensions 

of PG are such that the resonance amplification of the 

tides occur [1]. Therefore, PG tides are kinds of standing 

tidal waves [1] by different amphidromic points (nodes) 

of constituents. There are two amphidromic points for 

semidiurnal constituents (M2 and S2) and one 

amphidromic point for diurnal constituents (K1 and O1) 

[55-57]. The magnitude of M2 is approximately 0.3 m to 

0.5 m at each point of PG and its maximum is 0.8 m to 

0.9 m at the head of PG and near SH. The magnitude of 

S2 is about 30% of M2. The O1 amphidromic point is in 

the north of Bahrain by the amplitude of about 0.3 m. 

The K1 amphidromic point is near Bahrain by the 

amplitude of about 0.5 m on the head of PG [52]. Near 

the amphidromic points of the diurnal components (K1 

and O1), where the diurnal tidal component is zero, it is 

the semidiurnal tidal type, and near the amphidromic 

points of the semidiurnal components (M2 and S2), tides 

is diurnal [21]. According to the information of the 

National Oceanic and Atmospheric Administration 

(NOAA) organization, the next effective recorded 
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components of the world are M4, N2, M6, MK3, S4, MN4, 

NU2, S6, MU2, 2N2. If PG and GO assumed as a unit 

basin, the longitudinal axis of the area must be 

considered as a channel with two gaps that may affect 

the independent tides, where the phase of the tide-

generating force would depend upon the longitudinal 

direction of this unified basin [51].  
 

2.2. The tidal data  

Seventeen tidal stations were chosen on the north of 

OG, SH and PG (Figure 1). Two stations were located 

on OG (Station 1-2: Chabahar and Konarak), six 

stations are located on SH (Station 3-8: Bandzak, 

Larak, Bahman Port, Shahid Rajaee Port, Pol Port, and 

Khamir Port), four stations are located on the northeast 

of PG (Station 9-12: Lengeh Port, Charak Port, Lavan, 

and Taheri) and five stations are located on the 

northwest of PG (Station 13-17: Ameri Port, Bushehr, 

Genaveh Port, Butaheri, and Emam Khomeini Port), 

respectively. Table 1 shows the location of station.  
  
Table 1. Tidal stations of the study along the northern coasts of 

OG, SH and PG 

Basin 
Station No. and 

Name 

Longitude 

(°E) 

Latitude 

(°N) 

Oman Gulf 

(OG) 

St. 1 Chabahar 60.6165619 25.3133678 

St. 2 Konarak 60.4328461 25.3552799 

Strait of Hormuz 

St. 3 Bandzak 56.9478073 27.0106392 

St. 4 Larak 56.3899193 26.8866272 

St.5 Bahman Port 56.2816048 26.9481812 

St. 6 Shahid 

Rajaee Port 
56.0767288 27.1017857 

St. 7 Pol Port 55.7470436 26.9729309 

St. 8 Khamir Port 55.5921097 26.9380035 

Persian 

Gulf 

(PG) 

North-

East 

St. 9 Lengeh Port 54.8850327 26.5486584 

St. 10 Charak Port 54.2820778 26.7251301 

St. 11 Lavan 53.4027261 26.8010977 

St. 12 Taheri 52.3495789 27.6610126 

North-

West 

St. 13 Ameri Port 51.0914993 28.5146675 

St. 14 Bushehr 50.8374710 28.9896507 

St. 15 Genaveh 

Port 
50.5117722 29.5597763 

St. 16 Butaheri 49.7747765 30.1060658 

St. 17 Emam 

Khomeini Port 
49.0720100 30.4219837 

  

Tidal information was achieved by Iran National 

Cartographic Center, Water Management and Tidal 

Affairs [58] by every 30 minutes’ interval for five 

continuous available years (January 1, 2014 to 

December 31, 2018). Mean Level (ML) achieved by 

the average of these five years for each station. Since 

long-term data are affected by the harbor modifications 

[59-64] or changes of internal tide [65-66], only one-

year data (2018) was used to analysis tidal constituents.  
 

2.3. Data Analysis 

The tidal signal is simulated as the sum of finite sets of 

sinusoids at specific frequencies related to 

astronomical parameters. Since each tidal constituent is 

assumed to be a harmonic function and couched in the 

cosine term, it can be rewrite in a vectorization form of 

a time series (Eq. 1) as formulated by [67]: 
  

' '

0( ) cos( )n

i i i it H E g                                    (1) 

  

Consequently, the number of parameters is related to 

the number of used (significant) constituents. The 

t_tide Matlab library allows the calculation of various 

tidal constituents by the projection of series of 

harmonic functions on the data. t_tide library was 

written first on January 2011 [68], and then revised 

[69]. It is available online [70] and used in other recent 

studies [71-75]. 

In this research, the first 61 significant constituents are 

used. Therefore, a set of programs has been rewritten 

in MATLAB [76] to perform the harmonic analysis for 

each station in 2018. This library is based on the 

Fortran based tidal packages developed for the 

Canadian government [77]. Outputs of the t_tide 

library consists of 61 tidal constituents as SSA, MSM, 

MM, MSF, MF, ALP1, 2Q1, SIG1, Q1, RHO1, O1, 

TAU1, BET1, NO1, CHI1, PI1, P1, K1, PHI1, THE1, 

J1, SO1, OO1, UPS1, OQ2, EPS2, 2N2, MU2, N2, 

NU2, M2, MKS2, LDA2, L2, S2, K2, MSN2, ETA2, 

MO3, M3, SO3, MK3, SK3, MN4, M4, SN4, MS4, 

MK4, S4, SK4, 2MK5, 2SK5, 2MN6, M6, 2MS6, 

2MK6, 2SM6, MSK6, 3MK7, M8, M10 with 

frequencies ranging from 0.0015 (MM constituents) to 

0.3220 (M8 constituents) cycles per hour [69] 

(hereafter cph). It was also used the shallow water 

constituents [78-79] for OG and PG which was not 

previously used on the documents of this area.  

Frequencies, amplitudes and errors for each constituent 

on each station was calculated by the 95% of 

confidence intervals (here after 95% CI). Then, tidal 

constituents sorted by the magnitude of the amplitude 

to expresses the most significant constituents of the 

stations.  

New tides were also made according to the extracted 

61-components to calculate the difference between the 

predicted tides and the original ones [58] for seven 

selected stations (Station 1: Chabahar, Station 4: Larak, 

Station 8: Khamir Port, Station 9: Lengeh Port, Station 

12: Taheri, Station 14: Bushehr, Station 17: Emam 

Khomeini Port). Since Mean level on PG have shown 

monthly [80] and seasonally [81] changes, therefore, 

the predicted water levels by components are corrected 

by the mean achieved water level of the time series of 

2014-2018 for each station.  

Form factor (F) was also calculated to classify stations 

according to the nature of tides as Eq. 2 [82-84]: 
  

1 1

2 2

K O
F

M S





                                                     (2) 

  

where the symbols of the constituents indicate their 

respective amplitudes. Type of tide was determined as 

diurnal, semidiurnal and mixed by F factor (Table 2). 
  
Table 2: The classification of tides due to the form factor values, 

F [82-84]. 
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Value of F Type of tide 

0-0.25 Semidiurnal 

0.25-1.5 Mixed, mainly semidiurnal 

1.5-3 Mixed, mainly diurnal 

>3 Diurnal 
 

3. Results and Discussion 
3.1. The tidal times series 

Figure 2 shows the mean value of stations (2014-2018). 

It is obvious that Mean Level (ML) is not constant; it is 

less on OG, becomes higher in SH, fall down in the 

northeast of PG and again rises on the northwest of PG. 

The highest values are referred to Emam Khomeini 

Port (2.94 m) located on the northwest of PG (Station 

17) and Pol Port (2.54 m) located on the SH (Station 7). 

Emam Khomeini Port is a shallow port, and in other 

studies such as [85], its tidal range was reported large 

in compared with other regions of PG. Pol Port, which 

is the shortest distance between Iran's southern coast 

line and Qeshm Island, experiences high values of tides 

due to the narrowness of the area, which is in agreement 

with studies such as [53] and [86]. 

The lowest one is Lavan (0.96 m) located on the 

northeast of PG (Station 11, Figure 2). The northwest 

and northeast side of PG evokes a kind of mirror image 

in the mind in terms of tidal mean levels. 

Figure 3 represents the comparisons of 17 stations for 

the first solar month of 2018 (January 1, 2018-January 

31, 2018). Full moon was on 2 and 31 and new moon 

was 17 of January 2018 during this month. As it is 

obvious, tidal heights of stations, located on OG, are 

approximately small. The SH tidal ranges are higher. 

PG shows different styles. On the northeast, tidal 

ranges are very small (Table 3), but it becomes higher 

as it travels into the head of PG and it reaches to the 

highest value on the 17th station, Emam Khomeini Port 

(5.151 m).  
  
Table 3. Tidal stations of the study along the north coasts of 

OG, SH and PG. 

Basin 
Station No. 

and Name 

Min. 

(m) 

Max. 

(m) 

Range 

(m) 

Oman Gulf 

(OG) 

St. 1 Chabahar -0.236 2.896 3.132 

St. 2 Konarak -0.022 3.065 3.087 

Strait of Hormuz 

(SH) 

St. 3 Bandzak 0.045 3.959 3.914 

St. 4 Larak 0.072 3.222 3.15 
St.5 Bahman 

Port 
-0.180 3.588 3.768 

St. 6 Shahid 

Rajaee Port 
-0.159 3.951 4.11 

St. 7 Pol Port -0.075 4.526 4.601 
St. 8 Khamir 

Port 
-0.185 4.578 4.763 

Persian 

Gulf 

(PG) 

North-

East 

St. 9 Lengeh 

Port 
0.011 2.629 2.618 

St. 10 Charak 

Port 
0.107 2.200 2.093 

St. 11 Lavan 0.047 1.744 1.697 

St. 12 Taheri -0.027 1.953 1.98 

North-

West 

St. 13 Ameri 

Port 
0.285 2.264 1.979 

St. 14 Bushehr 0.133 2.214 2.081 
St. 15 Genaveh 

Port 
0.303 2.701 2.398 

St. 16 Butaheri -0.039 3.313 3.352 
St. 17 Emam 

Khomeini Port 
-0.176 4.975 5.151 

 
Figure 2. The Mean Level of each Station (January 1, 2014 to 

December 31, 2018) calculated by tidal data [58].  

 

 
Figure 3. Tides in January 1, 2018 to January 31, 2018. The tide information was achieved by [58], with 30 minutes’ interval.  
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The results of a one-year (2018) t-tide analysis from the 

Iran National Cartographic Center, Water Management 

and Tidal Affairs [58] and the predicted t-tide [69] tides 

by 61 tidal constituents have been prepared for seven 

random stations (Chabahar, Larak, Khamir Port, 

Lengeh Port, Taheri, Bushehr and Emam Khomaine 

Port) located on OG, SH and PG on Figure 4. It is 

obvious that the two-time series (the original time 

series and the predicted one by 61 constituents) have 

small differences. 

 
Figure 4. The original (blue) and predictional (green) tidal amplitudes (in meters) and their differences (origin-prediction) (black) for 

Chabahar (located on OG), Larak and Khamir Port (located on SH), Lengeh Port and Taheri (located on the northeast of PG), Bushehr 

and Emam Khomaine Port (located on the northwest of PG) for 2018.  
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The difference between the actual tide and the 

predicted tide in all stations is less than 0.2 meters. This 

difference is even less than 0.1 meters in stations like 

Lark, Langeh Port, Taheri and Bushehr. Comparing 

Figure 2 and Figure 4 shows that the water level of 

these stations are insignificant. In a station like Emam 

Khomeini Port, which has a significant tidal range, the 

predicted tide with 61 components has a significant 

error, and therefore, more components should be 

considered in the construction of Emam Khomeini 

tides especially in spring tides. 

 3.2. The tidal constituents 

Amplitude of each tidal constituent are provided on 

Figure 5. The important point of Figure 5 is the 

discreteness of the frequency of the components, which 

is acceptable in the characteristics of tides.

 
Figure 5. The predicted components of the selected station for Chabahar (located on OG), Larak and Khamir Port (located on SH), 

Lengeh Port and Taheri (located on the northeast of PG), Bushehr and Emam Khomaine Port (located on the northwest of PG) by t-

tide library for 2018.   
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By the comparison of stations, it can be clearly seen 

that the tidal components in different stations do not 

have the same values and their types may also differ 

from one station to another. The main components (K1, 

O1, P1, M2, S2, and N2) with a frequency less than 0.1 

cph in all stations are of the order greater than 10-2 m. 

Components with a frequency of more than 0.2 cph are 

variable in each station and some components may not 

be seen in some stations in even the order less than 10-

2 m. 

Table 4 shows the first ten tidal components at each 

station. It can be seen that the tidal components M2, S2, 

K1, and O1 are the top four components in ten stations. 

There are also seven exception stations that are related 

to SH and PG. In the Bandzak, Shahid Rajaei Port, Pol 

Port and Khmir Port stations on SH, the O1 component 

is less important than the N2 component, and N2 

occupies the fourth rank in the components. In the 

northeast of the PG, the N2 component reaches the third 

level of importance at Taheri station. In the northwest 

of PG, in Emam Khomeini Port station (station 17), the 

N2 component has the fourth position and the O1 

component has the fifth position. In Butahari port 

(station 16), component S2 ranks fifth, and components 

M2, K1, O1, and N2 occupy the positions of the first to 

fourth ranks, respectively.  
These exception stations go back to SH and northwest 

of PG, which shows the importance of the bending of 

SH and the shallowing of the northwest of PG. Emami 

et al., (2019) showed that the shape of the coastline is 

effective in the tidal pattern [86]. This study confirm 

that the type of tidal component is different, especially 

in SH because of its bend which is in agreement with 

[87]. 

From the fifth to the tenth component, there are many 

changes in the type of important components’ rank 

(Table 4). The top ten components of stations include 

21 components in total. If we consider these 21 

components, the importance of the components 

changes again.  

Figure 6 shows the classification of stations according 

to the region and type of importance. It can be seen that 

some of the components are not prioritized in some 

stations, so the investigation of one station can be 

different from another station and cannot be 

generalized. 
In many ports of the world, the tide is non-linear and 

many other components of the tide become important. 

On the head of PG, it can be seen that the tidal waves 

in Emam Khomeini port (Station 17) are very sharp 

(Table 3 and Figure 6) due to the shallowing of the area 

and after the M2 and K1 components, the semi-diurnal 

S2 and N2 components are stronger than the diurnal 

components of O1 and P1 (Table 4). Other components 

of the order of seven to ten are also semidiurnal or 

quarterdiurnal. In extreme cases, the incoming waves 

steepens so much the leading edge is nearly vertical, 

and the wave propagates as solitary wave and can form 

a tidal bore. These tides steepen and become non-

linear. 

The calculated t-tide amplitudes of four major 

semidiurnal (M2, S2) and diurnal (O1, K1) constituents 

(as reported by [1, 21-22]) is shown on Figure 6. At 

some stations (Bandzak, Shahid Rajaei Port, Pol Port, 

Khamir Port, Taheri, Ameri Port, Bushehr, Butaheri 

and Emam Khomeini Port), one of these constituents is 

missing as the four top tidal constituents. 
 

3.3. F factor 

Figure 7 also shows the form factor, F, according to Eq. 

2, for the stations. The comparison of Table 2 and 

Figure 7 clearly shows that in no station the F factor is 

greater than 1.5 m and none of them are less than 0.25, 

therefore, therefore, all the studied stations on Iranian 

coasts are mainly mixed semidiurnal tides. 

 

  
Table 4. The first 10 top tidal constituents achieved by the tidal analysis of 2018 for stations by at-tide along the north coasts of OG, 

SH and PG 

Basin No. Stations Names 
Order of Importance 

1 2 3 4 5 6 7 8 9 10 

Oman Gulf (OG) 
1 Chabahar M2 K1 S2 O1 N2 P1 K2 Q1 SSA NU2 

2 Konarak M2 K1 S2 O1 N2 P1 K2 NO1 Q1 MU2 

Strait of Hormuz (SH) 

3 Bandzak M2 K1 S2 N2 O1 P1 K2 MU2 ETA2 Q1 

4 Larak M2 K1 S2 O1 N2 P1 K2 Q1 MM M4 

5 Bahman Port M2 K1 S2 O1 N2 P1 J1 K2 Q1 MSF 

6 Shahid Rajaee Port M2 S2 K1 N2 O1 P1 K2 NU2 Q1 L2 

7 Pol Port M2 K1 S2 N2 O1 P1 K2 MK3 M4 Q1 

8 Khamir Port M2 S2 K1 N2 O1 P1 K2 MK3 M4 MS4 

Persian 

Gulf (PG) 

North 

East 

9 Lengeh Port M2 K1 O1 S2 N2 P1 K2 Q1 MSF L2 

10 Charak Port M2 K1 O1 S2 N2 P1 MSF NO1 Q1 K2 

11 Lavan M2 K1 O1 S2 P1 N2 K2 MSF Q1 NO1 

12 Taheri M2 K1 N2 S2 O1 P1 L2 MSF K2 MM 

North 

West 

13 Ameri Port M2 K1 O1 S2 P1 N2 MSF Q1 K2 OO1 

14 Bushehr M2 K1 O1 S2 P1 N2 K2 Q1 SSA OO1 

15 Genaveh Port M2 K1 O1 S2 P1 N2 NO1 MSF K2 MK3 

16 Butaheri M2 K1 O1 N2 S2 P1 MSF MM Q1 MK3 

17 Emam Khomeini Port M2 K1 S2 N2 O1 P1 M4 K2 L2 MS4 
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Figure 6. The amplitudes (in meters) of the first major tidal constituents achieved by the analysis of 2018 data of t-tide for all stations. 

  

 
Figure 7. (Left axis:) The tidal calculated amplitudes of four 

major semidiurnal (M2, S2) and diurnal (O1, K1) constituents as 

reported by different researches [1, 21-22] by t-tide. (Right 

axis:) The form factor, F, (Eq. 2), calculated by M2, S2, O1 and 

K1 without consideration the rank of importance of that tidal 

constituents.  

 

5. Conclusions  
The body forces act directly on deep oceanic waters, 

but not directly in coastal regions. In open ocean, the 

tidal range is less than one meter. At the entrance 

opening of special points such as gently sloping 

surfaces, funnel-like or chimney-like surfaces is higher 

due to the reflection of the wave and its Refraction. The 

tidal range can be enhanced in funnel-like or chimney-

like surfaces due to the shape of the coastline and the 

narrowness of the entrance opening. In this study, two 

areas with different appearances have been examined 

via tides. Persian Gulf (PG) connects Oman Gulf (OG) 

through the Strait of Hormuz (SH) as a narrow funnel-

like shape. 

Results show that the range and components of 

harmonic astronomical components are strongly 

influenced by local geography especially on SH and 

PG. On the head of PG, tides are strong because tides 

propagate into very shallow water e.g. river estuary. 

Tides steepen and become non-linear. Emam 

Khomainei Port is a good example of the shallow water 

condition because of the estuary of Khur-e-Mousa. 

Semidiurnal tides are very important components on 

this station. 
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Contrary to the studies mentioned four important tidal 

components are M2, S2, K1 and O1 on PG, this study 

clearly showed that in the stations like Bandazk, Shahid 

Rajaee Port, Pol Port, Khamir Port, Taheri, and Imam 

Khomeini Port, the N2 component is more important 

than the O1 component. Except for the M2 component, 

which is the most important component of all studied 

area, the order of importance of other components 

changes on the stations. This issue is related to the 

geographical changes of the region in terms of 

appearance shape or depth. Further studies regarding 

the wave reflection by the coastline which is effective 

in increasing the range, or the rotation of the tidal 

waves in the mouth of the strait which increases the 

energy of the tidal wave, or atmospheric effects such as 

wind, pressure and precipitation is recommended. 
 

List of Major Symbols 

F  Form Factor  

1K  Lunar-Solar, diurnal  

2K  Lunar-Solar, semidiurnal 

2M  Main Lunar, semidiurnal  

2N  Lunar elliptic, semidiurnal  

1O  Main Lunar, diurnal  

1P  Main Solar, diurnal  

2S  Main Solar, semidiurnal 
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