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Wind waves are one of the most important phenomena that should be considered in 

coastal and offshore activities. They have many effects on coastal environments such 

as wave-induced erosion, sediment and pollution transport and even in the worst cases 

destruction the marine ecosystems. Therefore, knowing the wave characteristics is 

very important for environmental research. In this paper, the accuracy of CEM semi-

empirical method in forecasting the wind-induced waves characteristics in the Strait 

of Hormuz (SOH) have been studied. Initially, the characteristics of the waves have 

been calculated by employing the CEM based on wind data from local synoptic 

stations. Then, the evaluating process have been done by comparing the forecasting 

values (wave heights and periods) of this method with same recorded value of wave 

buoys in the SOH. According to the performed study, the accuracy of semi-empirical 

method in forecasting wave characteristics were in close agreement with 

measurements values and the SMB method is suitable for determining the wave 

characteristics in this area. The results show that there is a good correlation coefficient 

between observations and forecasting data in the CEM and the CEM method has a 

very small bias error. So, this method is suitable for determination the wave 

characteristics in this area. 
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1. Introduction
Knowledge of the characteristics of wind-induced

waves is one of the most important issue for every

environmental activity on the coast, both in the land

and in Water. Damages caused by the waves are as

deforming the coasts by erosion, sediment transport

and causing changes in natural ecosystems. Since

practically the continues monitoring and complete

coverage of coasts are generally limited due to the huge

costs, a compatible method for determining the wave

characteristics is required to ensuring the prosperity of

an environmental monitoring system. In order to

calculate the waves characteristic, many semi-

empirical methods such as SMB  [1] ,CEM  [2] and

SPM  [3], numerical models such as Mike

21[4],Wavewatch [5], SWAN [6] and WAM [7] and

soft computation methods such as ANN [8], Regression

tree[9], fuzzy inference system [10,11] and genetic

algorithm [12] have been employed.

Considering the SOH as a habitat for mangrove forests

and the presence of environmentally sensitive areas in

this area and the impact of sea waves on these

environments, accurate knowledge of wave

characteristics is very important and very essential for

marine researchers. Because of the lake of long-term

field wave data and the high cost of field

measurements, using the numerical methods and 

experimental models is preferred to obtain the wave 

characteristics. Semi-empirical methods because of 

their simplicity and low cost, the coastal engineers and 

marine institutions generally use these methods. 

Previously many wave studies in different Iranian 

coastal regions by using various methods have been 

done [13-16]. In this paper, one of the best significant 

semi-empirical methods in calculation the wave 

characteristics known as the CEM has been used to 

forecast wave characteristics in the SOH. 

2. Materials and Methods
2.1. Study area

The SOH as a connectional canal connects the 

Persian Gulf to the Oman Sea have been located 

between 24-28˚ N in latitude and 51-56˚ E in longitude 

(Fig.1). This narrow marine gate with 280 km east-west 

length and 56 km north-south width is one of the most 

important waterways in the world. Its depth varies 

between 40m near the Iranian coasts on the north to 

200m near the Omani coasts on the Musandam 

Peninsula on the south [17]. Approximately 90% of the 

Persian Gulf oil or on the other hand 40% world’s oil 

exports through this waterway [18,19].  
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Figure 1. Bathymetry and neighboring regions of SOH 

2.2. CEM method 

The semi-empirical method CEM is the newest 

method in wave prediction. In this method the length of 

fetch in a given direction is determined with plotting 

through 30 radii (with intervals of 1 Degree) on both 

sides of the wind direction of blowing from the studied 

point to the first point of intersection with the coastline 

[20]. The mean value of these radii is the fetch length.  

In semi-empirical methods, wave height and period 

are calculated based on wind speed, fetch length and 

wind duration. To determine the wind duration, we 

used definition of constant wind. In this method the 

continuity time of wind in the ith-hour is equal to the 

number of preceding consecutive and acceptable 

previous hours that should satisfy the following 

circumstances: 

|𝑈𝑖 − 𝑈̅| < 2.5 𝑚/𝑠 (1) 

|𝐷𝑖 − 𝐷̅| < 150 (2) 

𝑈̅ and 𝐷̅ are the mean of preceding consecutive and 

acceptable hourly wind speed and direction, 

respectively. Ui and Di are the speed and direction of 

the wind in the ith hour of the data. The minimum wind 

duration is computed as follows: 

𝑡𝑚𝑖𝑛 = 77.23
𝐹0.67

𝑈10
0.34𝑔0.33 (3) 

in which F is the fetch length in meters, U10 is the 

wind speed at a height of 10 meters from the sea surface 

in meters per second.  

For the fetch limited case, the non-dimensional 

forecast equations for significant wave height and peak 

period are defined as: 

𝐻𝑠 = 4.13 × 10−2 × √
𝑈∗

2𝐹

𝑔
(4) 

𝑇𝑝 =
1

2.727
(

𝑈∗𝐹

𝑔2 )1/3 (5) 

Where U* is the shear velocity and estimated from 

the following equation: 

𝑈∗ = 𝑈10(𝐶𝑑)0.5 (6) 

where Cd is the wind drag coefficient, which is 

calculated as: 

𝐶𝑑 = 0.001(1.1 + 0.035𝑈10) (7) 

But if the wind duration was not greater than the 

minimum necessary duration, the duration limited 

condition is considered and the equivalent fetch length, 

significant wave height and peak period are computed 

as below: 

𝑔𝐹

𝑈∗
2 = 5.23 × 10−3(

𝑔𝑡

𝑈∗
2)1.5 (8) 

𝐻𝑠 = 2.115 × 102 × √
𝑈∗

2

𝑔
(9) 

𝑇𝑝 = 2.398 × (
𝑈∗

𝑔
) (10) 

2.3. Wind and wave data 

In this study the required wind speed data for 

forecasting wave height and period in given area were 

gathered from European Centre for Medium-Range 

Weather Forecast (ECMWF) database. These data 

consist of two wind components (u and v) have 

0.25*0.25 and 6-hour interval spatial and temporal 

resolution, respectively.  Before applying the coastal 

area wind data in CEM equations, the correction was 

carried out by the nearest coastal wind measurement 

synoptic station (Qeshm Island) (Figure 2). 

The wave information including significant wave 

height and mean wave period were gathered from wave 

buoy near the northern coast of SOH from 1 July 2002 

until 31 August 2002. These data include 1536 discrete 

records.  This Buoy was located by the consultant 

engineering corporation in the longitude of 55.550 east 

and the latitude of 26.60 north (Figure 2). 

Figure 2. Strait of Hormuz. wave buoy location (black dot), 

nearest synoptic station (red star). 

In this study, in order to evaluating the accuracy of 

the CEM method and comparing the results of the 

forecasted wave height with the measurement values, 
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statistical parameters such as the scatter index (SI), 

correlation coefficient (CC), root mean square error 

(RMSE) and bias (Bias) were used as follows: 

𝐵𝑖𝑎𝑠 = 𝑥̅ − 𝑦̅   (11) 

𝐶𝐶 =
∑ ((𝑥𝑖−𝑥̅)×(𝑦𝑖−𝑦̅))𝑛

𝑖=1

√∑ (𝑥𝑖−𝑥̅)2𝑛
𝑖=1 ∑ (𝑦𝑖−𝑦̅)2𝑛

𝑖=1

(12) 

RMSE = √
∑ (𝑥𝑖−𝑦𝑖)2

𝑖

𝑛
(13) 

𝑆𝐼 =
√

1

𝑛
∑ (𝑥𝑖−𝑦𝑖)2

𝑖

𝑥̅
(14) 

Where x, y and n are the observed parameter, the 

forecasted parameters and the number of observed, 

respectively.  

3. Results and Discussion
In this study, the capabilities of semi-empirical wave

forecasting method CEM in forecasting the wave 

characteristics in the Strait of Hormuz was examined. 

For this purpose, the scatter plots and time series plots 

of wave height, wave period and wave direction of 

CEM and buoy for comparison between them are 

showed in figures 3,4. Also, four statistical error 

parameters based on 11-14 equations were computed in 

order to assess the quantity comparisons between of 

two data sources (CEM and buoy). 

Figure 3. Scatter plot comparison of wave height(up) and 

wave period(down) from Buoy and CEM 

As seen from figure 3, wave height Scatter plot presents a 

good agreement between the CEM method data and buoy 

data and the correlation coefficient is %65 for this wave 

parameter. But for wave period this correlation is not seen as 

good as wave height and correlation coefficient is %25. The 

CEM method underestimated both two wave characteristics 

at SOH region. The bias values are -0.25m and -1.04s for 

wave height and period, respectively. Also, the CEM wave 

height forecasting has the lower RMSE value (0.43m) than 

wave period RMSE (2.25s). 

Figure 4. Time series comparison of wave height from Buoy 

and CEM  

Generally, the forecasted and field measured time 

series of wave height matches but buoy data shows a 

slight underestimation of this parameter (Fig. 4). 

In order to check correctly the directions of the 

forecasts Wave by semi-empirical methods, the wave 

roses of SOH buoy and CEM method in time study are 

presented in Fig. 5.  

Fig. 5. Wave roses from buoy data(up) and CEM (down) 

By comparing the wave roses of the CEM and observed 

data as shown in Fig. 5, although the two wave roses are in 

good agreement in terms of overall shape and dominant wave 

directions, but they differ in terms of the frequency of waves 

occurring in different directions. As can be seen in Fig. 5, the 

first dominant wave direction is at the northwest direction 

whose abundances are %65 and %48 for CEM and buoy rose 

waves, respectively. However, CEM wind rose shows lower 

value in high speed winds than buoy wave rose. It is worth 

noting that the difference between two wave roses in calm 

conditions reaches to its maximum value of %3. The reason 

of this difference is that when the wind speed is zero, the 
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semi-empirical methods estimate the wave height equal to 

zero. 

For quantitation the CEM model performance the model 

wave height and period results were comprised with the same 

local buoy data by calculating the statistical parameters 

which are presented in table 1.  

Table 1. wave characteristics error forecasting by CEM 

statistical parameters 
Wave 

Height(m) 

Wave 

Period(s) 

Bias -0.25 -1.04

Correlation Coefficient 

(%) 
65 25 

Root Mean Square Error 0.43 2.25 

Scatter Index (%) 66 45 

4. Conclusions
In the present study, firstly, the characteristics of the

waves in Strait of Hormuz forecasted using semi-

empirical method CEM and then by comparison 

between the forecasted value and observed data from 

local buoy, the errors of this method were determined. 

The most important results of this study are as follows: 

• The CEM method underestimated the wave height

and period forecasting in this area.

• By comparison the CEM and buoy wave roses it

was showed that the prevailing forecasted wave

direction by CEM is in northwest direction in this

area in which has a good agreement with buoy

data.

• The correlation between the forecasted wave

height and observed data was better than the wave

period.

• According to the results it seems that the main

cause of the error of the semi-empirical method in

this region is inappropriate wind input data due to

lack of required information in the desired area.

• Due to the error generated by semi-empirical

method, CEM is not a suitable method for

determining the wave period in this area.
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