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Abstract 
With the increasing demand for accurate storm surge predictions in coastal regions, there is 

an urgent need to select the most accurate wind field product to use in hydrodynamic 

prediction models. In this study, the responses of a coastal and ocean circulation model 

(FVCOM) to four  wind products, QuikSCAT, ECMWF ERA-Interim, GFS, and CCMP, 

were evaluated. Simulations of water level fluctuation with the mentioned wind forcings were 

compared with the tide gauge observations in the northern part of the Persian Gulf. The 

results show that using GFS wind field, which is a global numerical weather prediction 

model, produce better results compared with using other wind data sets. Although the result 

shows competitive improvement of the storm surge prediction between GFS and CCMP 

forced model, the former one excels the results almost in all stations. Root mean square error 

parameter of GFS forced-model for Kangan tide gauge station is 0.80 compared with those of 

QuikSCAT, ECMWF, and CCMP which are 0.64, 0.73, and 0.79, respectively.  
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1. Introduction 

Surface wind field is one of the most important surface boundary forcings for hydrodynamic 

models. Quality and accuracy of wind field could affect the performance of models which 

predicts water level fluctuations. The most accurate wind data is direct observations using 

buoy and meteorology stations. However, these kinds of measurement are sparse in marine 

environments. Hence, the use of numerical weather predictions and/or remote sensing 

observations is inevitable. There are several gridded global wind field, satellite observations, 

and blended products with different spatial and temporal resolution. For any hydrodynamic 

application, such as storm surge prediction, one should test their availability and accuracy in 

the study area and check if they could successfully resolve the orography, dominant wind 

direction and air pressure gradients of the region. Ruti et. al. [1] made a comparison between 

analyzed wind products, such as ECMWF and NCEP; and wind vectors obtained from 

QuikSCAT as well as direct buoy-mounted anenometers measurements. In this study, the 

inter comparison over the period 2000-2005 over Mediterranean sea demonstrated that the 

spatial resolution of the data sets represents one of the main relevant sources of errors in the 

analyzed wind fields. Furthermore, they confirmed that blending QuikSCAT wind data and 

reanalysis products could largely improve the accuracy of the wind field. They claimed that 

QuikSCAT data set has low accuracy in winds having less than 5 m s-1, which is a well 

known problem of scatterometers sensors. Agarwal et al. [2] studied on the relative 

performance of the QuikSCAT and NCEP/NCAR re-analysis wind through simulation by an 

ocean general circulation model in the tropical Indian Ocean. They showed that the sea-level 

anomaly simulated by QuikSCAT has less root mean square error and higher correlation with 

Topex/Poseidon sea level anomaly observations than the results obtained from NCEP wind 

field. Weller and Anderson [3] compared buoy and ECMWF analyzed wind field and showed 

that the latter one underestimates the wind speed in the tropical Pacific Ocean. However in 

another study Weller et al. [4] showed that ECMWF provides realistic winds when compared 

to in-situ time series measured near the coasts of Oman Sea. Another investigation conducted 

by Pinardi et al. [5] showed that ECMWF analysis underestimates strong winds and 

overestimates low winds less than 4 m s-1. This project was conducted in the framework of 

the Mediterranean Forecasting System Toward Environmental Prediction (MFSTEP). 

Comparison between QuikSCAT and buoy wind data in another region of Mediterranean Sea 

is reported by Pensieri et al. [6]. This study confirms that QuikSCAT wind field satisfy the 

accuracy requirements for high speed winds, but underestimates low winds. In addition, as 
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the satellite passes over the sea only twice a day and data are sometimes taken under rainy 

condition, the measure wind speeds of less than 3 m s-1 are not reliable. Hence, there is an 

obligation to use a reference true wind over the sea for local simulations. In the most recent 

work, Carvalho et al. [7] compared CCMP (cross-calibrated multi-paltform), QuikSCAT and 

buoy wind along the Iberian Peninsula coast and proved that CCMP yields best results for 

wind speed and direction variability. They advised CCMP wind field for offshore wind 

energy and numerical applications. 

One of the pioneer researches on the Persian Gulf storm surge goes back to 1989 when El 

Sabh and Murty [8] investigated the effect of extratropical cyclones on the water level 

fluctuation of the region. They believed that strong northern winds coupled with topography 

and tidal effects can raise water level deviations of several meters such as the storm surges 

observed in January of 1973 which showed negative surges between 0.5 to 1.0 meter through 

the Gulf. Extreme water level of the Persian Gulf is studied by Sproson [9] in the framework 

of PERGOS project. He estimated the total extreme water level induced by surge and wave 

height using some statistical methods which consider the lag between peak wave and surge 

events. The input wind data was 103 historical storms occurred between 1961 and 2002. 

The purpose of this study was to evaluate four different wind products including QuikSCAT, 

ECMWF, GFS, and CCMP using FVCOM numerical model. In these simulations, the water 

level fluctuations induced by tide and storm surge under the mentioned wind fields are 

compared with observed water levels through the Persian Gulf. The relative performance of 

each model was estimated by some statistical parameters to introduce the most accurate wind 

field. 

   

2 Methods 

2.1 Study area 

The Persian Gulf is located in western Asia between Iran (Persia) and the Arabian Peninsula. 

This inland sea of some 251,000 square kilometers is connected to the Gulf of Oman in the 

east by the Strait of Hormuz. The length of Persian Gulf is about 990 kilometers and its width 

is between 56 km in the Strait of Hormuz and about 370 km in the middle parts. Maximum 

depth in the Gulf is 90 meter, except in the Straits of Hormuz where depths in excess of 100 

meter are found [10]. The Gulf is mainly influenced by extra-tropical weather systems, 
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whereas the region east of the Strait of Hormoz is affected by tropical cyclones. The 

dominant wind regime in the gulf is Shamal wind, a northwesterly wind, which occur mostly 

in winter (November to March) and summer (June to August). The onset and the strength of 

Shamal wind vary depending on the dynamic interaction of upper air streams and distribution 

of lower troposphere pressure zones. The wind speeds can reach up to 20 m s-1 and this can 

easily generate surface waves as high as 3.0 to 4.0 meter in the Persian Gulf and up to 1 

meter positive and negative storm surge [8]. Similar to tropical cyclones, extra-tropical 

storms cause an offshore rise and fall of water level. However, unlike most tropical cyclone 

storm surge, extra-tropical storms can cause higher water levels across a large area for longer 

periods of time, depending on the system. Due to presence of shallow areas in the Persian 

Gulf, if the negative water levels is severe enough, ship berthed in harbors or those who are 

passing through fairway canals may beach on the coast. Examples of these shallow areas are 

Khur-e Musa in the north eastern part of the Gulf and Bushehr ship navigation canal in the 

northern section. 

 

2.2. Data Sources 

The required data could be divided into three categories. Bathymetry information, water level 

records and wind fields. Accurate bathymetric data is a necessary component to any 

hydrodynamic model. In order to provide Persian Gulf bathymetry information, ETOPO1 

data set with 1-minute spatial resolution was used [11]. Besides some precise marine charts 

which are published by National Cartography Center of Iran (NCCI) were employed. In 

addition some local hydrographic surveys of domestic ports are gathered and put into the 

model. The generated bathymetry map is shown on Fig. 1. 

Water level records near some of major coastal infrastructures were acquired from NCCI. 

This information belongs to Imam-Hasan, Kangan, and Bushehr ports (Fig. 1). Semi-diurnal 

tide is dominant in these regions. Temporal resolution of these mechanical tide gauge records 

is 30 minutes. The locations of the water level stations were selected in a way to have 

uniform spatial distribution along the northern coast of the Persian Gulf. 

The last used data set was the wind field. According to the methodology of this study which 

will be described in the next section, four different data sets were used: Satellite QuikSCAT 

wind field, ECMWF ERA-Interim global weather model, Global Forecast System (GFS), and 

CCMP combined satellite wind field.  
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QuikSCAT satellite is launched into space in 1999 to record world ocean 10-m sea surface 

wind vectors. Spatial and temporal coverage of this data set is 0.25 degree and 12 hours 

respectively. Gridded QuikSCAT level 3 which are prepared for academic and engineering 

researches are obtained from JPL NASA website. The QuikSCAT mission is finished in 2009 

[12]. 

The ERA-Interim ECMWF wind field is published by European Center of Middle-Range 

Weather Forecasting [13]. This reanalysis data set is a replacement for ERA-40 wind field. 

The temporal coverage of this data is from 1989 till now. Spatial and temporal resolution of 

10-m wind data set is 0.75 degree and 6 hours, respectively. 

Cross-Calibrated Multi Platform (CCMP) data set is developed based on different satellite 

observations including SSM/I, AMSRE, TRMM TMI, QuikSCAT, etc [14]. These remote 

sensing data sets are merged by an advanced variational data assimilation methods. In this 

method, a first-guess of wind field should be introduced into the model which is ECMWF 

operational wind field. The spatial and temporal resolutions of data are 0.25 degree and 6 

hours, respectively and cover a span of 25 years (1987-2011). These data are reported at 10 

meter height from the sea level. 

The Global Forecast System (GFS) is a weather forecast model produced by the National 

Centers for Environmental Prediction (NCEP). But this data set also contains analysis fields 

for some variables such as wind speed components in different heights. The GFS model is a 

coupled model, composed of four separate models (an atmosphere model, an ocean model, a 

land/soil model, and a sea ice model), which work together to provide an accurate picture of 

weather conditions. The entire globe is covered by the GFS at a base horizontal resolution of 

0.5 degree. These analyses are available every 6 hours from 2004 till now. 

2.3. Methodology 

The goal of this study is to identify and introduce the most suitable wind field for simulation 

of storm surges in the Persian Gulf. The storm surge in combination with tide could have 

disastrous effect on coastal areas.  

Previous researches on the wave and storm surge modeling of Persian Gulf employed either a 

uniform wind over the whole domain [15] or a non-uniform coarse wind field of ECMWF on 

the Gulf [16, 17]. Regarding the advances in the wind observations by means of satellites, it 

is tried to introduce the most precise wind field for the study’s purposes.  
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As mentioned before, four wind sources used in this study which are QuikSCAT, ECMWF, 

GFS, and CCMP. Satellites usually cannot capture wind components near land-sea interface 

precisely. This is not seen in global numerical weather models i.e. ECMWF, and GFS which 

have wind data on both lands and world oceans. However, observation records are always 

more accurate than model prediction values. In the recent years, by increasing the number of 

launched satellites, some organizations like NASA combined the observations of different 

satellites together to overcome lags in data acquisition of each of single missions. The lags 

are due to some reasons such as cloud coverage of sky, long time interval between 

consecutive satellite passes, long distance between paths of satellites, etc. Moreover, some 

model predictions results are employed to cover lags in the observations. The CCMP product 

is generated in this way, but is not yet evaluated for the Persian Gulf region. If the likely 

preference of a wind data set is proved for Persian Gulf, future studies could be implemented 

using the selected wind field. 

In this study, an appropriate numerical model which is capable of modeling tide and storm 

surge was selected. In order to simulate the mentioned phenomenon, boundary conditions of 

the model and water surface forcing of the domain should be introduced. For the latter one, 

the wind field components from different data sets need to be selected. The boundary 

condition in the narrowest region of the domain, i.e. Strait of Hormoz, was given as time 

series of water level fluctuation. Then the numerical model was setup to be verified by means 

of tide gauge measurements. 

3. Numerical modeling 

3.1. FVCOM hydrodynamic model 

FVCOM is a three-dimensional, unstructured-grid, finite-volume ocean model which solves 

momentum, continuity, temperature salinity, and density equations. This model is closed 

physically and mathematically using the Mellor and Yamada level 2.5 turbulent closure 

scheme for vertical mixing and the Smagorinsky turbulent closure scheme for horizontal 

mixing [18]. In addition, the irregular bottom topography is represented using σ-coordinate 

transformation. The initial development of FVCOM was started by a team effort at the 

University of Georgia. This model solves primitive equations in both Cartesian and Spherical 

coordinates. The momentum equations for Cartesian coordinate are shown in equations 1 and 

2. 
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Where x, y, and z are  the east, north and vertical axes in the Cartesian coordinate system; u, 

v, and w are velocity components; r is the density; P is the pressure; f is the coriolis 

parameter; Km is the vertical eddy viscosity coefficient and Fu and Fv represent the 

horizontal momentum terms.The current version, 2.7.1, consists of five modules of physical 

part (to solve advection and diffusion equations), biological, sediment, particle tracking, and 

ice formation module.  

3.2. Model setup 

In this study, FVCOM numerical model was used in three-dimensional Spherical mode. The 

simulation time step was selected as 12.5 seconds and whole simulation period was from 1 

December 2008 till 31 January 2009 to include at least two neap and spring tides. The 

Coriolis Effect was considered in the model runs. Open boundary condition at Hormoz Strait 

was obtained from TPXO 7.1 ocean tide model. In the recent years, scientists use different 

assimilated ocean tide models such as NAO, FES, TPXO, and etc. to introduce tidal 

fluctuations to their hydrodynamic simulations. These models solve the hydrodynamic 

equations all over the oceans and then combine the results with both altimetry satellite water 

level observations and tide gauge records using data assimilation methods. TPXO 7.1 is one 

of the most recent versions of global tide solution developed by Egbert et al. [19, 20] using 

the inverse scheme OTIS (Oregon State University Tidal Inversion Software) to assimilate 

observation data to the hydrodynamic equations by the representer approach. The tide is 

provided as amplitudes of earth relative sea surface elevation for eight primary (M2, S2, N2, 

K2, K1, O1, P1, and Q1 and two long-period (Mf and Mm) harmonic constituents on a 0.25 

deg by 0.25 deg full global grid. In the previous hydrodynamic models of Persian Gulf [21], 

predicted tidal elevation of one point at Hormoz Strait has been employed as the open 

boundary condition. In that method, surface elevation is assumed to be constant along the 

strait and amplitude and phase differences between north and south of the strait were ignored, 

which is not realistic. In this study, the mentioned method is replaced by applying different 

tide amplitudes and phases along the strait which are obtained from TPXO7.1 package of 

harmonic constituents.  
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In order to evaluate the performance of using both boundary condition types, a sensitivity 

analysis was conducted over a period of two weeks which includes both neap and spring 

tides. One of these simulations was forced by wind over the Gulf and a constant tidal 

constituents along Hormoz Strait open boundary which were provided by NCCI. The other 

simulation has employed the same wind forcing and TPXO tidal constituents which vary 

along the open boundary. The former boundary condition consists of four main tidal 

constituents (M2, S2, K1, and O1) and the latter one consists of ten tidal constituents (M2, 

S2, N2, K2, K1, O1, P1, Q1, Mf, and Mm). The water level results showed that the TPXO 

forced model performs better compared with NCCI forced model. The correlation coefficient 

of the latter one in Kangan station was 0.81 which is less than the parameter for the former 

one, 0.91. Moreover in Bushehr station, the NCCI forced model had a correlation coefficient 

of 0.84 compared with that of TPXO forced model (0.90).  The better performance of TPXO 

forced model could be also concluded from the water level bias parameter at Buhshehr 

staiton,  0.27 m for TPXO forced model compared with 0.32 m for NCCI forced model. 

Furthermore, for the mesh generation of the study domain, the two-dimensional quality mesh 

generator of EasyMesh ver. 1.4 was used [22]. The main features of EasyMesh are generation 

of two dimensional, unstructured, Delaunay and constrained Delaunay triangulations and 

performing Laplacian smoothing. The unstructured grid for Persian Gulf consists of 16806 

elements and 9379 nodes (Fig. 2). This grid represents finer elements near the coastline and 

around islands which are approximately about 500 meters. 

4.   Results and discussion 

After conducting sensitivity analysis of the physical and computational parameters of the 

model, it was found that the hydrodynamic condition of the region depends highly on bed 

roughness height. Therefore, the model was calibrated by tuning the mentioned parameter 

and the value of 0.001 meter was selected. By simulation of water level fluctuation in the 

whole domain during two months, the results were extracted in three locations in which tide 

observation data were available. These stations were Bushehr, Imam Hasan, and Kangan. The 

time series of water levels under different wind fields are presented in Fig. 3 to Fig. 5. 

In order to have a quantitative comparison, the following error measures were calculated: root 

mean square error, bias, correlation coefficient, and model skill, as described below: 

( )21 ∑ −= mp XX
N

RMSE          (3) 
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In which, N represents number of the data points, Xp and Xm are predicted and observed water 

levels and mX  and pX are the mean value of observations and model results, respectively.  

The modelled time series of water level show more or less the same trend following the 

measured one. The modelling results showed that the skill factors of Kangan water level 

using CCMP, ECMWF, GFS, and QuikSCAT forcings are 0.917, 0.914, 0.918, and 0.915 

respectively. Furthermore the correlation coefficients of Kangan water levels for the 

mentioned wind forcings are 0.925, 0.921, 0.926, and 0.921, respectively. It is worth 

mentioning that the statistical parameters are calculated for overall water level which is the 

sum of tide and storm surge. Due to geographical location of Persian Gulf and the wind 

regime of this region, the amplitude of tide is much higher than storm surge fluctuations and 

this will result to unrealistic statistical parameters. In order to overcome this problem, a 

harmonic analysis of predicted water levels was applied to the model results and the residual 

water levels, due to storm surge, were separated. Then statistical parameters were calculated 

for the time series of storm surge fluctuations. The table below shows the mentioned error 

measures. 

According to the above table, the accuracy metrics in the Kangan station show that the  skill 

of the model forced by GFS wind field is higher than others, which have greater difference 

compared with conditions that both tide and storm surge water levels were analysed 

statistically. This is the same in Bushehr and Imam-Hasan stations. In the latter station, the 

model skill of GFS, CCMP, ECMWF, and QuikSCAT forced model is 0.951, 0.947, 0.929, 

and 0.904. Besides the best root mean square error is obtained for GFS forced model with the 

value of 0.096 m and the worst one goes to QuikSCAT forced model with 0.124 m. 

Furthermore, the Q-Q plots of the modeled water results under different wind conditions are 

shown in Fig. 6 to Fig. 9. These plots are depicted for Bushehr tide gauge location. In these 

plots, the perfect line is shown by dashed line and the best fitted line is shown by the solid 

one.  
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It could be seen that the model underestimates positive storm surges and overestimates 

negative storm surges. The difference between  models’ output and observations is lower for 

GFS wind forcings compared with other wind data sources. This could be concluded from the 

slope of the regression line which is closer to one for GFS compared with CCMP, QuikSCAT 

and ECMWF. This slope that is the ratio of standard deviation of GFS forced model and 

observations is 0.63. This parameter is 0.60, 0.53 and 0.39 for CCMP, ECMWF and 

QuikSCAT forced model, respectively. Therefore, it could be concluded that GFS forced 

hydrodynamic model improves water level predictions in comparison with other wind 

models.  

As the CCMP wind field is a more recent assimilated product compared to GFS wind field, 

the reason of slight preference of the latter one should be investigated. The surface elevation 

boundary condition of all hydrodynamic simulations is the same and the only difference is 

just surface wind conditions over Persian Gulf. So the accuracy of the wind fields will be 

studied in this section. The methodology is to compare wind speeds of the mentioed wind 

field with wind speed observations in coastal areas of Persian Gulf. There are five 

meteorology stations’ records available in the Persian Gulf which had simultaneous data 

within the period of numerical modeling of this study. These stations have 3-hourly wind 

speed and direction data and have good spatial distribution over the Persian Gulf which is 

shown in figure 10. 

As it is shown, most stations are located on the northern coasts of the Persian Gulf where the 

tide-surge records were studied before.  All of these stations are located on the coastal cities 

which are not far from the shoreline. As the elevations of the meteorology stations are 

different from each other, the following equation is applied to the raw wind speed data in 

order to obtain wind speeds at 10 meter height above ground. It should be mentioned that all 

wind fields also provide wind speed data at 10 m height. 

7
1

10
10







⋅=

z
UU z            (7) 

Where U10 is 10-m wind speed and Uz is wind speed at height z above ground. 

The wind speeds at the location of meteorology stations are extracted from each of four wind 

fields introduced in this study including CCMP, ECMWF, QuikSCAT, and GFS. Then they 

are compared with observed wind speeds at the meteorology stations. The averages of 

statistical parameters for all these five stations are tabulated in table 2.  
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The statistical parameters for the wind speed comparison show that GFS wind field has a 

better similarity to the observations almost in all stations. The average of model skill of GFS 

wind field in these stations is 75.5 % which is 3 percent more than CCMP wind field. 

Furthermore,  the average of mean square error and correlation coefficient for all stations 

shows the same trend which is obvious preference of GFS wind field over the other ones. The 

model skill and root mean square error of each wind field for all the five stations is shown in 

figure 11 and 12. 

According to the above plot and table, lack of accuracy of QuikSCAT wind field is obvious 

in all meteorology stations. This would be due to the fact that QuikSCAT satellite has missed 

data in the coastal regions and at the time where cloud cover of the sky was high. 

Finally, GFS wind field can be suggested as the best wind field for further hydrodynamic and 

wave modeling of the Persian Gulf. Because it can produce higher quality storm surge water 

levels in the northern coastlines of the Gulf. It should be emphasized that even a minor 

positive storm surge, less than 1 meter, could result in vast inundation of the flat coastal areas 

around the study domain, especially in the southern and north western parts of Persian Gulf. 

5. Summary and Conclusion 

The objective of this study was to evaluate the impact of wind obtained from four different 

sources (QuikSCAT, ECMWF, GFS, and CCMP) on the water level fluctuation of the 

Persian Gulf. The results of FVCOM hydrodynamic model forced by the mentioned wind 

products were extracted in observation points. 

The model results of sea level fluctuation were compared with observed water levels obtained 

from tide gauges in three locations. The results show that GFS wind product could be a better 

forcing for simulation of storm surge in the Persian Gulf. As an example the model skill of 

predicted surge levels at Imam Hasan station were 0.904, 0.929, 0.847, and 0.951 for 

QuikSCAT, ECMWF, CCMP, and GFS, respectively. The lack of accuracy of QuikSCAT 

and other satellite missions could be due to sky cloudiness, orography effect, etc. ECMWF 

ERA-Interim which is the result of a numerical model also suffers from lack of accuracy in 

comparison with GFS wind field results. Cavaleri and Bertotti [23], Caires et al. [24] and 

Brenner et al. [25] showed the underestimation of the ECMWF wind fields. The CCMP is a 

new wind field product which has combined satellite measured records and background 

values of ECMWF wind field. In spite of the fact that CCMP is a more recent wind field than 

GFS, in this study it is shown that GFS could better matches with wind observations in the 
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selected meteorology stations around Persian Gulf. Overally, GFS showed its capability to 

mitigate some of QuikSCAT's known problems and those of ECMWF and CCMP data set. 

These features can introduce GFS an interesting ocean wind dataset for simulation of storm 

surge and wave predictions in the Persian Gulf.  
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Figure Captions 

Figure 1. Bathymetry of Persian Gulf and the location of tide gauges 

Figure 2. The computational domain for FVCOM hydrodynamic modeling 

Figure 3. Comparison between the observed and predicted water levels under different wind 

field forcing, Kangan station 
Figure 4. Comparison between the observed and predicted water levels under different wind 

field forcing, Bushehr station 
Figure 5. Comparison between the observed and predicted water levels under different wind 

field forcing, Imam Hasan station 

Figure 6. Q-Q plot of Bushehr storm surge observation vs. water level of QuikSCAT forced 

model 

Figure 7. Q-Q plot of Bushehr storm surge observation vs. water level of ECMWF forced 

model 

Figure 8. Q-Q plot of Bushehr storm surge observation vs. water level of CCMP forced 

model 

Figure 9. Q-Q plot of Bushehr storm surge observation vs. water level of GFS forced model 

Figure 10. Location of meteorology stations in the Persian Gulf 

Figure 11. Model skill of different wind fields in all meteorology stations 

Figure 12. Root mean square error of different wind fields in all meteorology stations 

 

Table Captions 

Table 1. Statistical parameters used for wind field assessments (during the modelling period, 

two months) 

Table 2. Average of statistical parameters for all wind fields 
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Figure 1. Bathymetry of Persian Gulf and the location of tide gauges 

  



18 
 

 

 

Figure 2. The computational domain for FVCOM hydrodynamic modeling 
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Figure 3. Comparison between the observed and predicted water levels using different wind forcing, 
Kangan station 
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Figure 4. Comparison between the observed and predicted water levels using different wind forcing, 
Bushehr station 
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Figure 5. Comparison between the observed and predicted water levels using different wind forcing, 
Imam Hasan station 
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Figure 6. Q-Q plot of Bushehr storm surge observation vs. water level of QuikSCAT forced model 

(red dots: quantile data, green line: regression line (y=0.39 x), blue line: ideal condition (y=x)) 
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Figure 7. Q-Q plot of Bushehr storm surge observation vs. water level of ECMWF forced model (red 

dots: quantile data, green line: regression line (y=0.53 x), blue line: ideal condition (y=x)) 
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Figure 8. Q-Q plot of Bushehr storm surge observation vs. water level of CCMP forced model (red 

dots: quantile data, green line: regression line (y=0.60 x), blue line: ideal condition (y=x)) 
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Figure 9. Q-Q plot of Bushehr storm surge observation vs. water level of GFS forced model (red dots: 
quantile data, green line: regression line (y=0.63 x), blue line: ideal condition (y=x)) 
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Figure 10. Location of meteorology stations in the Persian Gulf 
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Figure 11. Model skill of different wind fields in all meteorology stations 
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Figure 12. Root mean square error of different wind fields in all meteorology stations 
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Table 1. Statistical parameters used for wind field assessments (during the modelling period, two 
months) 

 

Station Dataset 
RMSE 

(m) 
R Skill 

Kangan 

CCMP  0.068 0.787 0.963 

ECMWF 0.074 0.728 0.954 

GFS  0.066 0.796 0.966 

QuikSCAT 0.082 0.643 0.941 

Bushehr 

CCMP  0.105 0.734 0.938 

ECMWF 0.111 0.702 0.928 

GFS  0.103 0.740 0.941 

QuikSCAT 0.125 0.564 0.901 

Imam-
Hasan 

CCMP  0.098 0.773 0.947 

ECMWF 0.111 0.685 0.929 

GFS  0.096 0.776 0.951 

QuikSCAT 0.124 0.585 0.904 
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Table 2. Average of statistical parameters for all wind fields 

Parameter 
Wind Field 

CCMP ECMWF GFS QuikSCAT 

Skill (%) 72.5 69.7 75.5 42.6 

RMSE (m/s) 1.9 2.0 1.7 4.0 

R (%) 56.9 52.7 57.9 13.6 
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