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NUMERICAL SIMULATION OF TROPICAL CYCLONES AND STORM SURGES IN 
THE ARABIAN SEA 

Mohsen Soltanpour1, Zahra Ranji2, Tomoyo Shibayama3, Sarmad Ghader4, Shinsaku 

Nishizaki5 

Winds, waves and storm surges of Gonu and Ashobaa, as two recent cyclones in the Arabian Sea and Gulf of Oman, 

are simulated by a system of WRF-FVCOM-SWAN. The employed models are separately calibrated using the available 

data. Surges are found to be highly dependent on coastal geometry and landfall location, rather than the storm intensity. 

Comparisons at different stations reveal that the results of models are in a good agreement with measured parameters. 

Negative surges are also observed in the enclosed basins of the Persian Gulf and Red Sea. The calibrated atmosphere-

wave-ocean model can be utilized for the prediction of extreme events, expected to increase in future due to the impact 

of the climate change. 
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INTRODUCTION 

Storm surge is rising of the sea level over coastal regions due to the superposed actions of low 

pressure and the wind-induced surface shear stress. As the increase of temporary water level occurs at 

the same time of high wave action, it can result in disastrous flooding and coastal damages. Storm surges 

are more destructive if they coincide with high tides. However, the prevailing damage of cyclones at 

coasts are mainly located near the landfall, as the high winds/large waves are concentrated in the vicinity 

of the storm track. Rego and Li (2010b) demonstrated that the coastal surge of a hurricane depends to a 

large extent on the track of the storm. 

Numerical modeling has been widely used to study the storm surge in recent years (e.g.; Shen et al., 

2006; Weisberg and Zheng, 2006; Rego and Li, 2010b). Literature shows a large number of research 

studies on the impacts of storms on coastal areas (e.g.; Rego and Li, 2010a; Roelvink et al., 2009) and 

the effect of climate change on the cyclones (e.g., Woth, 2005; Woth et al., 2006; Sterl et al., 2009; Mel 

et al., 2013) in the last two decades. The global Sea Level Rise (SLR), resulted due to the climate change, 

has also increased the future danger of the storm surges. Lin et al. (2012) found that a 1-m SLR may 

cause the current New York City 100-year surge flooding to occur every 3-20 years and the 500-year 

flooding to occur every 25-240 years by the end of the century. Storm surge is also affected by the 

nonlinear interaction of surge and tide. Rego and Li (2010a) showed that the nonlinearity is important 

between the landfall position and locations within 2.5 × radius of maximum winds. 

A large number of governing factors influence the storm surge. These include the geometry of 

coastline, topography and hydrography of the area, the wind field caused by the storm, severity and size 

of precipitation, etc. Thus, in order to obtain reliable surge results, accurate numerical modeling highly 

depends on the quality of input parameters and, in particular, existing of a fine bathymetry and accurate 

coastline geometry significantly improves the prediction of the storm surge. Colle et al. (2010) showed 

that a complex coastal geometry as well as shallow continental shelf enhance the rise of water level and 

storm surge.  

Rezapour and Baldock (2014) noted that rainfall, as an important and frequently dominant hazard in 

terms of damage and death toll, has not been included in current hazard scales or indices. They presented 

a new rainfall subindex based on rainfall intensity, storm rainfall area, and the forward speed of the 

system to estimate the rainfall hazard. The atmosphere data, which is driving the surge model, robustly 

affects the simulations, in terms of spatial and temporal resolution as well as accuracy, and results in the 

peak values of storm surge (Wang et al., 2008). Howard et al. (2010) found a strong correspondence of 

surge simulations with global and regional climate models. They concluded that downscaling of the 

climate model could be alternatively replaced by a scaling factor found through the observation.  

Arabian Sea and Bay of Bengal are two major basins of the tropical cyclones in the North Indian 

Ocean. Evaluation of historical cyclones in the Arabian Sea reveals that there might be a danger of more 

frequent intense cyclones in future. In particular, Cyclone Gonu, which occurred from June 1 to June 7, 

2007, was the most intense tropical cyclone on record in the Arabian Sea. Literature shows a number of 

numerical studies of waves and storm surge of Gonu including Dibajnia et al. (2010) for utilizing cyclone 
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parametric model, Ghader et al. (2016) for applying combined atmospheric and wave models, and Fritz 

et al. (2010) for using a surge model.  

The present study offers the simulations of two recent cyclones of Gonu (2007) and Ashobaa (2015) 

and the consequent storm surges, as two examples of intense and weak cyclones entered the Gulf of 

Oman, respectively. The modeling results are compared with the existing data at neighboring countries. 

FIELD MEASUREMENTS 

Fig. 1 shows the installed instruments at neighboring coasts of Arabian Sea and Gulf of Oman 

including tide gauges, Acoustic Doppler Current Profilers (ADCPs) and synoptic stations during the 

passages of the cyclones Gonu and Ashobaa. The data at Iranian coastlines are mostly selected from field 

measurements of the series of “Monitoring and Modeling Studies”, started by the Iranian Ports and 

Maritime Organization (PMO) in 2005. The rest of data are extracted from UHSLC (2017) database.  

 
 
Figure 1. Wind stations (circle), ADCPs (square), tide gauges (triangular) during cyclone Gonu (violet) and 
Ashobaa (red)  

NUMERICAL MODELING 

A system of WRF-FVCOM-SWAN (see Fig. 2) is employed for the simulation of winds, waves and 

surges of cyclones Gonu and Ashobaa. The Weather Research and Forecasting (WRF) model 

(Skamarock et al., 2008) provides the pressure and wind fields for the circulation model of FVCOM 

(Finite Volume Community Ocean Model) by Chen et al. (2007) and wind field for the wave model of 

SWAN (Simulating Waves Nearshore) by Booij et al. (1999). 

 
 
Figure 2. Modeling framework  

 

The boundary conditions for wave and ocean models were adopted from the outputs of  

WAVEWATCH III (Enivronmental Modeling Center of National Weather Service, 2016) and tide model 

of TPXO 8 (Egbert and Erofeeva, 2002), respectively. These two global models have proved to provide 

accurate results in deep oceans.  The surge is computed following the simple definition of Flather and 

Williams (2000), i.e. sea level elevation=predicted tide level + storm surge. 

In order to include the effects of non-linear dynamic processes in shallow water, two separate 

simulations were run on identical grids, one with all the forcing terms and the other with only tidal 

forcing, as proposed by Wang et al. (2008). The surges were then determined by subtracting the outputs 

of the tide-only run from the results of modeling tide plus meteorological forcing. Sensitivity analysis 

and model calibration were conducted for all the employed models to ensure the performance of 

modeling system. 
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WRF model 

WRF Model is a next-generation mesoscale numerical weather prediction system designed for both 

atmospheric research and operational forecasting. ARW dynamical core was utilized here to reproduce 

Gonu and Ashobaa cyclones. Because of the high dependency of atmospheric models to initial 

conditions, computational grid, and the employed physics, a sensitivity analysis was conducted to find 

the best model configuration and physics for accurate simulation. Two nested grids, as presented in Fig. 

3, demonstrated a good performance in simulation of the tracks of cyclones. Based on the test runs, the 

best model configurations and physics of Tables 1 and 2 were selected for each cyclone, respectively. 

Among the available physics, it was found that microphysics and cumulus schemes were more important 

in reproducing the cyclone intensity. Land surface scheme was also found to be effective on the 

simulation of cyclone track.  

 

 
 
Figure 3. Domain of WRF model  

 
Table 1. Configuration of WRF model  

Tropical Cyclone Ashobaa (2015) Gonu (2007) 

Model version 3.9.1 

Start time June 6th-00 UTC June 2nd-00 UTC 

Initial and boundary condition FNL (1°) GFS ANL (0.5°) 

Nesting type Fixed nest Fixed nest 

Vertical resolution 40 terrain following sigma mass coordinate 

Horizontal resolution and domains 
30 km: 62.5 E-17.5 N (210×180) 
10 km: 58.31 E-19.03 N (517×277) 

 
Table 2. Physics of WRF model  

Tropical 
Cyclone 

Microphysics 
scheme 

Cumulus 
scheme 

Land surface 
scheme 

Surface layer 
scheme 

Radiation 
scheme 

Planetary 
boundary layer 
scheme 

Ashobaa 
(2015) 

WSM3 
Grell 3D 
Ensemble 

Unified Noah Land 
Surface 

MM5 Similarity  
Dudhia & 
RRTM 

YSU 
Gonu 
(2007) 

WSM6 Kain–Fritsch 
5–layer Thermal 
Diffusion 

 

For evaluation of the reliability of atmospheric model, the results of modeling of two cyclone are 

compared with observations. Figs. 4, 5 and 6 respectively present the comparisons of the simulated 

tracks, intensities of cyclones at the cores and wind characteristics at synoptic stations with available 

data. An acceptable performance of WRF modeling is observed for both cyclones.  
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Figure 4. Comparisons of observed and simulated tracks of cyclones (left Gonu, right Ashobaa) 
 

 

 
 

Figure 5. Comparisons of measured and simulated intensities of cyclones at the cores (left Gonu, right 
Ashobaa) 

 

 

 
 
Figure 6. Comparisons of measured and simulated wind speed and wind direction at synoptic station SYN1 
(left Gonu, right Ashobaa) 
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Wave and Ocean Models 

Unstructured SWAN and FVCOM models are employed to simulate the waves and storm surges. 

An unstructured grid of 179203 elements with sizes ranging from 1100 (km2) near the southern boundary, 

and 0.05 (km2) at the vicinity of Chabahar Bay, is generated for both ocean and wave models (Fig. 7). 

The coastline was extracted from global self-consistent, hierarchical, high-resolution geography 

database of GSHHG (Wessel and Smith, 1996). The employed bathymetry is the combination of 30-

second gridded data of GEBCO (Sandwell et al., 2003) and nautical chart of Admiralty along the Iranian 

coastline, together with local hydrography measurements at some ports and coastal areas.  

  

 

Figure 7. Computational grid of wave and ocean models 

 
Table 3. Configuration and physics of wave model  

Wave model SWAN 

Horizontal grid 1-50 km unstructured grid 

Bathymetry GEBCO 30 sec + local 

Wind field WRF 

Wave-wave interaction Triad and quadruplet 

White capping Alves & Banner 

Wave growth WESTH 

Wave breaking 0.73 

Bed friction Madsen 

Frequency resolution 40 

Directional resolution 72 

Boundary condition WWIII 

 
Table 4. Configuration and physics of FVCOM model  

Horizontal grid 1-50 km unstructured grid 

Vertical grid 10 sigma layers 

Time step 2 sec 

Bathymetry GEBCO 30 sec + local 

Open boundary TPXO 8 

Wind field WRF 

Pressure field WRF 

Vertical turbulence M.Y 2.5 Closure model 

Horizontal turbulence Smagorinsky 

Bed roughness z0 = 0.005 

Boundary condition TPXO 8 

 

Tables 3 and 4 present the applied model discretization in frequency, temporal/spatial domains and 

employed physics, which lead to maximum agreements between the simulations and measurements in 

wave and ocean models, respectively. 

Fig. 8 shows the favorable agreements between the results of the unstructured SWAN model and 

measured wave data, i.e. significant wave height, peak wave period and mean wave direction. Model 
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runs demonstrated that proper definition of wave characteristics at the open boundary plays an important 

role in the simulation of peak periods where bi-modal waves of wind seas and swell exist. 

  

 

 

 
 
Figure 8. Comparisons of the simulated and measured wave parameters for Gonu at AW2 (left) and Ashobaa 
at Rodik (right) 

 

Figs. 9 and 10 present the comparisons between the simulated surges of Gonu and Ashobaa with 

measurements at different stations around the Arabian Sea. Modeling accuracy of the surge of cyclone 

Gonu looks acceptable but the peak surges of cyclone Ashobaa is somehow underestimated. It should be 

noted that accurate basin shape, fine bathymetry and proper grid size are essential for a good modeling 

of storm surge. The lack of these input parameters at present modeling has led to a considerable 

underestimation of predicted surge at Karachi. This can be considerably improved if a high resolution 

bathymetry is given to the numerical model. Filtering the tide fluctuation out of the measured water level 

is also a source of error in some stations, e.g. Rodik where filtering is not precise due to lack of measured 

long-term water level resulting in a limited number of reliable tidal constituents.  
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Figure 9. Storm surges of cyclone Gonu at different stations 
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Figure 10. Storm surges of cyclone Ashobaa at different stations 

 

Fig. 11 and 12 provide the distributions of maximum and minimum surges of cyclones Gonu and 

Ashobaa over the Arabian Sea, respectively. Maximum surge values of cyclone Gonu is in the vicinity 

of the track, while greater surges are observed in the bays along Indian coastlines as well as the Persian 

Gulf for the weak Ashobaa cyclone. This might be related to the low forward speed of Ashobaa that 

provides enough time for the long waves travelling to far distances.  

Similar patterns of the maximum negative surges of two cyclones are observed at the northwest part 

of the Persian Gulf. However, Red Sea experiences a greater negative surge for the more intense Gonu. 

The negative surge in the Persian Gulf also looks independent of the negative surges of both cyclones. 

Moreover, both positive and negative surges can be distinguished in the Persian Gulf at the same time 

(Fig. 13). As the cyclone is still very far from the enclosed basin, another wind system, so-called Shamal 

wind from NW to SE, is responsible for these positive and negative surges at two corners of the Persian 

Gulf. Shamal wind results in negative surges at northwestern parts of the Persian Gulf as they displace 

water from NW corner to SW part of the gulf.  

Fig. 14 shows an example of the positive and negative surges at Bahrain station in the Persian Gulf, 

after the storm attack (see Fig. 1). The time difference of the positive and negative surges, originated by 

the cyclone, are about 3 days. The observed surge at this station is higher than the surge at the vicinity 

of the far landfall location, i.e. Masirah station in Fig. 1, which highlights the effect of partially enclosed 

basin.  
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Figure 11. Maximum positive surge (left) and minimum negative surge (right) over the Arabian Sea for the 
cyclone Gonu 

 

 
 
Figure 12. Maximum positive surge (left) and minimum negative surge (right) over the Arabian Sea for the 
cyclone Ashobaa 

 

 
 

Figure 13. Negative and positive surges inside the Persian Gulf (left), wind speed vector (right) at Jun 5, 4 am. 
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Figure 14. Negative and positive surges of cyclone Gonu at Bahrain station in the Persian Gulf 

 

SUMMARY AND CONCLUSION 

Cyclone Gonu (2007), the most intense tropical cyclone on record in the Arabian Sea, and cyclone 

Ashobaa (2015), a recent cyclone that affected Iranian coastline in the Gulf of Oman, were simulated as 

two samples of strong and weak cyclones in the region. A system of calibrated WRF-FVCOM-SWAN 

was employed for the simulations of winds, waves and surges of the cyclones.  

It was observed that when the cyclone Gonu traveled across the Arabian Sea, the local winds in far 

enclosed basins of the Persian Gulf and the Red Sea could generate significant negative surges due to the 

limited exchange of water with open sea. The modeling results, in general, agrees with observed surge 

data in the Persian Gulf, Gulf of Oman and Arabian Sea. However, less discrepancies between the outputs 

of atmospheric and ocean models with measurements can be achieved if high quality bathymetries and 

coastlines are employed. The presented model can be utilized to assess the future probable impact of 

climate change on the intensity of cyclones and storm surges in the region. 
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