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Abstract 

According to the instant development of maritime transport all over the world, 

Myanmar, as a developing country, also needs to upgrade existing ports and to construct 

new deep sea ports for larger vessels. There are some potential areas for deep sea port 

project along Myanmar coastline. Due to the absence of long-term in-situ data and high 

cost of wave measurements, coastal engineers have to estimate wave characteristics using 

a variety of methods, which involve empirical and numerical solutions. The main 

purpose of this research is to predict the wave characteristics for coastal regions of 

Myanmar by using a third-generation numerical wave model SWAN (Simulating WAves 

Nearshore). In this article, the generation of waves by a constant wind filed blowing over 

a fetch limited area is presented firstly and the results are compared with empirical 

formulae for validation. The simulated wave parameters are well agreed with the results 

from empirical equations. And then, numerical simulation is carried out with actual wind 

field for the duration of average maximum wind speed in the Bay of Bengal in monsoon 

season. The calculated results are compared with the ECMWF (European Centre for 

Medium-Range Weather Forecasts) ERA-Interim reanalysis data sets. Finally, the wave 

characteristics for future port development areas are predicted. 

 

Keywords: SWAN Wave Model, Wind-generated Wave, Numerical Simulation, Wave 

Characteristics, Monsoon Season. 

 

1. Introduction 

 One of the most important challenges for coastal engineering is to understand the basic 

knowledge of local wind generated waves. They can significantly affect the design of coastal 

structures, navigation purposes, sediment transport, coastal erosion and so on. Wind-waves 

are vital for coastal activities [1] and the prediction of waves through numerical models has 

been the main source of information for marine environment.  Consequently, a variety of 

studies have been carried out by many researchers to develop numerical models for wave 
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prediction. As stated in [2], while a result of development in forecasting capabilities and 

improvements on the accuracy, wave modeling becomes more important for coastal design 

wave parameters in a last few decades. These numerical models are based on a numerical 

integration over a spatial grid of the spectral energy balance equation and able to represent 

the complex physical processes that include generation and transformation of waves [3]. 

With the growth of maritime trade, sea ports have become an important node in the 

logistics network as the bulk of the cargo is moved by sea. It is also relevant to note that the 

country’s ports are operating in a productive manner which lowers the overall logistics cost 

for shipping lines and shippers alike. There are two major ports in Myanmar, Yangon and 

Thilawa, where more than 90% of cargo handlings transport through river ports. They are 

restricted by drafts of up to ten meters and vessels calling at the ports are also restricted by 

some navigation issues. For example, the ships can move in the narrow river channel only 

during high tide and daylight hours. Consequently, any disruption in port operations would 

result in costly delays and low port productivity. Therefore, stakeholders in the maritime 

industry are planning to reduce logistics costs by deploying larger ships and higher port 

productivity. An obvious solution to all these issues, river ports close to the city are supported 

by deep sea ports with good connectivity to the hinterland. Hence, some potential sites for 

deep sea port projects are selected along Myanmar coastline which is 2228 km long and 

bounded in the west and southwest by Bay of Bengal (BOB) and in the south by the 

Andaman Sea. The most important feature of climate in Myanmar is the alternation of 

seasons known as the BOB monsoons [4]. The dominant wind, south-west (SW) monsoon[5], 

occurs in summer monsoon season from mid-May to mid-October. It is relatively stronger 

than the north-east (NE) wind blowing in winter monsoon from mid-November to February. 

Furthermore, according to the Wave Climatology of Indian Ocean [6], it was clear that the 

annual cycle is dominated by high wave conditions during summer monsoon, low wave 

conditions during winter monsoon and moderate wave conditions during transition periods.  

The availability of in-situ wave data was insufficient and inhomogeneous, many 

researchers are using satellite altimeters to estimate long term wind and wave climate and 

storm surge over BOB region. The followings are some examples of researches.  

Based on analysis from the daily observation of satellite altimeter covering a period of 21 

years from 1992 until 2012, [7] investigated the impact of climate change on variability of 

maximum significant wave height and wind speeds over the Indian Ocean basin, including 

BOB. Using the altimeter data, [8] also studied the variation in significant wave height and 
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wind speed for 18-year period of 1993-2010 over the entire Indian Ocean by categorizing the 

area into six zones, in which zone two was BOB. The large-scale wind field in the northern 

Indian Ocean from the satellite-derived wind data has been analyzed by [9] and presented that 

the wind speed generally varied in a similar fashion and reached maximum in the southwest 

monsoon. The wave height is changed with season [10], and the field measured data shows 

that the average monthly maximum wave height is in June. The long-term wind and wave in 

the central BOB from 1979 to 2012, based on the ECMWF ERA-Interim reanalysis data sets, 

were focused on [11]. They found that more than 65% of stronger winds events and annual 

peak in the significant wave height were observed in June during the SW monsoon season. 

For example, see [12], the wave climate in the Bay of Bengal and the Andaman Sea is 

characterized by the SW monsoon winds. 

According to the above studies, most of the researches for BOB wave climate are using 

satellite altimeters data and ECMWF ERA-Interim reanalysis data. Therefore, the aim of this 

study is to determine wave climate along Myanmar coastline using SWAN numerical wave 

model. Firstly, the generation of constant wind field and fetch limited area are simulated and 

the results are compared with empirical formulae developed by Sverdrup-Munk-

Bretschneider (SMB) for validation. Secondly, numerical simulation is carried with actual 

wind fields in June since monthly long term mean wind speed maximum is found in June. 

The calculated wave parameters are compared with the ECMWF (ERA-Interim) reanalysis 

data sets. Finally, the wave characteristics for future port development sites are predicted. 

The present study covers five sections. The introduction in section 1 is followed by the 

section 2 where SWAN model is briefly described. The data and methodology are illustrated 

in section 3. The results and verifications are presented in section 4 with discussions. And the 

last section, section 5, deals with the conclusions and future work of this study. 

 

2. Model Description 

2.1. Numerical Model 

SWAN (acronym for Simulating WAves Nearshore), developed at Delft University of 

Technology, The Netherlands, is a third-generation wave model for obtaining realistic 

estimates of wave parameters in coastal areas, lakes and estuaries from given wind-, bottom-, 

and current conditions[13]. The processes of wind generation, whitecapping, quadruplet 

wave-wave interactions and bottom dissipation are represented explicitly in SWAN such as in 
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other third-generation wave models, and triad wave-wave interactions and depth-induced 

wave breaking are added[14]. 

In SWAN, the waves are described with the two-dimensional wave action density 

spectrum and the independent variables are the relative frequency σ and the wave direction θ. 

The evaluation of the wave spectrum is described by the spectral action balance equation [15] 

and[16] as follows:  

 

      (1) 

 

where N(σ, θ; x, y, t) is the action density as a function of intrinsic frequency σ, direction θ, 

horizontal coordinates x and y, and time t. The first term on the left-hand side represents the 

local rate of change of action density in time, the second  term represents propagation of 

wave action in geographical space with velocities cx and cy in x and y directions. The third 

term represents shifting of the relative frequency due to variations in depths and currents with 

propagation velocity cσ in σ space. The fourth term represents depth and current-induced 

refraction with propagation velocity cθ in θ space. The expressions for all of propagation 

velocities are taken from linear wave theory[17]. 

The term at the right-hand side of the wave action balance equation is the source term of 

energy density representing wave generation, energy dissipation and non-linear wave-wave 

interaction [18]. 

  S  = Sin + Sds + Snl                     (2) 

 

Waves obtain energy input from wind (Sin). Three processes for energy dissipation in SWAN 

are whitecapping, bottom friction and depth-induced wave breaking where bottom friction 

dominates in shallow water whereas whitecapping is the main source of energy dissipation in 

deep water. Energy is transformed between waves by nonlinear interactions. In shallow 

water, triad wave-wave interactions play a major role. However, quadruplet wave-wave 

interactions are important in deep water [19]. 

 

2.2. Empirical Equations  

A variety of empirical methods have been developed and used for determining wave 

characteristics by using mathematical formulae. The SMB empirical formulae are used to 

validate the results from SWAN model.  This is the most convenient wave prediction system 
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for the area of limited fetch (F) with unlimited duration. In the present study, an analysis has 

been carried out on the variations of Hs and Ts based on the constant wind speed and limited 

fetch. For fetch limited conditions, the significant wave height (Hs) and wave period (Ts) are 

given by the following empirical equations [20]: 

                                                                   (3) 

     

     (4)                        

where g is the acceleration due to gravity, F is fetch length and U is the maximum wind 

speed. 

 

3. Data and Methodology 

3.1 Study Area 

The study area is defined from 8° N to 22° N Latitude and 80° E to 100° E Longitude as 

shown in Fig.1. The dimension of model domain is about 1540 km in North-South direction 

and 2200 km in East-West direction. Total grid number of 840 x 1200 with 1' resolution. The 

west and south boundaries are considered as open boundaries and the north and east 

boundaries are closed boundaries for simulations. 

 

 

Figure 1: Model domain and selected points with ETOPO1 bathymetry data 

 

 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 4.991, ISSN: 2320-5083, Volume 6, Issue 11, December 2018 

 

40 
www.jiarm.com 

3.2 Bathymetry Data 

The model used bathymetry data derived from the ETOPO1 (Earth Topography and 

Ocean Bathymetry Database, resolution of 0.01667° x 0.01667°). It is 1 Arc-Minute Global 

Relief Model developed in August 2008 by the National Geophysical Data Center (NGDC), 

National Oceanic and Atmospheric Administration (NOAA).  Area of interest was specified 

to cover the whole coastline of Myanmar including the Bay of Bengal and the Andaman Sea, 

and corresponding water depths are described in Fig. 1. 

3.3. Wind data 

3.3.1. Constant Wind Field 

For the first simulation, wave parameters are estimated with constant wind speed and 

limited fetch. To estimate constant wind speed, the NCEP/NCAR (National Centers for 

Environmental Prediction / National Center for Atmospheric Research) reanalysis data at 10 

m height with a temporal resolution of 2.5° x 2.5° at 6 hours intervals is used [21].  The 

values of maximum and minimum monthly long term mean wind speeds for SW monsoon 

period are shown in Table 1. The monthly long term mean wave speeds from 1996 to 2016 

for SW monsoon period (May-October) are collected. The maximum wind speed was 

occurred in June and it was 7.79 m/s.  According to these data and some information from 

DMH (Department of Metrology and Hydrology, Myanmar), maximum mean wind speed 8 

m/s and dominant SW direction are chosen. 

 

Table 1. Monthly Long Term Mean Wind Speed for Monsoon Season (1996-2016) 

Month Maximum 

(m/s) 

Minimum 

(m/s) 

May 

June 

July 

August 

September 

October 

6.57 

7.79 

7.41 

7.73 

7.21 

6.36 

2.13 

2.31 

2.40 

2.50 

1.70 

1.43 

Source: NCEP/NCAR [22] 
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3.3.2. Actual Wind Field 

For the second simulation, the reanalyzed NCEP wind data in the form of U and 

Vvelocity components is used. It was obtained from the NOAA (National Oceanic and 

Atmospheric Administration) FTP server stored in GRiB2 files per month and available as 

1.25° x 1° resolution for every 3 hours interval. To get the same spatial resolution with water 

depth data, it was changed to 1 Arc-Minute (0.01667° x 0.01667°) and used as input wind 

field for SWAN model. 

The selected period is for the month June because maximum mean wind speed of the 

monsoon season was occurred.  

The spectral resolution of 25 frequencies (minimum 0.0418 Hz and maximum 1.0 Hz) and 24 

directions (between 0°-360°) are set for both simulations in SWAN model. 

4. Results and Discussion 

Although the wind speed and direction could be changed slightly within the domain 

from offshore to nearshore, the average maximum wind speed of 8 m/s and SW dominant 

wind direction are chosen for the first simulation. The simulated results of both significant 

wave height and wave period compared with the results from SMB formula are described in 

Fig. 2 and Fig. 3 respectively.  Due to the estimation of extreme wave prediction by SMB 

methods [20], and taking the possible maximum fetch length, both significant wave height 

and period are larger than the simulated results from SWAN model. However, they show that 

the similar trends of the curves and the values are increased along with fetch length, which is 

consistent with the theory. 

 

 

Figure 2: Comparison of significant wave height between SMB method and SWAN 

model. 
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Figure 3: Comparison of wave period between SMB method and SWAN model. 

 

NCEP wind data in the form of U and V velocity components are used as input wind 

field for the second simulation. The results are compared with ECMWF ERA-Interim 

reanalysis data sets.  It can be available as 0.125° x 0.125° resolution for every 6 hours 

interval. 

Three potential sites for deep sea port projects are selected and shown in Fig. 1. The 

significant wave heights and mean wave periods from the 1st to 30th of June, 2016 for selected 

points are simulated and compared with the results from ECMWF ERA-Interim reanalysis 

data sets.  

Figure (4), (6) and (8) show the scattered plot of significant wave heights and mean 

wave periods between SWAN and ECMWF at Point 1, 2 and 3 respectively. From those 

figures, results of significant wave heights and mean wave periods have good correlation 

between two data sets.  

The comparisons of significant wave heights and mean wave periods between SWAN 

model and ECMWF data sets for point 1 are shown in Fig. 5 (a) and (b) respectively.  The 

results of modeled data showed well agreements with reanalysis data sets.  

 
(a)                                                                  (b) 

Figure 4: Scattered plot of (a) significant wave heights and (b) mean wave periods between 
SWAN and ECMWF at Point 1 for June, 2016. 
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(a)                                                                  (b) 

Figure 5: Comparison of (a) significant wave heights and (b) mean wave periods 
between SWAN and ECMWF models at Point 1 for June, 2016. 

 

Also for point 2, the comparisons of significant wave heights and mean wave periods 

between SWAN model and ECMWF data sets are shown in Fig. 7 (a) and (b) respectively.  

Similarly for point 3 are described in Fig.9 (a) and (b). The results for point 1 and 2 are more 

accurate than those for point 3 because of sheltering effect of Andaman Islands near point 3. 

 
(a)                                                                    (b) 

Figure 6: Scattered plot of (a) significant wave heights and (b) mean wave periods between 
SWAN and ECMWF at Point 2 for June, 2016. 

 
(a)                                                                  (b) 

Figure 7: Comparison of (a) significant wave heights and (b) mean wave periods 
between SWAN and ECMWF models  at Point 2 for June, 2016. 
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(a)                                                           (b) 

Figure 8: Scattered plot of (a) significant wave heights and (b) mean wave periods  
between SWAN and ECMWF at Point 3 for June, 2016. 

 
(a)                                                                 (b) 

Figure 9: Comparison of (a) significant wave heights and (b) mean wave periods 
between SWAN and ECMWF models  at Point 3 for June, 2016. 

 

 

Figure 10: Mean Wave Direction for Point 1, 2 and 3 for June, 2016. 

 

Wave directions for all 3 points are also simulated and results are plotted in Fig. 10. 

The corresponding to SW wind direction, wave directions are mostly between 210-240 

degrees.  
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 Simulations are carried out with the actual wind field of 1st to 30th of June and the 

average significant wave height and mean wave period are predicted. The calculated results 

are illustrated in Fig. 11 and Fig. 12, respectively.  

 

 

Figure 11: Average Significant Wave Height for Model Domain in June, 2016. 

 

 

Figure 12: Mean Wave Period for Model Domain in June, 2016. 

  

 The higher wave height is found along the western coast of Myanmar where the 

South-Western monsoon winds hit the shore without any obstruction. The average significant 

wave height is about 1.5 to 1.75 m.  Due to the sheltering effect of the Andaman Islands, 

lower wave height is found along the southern Myanmar coast. The average value for 

significant wave height is between 1.25 to 1.5 m.  

 The mean wave period is 6 to 8 sec along the southern coast of Myanmar and it is 

about 8 to 10 sec at western coast. 
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5. Conclusions and Future Work 

With the rapid growth of maritime trade, sea ports have become an important node in the 

logistics net work as the bulk of the cargo is moved by sea. Myanmar also needs to upgrade 

existing ports and to construct new deep sea ports for larger vessels. Major ports in Myanmar 

are restricted by drafts and vessels calling are also restricted by some navigation issues. It is 

also relevant to note that the country’s ports are operating in a productive manner which 

lowers the overall logistics cost for shipping lines and shippers alike. Consequently, any 

disruption in port operations would result in costly delays and low port productivity. To 

reduce logistics costs by deploying larger ships and higher port productivity is the main 

competition between Myanmar and neighbouring countries. Therefore, some potential areas 

for deep sea port project along Myanmar coastline are investigated by Myanma Port 

Authority (MPA) and stakeholders in the maritime industry. 

Wave characteristics for potential deep sea port projects are predicted by using SWAN 

numerical wave model in this research. Two simulations are carried out: firstly, constant 

wind field with limited fetch is simulated and the results are compared with SMB empirical 

methods. Secondly, wind data set from NCEP is selected for June, 2016 and used as actual 

wind fields in the input of second simulation. The simulated results are compared with 

ECMWF ERA-Interim reanalysis data. The comparisons between two data sets are well 

agreed and the wave parameters for future deep sea port projects could be predicted. 

This article provides the researchers with a first analysis of the wave climate along the 

entire coast of Myanmar using state-of-the-art techniques. In the future these studies will lead 

to more in depth knowledge of the local wave climate and will contribute to closing the 

existing knowledge gap. In the future work, other phase-resolving model which was 

developed to compute specific effects such as diffraction, refraction and reflection of wave in 

the entrance channel and in the harbour areas, is coupled with SWAN (phase-averaged 

model) to estimate design wave parameters for new deep sea port projects. 
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