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 Background: Saphan Hin is located in the east side of Phuket Island. It serves as local 
recreational site and ecological services such mangrove forest and seagrass for dugong. 

Many marine animals are currently killed by ingestion of small piece of plastic bag. 

Therefore, prediction of light floatable marine litter will greatly help to understand 
behavior of marine litter transportation at Saphan Hin and leads to proper waste 

management in vulnerable areas. Objective: Particle tracking has been used to predict 

movement of marine litter under the assumption of solely tidal current. FVCOM has 
simulated tide in Andaman Sea, and tidal constituent analysis at Tapao Noi is verified. 

Results: It shows that simulation has a good agreement with tidal amplitude and a bit 

lagged for tidal phase of approximately 40 minutes.. Conclusion: The flood tide moves 
northeasterly and easterly according to current ellipse, whereas ebb tide moves 

controversially. The surface tidal current is approximately 7-30 cm/s. Actual floatable 

Styrofoam observation suggested that particle travels with velocity approximately 30-
40 cm/s. This shows that simulation is underestimated. This is probably because of 

external factor such wind. However, actual particle movement direction has agreed well 

with simulation. Prediction of particle tracking for seven days has shown that tide has 
somewhat influence to move particles away from the source even if it is periodically. 

The accumulated displacement of tide during flood and ebb tide leads particle to move 

in land and seawards. Particle movement caused by tide can move to other side of cape. 
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INTRODUCTION 

 

 The west coast of 700 kilometer (km) of Thai peninsula is connected to Andaman Sea from Ranong, 

Pangnga, Phuket, Krabi, Trang and Satul. Andaman Sea is abundant and as know as a great habitat for natural 

resources such as mangroves, marine flora and fauna, and oil. Saphan Hin is a well known park located in the 

southern east coast of Phuket, southern coast of the island. There are many households scattered around this 

area. Geographically, mangrove forest and small fisheries are commonly seen on the east side of Phuket Island. 

Seabed is mostly mud mixed with sand, thus there are many types of seagrasses. There are both eye witnesses 

and academic report showing that dugong usually visits this area because they were looking for and ingesting of 

seagrass. Moreover, small fisheries such shrimp and mussel is a common practice for small fisheries [1].  

 Marine litter is defined as solid materials of human activities that are discarded – accidentally or 

intentionally—at sea or reach the sea through waterways or through domestic and industrial outfalls [2]. It is 

reported that 89 percent of floatable marine litter on the surface is plastic. This is because it is durable and 

persistent. Plastic is hardly broken down through chemical, physical and biological process. Its highly buoyant 

allows them to transport a thousands of mile and persist to marine environment up to 600 years. Marine litter is 

environmental, economic and anthropogenic problem. In environmental aspect, wildlife such as dugong, sea 

turtle, dolphin and etc has suffered because of plastic and marine debris. Ocean current and winds carry particles 

in the ocean to travel along the ocean. Marine litter can be found not only in urban and extensive populated 

region, but also the area which far away from the sources. Therefore, it is very crucial to know the direction and 

velocity of the current because it influences the transportation of components [3].  
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 The seasons in Andaman Sea is classified into two seasons which are dry season (January through June) 

and wet season (July through December). Oceanic currents are driven by several factors such as winds, tide and 

geography. The period of tide in Phang-Nga Bay lasts approximately 12 hours. Moreover, it is reported by buoy 

measurement of current at Phuket that current velocity has the certain pulse during every 12 hours except for 

some hours [4]. It reveals that most of the time, tide plays an important role to current velocity.  

 In order to have a better understanding on physical oceanography, the numerical oceanic model has been 

industrially developed in order to response to curiosity on complexity of the environment. Finite Volume 

Coastal Ocean Model (FVCOM) is an oceanic model which contains complex bathymetry and environment. 

Therefore, simulation of hydrodynamic numerical model will greatly help to understand behavior of tidal 

circulation in Andaman Sea. In addition, particle tracking based on prediction of current velocity will greatly 

broaden understanding of floatable marine litter at Saphan Hin, Phuket.  

 The purpose of this study is to apply an unstructured triangular grid FVCOM to the Andaman Sea in order 

to simulate particle tracking based on tidal circulation and current velocity at Saphan Hin under the assumption 

of near-shore environment and normal weather. 

 

MATERIALS AND METHODS 

 

 Saphan Hin is located in the southern east coast of Phuket, 7°49'59.86"N and 98°24'36.02"E as shown in 

Figure 1. The computing area is covered 596,661.16 square kilometer. Bathymetry is obtained from The General 

Bathymetric Chart of the Oceans (GEBCO) 08 grid which is a global 30 arc-second grid. The unstructured 

triangular grid is generated within Andaman domain. The entire model grid is composed of 54,387 nodes and 

100,905 triangular cells. In order to well perform hydrodynamic simulation, the resolution of grid boundary 

varies according to coastal geography and bathymetry increasing from 10 km along open boundary to 2 km 

along the shoreline. It allows FVCOM to compute more precisely. 

 FVCOM was developed to cope with highly complex bathymetry and case studies where precise simulation 

is needed. It was composed with finite difference and finite element. The first is dealt with computational 

efficiency while the latter is put to geometric flexibility. The model resolves the governing equations by means 

and flux calculation over each grid control volume. The governing equations are derived from the Reynolds-

averaged Navier-Stokes under the hydrostatic assumption and the Boussinesq approximation. The primitive 

equation in Cartesian coordinate is consisted of momentum and continuity as shown below; 
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where x, y and z are the east, north and vertical of the axes in Cartesian coordinate; u, v and w are the velocity 

of x, y and z component;   is the density of seawater which is the function of temperature and salinity; f is the 

Coriolis parameter which responses to angular velocity of the earth circulation and latitude; Km is the eddy 

viscosity coefficient in vertical axis; P is the pressure [5]. 

 
Fig. 1: Andaman Sea and study site at Saphan Hin. 
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 The tidal circulation has been performed by driving the water elevation at the open boundaries by data 

obtained from TOPEX provided by OTIS regional Tidal Solution for two months. Particle tracking has been 

observed for seven days. The wave effect was assumed to be negligible because normal weather condition. 

 The model was forced to simulate on January 1, 2013 and run to February 29, 2013 in order to resolve the 

four spring-neap tidal cycles. The first 5 days provide model a ramp-up time and the remaining days are used to 

analyze data. Water level is used to verify model’s performance. Water level was hourly predicted by 

Hydrographic Department, Royal Thai Navy at Tapao Noi, where is located four kilometers away from Saphan 

Hin. And a tidal harmonic analysis was determined by the T_Tide tidal package [6]. 

 FVCOM was use to simulate tidal circulation at Andaman Sea with fining grid. To estimate computational 

accuracy, model skill assessment developed by Wilmott [7] and Ma [8] is applied to investigate model’s 

capability: 

 

Skill = 1 −  
 |Xi −  X i|

2N
i=1

 ( Xi −  X i  +   X i −  X i  )
2N

i=1

 

 Where Xi  and X iare the time series of the modeled and observed variables at gauge station, respectively, N 

is the number of observation and an over bar is time mean values. The prefect agreement of observation and 

model results yields a skill of 1.0, whereas a skill of zero represents the complete disagreement. 

 Field-based observation is conducted by floating buoys which act as a light floatable marine litter. It is 

made of Styrofoam and has been continuously observed at Saphan Hin in order to investigate its behavior for 6 

hours on 28th November, 2013 as shown in Figure 2. The tide contained highest tide, low tide and lowest tide as 

predicted at Tapao Noi Island. Its location is tracked by GPS and pinned on map. Direction and current velocity 

is observed by plotting on SAGA. This field-based observation is used to compare with particle tracking 

simulated from FVCOM.  And lastly, particle tracking will be recorded for seven days in order to study its 

transportation on oceanic surface. 

 

 
 

Fig. 2: Light floatable Styrofoam has been left to float on water surface at Sapha Hin for 6 hours on 28
th

 

November, 2013. 

 

Results: 

 A tidal harmonic analysis was determined by the T_Tide tidal package [6]. The tidal constituents of each 

station were analyzed for tidal description by Form Number. Tide at Tapao Noi is majorly dominant by M2, S2 

and N2 which represent semidiurnal tide and K1 which represents diurnal tide. Form Number represents 

semidiurnal tide where there are two high tides and low tides in a day with approximately 12-hour period. 

 FVCOM simulation is verified by water level. Tidal simulation by FVCOM reveals tidal range relative 

error of 1.84% as shown in Figure 3 with predictive skill of 0.989 at Tapao Noi Island. In addition, the 

amplitude and phase of four most significant tidal constituents between observation and simulation are listed in 

Table 1. Relative error percentage to observation of tidal amplitude is less than 5% for the most major 

constituents. Simulation is lagged from observation for less than 20° or approximately 40 minute. Figure 3 

shows that tidal elevation at four stations is in good agreement with observed data. 

 
Table 1: Tidal amplitude (m) and phase (°) of harmonic constituents of tidal elevation. 

Constituents Tidal amplitude (m) Tidal phase (°) 

Observe Model Relative Error (%) Observe Model Difference (°) 

M2 0.803 0.840 4.69 125.90 135.59 9.69 

S2 0.413 0.424 2.69 299.37 311.20 11.83 

N2 0.154 0.149 3.11 274.91 293.81 18.90 

K1 0.142 0.145 2.60 273.15 286.21 13.06 
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Fig. 3: Comparison of tidal elevation at Tapao Noi Island between simulation and observation where black line 

is observation and red line is simulation. 

 

(a)  (b)  

(c)  (d)  

 

Fig. 4: Four floatable Styrofoam observation for six hours at Saphan Hin where (a) is buoy 1, (b) is buoy 2, (c) 

is buoy 3 and (d) is buoy 4. 
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Table 2: Buoy observation and its velocity (cm/s). 

Buoy Time (min) Distance (m) Velocity (cm/s) Note 

1 61 1660.36 45.37  

71 1528.84 35.89  

2 74 1668.71 37.58  

110 1609.41 24.39  

3 76 1783.78 39.12  

105 1925.65 30.57  

4 184 1674.41 15.17 Stuck with fishing gear 

111 1424.57 21.39  

 

 As shown in Figure 4, four buoys are left to float on surface water for six hours during highest tide (9-10 

am), mean tide (12-1 pm) and low and lowest tide (2-3 pm) on 28th November, 2013. Points represent buoys at 

different time as labeled below. All four buoys demonstrated insignificant different result regarding to its 

velocity and direction. As buoy showing direction of its transportation during different phases of tidal current, it 

seems to move as the tidal rotary current [9] where a cycle presents within a period of tide. Time observed 

transportation distance and velocity are shown in Table 2. During 9 a.m. – 12 p.m., the highest water level is 

faded away and presents mean water level. Buoys are moving southward with velocity approximately 40 cm/s. 

During 12 p.m. – 3 p.m., water level is moving down and reached lowest water level at the end. All buoys are 

moving southwesterly with velocity 25 cm/s, more or less. Overall, the actual floatable Styrofoam travels with 

velocity of 25-40 cm/s. For the direction of particle, it moves south during highest tide to mean tide, and it heads 

western during mean tide and lowest tide. 

 

Discussion: 

 With all mentioned results from model verification, harmonic constituents of tidal elevation and predictive 

skill, they confirm that FVCOM has performed a good simulation of water level due to tide. Form Number 

shows that Andaman Sea is majorly influenced by semidiurnal tide which presents two high water and low 

water in a day with almost equal amplitude. The result is well agreed with hydrodynamic-numerical simulation 

with HAMSON [10]. 

 During buoy observation time at Saphan Hin, there are highest, mean and low water level, respectively. It 

explicated that water level is moving down from highest water level to mean level in the morning, and it 

continuously moves down until it reaches lowest level. It suggested that tidal current at this time is ebb current. 

The direction of its movement is also different at different circular tidal phase. From highest to mean water 

level, it moves southerly, yet it further moves more to the west during mean to lowest water level. Comparing 

with simulation, it shows a good agreement with field observation regarding to tidal current at Saphan Hin. By 

graphical simulation, it shows that tidal rotary current ellipse at Saphan Hin moves to south during highest tide 

to mean tide, to west during mean tide to lowest tide, to north during lowest tide to mean tide, and to east during 

mean tide to highest tide. Flood tide moves northeasterly and easterly while ebb tide moves southerly and 

southwesterly. Nevertheless, it should be noted that bathymetry and geography are greatly contribute to near-

shore current.  

 With buoy transportation, they move with velocity of 25-40 cm/s. However, model underestimates current 

velocity because particle tracking shows simulated current velocity of approximately 19 cm/s at exactly the 

same period of time that Styrofoam has been observed. And overall simulated surface velocity is approximately 

7-30 cm/s. The difference between observation and simulation probably caused from uncontrolled external 

factor in real environment such wind and complex geometry. 

 

(a)  (b)  (c)  

 

Fig. 5: Seven-day particle tracking predicted based on tidal current simulated by FVCOM at Saphan Hin where 

(a) presents day 0, (b) presents day 3 and (c) presents day 7 

 

 Seven-day observation of particle tracking predicted by tidal simulation at Saphan Hin explicates that 

particle moves forth and back according to tidal current. Even if there is periodic movement of particle due to 
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tide, accumulated displacement leads particle to moves away from source. As shown in Figure 5, some particles 

are stuck on the land where highest tide of neap tide cannot reach such as rocks, and some particles are moved 

away southerly from the source. Particles that have been stuck on the land might be able to get into ocean again 

when the next high tide of spring tide comes unless it has been picked up. Surprisingly, some particles move to 

the other side of the cape. However, it should be noted that particle tracking is predicted based on simulate tidal 

current velocity, and it is underestimated compare to field based observation. Therefore, the actual 

transportation of marine litter can be moved farther in the shorter period of time. Floatable marine litter will be 

able to travel in a long distance with more forcing such winds. And the durable litter which is more likely to 

float for a long time will be able to travel even further.   

 

Conclusions: 

 Andaman Sea is fertile and as know as a great habitat for natural resources such as mangroves and marine 

flora and fauna. Saphan Hin is a well known park located in the southern east coast of Phuket facing Phang-Nga 

Bay. This area serves ecological value such mangrove forest and seagrasses to marine animals and economic 

value to local people through small fisheries farm. Saphan Hin is famous for dugong visiting for seagrass 

ingestion. It is reported that 89 percent of floatable marine litter on the surface is plastic, because it is durable 

and persistent. Many animals such dugong, sea turtle, dolphin have been suffering because of plastic and marine 

debris. Ocean current and winds carry particle to travel in a long distance. To understand behavior of floatable 

marine litter, oceanic current is very crucial. Oceanic currents are driven by several factors such as winds, tide 

and geography. It is reported by buoy measurement of current at Phuket that current velocity has the certain 

pulse during every 12 hours except for some hours. It reveals that most of the time, tide plays an important role 

to current velocity. Therefore, FVCOM has been use to simulate tide in Andaman Sea, and tidal constituent 

analysis at Tapao Noi where is few kilometers away from Saphan Hin has been verified. Particle tracking has 

been used to predict the movement of marine litter under the assumption of solely tidal current. Lastly, field 

based observation is conducted at Sapha Hin in order to observed 6-hour transportation of light floatable marine 

litter. It shows that simulation has a good agreement with tidal amplitude and a bit lagged for tidal phase of 

approximately 40 minute. Tidal range relative error is very small of 1.84%, and predictive skill of 0.989. At 

Saphan Hin, semidiurnal tide presents two high water and two low water dairy with almost equal amplitude. 

Overall, the actual floatable Styrofoam travels with velocity of 25-40 cm/s. With same period of time, particle 

tracking underestimates current velocity because it shows simulated current velocity of approximately 19 cm/s. 

This error is probably from uncontrolled factors such winds. However, actual particle movement has ageed well 

with simulation. Buoy moves south and southwester during highest tide to mean tide and low tide, respectively. 

This result dictated that flood tide moves northeasterly and easterly while ebb tide moves southerly and 

southwesterly. Simulation also shows a tidal current ellipse which lasts approximately 12 hours as its period. It 

should also be noted that bathymetry and geography are greatly contribute to near-shore current. Prediction of 

particle tracking for seven days has shown that tide has somewhat influence to move particles away from the 

source even if it is periodically. The accumulated displacement of tide during flood and ebb tide leads particle to 

move in land and seawards. Particle movement caused by tide can move to other side of cape. Some particles 

have been brought to reach land and beach. If it is not picked up, it might travel in the ocean again when the 

next spring tide comes. Without influence of wind, particle should be moving approximately this velocity. But 

with winds and special occurrences such storm, marine litter might be moving more further or even deposit in 

land again. This study helps to understand somewhat behavior of marine litter transportation in near-shore 

environment in coupled with simulation where can be developed to long-distance transportation. The results 

from this study can be further applied for waste management in local area or vulnerable sites. This is probably 

the initiatives of planning and nurturing natural habitats for some species by enhancing abundance and less 

pollutants due to litters in the sea. Graphical tracking shows the direction where a light floatable litter is likely to 

disperse to. And it leads to waste management in term of seasonal time that needs more cautious waste 

management and location that needs special plans for marine flora and fauna conservation. 
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