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Abstract: Wind, wave and current interactions control the boundary fluxes, momentum and energy exchange between the 

atmosphere and the ocean, and within the water column. The wind wave effect on the circulation is investigated in a three-

dimensional time-dependant ocean circulation model. This POM (Princeton Ocean Model) based model is implemented 

with realistic coastlines in South China Sea and emphasizes the simulation of physical parameters in the water column. 

Taking account of the wind waves, an increase in air-sea drag coefficient, reflecting an enhanced sea surface roughness 

due to increased wave heights, is shown to improve the simulated surface current and the sea surface elevation. It is also 

found that developing waves with smaller peak periods influenced the surface circulation more significantly. The inclu-

sion of the wind wave parameterization also affects the current near the seabed in the shallow water. 

The model is validated against current, temperature and salinity data measured in the Asian Seas International Acoustics 

Experiment (ASIAEX). The simulation results in the period of April - May 2001 show that wave-induced surface stress 

increases the magnitude of currents both at the surface and near the seabed. On the other hand, wave-induced bottom 

stress retards the near bottom currents in shallow water. Therefore the net effect of wind waves on circulation depends on 

the significance of current and elevation changes due to wind waves through both the surface and the bottom. 

Key Words: Wave-current interaction, Bottom roughness, Surface stress, Ocean circulation model, Model coupling.  

1. INTRODUCTION 

 In the ocean environment, the physical processes govern-

ing the water column are influenced by atmospheric flow, 

currents, surface waves, tides and their mutual interactions. 

A better understanding of the physical process is essential 

for studying the chemical and biological processes in scien-

tific and practical applications, such as beach erosion, up-

welling, storm surges and transport of various materials. 

Compared to high cost of field measurements, the numerical 

model for solving time dependent flows is both effective and 

economical. Extensive and intensive studies of ocean model-

ing have been undertaken in last a couple of decades. Ocean 

models have become an important tool for understanding the 

seasonal ocean circulation and thermal structure, and for 

establishing a nowcast system for regional seas. 

 The South China Sea (SCS) has complex bottom topog-
raphy and open boundaries. The hydrodynamics in the re-
gion is very complicated. Metzger and Hurlburt [1] first ap-
plied a layered model to the SCS and compared upper layer 
currents and sea levels of the model with the observed data. 
Recently, Cai et al. [2] developed a coupled single-layer/ 
two-layer model to study the upper circulation. An enhanced 
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understanding of the circulation characteristics has been 
achieved. Chu and Chang [3, 4] studied the seasonal ther-
modynamics in the SCS using the POM with limited bound-
ary conditions, monthly mean climatological wind stress data 
set [5, 6] and bi-monthly variation of mass transport at the 
open boundaries [7, 8].  

 Wind wave impact on the ocean circulation is an impor-

tant aspect of the hydrodynamics. Recent computational 

studies by Davies and Xing [9], Xie etc al. [10] and Moon 

[11] bear this point. Their studies show that the wave con-

tributes to local current and sea level changes, and momen-

tum and stratification mixing throughout the whole water 

column. Moon [11] also investigated the effects of ocean 

waves on sea surface temperature simulations. Without con-

sidering the wave effect at the surface, the surface stress is a 

function of wind speed based on the drag coefficient [12]. 

However, the action of wind over the sea induces the ex-

change of momentum between air and ocean, leading to 

wave development. Therefore the surface stress would be 

significantly enhanced by the wind waves. Charnock [13], 

Janssen [14, 15] and Donelan et al. [16, 17] presented vari-

ous models to calculate surface roughness by taking into 

account the effects of the surface waves. Most recently, 

Massel and Brinkman [18] presented an analytical solution 

for the wave-induced set-up and flow through simple shoal 

geometry when water depth is a linear function of distance. 

The existing empirical knowledge has shown that surface 
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waves enhance the mixing in the upper ocean, which can be 

applied to the newly derived continuity, momentum and en-

ergy equations for more accurate modeling. Mellor [19] and 

Qiao et al. [20] coupled surface wave equations to mixing 

equations in three-dimensional ocean models. Their result 

has confirmed a strong wave-induced mixing in both hydro-

dynamics and temperature. Graig and Banner [21] and 

Zhang and Chan [22] have suggested that surface waves can 

enhance mixing in the upper ocean. The SCS is monsoon 

dominated, and surface waves play a significant role in the 

circulation process. 

 Wind waves cause an enhancement of the bottom stress 

encountered by currents, which has been studied theoreti-

cally (e.g. [23]) and experimentally (e.g. [24]; [25]). The 

orbital motions of the waves alternate near bottom currents, 

resulting in a thin boundary layer with intensive turbulence 

[26]. In ocean modelling, bottom friction is always con-

sidered to be quadratic of current velocities. It was demon-

strated that the bottom friction can be greatly increased by 

the periodic bottom stress created by ocean waves by Grant 

and Madsen [27, 28], and this result has been tested and ap-

plied in a variety of coastal situations [29, 30]. Recently, 

Zhang and Li [31], Xie et al. [10] and Zhang et al. [32] in-

corporated the wave-current interaction mechanism proposed 

by Grant and Madsen [28] in a hydrodynamic model. Their 

results indicate that the surface waves can significantly affect 

the bottom currents by modifying the bottom drag coeffi-

cient. However, experimental results [25] show that the ap-

parent hydraulic roughness proposed by Grant and Madsen 

[28] was under predicted. A modified model was proposed in 

Madsen [33], which showed excellent agreement with meas-

urement data. The SCS has a complex bathymetry with water 

depth from a few meters up to 5000 meters. Previous studies 

have shown that the bottom effect of surface waves is sig-

nificant in shallow regions [11, 32]. Therefore, it is neces-

sary to couple the wave module into circulation modeling in 

the SCS. 

 In the present study, the wind wave effect to the circula-

tion is investigated using a three-dimensional time-

dependant Princeton Ocean Model (POM) based model. The 

model is configured with realistic coastlines in the South 

East Asian Seas and our emphasis is on the simulation of 

physical parameters in the water column. A third-generation 

wave model (WAM) is employed to predict the wave pa-

rameters. The wind wave effect on the circulation is exam-

ined by applying the theory of Janssen [21] to estimate the 

effect of waves on the sea surface roughness. At the bottom 

boundary layer, the wave-current interaction mechanisms as 

developed by the latest Grant-Madsen analytical model [33] 

are applied, which produce values of the bottom roughness 

experienced by a current, the apparent bottom roughness, 

from knowledge of wind-waves and bottom current shear 

stress characteristics. The improved formulations of surface 

stress and bottom stress have been incorporated into the 

POM model. The simulation results in the period of April - 

May 2001 show that the surface stress with the consideration 

of waves increases, and as a consequence the magnitude of 

currents both at the surface and near the seabed has been  

 

varied. It is also found that young waves with smaller peak 

periods influenced the surface circulation more significantly 

than in old waves. On the other hand, wave-induced bottom 

stress retards the currents in the water column. Therefore the 

net effect of wind wave on the circulation depends on the 

significance of current and elevation changes due to surface 

stress and bottom stress respectively. The model is validated 

against the current, temperature and salinity data measured in 

the ASIAEX field measurements.  

2. MODEL DESCRIPTION 

2.1. Circulation Model 

 The flow equations governing ocean circulation in POM 

consists of the hydrostatic, the Boussinesq Navier-Stokes 

equations along with an equation of state which incorporates 

the temperature and salinity of the fluid velocity. The hydro-

static assumption and the Boussinesq approximation are 

commonly used in ocean circulation modeling based on the 

premise that the horizontal extent is much larger than the 

vertical extent. The governing equations of the continuity 

equation, the Reynolds momentum equations, the conserva-

tion equations for potential temperature and salinity and the 

turbulent kinetic energy are thus formulated in orthogonal 

Cartesian co-ordinates with x increasing in the eastward di-

rection, y increasing in the northward direction and z measur-

ing vertically upwards from an undisturbed water level [19].  

2.2. Wave Model 

 In the present study, a third-generation wave model, 

WAM [34] was adopted. WAM estimates the evolution of 

the energy spectrum for ocean waves by solving the wave 

transport equation explicitly without any presumptions on 

the shape of the wave spectrum. 

 The net source functions of the whole system takes into 

account all physical processes which contribute to the evolu-

tion of the wave spectrum, representing source terms due to 

wind input, non-linear wave-wave interaction and dissipation 

due to wave breaking and bottom friction.  

 The synthesis of these source terms as expressed in 

WAM [34] signifies the current state of understanding of the 

physical processes of wind waves, namely that inputs from 

these processes balance each other to form self similar spec-

tral shapes corresponding to the measured wind wave spec-

tra. Except for the non-linear source term, all the other 

source terms are individually parameterized to be propor-

tional to the action density spectrum. The non-linear source 

uses the discrete interaction approximation (DIA) to simulate 

a non-linear transfer process, representing the four-wave 

resonant interaction Boltzmann equation and this character-

izes the third-generation models. 

2.3. Models’ Coupling 

2.3.1. Coupling Through the Surface 

 Winds blowing at the sea surface constitute an important 

driving force for ocean currents. Generally, the wind stress at 

the surface is therefore a necessary forcing parameter for an  
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ocean circulation model. The surface wind stress over the 

ocean is directly correlated to the wind vectors. Normally, 

the wave-independent zonal ( sx) and meridional ( sy) com-

ponents of the wave-independent stress are defined as 

sx = aCDV10u10

sy = aCDV10v10

,           (1) 

where a is the air density; (u10, v10) are the (x, y) compo-

nents of wind speed V10 at 10 m above water; CD is the sur-

face drag coefficient. Initially, the drag coefficient formula-

tion is based on Large and Pond [12] modified for low wind 

speeds as suggested by Trenberth [35]:  

CD =

2.18 10 3 for V10 1 m / s

(0.62 +
1.56

V10

) 10 3 for 1 m / s <V10 < 3 m / s

1.14 10 3 for 3 m / s V10 < 10 m / s

(0.49 + 0.065V10 ) 10 3 for V10 10 m / s

  (2) 

 The above equation has been commonly applied in ocean 
modeling, however it doesn’t include the wave effect. As the 
wind blows over the ocean, surface waves are developed. 
The young waves significantly enhance the surface rough-
ness and hence, surface stress due to waves should be con-
sidered [17, 34, 36, 37]. 

 The surface stress of airflow over sea waves depends on 
the sea state. From a consideration of the momentum balance 
of air it is found: 

= aCDV10
2 ,             (3) 

where the drag coefficient can be expressed by the shear 
velocity definition as:  

CD = / ln z / z0s( )( ){ }
2

.          (4) 

 Here =0.4 and the surface roughness 

z0s =
g

/ 1 w( ) /( )            (5) 

where  is the Charnock constant [5],  is the total surface 

stress and w is the wave-induced stress equals the amount of 

the momentum going to the waves due to wind.  

 Because only the developing waves contribute to the sur-

face roughness, the direction of those waves follows the di-

rection of wind closely. Equation (2) applies the direct pa-

ramerisation of CD on wind speeds, however the improved 

formulation of equation (4) which is indirect paramerisation 

through a surface roughness height is coupled into the 

model. Drag coefficient in equation (4) is a more physically 

sound parameter. The sur face roughness may vary for the 

same wind speed, and also associate with water depth, wave 

age or wind direction. The total shear stress due to wind and 

wave has been taken into account. Bye et al. [38] also pro-

posed a formulation to calculate the shear stress with more 

complicated consideration of the momentum transfer from 

the ocean to the atmosphere through the swell.  

2.3.2. Coupling Through the Bottom  

 The enhanced near bottom turbulence due to the presence 
of wind waves influences the flow field. The theory of wave-
current interaction mechanisms of the Grant-Madsen analyti-
cal model [33] is applied. 

 If z=zr is close enough to the bottom to be considered 
within the constant stress layer, the concept of a bottom fric-
tion factor can be defined by 

b = Czr
| Ur | Ur ,           (6) 

where Ur is the reference velocity used in “drag-law formu-

lation”, i.e. Ur = U(zr ) ,  is the density of water and Cz r
 

is bottom friction coefficient referenced to U at z=zr . The 

bottom friction coefficient can be expressed using the shear 

velocity definition as follows, 

2

b0

r
z

Z

z
ln/C

r
= ,           (7) 

where =0.4 and Z0b is often related to the bottom rough-
ness, kN. For example, kN=30 Z0b, for fully rough turbulent 
flow. 

 Based on skin friction, the Shields Parameter, 
’
m can be 

calculated following the model presented by Madsen [33], 

gd)1s(

U
2'

wm*'

m = ,           (8) 

with  

2'2'

*
2

1
bmwwm UfU = and 

= 30.761.5exp

109.0

'

r

bm
w

d

U
f ,         (9) 

where d is sediment diameter and s is the ratio of density of 
sediment to density of water; Ubm is the amplitude of the 
equivalent periodic wave of near-bottom orbital velocity; 
and U*wm is the maximum friction velocity due to wind-
waves. The movable bed roughness can then be evaluated by 
the following conditions [33]: 

35.0or18.0Zford15k

18.0Z012.0forZ100.7

012.0ZforZ108.1U
4k

2
fordk

'

m

'

mN

23.14

5.02

r

bm
N

cr'

mN

>>=

<<

<
=

<=

(10) 

where cr , the critical value of Shields Parameter for the 

initiation of sediment motion, is obtained as a function of the 

fluid-sediment parameter gd)1s(
4

d
S* =  from the 

modified Shields Diagram [28] and its extension [33]; and 

*

'

m S/Z = ;  is the fluid viscosity.  
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 The near-bottom wave velocity and bottom shear stress 
may be evaluated in terms of the directional surface wave 
components. A wind-wave model typically would have out-
put in the form of the directional wave spectrum S ( , ), 
where  is the radian frequency and  is direction. The near 
bottom orbital velocity amplitude Ubm, the equivalent peri-
odic wave radian frequency r and the dominant direction, 

w can be calculated by following the procedure in Madsen 
[39]. 

 The direction of the current c can be obtained as 

tan c =
by

bx

 from the circulation model. The angle between 

waves and current wc is defined as c - w. The maximum 

wave bottom shear stress can be obtained from 

2

bmwcwwm Uf
2

1
=          (11) 

where the combined wave-current friction factor, fwc, is a 
function of the relative strength of currents and waves, speci-
fied by 

.30.7
k

UC
61.5expCf

109.0

rn

bm

wc =
μ

μ       (12) 

where, 

μ = c

wm

, Cμ = 1+ 2μ cos wc +μ2{ }
1

2 .       (13) 

 Equations (13) and (14) are solved iteratively, by first 

assuming μ=0 and Cμ =1 to obtain an initial estimate of wm  

from (12) and (13). With this value of wm , μ and Cμ are 

updated using equation (14) and the procedure is repeated till 

convergence of μ is obtained with two significant digits. 

 Then, the wave boundary layer thickness is given as  

r

w

wm

wc

C

A

μ

= ,         (14) 

using the final values for μC  and wm  and the scaling factor 

[40], 

.45.196.2exp

071.0

=
rN

bm

k

UC
A

μ
       (15) 

 Finally, the apparent roughness is obtained by solving the 
equation 

wm

c

C

N

wc

wcb0
k

30
Z

μ

= .        (16) 

With the above results, the corresponding value of bottom 

friction coefficient 
rzC  can be updated by equation (7). 

2.3.3. Coupling Procedure 

 As mentioned above, in this study, there are two types of 
wave effects incorporated into the hydrodynamic model 
POM: through surface shear stress and bottom stress. The 
coupling of the two models takes place in the following se-
quence. Firstly, wave model calculates the directional wave 
spectrum and significant wave height with wind inputs. The 
outputs are then used to estimate the total surface stress by 
Equations (3) – (5). These coupling values are then input 
into hydrodynamic model to model the circulations. In this 
study, the coupling process is one-way, which takes place 
every 1800 s.  

3. APPLICATION DOMAIN 

 The modified ocean circulation model is applied to the 
South East Asian Seas. It covers the domain of 99

o
E-121

o
E 

and 9
o
S-24

o
N. A horizontal grid resolution of 1/6 degree and 

20 Sigma-level are employed. As initial 720-day spin-up 
period is used, starting from an initial of stationary state 
with climatological March temperature and salinity field 
[41], which is driven by the climatological mean wind. From 
March 01, 2001 (day 721), the analyzed wind fields from 
ECMWF (European Commission for Medium Weather 
Forecasting) are applied to drive the model. The results 
shown in the following sections are in the domain of 115

o
E-

121
o
E and 13

o
N-24

o
N. The study area covers the shallow 

coastal waters from the southern China coastline to the 
northern deep basin of South China Sea, as shown in Fig. (1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). The bathymetry in the domain. 
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3.1. Wind Waves 

 In this study, the wave-induced surface and bottom 

stresses were considered in addition to the effect of currents. 

The wave model was set up over a larger domain of 99
o
E-

170
o
 and 9

o
S-52

o
N with a bathymetric resolution of 1/6

o
, 

spectral resolution of 25 logarithmically spaced frequency 

components with f1 = 0.052 Hz. The angular resolution is 

30
o
. ECMWF winds at 0.5

o
 resolution are used to drive the 

model. The model was calibrated and verified by using the 

available buoy measurements located at (121
o
55’25’’E, 

25
o
5’46’’N) over the period of 1

st
 June – 31

st
 October 2001. 

The buoy wave data (Hs) are shown in good agreement with 
the model predictions for the five months period in Fig. (2).  

 Our study period is in April and May 2001, which is the 

inter monsoon period, when the wind direction is changing 

from the Northeast monsoon to the Southwest monsoon. 

During this transition time, a storm occurred during May 11-

13, 2001, as shown in Fig. (3). A strong northeast wind of 

about 13m/s was recorded, extending from the Taiwan Strait 

to the Luzon Strait, and results the significant wave height 

and the peak wave period from WAM shown in Fig. (4). On 

May 12, 2001, the significant wave heights reached 3 m in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). The comparison between the prediction and the buoy observation of significant wave heights over five month’s period from June – 

October, 2001. 
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the deep central domain. The peak wave period reached 7 s 

in the deep basin where the wind-waves were fully devel-

oped. However the peak period is only 2.5 – 3.5 s in the shal-

low coastal water region. The influence of the wind-
generated waves on the current is to be investigated. 

3.2. Influence Through the Surface Stress 

 The drag coefficients estimated by equations (2) and (4) 
are used to calculated surface shear stress. Equation (2) does 
not taken into account wave effects. The drag coefficient 
indirectly paramterized through surface roughness is pre-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). The wind speed at (18N, 118E) in May 2001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). The significant wave height and peak wave period on May 12, 2001. 
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dicted by equations (3)-(5), where wave effects have be 
taken into account. Fig. (5a) shows surface shear stress de-
pending only on the wind speed reaches up to 0.3 N/m

2
 in the 

period of May 10-13, 2001. However, the surface stress in-
cluding the wave contribution is illustrated in Fig. (5b); the 
magnitude of the stress is determined to be up to 0.6 N/m

2
. 

The difference of the surface shear stress is due to wave ef-
fects as shown in Fig. (5c). These results show that the im-

pacts of waves reach a maximum on May 12, 2001 with the 
rapid intensification of the cyclone. Figs. (5a-c) clearly illus-
trate that the presence of waves greatly enhance the magni-
tude of the surface stress. In previous studies, the drag coef-
ficient is shown to increase with wind speed as long as storm 
intensity does not exceed 30 m/s [17, 38, 42]. In the present 
study, the maximum wind speed is less than 15 m/s.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). The surface stress (N/m2
) distribution. (a) wave-independent (b) wave-dependent (c) difference between (b) and (a). 
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 Fig. (6) further shows the comparison between the sur-
face stresses calculated by Equations (2) and (4). Fig. (6a) 
illustrates that with the greater wind speed the influence to 
the surface stress is greater. For low wind speed, the wave 
effect is not significant, but at wind speeds above 10 m/s, the 
magnitude of the surface stress can be doubled. Fig. (6b) 
indicates that for developing waves with smaller peak peri-
ods the surface stress is influenced more significantly than 
for well developed waves, in agreement with Drennan et al. 
[43]‘s five recent field campaigns. It can be seen that Equa-
tions (3)-(5) includes the contribution of the surface wave to 
circulations. However, in the present study, the breaking 
wave induced current and the wave set-up haven’t been in-
vestigated, which need to be further studied. 

 The wave-enhanced surface stress results in a greater 
increase in the surface velocity where the surface stress is 
enhanced, but the effect on the bottom velocity is only in 
shallow regions as shown in Fig. (7). The maximum differ-
ence for surface currents can reach 0.4 m/s in the central part 
of the domain where the storm has its maximum intensity. 
The surface elevation also increases in the shallow region 
and the variation can be up to 0.12 m, which reaches 50% of 
the surface elevation near the coast. 

3.3. Influence Through the Bottom Stress 

 Wave stress, the bottom orbital velocity Ubm, direction w 

and frequency r can be evaluated from WAM outputs and 

used in the bottom layer module to estimate the bottom 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6a). The relationship between the wind speed and the surface stress. (b) The relationship of the wind speed, the wave period and the 

surface stress. ( + without wave effects; * with wave effects). 
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roughness in POM. The procedure is the same as that de-

scribed in Section 2.3. Fig. (8) shows the distribution of the 

bottom orbital velocity and the near bottom radian frequency 

on May 12 - 13, 2001. In the shallow waters near the north-

ern open boundary, the values of Ubm are large with a peak 

value of 0.5 m/s, and the bottom wave period diminishes to 3 

s. Large values for Ubm enhance the turbulence and increase 

the bottom roughness which can be as high as 0.06 m. The 

effect of wave-current interaction on the bed friction coeffi-

cient reduces the currents near the coast because of the alter-

ing bottom stress. Several authors have previously addressed 

this effect [30, 10, 31]. Intensive turbulence retards the bot-

tom flow. Far from the continental shelf areas, the wave ef-

fect on the current is insignificant. Fig. (9) confirms that the 

wave influence through the bottom stress increases in shal-

low water up to 40 m depth, which reduces the near bottom 

current up to 40%, but has little effect on the surface current, 

although the surface elevation is reduced by up to 0.11 m 

near the northern boundary of the domain. As discussed in 

Zhang et al. [32], the influence of waves to the near bottom 

current is associated to water depths, wave periods, wave 

numbers and wave heights. In General, with water depth 
more than 50 m the wave effect is not significant. 

 The vertical extent of wave-associated turbulence is lim-
ited by the wave boundary layer. The wave contribution to 
the turbulent mixing must decrease with the distance away 
from the bottom. It should be noted that near-bottom turbu-
lent eddy viscosity, KM= kUz, increases with increasing 
shear stress. The influence on sediment transport and the 
mixing of other substances is significant near the sea bottom. 

3.4. The Total Wind Wave Effect and Calibration using 

ASIAEX Data 

 We have shown that surface wave affects the current 
through both the surface stress and the bottom stress. Fig. 
(10) presents the effects of waves through both the surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7). The influence of wave through the surface to the surface current (m/s), bottom current (m/s) and surface elevation (m). (a) wave-

independent; (b) wave-dependent; (c) difference between (b) and (a). 
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and bottom showing that the general flow pattern remains 
similar, regardless of the wave effect. Taking waves into 
account, an increased energy is input from the surface and 
more energy is dissipated from the bottom. These two effects 
are opposite. It can be seen from Fig. (8) that the surface and 
bottom current differences combine the results in Figs. (7 
and 9). The surface current increases mainly due to the en-
hanced total surface stress and the bottom current decreases 
due to the net influence of the surface and the bottom stress. 
The influence of greater bottom turbulent intensity in the 
shallow water however, is dominant. The influence on eleva-
tion is also the net influence from both the surface and the 
bottom. As the tidal elevation variation has been added at the 
open boundaries, the diurnal and semi-diurnal cycles can be 
predicted as observed in Fig. (11).  

 The ASIAEX field experiment was conducted from 25 
April to 19 May 2001. Measured current data at 8 m depth at 
location (22.18N, 117.06E) is compared with simulated data 
for the period from April 21- May 19, 2001 (Fig. 11). The 
correlations between the measured data and the simulated 
data are 0.53 and 0.55, respectively, without and with waves. 
If we only compare the period May 10-13, 2001, the correla-

tion coefficients are 0.50 and 0.56, which indicates that un-
der strong wind the influence of waves is more significant.  

 Waves influence surface stress [43] play an important 
role in ocean mixing processes [44], which affects not only 
SST but the three-dimension temperature and salinity as well 
[11]. Analysis of CTD data in ASIAEX result in temporal 
and spatial variation patterns for the vertical profiles of tem-
perature and salinity. Therefore, we compare model outputs 
at a given point with the field measurement data in Fig. 12. 
Although model temperature profiles agree well with ob-
served data, the predicted salinity is higher than measured 
salinity at all locations. This may due to the fact that the 
model surface salinity is from climatologic data which might 
not accurately reflect the synoptic – scale processes such as 
rainfall. The temperature profile near the bottom also exhib-
its a difference between the predicted and measured data, 
which may be due to the seasonal averaged lateral boundary 
conditions, which were prescribed. Both wave enhanced 
turbulent mixing and depth induced wave breaking influence 
the hydrodynamic and thermodynamic process in the water 
column, but neither is investigated in the study. Further re-
search of the influence of the wave on ocean circulations is 
to be carried out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8). The distribution of near bottom orbital velocity and wave period on May 12 and 13, 2001. 
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4. CONCLUSIONS 

 The influence of the wind waves on the ocean circulation 
was investigated. The improved formulation of the surface 
stress depends on the wind speed and the roughness of the 
water surface, which is prescribed to update the surface drag 
coefficient in the circulation model. The modified Grant-
Madsen analytical model [33] for the bottom roughness is 
applied to produce values of the apparent bottom roughness 
experienced by a current. The knowledge of wind-wave and 
current bottom shear stress and bottom sediment characteris-
tics was incorporated into the circulation model. Its utility 
has been examined by presenting results generated in the 
South China Sea.  

 When the wave-enhanced surface stress is accounted for 

in the model, the impacts of strong winds is significant for 

surface current, but only affects the bottom current in shal-

low waters. Wind waves have significant bottom orbital ve-

locity in the shallow water, which enhances bottom turbu-

lence and retards the flow near the seabed. Our results sug-

gest that waves have significant impacts in shallow regions, 

and high wave and low peak period conditions. We consider 

the influence of waves on the circulation through the surface 

and through the bottom. Comparison with the ASIAEX field 

measurements show that taking waves into account can im-

prove the correlation between modeled and measured cur-

rents from 0.50 to 0.56. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9). The influence of wave through the bottom to the surface current (m/s), bottom current (m/s) and surface elevation (m). (a) wave-

independent; (b) wave-dependent; (c) difference between (b) and (a). 
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Fig. (10). The net influence of wave through the surface and the bottom to the surface current (m/s), bottom current (m/s) and surface eleva-

tion (m). (a) wave-independent; (b) wave-dependent; (c) difference between (b) and (a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (11). Current comparison between the measured data and simulated data. 
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Fig. (12). Temperature and salinity comparison between the measured data and simulated data. 

 In the present study, we examined only the influence of 
wind waves on the hydrodynamics. Further study on the 
sediment transport and the trajectory of water particles is 
ongoing, to obtain a better prediction capacity of the ocean 
environment. The effect of wind waves on the thermal dy-
namics will also be considered in a future study. 
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