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ABSTRACT 

Horizontal dispersion plays an important role in coastal water 
sediment and pollutant transport and therefore it must be well 
assessed and understood for the successful development of any 
numerical modelling scheme. The performance of a dispersion 
model was assessed, using experimental Lagrangian drifter data. The 
method applied in the drifter tracking experiments was introduced, and 
the numerical modelled results were compared with the in situ data. It 
appears that the simulated results were sensitive to the bathymetry 
resolution and wind conditions. In addition, the in-situ drifter 
trajectories were compared with the numerical modelling results in 
Moreton Bay, Australia. Good correlation with an R2 of 0.73 between 
drifter data and modelled results was achieved indicating that the same 
set of model evaluations can be used to compute the particles spreading 
in further dispersion research. 

KEY WORDS: MIKE3; Lagrangian drifter; Model calibration; 
Moreton Bay  

INTRODUCTION 

Coastal areas are generally ecologically rich regions and a popular 
place for human recreational activities. Spatially, the region 
encompasses the interaction zone between the coastal river and ocean. 
With an increasing amount of river borne sediment, and a greater 
variety of pollutions entering the coastal zone, in particular the 
likelihood of accidental oil spills, there could be a significant 
degradation of ecosystem health. Local weather, flow conditions and 
coastal processes all impact on the horizontal dispersion of particles 
and pollutants within the coastal waters (Zhang et al., 2009; Lemckert 
et al., 2011; Yu et al., 2013b). Therefore, understanding the 
characteristics of horizontal dispersion is fundamental for predicting 
the fate of pollutants in the coastal environment.  

Over the past decades, a large number of in-situ investigations on 
horizontal dispersion have been carried out using a variety of 
methodologies. The Eulerian and Lagrangian field based measurement 
methods are the two main approaches that have been applied to  

estimate the magnitude of dispersion. With the recent significant 
development in tracking technology, the Lagrangian method has been 
widely applied due to its greater flexibility and possibility of a much 
higher sampling frequency. In addition, Sabet and Barani (2011) 
revealed that the data attained from the Lagrangian dispersion gives 
further insight into the flow dynamics, which the Eulerian data does 
not. Mantovanelli et al. (2012), for example, applied the Lagrangian 
method, by satellite-tracking surface drifters, to examine the particle 
dispersion and the diffusivity dynamics at the Great Barrier Reef, 
Australia.  

As computational technology develops, an increasing amount of 
dispersion research has been conducted using numerical models. The 
configurations of numerical models, including the bathymetry mapping 
boundary conditions set-up and the adjustments of parameterization, 
have been the most important aspects that determine the performance 
of coastal modelling (Yu et al., 2012; 2013a). The application of a fully 
calibrated and verified model provides a powerful tool for research 
investigations with high temporal and spatial resolutions as it allows for 
a large range of environmental conditions to be explored. Ridderinkhof 
and Zimmerman (1992) simulated a large number of non-dissolving 
buoyant particles over five tidal cycles in the Wadden Sea. The study 
revealed that the tidal dispersion mechanism produced rapid water 
exchange along the channel and could be representative of many 
shallow tidal seas. Similarly, Xu and Xue (2011) modeled 250 particles 
over 12 hours in a macro tidal basin in Cobscook Bay, USA, and found 
that the fundamental mechanism for particle dispersion was the chaotic 
advection arising from long tidal excursions. 

The purpose of the present study is to investigate the capacity of a 
hydrodynamic dispersion model and estimate its performance 
comparing modelled and measured data. The measure data was derived 
from a series of drifter tracking experiments in Moreton Bay, Australia. 
The calibrated and verified model, which is being derived for Moreton 
Bay resulting from this study, can now be applied in further studies to 
investigate the effects of the tidal current variations, multiple wind 
condition and altering topography on the dispersive behavior in coastal 
waters. Therefore, it could be used as an operational tool to improve 
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management practices for efficient protection of the coastal ecosystem. 
 
METHODOLOGY 
 
Study Area 
 
Moreton Bay is located in sub-tropical southeast Queensland, Australia, 
as shown in Fig. 1. It extends from 153.10 E to 153.50 E and from 
27.050 S to 27.50 S, and covers an approximate area of 1523 km2, with 
an average water depth of 6.8 m (Dennison and Abal, 1999). Moreton 
Bay is a largely confined body of ocean water which is adjacent to the 
urban region of Brisbane in the south west. It receives a mean annual 
river water of approximately 1.65 × 108 m3, which is discharged 
through the Brisbane River catchment (Queensland Department of 
Natural Resources Mines and Water, 2006). Additionally, two large 
sewage plants are located at Oxley Creek, 32 km upstream from the 
Brisbane River mouth and Luggage Point at the river mouth. 
Consequently, significant volumes of sewage are discharged into the 
Brisbane River estuary can contribute to nutrient enrichment in 
Moreton Bay. A number of barrier islands on the western side of the 
bay restrict water exchange between the bay and ocean. As shown in 
Fig. 1 , there are three openings between the bay and the ocean - being 
north, east and south. The North Passage, with a width of 15.5 km, 
accounts for most of the water exchange between the Pacific Ocean and 
Moreton Bay (Dennison and Abal, 1999). The oceanic exchange for the 
South Passage, located between two large islands is more restricted. 
Extensive islands at the south lead to the least oceanic exchange in 
comparison with the other two openings (Queensland Department of 
Natural Resources Mines and Water, 2006). 
 

 
Fig. 1 Map of Moreton Bay and the Brisbane River estuary. The 
red dots indicate the three chosen locations for drifters’ 
deployments. 

 
Drifter Measurement 
 

To assist in developing an understanding of the horizontal dispersion in 
the Moreton Bay region a set of drifters were designed and deployed. 
The Lagrangian Self-locating Datum Marker Buoys (SLDMB) drifters 
were designed following Poulain (1999) as this follows the standard 
drifters used in many ocean and coastal water studies. The drifters were 
built with a strong aluminum frame, as shown in Error! Reference 
source not found. (a) and (b), consisting of four drag-producing vanes 
which worked together as a large effective drogue for stability. A 
SPOT 2 Satellite GPS Messenger unit was located within a PVC 
container bolted to the top of frame. The activated ‘Track Progress’ 
feature of the GPS allowed the position of the SLDMBs to be tracked 
in near real-time throughout the duration of the deployment, with a 
position fixing error of approximately 5 m (Spencer et al., 2014). The 
entire SLDMB drifter (Error! Reference source not found. (b)) had 
dimensions 1 (L) x 1 (W) x 1.4 (H) m and weighed approximately 10 
kg. 
 

 
Fig. 2 Example of a surface drifter design (a) (Poulain, 1999) and the 
frame (b) of the Self-Locating Datum Marker Buoy used in this study.  

 
Three experiments were conducted using the SLDMB drifters at three 
different sites (IS, SH and OP) in Moreton Bay, as marked in Fig. 1. 
Four SLDMB drifters, which is the minimum required number to 
calculate the dispersion coefficient (REF), were deployed as a small 
cluster, initially spaced approximately 1 m apart. The drifter were 
deployed for up to 16 hours in the vicinity of Mud Island (IS) on 23 
July; at the location close to a shore (SH) on 6 August; and in an open 
water area (OP) on 21 August 2013. Their positions were logged at 10-
minute intervals. The position data was then used to estimate the 
dispersion coefficient, following the formula proposed by Signell and 
Geyer (1990).  
 
Numerical Model Configuration 
 
The numerical model, DHI MIKE3 FM, was applied to simulate the 
dispersion in Moreton Bay. The MIKE 3 FM which is based on the 
numerical solution of the 3D incompressible Reynolds average Navier-
Stokes Equations, with the assumption of Boussinesq and of 
hydrostatic pressure, is a three-dimensional hydrodynamic model 
associated with the Particle Tracking module formulated using sigma 
coordinates (DHI Water and Environment, 2013).  
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The bathymetry was represented by a network of flexible triangular 
cells. The higher resolution unstructured mesh allows the model to 
attain more accurate results than lower resolution schemes (Lee and 
Valle-Levinson, 2012). However, the time integration of the shallow 
water equations is performed using a semi-implicit scheme, that is, the 
horizontal terms are treated explicitly and the vertical terms implicitly 
(DHI Water and Environment, 2013). It implies that the Courant-
Friedrich-Levy (CFL) condition has to be satisfied (CFL<1), in order to 
completely secure the stability of the numerical scheme in practice 
(DHI Water and Environment, 2013). Considering the stability 
restrictions of the model and the investigation of mesh resolution 
effects in a previous study (Yu et al., 2012), the bathymetry was 
presented as follows: the spatial resolution in the Brisbane River 
estuary (BRE) and shallow coastal area was about 100 m; while the 
resolution became larger towards the far-field (deep areas), ranging 
from 100 to 1500 m. It therefore produced 4500 elements covering the 
entire Moreton Bay. The time step was set as 10 seconds to satisfy the 
critical CFL. In the vertical direction, the variable sigma co-ordinate, 
with 10 layers for the water column, permitted high resolutions (0.5 m) 
near the surface and bottom. The co-ordinate also maintained a 
reasonable resolution (2-3 m) at mid-depth.  
 
There are four open boundaries surrounding Moreton Bay, as illustrated 
in Fig. 3. The open western boundary denotes the entrance of the 
estuary. Hourly river discharge at this site derived from field 
observations by the Department of Environment and Heritage 
Protection, Queensland, was applied as the western boundary condition. 
The northern and eastern boundaries represent the North and South 
Passages of the Bay, respectively. The tidal elevations at these two 

open boundaries were predicted by the Marine Safety Queensland with 
a time interval of 10 minutes. Considering the complexity of the 
topography in the southern bay (a number of islands exist in the narrow 
channel), different set-ups was evaluated to determine the best 
condition to use. The open boundary was set at the bottom of southern 
bay, as marked in Fig. 3, which consists of three segments separated 
by two islands along the boundary. The tide at the southern open 
boundary condition was from the Global Tide Model DHI developed 
by DTU Space (http://www.space.dtu.dk/) using 12 major tidal 
harmonic constituents with a horizontal resolution of 0.1250. 
Additionally, the surface wind forcing was accounted for using the 1 
minute datasets from the inner reciprocal marker station provided by 
the Australian Bureau of Meteorology (BOM). 
 
RESULTS AND DISCUSSION 
 
Sensitivity Tests 
 
The results for different configurations of the numerical model are 
presented in Fig. 4. In the first configuration (corresponding to Fig. 4 
(a)), the model was running with a relatively higher resolution ranging 
from 100 to 1500 m as described in the previous section, while the 
coarser resolution ranging from 500 to 5000 m was applied in the 
second model configuration (corresponding to Fig. 4 (b)). In the third 
model configuration (corresponding to Fig. 4 (c)), the finer resolution 
was applied (the same as the first configuration); the wind force, 
however, was not taken into account in the simulation of dispersion. 
 
Fig. 5 shows the comparison of surface elevations at the Brisbane Bar 
(153.170 E, 27.370 S) between the tidal gauge data and model results 
with coarser resolution and finer resolutions for July 2013. It can 
therefore be seen that the modelled elevations were well matched with 
the measured tidal data, both in phase and amplitude. However, the 
tidal peaks were slightly underestimated, possibly because of the 
complex topography around the bar. The root-mean-square error 
(RMSE) was 8.73% and 7.22% for the corresponding model 
configurations with coarser and finer resolutions, respectively. As such, 
the decreasing RMSE illustrated that the quality of simulation results 
might be improved by using higher resolution. It has to be noted that 
the further reductions in element size produced very similar results to 
those with the first model configuration, with a RMSE of 7.21%, 
however the model running time increased by 50%. 
 
Furthermore, it was found that the first model configuration that has a 
higher resolution of complex topography and coastline, produces better 
non-linear flow behavior. Fig. 4 (a) clearly shows the current 
circulation in the vicinity of Mud Island, but the circulation was very 
weak and less evident in Fig. 4 (b). In contrast, the appearance of the 
current circulation in Fig. 4 (a) implies the simulated results are 
sensitive to the mesh configuration of the model, which agreed with the 
findings of Stern (1998) and Yu et al. (2012).  
 
Fig. 4 (c) shows the modelled depth-averaged current distribution in the 
vicinity of Mud Island without the consideration of the wind force. The 
Bay was fully driven by the tidal force and the model exhibited a strong 
north-southward current during the flood tide. The current circulation 
disappeared near the island. The differences between the simulated 
dynamics with (Fig. 4 (a)) and without wind (Fig. 4 (c)) reveal the 
importance of the wind effects in the coastal simulation. 
  

 
Fig. 3 The bathymetry of Moreton Bay was represents by a 
network of flexible meshes.  
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Fig. 4 The depth-averaged current simulated near the Mud Island for 23 July2013. The model was running under real wind condition with (a) finer 
resolution and (b) coarse resolution, respectively. The model with finer resolution was running without any wind forcing in (c). Red dash-dotted 
frame indicates the significant differences of simulated current from these three different configuration models. 

 

 
Fig. 5 Comparison of surface elevations between the tidal gauge data and model results with coarser resolution and finer resolution for July 2013. 

 
 
 
Comparison of measured and simulated trajectories of 
drifters 
 
AEST on 23 July 2013 and were tracked for 16 hours. The trajectory of 
the drifters is shown in Fig. 6 (a). Corresponding to the variation in the 
tidal elevation in Fig. 6 (b), the drifters mainly moved in a southerly 
direction during the ebb tide. During the second half of flood tide, the 
drifters turned around and headed towards the northern part of the bay. 
The drifter travelled approximately 5 km when the elevation increased 
from low to high tide and 7.5 km when the elevation decreased from 
high to low tide. The effective displacement of the drifters was about  
 
 

 
4.5 km during one tidal cycle. Besides the tidal current effects, wind 
forcing also impacted the drifter movement. The wind on this occasion 
was a south-westerly with a mean speed of 28 km/h, as shown in Fig. 6 
(c). Therefore, the drifter not only moved along a westerly direction 
(latitudinal), but also tended to head roughly in an easterly direction 
(longitudinal).  
 
The simulated results exhibit very similar drifter trajectories to the 
drifter measurements. The comparison of the distances between the 
measured and simulated drifter trajectories at each recorded time step 
(approximately 10 minutes) in x- (longitudinal) and y- (latitudinal) 
directions are shown in Fig. 6 (d) and (e), respectively. It can be seen 
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Fig. 6 (a) The trajectory of the drifter in the first field trip, corresponding to (b) the change of the tidal elevation. (c) The wind condition over this 
duration. The comparison of the travelling distances between the measured and simulated drifter at each recorded time step (approximately 10 
minutes) in (d) x- and (e) y- directions, respectively.  

 
 
 
that the model produced comparative accurate travelling distance of the 
drifter in x- direction with a mean error of 23 m and a maximum error 
of 80 m. In contrast, the difference of travelling distance in y- direction 
was relatively larger, with a mean error of 60 m and a maximum error 
of 134 m. The root-mean-square error (RMSE) was approximately 70 
m between the simulated and measured results, with a correlation of 
0.73. It has been noted that the error in the location of the drogues and 
the large size of the bin of drifters might affect the accuracy of field 
measured data. Moreover, the finest resolution of bathymetry with a 
cell size of approximately 100 m was less than the calculated mean 
error of travelling distance, implying that the simulated results might be 
slightly impacted. However, overall, the satisfactory agreement 
between model results and field measured data validates the relative 
parameters, such as the horizontal dispersion coefficient and wind 
friction coefficients, adopted for Moreton Bay model calibration. 
 
The horizontal dispersion in Moreton Bay 
 
The cluster of four surface drifters were released during a period of 
approximately 16 hours and the position data recorded from these 
drifters was used to describe the dispersion behavior of the water body, 
as follows: 
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where k represents the effective dispersion coefficient, σx and σy 
are the variances of particle horizontal displacements in 
longitude (x) and latitude (y) directions with respect to time, t ; 
(xi, yi), i = 1,2…N (N = 4 in this study), are the positions of 
particles at time t (Signell and Geyer, 1990).  
 
Fig. 7 shows the simulated and measured dispersion coefficient k, 
during the 16 hour deployment. The simulated results generally agreed 
with the measured data, with a RMSE of 0.1 m2/s and an R2 of 0.77. 
During the entire duration, the dispersion coefficient was less than 1 
m2/s. In particular, the dispersion coefficient was smaller than 0.1 m2/s 
before around the 10th hour, as shown in Fig. 8. After the 10th hour, the 
dispersion coefficient was significantly larger than the previous stage, 
although it also experienced some fluctuation. At approximately the 
13th hour, the coefficient approached its peak value of 0.5~ 0.6 m2/s. 
The variation of the dispersion coefficient in Fig. 9 implies that the 
dispersion coefficients is roughly proportional to the rate of time 
change of dispersion for the cluster, which is consistent with the 
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findings in LaCasce (2008) and Brown et al. (2009). 
 

 
Fig. 10 The simulated and measured horizontal dispersion coefficient 
k (m2/s)  

 
CONCLUSIONS 
 
A three-dimensional hydrodynamic model coupled with the dispersion 
module was validated. The modelled outcomes which were associated 
with the field measurement dispersion results were used to investigate 
the dispersion behavior in Moreton Bay. By comparing simulated 
results from different model configurations, it appears that the results 
were sensitive to the bathymetry resolution and wind conditions. In 
addition, the in-situ drifter trajectories were compared with the 
numerical modelling results in Moreton Bay, Australia. The model 
results show a reasonable agreement with experimental data, with a 
correlation of 0.73 and a RMSE of 70 m, indicating the adequate ability 
of the model which could be applied in future studies. Further 
investigations could involve analyzing the tide and wind effects on the 
local horizontal dispersion behavior in Moreton Bay by applying the 
proposed model configuration. 
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