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Abstract— A high-resolution depth-averaged hydrodynamic 
model was developed for Poole Harbour, UK, with the aim to 
test water quality scenarios for reducing nutrient levels. These 
scenarios were developed from a separate Combined 
Macroalgae and Phytoplankton (CPM) model, a simple linked 
box model that can be used to calculate nutrient concentrations 
and the biomass of phytoplankton and macroalgal 
communities. For the CPM model to function, exchange rates 
between the different parts of the water body are required. The 
flushing rates of Poole Harbour are calculated from the 
hydrodynamic model. Furthermore, as there is uncertainty in 
what leads to the spatial distribution of macroalgae growth, the 
hydrodynamic model was used to investigate any links between 
environmental conditions, nutrient concentrations and 
macroalgae growth. 

I. INTRODUCTION 

Poole Harbour is a water body, located on the south coast 
of the UK, whereby high nutrient concentrations have led to 
large growth of macroalgae along the shorelines and mud 
flats. Large macroalgae mats can have negative 
environmental impacts by reducing the total area of mudflats 
available to wading birds [1], in addition to reducing 
dissolved oxygen leading to anoxia in benthic communities 
within the sediments and lead to nitrogen loading within 
Poole Harbour waters [2]. Investigations into the feasibility 
of the removal of macroalgae as a mitigation measure to 
reduce nutrients and improve water quality is ongoing [3]. 
Nutrients are fed into the harbour via farm run offs into a 
number of rivers, notably the River Frome and River Piddle, 
in addition to a number of outfalls from sewage treatment 
works at Wareham, Lytchett and Holes Bay. Historically, very 
high levels of nutrients were found within the harbour. Within 
the last few decades water quality controls were implemented 
reducing nutrient inputs from point sources. However, the 
trend of the amount of nutrients from ground water diffuse 
sources is increasing as historic run off and land use is still 
slowly working through the surrounding water table. As such, 
the aim of the study was test a range of water quality 
scenarios to investigate how nutrient levels could be further 
reduced. Furthermore, there is a degree of uncertainty as to 
what leads to the spatial distribution of macroalgae growth 
within Poole Harbour. Therefore, the secondary aim was to 
identify possible links between environmental conditions, 
nutrient concentrations and macroalgae growth. 

 

II. HYDRODYNAMIC MODEL 

A.  Model Domain 

A high-resolution depth-averaged model of the Poole 
Harbour, UK, was built with an unstructured triangular mesh, 
using the hydrodynamic software Telemac-2D (v7p1). The 
model domain extends between 1.646°W – 2.239°W and 
50.362°N – 50.737°N. The unstructured mesh was discretised 
with 76,448 nodes and 145,947 elements. Along the open 
boundary, the mesh has a resolution ranging between 200m 
to 5km, reducing to 100m along the coastline. Within Poole 
Harbour the resolution is further refined to 30m. Bathymetry 
of the outer domain was sourced from the Department for 
Environment, Food & Rural Affair’s UKSeaMap 2010 [4]. 
The resolution of the bathymetry points from this dataset are 
1 arc-second (~30m). Within Poole Harbour, bathymetry was 
provided by Environment Agency with a resolution of 20m. 
The hydrodynamics are forced along the open boundaries 
using 11 tidal constituents (M2, S2, N2, K2, K1, O1, P1, Q1, 
M4, MS4 and MN4) from the OSU TPXO European Shelf 
1/30° regional model. After a spin up period of 5 days, the 
model was run for 30 days to cover a full spring-neap cycle. 
Four fresh water inputs are included within the model 
domain, representing the Rivers Piddle, Frome, Sherford and 
Corfe. The model uses a k-ε turbulence model with velocity 
diffusivity set to 1×10–6 m2/s, representing the kinematic 
viscosity of water. In the absence of accurate wide spread 
sediment data, the Nikuradse law for bottom friction was 
used, with a constant value of roughness length, ks =0.04, 
applied to the whole model domain. 

B. Validation 

Validation data have been obtained from the British 
Oceanographic Data Centre (BODC) for surface elevation at 
the Bournemouth tide gauge, whose location is shown in 
Fig. 1. After a spin-up period, the model was run for 30 days 
from 19/05/2012 00:00 to 19/06/2012 00:00. Comparisons of 
the modelled free surface elevation and observed tidal 
elevations, at Bournemouth, is shown in Fig. 2.  

To validate the free surface elevations, three statistical 
tests have been applied: the coefficient of determination, the 
root mean squared error (RMSE) and the scatter index. The 
scatter index is the RMSE normalised by the mean of the 
observations. It is widely used in the validation of wave 
models [5-7], meaning there is a wide source of literature for 
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1 and 4.5 mg/l, macroalgae was located in areas with 
concentrations over four standard deviations from the mean. 
Similar conclusions were found for a study of macroalgae 
growth in the Medway Estuary, UK, where bed shear stress 
was a controlling factor and nutrient supply a limited role 
[15].  

Further work is required to assess potential indicators of 
macroalgae growth as it is clear there are other controlling 
factors. Whilst depth and mean velocity were good 
indicators, it does not explain why then it is not more 
prevalent in the Upper Wareham region and Lytchett Bay, 
which has extensive intertidal regions. Factors such as 
sediment composition, light penetration and grazing should 
be considered. Furthermore, there may be climatic variables, 
such as temperature and rain fall, that are indicators. These 
might explain why there is a 50% reduction in the total area 
of macroalgae growth from the 2008 and 2015 field 
observations.  

V. SUMMARY & CONCLUSION 

A depth-average hydrodynamic model was developed 
for Poole Harbour, UK, to test water quality scenarios for 
reducing nutrient levels. The scenarios were developed from 
a Combined Macroalgae and Phytoplankton model, tuned by 
flushing rates calculated from the Telemac model. The 
hydrodynamic model was a useful tool in providing insight 
into the dominant sources of nutrients into the water body 
and most effective solutions for reduction nutrient loads.  

Furthermore, the hydrodynamic model was used to 
identify model outputs could be used as indicators for spatial 
distribution of macroalgae growth. Mean water depth and 
velocity were shown to be good indicators. However, mean 
winter concentrations of nutrients were less important. 
Further work is required to identify other controlling factors 
as field observations suggest water depth and velocity are 
not the only indicators. 
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