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The Sofala Bank (hereafter referred to as ‘the bank’) is 
a large and shallow shelf extending from the coast of 
Mozambique in the central Mozambique Channel from 17° S 
to 21° S (Figure 1). It has an average depth of approximately 
30 m and is approximately 150 km wide and 500 km long. 
The bank hosts an important shrimp fishery dominated by 
two species, Penaeus indicus and Metapenaeus monoceros 
(Sousa et al. 2006). According to Gammelsrød (1992), these 
species comprised 48% of shrimp catches on the bank in 
the early 1990s. From 2000 to 2002, the annual average 
industrial shrimp catch was 8  600 t, with P. indicus and 
M. monoceros accounting for 4 600 t and 2 500 t, respect-
ively (Sousa et al. 2006).

Several rivers discharge onto the bank, with the 
Zambezi River being the main source of fresh water. As a 
consequence, the bottom topography on the bank consists 
predominantly of fine gravel and sand sediments from 
Zambezi run-off (Schulz et al. 2011). 

The ocean circulation on the bank is influenced by the 
passing of large Mozambique Channel rings drifting mainly 
southward in the central channel (Backeberg and Reason 
2010; Halo et al. 2014; Malauene 2014). The ocean circula-
tion on the bank is also wind forced, presenting seasonal 
variations, which are strongest from October to February, 
because of the predominance of south-easterly trade winds 
during this period (Sætre 1985).

The Sofala Bank region hosts the largest tides in the 

western Indian Ocean (Figure 2), reaching an amplitude of 
6.6 m during spring tides (Hoguane 2007; da Silva et al. 
2009). Tides on the bank follow a semi-diurnal regime, 
with a cycle of two high and two low tidal amplitudes 
during the day. The M2 tidal constituent is predominant, 
reaching an amplitude of >2 m inshore (Figure 2). The tidal 
cycle appears to affect nutrient transport mechanisms. 
According to Leal et al. (2009), the phytoplankton biomass 
is transported offshore during ebbing tides. It is also during 
the low tide that the highest concentrations of nutrients, 
such as nitrates, phosphates and silicates, are found at 
bottom depths of the bank (Leal et al. 2009).

The bank has four distinct water masses: low salinity 
shelf water; warmer oceanic surface waters; deep oceanic 
waters; and high salinity shelf water (Nehama et al. 
2015). The surface waters are warm during the austral 
summer (December–March), because of surface heating, 
resulting in a high level of vertical stratification (da Silva 
et al. 2009). The presence of stratification and important 
mixing induced by large tidal currents could lead to the 
generation of tidal fronts. These fronts are generated in a 
transition zone between tidally mixed waters and stratified 
waters in shallow seas (Hill et al. 1993). Tidal fronts could 
be responsible for an enhanced regeneration of nutrients of 
importance for biological productivity (Pingree et al. 1978) 
and for the distribution of fish larvae (Lough and Manning 
2001). 
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The Sofala Bank, a wide shelf located along the central coast of Mozambique, hosts tides with high amplitudes. The 
Regional Ocean Modelling System (ROMS) was used to analyse the tidal currents on the bank and to investigate 
their effects on the stratification and generation of tidal fronts. During spring tides, barotropic tidal currents with 
maximum values ranging from 40 cm s–1 to 70 cm s–1 are found on the central bank. The major axis of the tidal 
ellipses for M2 and S2 follow a cross-shelf direction with mainly anticlockwise rotation. Similar to observations, 
three distinct regimes occur: (i) a warm well-mixed region on the inner shelf where the depths are <30 m; (ii) a well- 
mixed colder region above the shelf edge; and (iii) a stratified region offshore. The model shows that the tides 
lead to cooling where two criteria are satisfied: the Simpson and Hunter parameter log10(h/U3) <3.2 and the depth 
h >30  m. The shelf edge of the bank is important for internal tide generation. Two frontal structures result, one 
offshore between cooler mixed waters and warmer stratified waters and the other in shallow inshore waters, 
between cooler mixed waters and solar heated mixed waters.

Keywords: barotropic tidal currents, ROMS, sea surface temperature, shallow seas, tidal front 
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Several studies related to the shrimp fishery have been 
conducted on the bank (Gammelsrød 1992; Sousa et al. 
2006; Fennessy and Isaksen 2007), but tidal characteristics 
and particularly the effects of tides on the vertical stratification 
and the mean ocean circulation on the bank remain poorly 
understood. In this context, a three-dimensional numerical 
model was designed to resolve the tides on the bank and 
their effects on the vertical oceanic structure. A comparison 
of model solutions with and without tides illustrates the effects 
of tides on the mean vertical stratification on the bank. We 
present the model, describe the tides and compare the 
model output with observations from a coastal tide gauge 
in the harbour of Beira. An analysis of the effects of tides on 
the vertical stratification on the bank concludes the study.

Methods

The ocean model
We used the Regional Ocean Modelling System (ROMS), 

a realistic three-dimensional oceanographic model that 
solves the primitive equations with a stretched terrain-
following vertical coordinate (Shchepetkin and McWilliams 
2005; Debreu et al. 2012). As a free surface and split explicit 
oceanic model, it uses shorter time-steps to advance the 
surface elevation and the barotropic momentum equations 
and longer time-steps for the baroclinic momentum and 
tracer equations. The time-stepping algorithm is based 
on a predictor-corrector formulation. The model baroclinic 
time-step is 10 minutes. The unresolved physical mixing 
processes are parameterised with a non-local K-profile 
parameterisation (Large et al. 1994) with both a surface 
and a bottom boundary layer parameterisation. The 
model configuration was generated with the MATLAB 
ROMSTOOLS package (Penven et al. 2008). The model 
domain is an oblique grid, encompassing the region 32.45°–
45.12° E and 13.46°–26.15° S with a resolution of 6.3 km 
and such that the y-direction is aligned with the Mozambique 
coastline (Figure 1). The model bathymetry was derived 
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Figure 1: Geographic location of the Sofala Bank on the coast of Mozambique. The contours represent the bottom topography (m) and the 
model domain used for the numerical experiments is shown. The locations of the town of Beira and the tide gauge mooring in the Pungwe 
River mouth are indicated on the map




























