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1 Introduction 

This report represents one of several pieces of work commissioned by the Dunedin City 

Council (DCC), which are being undertaken to develop a Coastal Plan for the St Clair to St 

Kilda coast (Figure 1.1). While the St Clair to St Kilda coast is the focus of the overarching 

project, an understanding of the larger coastal sediment transport system is imperative, not 

only to inform decision making in the development of the St Clair to St Kilda Coastal Plan, but 

also support public consultation. This project considers coastal sediment transport along the 

southern Otago Coast from Tokatā (Nugget) Point to Kaimata (Cape Saunders) (Figure 1.1). 

This report is preceded by a literature review that provides additional detail for the same study 

site (Atkin et al., 2020), and has been undertaken following a Synopsis of Understanding for 

the St Clair to St Kilda beach system (Serrano, 2019), that identified a gap in the current 

understanding of the larger sediment transport system in which St Clair to St Kilda beach sits. 

This report summarises numerical modelling undertaken to further understand the sediment 

transport regime along the southern Otago coast. This has been achieved by constructing an 

uncalibrated long-term wave climate model, and post processing the data to infer inner Depth 

of Closure, develop boundary conditions; and, implement modelling of longshore sediment 

transport flux. 

 

1.1 Study Site 

The coastal area from Tokatā Point to Kaimata (~110 km of coastline) comprises Molyneux 

Bay to the south and Taieri Bight in the north, divided by Quoin Point. The shoreline is 

characterised by sandy beaches backed by dunes, and delineated alongshore by exposed 

cliffs and headlands, with rocky reefs scattered along the shoreline. The modern sand facies 

described by Carter et al. (1985) is light olive-grey, fine-very fine, moderately to well sorted 

with a mean grain size of 0.088 - 0.23 mm. Hodgson (1966) and Dyer (1994) report mean 

grain sizes for St Clair to St Kilda coast of 0.26 mm and 0.30 mm, respectively. Hodgson 

(1966) also reports median grain sizes of 0.24 mm and 0.26 mm for Sandfly Bay and Allens 

Beach. 

Sediment transport is predominantly south to north. Temporary reversals in the sediment 

transport system do occur (Carter et al., 1986; Smith, 2007); transport to the south also occurs 

locally at Tokatā Point. This southerly transport is associated with a circulation of water, or 

anticyclonic mesoscale eddy, that occurs adjacent to Tokatā Point. The Clutha River is by far 

the largest source of sand and gravel for the Otago coastline. Associated with this is the 

modern sand wedge (Carter and Carter, 1986), an extensive “store” in the south Otago 
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sediment transport system (see Atkin et al., 2020 and references therein). This is a large body 

of sand that extends from Tokatā Point, where the sand is ~35 m thick, to the north where the 

width and thickness of the sand store diminish (Figure 1.1). 

Sediment budgets were developed by Smith (2007) and T&T (2000), both of which leverage 

the earlier work of Carter (1986), and Smith (1999; 2000a,b). In terms of material moving 

through the sediment transport system, from Tokatā Point to Karitane, Smith (2007) quotes 

Gibb’s (1973) sediment flux of 588,888 m3yr-1. Carter et al. (1985) quotes Kirk (1980) at 

450,000 m3yr-1 and Gibb (1979) at 1,000,000 m3yr-1. Johnson et al. (2010) estimated an 

approximate sediment transport flux for the St Clair to St Kilda embayment of 200,000 m3yr-1 

 

1.2 Depth of Closure 

The depth along a beach profile at which sediment transport becomes negligible or ceases is 

referred to as the Depth of Closure (DC). The theoretical concept of DC was developed by 

Hallermeier (1981) and has been used for coastal engineering design, particularly for 

nourishment projects. DC is a function of both wave height and period. DC calculations use 

the effective wave height, that is the wave conditions that are exceeded for 12 hours per year, 

or with a yearly occurrence probability exceedance of 0.137%. Hallermeier’s (1981) equation 

for DC is: 

𝐷𝐶 = 2.28𝐻𝑠 − 68.5 (
𝐻𝑠

2

𝑔𝑇2
) [1] 

where, Hs is the effective wave height, T is the associated weave period and g is acceleration 

due to gravity. 

 

1.3 Longshore Sediment Transport 

Beach morphology is subject to a multitude of processes and drivers. One of the most 

prominent drivers though, especially on open coast settings, is Longshore Sediment Transport 

(LST). LST most readily occurs where waves break obliquely to the shore, but also where 

there are alongshore wave height gradients; both of which set up a longshore current. The 

dependency of waves for this process means estimations of LST are firmly based on wave 

climate. There are a range of models and approaches to estimating LST dating back to the 

early 1980’s.  
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Figure 1.1. Annotated aerial photo showing: the depth of material in the modern sand wedge of Carter and Carter (1986 - white lines); the seaward limit of the modern sand 
facies (Carter et al., 1985 (dashed red line); Carter and Carter, 1986 (solid redline)); offshore wave climate time series extraction point (white dot); and prominent locations within 
the study site. Insert: illustration of the Tasman and Southland Currents around the southern tip of the South Island of New Zealand, and approximate study site (green box). 
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Mils-Homens et al. (2013) and Fernández-Fernández et al. (2016) provide comparisons of 

LST equations, with the former providing what is known as the modified-Kamphuis (after 

Kamphuis, 1991) formula: 

𝐿𝑆𝑇 = 0.15𝜌𝑠
𝑎 (

𝐻𝑠𝑏
2.75𝑇𝑝

0.89𝑚𝑏
0.86𝑑50

−0.69 sin(2𝜃𝑏)
0.5

(𝜌𝑠−𝜌)(1−𝑎)
) [2] 

where: LST is volume per unit time in m3s-1; Hsb  is the significant wave height at the breaker 

line, Tp is associated peak period; mb is the beach slope from the breaking line to the shoreline; 

d50 is median sediment grain size; θb is angle between the wave crests and the shoreline at 

the breaker line; ρs is the density of the sediment; ρ the density of the water; and a is the 

porosity index (Van Rijn, 2014).  The modified-Kamphuis methodology was applied to this 

investigation. This study is not estimating cross shore sediment transport. 
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2 Methodology 

2.1 Bathymetry 

In order to numerically model waves and post process model output, seafloor depths across 

the area of interest, or bathymetry, is required. The bathymetric data set used in this study 

comprises Land Information New Zealand’s (LINZ) nautical chart and GEBCO (Becker et al., 

2009) data. These datasets were validated against two sets of survey data, one from Molyneux 

Bay (Williams and Goldsmith, 2014.) and another from south Dunedin (Johnson et al., 2010). 

All bathymetric datasets were referenced to Mean Sea Level (MSL). 

 

2.2 Transects 

To present metrics along the length of the coastline of the study site, LINZ 1:50,000 coastline, 

which approximates MSL, was discretised at 250 m. At each discretised point, a transect that 

is perpendicular to the orientation of the coast was constructed. The orientation of the coast 

was represented by the mean of the orientation of the coastline 50 m either side of the 

discretized point. The shore normal transects were extended inland to the point at which the 

profile height reached ~3 m above MSL. The offshore extent of each transect is a function of 

depth, with the end point approximating 20 m deep MSL. A depth of 20 m was used as a first 

pass value for DC (Section 1.2), which was based on an estimate of the outer DC (offshore 

limit for DC) using mean conditions from the offshore wave climate (Hallermeier, 1981). Figure 

2.1 presents the transects. Some transects were omitted because of their orientation, resulting 

from the dendritic nature of the South Otago coastline, which meant that calculation of any 

metric based on these transect would yield poor, unusable results. The areas where transects 

were omitted were almost entirely associated with the longer headlands that are oblique or 

perpendicular to the general orientation of the coast. 

 

2.3 Wave Modelling 

An industry-standard wave model, SWAN (Simulating WAves Nearshore), incorporating the 

generation, propagation, and transformation of wave fields in both deep water and nearshore 

regions was used to simulate wave conditions at the study site. The SWAN model solves the 

spectral action density balance equation for frequency-directional spectra. This means that 

the growth, refraction, and decay of each component of the complete sea state, each with a 

specific frequency and direction, is solved, giving a comprehensive description of the wave 

field as it changes in time and space (Holthuijsen et al., 2004). 
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Numerical model domains were constructed by interpolating latitudinal, longitudinal and 

depth/elevation (XYZ), data on to rectilinear grids. The XYZ data used to construct gridded 

domains is described in Section 2.1. The modelling framework employs a nesting scheme to 

increase the spatial resolution at the study sites and areas of interest. On a New Zealand scale 

grid with a horizontal resolution of 0.05° (Figure 2.2), a 41-year wave hindcast was simulated. 

The model boundary conditions consisted of the European Centre for Medium-Range Weather 

Forecast’s (ECMWF) ERA5 2-dimensional wave spectra with a horizontal resolution of 0.5° 

(Hersbach, et al., 2020), and 10 m wind data sourced from the National Centre for 

Environmental Prediction’s (NCEP) hourly global reanalysis model (Kalnay et al., 1996) 

with a spatial resolution of 0.312°. 

 

 

Figure 2.1: Transect locations (red lines) at 250 m intervals along the coast. 

 

Nested within the New Zealand scale domain was a 2nd level sub-regional scale domain, with 

a spatial resolution of 500 m (Figure 2.2). Within the 2nd level nest are 3 local nests with 100 

m resolution. The local nests, A, B and C, cover from Tokatā Point to Quoin Point, Quoin Point 

to Brighton, and Bright to Kaimata, repsectively. Characterised boundary conditions for each 

of the level 3 nested grids were constructed from a time series extracted from the level 1 

hindcast at discrete locations on the boundary of the level 2 nest (Figure 2.2). 
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Figure 2.2: Model domains (grids). Red: course resolution NZ scale mode; blue: 500 m sub regional grid; pink (A 
grid), orange (B grid) and green (C grid), 100 m resolution local grids. With representative wave conditions 

extract points (green stars). 

 

2.3.1 Sub-regional Boundary Conditions 

Two sets of sub-regional boundary conditions were constructed. One for DC estimation and 

another for the purpose of sediment transport modelling. Boundary conditions for DC 

estimations were developed from the long term wave climate data extracted from the 3 

representative wave condition extraction points (Figure 2.2) as follows: 

• For each year with in the 41-year hindcast, the wave climate timeseries was divided 

based on wave direction into 30° bins from 50°N to 230°N. 

• For each year and each bin, the instances of effective wave height, or significant wave 

height exceeded only 12 hours out of a single year, or the greatest 0.137% waves in 

a year (Brutsché et al 2016, Hallermeier, 1981) were identified. These instances, 

along with coincident wave periods and directions were then averaged.  

• An additional boundary condition for each direction bin was constructed using all 41 

years of data.  

The result is 252 boundary conditions. Sediment transport modelling boundary conditions 

were developed at each of the 3 representative nodes as follows: 



 S. Otago Coastal Sediment Transport: Numerical Modelling 

8 
 

• The 41-year time series was binned in both wave direction and height. Directional 

bins were 15° wide from 0 to 359.99°. Wave height bins were 0.5 m wide ranging 

from 0 m to 8 m. 

• To provide a more accurate representative set of conditions for each bin, wave height, 

period and direction populations of each bin were averaged (as opposed to traditional 

approach of using the bin centres).  

• An occurrence weighting was assigned to each bin based on the bin’s population.  

Table 2.1 through Table 2.3 present the results of this process, which provides 154, 141 and 

147 weighted wave conditions for level 3 nested grids A, B and C, respectively. Each 

characterised wave condition for both DC and sediment transport regime was propagated from 

the offshore edge of the level 2 nest, and through the local level 3 nest. 

 

Table 2.1: Binned and weighted wave climate for the grid A. 

 

 

2.4 Depth of Closure 

The numerical model outputted waves statistics across the nested grids. In this case, output 

was created for each of the 6 directional bins for each year. For each output, the wave height 

and period were interpolated at 1 m intervals along the length of each of the shore normal 

transects. Using the wave height and period from each interpolated point the DC was 

calculated (Eq. 1). The DC for each transect, under each of the simulated wave conditions, is 

the point at which the depth profile and DC along each transect intersect or converge (e.g. 

Kang et al., 2018). An example of this is Figure 2.3. 
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Table 2.2: Binned and weighted wave climate for the grid B. 

 

 

Table 2.3: Binned and weighted wave climate for the grid C. 

 

 

 

Figure 2.3: Convergence of transect depth profile (blue line) and DC values (red line) during storm conditions (~6 
m at 12 s). 
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A final DC for each year (and in the long-term case, using the whole 41-year time series) was 

taken as the deepest value from the 6 directional bins. From the 41-year DC values, statistics 

of maximum, minimum, standard deviation, and range of DC, at each transect were calculated.  

 

2.5 Sediment Transport 

For each shore-normal transect, at the location of the maximum DC (from Section 2.4), the 

transformed weighted wave conditions (Section 2.3.1) were extracted. The occurrence 

weighted conditions provided the boundary condition for 1-dimensional sediment transport 

modelling. The depth along the transect, interpolated at 1 m intervals, provided the model 

domain.  

The modified-Kamphuis longshore sediment transport model (based on Mil-Homens et al., 

2013) predicts refraction and shoaling, breakpoint wave conditions and estimates longshore 

sediment transport on open coasts. Tuneable parameters in the sediment transport model 

include sediment grain size (D50), and sediment density (ρs). The sensitivity of these tuneable 

parameters was explored for 2 transects in each level 3 nest. The transects were selected to 

account for a range in exposure and seabed slope.    

Values for D50 in the study site are reported as 0.088-0.30 mm (Carter et al., 1985; Hodgson, 

1966; Dyer, 1994). This range encompass very fine sand, which is likely to be a small fraction 

of in the sediment distribution. The upper (Dyer, 1994) and lower (Carter et al., 1985) reported 

limits of 0.23 mm and 0.3 mm and a mean of 0.265 are used in sensitivity testing. Sediment 

densities can vary greatly based on the geological setting and a value of 2670 kgm-3 is often 

assumed. Godfrey et al. (2001) report Haast Schist densities from 2682 kgm-3 to 2738 kgm-3. 

Tenzer et al. (2010) report a mean Schist value of 2732 kgm-3. Sensitivity testing included ρs 

values of 2670, 2704 and 2738 kgm-3. 

The sediment transport locations (each transect) were filtered to remove all locations when 

the sediment transport equations were not applicable. These locations included the rocky and 

cliff lined shores where longshore sand transport within the surf zone is more complex than 

the equations can account for, and locations where the transect is highly oblique to the 

bathymetric isobaths and/or the wave climate. 
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3 Results 

3.1 Depth of Closure 

The maximum and minimum DC are presented in Figure 3.1 through Figure 3.4. DC ranges 

from 2 to 15 m. The shallowest DC values are associated with the sheltered bays close to 

Kaka Point. These points also have the lowest ranges in DC across the 41 years. The deepest 

DC values are located toward the more exposed eastern end of Kaimata, with ranges of ~6 m 

(study site maximum); range in DC is also large between Quoin Point and Taieri.  

There is a general trend of increasing DC from Tokatā Point to Kaimata. Maximum DC values 

from ~Toko Mouth toward Kaimata are generally greater than 10 m. The mean range of DC 

around the South Dunedin coast is ~4 m, indicating a moderate amount of interannual 

variability. In Figure 3.1 DC locations are largely removed from the hashed polygon, which 

represented the 5 m depth of material in the modern sand wedge (Carter and Carter, 1986).  

 

 

Figure 3.1: Tokatā Point to Kaimata: DC minima and maxima for each transect location (coloured circles), and 5 
m depth of material polygon in the modern sand wedge. 
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Figure 3.2: Tokatā Point to Measley Beach: DC minima and maxima for each transect location (coloured circles), 
and 5 m depth of material polygon in the modern sand wedge. 
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Figure 3.3: Toko Mouth to Waldronvile: DC minima and maxima for each transect location (coloured circles), and 
5 m depth of material polygon in the modern sand wedge. 

 

 

Figure 3.4: Brighton to Kaimata: DC minima and maxima for each transect location (coloured circles), and 5 m 
depth of material polygon in the modern sand wedge. 

 

3.2 Sediment Transport 

Sediment transport results are presented as positive and negative potential sediment transport 

flux. In this study, sediment transport toward Kaimata is positive and sediment transport 
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toward Tokatā is negative. The main metric presented is net sediment transport potential, i.e. 

the positive transport potential weighed against the negative.  

 

3.2.1 Sensitivity tests 

Figure 3.5 presents the results from the sensitivity tests. The tests show that the percentage 

difference between the tested variables is the same at each transect. Noting the transect 

locations have different seabed slopes and wave climates. Altering the sediment grain size 

(D50) by a standard deviation of the reported range results in 10% and 8% differences in 

transport potential for a grainsize decrease and increase, respectively. For an increase and 

decrease of 34 kgm-3 in sediment density (ρs), the difference is 1% and 2%, respectively. This 

indicates ρs has a smaller impact than sediment grain size on the outputs of the modified-

Kamphuis sediment transport model. The relationships are as expected (e.g. increased grain 

size results in reduced sediment transport). The magnitude of potential error (up to 12%) is 

not excessive and provides confidence in other components of the sediment transport model 

(e.g. wave transformation, estimation of seabed slope). Given the scale of the study site a 

potential error of this magnitude is considered acceptable. The mean values (0.265 mm and 

2704 kgm-3) were used in the results for all transects. 

 

 

Figure 3.5: Sediment transport potential sensitivity for D50 (top) and ρs (bottom) for 6 different transects, 2 from 
each 3rd level nest. Values at the top of each plot indicate the percentage difference between tests.    
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3.2.2 Tokatā Point to Kaimata  

Mean and maximum sediment transport rates over the entire study area are provided in Table 

3.1. The positive net value agrees with the predominant south to north sediment transport 

system reported by various authors. The maximum values for sediment transport potential 

estimated in this study are on the same order of magnitude as those reported in previous work 

(588,888 m3yr-1: Gibb, 1973 cited in Smith, 2007; and 450,000 m3yr-1 to 1,000,000 m3yr-1: Gibb, 

1979; Kirk, 1980; Carter et al., 1985), although less by several 100,000 m3yr-1. Figure 3.6 

provides a geographical overview of the sediment transport potential. Figure 3.7 through 

Figure 3.10 present this data in bar plot format. The reversal of sediment transport around the 

Clutha River mouth, described in previous studies (Carter et al., 1986; Smith, 2007), is 

apparent. 

 

Table 3.1: Sediment transport potential statistics. 

 Mean (m3yr-1) Maximum (m3yr-1) 

Negative Flux 56,651 334,031 

Positive Flux 91,159 334,539 

Net Transport 34,508 248,464 

 

Net negative sediment transport indicates reversal in direction relative to the overall net 

transport direction (from Tokatā Point to Kaimata). Prominent reversals occur at Koau Mouth, 

north of Wangaloa, Brighton, Westwood and Waldronville, Tomahawk Beach and Sandfly Bay. 

The locations of these reversals are shown in Figure 3.11. Most of the reversals collocate with, 

or are updrift (net) of headlands, occurring toward the north and/or east end of sandy 

embayments. At Waldronville, a negative sediment flux occurs in the lee of Green Island, west 

of the mouth of the Kaikorai Stream (Figure 3.12). 

The mean net sediment transport potential between Bruce Rocks and Brighton is ~60,000 

(gross ~215,000) m3yr-1. Between Brighton and Blackhead (i.e. Waldronville Beach) the mean 

net sediment transport potential is ~7,600 (gross ~108,000) m3yr-1; and from St Clair Headland 

to Lawyers Head it is ~40,000 (gross ~115,000) m3yr-1. 

In the St Clair to St Kilda embayment (Figure 3.13), there are 2 transect locations that exhibit 

reversals in sediment transport. One is adjacent to Moana Rua Rd, and the other at the 

Lawyers Head end of the beach. The negative net flux at Moana Rua Rd is ~2000 m3yr-1; 

which in the scale of potential sediment transport occurring on the south Otago coast, is 

essentially net zero. Despite this, the gross potential transport is more than 80,000 m3yr-1, a 

value not dissimilar from the other positive flux values at other transects along the St Clair to 

St Kilda embayment. 
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Figure 3.6: Filtered and thinned net sediment transport potential, arrows denoting net transport direction along the South Otago coast. 
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Figure 3.7: Bar plot of potential sediment transport net and flux from Tokatā Point to Kaimata. 

 

 

Figure 3.8: Bar plot of potential sediment transport net and flux from Tokatā Point to Toko Mouth. 
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Figure 3.9: Bar plot of potential sediment transport net and flux from Toko Mouth to Brighton. 

 

 

Figure 3.10: Bar plot of potential sediment transport net and flux from Brighton to Kaimata. 
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Figure 3.11: Locations of reversals in net sediment transport direction relative to the net transport regime. 
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Figure 3.12: Net sediment transport potential between Bruce Rocks and Maori Head, arrows denoting transport direction. 

 



 S. Otago Coastal Sediment Transport: Numerical Modelling 

21 
 

 

              

Figure 3.13: Net sediment transport potential between St Clair and Maori Head, arrows denoting transport direction. 
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4 Discussion 

The sand wedge on the south Otago coast contains an exceptionally large volume of material. 

Whilst the sand wedge likely feeds material to the coastline, the bulk of the sand wedge is 

located well outside the Depth of Closure (DC), meaning that shoreward sediment transport 

from the bulk of the sand wedge may only occur during extreme events. DC generally 

increases from Tokatā Point to Kaimata, which means the active nearshore zone is much 

deeper. This reflects the increase in exposure to larger waves from the southern to northern 

end of the study site. From a management perspective, renourishment volumes are often 

estimated as a function of DC. This would mean that the required renourishment volumes 

would also increase along the coast. However, DC values are relatively consistent across the 

St Clair to St Kilda coast, indicating little variation in renourishment volumes across the 

embayment would be required. 

The sediment transport potential at the proximal end of the sand wedge (i.e. Tokatā Point) is 

generally lower compared to the transport rate at the distal end and the area of interest (St 

Clair/St Kilda). The longshore sediment transport (LST) regime is therefore one of demand 

potential outstripping supply potential (higher net transport rates and lower transport depths 

at the distal end). As these beaches are largely sustained along the coast, an obvious 

assumption is that LST accounts for only a portion of the sediment transport system. 

The Taieri River delivers 17,000 to 27,000 m3yr-1 of sand/gravel to the south Otago system 

(Smith, 2007; T&T, 2000). Mean LST flux around the Taieri River source is ~36,000 m3yr-1. 

Comparatively, mean LST flux northeast of Matua Mouth (Clutha River) is ~26,000 m3yr-1. 

At a more local level, it is estimated that the LST flux is reduced through the Waldronville 

Beach, relative to the net and gross values estimated for the Brighton area and St Clair to St 

Kilda. If we consider that Waldronville is the source for St Clair, the LST subsystem is in a net 

deficit. 

Figure 4.1 includes the conceptual schematisation of the mean sediment transport during a 

southerly event theorised by Johnson, et al. (2010); who estimated a total sediment flux of 

~200,000 m3yr-1, based on a sediment flux of 500-750 m3/day (182,500-273,750 m3yr-1). It 

should be noted that the concept represents only a snapshot of the processes occurring at the 

study sites. At the eastern end of the St Clair to St Kilda embayment beach Johnson et al. 

depict a pair of circulation cells. The reversal at the Lawyers Head end of the beach observed 

in this work collocate with circulation patterns suggested by Johnson et al. (2010). The 

transport pathway from the middle of the beach to the west estimated by Johnson et al. is also 

observed in this work, albeit not to the same extent. The arrows depicting circulation cells and 



 S. Otago Coastal Sediment Transport: Numerical Modelling 

23 
 

onshore/offshore driven pathways, which have not been determined as part of this study, were 

derived from the use of a 2D sediment transport model that is suited to relatively smaller study 

sites while considering coastal processes in more detail. 

The annual sediment transport flux estimate of Johnson et al. (2010) is roughly double that of 

the gross LST estimated in this work. It is likely that this disparity can be at least partially 

attributed to the cross-shore sediment flux. If this is correct, cross-shore and LST sediment 

transport flux are roughly equivalent, or at least substantial. A number of plots depicting cross-

shore and LST sediment transport flux presented by Johnson et al. (2010) support this 

assumption, as does the recent work of Davenport (2020) who has considered tracer 

experiments driven by a phase resolving model at St Kilda (Figure 4.1). 

Reduction or reversal of LST flux associated with islands and reefs structures is observed on 

the south Otago coast. In terms of coastal geomorphology, the effects of offshore features are 

relatively well understood and have been simulated for many years in coastal engineering 

practice as detached breakwaters. The offshore islands and reefs influence mobile coastlines 

as control points and play an important role in the overall sediment transport regime. This is 

exemplified best in this study at Waldronville in the lee of Okaihe (Green Island); noting that 

Ponuiahine (White Island), which comprises a relatively extensive subtidal reef structure, is 

situated further from the coast than Okaihe, but is considered to have a significant influence 

on St Clair-St Kilda coastal processes (Allen, 1999; Johnson et al., 2010). 

Within the St Clair to St Kilda embayment a net sediment flux of almost zero is observed at 

both Moana Rua Rd and at the Lawyers Head end of the beach. The former is currently subject 

to aggressive coastal erosion and a priority management area as there is a historical landfill 

site in this area. The net longshore sediment transport directions are divergent at this site, 

indicating that it is likely a hinge point, where sediment is transported away in both directions. 

The work of Johnson et al. (2010) indicates that during southerly storm conditions the hinge 

point would shift further east and likely be more pronounced. The reversal in net sediment 

transport direction at Lawyers Head is common at many of the headlands along this coast. 

Duarte et al. (2019) attribute this to wave crest rotation, and it is also common to most 

headland types under direct (rather than oblique) wave attack (George et al., 2019a). 
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Figure 4.1: Top: Hypothesised sediment transport pathways during southerly storm conditions, along with the 
annual mean significant wave height (Johnson et al., 2010) for St Clair to St Kilda. Middle: LST estimates for the 

same section of coast. Bottom: tracer experiment driven by a phase resolving model of Davenport (2020) 
showing cross shore processes. 

 

4.1 Limitations 

There are several limitations associated with this modelling exercise: 

• This modelling exercise has been undertaken without calibration and validation against 

recorded in situ data (e.g. sediment trapping). 

• Reported values for longshore sediment transport flux are valid under the assumption 

that the material is readily available for transport.  

• This work does not account for cross shore transport.  
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• Wave modelling is dependent on low resolution bathymetric datasets. 

 

4.2 Recommendations 

Following the recommendations put forward in the counterpart literature review (Atkin et al., 

2020), with a view towards the development of a sustainable shoreline management plan for 

St Clair to St Kilda coast, recommendations for the next steps include: 

• Expansion of the historical aerial analysis, including error margins, from 1946 to 

present to fill in the information gaps between the Toko Mouth/Measley Beach and 

Waldronville was recommended by Atkin et al. (2020). This information will help to 

inform and interpret the results of the alongshore sediment transport modelling by 

further detailing stores and sinks along the coast. While this investigation is still 

considered useful and would provide further information on the mechanics of the 

southern Otago sediment transport system, it is not considered a priority for the 

development of the St Clair to St Kilda long-term management plan. 

• A field campaign to validate the transport quantities between Waldronville and St Clair 

and out of the embayment (i.e. round Lawyer’s Head) to provide an understanding of 

inputs and losses to the beach system in the context of the present findings (i.e. there 

is very likely a net deficit of sediment input into the southern coast system): 

▪ Sediment traps/back-scatter measurements 

▪ Hydrographic transects 

▪ Wave/current meter deployment 

• The sediment transport regime in the St Clair to St Kilda embayment is a function of 

offshore bathymetry and White Island likely plays a significant role. The bathymetry 

surrounding White Island appears complex, but it not well resolved, on the nautical 

chart data used in this study. Given the control point role that offshore islands and 

reefs play in the hydrodynamic and subsequent morphodynamics of the coastal 

system, it would be beneficial to the long term aims of developing a coastal plan to 

have data that justly represents the seafloor adjacent to the St Clair to St Kilda coast. 

To this end, a bathymetric survey of the features that play an important role in the 

processes occurring between St Clair and Lawyers Head should be undertaken; which 

at bare minimum should include verification of charted data across and adjacent to the 

study site, and high resolution depiction of the reefs and rocky platforms around the St 

Clair Headland. The latter component of which will be required for an eventual surf 

break impact assessment study and developing sustainable management strategies. 
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• Expansion of the existing model to accommodate for high resolution hydrodynamics 

capable of accounting for the distinct infrastructural and geomorphological differences 

between St Clair, St Kilda and the Lawyers Head end of the embayment. While a 

holistic approach should be taken with respect to the management, there are clearly 3 

distinct areas of the beach that will likely require different management approaches: 

 

1. St Clair with its highly modified shoreline including the seawall, swimming pool, 

geotextile container protection (and associated end-effects) and surfing 

amenity. 

2. Moana Rua, the central stretch of beach with landfill/contaminated soil in the 

vulnerable dune area. 

3. The steep St Kilda dune system backed and capped by the John Wilson Ocean 

Drive. 

Upon determining the preferred adaptation pathway, high resolution numerical 

modelling supported by field data collection is likely the best way to develop, refine and 

test long-term solutions for the situation at St Clair due to the complexity of the site. In 

the absence of these data and information with respect to the local coastal processes, 

most interventions are likely to be full-scale experiments, which are not recommended 

due to chance of failure and potential knock-on impacts. The findings of this present 

study reinforce the likelihood that different approaches will be required for the 

sustainable management of the different parts of St Clair to St Kilda coast. 

Consideration of the potential and likely impacts of sea level rise will need to be 

incorporated into any strategies, which can be achieved through modelling. 
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