
 
 

 

  
 

 

Coastal sand budget for Southern 
Pegasus Bay 

Stage B: Future sand budget 

Prepared for Christchurch City Council 

June 2018 
 

  

  





 

 

 
 

Important Note 
 
This report has been peer reviewed by Martin Single of Shore Processes and Management Ltd.  The peer review 
comments are not considered to be materially significant to the findings of the report,   therefore, no changes have 
been made to the report at this time. The peer review comments are attached to the back of this report. 
 
An updated version of this report, including addressing the peer review comments, will be prepared as part of a future 
updated assessment of coastal erosion and inundation for Christchurch and Banks Peninsula.  The coastal hazard 
assessment will update the 2017 report Coastal Hazard Assessment for Christchurch and Banks Peninsula prepared for 
Christchurch City Council by Tonkin & Taylor Ltd.  It is likely that the update will be completed in 2020/21.  At this stage 
Council considers this report to be an interim final report. 
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washing Brooklands Spit and the Waimakariri River suddenly re-locating its outlet through 
Brooklands Lagoon is small, even under wave climate change and sea-level rise scenarios. 

Key conclusions 
At least up to 2120, the City shore sand budget should remain in surplus, and the shore should not 
begin to erode, except under the worst case RCP8.5 climate change scenario. Unless that scenario 
eventuates, we do not anticipate the risk of sea-flooding from the ocean-side will generally be 
exacerbated by shore erosion and sea-level rise. The exception will be at the southern tip of 
Southshore Spit due to the Avon-Heathcote Inlet widening as sea-level rises and the tidal prism 
increases.
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�ƒ Hourly flow records were generated by the TopNet model at the Otarama flow gauge 
site1 (at the lower end of the Waimakariri Gorge) for the period 2006 through 2100.   

�ƒ The TopNet model was run with output from 24 runs of a Regional Climate Model 
(RCM), each driven by six Global Climate Models (GCMs) simulating four different 
climate change scenarios as represented by four Representative (greenhouse gas) 
Concentration Pathways (RCPs).  

�ƒ The TopNet model for the Waimakariri at Otarama was calibrated from observed 
flows and climate data (Zammit and Woods 2011).             

The RCPs are defined fully in the IPCC5 report (IPCC 2014); the essential differences among the RCPs 
reflect how the global community responds by altering greenhouse gas emissions (Table 2-1). The 
six2 GCMs were chosen (from a much larger suite of GCMs available internationally) by Mullan et al. 
(2016) on the basis that they do a reasonably good job of hindcasting New Zealand weather. The 
RCM, which downscales the GCM results onto a finer grid covering New Zealand, was developed and 
run by NIWA (Mullan et al. 2016). These downscaled RCP realisations with the same six GCMs have 
been the basis of several national and regional projections of future climate and hydrology (e.g., 
Mullans et al. 2016, Collins and Zammit 2016, MfE 2016a, MfE 2016b, Smart et al. 2018).    

We combined the simulated future flow records with the existing suspended sediment rating curve 
to generate estimates of annual suspended load between 2006 and 2100. 

We checked how well the simulated flows for the period 2008-2016 compared against the observed 
flows at Otarama in regard to the mean and maximum flow and the flow-duration curve (which 
exerts dominant control on the sediment load).     

 

Table 2-1: Climate change scenarios used for simulating future Waimakariri River flows and suspended 
load.   The scenarios relate to Representative Concentration Pathways (RCPs) of greenhouse gases, based on a 
range of human responses to the climate change issue. The RCPs are detailed in IPCC (2014). 

Scenario Greenhouse gas emissions trend 

RCP2.6 Peaking then declining 

RCP4.5 Stabilising 

RCP6.0 Stabilising but at a higher level 

RCP8.5 Continuing to rise 

 

 
                                                           
1 Comparison of the mean flows for the period 30/5/2008 to 3/6/2016 at Otarama (113.7 m3/s) and the Old Highway Bridge (OHB) gauge 
near the coast (114.6 m3/s) showed minimal difference, so we made no adjustment to convert Otarama flows to flows at OHB, which is 
where the sediment rating curve has been established. 
2 Many international institutions have developed GCMs, which can be used for hindcasting, forecasting, or projecting future weather across 
the Earth. These models all differ in detail, and it is likely that some deal better than others with some aspects of atmospheric physics (and 
vice-versa), so even though they might all be set up to simulate the same future emissions scenario (i.e., RCP), they will all produce 
somewhat different results. It has become convention with climate change modelling to not rely on any single GCM result but to look at 
the range of results from multiple models, with the expectation that the true result will lie within the bounds of the set of modelled results, 
most-likely around their mid-range. 
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Figure 2-3: Time-averaged directional spectra near the Banks Peninsula wave buoy from the WASP 
baseline and changes to this for Scenario B2 and Scenario A2 simulations.   The black contours in both panels 
show the mean spectral density for the baseline simulation. The coloured grid-squares indicate the ratio of 
wave energy density per directional and frequency band in the A2 (top panel) and B2 (bottom panel) 
simulations to the energy density in the baseline simulation. The polar plots show directions towards which 
waves travel (north at top, east at right), while both horizontal and vertical axes show wave frequency (waves 
per second) in each quadrant. For example, the major source of baseline wave energy, arriving from the SSW, 
appears in the upper right quadrant and its peak energy occurs at a frequency of approximately 0.07 
(equivalent to a period of 14 seconds).   
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Figure 2-4: Annual mean wave energy spectra from the Banks Peninsula wave buoy (coloured lines), 
compared to the 30-year (1970-2000) average spectrum from the WASP baseline simulation (black line).      

 

2.2.4 SWAN modelling scenarios 
We thus compared SWAN model output from six scenarios, each with a different combination of 
climate change and sea-level rise scenarios, as listed in Table 2-2. 

Table 2-2: Climate change and sea-level scenarios used with SWAN modelling.   Note that Scenario A2 
aligns reasonably with Scenario RCP8.5 in Table 2-1, while Scenario B2 aligns with Scenario RCP6.0 in Table 2-1. 

SWAN Scenario Climate change scenario Sea-level scenario 

Baseline Existing Existing 

SLR Existing + 1.36 m 

A2 A2 (~ RCP8.5) Existing 

A2+SLR A2 (~ RCP8.5) + 1.36 m 

B2 B2 (~ RCP6.0) Existing 

B2+SLR B2 (~ RCP6.0) + 1.36 m 
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Figure 2-5: Lower Waimakariri River morphodynamic model extent.  

 

The morphodynamic model simulated 40 years of river hydraulics, sediment transport, bed level and 
bed composition. Model input data was largely taken from a previous calibrated model of gravel 
transport in the Waimakariri River (Measures 2012). This previous model could not be directly reused 
for this study because it uses the gravel routing and textural evolution (GRATE) software which does 
not have the capability to simulate suspended load as well as bedload. This is an important 
functionality for this study because of the emphasis on fine sand transport. Instead, the modelling 
carried out for this study used the Sedimentation and River Hydraulics - One Dimension (SRH-1D) 
software (Greimann and Huang 2018), which was developed by the United States Bureau of 
Reclamation. Sediment was simulated in six size fractions, ranging from fine sand to cobbles. 
sediment transport was calculated using the Wu et al. (2000) bed material transport formula which 
includes suspended and bed load transport. Model inputs are summarised in Table 2-3. 

Two scenarios were simulated in the model: a no-landslide (baseline) scenario and a landslide 
scenario. The landslide scenario assumed: (i) synchronous contributions from all potential landslides, 
(ii) that all the landslides could be effectively located in the upper gorge (Section 3.3 provides detail 
that justifies this approximation), and (iii) that transient landside dams would create no effective 
delay in sediment delivery. By comparing the two scenarios, the effect of the earthquake derived 
sediment could be isolated. 

Detailed calibration of the morphological model was not within the scope of this investigation. 
However, a review of published studies into the timescales and magnitude of sediment pulses 
reaching the coast after previous New Zealand earthquakes was undertaken to sensibility check the 
modelling conclusions. 

The likely river management response to elevated Waimakariri River sediment loads following a 
landslide in the catchment were discussed with ECan river engineering staff.   
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Equation (7) indicates, for example, that under the current river supply and wave climate (using Qs = 
745,000 m3/yr, Te = 0.36, Ps = 0.68, B = 20,650 m, and L = 750 m from Hicks et al. 2018), the City shore 
would only begin to retreat overall when the rate of sea-level rise exceeded 12 mm/yr.  

 

 

Figure 2-6: Schematic of shore budgeting model. a: Case of a prograding shore receiving a sand surplus. b: 
Case of an equilibrium shore responding to rising sea-level. Symbols as defined in text. Note B is the beach 
length alongshore. 

 

 

Figure 2-7: Budget of sand distribution from the Waimakariri River mouth. Qs is river sand load, Te is the 
proportion of river sand retained on the beach profile, Ps is the proportion of sand transported southwards 
from the river mouth, and Vr is the net volume supply rate of river sand to the shore south of the river. 
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2.4.2 Model application 
For this study, Equation (6) was used to estimate the spatially-averaged shoreline advance/retreat 
rate along the 20.65 km of shore between the Waimakariri River mouth and Sumner, using the 
spatially averaged profile height (H) and width (L), under a suite of scenarios associated with 
different future river sand supplies, nearshore wave climate, and sea-level rise (which impact on the 
terms Qs, Ps, Do, Lo, and S in the above equations). The spatial averaging of H and L was done using 
their values estimated at each of the 41 ECan profile locations between Brooklands Spit and Sumner 
Head, weighted by the span of shore each profile represents.  

For L, the beach width (Lb) component was taken as 100 m all along the shore (as done in the Stage A 
report). The submerged width (Lo) was calculated based on (i) the estimated closure depth derived 
from analysis of the SWAN wave modelling for the various nearshore wave scenarios (Section 2.2.5) 
and (ii) a submerged profile shape modelled with a Dean-type equation (Dean 1991): 

Z = A Y2/3            (8) 

where Z is the water depth (m) below mean sea level (MSL), Y is distance offshore from the MSL 
shoreline, and A is an empirically-fitted parameter that reflects the wave climate and beach sediment 
grade.    

For this study, values of A were fitted to the profiles at Beatty Street and Spencer Park (see Figure 1-1 
for locations) plotted by Allan et al. (1999), reproduced here in Figure 2-8. A-values of 0.0878 and 
0.116 were derived for these two locations, respectively, using a linear-regression fit to plots of Z vs 
Y2/3 (Figure 2-9). The higher A value at Spencer Park, indicating a slightly steeper profile, is consistent 
with the slight trend for northward increasing beach grainsize observed between Southshore and the 
Waimakariri River in the ECan dataset (Hicks et al. 2018). We varied A linearly between Beatty Street 
and Spencer Park but assumed that A = 0.0878 between Sumner and Beatty Street and A = 0.116 
between Spencer Park and the Waimakariri Mouth.   

The dune height, Db, values were temporal averages taken from the ECan beach profiles. The profile 
height, H, is the sum of Db and the wave-climate-dependent closure depth, Do.  

Following Hicks et al. (2018), the proportion of river sand transported south from the Waimakariri 
River mouth (Ps) under the various nearshore wave scenarios was taken as the ratio of southward 
longshore transport potential to gross longshore transport potential at the river mouth, averaged 
over five SWAN model output stations along a 2.65 km span of shore centred at the river mouth. The 
nearshore sand trapping efficiency, Te, was assumed constant at 36% for each scenario assessed (as 
derived by Hicks et al. (2018) based on matching the size grading of the river sand load with the size 
grading of the beach sand). 

 

2.5 Effects of future sand budget changes on river and estuary mouth 
stability and coastal flooding  

We undertook a brief qualitative assessment of river mouth and inlet stability and coastal flood risk 
based on the assessments of changes to the individual sediment budget components and the 
consequent impact on shore stability. 
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Figure 3-1: Projected future Waimakariri suspended loads from TopNet modelling with climate change 
scenarios. a: Cumulative loads for RCP2.6 scenario for the six different GCMs. b: Cumulative loads averaged 
over the six GCMs for RCP2.6, RCP4.5, RCP6.0, and CP8.5 climate change scenarios. c: 10-year running average 
loads averaged over the six GCMs for each scenario.    






















































































