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2.Background Information

Waimairi Beach to Southshore Spit is a sandy beach located at the Southern end of Pegasus Bay
(Canterbury, New Zealand), as shown in Figure 1 The beach is 9.5km alongshore and presents a dune
system of variable widths behind it. This leeward side of the dune system is characterised by numerous
coastal assets including surf clubs, libraries, and protects 14,712 residents from coastal hazards (Stats
Nz, 2018).

Czanterbury region Project studv site

Figure 1

Map of Canterbury New Zealand, in Relation to the Study Site.

Note. The following map shows the study site of Waimairi beach to Southshore Spit, outlined in yellow, in relation to the
wider Canterbury region.
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Figure 2

Comparison of Maximum Dune Extent at Piha and Karekare Beach

Note. The image on the left shows the maximum dune extent at Piha Beach. The image on the right shows the maximum
dune extent at Karekare beach. The coloured lines indicate change over time. Adapted from Blue, B., & Kench, P. S. (2016).
Multi-decadal shoreline change and beach connectivity in a high-energy sand system. New Zealand Journal of Marine and
Freshwater Research, 51(3), 406-426. https://doi.org/10.1080/00288330.2016.1259643

3.2.2 Dune Erosion.

Dune erosion is another naturally occurring dune process. Dune erosion causes dune retreat
and is the main cause of the different dune heights seen in figure 2. Erosion can be caused by
hydrodynamic processes, geomorphology, sediment budget, vertical land movement and sea-level
rise (Ministry for the Environment., 2017). Main dune erosion causes in the site include storm events,
SLR and human activity.

3.2.3 Weather Events.

Severe weather events in coastal areas can lead to rapid dune erosion. Powerful waves, high
water levels, and strong winds strip away large amounts of sand from dunes (Vellinga et al., 2016).
SLR can accelerate natural sand loss and erosion of dunes. Our site could be experiencing increased
sea levels with +2.24 mm/yr increases in Lyttleton [6]. Lyttleton is near our site and would therefore
show similar trends in sea levels.

3.2.4 Human Activities.

Human activities have altered natural dune processes. These actions include construction,
removal of vegetation and installation of structures such as seawalls. These namely affect the



geomorphological elements of the dune as well as vegetation cover, posing increased risk of erosion
(Pefia-Alonso et al., 2016).

3.3 Dune management techniques/practices

Dune management and stabilization strategies are important in ensuring the future protection of
measures such as planting and diverting foot traffic (Nordstrom, 2008). Soft engineering structures
are considered more beneficial for the protective and habitat enhancing properties they provide,
while hard structures



4.Methods

4.1 Data Collection and Processing

In this study, three $0#AI IGIAKZY DZEGIE; D'€ were used to calculate the change in dune shape
overtime. dSG¢G D' ;7660 6m, 2018, 1m & 2021/22, 1m) were acquired from Land Information
New Zealand's (LINZ) data service database. Aerial imagery (2019, 0.075m) sourced from LINZ was
also used to analyse vegetation and walkways present.

Both ArcMap and ArcGIS pro were used to process and analyse the data. To build the map, the DEM
files were mosaicked to form a new raster layer. This gave a continuous elevation model of the study
area. To aid in analysis the area was divided into 37 sections. This was done by creating transects along
the beach every 250m. Each variable (dune height, width, erosion potential etc..) was measured at
each of the 37 sites.

4.2 Individual Metric Analysis
4.2.1 Dune Height.

Dune height was measured by creating a 3D surface of the DEM and subsequently
interpolating the shape of the dune. The obtained beach profiles were used to identify the maximum
height of the dune. Profiles were taken along each transect line.

4.2.2 Beach Width.

Beach width was measured from the high tide mark on aerial imagery to the edge of the
infrastructure
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Figure 3

Example Image of the visuals produced by the GCD software.

Note. The areas highlighted in red are areas of change detected by the GCD tool between the years of data from 2015 and
2022. The darker the shade of red, the larger and more severe the erosion is in that area. The GCD software was developed
by the company Riverscapes Consortium. (n.d.). Geomorphic Change Detection. https://gcd.riverscapes.net/

The 2015 and 2022 DEMs were compared at 0.20m, 0.3m and 0.1m thresholds. Comparing across
thresholds removed the potential for registration errors to be interpreted as land-cover and land-use
change, which may lead to an over or under estimation of erosion (Stow, 1999). The erosion potential
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https://www.sciencedirect.com/science/article/pii/S1110982312000087#b0125

5.Results

5.1 Overall Results
The results of the MCDA provided an overall vulnerability rating for each of the 37 sections of beach.
This is displayed in Appendix One. A distribution of the scores is shown in Figure 4 below.
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Figure 4
Distribution of Multicriteria Decision Analysis Scores.

When looking at the distribution of results, 8 of the 37 sites were ranked between 12 and 16. This
indicates an average of 1.5 across the 7 categories. These can be categorised as having low
vulnerability to erosion. The 16 ~ 23 band contains 19 sites. These can be categorised as moderately
vulnerability to erosion, with an average rating of 2.7 across the categories. The 23 ~ 30 category
contains 11 sites. With an average rating of 3.7 across the categories this indicates moderate to high
risk in each of them and therefore high vulnerability overall.
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5.2 Top 10 Vulnerable Sites
Regarding the aim of this study, the top 10 sites from the MCDA are identified. The numerical values
and ranking are in Table 1 below.

Table 1

Top 10 most vulnerable sites score total

Relative vulnerability rank Site Total General Location
1 15 30 New Brighton Pier
2 9 26 North Beach
3 14 26 New Brighton Pier
4 36 26 Southshore spit
5 8 25 North beach
6 12 25 New Brighton Pier
7 7 24 North beach
8 11 24 North Beach
9 18 24 South of pier - Shackleton St
10 10 23 North Beach
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5.2.1 North Beach Location.

Four out of the five New Brighton Beach areas ranked in the top 10 for most vulnerable to
future coastal erosion. These are sites 7, 8, 9, 10, and 11. The location of the sites as well as beach
profiles are displayed in Figures 6 ~ 9 below.

Figure 6
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Figure 8
Aerial Imagery of Sites 9, 10 and 11.
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Figure 9
Beach Profiles of Sites 9, 10 and 11; height measured from Vertical datum NZVD2016.
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Figure 12
Aerial Imagery of Site 15.
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Figure 13

Beach Profile of Site 15; height measured from Vertical datum NZVD2016.
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Figure 14
Aerial Imagery of Site 18.
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Figure 15
Beach Profile of Site 18; height measured from Vertical datum NZVD2016.
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5.2.3 Southshore Spit Location 36.

Of the top 10 most vulnerable locations, site 36 was the only one outside the concentrated urbanised
area of New Brighton / North Beach. Figures 16 and 17 show the general characteristics of this
location.

Figure 16
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6. Discussion

6.1 Vulnerable Sites
The results of our analysis identified the top 10 sections of vulnerable beach and dune. These sites
and their locations are displayed in Appendix A.
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6.1.3 Outlying Sites.

Site 36 is an outlying site. It is located far away from the other vulnerable sites, near the end
of Southshore Spit. This may be an outlier due to the morphology of the spit at this point. The width
narrows considerably and starts to curve around. This increases tidal activity in this area. Tidal currents
can move up to 1m/s at an estuary mouth, compared to 0.1m/s along beaches (Washington Ocean
Acidification Center, 2021). This may account for the narrow beach, high erosion potential and
subsequent lack of vegetation at this site. Whilst still valuable knowledge, the possible difference in
contributing forces are outside the scope of the study, therefore the vulnerability of this site may not
be entirely relevant.

6.2 Underlying Drivers of Vulnerability
6.2.2 Infrastructure and Coastal Processes.

Infrastructure is a major driver of erosion vulnerability at this site. Whilst the entire dune
system is backed by infrastructure, highly vulnerable areas are characterized by infrastructure on top
of the dune itself. Site 14 (Figure 19) is an excellent example of this, where the car park and surf
lifesaving clubrooms are located directly on the dune crest. Infrastructure fixes the dune in position
making it highly vulnerable to storm surge events through the process of coastal squeeze. Coastal
squeeze is the loss of beach width, resulting from increasing sea levels and fixed infrastructure on the
lee side of dunes (Mills et al., 2015). This process causes a loss of space both in front and behind sand
dunes (Silva et al., 2020). When big swells occur, dunes naturally migrate landward to accommodate
this change, however when infrastructure is there, their morphology and function is interrupted (Silva
et al., 2020). The analysis of shoreline position and SLR in the study area adds to the coastal squeeze
concern. Shoreline position and SLR are projected to move landward significantly within the next 100
years. This will further limit the beach width, changing beach profiles and dune form. Consequently,
the morphology and function of the dunes is limiting its capability for response to abnormal conditions
therefore making it extremely prone to coastal erosion (Martinez et al., 2014). A coastal squeeze study
of the Boca del Rio coast highlighted similar squeeze and vulnerability characteristics as this study site.
This study classified a highly urbanised eroding stetch of coastline to be vulnerable and suggested risk
mitigation is highly important.

6.2.3 Vegetation Cover.

As a result of high-density infrastructure, SLR and frequent storm events, a lack of vegetation
has been seen across segments of the study area (figure 19). Plants are essential to coastal ecosystems
as they trap dune sediment in their roots which reduces erosion, weakens wave energy, and helps to
trap sediment blown by wind. All of these factors contribute to dune growth (Sigren et al., 2014). The
limited available space for dune growth and high wave energy in this site has made it difficult for dune
plants to establish in these vulnerable areas and as a result the dunes have been unable to build up.
Areas along the dune with increased rates of erosion also show little vegetation cover.
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Figure 19

Sites Showing a Lack of Vegetation in Front of Heavy Foot Traffic Areas.

Note. Sites 9 and 10 have a lack of vegetation coverage due to the amenities behind the beach. This leads to the public
frequently accessing the beach through these areas, hindering vegetation growth. These public amenities are essentially
located on top of the sand dunes and reside within the red ovals present in the image.

6.2.4 Beach Access and Social Aspect.

The results showed a significant effect of beach access paths on areas of erosion, with the
GCD tool significantly highlighting areas like seen In Figure 20 below. Beaches like New Brighton and
North Beach are popular for recreational activities such as swimming, surfing, the hot pools and
fishing. Recreational beach use can lead to trampling of dune vegetation by humans, which decreases
vegetation and increases erosion (Purvis et al., 2015). There are many established walkways along the
beach to limit the areas of erosion, with them being constructed from bare sand or wood steps, with
some paths having rails. The paths vary in distance from each other and width, influencing the degree
of erosion on each path. Purvis et al. (2015) revealed that vegetation is typically reduced around
pathways and species richness is reduced in areas where pathways are near each other. Erosion on
these paths is an issue however individuals often make their own paths through establishing sand
dunes, which poses more of a risk. This reduces dune height which hinders dune
stabilisation/accretion, causing dune habitats to shrink and become fragmented (Purvis et al., 2015).
Patches of natural habitat within urban areas is important for global diversity. The biodiversity
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provided by these dune ecosystems provides important ecosystem services such as ecological
corridors and protection of natural and built environments from coastal hazards (Purvis et al., 2015).

Figure 20
Points of Erosion Caused by Human Activity Around Walkways in Sites 1 and 32

Human activity massively disrupts dune processes as people trample through the dunes off the
walkways (Steven-
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Figure 21
Sea level Rise Graph showing possible future scenarios
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Figure 22

Wave height data collected between 2000 and 2020 collected off New Brighton coast

Note: Data collected from NZ wave data tool showing the total wave heights across the country. This figure shows the
wave heights specific for the study site over a 20-year period with the max wave heights which can be clearly seen
approaching 6 meters. Adapted from NZ wave data tool: Hindcast 1993-2019. (n.d.). GitHub Pages. https://uoa-
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distribution of the transects used to measure dune height and beach width has the potential to neglect
actual low-lying dunes between transects which could alter the results of the analysis. With a larger
timeframe, a different analysis could have been undertaken to create averages or median values for
more accurate results.

6.6 Future Research

This study sought to identify the most vulnerable areas in the study region which has been achieved.
The next progression is to understand the best management techniques for these areas to ensure the
functioning of the ecosystem and the protection of coastal assets. With the social issues present in
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Appendix B - Christchurch City Council Coastal Hazards Portal coastal erosion prediction (Christchurch City Council, 2021)
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