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Executive Summary 
 

Pines Beach Wetland makes up 36ha of Tūhaitara Coastal Park. Due to climate-induced sea 

level rise, the wetland is vulnerable to tidal flooding and intrusion of saltwater. This will 

have implications on community flood risk, 
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mitigation alone will not be a sole solution to the potential flood impacts that opening the 

wetland may cause.  

Whitelaw’s thesis (2011) is the most substantial existing literature that investigates the 

effects that SLR will have on sedimentation in this area. Levieveld et al. (2018) and Whitelaw 

(2011) agree that the park is an area of high sedimentation. However, the rate of SLR versus 

sedimentation has not been determined. Shulmeister & Kirk (1993) found that fluvial 

processes dominate sedimentation in Pegasus Bay, and in Whitelaw’s thesis (2011) the 

vulnerability of the coastline to the effects of SLR will depend on the Waimakariri River as a 

reliable sediment source. 

Reports of the Pines Wetland biodiversity from (A.Crossland, personal communication, 

August 10, 2020), Parker (2012) and (G. Byrnes, personal communication, September 23, 

2020) all discuss the increased benefits that reintroducing saltwater may have on the 

ecology of the wetland. Such benefits include the reintroduction of migratory aquatic fish 

and invertebrate species and an increased abundance of birds. While these predictions are 

supported by research from Portnoy (n.d.) and O’Donnell (2000), they rely on profiles of the 

biological state of the Pines Wetland while it was still (at least partially) saline and do not 

consider the potential benefits from allowing the freshwater regime to further establish. 

Without a thorough understanding of the species profile currently, it is hard to say how 

much benefit will occur (i.e. is the biodiversity degraded to begin with?). If the ecology is 

already diverse
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flight and could be used for post-processing afterwards to improve location accuracy. To 

gather the data, an autopilot was set up using the DJI Ground Station Pro app. Sufficient 

overlap between photos is needed to produce a quality SfM model. Usually, 70% overlap is 

optimal, however, due to masses of thick vegetation, 80% overlap was required to provide a 

smooth model. 

  

 The aerial UAV data was processed in Agisoft Metashape to produce the SfM model. Images 

were stitched together to produce an orthomosaic of Pines Wetland. Stitching was done 

automatically due to the onboard GNSS receiver, otherwise, ground control points would 

have been required and the images would have to be manually stitched. This would have 

been a time-consuming process as there were over 600 images, therefore, the DJI Phantom 

4 RTK was an obvious choice. A point cloud was formed from the orthomosaic, which was 

then used to produce a digital surface model. The orthomosaic was draped over a digital 

surface model to add a 3D aspect to the image. The SfM model was vital when analysing the 

vegetation dispersal across Pines Wetland. As vegetation was too thick to easily access some 

areas on foot, an aerial 3D SfM model proved beneficial to familiarise the group with the 

area. 

 

Water testing 
Water conductivity was measured using a CyberScan conductivity meter. Convenience 

sampling was used when measuring water conductivity near the road on the Eastern side of 

Pines Wetland. Six areas of the wetland were tested for conductivity. The water was tested 

twice at the Southern end of the road, twice at the Northern end and twice from the middle 

of the wetland. Three water samples were also gathered along the road; however, it was 

decided that conductivity was sufficient for predicting salinity and these water samples 

were unnecessary. 

  

Secondary data analysis 

 

Digital Elevation Model (DEM) / Digital Surface Model (DSM) 
Secondary DEM and DSM data were gathered from Land Information New Zealand ( Convenience 

conse of 
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Flood modelling 
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comparable elevations, approximately 1-2m (±1m). The dunes between the Pines Wetland 

and ocean have an approximate height of 8-10m, which lie to the right of the wetland. 

 

 
Figure 4. A digital elevation model (DEM) of the Pines Beach Wetland (outlined in red). 

 

The DSM in Figure 5 shows the elevation of the vegetation canopy in the wetland. The pine 

belt in the east 
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Based on the bathtub model of flood inundation in Figure 6, it appears that most of the 

Pines Beach community is 1m above mean sea level (MSL) and at least half is above 2m. The 

community is at some risk of flooding from SLR directly, and some from the Kairaki Creek 

running behind the community. It is important to note that the bathtub model does not 

consider the effects of local hydrodynamics and the accumulation of water during storm 

events or tsunamis, storm surges and king high tides during the spring months, so this map 

does not capture the full extent of potential flooding on the community. This is discussed in 

further detail later. 

 

 
Figure 6. A flood extent map for the Pines Beach wetland showing SLR scenarios of 0.5m, 1m 

and 2m. 

Discussion 
 

Community flood impacts 
The Pines Beach community is relatively small, located north-west of the Pines Beach 
wetland. The community has been established since the settlement of M
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community will be affected by flooding through saltwater intrusion. A high groundwater 
table coupled with events of high tides and storms also increase the risk of water 
accumulating in the wetland and causing larger floods. SLR projections for New Zealand 
estimate that the mean sea level will rise by 0.5m between 2050-2150, meaning that the 
community may need to act within the next 30 years (NIWA, n.d.). 
 
Mitigation has two approaches, soft and hard defences. Soft defence involves 
retreat/relocation or building the houses onto higher foundations/piles. Hard defence 
involves civil engineers planning and constructing structures like levees, groynes, stop-banks 
and channelling for floodwaters to exit the area. Both approaches are very expensive, with 
costs for moving a house in-land by 7km costing approximately $170,000 (NIWA, n.d.). Hard 
engineering can cost from hundreds to millions of dollars, depending on the extent of the 
project. Therefore, mitigation for flooding of the Pines Beach community could be a 
financial burden for TkoT and will most likely require financial support from other regulatory 
bodies, which may not be granted.  
 
Allowing the ocean into the wetland could push freshwater springs in-land. This would 
salinize freshwater reserves underground, turning them brackish and leaving any bores in 
the vicinity unusable for human consumption and irrigation. The surrounding agricultural 
land 
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prograding (Whitelaw, 2011). However, it is still too early to determine whether this is 

temporary or if the shoreline is beginning to retreat due to SLR (Whitelaw, 2011). 

 

Effects on Flora  
Wetlands provide a wide range of ecosystem services. They regulate water quality, mitigate 

flood risk, and store carbon (Clarkson et al., 2013). They are strongholds of biodiversity and 

support high populations of threatened plants and animals.  

In the mid-1980s, Pines Wetland had dense areas of sea rush (Juncus krausii) and jointed 

rush (Apodasmia-similis) saltmarsh with several open areas where wide carpets of salt 

meadow vegetation such as glasswort surrounded brackish pools. By the late 1980s, 

freshwater ponding facilitated the replacement of dense, healthy saltmarsh vegetation with 

invasive grasses and the first scattered willows, then subsequently dense willows and pines 

followed (A.Crossland, personal communication, August 10, 2020).  

Pines Wetland is currently dominated by grey willows and invasive grasses like Glyceria 

maxima. The invasions of introduced plants such as willows, pines and grasses can have 

negative effects on the wetlands hydrological system, nutrient regime, biodiversity and 

energy and material exchange between terrestrial and aquatic ecosystems, especially if they 

are functionally and structurally different from native vegetation (Watts et al., 2012). This 

causes a ripple-down effect through the wetland ecosystem. Wetlands dominated by native 

plant species provide resources and habitat for many native insects, however, it is unknown 

whether wetlands dominated by invasive species provide the same ecological benefits 

(Watts et al., 2012). 

Based on the 3D SfM (Figure 3), it is estimated that invasive grasses cover ~50%; grey 

willows cover ~40% and pines cover ~10% of the wetland area. If Pines Wetland is re-

opened to the ocean, there is a large possibility that it will return to its previous state of 

being a tidal saltmarsh wetland. This will eradicate most of the current invasive species that 

are not tolerant to high levels of salinity such as willows, grasses and conifers. Over time, 

these will then be replaced with wetland flora species that are adapted to saline 

environments such as sea rush. Wetland flora species are very adaptable and can recover 

with little to no care. Many coastal wetland species such as glasswort and raupo do not 

need to be planted as they will regenerate naturally once weeds are removed, and water 

levels are restored (Auckland Council, n.d.).  

 

Effects on Fauna 
Parker (2012) describes the wetland as being in its late stages of transition from an 

estuarine to a palustrine environment. The term palustrine 
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research question, more study should be done on the potential impacts in greater 
detail and with more specificity. 
 

Sampling methods 
Convenience sampling was used when deciding where to test the water in Pines 
Wetland. This was due to dense vegetation making areas hard to access and to a lack 
of surface water across the wetland. It was difficult to find/access surface water, 
therefore, sampling was gathered near the main path through the middle of the 
Wetland. Ideally, a more statistically significant sampling method (e.g. 
systematic/stratified sampling) would be used to ensure a more representative and 
robust sample. 
 

Bathtub flood model 
A bathtub model is a simplistic model that uses elevation when predicting flooding, 
e.g. any area under a 1m elevation difference from the ocean will be marked as 
flooded with a 1m rise in water level. This flood model does not factor in variables 
such as vegetation, topography, drainage or any other variable that can change flood 
likelihood. Ideally, a flood model such as the LISFLOOD_FP model would be used as it 
is more accurate and will account for variables other than elevation. Unfortunately, 
the skillset required to model flooding to this accuracy was not held by any of the 
students working on this project. 

Conclusion 

Drone mapping of the Pines Wetland area and in-depth literature reviews have shown that 

opening the Pines Wetland to the ocean will have several implications, including an 

increased risk of flooding to the Pines Beach community and biodiversity changes in flora 

and fauna species. Due to the dynamic beach processes and the large sediment supply from 

the rivers in Pegasus Bay, Pines Wetland is susceptible to infilling if it is opened to the sea. 

Dredging may be needed to mitigate infilling. The 
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