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1. Executive Summary

Context:
1 ¢ n KL CdastallPark (TCP) is a 10.5 kilometre stretch of protected land in Pegasus
Bay.

1 Asite of economic, environmental and cultural significance.
1 Dune shape and stability appears to vary spatially at the site.
Research Question:
1 What are the key factors that influence the spatial variation of dune stability at
¢ N Kl CoastalPark?
Methods:
1 Used a combination of fieldwork and secondary data analysis.
1 Fieldwork methods included
1 Drone based Structure from Motion techniques
T Spatially distributed Sediment Sampling.
T Ground Penetrating Radar (GPR
1 Secondary data analysis included analysing
1 50 years of aerial photography of the two beach sites
T 27 years of beachprofile data from Environment Canterbury (ECan).
Key Findings:
1 Trends in beaciprofilesand historic analysis suggest the restricted recession of
dune migration leads tover steepening of dune profiles.
1 Sediment analysis suggests tlsadiment availability is the same throughout TCP,
with variations in sedimengupply.
1 GPR findings suggest long term erosidrends at Waikukueach and vertical
accretion. While Pinelseach displays small erosion and accretion features.
Limitations:
1 Broadness of the research question.
1 Limited bythe quality of secondary datasets available.
1 Results are only indicativef decadal changes in dune shape and stability.
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Suggestions:
T Investigatehow anthropa@enicprocessesnfluence thevariationof the beach.

2. Introduction
Located in Pegasus BayhaitaraCoastal Park (TCP) is a 10.5 kilometre stretch of protected
land from Pines Beach near the Waimakariri River Mouth to Waikuku Beach adjacent to the
Ashley River mouth. The land was gifted to th& ifahu iwi from the government due to its
cultural signifcance and it also hosts a diverse range of native flora and fauna. As such,
environmental changes at the site can have significant consequences on its sustainability and
may adversely affect the communities living nearBpatial variation of the TCP satdines
represents onesign of environmental change #he park Pines Beach appears to have
healthier dunes that are more developed than the dunes at Waikuku Beach, which appear to
be eroding. Therefore, this paper attempts to identify some of the keyofacthat are
influencing the spatial variation of dune stability at TCP.

The research frameworitkad two aims: to firstly identify the shape of the dunes, and to then
evaluate how their shape has changed over time; resulting in their chahgebility. The
paper begins with a review of relevant literature that adds insight into what processes
operate on and around sand dunes or other processes that may contribute to the observed
phenomena. Next, the research methods are stated before the resultsliangssionsLastly,

the conclusion summarises ttey findings othe report and reflects on futureesearchthat

may be donen thearea

3. Literature Review
Beachgradientand morphology plays an integral part in hoaastalenvironmenswithstand
storm eventsincoming wavebegin to interact with the seabed at a critical deptherethey
begin to shoalThis interaction ausesenergyto dissipae from the wavesdue to seabed
friction (Masselink, Hughes, & Knight, 2014)this process occurs over a shallow beach
gradient, more energy can be dissipated from the incomiraye before it breaks over the
shore.

Alternatively at steeper beaches, wawranup is comparatively shorter. This limits the
capacity for a coast to dissipate incoming wave energy. As a result, waves break atshore
these beaches morforcefully, resulingin higher levels oérosion (Puijenbroek et al., 2017;
Shot & Hesp, 1982; Wright & Short, 198@)Justers obmallerstorms in rapid succession can
cause bach erosion that resembles thlevels oferosion induced bysinglelarger storm
events with higher return periodd&arunarathna, Pender, Ranasinghe, Short, & Reeve,.2014)

Sudden changes in beach steepneshkimsthe effectiveness ahe aeoliantransport of sand
(Hesp, 2002)Dunes build up over time as a result of aeolian (wdn@en) sediment
deposition.Reconstruction ot beachafter a storm initiates as berm reconstruction, and
recoveryand effective buileup of dunesis depemlent on thetransportation ofsedimentonto
the beachfrom the nearshore environment, and eventually onto the dur{ekuser et al.,
2015) Due to the aeolian process involvethe sandneedsto dry out in order to be
transported.Afterwards wave [and wind] action will sort the sediment resultinggrading



with the sediment becoming finer frone beachtothedunes 4 St A 1 2€f dzz | N1 a4 S¢
2006)

The introduction of exotiplant species such as Marram graésnmophila arenaripand fhe

trees Pinusradiata) has significantly changed the structure of sand dune complexes in New
Zealand. Hilton (2006)states there was @0%loss of the total area of sand dunes in New
Zealand between 1950 ari®90.This is due to the changes made in vegetagod human
developmenson the dunes such as conversion for farmidiguram grassreates sand dunes
which tend to be more stable and larger than dunes with native plants, which is due to
Marram being an efficient binding plarto aeolian transport (Petersen, Hilton, & Wakes,
2011)

Sealevel risearound New Zealand is an importafdactor which should be considered.
Available tide gauge data in Lyttelton from 1925 to 2004 has shown an averatgvekdse

of 2.0 (£0.15) mm/yeafHannah & Bell, 2012%lobally the sea level hasxreased at a rate
ofo®H B NPn YY &Nbwm (AcKeilay, B&lyMuliad) & bcMilghR0O1B)sn g
rising trend could have implications for the future of the coastal dunes at the TCP.

Luisa Martinez, Mendoz@onzélez, Silv@asarin, and Mendozaldwin (2014)define

woRdt aljazS8ULK&S LINRPOSaa Ay HKAOK O2lraidlf S
combination of sedevel riseand the presence of a physical rbar, such as human

Ay T NI a (Cuisequedtitiist process can lead to degradation of dune complexes by
significantly compressing the dune widthhich increasetheir vertical growthand enhances
duneinstability (Lucrezi, Saayman, & Peet van der, 2014)

4. Methods

4.1  Primary Data
4.1.1 Structure from Motion

A camera mounted Phantom Drone Quadcopter was used to survey predetermined sites at

both Pines and Waikuku beaches. The drone was tasked to fly a seatraclaltitude of 40

m, to capturea series of photographs witapproximately70% image overlap. Within the
dddzReé aAGSa 6SNB dzLJ G2 GSy KAIK O2yiN) adsz vydz
georeferenced to the Global Navigation Satellite Syst&NSS)y manual data point entry

of Trimble Rovers to a local Total Station. Appropriate notice of drone flight was given to the

public by use of caution signs for the duration of the survey.

The series of photographs were then uploaded to AgiBbfibScarsoftware to be processed

into a 3dimensional point cloud and calibrated to the GNSS data. The corrected point cloud
was then interpolated into a series of rasters to generate the 3D Digital Surface Models. All
data was formatted to the New Zealandahsverse Mercator projection coordinate system

to maintain consistency throughout the data processing steps.

4.1.2 Sediment Sampling
Sediment samples were obtained from specified points at four different locations. These
locations were: (1) Pines Bead2) Woodend Beach, and Waikuku Beach, with different
sample sets obtained from (3) traunesnorth of the Waikuku Surf Club, and (4) from the
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dunes south of the surf club. The specific points at each location from which the sediment
was sourced were thedach foreshore, the berm, the dune toe and the crest of the most
seaward dune structure (foredune). This added up to sixteen samples in total.

Once the sedimenivassampled, it was returned to the laboratoand placed in a sediment

oven for approximately 5 days to dry off the moisture. Once dry, the sediment samples were
each run through a Dry Image Analyser (DIA). The DIA used rapid digital photography to track
each grain of sediment as it fell past the camérhis allowed the variables of grain length

and grain width to be captured for each grain. The DIA then automatically calculated the mean
width and mean length of the sediment grains for each sample.

4.1.3 Ground Penetrating Radar (GPR)
The internalstructure of sand dunesat the TCPwere investigated by using a Ground
Penetrating Radar (GPR) systdihis methodollecsimagery of the subsurfacessentiafor
guantifyingthe state of stability within the sand dunes, as well as how they have built up over
time. Literature byBristow and Pucillo (200§)roves that GPR is a valuable method for
investigating both accretion and erosionalkfaces within dunesThroughout our project, a
pulseEKKO GPR system was usdte equipment consisted of digital videologger, a
transmitter, a receiver and interchangeable anha withvariable bandwidths.
At both Pines beach and Waikukeach 100 MHz antennas were used with 1 m spacing as
measuremens were taken at 25 cm intervaddong therespectiveprofiles. Due tahe dune
complexity at Waikuku beach, further measurements were taken along the same transect line
using 200 MHz antennas. These 200 MHz antennas were set at 50 cm spdtieg
measurements were made every 10 cm. The profile lines that the GPR followetded
perpendicular to the coastfrom the foreshore to thestossside of the dunes. This range
allowed for a crossectional viewto be producedfor visualising the influence of coastal
processes.

TheGPR data was processusing the Reflexwoftware. Automatic gain control (AGC), was
usedto magnifythe trace signals horizontalltherebyenhancengthe signals andhighlighting
reflective surfacesEnergydecay processingasapplied to correct for the loss in energyth
depth. Staticcorrection (also known as air removalas applied to ensure that the signals
recorded were from the ground rather than the air or vegetation. The velocity was also
determined using theReflexwsoftware, allowing for the calculatiorof depth withineach
profile. To correct for the changan dune topography when the signals were transmitted,
the topographywas corrected using elevation profilesvhich were produced with a
theodolite and reflective staffTheseelevation profilesare shownin AppendixC

4.2 Secondary Data

4.2.1 BeachProfiles
Analysis of bach profile datas a method thatcan be used tdrack the changes ibeach
morphology over timeand making comparisons there@heng, Wang, & Guo, 2016; Zhang
et al., 2015)The data of the beachprofiles was sourced from@nand had been collected
over a series odnnualsurveys from November of 1991 to November of 20Iie beach
profiles were producednd analysedising Exceland \arious characteristics of the beach
were then found by analysing the shapes and behaviour of the profiles. Examples of these
behaviours inclded sealevel excursion, beach cressctional morphology, and beach
gradient



Sealevel excursion refers to the movement of the point where the bepuifile reaches sea
level.Shoreward movement indicates a loss of beach area while seaward movemecdtesli

a gain in beach aredn this study, thesealevel excursion for each site was obtained by finding
the horizontal distance from theriginal survey pointThis was carried out for each individual
survey that had been carried out on each beach. Some profiles did not have-paietan

the vertical axis but, since all the points in each profile were corrected to the same geographic
coordinate system, the ze-point could be located by linear interpolation. The results were
then graphed(Figure 1)which allowed for any trends in the séavel excursion data to be
found.

Beachgradientrefers to the average steepness of the beach in terms of vertical distarere
horizontal distance. In this studihe equation inAppendix Adefines the beach gradient
Graphing of the result§Figure 2then allowed for the identification of any trends toward
steeper or shallower beach morphology at each location.

Qualitativecomparisons and contrasts of the beach morphologies in 1991 and 2017 were also
observed in the profile data. This gave a raw comparison of each of the beaches as they
appeared in those years, which represented endmbers of the beaclprofile datasets.
Interest was taken in any clear seaward or landward migration on the beach during. The
beachprofiles that were used for these comparisons can be viewed in Appendix B.

4.2.2 Aerial/Historic Photographs
Photo analysis data consisted of historic imagery provideQdmterbury Maps (2018)vhere
images from the 19704, 199094, and modern coast line (2017) were compared across the
two sites at Pines and Waikuku beaches. These images were calibrated and overlain so that it
was possible to track shoreline migration, dune positioning, lendl of development from
anthropogenic sourcing.



5. Results
5.1 Beackprofiles, Excursion and Steepness

Comparison of Sea-Level Excursions at Each Beach Location

Distance of Sea Level from 0 Point (m)

s0
4/11/1991 31/07/1954 26/04/1997 21/01/2000 17/10/2002 13/07/2005 8/04/2008 3/o1/2011 29/09/2013 25/06/2016 22/03/2019

Date of Survey

Figure 1. A graph comparing the deael excursion trends and behaviour at each of
beach locations from 1991 to 2017. Note the circlesuad the excursion data in 199¢
and 2015vhen more data points were taken.

Gradients of Each of the Beaches from 1991 to 2017
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Figure 2. A graph comparing the trends and behaviour of beach steepness at each
location from 1991 to 2017. The points marked in pink on bgaciile between Pines
and Woodend signifies when new foredunes structures began to develop at this loc:



5.2  Aerial/Historic photography

Pines 1970's

Waikuku 1970's

Figure3: ABOVE, Pines Beach. BELOW, Waikekeh. Both series of images are from 1970,
MppnZ YR wHamTt FNRBY STaG G2 NARIKIG NBALISOGAGS
.t dzS tAYS I NBfFGAGBS LRaAAGAZ2Y 2F mMbppnQa aKz2N

5.3  Structure from MotiorBeachprofiles
5.3.1 Point Clouds

Figure4: Dense Point Cloud model with meshRihes Beacln Agisoft



Figure5: Dene Point Cloud with mesh modeMyfikukuNorth in Agisoft
5.3.2 Dlgltal Surface Models and Bepcd)flles

Bottom green

Figure6: Digital Surface Model d?ines Beactwith upperan"d lower transects and Beach
profiles.
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5.4 Sediment Analysis

Mean Sediment Grain Length
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Figure 8 Mean sediment grain length on the foreshore rive dunetoe and dunecrest at
each beach location.
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Mean Sediment Grain Width
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Figure 9 Mean sediment grain width on the foreshore, berm, detoe and dunecrest at
each beach location.

5.6 Ground Penetrating Rad@BPR) profiles
The Processed GPR dated to interpret theprofiles below can be founith AppendixD.

Figurell: Processed and interpreted GPR data acquired at Pines beach, (100MHz antenna).
Red represents erosional surfaces while the white shading represents areas of accretion.
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Figure 12Processed and Interpreted GPR data acquired at Waikuku beach, (100MHz
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antenna). The yellow lines indicate erosional surfaces while the white shading represents

accretion.
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