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ABSTRACT

The Coromandel Peninsula was subject to subdivisimhdevelopment primarily

since the 1960’s. Much of the development that besurred now renders
protection from the existing beach systems whickehgpically been altered by
development. Coupled with huge populations duringmser, the region is of
national significance therefore an understandingaafstal impacts is paramount.
Analysis of the spatial and temporal variation afabhes along the eastern
Coromandel Peninsula from Whangapoua in the narthiritoa in the south
provided results ranging from single storm eveptsiécadal scale oscillations.
Beach similarity was determined by measuring pataraesuch as beach length,
beach connectivity to neighbouring beaches, aspadtpeach slope. The analysis
of variability in beach face volumes was undertakising an extensive beach
profile database collected by R. Keith Smith, Rove@en and a monitoring
program maintained by Environment Waikato since8l9he database had a
higher-resolution sampling interval from 1996 uptiesent (a maximum sampling

frequency of approximately bimonthly).

Results showed that short term beach volume chawges explained by the
beach classification devised from the Wright andor6h(1984) model and
available planform morphology data. Intermediatadhes overall had a greater
range of variation, but had a higher frequencyoaf magnitude of change events.
Reflective beaches had a higher frequency of langgnitude of change events
and subsequently greater short term volume chanBeaches adjacent to
harbours and two outliers were identified which dmbt accord to the
classification. The classification model maintaines] applicability for seasonal
scale beach response. Embayed beaches on the QaenmReninsula also
exhibited beach rotation to varying degrees. Bemchéh similar planform
morphology showed similar long term beach rotatibiaracteristics. A biennial
oscillation related to the El Nifio Southern Ostitla (ENSO) was evident as
well as an interdecadal oscillation related to literdecadal Pacific Oscillation
(IPO) was evident across the Peninsula. In padicuio beaches north of the

Kuaotunu Peninsula showed a strong ENSO signal, thed strongest IPO



response was on beaches north of the Kuaotunu sReainrhe IPO appeared to
enter a long term negative phase indicating decschle persistence of La Nifa
events, therefore Coromandel beaches are likelgxtubit erosion dominant

trends for the next 20 to 35 years.

Based on these results, 3 sediment transport dmavioeiral cells were defined,
they were: beaches located north of the KuaotuminBela from Whangapoua to
Otama with northerly orientations; Mercury Bay bees including Opito Bay;

and, easterly orientated beaches south of Mercayy B
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CHAPTER ONE
INTRODUCTION

1.1  MOTIVATION FOR THE STUDY

The Coromandel Peninsula and its extensive whiteéysheaches are among the
most popular summer holiday destinations in Newliateh The Coromandel has
a diverse range of beach morphologies and werelladgveloped in the 1960’s
during periods of rapid subdivision in New Zealasda result of improved road
access. This significant land use change and aexgedgvelopment has resulted
in many beachfront settlements relying on the mtaia of the existing beach
system from coastal processes. Continued develdpamehincreasing population
pressure(s) has resulted in most beach regionsrbegairbanised with numerous
impacts on the pre-existing beach systems suchuae dlteration, vegetation
destruction, and lack of restrictions on beach peg@® access which all
contribute to degradation of beaches. Developmeat typically located on or
close to the frontal dune and in many cases duees l@velled to provide coastal
views (Healy et al., 1981; Environment Waikato, 200As a result, numerous
areas have been identified as erosion hotspotdichwong term erosion trends
coupled with short term storm impacts could leadldss of property and

infrastructure.

Monitoring subaerial beach variation on a largetiapacale is time consuming
and can be expensive for local authorities to obtégh quality data. Regardless,
there is a need to understand subaerial beach ioeihaan the Coromandel to
ensure the Regional Council (Environment Waikat®/)Ehas an adequate
understanding of how beach morphology changes mawgat the natural state of
beaches and any potential impacts on developmehtirdrastructure. There is
limited published literature regarding Coromandeadh behaviour, with initial

surveys and analysis by Healy et al. (1981) whildssified the major sandy
beaches of the eastern Coromandel based on lirmitecty data and historical

shoreline analysis.

Introduction 1
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RESEARCH AIM AND OBJECTIVES

The primary aim of this research is to quantify gpatial and temporal variation

of subaerial beach behaviour on the CoromandelnBela in order to provide

EW with sufficient information on where to focudidte monitoring efforts. This

lead to the following objectives:

1. To describe the geomorphology and planform geometroromandel

beaches using the ArcGIS 1:50,000 topographic dataltoupled with

surficial sediment sampling at each profile site;

. To quantify the short term variation of subaerigbbh systems on the

Coromandel Peninsula and determine the forcing am@sms which cause

these short term changes;

. To identify medium term oscillation(s) and variaisoof subaerial beaches

on the Coromandel Peninsula and identify the beasponse to medium
term coastal processes; and

. To determine the presence of interannual and |lemm tbehaviour of

Coromandel beaches. This includes the determinatdnwhether
relationships were present between beach respardekrsown climate

variations.

Preliminary results of these objectives were ptielisin the Proceedings of the
Australasian Coasts and Ports Conference 2009 (Wbadl, 2009), attached as

Appendix I.
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THESISOUTLINE

Following on from this chapter, the thesis is sapet into chapters depending on

the timescale of analysis. Firstihapter 2 consists of a description of the

Coromandel Peninsula, the beach sites, of whichbeéwches were classified

according to geomorphologic characteristics. A dpson of the beach profile

dataset used in this thesis is also given, alorth wibackground of Ngarunui

Beach near Raglan which was used to compare east beach variation with

short term west coast variation.
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Chapter 3: Short Term Beach Variation

In Chapter 3, the short term variation of Coromarimaches is analysed. The
chapter describes how the analysis was performddhankey results in relation

to the nearshore wave conditions and forcing mashen The chapter described
the methods, results, reviewed published literatdiseussion, and conclusions of
short term beach variation on the Coromandel Patans

Chapter 4: Seasonal Variation and Oscillation

The timescale of analysis was increased to seas@niation and medium term
beach oscillations in Chapter 4. Seasonal changégach and wave conditions
were explained, including beach rotation and threifigg mechanisms responsible

for these coastal processes.

Chapter 5: Interannual Variation

Chapter 5 presented the spatial variation of l@rghtmorphological change on
the Coromandel Peninsula. Comparisons to knownatéroscillations were given
using linear methods and non-stationary timesenndysis. A comparison of the
long term trends is made to a recent report by Damd Gibberd (2009)
regarding coastal erosion and development setbamksthe Coromandel

Peninsula.

Chapter 6: Conclusions and Recommendations

A summary of all the results and key findings sumsmag the spatial and
temporal variation of Coromandel beaches was peavith Chapter 6. This
chapter also outlined some suggestions for futesearch in order to better
understand Coromandel beach morphodynamics anddprawore detailed site

specific information.
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Following the main results and analyses, a fulemefice list was provided and
further supporting information critical to the umskanding of Coromandel

beaches as follows:

* Appendix I: Paper by Wood et al. (2009) from thedeedings of the
Australasian Coasts and Ports Conference 2009;

* Appendix II: Aerial photos of all the profile sites each beach and a table
with the dates with which they were established hade data available
from;

* Appendix Ill: Timeseries of intertidal beach slopased to calculate
average intertidal beach slope;

* Appendix IV: Timeseries plots of beach elevatiorotigh time;

» Appendix V: Horizontal segment results for eachdbeand profile;

* Appendix VI. Standard deviation of horizontal beadgments for each
beach;

* Appendix VII: Demeaned beach volume timeseries dach beach and
profile site with respective standard deviations.

* Appendix VIII: Magnitude of volume change individuaeach and profile

results.

Figure and table numbering within this thesis igpthr specific, with the first
number representing the relevant chapter, anddabensl representing the figure /
table number. For example, Figure 3.19 is th¥ figure in Chapter 3. Figures
contained within appendices have the relevant apipenumber in roman
numerals as opposed to numerical digits, for exarfgure VII.7 is the ¥ figure

in Appendix VII.
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CHAPTER TWO
STUDY SITESAND THE BEACH PROFILE DATASET

21 STUDY SITES

This chapter describes the geomorphology of alches in this study, and the
extensive beach profile dataset which has beeregathover the last 30 years
across the eastern Coromandel Peninsula, and teemnindata collected from

Ngarunui Beach at Raglan. Other sites on the CondelaPeninsula have been
surveyed however the data were not available dirtieeof analysis.

2.1.1 Eastern Coromandd Peninsula

The eastern Coromandel Peninsula is located oaasecoast of the North Island
of New Zealand (Figure 2.1). The east coast of Mealand is a lee coast from
the prevailing westerly winds (Figure 2.2). As aulg the Coromandel Peninsula
is relatively sheltered and the wave climate iscdbed as storm dominated
(Bradshaw, 1991; Gorman et al., 2003b). The doninawe direction is from the
north east. However, easterly storm conditions moe uncommon and have
previously been determined to be primarily respaesfor local beach erosion
(Healy & Dell, 1987; Bradshaw, 1991). Tides are isdimrnal and the maximum
spring tidal range is approximately 1.8 m across émtire study site with a
spring-neap variation of approximately 0.4 m (Ladntbrmation New Zealand;
LINZ). The eastern Coromandel Peninsula coastliae been described as a
headland-bay coast, comprised of a successiorep sbcky headlands separated
by narrow shallow bays (McLean, 1979; Bradshaw,1)9®ost of the beaches
are classified as “bayhead” or “pocket” beaches aral closed sedimentary
systems meaning very little sediment input is neseifrom littoral drift or

terrigenous input from rivers (Bradshaw, 1991).

The Coromandel Peninsula is an uplifted horst biabikch is downtitled to the
east (Healy et al.,, 1981). The steep and irregidpography of the Peninsula

Sudy Ste & the Beach Profile Dataset 5



reaches altitudes of up to 800 m with steep rivalleys leading down to
numerous embayments (Hume & Dahm, 1991). As atresatichment areas are
highly variable with the largest being Whitiangairtia, and Whangapoua at 492
km? 282 knf, and 106 krf respectively (Mead & Moores, 2005). In numerous
embayments, sea level rise of approximately 10Qurmd the Holocene resulted
in considerable sedimentation and were almost ewtinfilled. This infilling
resulted in a complex of barrier ridges and estgadeposits (e.g. Whangapoua,
Otama, and Whiritoa, Healy et al., 1981).

Average annual precipitation is approximately 36@@.yr’, with individual high
intensity events being associated with cyclonidesys (Ross et al., 1994). Large
rain events have been measured to be greater am in a single 24 hour
period. These rainfall intensities can lead to viange runoff events from the
steep catchment (Mead & Moores, 2005). The prengilivest to south-west
winds (Figure 2.2) are associated with the passégeid-latitude high pressure
systems (Bradshaw, 1991). High velocity onshoreatad easterly and north-
easterly winds occur during less frequent storrmesvevhich result in torrential

orographically induced rainfall (Bradshaw, 1991).
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Figure 2.1: Site map illustrating the location of the Coromalnéeninsula on the north east coast
of New Zealand's (inset). A list of the 19 Coromalndeaches (red squares) from north to south,
left to right is given in text. Blue circles market wave data hindcast locations at Matarangi, Opito
Bay, Tairua, and Whangamata (Table 292)e red square symbol in the inset is Ngarunui Beac
Raglan.

This study consists of 19 sandy beaches alongabeem Coromandel Peninsula
(Figure 2.1) from Whangapoua in the north to Whaitn the South (refer below).
A total of 61 profile sites are located across 1Bebeaches (refer Appendix II).
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Below is a list of the beaches from north to squibst to east) and subsequent x-
axis labels used in Figure 2.4 throughout thisithes

* Whangapoua (a) Wharekaho (h) Pauanui (0)

* Matarangi (b) Buffalo (i) * Onemana (p)

* Rings (c) Maramaratotara (j) Whangamata North (q)

e Kuaotunu West (d)

Cooks (k)

Whangamata South (r)

e Kuaotunu East (e) Hahei (1) * Whiritoa (s)

e Otama (f) * Hot Water (m)

« Opito Bay (g9) Tairua (n)

Watarangi Wind Rose (0.3% calm) Opito Wind Rose (0.2% calm)

(a) 020 500 (b) 0o 500

Figure 2.2: 30 year wind hindcast data for nearshore regionslatrangi (a), Opito Bay (b),
Tairua (c), and Whangamata (d). The numbers orciticemference of each panel represent the
wind direction. The inner numbers on the verticatsaare percentages of the respective wind
strength identified by the colour bar label. Thedtions from where the data are taken from are in
Figure 2.1 (blue circles). The rose diagrams itatst the consistency of the prevailing southwest
to westerly winds which account for approximatehedhird of all wind conditions at each site.
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2.1.2 Ngarunui Beach, Raglan

Ngarunui Beach is located near Raglan on the wasstoof the North Island of
New Zealand (Figure 2.1). There have been few ssudarried out on west coast
beaches of the Waikato Region. As a result, no teng datasets exist for wave
and climate conditions. The west coast of New Zehls a high energy swell
dominated coast and has been described as a ‘oiveand” (Hart & Bryan,
2008), pertaining to the large scale sediment pamsalong the west coast of the
North Island. In contrast to the east coast, Radlas a large spring-neap tidal
variation with a maximum spring tidal range of Ma8and a neap variation of 2.0
m (LINZ). The wave climate has an average significaave height of 1.60 m
with a mean period of 7.4 s. The mean wave diraatias 68.3° and describes the
direction to which waves are approaching. Scarfé082 used a NIWA wave
hindcast model from 1979 — 2007 to derive the wehagacteristics for the region.
The location for the wave data was taken in 11 rrexvaepth at the southern end

of the beach adjacent to Manu Bay (refer Appeniix |

22 EASTERN COROMANDEL PENINSULA BEACH
GEOMORPHOLOGY

Due to the spatial variation of the study site, @hnd of beach classification was
required to identify beaches with similar geomoilph@ characteristics. The
following characteristics were used to initiallyassify beach systems and are

summarised in Figure 2.3:

* Beach length;

» Beach orientation;

» Connection distance;
« Intertidal beach slope;
* Mean grain size; and

* The presence of offshore islands.

Beach lengths were calculated from the ArcGIS D80,topographic database
from LINZ, defined as the length of the shorelimtaining sand and inlet (e.g.

Sudy Ste & the Beach Profile Dataset 9



Hart & Bryan, 2008) and were shown in Figure 2.4aé&h orientation was
calculated as the vector average of the orientaifdhe shoreline at both ends of
the beach (e.g. Hart & Bryan, 2008) and were showRigure 2.4. Connection
distance to the nearest beach (left and right lapkeaward) was the approximate
distance of coastline to the nearest beach (FigLl8e measured as the length of
the two seaward sides of the triangle defined leyltbadland extent line and the
beach separation line (Hart & Bryan, 2008). Theeritidal beach slope was
calculated using an average of the lowest threeeged points above Mean Low
Water Springs (MLWS) for the entire timeseries axgressed in radians. The
effects of wave propagation on nearshore procadsedo offshore islands were
given a yes / no value depending on whether islarae located within 10 km of
the beach or within the 50 m depth contour (whielnewas closest to the

shoreline; Table 2-1).

Profile separation Figure 2.3: Schematic of the

/ various beach classification

0 parameters used (adapted from
Headland exte Hart & B 2008). See text f
ar ryan, . See text for
Beach A Y

definitions.

. Connection

Length

\

Sediment samples to determine mean grain sizes ealected during a field
excursion on the J5and 28 of May 2009. Surficial sediment samples were
obtained from the middle region of the intertidahe at each profile site. Each
sample was approximately 150 grams and compriseddiment from the top 50-
80 mm of the beach. Mean grain size characteristiese measured using the
University of Waikato Rapid Sediment Analyser (RSAJhe RSA uses

distance

Beach B
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cumulative mass and measurement time to determenssttling velocity and size
distribution (de Lange et al., 1997). Sediment dampvere dried then passed
through a 2 mm sieve to remove large shell fragmesiich were not a dominant
part of the natural beach sediment. All sedimenmdas were sieved except for
Maramaratotara (Figure 2.1 and Table 2-1) wherd stegerial is the dominant

beach sediment. Eastern Coromandel beaches arelymsamdy beaches

comprising quartz, feldspars and volcanic glassh wiinor quantities of calcite

(shell material), heavy minerals (mainly titanomeigge) and rock fragments (de
Lange et al., 1997).

2.2.1 Beach Classification Parameters

The following sections provide a summary of thergemphologic characteristics
of each beach system from north to south. FigudeilRistrates the respective
beach length and average orientation for each b&dwh location of each beach
and the profile sites are illustrated in Figure &l aerial photos are attached as
Appendix Il. Timeseries of intertidal beach slopgadare attached as Appendix
1.

2211 Whangapoua Beach and Matarangi Beach

Whangapoua Beach (Figure 2.1) is a pocket bead(ir8 Table 2-1 & Figure
2.4) with headland barriers at each end. Whangagmaeh is an intermediate
sloped beach (Wright & Short, 1984) with a meanmgsize of 322 um (Table 2-
1). A small estuary is located at the northern einthhe beach. Pungapunga Island
is a small island (2590 hlocated toward the northern end of WhangapouaiBea
approximately 150 m seaward of Mean High Water r&mi (MHWS).
Whangapoua Beach has three profile sites with a@pardistances between the
three profiles of 377 m and 510 m. Matarangi Bescla dune barrier beach
located immediately east of Whangapoua Beach. MiagarBeach is the longest
(4618 m) and lowest gradient beach on the easteran@ndel Peninsula and has
a mean grain size of 275 um (Table 2-1). Matar&agich abuts a headland at the
eastern (basal) end and the spit extends to thé wilesre it terminates at the
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entrance to Whangapoua Harbour (distal end). MatgrBeach has four profile
sites with separation distances between the psofilé81 m, 681 m, and 952 m.

2212 Rings Beach

Rings Beach is a short pocket beach (627 m) witddlaed barriers at each end,
and a small stream at the western end. Rings Beasla mean grain size of 402

um (Table 2-1) and has one profile site.

2213 Kuaotunu West and Kuaotunu East Beaches

Kuaotunu West is an 1180 m long beach with a heddd the western end and a
large rock outcrop at the eastern end. Kuaotunut\igean intermediate sloped

beach with a mean grain size of 346 um (Table Atl)a stream located centrally
on the beach. Kuaotunu West has three profile siiéis separation distances
between the three profiles of 172 m and 349 m. KuaoWest Beach was mined
for sand and gravel from approximately 1950 to 198@aotunu East is a 1205 m
long beach with a headland at the eastern end dadye rock outcrop at the

western end separating it from Kuaotunu West. KuwawtEast is an intermediate
sloped beach with a mean grain size of 427 um €rakl) and a stream at the
eastern end of the beach. The relatively largengsite was caused by the
presence of fine gravels in the sample which agfiéche sediment fall velocity

calculation. Kuaotunu East has three profiles sigth separation distances
between the three profiles of 417 m and 291 m.

2214 Otama Beach

Otama Beach is a 2275 m long beach with headlantelmat each end. Otama is
an intermediate sloped beach with a mean grain &iz895 um (Table 2-1).
Otama Beach has a small estuary located at thereashd of the beach and a
small stream at the western end of the beach. Oteamdwo profile sites with a

separation distance of 900m.
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2215 Opito Beach

Opito Beach is a 4417 m long beach with headlanddra at each end. Opito
Beach is an intermediate sloped beach with a mesn gize of 252 um (Table 2-
1). A total of four small streams enter the Pacfficean across Opito Beach.
Opito Beach has five profiles sites with separatiistances between the five
profiles of 894 m, 604 m, 485m, and 536 m. Opitoy Bes a significant
orientation change between the two ends of thehbeHwe northern end of the
beach has an aspect of 99° and the southern etitk dieach has an aspect of
310°, a total orientation change of 149°. The beasjtect was defined in Figure
2.3 as the vector average of the orientation ofsthereline at each end of the

beach.

2.2.1.6 Whar ekaho Beach

Wharekaho Beach is a 1539 m long with headlandidrarrat each end.
Wharekaho Beach is an intermediate sloped bead¢hamvihean grain size of 306
um (Table 2-1). Titanomagnetite lag deposits weresgnt in the sediment
samples from Wharekaho Beach. Wharekaho Beachweastteams located the
northern and southern ends of the beach. Wharelkabkdhree profile sites with

separation distances between the three profil@d ®im and 474 m.

2217 Buffalo Beach

Buffalo Beach is a 3742 m long beach which terneisatt a headland at the
northern end of the beach and Whitianga Harbouth@atsouthern end of the
beach. Buffalo Beach is an intermediate sloped tb@dath a mean grain size of
197 um (Table 2-1). In addition to Whitianga HarhdBuffalo Beach has three
streams which enter Mercury Bay (Figure 2.1). BoffBeach has five profile

sites with separation distances between the fies sif 625 m, 709 m, 532 m, and
508 m. Buffalo Beach has 3 seawalls on variousoregiof the beach (refer
Section 3.5.1).
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2.2.1.8 Maramar atotara Beach

Maramaratotara Beach is a short pocket beach (&908ith headland barriers at
each end. Maramaratotara is a steep beach withaa g@in size of 1072 um
(Table 2-1) and a stream located at the easternoériie beach. The beach
sediment is largely composed of shell fragmentspp®sed to all other beaches in
this study which are predominantly sandy beachds gquartz-feldspar rich sand

(de Lange et al. 1997). Maramaratotara Beach hapufile site.

2219 Cooks Beach

Cooks Beach is a 2674 m long beach terminatedhmadland at the western end
and Purangi Estuary at the eastern end of the b@astineam is also located at the
western end of the beach. Cooks Beach is an intkateesloped beach with a
mean grain size of 204 um (Table 2-1). Cooks Bdwhfive profile sites with
separation distances between the five sites oh82293 m, 242 m, and 258 m.

2.2.1.10 Hahei Beach

Hahei Beach is a 1465 m long beach with headlandebs at each end. Hahei is
an intermediate sloped beach with a mean grainadi3@2 um (Table 2-1). Hahei

has two profile sites with a separation distanc&3df m.

22111 Hot Water Beach

Hot Water Beach is an 1865 m long beach with headbearriers at each end. Hot
Water Beach is a steep beach with a mean graino$i280 um (Table 2-1). Hot
Water Beach has three streams located at the northentral, and southern
sections of the beach. Hot Water Beach has threflepsites with separation

distances between the three sites of 817 m anan649

22112 Tairua Beach and Pauanui Beach

Tairua Beach is a 1511 m long beach with headlamddrs at each end. Tairua

Beach is a steep beach with a mean grain size ofp42 (Table 2-1). Tairua
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Beach has four profile sites with separation distanbetween the four sites of
179 m, 337 m, and 245 m. Pauanui Beach is a dumgbbcated immediately

south of Tairua Beach. The two beaches are sepatatePaku hill and the

entrance to Tairua Harbour. Pauanui Beach is a 8888hg beach which abuts a
headland at the southern (basal) end and the sf@hdas to the north where it
terminates at the entrance to Tairua Harbour (destd). The mean grain size is
246 um (Table 2-1). Pauanui Beach has a streartelbeathe southern end of the
beach and five profile sites with separation disésnbetween the southern four
sites of 614 m, 506 m, and 358 m. The benchmarkh®morthern most profile

site is relatively new (established in 2004) and hat been surveyed to the local
datum therefore no reference to the location diadce to the nearest profile can

be given, hence why only three separation distaacegiven.

2.2.1.13 Onemana Beach

Onemana Beach is a 1088 m long pocket beach wdhldéed barriers at each
end. Onemana Beach is a steep beach with a mearsgra of 429 um (Table 2-
1). Onemana Beach has three streams located aptteern, central and southern
sections of the beach. Onemana Beach has two emsifés with a separation

distance between the two sites of 230 m.

22114 Whangamata North and Whangamata South Beaches

Throughout this thesis Whangamata Beach has bealysad as two different
beach systems. Although Whangamata Beach consisteacontinuous shoreline
between Whangamata Harbour in the north and Otalier B the south, the

beach is analysed as two separate beaches duee tsighificant orientation

change north and south of Hauturu Island. The itpg&Elauturu Island on wave
refraction patterns and littoral drift has creagetbmbolo in the lee of the island,
which has an impact on the behaviour to the nanthsouth of the island (Healy
et al., 1981). Whangamata North is a 2206 m loragbevhich terminates in the
north at the entrance to Whangamata Harbour antbthbolo of Hauturu Island

in the south. Whangamata North is an intermedildpesl beach with a mean

grain size of 247 um (Table 2-1). Whangamata Nba two profile sites with a
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separation distance between the two sites of 972\ilmangamata South is an
intermediate sloped beach with a mean grain size225 pum (Table 2-1).

Whangamata South is a 1667 m long beach which mates at the tombolo of
Hauturu Island in the north and the entrance to @i@hu River in the south.
Whangamata South has four profile sites with sejgaralistances between the
four sites of 286 m, 293 m, and 391 m.

2.2.1.15 Whiritoa Beach

Whiritoa Beach is a 1489 m long beach with headlaadiers at each end.
Whiritoa is a reflective beach with a mean gragesif 395 um (Table 2-1) and a
stream at each end of the beach. Whiritoa Beachfdwas profile sites with
separation distances between the four sites ofni28314 m, and 226 m. Beach
sand from Whiritoa has a history of sand mininge@slenced by McLean (1979)
and Healy et al. (1981).
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Figure 2.4: Beach length (solid black line) and average beawntation (dashed blue line) for all
beaches. The x-axis labels are discussed in Seztloh.
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2.2.2 Ngarunui Beach, Raglan

Whilst the main part of this thesis was to analyise spatial and temporal
variation of beaches located on the eastern Cordetd®eninsula, a comparison
is also made to Ngarunui Beach at Raglan (Figuke Rlgarunui Beach is a 5210
m long beach with headland barriers at each entoWiag the definition of
beach length in Hart and Bryan (2008), the beadlgtke includes the inlet to
Raglan Harbour and approximately 2400 m of beadhamorth of the inlet. The
dominant beach sediment is titanomagnetite witheanmgrain size of 293 um
(Table 2-1). Sediment samples were obtained o@3{ef January 2009 from the
intertidal area of each profile site. Grain sizalgsis was undertaken using the
University of Waikato Malvern Mastersizer-S becaude dominant beach
sediment is titanomagnetite which cannot be andlys¢he RSA (de Lange et al.,
1997). The Malvern Mastersizer-S calculates pa&tsize using laser diffraction
theory. Ngarunui Beach has four profile sites vadparation distances between
the four sites of 245 m, 205 m, and 251 m.
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23 THE BEACH PROFILE DATASET

Many of the profile sites were established in thensier of 1978-1979 after the
renowned storms of 1978 (Hume, 1979) and were dpmidy sampled by
Environment Waikato (EW) using a level and staff.addition, R. Keith Smith
(Private Consultant) and Ron Ovenden (National ittet of Water and
Atmospheric Research, NIWA) have been undertakiegular beach profile
surveys of the Coromandel beaches since 1990 avel dethered an extensive
database across the 61 profile sites. Each priofillne database has a specific
name, for example the northern profile at WhangapBeach is CCS12. CCS
stands for Coromandel Coastal Survey, the benchmarkes of the original
survey in which the number corresponds to the lerdécation (Healy et al.,
1981). These surveys were undertaken using the \Emethod (Emery, 1961).
Not all sites were established in 1979, and furihrefile sites were established
between 1979 and 2004 to increase the spatialtvariaf the database (Stewart,
2006). The profiles have been surveyed every 2 hsosince 1996 and 6-weekly
more recently. Each survey begins from a known herack typically located
landward of the dune crest. During each survewtpaf interest such as the edge
of vegetation line, the storm high water mark, ltigh water mark, and the extent
of any saturated surface were measured where p@$Simith & Bryan, 2007). It
is emphasised that surveys were often undertakemdasure specific storm
damage, and never specific accretion periods. Térver¢here is potential for the
database to be skewed toward erosion dominatedegstof

The location of the benchmarks for each profile site identified in Appendix Il.

Geodetic Datum 2000 was used for the survey for @meomandel beach
benchmarks as it was the only common datum encasmgpthe geographic area
required (Stewart, 2002). The benchmark coordinates2 converted to New
Zealand Map Grid 1949 Projections and are all eulyen use. The benchmark
elevations are surveyed to Moturiki Mean Sea L&@&83 Datum which is RL 0.0
m (Stewart, 2006). The accuracy of the survey eqaii used to locate the
benchmarks was +/- 20 mm vertically and +/- 10 manizontally (Stewart,

2002). The beach profile database contains mone 500 profiles across 61

profile sites.
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2.3.1 DataCoallection at Ngarunui Beach, Raglan

Four new beach profile lines were established artigui Beach, Raglan. The
beach profiling began in January 2009 and was ged/@n the same sampling
cycle as the eastern Coromandel programme. Fouchbpeofile lines were
established along Ngarunui Beach with a spacingagbroximately 200 m
between each profile (refer Section 2.2.2). Thatioa of the profile benchmarks
are identified in Appendix Il. There were severapbrtant considerations to be

made when establishing the location of the beacfilgs, including:

» the physical processes and impact of the Raglahddarentrance;
e the location of two EW camera operations which made the southern
end of the beach; and

*« human influences such as beach access locations.

A Nikon Electronic Total Station DTM-352 was usext beach profile surveying
at Ngarunui Beach. The Total Station has precisian 10 mm at distances of up
to 500 m. The total station was set up and leveliezt a surveyed benchmark and
the horizontal and vertical distance to the reflecprism was measured at points
of interest across the profile line. The spacinghaf measurements increased as
the beach slope became more regular with distanoe the dune region. Profiles
were undertaken within an hour of low tide to eesumaximum excursion
distances. All notable elevation changes were dambralong the profile and
included the storm high water mark, high water makd the extent of any
saturated surface where possible. All surveys wadertaken from the secondary
benchmark (seaward most benchmark) with an annuaéyg encompassing the
dune area landward to the primary benchmark. Thdilg@rbenchmarks at
Ngarunui Beach were surveyed using a real timetikiggobal positioning system
(GPS) to determine the location and elevation @& gmimary and secondary
benchmarks and were surveyed to Mount Eden Cir2000 Datum. The
elevations were surveyed to Moturiki Vertical Datu®53, the same elevation

datum as the east coast data.
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2.3.2 Data/ Sampling Error

The beach profile dataset is unique due to itselagatial and temporal extent,
with relatively high sampling frequency since 1996e Emery method used to
collect the data has been the most widely appliethad of beach surveying since
its inception in the 1960’s (Smith & Bryan, 2000xiginal testing of the Emery
method (Emery, 1961) calculated the average ermoelévation between two
points to be 0.035 feet (approximately 10.6 mmhvatmaximum error of 0.18
feet (approximately 55 mm). These low values wareconsidered large enough

to add significant error to the data presented.

24  WAVE DATA

There were no measured long term wave data awailtdl the Coromandel
Peninsula. A NIWA WAM (WAve Model) hindcast was dsdéo generate
nearshore wave characteristics for four sites atcime Coromandel Peninsula
(Figure 2.1) from 1979 — March 2009. The wave hasicmodel had a high
correlation to measured wave buoy data for wavghtadata R = 0.88, Gorman
et al., 2003b). The buoy was located in 34 m watepth near Katikati,
approximately 20 kilometres south from Whiritoag tbouthernmost beach site.
Four sites in 20 m water depth were chosen to epassthe spatial variation of
the dataset with particular interest being giverateas with offshore islands or
large bay features. These four sites were considererovide sufficient spatial
variation of wave climate variability along the Gorandel Peninsula. The wave
data sites are outlined in Table 2-2 with the respe beaches to which the data

was applied.
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Table 2-2: The four wave data sites and corresponding bedohghich the data is applied.

Matarangi Wave Opito Wave Data Tairua Wave Whangamata

Data Data Wave Data
Whangapoua Opito Hahei Onemana
Matarangi Wharekaho Hot Water Whangamata North
Rings Buffalo Tairua Whangamata South
Kuaotunu West Maramaratotara Pauanui Whiritoa
Kuaotunu East Cooks

Otama

25 SUMMARY

This thesis incorporates the study of a beach lprdataset with large spatial and
temporal variation on the eastern Coromandel Paldaref New Zealand. A total
of 61 profile sites across 19 beaches with difigigeomorphologic characteristics
were discussed. The most dissipative beach on thentandel Peninsula,
Matarangi, is to be compared to Ngarunui Beachagfld& which is a dissipative
beach located on the west coast of the Waikatmnegihe beach profiles were
analysed and compared against wave hindcast datader to determine the
forcing mechanisms responsible for beach chang¢heneastern Coromandel
Peninsula. The methodology used for the analysisspdtial and temporal
variation of beach change on the Coromandel isigeavwithin each individual

chapter.
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CHAPTER THREE
SHORT TERM BEACH VARIATION

3.1 INTRODUCTION

Beach systems on the Coromandel Peninsula have qadgect to urbanisation
and development pressures since the 1960’s. Thelajgwent has lead to
alteration of dune systems and typically resulted direct loss of sediment from
the subaerial beach system which serves as a birben storm activity.
Unfortunately this development was thriving atradiwhen the unstable nature of
foreshores was not required to be taken into addowsubdivision planning. As a
result, significant property loss and damage dusitogms has occurred (Healy et
al., 1981). The impact of storm activity combinedhwhuman alteration of the
beach system has had detrimental effects on manyn@mdel beaches. Adverse
effects were often enhanced as the beaches warghtht be closed sedimentary
systems, meaning they had very little sedimenttiripam terrestrial sources or
from sediment exchange between embayments viarahwea littoral drift system
(Healy et al., 1981). Due to the development onGleeomandel Coast and the
potential impacts of storm wave conditions, theuratand distribution of short

term beach variation on the Coromandel Peninswddsto be understood.

3.1.1 Why Study Short Term Beach Variation

For the purpose of this study short term variatsooonsidered to be variation that
occurs on an approximate 6-weekly period. Variabetween consecutive beach
profile surveys are therefore the focus of thisptba The prominent feature
impacting beach systems in this timeframe is theuoence of storm events.
Understanding storm wave impacts on the easterror@amdel Peninsula is

paramount in order to understand the nature arnidhiison of the erosion hazard,
which could provide vital information on beach ®yss and underpin

management plans. Timeseries data derived fronbehaeh profile database will

be analysed to provide the understanding of skart beach variation.
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3.1.2 Expected Outcomes

The impact of storm waves on subaerial beach systa@ well documented in
published literature (Komar, 1998), however littesearch has been undertaken
on the Coromandel Peninsula. The variation of beachphology across the
Coromandel Peninsula (Chapter 2) showed the diffidavolved in analysis at
the spatial scale considered here. As such, thewimlg general assumptions of

beach behaviour are anticipated to occur acros€dnemandel Peninsula:

» Large wave events will erode subaerial beach @il

« Beaches will accrete during fair weather conditjons

e The Kuaotunu Peninsula will act as a boundary thnsent transport and
beach behaviour (refer Figure 2.1); and

e A series of smaller sediment transport sub-cellshi identified in which

beach behaviour will be similar.

The Kuaotunu Peninsula is hypothesised to be aebamhere local erosion /
accretion events exhibit different behaviour dughe difference in orientation
between beaches located to the north and southmedPéninsula (Figure 2.4 and
Table 2-1). Beach behaviour is hypothesised to @ound the Peninsula, but

several smaller behavioural sub-cells are hypasleesio be evident.

3.2 BACKGROUND: SHORT TERM BEACH VARIATION
3.2.1 Description and Definition of Short Term Beals Variation

Short term beach variation is often significant gredceived to be the largest
degree of coastal change compared to larger teinparetion (Dolan et al.,

1991). The primary reason is because the degreehafge can actually be
observed and quantified with relative ease. Intawmah to interdecadal scale
oscillations cause large scale coastal evolution (@ryan et al., 2008), however
long term trends are not easily quantified. Shoeekrosion from a single storm
wave event may cause a 50 % reduction in the siabdwmrach volume (e.qg.
Whangapoua following the July 2008 storm eventufégd3.4 c, Figure VII.1, and
Appendix VII) and therefore lose its protective aeaipy, which renders the beach

largely susceptible to further wave attack, andsiero of coastal properties
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becomes probable (Bittencourt et al., 1997). Trechehen appears depleted and
in a dangerous state. Conversely, shoreline retflehtindreds of metres can be
observed from historical data and aerial photogyaf@hg. Crowell et al., 1991;
Fenster et al., 1993; Bryan et al., 2008) but dusshave the perception of an
extreme consequence because coastal margins wgedylandeveloped and the
change rates were very slow, allowing mitigationaswes to be implemented
where appropriate. Coastal managers are targetadive problem of quantifying
annual exceedance probabilities (AEP) of erosioentss for sandy beach
environments to determine setback lines for dewvekt and infrastructure
(Munoz-Perez & Medina, 2009). This highlights theed to understand short term

variation of Coromandel Beaches.

Short term beach variation is observed by measuiranges in beach sediment
volumes. Beach volumes are easily quantified uddegch profile surveys.
Continued surveying render timeseries of beachmelichange and therefore
provide the ability to quantify normal or extremariation (e.g. Clarke & Eliot,
1988; Thom & Hall, 1991). Short term changes ondganmeaches also show a
degree of cyclic behaviour (Dolan et al., 1991} as a result, a minimum of 10
years data has been suggested to understand ¢hleriguterm trend of short term
variation and reduce the effect of high frequensgil@ations (Eliot & Clarke,
1989).

Beach profile variation in the cross-shore dirattis generally associated with
advance and retreat of the beach profile. A hedbisgch has a large sediment
budget, a well developed berm, well vegetated dagmn, and a steep beach face
(Komar, 1998). Eroded beaches are typically flatteth a low sediment budget,
and faceted have dunes with vegetation slumpinghdiwe front (Komar, 1998).
Variations in the alongshore direction are driverthe incoming wave direction,
pressure gradients in the surf zone, alongshor@ti@ar in the wave height,
infragravity wave oscillations, and the presenceripfcurrents (Quartel et al.,
2008).
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Beach volume change images the beach dynamicsssipg it by the variability

of the beach profile with time (Bittencourt et al997). There are numerous
methods used to analyse beach volume change whidld oot be used in this

thesis, for example empirical orthogonal functidO§) analyses and wavelet
analysis. These methods have proven useful in singlyshort term beach

variation, for example Eliot and Clarke (1982) ugsdF and showed that up to
20 % of the variation on the beach face was aperitbdctuations attributed to

individual storm events. Wavelet analysis by Reetval (2007) advanced further
results from Plant et al. (1999) that less tharf2@f the variance occurred on
temporal scales of less than one year. Short temations cannot be accurately
forecasted due to the chaotic and non-linear fgremechanisms of winds and
atmospheric conditions which ultimately drive wanaaditions (Bittencourt et al.,

1997; Reeve et al., 2007).

3.2.2 Morphodynamics of Short Term Beach Variation

Beach morphology changes in response to changinge veanditions were
analysed in detail by Wright and Short (1983; 198Meir qualitative beach
classification model identified six morphologicdates for sandy beaches. The
classification was based on several years reseafighd sampling, and
observations of numerous beaches on Australia’shseastern coast. Although
the beach state classification of Wright and SH&884) does not explicitly
provide information on profile variation or volunobanges, they are inherently
linked because the same environmental factors witbrmine beach state also
determine its variability. In addition to the piofg and observations, Wright and
Short (1984) used a dimensionless fall parameteddtermine beach state
following Dean (1973) and Dalrymple and Thompsof7(d), which is outlined

below:

Q=Hp/wsT Equation 3.1
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WhereHy, is the breaking wave heights is the sediment settling velocity (in m.s
') andT is the wave period.

Short term changes in profile morphology, whichium affect beach volume and
beach behaviour (Wright & Short, 1984), occur doestosion and accretion of
the beach. Very seldom is a beach in a state dfilegum because beaches and
coastal processes are dynamic complex componentargdé scale non-linear
interactions (Bittencourt et al., 1997). A beachll vabtain a uniform or
equilibrium state if it remains exposed for a Idinge to a steady state of wave
conditions (Bittencourt et al., 1997). Short tereabh erosion typically occurs,
and is most significant during increased wave dimots due to winter storm
events (Thom & Hall, 1991). Episodic storm evemtsif tropical cyclone activity
also affect southwest Pacific beaches (de Land#);ADavidson & Turner, 2009).
Quartel et al. (2008) describes the storm — pastrstmodel which is a qualitative
description of morphological changes coupled taqgoksr of erosion and accretion
as shown by Dubois (1988); List and Farris (199ive et al. (2002); and Miller
and Dean (2007b).

The use of bulk statistical measures to analysehbpaofile timeseries data is
common in published literature. For example, Larsgbnal. (2003) measured
variation in beach topography using the standawhtien of elevation at selected
cross-shore locations from beach profile data. tsrof beach volume variations
can then be used to define probability functions dertain degrees of beach
erosion and accretion. The mean and standard deviaf beach volumes are
simple, yet effective data. Larson et al. (20033lgsed beach profiles at Duck
and showed that the greatest morphological changar@d at the MSL contour,
with the dune being the most stable region. Thisakm®ur was linked to wave
impacts on the beach, in particular the shoreliebaliour and associated
variations with the nearshore bar. Whilst Larsomalei{(2003) state the improved
ability of advanced statistical techniques to asalynorphological change, they
recognise that many datasets do not satisfy th@iresgent of even temporal and

spatial variation. Larson et al. (2003) therefamforce the applicability of bulk
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statistics for analysing beach evolution and degvisimple empirical
relationships to be used for predictive purposes.

3.2.3 Forcing Mechanisms of Short Term Beach Variain

Incoming wave energy causes erosion and accretiosamdy beaches. Wave
parameters such as the height, period, steeprmetslir@ction contribute to beach
profile behaviour and determine whether a profiledes or accretes (Ozolcer,
2008). In addition, storm events cause storm sungereased wave set-up,
increased wave runup, and high velocity winds, a#l as increasing the wave
height and steepness. These parameters createifecaig increase in the erosive
capabilities of waves and as a result beachesafpierode (Thom & Hall, 1991,

Bittencourt et al., 1997; Quartel et al., 2008) weéwer, continuous winter storms
often cause erosion at a decreasing rate, to the pbere a storm can cause
beach accretion (e.g. Dail et al., 2000; Yatesl.e2809). This occurs when the
equilibrium wave energy required to erode a beaxdneases following initial

winter storm events, and subsequent winter andhgpsiorm events do not
possess a high enough equilibrium wave energy ddeea beach (Yates et al.,
2009). A relationship between wave energy and $inergosition devised by

Yates et al. (2009) is shown in Figure 3.1 in whilel best fit line showing the
observed average wave energy causing no MSL pestfange is of most

importance. The relationship shows that lower werergy is required to erode
an accreted beach. As a beach erodes, the equitibriave energy required to

continue eroding the beach increases.

Beach accretion is favoured under low energy warelitions which encourage

the nearshore movement of sediment from onshoeetdd bar velocities (Plant

et al., 1999). If a beach has a nearshore barglmvgy wave conditions cause a
landward shift of the bar which can weld with théaerial beach face (Short,

1999; Aagaard et el., 2004). Swash zone sedimansport then drives sediment
up the beach face to form a berm. Optimum beaadh yatume is achieved with a

slightly landward sloping berm and a steep beace.fdhe limiting factor of

profile accretion is usually the absence of a reaesbar(s) which in turn allows
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a greater amount of wave energy to impact, andnpiaty erode the beach face
(Wright & Short, 1984; Dail et al., 2000; Harle\Q@b; Harley et al., 2009c).

Antecedent beach conditions are critical in detanng beach response to storms
(e.g. Wright & Short, 1984; Dail et al., 2000; Ysiet al., 2009) with the presence
of a nearshore bar(s) being paramount as they lbeae shown to dissipate up to
78 — 99 % of incoming wave energy (Carter & BaiksjliL983; Dubois, 1988). For
example, Harley et al. (2009c) produced an empirneadel of beach response to
storms using the storm wave direction, energy, whether the antecedent beach
conditions were barred or bar-less. Their modetipced highly correlated results
for beach width change versus cumulative wave gnatrgxposed and partially-
exposed regions of the beach, but lower resultstHeir sheltered site. This
highlights the importance of antecedent profile dsbons as the results were
significantly reduced if their parameter for barred bar-less conditions was

removed.
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Figure 3.1: MSL change rate between consecutive surveys fieguitibrium shoreline response:
observations and modelling” by M.L. Yates et alg092, Journal of Geophysical Research,
114,C09014. Of particular interest is the equilibriurawe energy which is the best fit solid line to
the observed wave energy causing no MSL positiamgé.

Short Term Beach Variation 31



3.3 METHODS
3.3.1 Beach Volume Timeseries

Raw beach profile data consisted of surveyed hota@nd vertical points from a
known benchmark and extended seaward as far asiblegssvhich was
approximately mean sea level (MSL). A cross-sectibthe beach topography at
a particular point in time was then created (FigBr2). Raw beach profile data
was input into the Beach Profile Analysis Toolbd3PAT) software. Upon
verification in BPAT, the raw data was extractedASCIl format for analysis
with the Matlab software (Version 7.4.0 2009a). Qomer algorithms were
written to create time series data of the beactlurwel located seaward of a
common benchmark. The subaerial beach volume imetefas the amount of
sediment located seaward of a common datum andealdaWs (e.g. Clarke &
Eliot, 1988). Each individual beach profile wasenpolated at 1 m intervals in the
cross-shore direction to enable analysis of thelb&alume at a greater accuracy
(Lacey and Peck, 1998). Common timeseries anatysihods including Fourier
transforms, empirical orthogonal functions, andctpé analysis could not be
undertaken due to the uneven sampling frequencythef dataset. Linear
interpolation between surveys was considered todecdue to the uneven spacing

of the dataset.

The subaerial beach profile was divided into hartabbeach segments to analyse
beach sediment volumes at different elevationssactioe profile, comprising the
intertidal area, the upper beach, and the dunemeggigure 3.2). The upper limit
of the intertidal area was defined as MHWS (Retatievel (RL) 0.9 m) and the
lower limit as MLWS (RL -0.9 m). The resulting “amgle” area under each beach
profile (area (e) Figure 3.2) was evaluated asst#@vard extent of the intertidal
volume. The horizontal area from the intertidal edandward to a common
benchmark was then added to the triangle to quatht& advance or retreat of the
profile (area (d) Figure 3.2). The maximum springalt range of 1.8 m was
divided equally above and below MSL (RL 0.0 m) toypde a tidal amplitude of
0.9 m. If a particular profile did not extend as & MLWS, the data were

extrapolated to MLWS using the median slope of l&s three surveyed points
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for that particular profile (e.g. Lacey and Pec898). One profile survey at Rings
Beach did not contain 3 surveyed points within thiertidal region therefore
linear interpolation was undertaken. The upper beegion extended from
MHWS to RL 3.5 m and the volume was calculated gisihe same method as the
intertidal area, noting the different elevationitlsn(areas (b) and (c) Figure 3.2).
Visual observations by the beach profile surveyotscate RL 3.5 m to be an
average elevation where dune vegetation and stebrisdare commonly located.
This is considered to be an accurate limit forupper extent of wave action. The
dune area encompassed the volume of beach sedaneve RL 3.5 m landward
to a common benchmark (area (a) Figure 3.2). Beathime timeseries were
analysed using the percentage change in beach gdham the mean volume for

the entire timeseries.

Elevation (m)

(d) (&)

_18[] 100 120 140 160 180 200
Cross-shore Distance (m)

Figure 3.2: A beach profile cross-section from the southerrfilgr@n Whangapoua Beach from
22-2-1998. The figure depicts the various regioseduto calculate the dune volume (a); the upper
beach volume area encompassing the “triangle” () the corresponding area landward to a
common datum (b); the intertidal beach volume ergassing the “triangle” (e) and the
corresponding area landward to a common datum (d).
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3.3.2 Magnitude of Beach Volume Change

Beach volume change between surveys was analysgedoce change rates of
erosion and accretion. The beach volume changdetivby the number of days
between profiles provided the rate of change inicafetres per metre per day
(m®.m™.day’). The data were then grouped into 0.2.mt.day' bins. Most

profiles on each beach did not have an equal numbsurveys. The frequency
data were then normalised so the change rates dmmildompared directly
between other profiles on the same beach. An exaoifpthe method is outlined

below:

* Whangapoua has 3 profiles: CCS12, CCS11, and CAsSiith data of
lengths 96; 93; and 90 respectively;
» CCS12is the largest vector of change rates, gftte86;
+ CCS12, CCS11, and CCS11-1 were grouped in 8.&vday* bins from
0 to >4, therefore containing frequency data witheich bin e.g.;
o Binl=27
o Bin2 =19
0 Bin3 =11, and so on;
* In order to make them comparable they were condea@ercentages;
o Binl1l=27/96*100
o Bin2 =19/96*100
o Bin3=11/96*100, and so on;
e This was undertaken for each profile on Whangaiasch.

One profile at each of Tairua, Pauanui, and WhamgarBeaches were excluded
from the analysis as the profile datasets were dowll, having only been
established in 2003, 2004, and 2002 respectively.

The beaches were then classified according to tmghtvand Short (1984)

classification. The initial classification used teerage intertidal beach slope for
each respective beach. All Coromandel Beaches engified as intermediate or
reflective beaches. The dimensionless fall params&tes also calculated using

average wave height and period for the availabl@a d&quation 3.1). The
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breaking wave height was calculated using the nikikdor all data from each site

(Table 4-3) using the method of Gourlay (1992); was calculated using the
sediment grain size data collected; and the niefor all data at each wave data
site. Repeated calculations and observations affbstte could not be made as
only one sediment sampling regime was available. rBsults therefore represent
beach state approximations using the dimensionggsameter, and are not
considered definitive. The parameter supplemergsirthial classification using

beach slope data.

3.3.3 Exponential Decay versus the Intertidal BeacBlope

The magnitude of change data were expected to shoelationship with the
frequency of occurrence as the largest events wepected occur less often.
Least squares regression was used to find a bdeskdonential curve for each
beach (Equation 3.2).

f(x) = Ae~kAv (Equation 3.2)

WhereA is the beach volume at time zeeois the exponential functiott, is the
decay constant, anflv is the magnitude of change data. Of particulaerest
were the exponential decay constak) &nd the frequency of zero chang®.(
The resultingd andk values were compared to the average intertidathbekpe
for each beach. The intertidal beach slope wasulzdéd by averaging the slope
of all available data points between MLWS and MHWS.

3.3.4 Short Term Variation in Wave Conditions

Large wave events can have a huge impact on sabdsach change. The
magnitude and duration of a storm event affects ntagnitude of short term
beach change. Analysis of the occurrence of storents was undertaken. A
storm wave event was defined as an event whersighdicant wave heightHs)

exceeded 3 m. This is a relatively low wave heidgiawever the Coromandel

Peninsula is a sheltered lee coast which doeseweive frequent long period or
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large swell waves, therefore is considered appatprin this case. This is
consistent with findings from Gorman et al. (2002803b) for the north east
coast of the North Island of New Zealand who defirthe 98' percentile
significant wave height to be 2.93 m. The AEP stowaves of different

magnitudes were developed fd¢ events of 2 m, 3 m, and greater than 4 m.

The percentage change in beach volume was compagegdst the average and
maximum Hs between consecutive surveyds was time-averaged between the
dates of consecutive beach profile surveys at estieh The maximum wave

height during this period was also recorded. Legaares regression analysis was
undertaken to determine the extent of any relatignpresent between the time-

averaged wave data and the beach volume change.

3.4 RESULTS
3.4.1 Short Term Observations

The first method of analysis was to graph the bgaofile variation through time.
Figure 3.3 gives an example of beach profile elemathrough time. This basic
method of analysis can identify features such as:

e Variation of the MSL contour between profiles;
e The beach width;
* The beach slope; and,

* The extent of storm wave erosion on the beach.

The solid black line is the cross-shore locationthef MSL contour through time
(Figure 3.3). The MSL contour can vary up to 20 ehween consecutive profiles.
Figure 3.3 also showed large erosion events weree nfrequent than large
accretion events. However, beaches typically remmlequickly from erosion
events, as shown by the MSL contour which showedetion following erosion
events in most instances. The beach width can pemimated by analysing the
distance from a known elevation (e.g. the horizioblzck line for MSL contour)

landward to a common cross-shore location. Thertide# beach slope was
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analysed by comparing the cross-shore extent ofddr& blue region in each
panel which is approximately the spring tidal ranger example, the intertidal
region at Whangapoua was approximately 35 m wible ¢fross-shore location
from 50 m — 85 m, Figure 3.3 a.) whereas at MatirdRigure 3.3 b.) the
intertidal region was approximately 80 m wide (tness-shore location from 120
m — 200 m). This showed that Matarangi had a maalet intertidal beach slope
compared to Whangapoua. Storm activity was evidémre landward retreat of a
particular elevation level occurred to a large eikter across more than one
beach. An example of this was evident in July 2@0&re the MSL contour for
all four profiles retreated landward. Landward eatrof the upper beach and dune
region also occurred at Whangapoua, Matarangi, Baicla as shown by the
reduction in the yellow / orange region. Beach ipealevations through time for

all beaches and profiles are attached as AppeNdix |
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Figure 3.3: Timeseries of cross-shore elevation of beach taugr from the central profile at
Whangapoua (a), Matarangi (b), Tairua (c), and Raiu@) beaches. The solid black line in each
panel represents the MSL contour. The colour batherright illustrates the elevations relative to
MSL (RL = 0.0 m). A large uniform region in the xia direction represents a period where no
surveys were undertaken e.g. 1992 — 1996 at Majaflh
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3.4.2 Beach Volume Change between Consecutive Suyrse

Figure 3.4 showed example beach volume change d&thues above zero
showed above average beach volumes and values lmdoow showed below
average beach volumes. Beach volume change bewemsecutive surveys was
analysed using a demeaned beach volume timeseesentage changes were
used because direct comparisons to the amount afhbsediment eroded or
accreted could be made between any profile andoéach, whereas raw volume
changes would not enable this. The spatial vanatad this study meant
percentage changes were the best method for asialsereas many studies have
used raw beach volume data as they did not encantpbasame spatial variation
(e.g. Dubois, 1988; Thom & Hall, 1991; Dail et &Q00; Lizarraga-Arciniega et
al., 2007). A key observation through most of timeteries was that a volume
change event of greater than approximately 25 % b&amonsidered important
because this magnitude of events was not a comneoarrence. A volume
change event of less than 25 % can be consideredahaue to the regular

occurrence.

Of interest was the frequent non-uniform behavioetween surveys on different
beaches through time. Figure 3.4 showed that dbari morphological change
was not uniform between sites. For example, Bohdwed that Whangapoua,
Matarangi, and Tairua all increased in beach vol{figure 3.4) then had a
decrease, however Pauanui had very little changeth®&r example where non
uniform behaviour was prevalent was identified oxB! (Figure 3.4), encasing a
large storm wave event in July 2008. The percentdgediment eroded from the
pre-event volume was 36 %, 32 %, 14 %, and 7 %tle Whangapoua,
Matarangi, Tairua and Pauanui profiles respectively

Beach behaviour appeared to differ depending obélaeh location. For example,
Boxes 2 and 3 showed that Whangapoua and Matahnawigan increase in beach
volume (Figure 3.4 a, b). During the same pericarua and Pauanui (Figure 3.4
c, d) showed similar behaviour, but it was difféardn the behaviour at

Whangapoua and Matarangi. Large spikes of accretiothe timeseries were
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most often attributed to berm formation, for exaenat the beginning of 1999 at
Pauanui (Figure 3.4 d). This was evident when anadythe beach profile at that
particular point in time. Short term morphologicgthange events were also
quantified by analysing the standard deviationesdh volume. Table 3-1 showed
the standard deviation of volume at each beach.starelard deviation either side
of the mean accounts for 68 % of the short terncibe@lume variation whilst

two standard deviations account for 95 % of theiati@n. Demeaned beach
volumes had a normal distribution therefore thesenlds were applicable. The
beaches in Table 3-1 were listed from north to lsoand the right hand column
showed the standard deviations ranked from lowestighest. Beach volume

timeseries with standard deviations for all sites@ntained in Appendix VII.
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Figure 3.4: Timeseries of beach volumes for the central pradil Whangapoua (a), Matarangi

(b), Tairua (c), and Pauanui (d) beaches. The Hatabeen demeaned. The black region

illustrates above average beach volumes whilsgthg region illustrates below average beach
volumes. The red boxes are discussed in text.
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Table 3-1: The average standard deviation of beach volume f(foeach site. The standard
deviations show the degree of short term morpholdgihange. The right hand column has ranked
the beaches from lowest to highest.

Beach Oneco Two 6's Ranking
Whangapoua 14.0 28.1 11
Matarangi 13.3 26.7 8
Rings 4.83 9.66 1
Kuaotunu West 10.5 21.0 3
Kuaotunu East 13.6 27.1 10
Otama 17.4 34.8 18
Opito 11.4 22.8 6
Wharekaho 10.8 21.7 4
Buffalo 16.0 32.0 15
Maramaratotara 4.97 9.93 2
Cooks 17.5 34.9 19
Hahei 12.6 25.3

Hot Water 111 22.1 5
Tairua 16.0 31.9 14
Pauanui 16.7 33.4 17
Onemana 13.4 26.9 9
Whangamata North 14.9 29.7 13
Whangamata South 14.8 29.6 12
Whiritoa 16.4 32.9 16

3.4.3 Horizontal Beach Volume Segment Analysis

The beach profiles were divided into three horiabbeach segments comprising
the intertidal area, the upper beach area, and dagien (Figure 3.2). Figures 3.5
to 3.8 showed the intertidal, upper beach, and dohemes for the central profile
located at Whangapoua, Matarangi, Tairua and Paud@aches respectively.
These four profiles are shown as examples. All ilero$ites are shown in
Appendix V. In all four figures, the dune volumesné#ustrated as the raw dune
volume (m.m™) with mean removed, whereas the intertidal andeuggeach
regions were illustrated as percentages. Raw data wonsidered most suitable
for the dune volume analysis. For example, a voleimenge from 5 fm™ to 4

m®.m? in the dune is a minor volume change (i.e. imt), however when
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represented as a percentage, a 20 % reductionemnaliarge amount of erosion
occurred when this was not the case. This was ddé¢ngemost suitable method

of analysing dune volume changes.

The primary observation between sites was the rdadké&rence in behaviour at
different elevations on the beach. Figures 3.5.8sBowed that a large portion of
beach volume change at all timescales occurrederawer beach region, below
the upper limit of wave action (RL 3.5 m) in thepep beach and intertidal zones.
Most profile sites on the Coromandel Peninsula liidd dune variation (Figures
3.5 — 3.8; Appendix V). Matarangi had very littlatd above RL 3.5 m therefore
no data are plotted. Analysis showed that all qiteter Appendix V) typically
had similar short term trends of erosion and ammebetween the upper beach
and intertidal area. The four examples showedtthiatwas evident, but was not
as prevalent at Pauanui. At Whangapoua Beach thiasty in the behaviour
between the upper beach and intertidal region ideet. The dune volume had
very little volume variation except an erosion dvienJuly 2008. At Matarangi,
the short term behaviour for the entire timesewas also very similar between
the upper beach and intertidal region. Short teamation at Tairua was almost
identical between the upper beach and intertidgibre The dune region was not
subject to any large short term change eventsdmg term trends were evident.
Pauanui had no large short term change eventsregvideghe dune region. The
intertidal region at Pauanui had a relatively latdggree of variation in short term
profile variation compared to the upper beach megibhe variation was also
much greater when compared to the other 3 beadhegrplotted. The trends in
the variation between the upper beach and intérgdaon were similar, however
the degree of variation was quite different, Pauand Tairua appeared to have a
larger degree of variation than Whangapoua and fdlia¢gg This was evidenced
by the latter two beaches having lower standardatiens (Table 3-1 and Figure
3.9).

Short Term Beach Variation 41



YWhangapoua

~aqop® TN R
£ — A S S
Edop

L i i I 1 L i | | | | | | 1
25 Lb) o I‘ 5. i El i
i_ES— J . . :
€T | 1 ] 1 1 | 1 ] 1 1 | 1 ] 1
E [] : : : . : :
= 25t@ 0 o
2 e 51.:‘.1I.41‘;_
25F L A

1 i i i 1 1 i i i 1 1 i i i
1995 2000 2005

Time

Figure 3.5: Timeseries of horizontal beach volume segments tfar central profile at
Whangapoua Beach. The data have been demeanatratidd is the dune volume (a) above RL
3.5 m, the upper beach volume (b) between RL 3.&noch RL 0.9 m, and the intertidal beach
volume (c) between RL 0.9 m and RL -0.9 m. Note thigerent y axis limits and unit of
measurement in the dune (a).
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Figure 3.6: Timeseries of horizontal beach volume segments tlfi@r central profile from
Matarangi Beach. The data have been demeanedrdtied is the dune volume (a) above RL 3.5
m, the upper beach volume (b) between RL 3.5 mRin®.9 m, and the intertidal beach volume
(c) between RL 0.9 m and RL -0.9 m. Note the défery axis limits and unit of measurement in
the dune (a).
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Figure 3.7: Timeseries of horizontal beach volume segmentshercentral profile from Tairua
Beach. The data have been demeaned. lllustratdteislune volume (a) above RL 3.5 m, the
upper beach volume (b) between RL 3.5 m and RLn®.@nd the intertidal beach volume (c)
between RL 0.9 m and RL -0.9 m. There is a lacaih from 1996 to 1999. Note the different y
axis limits and unit of measurement in the dune (a)
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Figure 3.8: Timeseries of horizontal beach volume segmentshiercentral profile from Pauanui
Beach. The data have been demeaned. lllustrateth@réune volume (a) above RL 3.5 m, the
upper beach volume (b) between RL 3.5 m and RLn®.@nd the intertidal beach volume (c)
between RL 0.9 m and RL -0.9 m. Note the differgakis limits and unit of measurement in the
dune (a).
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3.4.4 Standard Deviation of Horizontal Beach Volumé&egments

Figure 3.9 illustrates the average standard dewiaif volume for each horizontal
beach segment at each site. The beaches were dragperding to the mean
intertidal beach slope and the dimensionless fathmeter to approximate the
beach state according to Wright and Short (19&fe(Section 3.3.2 and Table 3-
2). It was evident across all beaches that the avasethe most stable region of
the beach, illustrated by the lowest standard dievia. For intermediate beaches
the standard deviation increased from the dundédoupper beach region to the
intertidal region (Figure 3.9 a). Figure 3.9 (b)waled that the four reflective
beaches had more variable upper beach regions themespective intertidal
region. This trend occurs on all four reflectiveablees and 11 out of the 13
profiles on those four beaches (refer Appendix @)e profile at each of Hahei,
Kuaotunu West, Kuaotunu East, and Otama Beacheshald a more variable
upper beach region (refer Appendix V). These intshate beaches were the four
steepest intermediate beaches. Harbour adjacenthdgashowed similar
behaviour to intermediate beaches, and all haeenmdiate beach slopes (Wright
& Short, 1984). Maramaratotara Beach (Figure 3.8ar) a more variable upper
beach region than the intertidal region. The irdattregion was the most variable
region at Rings Beach (Figure 3.9 c). Both outlieeaches (Rings &
Maramaratotara) had significantly lower standardiateons across the entire
subaerial beach profile. A total of 6 profiles agdhe entire site did not contain
dune volume data (i.e. above RL 3.5 m). This oezirat Buffalo Beach (3

profiles), Cooks Beach (2 profiles) and Opito Bayp(ofile).
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Figure 3.9: Standard deviation of horizontal beach volume segsnat each site for intermediate
beaches (black lines, a), reflective beaches (lohes, b), harbour adjacent (solid red lines, @ an
outlier beaches (dashed green lines, c).

The dimensionless fall parameter results were shiowiable 3-2. According to
Wright and Short (1984), reflective beaches areatdtarised by parameters of
less than one, intermediate beaches range fron6laond dissipative beaches are
greater than 6. The reflective beaches had thesiowadues and a narrow range
from 2.2 to 2.9. The remaining beaches all rangenhf3.2 to 6.1. The result for
Kuaotunu East (3.0) was not considered accuratealtiee presence of gravels in
the sediment sample which caused a high settlingcig and thus low
dimensionless fall parameter. Maramaratotara Beed also not considered as

the settling velocity was not calculated for thicita sediment.
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Table 3-2: Grouping of Coromandel Beaches according to imaktibeach slope and
dimensionless fall parameter (Wright and Short, 49&ith harbour adjacent and outliers
additional to their classification. The dimensi@ddall parameter is the number adjacent to each
beach.

Intermediate Reflective Harbour Adjacent Outliers
Whangapoua 4 Hot Water 2.2 Matarangi 4.7 Rings 3.2
Kuaotunu West 3.7  Tairua 2.6 Pauanui 4.5 Maramimato
Kuaotunu East 3.0  Onemana 2.7 Whangamata North 4.6

Otama 3.3 Whiritoa 2.9 Whangamata South 5.1

Opito 4.8

Wharekaho 3.9

Buffalo 6.1

Cooks 5.9

Hahei 3.7

3.4.5 Intertidal Beach Slope versus Mean Grain Size

The mean intertidal beach slope for the 61 profdf#es was compared to the
mean grain size for each profile. A sediment samyds not obtained from the
southern profile site at Opito Beach therefore omarison is made. Figure 3.10
showed the mean intertidal beach slope versus danmrain size for each beach.
Figure 3.10 showed that the reflective beachese(btars) had mean grain sizes
ranging from 396 um to 502 pm and average intdrbdach slopes from 0.11 to
0.13. The four reflective beaches showed a religtimarrow grouping for the
relationship. The intermediate beaches (blackesidllustrated a larger degree of
variation in both the mean grain size and inteltimach slope. The intermediate
beaches had mean grain sizes ranging from 197 pdR7oum and average
intertidal beach slope from 0.02 to 0.07. The harbadjacent beaches (red
crosses) showed a relatively narrow grouping ferridationship. These beaches
had mean grain sizes ranging from 225 um to 275anoh average intertidal
beach slopes from 0.02 to 0.04. The two outliechea (green squares) had mean
grain sizes of 402 um and 1072 um and averagetiddkbeach slopes of 0.10

and 0.11 for Rings and Maramaratotara respectiv&ljinear relationship was
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evident between the mean grain size and intertidath slope data. Least squares
regression analysis produced an R-squared val@e36f If Maramaratotara was
excluded (mean grain size 1072 um) from the aralylse R-squared value

increased to 0.64.
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Figure 3.10: Mean grain size versus the mean intertidal beaopesifor each profile site
(excluding the southern profile at Opito Beach)e St for definitions of reflective beaches (blue
stars), intermediate beaches (black circles), harlagljacent beaches (red crosses), and outlier
beaches (green squares).

3.4.6 Magnitude of Beach Volume Change

Beach volume change was further analysed by cdiegldhe rate of volume
change between consecutive beach profiles. Figdrk iBustrates the magnitude
of beach volume change for all intermediate andecéfe beaches on the
Coromandel Peninsula (Table 3-2). The data in EgWB.11 and 3.12 were all
converted to positive integers. Figure 3.11 showuieat intermediate sloped
beaches had a high frequency of low magnitude svand a low frequency of

large magnitude of change events. A large magnitexkent was considered
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greater than 1 im™.day" as a result. An increasing magnitude of beachmelu
change was associated with a decreasing frequenogooirrence. Figure 3.11
showed that reflective beaches had a low frequehdyw magnitude events and
a much higher frequency of larger magnitude of gearevents, with

approximately 2 to 3 times more events betweem@.&*.day* and 1.0 iim’

! day* than intermediate beaches.
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Figure 3.11:Magnitude of beach volume change (logged x-axis3u® frequency of occurrence

(y-axis) for intermediate beaches (solid black djnand reflective beaches (dashed blue lines).

Profile data was normalised and averaged for eadctb (refer 3.3.2). The logged x-axis
illustrated an exponentially decaying relationship.

Figure 3.12 illustrated the magnitude of change dbhrother beaches on the
Coromandel Peninsula. Rings Beach and Maramarat@aach were reflective
beaches, however did not show the same behaviaeflastive beaches therefore
were analysed as outliers (dashed green linesyd-ig12). Outlier beaches had
the highest frequency of low magnitude events witlly one large magnitude
event between both beaches (>imit.day’). The two outlier beaches had one

profile site at each beach, however their reflectstate and analysis of the
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individual profiles showed that these two beachas the lowest degree of short
term variation (Appendix VIII). Their behaviours meesignificantly different to
the remaining reflective beaches. Conversely, tbaches plotted in red were
intermediate beaches (Table 3-2) however they é@ekildifferent behaviour to
the remainder of the intermediate beaches. Theyahathtively small frequency
of low magnitude events and a higher frequencyanfdr magnitude events
(Figure 3.12), similar to the behaviour of refleetibeaches. These four beaches
are located adjacent to three of the four largestbdurs on the eastern
Coromandel Peninsula (Table 3-5), therefore weree han termed ‘harbour

adjacent’ beaches.
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Figure 3.12: Magnitude of beach volume change (logged x-axisyue frequency (y-axis) for
harbour adjacent (solid red lines) and outlier beac(dashed green lines). The logged x-axis
illustrated an exponentially decaying relationship.

Raw magnitude of change data comprised positivenagdtive integers and were
analysed with the same beach classification asebégure 3.13 showed the

magnitude of change data for intermediate (blankd) and reflective beaches
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(dashed blue lines). This further illustrated thi#edence in behaviour between
intermediate and reflective beaches, and the gityilaf behaviour within each
beach classification. Intermediate beaches hadappately twice the frequency
of low magnitude events than reflective beachefleBese beaches had a higher
frequency of larger magnitude erosion and accretgents which confirms
greater short term beach variation. Intermediatd eaflective beaches both
exhibited a normal distribution. The approximatetyual distribution of erosion
and accretion events suggested that intermediade reftective beaches are
relatively stable in the long term as the data wetskewed toward erosion or
accretion events. Harbour adjacent beaches shamddrsbehaviour to reflective
beaches (Figure 3.14). The magnitude of changefoiagach beach was shown in
Table 3-3 with the maximum, minimum, mean, and eafqy each beach. The
maximum value for Buffalo Beach was very high coneplato other data and was
because two profiles had large increases in beatime on the 8 and 4" of
January 1997. This may be due to beach nourishasecinsent to undertake such
works had been given. The dates when work was lactuadertaken are not
available. The large beach volume increase andhbd sampling interval caused
the large result. The large value at Tairua beaab mgpresentative of the beach

behaviour.
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Figure 3.13: Magnitude of beach volume change (x-axis) verswsjuency (y-axis) for
intermediate (solid black lines) and reflective die=s (dashed blue lines). Erosion and accretion
events were illustrated by negative and positigeilts respectively.
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Figure 3.14: Magnitude of beach volume change (x-axis) verseguency (y-axis) for harbour
adjacent (solid red lines) and outlier beachesh@@dgyreen lines). Erosion and accretion events
were illustrated by negative and positive reswdpectively.
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Table 3-3: Magnitude of volume change data for all beactssifdl data are displayed in*m
! day’. The right hand column shows the data ranked diupithe range of values with 1 being

lowest.

Beach Minimum  Maximum Mean Range Rank
Whangapoua -1.91 1.33 -0.02 3.24 9
Matarangi -1.81 1.24 -0.02 3.05 8
Rings -0.32 2.44 0.03 2.76 4
Kuaotunu West -1.75 1.10 -0.01 2.85 5
Kuaotunu East -1.22 1.05 0.00 2.27 3
Otama -1.91 0.99 -0.03 2.90 7
Opito -1.14 0.78 0.00 1.92 2
Wharekaho -2.19 1.17 0.01 3.36 10
Buffalo -1.46 16.6 -0.69 214 18
Maramaratotara -0.70 0.62 0.00 1.32 1
Cooks -1.91 0.94 -0.01 2.85 6
Hahei -2.59 1.70 0.01 4.29 12
Hot Water -2.79 1.82 0.01 4.61 13
Tairua -16.9 4.94 -0.18 21.8 19
Pauanui -2.44 2.33 0.44 4.78 15
Onemana -2.20 2.81 -0.02 5.01 16
Whangamata North -2.83 2.32 -0.01 5.15 17
Whangamata South -2.22 1.39 -0.01 3.61 11
Whiritoa -2.69 2.00 -0.02 4.69 14

3.4.7 Exponential Decay versus Intertidal Beach She

The magnitude of change results showed expongntaltaying relationships. A

best fit exponential decay model was fitted usieast squares regression to the

magnitude of volume change data (Equation 3.2). déeay constank was

compared to the intertidal beach slope (Figure )3.A5large decay constant

meant there was less large magnitude of changds\&teep, reflective beaches
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(blue stars) showed different behaviour to interiatedbeaches (black circles) as
illustrated by the narrow grouping of the decaystant (Figure 3.15). Reflective
beaches were characterised by a narrow range afydmmstantsi{ = 1 tok =
2.5) and steep beach slopes (0.11 to 0.14). Inthateebeaches had the highest
variation of decay constants wikhranging from 3 to 11.7, excluding one outlier
located at the northern end of Wharekaho Beach.idmthern most profile on
Wharekaho Beach had a decay constant of 18.5 wirchlarger than all other
results. Intermediate beach slopes ranged from20t610.08. Outliers (green
squares) still showed different behaviour to tHeeoteflective beaches with high
decay constant% (= 8 andk = 11 for Maramaratotara and Rings respectively) an
high beach slopes (0.10 and 0.11 for Rings and Maratotara respectively).
Harbour adjacent beaches (red crosses) exhibitéeretdit behaviour to other
intermediate beaches on the Coromandel Peninsthdaw beach slopes (0.02 to
0.05) and decay constanks=£ 1.3 tok = 4.6).
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Figure 3.15: Decay constank versus average intertidal beach slope all site® f&xt for
definitions of reflective beaches (blue starsktlintediate beaches (black circles), harbour adjacent
beaches (red crosses), and outlier beaches (gogermes). The 3 profiles with reduced datasets
were not considered for exponential decay ana(ysfer text).
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3.4.8 The Impact of Wave Conditions on Short Term Bach Variation

A storm wave event was defined asHygreater than 3 m. Percentile results for
the four wave data sites were shown in Table 3abld 3-4 showed that the 3 m
definition was nearest to the ®®ercentile conditions at the four sites. The
difference between the B0and 9% percentile wave heights was small
(approximately 0.4 m), however the difference betwethe 98 and 99
percentile heights was relatively large (approxghatl.0 m). The small
difference between the 9@nd 98" percentile values showed that wave heights in
this range were not likely to be large storm evefus to the relatively high
frequency of occurrence. The 3 m justification &orm events was therefore
considered sufficient and accounted for, on averdge 4 storm days per year.
This excluded preceding and proceeding wave heiggds the 3 m level which
were likely to be part of the same meteorologigasteam or wave event. Further,
the results in Table 3-4 were quite different at&angi and Opito Bay compared
to Tairua and Whangamata. The latter two have higbsults at all percentile
levels indicating wave climate characterised bygdar waves south of the
Kuaotunu Peninsula. The Matarangi and Opito Bagsswere in the lee of the
Mercury Islands which were likely to have decreasedming wave energy.

Table 3-4: Percentiles oHs (m) for the 30 year wave hindcast period at the fites representing
the spatial variation of the Coromandel Peninsula.

Site Latitude Longitude 50% 90% 95% 99%  100%
(median) (max.)
Matarangi -36.700 175.642 0.76 1.53 1.90 2.80 6.62

Opito Bay -36.705 175.808 0.80 1.60 1.97 2.98 6.34
Tairua -36.985 175.878 0.98 1.89 2.30 3.41 7.68

Whangamata -37.217 175.908 0.87 1.75 2.15 3.16 7.24

Percentage change in beach volumes were compaedsaghe mearHs and
Hmax between surveys. Figure 3.16 illustrated the teguR-squared values for
beach volume versus averale The largest R-squared values of 0.1 and 0.07

were observed at Wharekaho and Opito Beaches tespgc Figure 3.17
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illustrated the R-squared values of beach volummsusH,.x. The largest R-

squared values of 0.19 and 0.18 were observed #irdayi and Wharekaho
Beaches respectively. Overall, volume verblygx had larger R-squared values
than meanHs. Significance testing on the results showed tloatenof the data

were significant at the 95 % level. Wharekaho Belaatl the highest R-squared
value in Figure 3.16 and the highest significanes @& p-value of 0.53. Matarangi
Beach had the highest R-squared value in Figuré &l the highest significance

was a p-value of 0.09.
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Figure 3.16: Average f value for beach volume change versus time-averbigégtween surveys
for intermediate beaches (black bars, WhangapoOmito), reflective beaches (blue bars, hot
Water - Whiritoa), harbour adjacent beaches (red,beatarangi — Whangamata South), and
outlier beaches (green bars, Rings and Maramarajota
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Figure 3.17: Average f value for beach volume change verdds., between surveys for
intermediate beaches (black bars, Whangapoua eQpéflective beaches (blue bars, hot Water -
Whiritoa), harbour adjacent beaches (red bars, ftdatgh — Whangamata South), and outlier
beaches (green bars, Rings and Maramaratotara)tiNotéifferent y-axis scale.

3.4.9 Ngarunui Beach, Raglan

Short term beach behaviour at Ngarunui Beach wak/sed at four profile sites
and 8 sampling dates during 2009 (Figure 3.18).fobesites were labelled Ragl
to Rag4 from south to north. The southern proftadl, red dash-dot line) was
relatively stable through the year. The maximumuww was 5 % and the
minimum was -6 %. The profile showed erosion legdmmto the April and June
profiles, then accretion leading into the July peofThe profile second from the
south (Rag2, dashed green line) had similar sleom behaviour to the southern
profile (dash-dot red line) with similar volume cigees at similar times during the
year. The Rag3 profile (dotted blue line) was défé as it showed an increase in
volume from January to March, and decreased volumal other surveys except
the July survey. The Rag4 profile (solid black Jitkad an unusual shape with a
large spike of accretion in the September profilen a greater amount of erosion
in the following November profile. The accretiornikpwas a 600 mm increase in
elevation across a majority of the profile compatedprevious surveys. The

profile also had unusual bed ripple formations leetmv cross-shore distance 220
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m and 240 m with elevation changes of 200 mm. THesg#forms were not
observed in any other survey on the beach for thatidn of the surveying. The
average beach volume through the year was alsorshoverim results showed
the presence of a seasonal trend with accretiaanfirst and last 1.5 month
intervals and erosion for the rest of the year. TEnge spike of accretion in the
Rag4 September data affected the average resultsalbsequently showed a

significant increase.
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Figure 3.18:Demeaned beach volume timeseries for Ragl (dagked line), Rag2 (dash-dot red
line), Rag3 (dotted blue line), and Rag4 (solidckléine) at Ngarunui Beach, Raglan. The solid
pink line with circle markers was the average vauasross the four profiles.

Horizontal beach volume analysis was undertakeNgatrunui Beach. Because
the tidal range and wave climate is greater onatest coast (Bryan et al., 2007),
the horizontal segment areas were changed. Theidalevolume was between
RL -1.5 m and RL 1.5 m. The upper beach volume veiween RL 1.5 m and RL
4 m, and the dune region was the area above RL Bhmintertidal region at all
four profile sites (Figure 3.19 c) had similar eomsand accretion trends between
surveys, excluding the large spike in the northersinprofile (Rag4, solid black
line). The profiles had peak volumes in March andeaeral trend of erosion
through to August. Three profiles eroded leadin ithe October surveys and
accretion in the following December surveys. ThegRarofile (dashed green
line, Figure 3.19 c) had the opposite trend infih@ two surveys.
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In the upper beach region the southern two proffReyl and Rag2, dash-dot red
and dashed green lines respectively) had accrétamn April to October then
erosion until the end of the year. The northern pwvofiles (Rag3 and Rag4,
dotted blue and solid black lines, Figure 3.19 id) bt show similar trends with
variation in the volume through the year. The laageretion spike affected the
data, hence why the erosion at the end of the gj@aeared to be larger than other
sites. The dune volumes (Figure 3.19 a) were sirail& profile sites, excluding
the northernmost site (solid black line). There wageneral trend of accretion
through the year at these three sites. Standardatdes of elevation and

magnitude of change data were not produced dueeteltort dataset available.
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Figure 3.19: Timeseries of the demeaned dune volume (a), upgeech volume (b), and intertidal
beach volume (c) at the four survey sites Ragdddwack line), Rag3 (dotted blue line), Rag2
(dashed green line), and Ragl (dash-dot red lift&.gap in the data in (a) is due to the value in
September 2009 exceeding the y-axis limits. Inéngathe axis limits would reduce the accuracy
of the figure.

3.5 DISCUSSION
3.5.1 Observations of Beach Elevation Change

Figure 3.3 showed the temporal variation of bedelation through time. These
figures are commonplace in published literatureeesly for observing and

analysing morphological change (e.g. Ranasingha.e2004; Gunawardena et
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al., 2008; Ojeda & Guillen, 2008). Short term beaeiation was evident in
Figure 3.3 but difficult to quantify. Erosion evenivere determined from the
landward retreat of the MSL contour and / or thgarpbeach region. Large
variations between consecutive surveys were pramiingowever the overall
location of the MSL contour remained relativelyldéafor the entire timeseries at
most sites. The most significant variation was tm&orm retreat of the MSL
contour from mid 2007 to the start of 2009 in tharfexample timeseries shown.
Most profiles on the eastern Coromandel Peninsubalesl following a storm
wave event in July 2008. This storm event causeddityest amount of erosion at
most Coromandel beaches for the entire timesefes. example, the MSL
contour was located at its most landward positibWaangapoua, Tairua, and
Pauanui following this event. However, there wase gorevious event at
Matarangi where the MSL contour was located furthedward which occurred
in 1998 (a further 7 m landward). Analysis of meges showed that this July
2008 event was the largest in the timeseries. Landlwetreat of more than one
profile was due to storms because the spatial ti@ami@ccurred across more than
one beach. Short term natural shoreline variabiias caused by waves, tides,
and storm surge conditions, while short term humaaced changes were
restricted to surf zone structures and shore nomests (Stive et al., 2002). The
large spatial variation of erosion events elimisatbe probability of human
influence in the data. The only approved beachatlt;n works across the entire
Coromandel Peninsula in the timeframe consideredamated on Buffalo Beach.
Consents have been granted for beach and dunat@lteworks in the vicinity of
CCS24 (northern profile) and CCS25-1 (central pepfon Buffalo Beach. Whilst
these consented works were in place, details ofattteal beach alteration are
limited. There is also a seawall located betweerSZ8Cand CCS25-1 (profile
second from north), a second near CCS26 (profderss from south), and a third
located south of CCS27 (southern profile). Ovethbye is little human impact on
Coromandel beaches with the largest cause of i@ridteing associated with
dune planting and beach restoration groups whiduromfrequently and do not
significantly affect volumes in the timeframe calesied here.
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3.5.2 Beach Volume Change between Consecutive Suyrse

The non-uniform behaviour of subaerial beach systean the Coromandel
Peninsula was initially illustrated in Figure 3.Boxes 1 and 4 showed two
occasions where the short term variation was umifar more than one beach, but
not across the Peninsula. This non-uniform behawas a common occurrence
when analysing the available data (Appendix VIi.particular, Pauanui Beach
was different to all other beaches in both boxesalgsis of other profiles on
Pauanui Beach showed a large degree of variatagdhe beach with very little
uniform behaviour between profiles (Figure VIl.13)Jlany beaches showed a
large degree of similar variation in the alongshdirection. It can therefore be
deemed that the behaviour at Pauanui is differentthtat occurring at
Whangapoua, Matarangi, and Tairua. This shows stupposediment transport
sub-cells. The non-uniform behaviour provides ena#dethat not one beach can be
an indicator beach for short term variation on rent#eninsula. The behaviour
identified in Boxes 1 and 4 illustrated the diffiece in behaviour between the
northern and southern regions of the study siteth\W&gard to the July 2008
storm event, it is interesting to note that themtavave event had a largéfs
(meanHs andH ), longer duration and steeper waves at Tairua epeapto the
Matarangi wave data, however the northern two besmcfwWhangapoua and
Matarangi) had a greater amount of erosion. Furttier wave direction was
predominantly north-easterly during this event, which Whangapoua and
Matarangi Beach are partially sheltered from. Thegamgeophysical difference
between the two systems is the beach orientatioweber both systems were
subjected to large storm waves therefore relativelifjorm erosion would have

been expected.

Boxes 2 and 3 further highlighted the differencebehaviour depending on the
spatial location of beaches and profiles on theo@andel Peninsula. Adjacent
beaches exhibit similar behaviour within Boxes 21 &) yet it differs from

behaviour exhibited at other regions of the Pen@sthis was evident through
the data in Appendix VII. The difference in beacfentation is hypothesised to
be a factor, however there is only 12° of variatlmetween Whangapoua and

Tairua beaches. This relatively low variation ist ramticipated to cause a
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significant variation in beach behaviour. Howevwaches north of the Kuaotunu
Peninsula are relatively sheltered from east tdiseasterly storm wave events,
whereas Tairua is more exposed. As a result, thaokmu Peninsula is
hypothesised to be a barrier to sediment transpudlt beach behaviour on the
Coromandel Peninsula because beaches north andh sduthe Kuaotunu
Peninsula exhibit different behaviour (refer Chapie

The standard deviations of beach volumes showeatge lamount of variation
between Coromandel beaches. Reflective and harbdjacent beaches had
greater short term variation in subaerial beaclimas, of which the large degree
of variation on reflective beaches conforms to Itsspublished by Wright and
Short (1984) and Dail et al. (2000). Intermediat¢adhes showed a greater range
of short term variation, but overall undergo snrallelume changes which also
conform to the Wright and Short (1984) classifieatiwhich suggest they change
beach state relatively often. The standard deviatif harbour adjacent beaches
showed a high degree of variation, as well as Buffeond Cooks Beaches which
are also adjacent to harbour entrances. Harboacewl beaches all had similar
standard deviations and grain sizes, indicating tiva sediment size and source
has a large impact on Coromandel Beach behaviowtudy by Thom and Hall
(1991) of a medium sand beach in southeast Austnaldl a standard deviation of
beach volume of approximately 25 %. Cooks Beachaathndard deviation of
17.5 % which was the highest on the Coromandelri2era.

The dimensionless fall parameter (Wright & Shor§84) was also used to
classify the beaches (Table 3-2). The narrow rasfgeesults for the reflective
beaches was considered sufficient to justify thegassification as reflective
beaches. It is acknowledged that a parameter aitabds required to classify a
beach as reflective, however the average intertglape, coupled with the
behaviour evident in this Chapter, suggest that fthe beaches (Hot Water,
Tairua, Onemana, and Whiritoa) are better attribtivereflective assemblages. It
is hypothesised that a limited sediment supply adrse grained sediment is an

important factor of the reflective beach behavidDonversely, the intermediate
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beaches had a large range of parameters and slobesd) accords well to

intermediate beach variations.

3.5.3 Horizontal Beach Volume Segment Analysis

The most prominent short term trend within the bamtal segment analyses was
the similarity in behaviour between the upper beauth intertidal beach volumes,
and the stability of the dune region (Figures 8.8.8 and Appendix V). A large
majority of cross-shore beach variation was restlicdco the upper beach and
intertidal region which was below the approximaterrs high water mark and
edge of vegetation line. This approximated linevpbto be a good indicator of
the upper limit of regular wave action, and showat taeolian transport in the
dune region is insignificant. A study of a micratiddandy beach by Quartel et al.
(2008) showed that the upper and lower beach redioomparable elevations to
those studied here) did not show the same sinyilagtidentified at Whangapoua,
Matarangi, and Tairua Beaches. Given the relativeijorm behavioural pattern
between the upper beach and intertidal area on muws@lifferent beach types in
this study, it would be expected that this wouldwamn other beaches. The beach
studied by Quartel et al. (2008) had a good caroglabetween the amount of
beach change and the time-averaged wave heighteadh i€ oromandel Beaches
showed poor correlations (refer Section 3.4.8)aAssult, it is concluded that the
beach considered by Quartel et al. (2008) diffewenfmost Coromandel beaches
and is better attributed to the harbour adjaceatiecenario with a high degree
of short term variation. Figures 3.5 to 3.8 showedegular short term variation
in the dune region which was common for most Corutel beaches (refer
Appendix V). For example, Whangapoua Beach wasestibp longer term trends
with the most significant change occurring aftez thuly 2008 storm. Matarangi
Beach contained little dune data therefore no amalyas given. There was no
regular short term variation at Tairua Beach andaRai Beach, however they
were both subject to longer term dune volume trefiéhe spike in the Tairua
dune volume timeseries in mid 1996 was not consdidue to the 1.5 year gap in
the data prior to 1996 and also the following syrve
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The results presented here prove that the lowerhbesgion comprising the upper
beach and intertidal regions accounted for a lamggority of variation in

subaerial beach volumes. This conforms to restltteasouthern end of Tairua
Beach which showed most variation also occurrethéintertidal beach region
(Smith & Bryan, 2007). This study shows that thiscwred across most
Coromandel beaches (refer Appendix V). Coromandatb variation is therefore

largely confined to below the limit of regular waaetion (RL 3.5 m).

3.5.4 Standard Deviation of Horizontal Beach Volum&egments

The standard deviations of horizontal beach volsegment results were grouped
according to the Wright and Short (1984) classiiita Rings Beach had an
average slope of 0.098 therefore was consideredetaeflective as the next
steepest intermediate beach had a slope of 0.@feWere no dissipative beaches
on the eastern Coromandel Peninsula. This claa8dit does not mean
Coromandel beaches were confined to any particntaphological state, but for
the purpose of this thesis they were grouped acuptd average intertidal beach
slopes and dimensionless fall parameters (WrigtBhort, 1984). For example,
Tairua has a steep average beach slope similaflextive beaches in the Wright
and Short (1984), although it is acknowledged t&ach exists in various
intermediate beach states (Bogle, 1999; Smith &ByyY007; Gallop, 2009) and
had a dimensionless fall parameter of 2.6. This lkady to occur on several
Coromandel beaches.

There was an obvious difference in short term biel@vdependent on beach
slope (Figure 3.9). Reflective beaches had diffetshaviour to intermediate
beaches as evidenced by the standard deviatiomitudg of change results, and
exponential decay. However, four intermediate beadtad behaviour which was
similar to reflective beaches (Matarangi, Pauandihangamata North, and
Whangamata South). It was further identified tHase four beaches were all
located adjacent to harbour entrances. The respduadirbours were 3 out of the 4
largest harbours on the eastern Coromandel Peair{Sable 3-5). Due to the

different short term behaviour evident in the d#taese four beaches were
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classified as “harbour adjacent beaches”. The miffebehaviour was evident in
all results in this Chapter. The high variabilityasvparticularly evident when

analysing the individual volume timeseries. It ypbthesised that the behaviour is
caused by storm events which cause an increasedeck terrestrial and riverine

sediment being ejected from the harbour. Groundwadeations due to storm

precipitation have also been proven to impact sudldgeach volumes (Clarke &

Eliot, 1988).

Table 3-5: Harbours located adjacent to Coromandel beachds agitresponding harbour and
catchment size (Source: Mead & Moores, 2005).

Harbour / estuary Harbour area at high tide Catchment size (ha)
(corresponding beach to (x10Pm?)

which it applies)

Whangapoua Harbour 13.1 106.56
(Matarangi Beach)

Whitianga (Buffalo Beach) 15.6 492.01
Purangi River (Cooks No data * No data
Beach)

Tairua Harbour (Pauanui 6.12 282.35
Beach)

Whangamata Harbour 4.3 51.69

(Whangamata North)

Otahu Estuary Included in Whangamata 70.25
(Whangamata South) Harbour

*Purangi estuary was stated as having the 5" largest area in hectares.

Two further beaches exhibited different behaviauali other beaches and were
termed “outliers”. The main exception was Buffaledsh which illustrated

behaviour similar to the remaining intermediatedbes and is located adjacent to
the largest harbour on the Peninsula. Cooks Besdispb located adjacent to
Purangi Harbour, however it is small in comparisorihe other harbours (Table

3-5). The two eastern profiles on Cooks Beach skowdiferent behaviour
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however it was not reflected in the behaviour oé& tantire beach. It is
hypothesised that the smaller sized harbour onfigced those profiles on the

eastern end of the beach as shown in the raw votlatae(refer Appendix VII).

The standard deviations of horizontal beach vols@gments represented mean
values for each beach (Figure 3.9). It was hypatbdshat the standard deviation
would increase with decreasing elevation, from thae to upper beach to
intertidal region. This hypothesis was based onaterage limit of wave action
being largely restricted to the lower beach redioelow RL 3.5 m) as observed
by the beach profile surveyors. Previous reseamth #lso shown increasing
variation with decreasing elevation in the subddrgach which provided further
support for this hypothesis (e.g. Larson & Krau894; Larson et al., 2003;
Quartel et al.,, 2008). This hypothesis was trueosxra majority of the
Coromandel beaches. The dune region was the naide segion on all beaches
due to minimal wave impacts and insignificant amolitransport. Most dune
volume data had no significant volume change eyeatsl large temporal
variations were the main factor of volume changhisTwas consistent with
results of Larson et al. (2003) who found the lawstandard deviation of
elevation (for the subaerial beach) at Duck was dhee region above 3.5 m
elevation, and the greatest variation occurred fabw MSL contour. The high
variability of the shoreline at Duck was attributeml varying wave steepness
during storm events. The stability of the dune Wwasause of the lack of influence
from waves and tides. Earlier research by Larsahknaus (1994) analysed the
same beach profile data at Duck and found the negigreatest variability to be
around the MSL contour, and the most stable regiothe subaerial beach was
above 4 m elevation. These results confirm the thgss that the dune region
would be the most stable region of the beach amd tihe intertidal region

encompassing the MSL contour was the most variggjen.

One significant difference in Coromandel beach beha was that all reflective
beaches had more variable upper beach regions themespective intertidal

region (Figure 3.9). This variation occurred ondik of 13 profiles on the four
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reflective beaches (Figures VI.13, VI.14, VI.16davl.19 Appendix VI). The
results showed the largest amount of variation eftective beaches was in the
upper beach face. Wright and Short (1984) stateréiiective beaches have little
subaqueous sediment storage, therefore implyingnwelchanges occur on the
subaerial beach. The variation could also be duadadormation and subsequent
erosion of berm features, however berms are naticesl to reflective beach
systems. The steeper beaches in this study alsanlael coarse sediment than
intermediate beaches (Figure 3.10). Because miest gie dominated by quartz
feldpsaric sand (Healy et al., 1981), this showed the more coarse sediment on
reflective beaches required greater wave energhetdransported. The wave
energy does not vary between the intermediate &e®p each sites however
steeper profiles cause energy released from waraking to be located closer to
the shoreline. Wave energy on flatter beach p®isgedissipated further offshore
through wave breaking. The resulting turbulencenflareaking wave energy on
reflective beaches is confined further up the bdach compared to intermediate
beaches, hence increased wave runup (Wright & Sh88&4). Previous research
showed that subharmonic edge waves are dominargflective beaches but had
a reduced impact on intermediate beaches (WrigBhé&rt, 1984). It is therefore
hypothesised that complex swash zone interactiomd iafragravity wave
oscillations may be responsible for the differemceehaviour between the upper
beach and intertidal volumes on reflective beachkisnately caused by the steep

beach face and relatively coarse sediment.

3.5.5 Magnitude of Beach Volume Change

The cycle of short term erosion and accretion wasudsed by Clarke and Eliot
(1988) and Dolan et al. (1991) who showed a needdiog term datasets to
adequately determine the degree of short term beackation. Accretionary

changes typically require a timeframe of severakkseto months whereas a
single storm event can erode a beach of a largeeptge of its volume in a very
short period of time (e.g. hours to days), as ifiedtat Whangapoua following

the July 2008 storm event (refer Appendix VII). Tim@rphology of a beach at
any particular time is a function of its sedimehtacteristics, immediate and

antecedent wave, tide and wind conditions, andithecedent beach state (Wright
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& Short, 1984). The wave, tide and wind conditiamsre very similar for the
entire Coromandel Peninsula therefore CoromandatiBes would be expected to
undergo similar changes and have similar temporatiattons of beach
morphology changes. Antecedent beach conditionsldvaot be expected to
differ greatly between beaches because of the aimihve climate around the
Coromandel, therefore sediment characteristics ireasma critical component of
beach morphology on the Coromandel Peninsula. Aalirrelationship existed
between grain size and beach slope, and if theoabvoutlier in Figure 3.10 was
excluded (Maramaratotara), the relationship hadRasguared value of 0.64.
Increased sediment sizes were typically attribtdelsigher degrees of stability on
the beach face, thus allowing increased beach sl@p&ight & Short, 1984).
Increased beach slopes on the Coromandel Peniosalared on reflective and
outlier beaches. Reflective beaches are also symoay with relatively large
subaerial sediment volumes (Wright & Short, 198®)e high degree of short
term volume changes was described by Yates et2@D9) who showed that
accreted profiles required less wave energy toeetheé beach face, therefore
reflective beaches with higher subaerial beach naeki are relatively easily
eroded (Figure 3.1).

The rate of change of subaerial beach volumes geadvinteresting results across
most beaches in this study. Figures 3.11 and JusSrated a marked difference
in behaviour between intermediate and reflectivaches. A study by Thom and
Hall (1991) showed a maximum accretion rate of Or8m™.day* which is very

low compared to the results for Coromandel beacbrsept the outliers. The
large degree of variation on reflective beaches imasesting because Wright and
Short (1984) showed that reflective beaches wepgcdl of lower sediment

mobility compared to intermediate beaches becahsg were often sheltered
systems. The results displayed here were conclubatereflective beaches are
more variable on a short term scale. The majoritysediment storage on
reflective beaches is in the subaerial beach, imglyhat most morphological

change occurs in the subaerial profile on reflectbeaches. Therefore, high
magnitude of change events lead to a direct lossediment from the subaerial

profile, which in turn produce high standard dewias of beach volume within
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the intertidal and upper beach region. AccordingMoght and Short (1984), it
would be expected that repeated subaqueous pgofiiauld yield relatively
consistent volume results because a majority ofvdrétion is in the subaerial

profile with little subaqueous sediment storage.

Intermediate beaches have the greatest degree r@biity, were typically
comprised of medium grained sediment, and have @destor meagre sediment
supply (Wright & Short, 1984). The large range ¢énslard deviations and
magnitude of change results showed that intermedi@aches have a greater
range of beach behaviour, and therefore beachssatasistent with Wright and
Short (1984). This contrasts to the narrow rangebehaviours shown by
reflective beaches. Harbour adjacent beaches gueader amount of variation to
the intermediate beach systems. Harbour adjacehks did not show the same
behaviour as the intermediate beaches. The difdyehaviour was hypothesised
to be due to episodic inputs of sediment from tadbbur into the subaerial beach
system and groundwater impacts (e.g. Clarke & Eli&88). This is the obvious
explanation regarding the behaviour, however Baffdéach is located adjacent
to Whitianga Harbour which is the largest on therddmandel Peninsula, but
showed intermediate beach behaviour. However, aealpf the beach volume
data along Buffalo Beach showed that the behawiiffers greatly between the

profiles along the beach which is characteristibarbour adjacent beaches.

The behaviour of the two outlier beaches was nenlexplained in this chapter.
Both beaches had freshwater input which would ssigg@pisodic inputs of
sediment into the system. With regard to Rings Bed#cis the only reflective
beach north of the Kuaotunu Peninsula, but is stibject to the same wave
conditions. Therefore, a higher degree of shomntesariation similar to the
reflective beaches would be expected. Maramarat@®@aach is a sheltered beach
with coarse calcite sediment which could be a fadiowever the behaviour is

very similar to Rings Beach.
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3.5.6 Exponential Decay versus Intertidal Beach Ste

The magnitude of change analysis resembled an expafly decaying
relationship. Reflective beaches showed a closeipgng of intertidal beach
slopes and decay constants. These results emphasisesimilarity between
reflective beaches. Intermediate beaches showedlge degree of variation in
both beach slope and the decay constant whichefiueimphasises the conformity
to Wright and Short (1984). Harbour adjacent beacheerestingly had a
relatively good grouping, given that they had exbib a large degree of short
term variation. Harbour adjacent beaches had velgtilow intertidal beach
slopes and decay constants compared to intermdubatshes. The outlier beaches
continued to show different behaviour and could rmE explained. An
intermediate beach with a large decay constantiseaified in Figure 3.15. This
profile was the northern most profile on WharekadBeach (CCS22-1). The
behaviour was attributed to the sheltered naturthefprofile as shown by the

aerial photo in Appendix II.

One profile at each of Tairua, Pauanui and WhangarB8auth Beaches were
excluded as the respective datasets were too ghtw compared against other

profiles on the same beach.

3.5.7 Impact of Wave Conditions on Short Term BeacNariation

Storm wave events were the primary cause of beachiom. Wave height
conditions (time-averagdds andH %) were analysed against the amount of short
term beach volume change. It was hypothesisedstiat term changes in beach
volume would be correlated to change#liycaused by storm waves. Figure 3.16
showed poor correlations between the time-averagedand beach volume
change. Slightly better results were achieved fmach volume change afhth,y
between surveys. These results conform to recedinfys of Yates et al. (2009)
who showed a weak correlation when using weeklyntmthly averaged wave
energy. A study of a reflective beach by Dail et(2000) also used time-averaged
wave heights between surveys and produced lowlatoes with beach volume

changes. The following conclusions were reached &gs et al. (2009): 1) that
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the timing of storm events was crucial to the beeetponse, rather than the
amount of wave energy; and 2) that hourly averagade energy and antecedent
beach conditions play a significant role in deterimg whether a beach eroded or
accreted. As a result, it is considered that tmetaveraging of wave data used in
this thesis was over too long a period to yieldrsgr correlations. The timing of
storm events was also not considered. To more aiyrdetermine short term
beach response to storms, it is suggested thatategrdetail of analysis is
undertaken on shorter term wave events, in paaticiie timing of storm wave

events and antecedent beach conditions.

3.5.8 Ngarunui Beach, Raglan

It was difficult to show conclusive evidence abthé Ngarunui Beach data due to
the short dataset available. The most interestasylt was the large spike of
accretion and elevation change identified in thegRéorthernmost) data in
September 2009. Several hypotheses were drawndiegathe behaviour. The
first was that a sand wave caused the significeevaéon increase with a likely
source being a pulse of sediment from the harboautimincreased beach
elevation prior to being transported offshore osukjected to larger ocean waves,
that is, beyond the apparent sheltering of thetetad delta. This would explain
why it was not identified further down the beaclurtRer, increased wave
conditions during winter may have resulted in #tsbfi sediment from the ebb
tidal delta onto the beach. Alternatively, a rhyibfeature on the beach may have
been evident, but was not studied further in tlhiesis. The aerial photo in
Appendix Il showed that the Rag4 profile is in theinity of the ebb tidal delta.
The data showed a comparison to east coast beaddemany sandy beaches
around the world, that most of the variation ocedrwithin the intertidal zone,
noting the increased spring tidal range of 3 mtfa west coast (Bryan et al.,
2007). The data did not show a relationship betwienintertidal and upper
beach region as identified on a majority of thet easst data. Overall, the data
did not show any obvious similarities when comparisdally to the 2008 data at
the most dissipative east coast beach, Matararigg. dverage beach volumes
through the year showed the presence of a seatenal, although there were

longer periods of erosion through the year comptreghst coast beaches.
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3.6 SUMMARY

Analysis of short term variations in beach behavmuthe Coromandel Peninsula
showed four distinct beach classifications. Théofeing conclusions were drawn

from the short term analyses:

» Short term beach behaviour was not uniform on tbe@andel Peninsula
with regard to erosion and accretion of subaerggch profiles, however
individual groups of beaches had a large degreiufarity;

» Reflective and harbour adjacent beaches are sutgegteater volume
changes and change rates on the short term tineesmahpared to
intermediate beaches;

* Volume changes in the dune region were infrequehtlst the intertidal
and upper beach regions behaved in a similar manner

* Reflective beaches had the greatest variation enstibaerial beach and
also have more variable upper beach regions thartigal regions;

* There was a linear relationship between mean gsa&@ and intertidal
beach slope on all Coromandel beaches except Meatotara which is
dominated by calcite sediment. All other beachessandy beaches and
were grouped relatively well according to beachestéassification.

* Intermediate beaches had small volume change hatgsver the greater
range of results suggest they had much greateatiars in beach state.
Outlier beaches had very little volume change. §r@iping of beaches
was further emphasised by the narrow grouping a@fageconstants for
reflective and harbour adjacent beaches comparadeiomediate beaches
and outliers.

e Beach volume change was poorly correlated with taveragedHs and
Hmax between consecutive surveysnx yielded higher correlations than
meanHs.

* Ngarunui Beach did not show similar volume changéaviour to the

most dissipative eastern Coromandel beach, Matarang

In summary, the beach state classification of Wragid Short (1984) appeared to
be significant in determining the behaviour of eastCoromandel beaches.
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Results showed that intermediate beaches cleaidy iexa greater range of beach
states, but were subject to lower volume changesd, éhange rates, when
compared to reflective beaches. Reflective beatlagksrelatively stable beach
states, showed greater volume variations, greaikrme change rates, and had
more variable upper beach regions than intertidgions. The Wright and Short
(1984) classification is not applicable across #émtire Peninsula however, as
harbour adjacent beaches provided an anomaly tbdéhaviour of intermediate
beaches, as well as the two outliers. The exadaingrmechanism of beach
variation needs to be analysed further as timeamestr wave height and

maximum wave height showed poor correlations tostileme change data.
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CHAPTER FOUR
SEASONAL VARIATION AND OSCILLATION

4.1 INTRODUCTION

Analysis of the spatial and temporal variation obr@nandel beaches at a
seasonal scale was undertaken in this chapter.s¥\8fibrt term variations were
significant in the analysis of beach variation, emtging longer term processes
may also be prevalent. One example is the typicaual variation of subaerial
beach environments from a perceived, eroded prafieing winter storm

conditions to an accreted profile during fair weatlsummer conditions (e.g.
Medina et al., 1994; Komar, 1998). The data usetti;ithesis enabled variation
occurring on a 2-monthly (approximate) to an anncyle to be identified.

Variation occurring at this scale was termed sealseariation for the purpose of

this thesis.

4.1.1 The Importance of Seasonal Variation and BehdOscillation

Seasonal variation can be a large component ofesigbdeach system variation
(Eliot & Clarke, 1982). Variation in beach morphgjohas long been documented
as a response to equilibrium wave conditions asg to instantaneous wave
conditions (e.g. Wright and Short, 1984). Previstiglies have shown that beach
morphology seldom responds to instantaneous changhe wave conditions on
beaches dominated by storms with intermittent as@kcnal recovery patterns
(Morton et al., 1995; Lee et al., 1998; Anthony989Jimenez et al., 2008; Yates
et al., 2009). Therefore, analysis on a greatepteai scale was required to fully
understand Coromandel beach behaviour. Analysith@fseasonal variation of
beach volume changes will either prove or disprtdwe presence of seasonal
trends on the Coromandel beaches. Knowledge afxtent of seasonal variation
may be used to forecast future shoreline positanmd provide data on whether
certain levels of erosion or accretion can be a®rsd normal or extreme (i.e.

within acceptable limits) for planning purposes.
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Beach rotation is an oscillatory, medium scale phenon which is

characteristic of short, embayed beaches on lestxda.g. Ranasinghe et al.,
2004). Beach rotation occurs on a cycle that isatgrethan the sampling
frequency of this dataset, but typically varies enoften than an interannual or
long term cycle. Therefore, it needs to be disteenirom the underlying seasonal
processes. Analysis of beach rotation was undertékeletermine if it occurred

on Coromandel beaches.

4.1.2 Expected Outcomes

This chapter seeks to prove or disprove the folhgwhypotheses relating to

seasonal variation:

e Eastern Coromandel beaches erode during winteraaakte in summer
due to seasonal variations in the wave conditigrasticularly due to
increased storm activity in winter; and

* Beach rotation is evident on embayed beaches onCin@mandel

Peninsula.

It is hypothesised that eastern Coromandel Beawfiefollow a typical erosion
trend during winter followed by recovery and aciomretof the beach during fair
weather summer conditions. Justification for thypdthesis is a result of more
energetic winter storms eroding sediment from thiEasrial beach face (e.g. Eliot
& Clarke, 1982; Dubois, 1988; Medina et al., 19%&@mar, 1998). If beach
rotation is evident on embayed Coromandel beacheis, expected that the
orientation of the beach and the spatial variavbrine beaches will be a key
component of the extent of beach rotation. Beadhtiom has been shown to
occur on a large spatial scale in which the indidesve angle is critical, therefore
Coromandel beaches may show similar behaviourétnpat due to the variations
in beach orientation around the Peninsula (Kleialet2002; Ranasinghe et al.,
2004).
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4.2 BACKGROUND: SEASONAL OSCILLATION AND ROTATION
4.2.1 Seasonal Beach Variation — A Review

Perhaps the most well documented literature ontbeaarphological change is
the beach state classification model by Wright Shdrt (1983; 1984) and their
work in the few years prior (e.g. Short, 1979a, AY71981; Short & Wright,

1981; Wright, 1981; Wright et al., 1982b). WrightdaShort (1984) used daily
observations of beach state over 3 years and \gsmvironmental controls to
devise their model. The study was undertaken acrasserous Australian

beaches with varying morphologies. Beach profiled abservations were the
dominant methods of data collection. The clasdifbeacomprises of two extreme
morphological states, reflective and dissipativadbes, with four intermediate
beach states in between. The beach state at anyipdime is affected by near
bottom currents in the surf zone which are drivgnhe incident wave conditions,
subharmonic oscillations, infragravity oscillatioremd mean longshore and rip
currents. The actual morphology is a function of #ediment characteristics,
immediate and antecedent waves, tide and wave ttamgli and the antecedent

beach state.

Of patrticular interest were the results of WrigimdaShort (1984) relating to
seasonal changes in beach state. Each individaghbenvironment has a most
common beach state which results from the averesgking wave conditions and
prevailing sediment characteristics (Wright & Shori984). Repeated
observations and surveys of beaches showed thdietheh state varied largely
with wave height when the sediment size remainedstime (Wright & Short,
1984). This highlights how beach changes over dlbamedium term time scales
were less dependent on the sediment characterigtidsmore reliant on the wave
conditions when compared with long term beach ladmhs. Seasonal changes in
the wave regime have been well documented as ardsfvseasonal beach change
as a result (Eliot & Clarke, 1982). Wave heightréfiere has a significant role in
seasonal beach behaviour and results in a gerai@atisof beach and sediment
characteristics. In particular, intermediate beachke most dominant state for

eastern Coromandel beaches, were found to be fadday wave heights of 1 —
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2.5 m when composed of medium sand (Short, 1984f)eRive beaches occurred
under low swell conditions or in sheltered companis, and were often
associated with coarse sediment (Wright & Shori4)9 The four reflective
beaches in this study (Hot Water, Tairua, Onem#Wairitoa) are all bound by
relatively large headlands and thus situated wisthieltered compartments which

restricts the obliquity of incoming wave energy.

The dominant wave conditions on a seasonal scéetathe beach state and
beach profile behaviour. The result is a dominasddh state which impacts the
beach morphology and is often in phase with the® wave climate (Wright
& Short, 1984; Dubois, 1988). Increased stormiress wave heights in winter
cause most sandy beaches to erode. The resulidgdsubaerial beach profile is
typically referred to as a “bar profile”, “winterrgfile”, or “storm profile”
(Winant et al., 1975; Eliot & Clarke, 1982; Clar&eEliot, 1988; Dubois, 1988;
Komar, 1998). Sediment is normally eroded from théaerial beach and
deposited in the nearshore where it forms a bab@i3y 1988; Quartel et al.,
2008). Winter storm conditions typically last fomaximum of a few months and
erosion of subaerial beach profiles often occura ahiform rate (e.g. Medina et
al., 1994; Komar, 1998; Wood et al., 2009). Wherwvaveonditions subside, the
beach begins to recover and a period of accretommates. The initial method of
recovery has been suggested to be via the weldirigeonearshore bar to the
subaerial beach and was most often slower thamatkeof erosion (e.g. Wright &
Short, 1984; Dubois, 1988; Stive et al., 2002; Aadeet al., 2004; Wood et al.,
2009). This recovery continued until late summet Brto autumn during periods
of reduced wave energy until wave heights incredkedfollowing winter. The
maximum subaerial beach volume coincided with lstenmer and autumn
following prolonged periods of low wave heights.eTiesulting beach profile was
typically termed a “berm profile”, “summer profiledr “swell/normal profile”
(Winant et al., 1975; Eliot & Clarke, 1982; Duboi®88; Komar, 1998) and was
initially identified by Shepard (1950) and Inman9%B). The total seasonal
variation differs between every beach and alongshegion, for example, Clarke
and Eliot (1988) showed that the average sedinransfer on a seasonal scale

was 30 % at Warilla (New South Wales, Australiajhva maximum of 49 %.
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Reflective beaches respond differently from intaltra beaches to a change in
the wave conditions due to the slope of the beach, fthe presence of nearshore
bar(s), and the location of sediment storage. Rifle beaches typically have
small subaqueous sediment storage, no nearshorgyfigm, and a steep beach
face which means a large proportion of the wavegné dissipated on the
subaerial beach face (Wright & Short, 1984). Reflecbeaches are typically
more easily eroded as a result. Results presentéGies et al. (2009) suggested
that the first winter storms have the greatestieropotential because of the large
availability of sediment on the subaerial beackrdfore lower wave energy can
erode the profile (refer Figure 3.1). Following kegasonal volumes and the first
winter storms, subsequent erosion events are thainlg factors of erosion
change, and storm events can result in accretiawrgitions (Yates et al., 2009).
Once wave conditions subside, onshore sedimerdgaahdominates and the bar
begins to shift landward. After the bar has weltiedhe foreshore, swash zone
sediment transport continuously deposits sedinretite swale until it is filled in.
More sediment is added to the foreshore until anbsith a slight landward slope

develops and the process begins again (Dubois,)1988

The recovery rate of eroded profiles under low waeaditions can require
weeks, months, or longer compared to the initiasien which can occur in a
matter of days (Wright & Short, 1984; Yates et @009). The full sweep of
variation from a dissipative state to a reflectstate can occur, but does not on
east Australian Beaches. Bar formation acts asraebdo the incoming wave
energy, where individual waves breaking on thess by lose 78—-99 % of their
energy (Carter & Balsillie, 1983).

4.2.2 Beach Rotation — A Review

Beach rotation is a medium-term oscillation whishtypical of short embayed
beaches and has both high and low frequency cyBlasasinghe et al., 2004;
Short & Trembanis, 2004; Ojeda & Guillen, 2008). lkayed beaches often
exhibit beach rotation as they terminate at heat#laat both ends, which is also

suggested to be a precursor for headland bypabkstayse it enables the beach to

Seasonal Variation and Oscillation 77



advance seaward, thus widening the surf zone (Ofedzuillen, 2008). Beach
rotation is evident when there is a variation ia Subaerial behaviour of a beach
in the alongshore direction and results in oppaositeés of the beach being out of
phase, with a fulcrum point near the middle (Sleb@l., 1995; Short et al., 1999).
This inverse relationship is most often identifigden comparing beach width or
beach volume data at opposite ends of an embayseth lfe.g. Klein et al., 2002;
Ranasinghe et al., 2004; Short & Trembanis, 20@4psults from a shift in the
alongshore sediment transport direction between hib@dland extremities on
embayed beaches (Short & Masselink, 1999). The Bh# been often attributed
to periodic or long term changes in the wave clanatarticularly the wave
direction (Short & Masselink, 1999; Klein et alQ(). However, rotation can
occur on a range of timescales without any net gailoss of sediment (Klein et
al., 2002) and is a key process in understandiagrtbrphodynamics of embayed
beaches (Ojeda & Guillen, 2008). Beach rotatiogrditure on New Zealand
beaches is limited, with the only peer-reviewed kvbeing that of Bryan et al.
(2009) at Tairua Beach. Bryan et al. (2009) shouet beach rotation was
evident at Tairua Beach and was clearly relatethéodominance of northward
and southward directed energy fluxes of greatem 8600 J.rif. The shoreline
and barline at Tairua generally rotated in unisdthoagh the magnitude of
variation in the shoreline was lower, hypothesigede due to the reduction in

surf zone energy levels at the shoreline compaitdtine bar.

It is documented that seasonal variations in theewdimate affect the degree of
beach rotation and often results in seasonal astdtends (Short & Masselink,
1999; Klein et al., 2002; Bryan et al., 2009). Hoae longer term oscillations of
beach rotation have been shown to be correlated thi¢ El Nifo Southern
Oscillation (ENSO) (Short et al., 1995; 2000; Ramgise et al., 2004; Harley,
2009a). It was first hypothesised by Short et B996) using qualitative analysis
of residual beach volumes and the Southern Osoitldhdex (SOI) which is the
ENSO index. This lead to Ranasinghe et al. (2084iirtg the hypothesis using
quantifiable analysis of beach width data. Theydusean monthly beach width
data, as it was unrealistic to expect immediateheasponse from changes in the

SOIl. Their results showed that there was a sigmifidagged response between
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mean beach width and the SOI, with varying lag srbetween 3 months and 1.5
years depending on the location of the profile ste the beach. Further,
Ranasinghe et al. (2004) produced a conceptual Inobderious stages of beach
rotation and the processes governing beach rotalismg ENSO phases. The
conceptual model does not apply to the Coromanelathes due to the different
wave climates between the two regions. In sumnisgch rotation is expected to
be a key factor in this study due to the numberrobayed beaches and the strong

seasonal trend in storm wave events as evidenc#tabove literature.

4.3 METHODS
4.3.1 Seasonal Variation in Beach Volumes

Seasonal trends and oscillations were largely wotled in the raw beach volume
data therefore another method of analysis was redjuo0 determine the extent of
seasonal variation on Coromandel beaches. Beacimeotlata were averaged at
1.5 month intervals through the calendar year begg from January ®i as

identified below (all dates are inclusive) as 1.Bnths was the approximate

sampling frequency for a majority of the dataset:

« January 1to February 1%5;

« February 16 to March 3%

« April 1%to May 15",

« May 16" to June 35;

« July 'to August 15,

« August 18' to September 30

« October f'to November 18; and

« November 18 to December 31

The beach volume data were then grouped accordiriget date of survey. This
enabled analyses of beach volumes at certain tiofegshe year whilst
encompassing the many years of data availableefitiee dataset was used in the
analysis as the sampling year was irrelevant wivenaging data in the specified
timeframes. Time-averaging of beach volume data isommon method of

analysing medium term oscillations (e.g. Ranasingthal., 2004; Quartel et al.,
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2008) and was considered suitable given the spatihltemporal variation of the
dataset. The percentage change in beach volumetfrermean was analysed to
represent quantitative results on the extent oienoor accretion throughout the

year.

The grouping of beaches according to Wright andriS(i®84) was maintained

for the seasonal analysis. Seasonal variationseacttp volumes depicted in this
chapter were analysed as beach averages. Speawigsia was also used on the
volume data to identify significant seasonal oatitins in which the methodology
Is discussed in Section 5.3.2.

4.3.2 Beach Rotation and Oscillation

Beach rotation analysis required a minimum of tlpesdiles on a beach in order
to be considered in this study. This meant beabladsa profile located towards
each end of the beach and a profile located aear tine central or fulcrum point
(Figure 4.1 and Appendix Il). Two beaches in thiglg only have one profile site
(Rings and Maramaratotara, Figure 2.1; Figure Figure 11.9) and a further four
beaches have two profiles (Otama, Hahei, Onemash&\drangamata North). The
following beaches satisfied these criteria and nlienber of profiles used in

calculating the beach rotation is in brackets:
* Whangapoua (3); *  Wharekaho (3); e Pauanui (4);
e Matarangi (4); » Buffalo (5); * Whangamata South (4);

« Kuaotunu West (3);

Cooks (5); e Whiritoa (4).

e Kuaotunu East (3); Hot Water (3);

«  Opito (5); e Tairua (3);

To quantify beach rotation, all profiles on a beaatre required to have been
surveyed on the same day. Tairua (CCS36-2), Paug@@S38), and
Whangamata South (CCS57-2) each contain one adalitfrofile however the
datasets only extend back to 2003, 2004, and 288@2ectively, therefore were
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not included in the analysis. The profile excludgdTairua is located on the
southern half of the beach (second from the sotntwever the profile second
from the north is located nearest the centre ob#ach therefore the exclusion of
the profile does not induce any bias by having prafiles located at one end of
the beach. The profile excluded at Pauanui wagsddcat the very northern end of
the beach in the entrance to Tairua Harbour. Theamsing four profiles
encompass a good spatial variation along the békdure 11.14) and the
exclusion of the profile does not induce any brashie methodology. The profile
excluded at Whangamata South is located relatiwodgtrally, however the
neighbouring profile was also close to the centrhe beach.

The seaward extent of each profile from its origias related to the alongshore
location. The degree of beach rotation was quaatiiy evaluating the intertidal
beach volume with respect the alongshore locatfaaoh profile. For each time
step the intertidal volume was plotted against #hengshore location of the
profile. A best fit line using linear regression svitted to each time step. The
resulting linear equation had a slope componenthvinias converted to degrees
and used as the rotation coefficient. This meth@ad wonsidered accurate as an
unstable or poor relationship between the profigd give a low rotation
coefficient, thus not indicating beach rotations#ong rotation coefficient will
only exist if there is a relatively large degreevafiation between the intertidal
beach volumes at each end of the beach and thdefspfin between also
contribute to a good fit. A positive beach rotatiorefficient indicates a greater
intertidal beach volume at the southern end oftb&ch (right hand side looking
seaward), and anticlockwise rotation (Figure 41he converse applies for a
negative coefficient. A timeseries of the beaclatioh coefficient was generated
for each beach and compared to the spatial locafieach site.
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Figure 4.1: Schematic identifying various beach rotation patars and the wave energy flux
direction (adapted from Ojeda & Guillen, 2008).

4.3.3 Seasonal Variation of Wave Conditions

The wave data were evenly spaced at 3 hourly iate@t four sites from 1979 to
March 2009 (Figure 2.1 and Table 2-2). To analgsessnal variation in the wave
climate, the data were grouped into 1.5 month vwaterand averaged from 1995
to 2009 similar to the time of higher resolutiornay data. The 1.5 month
intervals used to group the beach volumes weretaiaed (refer Section 4.3.1).
The data were compared between the four sites saatnesl.5 month intervals to

determine the extent of any seasonal variationgptes

4.3.3.1 Beach Rotation versus Alongshore Wave g

Wave data were time-averaged in order to analyse pbtential forcing

mechanisms of beach rotation on the CoromandelnBelai. The wave energy
flux was calculated and averaged between the ttepes f the rotation data as it
was a vector quantity with both cross-shore andgdbore components (Miller &

Dean, 2007b). The wave energy flux was given bydBret al., 2009):

E= %. p.g Hs?.sin0 Equation 4.1

Wherep is the density of seawater (1025 ki)ng is the acceleration due to
gravity (9.81 m.8), Hs is the significant wave height in metres (m), @his the
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angle of wave approach relative to beach oriematioradians where 0° was
shore normal. The time-averaged wave energy flua daere compared to the
beach rotation data to determine if a relationssted between them. Least
squares regression analysis was then undertakes.nTdéthod incorporated the
incoming Hs and direction and compared it to the changingntaigon of the
subaerial beach face.

4.4 RESULTS
4.4.1 Beach Volume Variation on a Seasonal Scale
4.4.1.1 Seasonal Variation — Intermediate Beaches

Figure 4.2 illustrates the percentage change ictbgalume through the calendar
year for the intermediate sloped beaches. The bedassifications were
maintained from Section 3.3.2. Volume data in gestion were rounded to the
nearest integer and were relative to the mean bealktime. Firstly, the figure
illustrated that most intermediate beaches ha@ar chlbeit small, seasonal cycle
with increased volumes in summer and decreasednasiun winter. The peak
seasonal volume for intermediate beaches predomhynaocurred in April and
May. This period of above average beach volume felewed by uniform
erosion of all beaches in July and the first hdlfAagust. There was a general
trend of accretion from August to the end of theryelhe overall extent of
seasonal accretion reached a peak volume of appateily 5 % and a seasonal
minimum of approximately -5 % to -7 % for most bees. This equates to
seasonal variation of approximately 10 % for magernmediate beaches. The
behaviour at Otama beach was different as it hacaarage peak seasonal
volume of 17 %, a seasonal minimum of -14 %, and\arall seasonal variation
of 31 %. Buffalo Beach and Cooks Beach did notleixlai seasonal trend.
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Figure 4.2: Average beach volume change through the year fermediate beaches. All data
have been demeaned. Beach volumes were averagetl.thtnonth groups through the calendar
year beginning on January.1A strong seasonal cycle is evident at all bedtets ®xcept Buffalo
Beach and Cooks Beadhtama Beach is identified as the dashed line wiglatgst amplitude.

4.4.1.2 Seasonal Variation — Reflective Beaches

Figure 4.3 illustrates the seasonal variation iachevolume for the reflective
beaches. Figure 4.3 showed that the peak seasoluaher of approximately 6 %

to 8 % for 3 out of the 4 beaches (Tairua, Onemand,Whiritoa) was reached in
February to March. Hot Water Beach had a peak sehsmlume of 3 % from

November to February. The seasonal minimum fobediches occurred in July to
August. Hot Water Beach had a seasonal minimun¥ d¥-whereas the other
beaches had seasonal minimums of -7 % to -9 %foll beaches eroded in a
uniform manner in July and August. All four refleet beaches showed slight
erosion from December to February. The overall @eals variation was

approximately 15 % for the reflective beaches ekéty Water Beach which had

a lower seasonal variation of 7 %.
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Figure 4.3: Average beach volume change through the year flactave beaches. The data have
been demeaned. Beach volumes were averaged intmdngh groups through calendar the year
beginning on January'1Hot Water Beach is the dashed line with smahesplitude.

4.4.1.3 Seasonal Variation — Harbour Adjacent andl®r Beaches

Figure 4.4 showed all beaches adjacent to harbouths (red lines) and the two
outlier beaches (dashed green lines). The figughlighted the irregular

behaviour of the harbour adjacent beaches whichatiretermediate beaches.
Matarangi was the only beach adjacent to a hariubich had a seasonal trend.
Matarangi had a peak seasonal volume of 9 % inlAprMay and a seasonal
minimum of -7 % in October to November, an ovesathsonal variation of 16 %.
The other 3 harbour adjacent beaches (Pauanui, §@hsata North, and

Whangamata South) did not show a seasonal trendhaddirregular volume

change through the year. However, all harbour adiabeaches showed uniform
erosion in July and August. Excluding Matarangi, helrbour adjacent beaches

each had average beach volume changes of les&@Han

The two outliers, Rings and Maramaratotara, shoawedeak seasonal trend.
Rings Beach had a peak seasonal volume of 2% inadario February and a
seasonal minimum of -1 % in July to August, an allexeasonal variation of 4 %
(accounting for integer values). Maramaratotara cBehad a peak seasonal
volume of 2 % in May to June and a seasonal mininofirri% in October to

November, an overall variation of 3 %.
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Figure 4.4: Average beach volume change through the year fdyolia adjacent beaches (solid
red lines) and outlier beaches (dashed green lifiég) data have been demeaned. Beach volumes
were averaged into 1.5 month groups through thendalr year beginning on January. 1
Matarangi has a seasonal trend illustrated by tiel ged line with the highest and lowest

volumes.

4.4.1.4 Seasonal Variation — Lomb-Scargle Speénallysis

Spectral analysis using the Lomb-Scargle methodtiiiied significant seasonal
oscillations at some profile sites (Table 4-1). dscription of the method and an
example power spectrum are provided in Sections25ahd Figure 5.5
respectively. The spectral analysis identified gigant oscillations in the raw
volume data using approximately 8 profiles per y@aese signals were therefore
deemed to be the profiles with a consistent andngtrseasonal trend. The

corresponding spectral power also related relativedll to the seasonal signals

identified above.
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Table 4-1: Lomb-Scargle spectral analysis results for seasoraillations. The beaches and
profiles are listed from north to south with theduency in years and corresponding power in
volume (%).

Beach/Profile Name (north  Significant Frequency  Corresponding Power (%)

to south) (Years)

Matarangi CCS15 1.01 9.91

Matarangi CCS14 0.99 12.6
Matarangi CCS13 0.99 8.37

Kuaotunu West CCS19-4 1.00 11.3
Kuaotunu West CCS19-5 1.00 11.0
Kuaotunu East CCS20 0.99 9.66
Kuaotunu East CCS20-2 1.00 11.3
Otama CCS45 1.01 8.63
Otama CCS46 1.00 15.4
Opito CCS47-1 1.02 7.61

Opito CCS48-1 1.02 8.56

OnemanaCCS53 1.01 8.81

4.4.2 Beach Rotation

Figure 4.5 illustrates beach rotation timeseriestiie 13 beaches which have at
least three profiles. The rotation component waspldyed in degrees with a
positive slope indicating anticlockwise rotationdaa negative slope indicating
clockwise rotation (Figure 4.1). The figure showbdt several beaches appear to
be rotating and several beaches which were noel&ively flat timeseries does
not show rotation. Matarangi, Opito, Buffalo, andoBs Beaches had relatively
flat timeseries which indicates that beach osadtatvas dominant and not beach
rotation. Matarangi, Buffalo, Cooks, Pauanui andaWamata North and South
Beaches are all adjacent to harbour entrancesfthierreducing the ability for
rotation to occur as sediment is unlikely to bepped against the harbour
entrance. The profiles on Opito beach were unevepced therefore were not
considered for further analysis (Figure 11.7). Tenel labels in Figures 4.5 and
4.6 are maintained throughout the thesis. Beadlgeksbelled from north to south,

Whangapoua (a) to Whiritoa (s) as follows:
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Wharekaho (h); ¢ Tairua (n);
Buffalo (i); * Pauanui (0);
Cooks (k); « Whangamata South (r);

* Whangapoua (a);

e Matarangi (b);

e Kuaotunu West (d);

Hot Water (m); *  Whiritoa (s).

» Kuaotunu East (e);
+ Opito (9);
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Figure 4.5: Beach rotation timeseries for all beaches witheast 3 profiles. Beaches are plotted
from north to south, with panel labels (a) to g)resenting the 13 beaches from Whangapoua (a)
to Whiritoa (s) identified in text. The rotationroponent is illustrated in degrees. A positive slope
indicates anti-clockwise rotation. Note there arg-2xes for clarity. The solid section of the
respective y-axis depicts the y-axis limits.

Table 4-2 showed the minimum, maximum, and rangebeéch rotation
coefficients at each beach. The results showedthieashorter embayed beaches
had higher rotation coefficients, those being Whgoga, Kuaotunu West,
Kuaotunu East, Hot Water, Tairua, and Whiritoa (€a#-2 and Figure 4.5).
Pauanui and Whangamata South also had high rot@efficients but are
harbour adjacent beaches therefore they were eadtlirdm further analysis as

they were not embayed beaches. It was hypothefliseca different parameter
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caused the variation at Pauanui and Whangamatdn.Séigure 4.6 illustrates the

beach rotation timeseries for short embayed beamhigs It was evident that the

degree of rotation on these beaches was greaterttibae which were excluded

(Figure 4.5).

Table 4-2: The minimum, maximum, and range of beach rotatmeffecients for each beach

analysed in this section.

Beach Minimum Maximum Range
Whangapoua -3.27 3.01 6.28
Matarangi -1.13 1.78 2.91
Kuaotunu West -3.17 2.75 5.93
Kuaotunu East -2.13 1.80 3.92
Opito -0.73 0.88 1.61
Wharekaho -1.32 1.54 2.87
Buffalo -1.14 1.52 2.66
Cooks -0.83 2.01 2.84
Hot Water -1.97 2.26 4.23
Tairua -4.85 3.97 8.82
Pauanui -4.44 5.67 10.11
Whangamata South -3.41 5.31 8.73
Whiritoa -4.17 3.95 8.12
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Figure 4.6: Beach rotation timeseries for all embayed beaché&®& rotation component is
illustrated in degrees and a positive index / slsipaws anti-clockwise rotation. The panel labels
from Figure 4.5 above are maintained for simpligibhd are explained in text. Note there are 2 y-
axes for clarity. The solid section of the respecii-axis depicts the y-axis limits.

Whangapoua (a) did not show a large degree of @amgany obvious low
frequency variation. For example, there was weacheotation from 2004 to the
end of the timeseries. However, there were rotagwents prior to 2004.
Kuaotunu West (d) showed beach rotation for thereertmeseries with the
prominence of several large rotation events ofaug®tin mid 2000, 2002, 2003,
2007, and 2008. It was apparent that a seasomal teanticlockwise rotation in
winter and equal clockwise rotation in summer wamsghant at Kuaotunu West.
No long term trend of rotation was evident. KuaotuBast (e) was relatively
stable from 2003 to 2008, therefore had weak beatelion, but did have rotation
events similar and equal to those at Kuaotunu \ive$997, mid 2002, and 2008.
Wharekaho Beach (h) had a relatively smooth timesend did not show a large
degree of rotation, excluding several clockwisengsén 2000, the beginning of
2005, and 2008. Hot Water Beach (m) showed rotaioboth short- and long-

term timescales and was subject to relatively feequrotation events. For
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example, in 2002, 2004, and 2007, with low freqyeratation identified from
2000 to 2004 (clockwise), relative stability untiid 2007, and anticlockwise
rotation until 2009. Tairua Beach (n) had similaw! and high-frequency rotation
to Hot Water Beach, but to a larger degree. Tawadhfrequent short term rotation
events, as well as clockwise rotation from (at the@®00 to 2004, and anti-
clockwise rotation from 2006 to 2009. From 2002686 no long term rotation
was evident, however a small peak was evident 052Whiritoa Beach (s) also
showed the low frequency trend evident at Hot WB&ch and Tairua Beach, as
well as high frequency beach rotation. The scalbezich rotation at Tairua and
Whiritoa was greater than all other embayed beaakesvidenced by the degree

of rotation change (Figure 4.6 and Table 4-2).

4.4.3 Beach Rotation versus Wave Energy Flux

Beach rotation was compared to the time-averagack eaergy flux. The wave
energy flux was time-averaged between the profilevesy dates and linear
regression fitted to each set of data. The reguRrsquared values were shown in
Figure 4.8. The overall relationship between theectaveraged wave energy flux
and the beach rotation coefficient was poor aclles®ntire Peninsula. Tairua had
the highest relationship with an R-squared valueO@&7. The next highest
relationships were Wharekaho and Whangapoua witlyuired values of 0.21
and 0.19 respectively which are still poor coriielad. Only the Tairua result was
significant at the 95 % confidence level.

Figure 4.7 illustrates the beach rotation coeffitigersus wave energy flux at
Tairua, Wharekaho and Whangapoua Beaches. Thefajearly showed that the
largest wave energy events were associated wigje latation events. At Tairua,
a wave energy flux event of 3915 Fmwas associated with a rotation coefficient
of -4.8 °. Figure 4.7 (a & b) showed that the Iastg@ave energy events were
associated with negative rotation coefficientsckimise rotation, Figure 4.1). The
slope of the best fit line also implied that if tvave energy flux was positive, the
beach rotation coefficient was negative and viasae
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The relationship between the wave energy flux aath rotation at Whangapoua
was similar to Tairua (Figure 4.7). However, thevev&nergy was significantly
lower at Whangapoua as the largest event was @#y 1.nf compared to 3915
J.m? at Tairua. Although the relationship was not asrs at Whangapoua (R-
squared = 0.19), the slope of the best fit linefioors the similar behaviour
between beach rotation and the wave energy flutheriwo beaches. Wharekaho
had an R-squared value of 0.21. However, the stidpthe best fit line was
opposite to that of Tairua and Whangapoua. Thetioaship suggests that
negative wave energy fluxes were associated wiblckelise rotation (refer to
Section 4.5.4 below which discusses this mattehéuy.
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Figure 4.7: Time-averaged wave energy flux versus beach oostatit Tairua Beach (a),
Whangapoua Beach (b), and Wharekaho Beach (c)blBck line in each figure is the best fit line
with the R-squared value identified in the top tigh
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Figure 4.8: The best fit R-squared value for each beach raotatgefficient versus time-averaged
wave energy flux. The x-axis labels are define8dation 4.4.2.

4.4.4 Seasonal Variation in Wave Height

The methodology used to analyse the seasonal ieariait beach volumes through
the calendar year was also applied to the wave datible 4-3 and Figure 4.9
illustrate the mean seasortd] for the four sites. The average peak seasonal wave
height was reached in February to March for aissaind ranged from 1.16 m at
Matarangi to 1.42 m at Tairua. The average minins@asonal wave height was
reached during October to November for all site$ ramged from 0.84 m at Opito
Bay to 1.05 m at Tairua. Overall the seasonal tianavas relatively low with the
major variation being a spike in the data occurningluly to August with a

notable increase in the wave height.

Figures 4.10 illustrates the timing and frequenyqf storm eventsHs >3 m)

through the year at the four sites. The definitadfna storm wave event was
described in Section 3.3.4. The figure showed thegis a significantly higher
frequency of storm wave events at all four sitewimter. The lowest frequency of
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storm wave events occurred in late October ang &olvember at all four sites.
All four sites also showed a spike in the numberstirm events during late
February and early March. Matarangi (Figure 4.16a) the lowest frequency of

storm events during the entire period whilst Taiflrdgure 4.10 c¢) had the
highest.

Table 4-3: Seasonal wave height characteristics for the fibeis sanalysed.

Site Maximum (m)  Minimum (m) Range (m) Mean (m)
Matarangi 1.16 0.88 0.28 1.03
Opito Bay 1.17 0.84 0.33 1.04

Tairua 1.42 1.05 0.37 1.27
Whangamata 1.31 0.99 0.32 1.16
— 14r i
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Figure 4.9: Seasonal variation of wave height for Matarangiigsblack line), Opito Bay (dotted
blue line), Tairua (dashed green line), and Wharagaridash-dot red line). The data was time-

averaged into 1.5 month intervals through the aderyear using 30 years of available hindcast
data.

Seasonal Variation and Oscillation 95



300

(@ | ' n=634 b | " n=836

2001 - ! _

100}

% ﬁ

300

Frequency

i) | . n=1530 (d) | | n=1119

2001 -

100}

0
Jan  Apro Jul Qct Jan Jan Apr o Jul Qct Jdan

Time of the Year

Figure 4.10: The timing and frequencyn) of storm wave eventdi{ >3 m) during the year at the
Matarangi (a), Opito Bay (b), Tairua (c), and Whamgta (d) wave data sites. All axes are equal.

4.5 DISCUSSION
45.1 Seasonal Variation — Intermediate Beaches

Figure 4.2 showed that intermediate beaches otmemandel Peninsula had a
moderate degree of seasonal variation of beachmasduwith accretion in
summer, autumn, spring, and erosion in winter. @rage, the seasonal variation
across most intermediate beaches was approxima@®lI¥o of the total beach
volume, which was much less than the 30 % idextifig Clarke and Eliot (1988).
The intermediate beaches also had uniform erosmorwinter. This erosion
corresponded to an increase in the average wagéthaid storm wave events in
winter at all sites around the Coromandel Peningtilgures 4.9 & 4.10) which is
common of many sandy beach systems worldwide (€lé&rkEliot, 1988; Komar,
1998; Stive et al., 2002). The eastern CoromandeinBula is a storm dominated
wave environment (Bradshaw, 1991) where increasmthsiess in winter leads
to erosion of subaerial beach profiles. Howevds ihteresting to note that Figure
4.9 showed a spike in the average wave height lonuaey and March. Episodic

cyclone activity in summer was considered to causeincrease. The episodic
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events were unlikely to occur every year, howevaresponded to erosion of
reflective beaches, but not intermediate beache$fal® Beach was the only
intermediate beach which showed erosion during gkisod. Therefore a higher
average wave height does not necessarily res@tasion of the subaerial beach
profile (e.g. Yates et al.,, 2009). Cyclonic impadts summer were more
prominent at lower latitudes, for example, the eastst of Australia as studied by
Davidson and Turner (2009) and less evident on Gbeomandel Peninsula.
Winter storms caused the greatest erosion which agaeciated with increased
storminess. Results presented here conform toidenfis of Yates et al. (2009)
as the winter wave conditions lasted more than ékegFigure 3.1), however
erosion of most beaches only occurred over a 6 weekd (July — mid August).
Initial winter storms caused the greatest erosienabse they had the largest
equilibrium wave energy compared to the end of evinthen a higher wave
energy equilibrium was required to erode beachbs. Geach system studied by
Clarke and Eliot (1988) was considered to be sicguittly different due to the
morphological differences with Coromandel beachesarticular, the seasonal
variation of the beach (30 %) and the recoverysr&dowing uniform erosion.
Following the seasonal minimum in May to July, theiudy beach recovered
quickly to record peak seasonal volumes in Decembbe wave climate of
southeast Australia is much larger than the Cora®la®eninsula (Clarke &
Eliot, 1988).

Otama Beach had a much larger seasonal variatiBa &6, similar to Clarke and

Eliot (1988) for an east Australian intermediatebayed beach. The forcing

mechanism(s) behind this very high degree of vianaat Otama Beach were not
evident. Otama Beach is located in relatively clpsaximity to Kuaotunu East

(<2 km), has a similar orientation, and is sheltdrem the northeast to southeast.
Therefore, the behaviour should not be significadifferent to other beaches as
it is subjected to similar wave conditions. Thegaseasonal variation occurred
on both profiles at Otama (Table 4-2) and was rlotalised phenomenon at one
particular section of the beach. A large spatialesstudy of embayed beaches by
Bowman et al. (2009) showed that sheltered embagedhes tended to exhibit

lower seasonal variations. Otama Beach is considene of the most sheltered
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pocket beaches in this study, therefore does nofoom to the findings of
Bowman et al. (2009). The seasonal behaviour an®tould not be explained in

this thesis.

There were two exceptions to the typical seasordlatour of intermediate
beaches at Buffalo Beach and Cooks Beach. Thesshé=avere identified as
intermediate beaches in Chapter 3. However, thebwazhes showed a different
behaviour to the remaining intermediate beachdbeaseasonal scale. They did
not exhibit a seasonal cycle of accretion and erogipical of summer and winter
conditions, but showed irregularity throughout trear. No profiles on Buffalo
Beach showed a seasonal signal (Figure 4.11). Ceslye it was interesting that
the two western profiles on Cooks Beach showedomgtseasonal cycle (Figure
4.11), however the 3 eastern profiles and therettogebeach average did not. It
was apparent that there is a certain point on ¢éaelo where variation in the beach
behaviour differs in the alongshore direction. Ttaslld be due to a variation in
the littoral drift system on the beach which may ibeonsistent due to the
orientation change of the beach. Another hypothedisat sediment ejected from
the harbour is only transported as far west aditsiethree profiles, thus affecting
the subaerial beach volumes on these three prdfiesilar to other harbour
adjacent beaches), where it must then be transpoftehore as they do not show
a continuing trend of accretion. The aerial phato @ooks Beach (Figure 11.10)
shows that the ebb tidal delta is located adjaterthe three eastern profiles.
Although the delta is not permanent in size or tiocr it is likely that variations
of the ebb tidal delta and the resulting sand bawaly weld onto the subaerial
beach at certain stages during the year causinigtioas in the subaerial beach
volumes at these three profile sites (e.g. Aagaaal., 2004). Both beaches were
thus deemed complex systems due to the presentaarbbur entrances, the
complex wave interactions in Mercury Bay (due te #hape of the bay and the
presence of a large bar in the middle of the bageghs, 2007), and the
orientation changes (Buffalo Beach = 99°, CooksdBea 55°). Buffalo beach

and Cooks Beach are deemed harbour adjacent bestdhesseasonal scale.
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Figure 4.11:Buffalo Beach and Cooks Beach seasonal changdatatach profile on each beach.

The figure illustrates the variation at these twteimediate beaches, with only the two northern
most profiles on Cooks Beach (solid black line dotted blue line) showing a seasonal trend. The
remaining profiles from north to south are the @asbreen line, dash-dot red line, and solid pink

line with circle markers.

4.5.2 Seasonal Variation — Reflective Beaches

Reflective beaches on the Coromandel Peninsula eshdlae strongest seasonal
cycle of subaerial beach volumes (excluding OtarmacB). Three out of the four
reflective beaches also had a greater seasonaltigarithan the intermediate
beaches. Steeper beach profiles have a greateenpege of subaerial beach
sediment storage (Wright & Short, 1984) which pde& a greater amount of

subaerial sediment which can accrete or erode dginaut the year.

Of particular interest was that the peak seasonhlinve for reflective beaches

typically occurred earlier in the year comparedntermediate beaches. Three of
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the reflective beaches had peak seasonal volunfesbiruary to March, six weeks
earlier than the majority of the intermediate bemchThis occurred during a
period of above average wave heights (Figure 4:8¢ following three months
from April to June on average, had decreased waights. It would therefore be
expected that the reflective profiles would conéina accrete until the increase in
wave height observed in the July to August peribdwvas hypothesised that
summer fair weather conditions would enable acanetf the subaerial beach
system. However, on reflective beaches, the maxinsgasonal volume is
reached earlier, therefore sediment is more eastgled (Wright & Short, 1984).
The average increase in meldnin late summer appears to erode the subaerial
beach and form a nearshore bar (Dubois, 1988). itieewave energy increased
during winter, the subaerial beach was eroded addment deposited offshore
(e.g. Dail et al., 2000). During the recovery mansediment initially replenishes
the subaerial beach, followed by the nearshoredgon. This hypothesis would
need to be tested for known bar locations, witkeaicomparisons made to the
corresponding volume of the bar, subaerial beadhd @ave conditions,
preferably across more than one reflective beadhigstudy. Overall, the onset
of the first winter storm events caused the gréaassion as evidenced by the
uniform erosion across the Coromandel Peninsulduly and August which
corresponded to an increase in storm wave eveheselresults compared well to
Yates et al. (2009) who showed that the more sehyeacreted) the profile, the
lower the wave energy required for erosion (Figdidg. Therefore the first winter
storms cause a large degree of uniform erosionsadiee Peninsula, and further
winter storms, on average, do not have a high emavaye energy to continue

eroding Coromandel beaches.

Following the seasonal minimum in July and Auguseflective beaches had a
faster recovery rate than intermediate beachess Was identified by the
reflective beaches reaching the mean beach volumigrethan intermediate
beaches. This rapid recovery also had a negatipadhon the reflective beaches,
as they appeared to reach an equilibrium seasahaine, because all reflective
beaches showed erosion from December to Februasya Aesult, reflective

beaches appeared to have a greater ability to tacarel recover following an
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erosion period, but also a greater ability to beded when sediment volumes
were above average (Dail et al., 2000).

The causative factor for the relatively consenatdehaviour at Hot Water Beach
iIs unknown. The geomorphology of Hot Water Beaclkeasy similar to Tairua
and Whiritoa with regard to the respective beactytles, orientation, intertidal
beach slope, and mean grain size (Table 2-1). dtthvarefore anticipated that the
beach systems would behave in relative unison a@inwd the rotation analysis.
The difference in seasonal behaviour at Hot WateadB was not explained in
this thesis.

4.5.3 Seasonal Variation — Harbour Adjacent and Ouier Beaches

Harbour adjacent beaches showed irregular and snstent behaviour throughout
the year. Matarangi was the exception and hadoagtseasonal cycle. The only
common feature between all the harbour adjacerdhesawas uniform erosion in
winter. The behaviour was attributed to the harbadjacent nature of the
beaches. Complex interactions of sediment ejected éstuaries, ebb tidal deltas,
and groundwater impacts caused by hydraulic gréslienthe water table, are

some of the impacts which affect harbour adjaceathes and were not analysed.

A study of seasonal shoreline change by Yates.€f2809) identified a beach
which had similar characteristics to Rings Beacld &faramaratotara Beach
(steep, short and narrow) which showed a weak/ydetectable seasonal cycle.
They hypothesised that the coarse grained sandermdach and limited sand
availability in the nearshore zone was sufficienstabilise the beach. This may
be applicable to Rings Beach and MaramaratotaratBdsowever bathymetric
surveying of the nearshore region would be requicedonfirm this hypothesis.
Maramaratotara Beach has an erosion resistantatéband the eastern end of the
beach was previously mined, therefore may havetdunsediment availability
(Dahm & Gibberd, 2009).
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45.4 Beach Rotation

Results showed that beach rotation occurred on gedbbeaches on the eastern
Coromandel Peninsula which accords to other puddistvork for embayed
beaches (e.g. Klein et al., 2002; Ranasinghe e2@04; Ojeda & Guillen, 2008).
However rotation was not prominent or uniform asrafi embayed beaches on
the Coromandel Peninsula. For example, WhangapoezclB did not show
constant rotation on a short or long term scalées #uggested that unusual wave
refraction patterns due to the Mercury Islands, aedrby Pungapunga Island
which is 150 m offshore from the northern profile Whangapoua Beach, cause
non-uniform wave energy along the beach. Whangapgesch has a similar
orientation to Tairua Beach, but was the only beaith a north-eastern aspect
located north of the Kuaotunu Peninsula. Figur@ 4a) showed that waves north
of the Kuaotunu Peninsula approach from a morehedst direction and there
was also a much narrower range of approach directtmmpared to the other
sites. Published literature on beach rotation fayanechanisms states that wave
direction is the primary forcing mechanism of beaatation (Short & Masselink,
1999; Klein et al., 2002; Ranasinghe et al., 208dort & Trembanis, 2008).
Therefore, the narrow approach direction of wave&/laangapoua Beach is likely
to be the reason why it did not rotate. Howevee, 8hlarge rotation events in
1999, 2000, and 2003 were unexplained. Sectior8 4Hgure 4.7) showed that
Whangapoua was one of only 3 beaches to show &atyoreship with the wave
energy flux (although not significant). The twodast wave energy flux events in
Figure 4.7 were likely to have caused the relatignsas the remaining data
appeared unrelated. One of the main problems widat regression is that when
data are clustered, some results will have moleente on the regression than
others (Dolan et al., 1991). This was likely tothe case at Whangapoua Beach.
The two large rotation events in 2000 and 2003 weduat the same time as the
two largest time-averaged wave energy flux eveRistation at Whangapoua
Beach was therefore limited to short term eventsalysis of the wave energy
flux at a shorter timescale with increased pro8laveying may improve the
understanding of beach rotation at Whangapoua Beach

102 Chapter Four



Direction (®)

Figure 4.12: Significant wave heights and directions at Matgrga), Opito Bay (b), Tairua (c),
and Whangamata (d) from 1995 to 2009. The colouithestrates the frequency of the data. The
wave direction is the direction the waves are tiangeto.

Interesting results were obtained at Pauanui Baadnwhangamata South Beach
which had the highest and third highest range d#tian coefficients of all
beaches. The data suggest that these beacheddrtiatpiite a large degree,
however previous research showed that rotatioromdireed to embayed beaches
(Short & Masselink, 1999). Pauanui Beach and Whawaga South Beach are
harbour adjacent beaches. Therefore a contradielitsts between the data which
suggest beach rotation occurs and literature whiates it should not (Short &
Masselink, 1999; Ranasinghe et al., 2004; Shortr&mbanis, 2008). A logical
hypothesis would suggest that sediment pulsesegjeitom the harbours and
transported in the alongshore direction (e.g. s@aeks) were causing the rotation
data shown (e.g. Fenster & Dolan, 1993). Figure shéwed that the rotation
coefficient on Whangamata South Beach rotates dramnequilibrium planform
(i.e. 0° or shore-normal), whereas at Pauanui Beaghterm rotation trends were

evident, and similar to those at neighbouring Taieach. The Whangamata
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South data therefore conform to the above hypathebereas the Pauanui data
does not. It is suggested that complex wave refragiatterns around Shoe and
Slipper Islands are a key factor affecting behavion Pauanui Beach in the

alongshore direction, coupled with impacts from tharbour may cause

alongshore rhythmic features that affect the res@ltithor observations have also
identified rip currents which are likely to affeébe alongshore variation.

Several studies have been done on individual oerséwaturally embayed
beaches (e.g. Klein et al.,, 2002; Ranasinghe et2@D4), however the spatial
scale of the analysis considered here appears eggented. Accordingly, the
rotation behaviour of Hot Water, Tairua, and Wbait Beaches was very
interesting. These 3 beaches are all steep, cgaagged beaches with an east to
northeast orientation and all showed similar treafl$ong term beach rotation
behaviour. Klein et al. (2002) suggested that bescWith similar planform
morphology and hydrodynamic characteristics wouldildt similar beach
rotation behaviour. Their study of 3 adjacent beackhowed that short-term
beach rotation processes can differ significandiwieen reflective, intermediate,
and dissipative beaches, as well between beacht#s different degrees of
curvature and exposure to the incident waves. Thdj&ent beaches studied by
Klein et al. (2002) showed differing behaviour due their different
morphological characteristics. Hot Water, Tairuad &Vhiritoa Beaches conform
to their hypothesis for beaches with similar motphgg and wave conditions as
these systems have similar geomorphology (Tablg. 24dbwever, contrasting
evidence from this study was illustrated at KuaatWiest and Kuaotunu East
Beaches. These two beaches are located immedadggent to each other and
have almost identical lengths, orientations, avernagertidal slopes, mean grain
size, and wave climate, yet the beach rotationltestere not particularly similar.
It is acknowledged that several events betweeméaehes such as anticlockwise
rotation in 2002, and clockwise rotation at theibeimng of 2005 and 2008 were
similar, however they were all individual eventdiefe were at least an equal
number of events where rotation was the oppositedsn the beaches (e.g. mid
2003, mid 2006, and mid 2008). The rotation at Kuao West appeared to be

seasonally dominant as there was strong anticleskwotation in winter and
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clockwise rotation in summer. Kuaotunu East did slbbw a strong seasonal
cycle. The differing behaviour between two simit@aches was not explained in

this thesis.

Wharekaho Beach showed weak rotation for a largmnhaof the timeseries.
Due to the orientation, the sheltered nature of blkeach, and the dominant
incoming wave direction (Figure 4.12), most of theoming wave energy would
be refracted and therefore arrive from a relativahiform direction. Wave
direction was the primary forcing mechanism of Ileaotation (Short &
Masselink, 1999; Ojeda & Guillen, 2008), thereféitde to no variation in the
wave direction would not cause beach rotation. Béech orientation (120°) also

explained the inverse relationship between rotadiath wave energy flux.

Figure 4.7 showed the 3 beaches with the strormgéstionship between beach
rotation and the wave energy flux (Tairua, Whangap@and Wharekaho). Tairua
was the only beach which showed a significant imahip between beach
rotation and the time-averaged energy flux. Bec#luseelationship was still poor
(R-squared = 0.27), the analysis of beach rotadimhthe wave energy flux were
poorly correlated at the timescale analysed heresé results conform to Yates et
al. (2009) who showed that time-averaging the wemergy yields very poor
correlations to the degree of beach change, im ttasie, with the MSL contour.
Although their analysis was not directly applicabdbebeach rotation, the MSL
contour is a significant factor when analysing tiota therefore the results of
Yates et al. (2009) were considered applicable. &y lexample was the
comparison by Yates et al. (2009) of two timesewéh equal wave energy, yet
the timing of wave events differed within the twinéseries, and showed
contrasting degrees of erosion and accretion. Tiaé/sis showed that the timing
of the wave energy impact was much more signifithah the average energy
(Yates et al., 2009). This explained why the meshosed in this thesis did not
provide significant results, and that a more dethdnalysis of the wave energy is
required to determine the impact of waves on beatétion, as suggested by
Yates et al. (2009). A study on Tairua Beach byaBret al. (2009) showed that
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beach rotation occurred in response to large waeegg fluxes, which were only
partially evident in this thesis due to the timdsaaf analysis in this thesis. It is
concluded that the temporal variation used to ayewmave data in this thesis was
too great to yield a relationship. However, thaulssof events greater than 3500
J.m? coupled with strong rotation are encouraging ay ttonform to Bryan et al.
(2009) for Tairua beach. Shorter timescales of y@malused by Bryan et al.

(2009) have shown to yield strong results to beatdtion.

Overall, beach rotation occurred on embayed beadresthe Coromandel
Peninsula, however, not all beaches were similaty @he beach rotation trends
were identified within this research, not the fagcimechanism (although an
attempt was made) or individual site charactessije.g. Klein et al., 2002;
Ranasinghe et al., 2004; Short & Trembanis, 2004).

46 SUMMARY

Analysis of the medium term behaviour of beach esyst on the Coromandel
Peninsula showed some results that were typicalaofly beaches worldwide,
results that further emphasised the efficacy ofdlassification made in Chapter
3, and some interesting and unpredictable resuitsndividual beaches. The
following conclusions can be drawn from the medienm analyses:

» Eastern Coromandel beaches showed a reasonableedefjyrseasonal
volume variations. The behaviour was typically defent on beach state
and therefore beach slope and grain size;

» Seasonal volume variations differed between inteiate and reflective
beaches. Reflective beaches had a greater amowsgasbnal variation.
Reflective beaches also reached the peak seasoluahes earlier in the
year compared to intermediate beaches. Otama BaadhHot Water
Beach were outliers out in each respective clasgibn by showing
higher- and lower-than expected volume variati@spectively;

* Harbour adjacent beaches had irregular behaviotougih the year.

Matarangi Beach was the exception and had a stsmagonal cycle.
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Buffalo Beach and Cooks Beach were identified &srmediate beaches
in Chapter 3 but behaved similar to the harbouaasi)t beaches at the
seasonal scale;

e Outlier beaches had seasonal signals, howevemibey very small. These
two beaches continue to show a different behaviturall other
Coromandel beaches;

* Beach rotation was evident at most embayed Coroeldrehches. Some
similar beach systems (i.e. the 3 reflective assagels analysed) showed
similar low frequency oscillations, however it wast uniform around the
Coromandel Peninsula;

e« The time-averaged wave energy flux studied wasralsted to beach
rotation. Wave energy flux variations on a shotiere scale with higher
resolution rotation data have proved to be effec(Bryan et al., 2009);
and

* A seasonal variation in wave height existed witghler averages in
winter. Increased wave heights identified in latemmer were not
expected. There was also a significant increastennumber of storm
events in winter. Seasonal variations in the wdimate account for the
seasonal variation in beach volumes on intermediadereflective beaches

on the Coromandel Peninsula.

Seasonal Variation and Oscillation 107



108 Chapter Four



CHAPTER FIVE
INTERANNUAL VARIATION

5.1 INTRODUCTION

Interannual variations are oscillations or trendsiclv occur at frequencies of
more than once per year. In particular, long teends in beach behaviour greater
than the typical “summer-winter” profile (Komar, 98). Interannual to climatic
scale oscillations in weather patterns have fedture published literature,
however the predictive tools for the subsequentartgpon coastal processes and
coastal management are lacking, and considerafiet éfas been expended to
develop predictive tools for long term variationaf@bianco et al., 1999). In the
New Zealand context, the El Nifio Southern OscolatfENSO) is one such trend
that has received considerable attention due tethke of impacts that can affect
coastal processes in the south Pacific (e.g. Salieg al., 2001). ENSO, along
with the Interdecadal Pacific Oscillation (IPO, alknown as Pacific Decadal
Oscillation) are known to cause variation in weathied climate regimes in the
southern Pacific (e.g. Zhang et al., 1997; de La@@e0; Salinger et al., 2001;
Harley, 2009b). The IPO has been characterisetasisting of a sequence of
climatic regime shifts associated with interactibiglecadal and pentadecadal
oscillations (Minobe, 1997; 1999). As a result, RO is a consequence of
interacting oscillations as opposed to a singlellation in itself (de Lange,
2000). Interannual to climatic scale variations vieather patterns are well
documented due to their signals preserved in iaesgotree ring data, and
geological evidence (de Lange, 2000). However iiygacts of these variations on
subaerial beach systems are relatively scarcealtleestlack of suitable data. The
aim of this chapter is to identify any relationshiygtween subaerial beach
behaviour and interannual climate variations ontegasCoromandel Peninsula

beaches.
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5.1.1 The Importance of Interannual Variation

Variations of weather and climate patterns impaavevand sea conditions, and
can therefore affect coastal processes and subhdeaah behaviour. Historical
shoreline changes are typically large because alopsbcesses have a greater
amount of time between observations to impact beamhronments. Climate
variations affect the frequency and intensity olhdvistress, waves, rainfall,
groundwater, sea level elevation, and ocean ternpesand pressures. All of
these factors impact subaerial beaches througbusamechanisms. The IPO and
ENSO represent irregular, but coherent sets oftdatons in atmospheric and
oceanic circulation patterns (de Lange, 2000). antipular, ENSO affects the
number of extratropical cyclones generated to thrthnof New Zealand, which
affects the number of storm events affecting theheast coast. The IPO is a
longer term recurring pattern of ocean-atmospheagations over the north
Pacific with reversals of the index identified andul925, 1947, 1977, (Mantua et
al., 1997; Minobe, 1997; Zhang et al., 1997; Manfu&lare, 2002) and most
recently around 2008. Work presented by Mantua Hade (2002) showed
existence of IPO impacts in the southern hemisphedethat the Z0century IPO
signal was most energetic at two general periadgsibne from 15 — 25 years and
the other from 50 — 75 years, although the mechasausing IPO variability are
unclear. The IPO modulates the frequency and iitterts ENSO extremes,
therefore affecting storm frequency on the northeasst. The positive (warm)
and negative (cool) phases of IPO favour El Nifia am Nifla conditions
respectively. ENSO has an inverse relationship lmckv positive and negative
phases favour La Nifia and El Nifilo conditions resSpely. Many climate
anomalies associated with the IPO are broadly amib ENSO variations,
although the impacts are generally not as extrdragf (& Barnett, 1996; Mantua
et al., 1997; Minobe, 1997; Mantua & Hare, 2002).

5.1.2 Expected Outcomes

The primary aim of this chapter is to identify fw@sence of interannual variation
of subaerial beach behaviour on the CoromandelnBela. This was achieved by

proving or disproving the following hypotheses:
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* Interannual trends of erosion or accretion willdsmilar between eastern
Coromandel beaches; and,
« Coromandel beach behaviour will be related to EN®@ IPO variations

due to variations of weather patterns and the weéxeate;

5.2 BACKGROUND: INTERANNUAL VARIATION

Interannual beach variation incorporates morphaolmgihanges which occur less
frequently than a seasonal oscillation. They doinciude extreme events which
may occur, for example, once every decade on agerdgw frequency
oscillations have been identified on sandy beacteddwide, however results
and analyses on the impact of such variationseda¢ively new, but are becoming
increasingly prevalent in the literature due to #wailability of larger datasets
(e.g. Stive et al., 2002; Wijnberg, 2002; Short &fMbanis, 2004; Reeve et al.,
2007; Davidson & Turner, 2009). Interannual behawis typically driven by
climatic variations and oscillations which in tuaffect sea level pressures, sea
surface temperatures, wind, and ultimately waveditmms (Mantua & Hare
2002; Rooney & Fletcher, 2005).

Long term trend analysis initially used linear teicfues and historical shoreline
position data to develop shoreline change ratesefoporally-poor data (Crowell
et al., 1991; Dolan et al.,, 1991; Fenster & Dola893). This method is still

applicable as some sites do not have other datkalalea(e.g. Bryan et al., 2008).
Many long term datasets now provide the abilitabalyse interannual behaviour,
but are still restricted to decadal scale behavinerause of the lack of high
resolution data (Larson et al., 2003). Shorelinsitpm and beach profile data
show zones of maximum beach variability which amtical for coastal

management purposes (Clarke & Eliot, 1988). Howdeeig term datasets which
identify beach profile envelopes can only ever @ase with time. Advanced
statistical methods now dominate long term trendlysmis because computer
programmes can quickly determine peak frequencyillattans and the

significance of the results relatively easily. Soaféigh resolution datasets with

large temporal and spatial variations exist at &lz@en Beach in Australia, Duck
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in the U.S, Germany, and The Netherlands (Larsdfr&us, 1994; Larson et al.,
2003; Miller & Dean, 2007; Reeve et al., 2007; Guaalena et al., 2008). These
quality datasets were fairly unique as data cabledhas been the biggest problem
because it was traditionally time consuming anduiregl a lot of human input
(Short & Trembanis, 2004).

5.2.1 Linear Analyses of Beach Variation

Linear regression and variations of the method vedten used to quantify long
term beach morphology changes (e.g. Dolan et @81)1 When applied to long
term datasets, the results were simple and easyderstand because the long
term trend was explicit, and were often used temheine coastal hazard setbacks
(Fenster et al., 1993). The significance of thelltesas also easily obtained. Rate
of change data are effective because analysiseofditing mechanism is not
required to quantify the variation (Dolan et al991). However, forcing
mechanisms are now a pre-requisite for many magalts (e.g. Davidson &
Turner, 2009). One disadvantage of linear regressias that some results would
have more influence on the regression if a majasftghe remaining data were
clustered. This was easily rectified by applyingelr regression techniques to
different timescales of data, for example when ysiay more recent trends in

shoreline change (Dolan et al., 1991).

5.2.2 ENSO and IPO Impacts on Sandy Beach Systems

ENSO affects the frequency of tropical cyclonescolhaffect New Zealand. A
negative ENSO index favours El Nifio conditions wh@ause a northward shift
of the westerly wind belt, thus increasing the diecice of south westerly winds
affecting New Zealand (de Lange, 2000). The CoratehReninsula is a lee coast
to the prevailing west to southwest winds, thereforcreased winds from this
direction favour accretionary conditions due to piheminence of offshore winds.
A positive ENSO index favours La Nifia conditionsiethcause a southward shift
of the subtropical cyclone belt therefore incregsihe incidence of northerly
qguarter winds (de Lange, 2000). Onshore winds faverosion dominated

conditions for northeast facing beaches in New aehl The IPO modulates the
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frequency and intensity of ENSO events which raesltdecadal scale persistence
of El Nifio or La Nifia conditions. The IPO has semiimpacts to ENSO but has 3

key distinguishable characteristics: the oscillaeeriod is much longer; the IPO

is more prominent at higher latitudes whereas ENSS@ore pronounced in the

tropics; and, the mechanisms causing IPO varigbdite not known whereas

ENSO variations are relatively well understood (Menet al., 1997; Zhang et al.,

1997, de Lange, 2000; Mantua & Hare, 2002; Roondyi&cher, 2005).

ENSO has been linked with beach morphology chaagesany beaches around
the Pacific. Decadal scale analysis of spit morpiwlat Ohiwa Spit on the
northeast coast of New Zealand showed that perddsrosion and accretion
loosely corresponded to the IPO index with susthiBSO behaviour during the
respective IPO trend (Bryan et al., 2008). Invdreads were also evident on a
west coast spit. The analysis undertaken by Bryaal.¢(2008) used historical
shoreline maps and various short term datasettetdify the relationships. Sandy
beach systems on Australia’s east coast have bemmnsto be coupled with
ENSO behaviour by Clarke and Eliot (1988) with atidns in beach volume
occurring at periods of 3 to 6 years. Further regeavhich has identified similar
scale oscillations in beach volume data were pteddny Lacey and Peck (1998)
and Bittencourt et al., (1997). Results from theetaauthors showed a significant
oscillation of 29 months at all 3 of their profdées which was most prominent in
the lower beachface. Oscillations on the order .6f y&2ars were also shown to
occur on the south-eastern coast of Australia rkél and Eliot (1988). This
oscillation was attributed to the stratospheric $Mennial Oscillation of
approximately 26 to 27 months as identified by (@uj 1981; Labitzke, 1982;
van Loon et al., 1982; cited in Clarke & Eliot, B)8Oscillations on this scale
were attributed to wave climate variations causgdENSO oscillations by these
authors. Significant oscillations at this scale evadentified on numerous

Coromandel beaches (Table 5-2).

Lacey and Peck (1998) also identified a long testil@ation on the scale of 11 to

14 years at 5 out of their 7 study sites, howetiey tstated that such long term
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variations were beyond the limits of the spectrallgsis performed on their data.
Beach rotation has been shown to have a signifiemged correlation with the
Southern Oscillation Index (SOI, also known as EN8@e to shifts in the modal
wave direction (Short et al., 1995; cited in Rangke et al., 2004). This occurred
at greater than the seasonal scale of typicaliootavith the opposite impacts
identified at more than one beach on eastern Ra@fuatorial beaches
(Lizarraga-Arciniega et al., 2007). These resutiisvs that ENSO cycles not only
impact beach oscillation, but also the rotation ponent due to ENSO driven

variations in the wave climate (Harley, 2009a; 26)09

5.2.3 Non-stationary Timeseries Analysis Techniques

Beach volume timeseries with uneven temporal vianatare relatively sparse in
published literature because most analysis relkaess/enly spaced data. Many
datasets contain uneven data early on which weea dlisregarded and the focus
placed on the high resolution, evenly spaced dita. earliest methods of non-
stationary analysis comprised of linear trend asialpeing applied to different
segments of data to identify interannual variatiortss method provided results
similar to running means. The Lomb-Scargle (refe8.Z) method analyses
unevenly spaced data using spectral analysis witimb@rpolating between data
points. It is therefore applicable to apply to tseses data which don’t have even
temporal spacing, but still includes all availadega to determine spectral peaks
(Lomb, 1976; Scargle, 1982; Ruf, 1999; Goikoetxetaal., 2009). There is no
known published literature regarding the appliagabibf this method to analyse
coastal processes, however the method has beencuaedlyse paleoclimatic and
sea surface temperature data (Schulz & Statted§6r,; Goikoetxea et al., 2009).
Datasets with uneven temporal variation have tylyidaeen interpolated with
linear function to provide evenly spaced datasetg. (Larson & Kraus, 1994;
Miller & Dean, 2007; Ojeda & Guillen, 2008).
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5.3 METHODS
5.3.1 Linear Trend Analysis

The uneven spacing of the dataset limited thessizl analyses that could be
used on the data. Firstly, linear regression waderdaken on each set of
individual beach profile data to determine the Idegn linear trend. A positive
trend illustrated accretion and a negative trehtilated erosion. The gradient of
the line showed the rate of change of volume per alad was converted to
percent per year. The percentage change in voluase wged SO comparisons

between profiles and beaches could be made.

Due to the temporal variation of the dataset witlangn profiles spanning
approximately 30 years with sporadic sampling frd@v9 to 1995, two linear
trends for each profile site were developed. Trst iovered the entire timeseries
available at each profile site and the second ealvéne higher resolution data
from 1995 until the beginning of 2009. Dolan et(A991) showed that extreme
values are likely to affect linear trend resultsdugse a greater weighting is placed
on them. Most data prior to 1990 were surveyeduimraer and therefore were
highly likely to have above average beach voluriéss could have an impact of
displaying a false decreasing linear trend forttheseries. Hence, a linear trend

was developed for the higher resolution data fr@®51until 2009.

5.3.2 Spectral Analysis: Lomb-Scargle Fourier Tranfrm

Spectral analysis is a timeseries analysis teclenich identifies the frequency
of significant oscillations within data. The LomiseBgle periodogram uses
Fourier transforms and was designed to fit unevesplsiced timeseries unlike
standard spectral analysis techniques (Goikoetikah, 009). The Lomb-Scargle
method restricts all calculations to actually meadwalues, therefore producing
more accurate results. This avoids possible biasslteecreated by interpolation
between unevenly spaced data (Ruf, 1999). Calounktused for the Lomb-

Scargle method were well presented in Ruf (1999)elt as the original papers
by Lomb (1976) and Scargle (1982). It was descrinedt simply by Ruf (1999)

in which the maximum oscillation of the Lomb-Scargleriodogram occurred at
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the same period that minimises the sum of squaresfit of a sine wave to the
data (Lomb, 1976; Scargle, 1982).

A programme developed for the Matlab software wasdufor the analysis
(Shoelson, 1999). Lomb-Scargle analysis showed psalations and significant
frequencies at various levels of confidence. Theesponding power of the signal
showed which frequencies were strongest in the. ddta minimum period was
set to 100 days (<0.01 Hz) for the analysis. Thiaudevalue for the window

overlap of 4 was used. Increasing the window opefdeovided more accurate
results, however significantly increased the anslygne. For example, the
window overlap was increased from 4 to 8 and the&gvancreased slightly from

25.8 to 26.6 for Whangapoua CCS12 (Table 5-1). €esing the window overlap
from 4 to 1 reduced the power of the resulting imtcy from 25.8 to 18. The
Lomb-Scargle analysis used a consistent windowlaperalue of 4 as a result
which was considered suitable as outlined by tret tase and within the
programme (Shoelson, 1999). Only results with gretitan 95 % confidence are
retained, however a number of additional resultsciwviinad greater than 50 %
confidence are discussed.

Spectral analysis was also performed on the IPOEMEO data to identify peak
oscillation periods. IPO data were provided by MatMantua and obtained from
http://jisao.washington.edu/pdo/PDO.latdsSNSO data were provided by NIWA.

54  RESULTS
5.4.1 Linear Trend Analysis
5.4.1.1 Individual Profile Results

Figure 5.1 shows the volume change rate for thgels (blue bars) and 30 year
(maroon bars) trend. All 61 profile sites are dageld from north to south, left to

right. The length of the bar shows the sum of theahd 30-year trends whereas
the lengths of the individual colours representuakies attributed to each trend.
Firstly, there was an obvious difference between1s- and 30-year trends. The
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15 year trends had a much greater variability asvehby the longer blue bars and
thus, higher rates of change. For the 15 year dd&aprofiles had a positive

change rate and 36 profiles had a negative chaatge For the 30 year data, 24
profiles had a positive change rate and 37 profied a negative change rate. A
total of 10 profiles had change rates greater th&mper year for the last 15 years

as follows:

* Matarangi Beach CCS16 (b) western profile 2.3 %;

* Opito Beach CCS48-1 (g) southern profile -2.0 %;

» Buffalo Beach CCS25 (i) profile second from nowhi-%;

» Buffalo Beach CCS25-1 (i) central profile -2.5 %;

* Cooks Beach CCS31 (k) central profile -2 %;

e Cooks Beach CCS31-1 (k) profile second from southb;

* Hot Water Beach CCS34 (m) southern profile -3.1 %;

» Pauanui Beach CCS39-2 (o) profile second from s&lith%;
» Pauanui Beach CCS40-1 (o) southern profile -2.&184;

* Whiritoa Beach CCS63 (s) southern profile -3 %.

Pauanui Beach CCS39-1 is the central profile orbteeh, however the northern
most profile was not considered (refer 5.4.1.2 WgldA total of 15 profiles had
change rates greater than 1 % per year for thee&0tyend, with 6 profiles greater

than 2 % as follows:

» Kuaotunu East CCS21 (e) eastern profile -2.5 %;

e Buffalo Beach CCS25 (i) profile second from nor3hl-%;

» Buffalo Beach CCS25-1 (i) central profile -3.3 %;

e Cooks Beach CCS31 (k) central profile -2.2 %;

» Cooks Beach CCS31-1 (k) profile second from souih; and
* Whiritoa Beach CCS63 (s) southern profile -3.5 %.

Further, it was evident that several profiles hagbasing trends at these two
timescales. All of those profiles had low changesat both the 15- and 30-year

scale therefore were considered insignificant. pitwdile with the greatest amount
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of accretion was second from the southern end ok€8each (k, CCS31-1) with

an accretion rate of 5.1 % per year for the lasydars and 3 % for the last 30
years. This was a significant increase in subadréch volume at both time
scales. Interestingly, the neighbouring centralffiigrat Cooks Beach (CCS31)
showed a significant rate of long term erosion 26 for the last 30 years and
was the only Cooks Beach site showing long terrsiero These two profiles had
a separation distance of 241 m which was considarsthall spacing for such

contrasting results. The central profile at Cooleaé&h had strong cyclic patterns
in the volume timeseries which appeared to exa¢gehee erosion trend as the
beach was accreting toward an apparent peak vohurttee end of the timeseries
(Figure VII.11). Elevated beach volumes in the 1&880’s and early 1990’s,

followed by erosion until 2004 contributed to thegative linear trend.

5.4.1.2 Alongshore Variation

North of the Kuaotunu Peninsula, it was evidenWdtangapoua (a), Matarangi
(b), Kuaotunu West (d), and Kuaotunu East (e) Beadhat there was a general
trend of accretion at the western ends of the esaahd erosion at the eastern end
of the beaches (Figure 5.1). This trend of an &sireg amount of erosion towards
the southern (eastern) end of beaches was alserg\atl Opito Beach (g), Tairua
Beach (n), and Whiritoa Beach (s). This behaviouesents two possible
hypotheses which are discussed in section 5.5.&. firet is that a nearshore
littoral system is evident between adjacent beach#ls erosion downdrift of
headlands. The second is that long term beachioot& occurring with large

scale realignment of shoreline orientations.

Long term erosion of entire beaches was evideQipitio Beach, Buffalo Beach,

and Whiritoa Beach. Interesting variation in thergjshore direction was also
evident at Pauanui Beach. The northernmost profild?auanui Beach was not
considered due to the short dataset and therettrdiscussed. Figure 5.1 showed
that the northern two profiles had long term agoretrends whilst the southern
two profiles had long term erosion trends. The odterosion at the southern end
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exceeded the rate of accretion at the northerraehdth the 15- and 30-year scale
which indicates a long term adjustment of the simeeorientation.

Harbour adjacent beaches also showed interestmgidr All of the profiles at

Matarangi, Buffalo, Cooks, Pauanui, and Whangansaath Beaches showed
long term accretion rates (or reduced erosion yatethe profiles located nearest
to the harbour entrances. Buffalo Beach and CookacB were classified as
intermediate beaches in Chapter 3 but showed haradacent behaviour in

Chapter 4. Therefore, this trend occurred on attexa Coromandel Peninsula
beaches which were located adjacent to a harbouthmexcept Whangamata
North.

One profile at each of Tairua (CCS36-2 second fitva south, n), Pauanui
(CCS38 northernmost, 0), and Whangamata South (ZQS&cond from the
south, r) beaches had short datasets which wereamsidered in the long term
analyses. Below is a list of the beaches from nrtbouth and subsequent x-axis

labels used in Figures 5.1 and 5.2.

« Whangapoua (a) ¢ Wharekaho (h) Pauanui (0)

* Matarangi (b) « Buffalo (i) * Onemana (p)

* Rings (c) e Maramaratotara (j) * Whangamata N (q)
e Kuaotunu West (d) « Cooks (k) * Whangamata S (r)
« Kuaotunu East (e) < Hahei () * Whiritoa (s)

e Otama (f) e Hot Water (m)

* Opito (g) e Tairua (n)
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Figure 5.1: Linear trend analysis for all profile sites. Blbars represent the 15 year trend and
maroon bars represent the 30 year trend. The esddite plotted from north to south, left to right,
and the x-axis labels are discussed in text.

5.4.1.3 Beach Average Results

Figure 5.2 shows the average change rate for esathtfor the 15- and 30-year
trends. Overall it was evident that most beachesdrag term trends of erosion at
both the 15- and 30-year scale. Firstly, it wasiiified that there was a large
degree of variation of erosion and accretion tresxt®ss the Peninsula. The 15-
and 30-year trends were similar in most instantesyever the magnitudes
differed as the 15 year trend was typically gredtan the 30 year trend. The
beaches with the highest erosion rates at both3hand 30-year timeframe were:
Opito Beach (g); Buffalo Beach (i); Maramaratot&@ach (j); Onemana Beach
(p); and Whiritoa Beach (s). These beaches allgnasion trends greater than 0.5
% per year, which equates to a minimum of 15 %efentire beach volume over
30 years. The trends at Buffalo Beach and WhirBeach were approximately
1.5 % per year. Beaches with the strongest acardétend were Whangapoua
Beach (15 year trend, a), Cooks Beach (k) and Wdraatp South Beach (r), and

were all greater than 0.5 %. Matarangi Beach (lij BRmngs Beach (c) also
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showed accretion trends, but at a reduced rate. réhmaining beaches were
described as having no distinctive or strong loegmt trend of erosion or
accretion because of the relatively small change, they were: Kuaotunu West
Beach (d); Otama Beach (f); and Whangamata NortdtB€q).

15 1 1 1 1 1 T 1 1 1 1 1 1 1 1 1 1 1

B C vcar Trend
1L B 20 vear Trend |

YVolume Change (% peryear)

_ 2 | | | | | 1 | | | | | | 1 | | | | | |

(a) (b){c) (diie) (f) (g)(h) (i) () (k) (T {m){ny (o) (p}iq) (r} (s
Eeaches (Morth - South)

Figure 5.2: Beach average volume change rates. Blue barssesgrthe 15 year trend and maroon
bars represent the 30 year trend. The profileplatted from north to south, left to right, and the
x-axis labels are discussed in text. The two arrela@wv apparent large scale sediment transport
trends and are discussed in text.

It was apparent that large scale trends were ewviddfigure 5.2. Opito Beach (g)
is located at the end of the Kuaotunu Peninsulbbédches west (north) of Opito
Beach, (a) to (g), showed a net increase in bealthme change rates from east to
west as indicated by the arrow in Figure 5.2. ™gs indicative of large scale
sediment transport to the west along the northemaokunu Peninsula. When
referring back to Figure 5.1, it was evident the tespective beach profile had
net accretion from east to west. This suggests lkatlland bypassing maybe
evident, with headlands acting as natural groind downdrift erosion at the

eastern end of the beaches. South of the Kuaotanin$ula, beaches in Mercury
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Bay did not appear to be consistent with the lagale observations. South of
Mercury Bay it was apparent that a net increasbeiach volume change rates
occurred from north to south, Hahei (I) to Whirit(g, as indicted by the right
hand arrow in Figure 5.2. Onemana Beach (p) andritwaiBeach (s) did not
conform to these observations. Further, all beasbeth of Mercury Bay had an
increasing rate of erosion toward the southerndadritie respective beach, except
Whangamata North and Whangamata South. The aloregshoiations may also
be indicative of long term rotation trends, par@ely beaches north of Opito and
south of Hahei. Most of these beaches showed opgpdsends of erosion and
accretion from one end of the beach to the otheyu(E 5.1). This behaviour is

discussed further in Section 5.5.1.2.

Linear trend analysis showed that ENSO had no teng trend whereas the IPO
was decreasing from 1980 to 2009 which was sintdamost beach volume

trends.

5.4.2 Observations: ENSO and IPO Trends on Beach Wone Variations

The first method used to determine if a relatiopséxisted between the beach
volume data and known climate variations were tmgare it against the ENSO
and IPO indices. Figure 5.3 illustrates a beacluwel timeseries for all three
profile sites at Whangapoua Beach and the correbpgizNSO and IPO indices.
All beach and profile sites are shown in Appendik Yhe ENSO and IPO trends
were similar from 1995 to 2009, accounting for ftingerse relationship. A
majority of the beach volume trends from 1995 —@@@re broadly similar to the
ENSO (inversely) and IPO indices and trend linex Ban Figure 5.3 illustrates
that if the IPO index was in a negative (cool) gh#isere were predominantly
below average beach volumes. Box 2 illustrates fivathe following positive
(warm) IPO phase the corresponding beach volumes aove average. It is
also apparent that the trend continued after Boxt#d 2009. ENSO fluctuations
were more frequent than the IPO, and the longen tessponse rate of the beach
volumes across the Peninsula suggest a bettedatareto the IPO (Figure 5.4).

Most of the available profile data prior to 1995dhhigher volumes when
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compared to post 1995 data. Pre 1995 volumes ay si@s were more than 20 %
above the respective mean volume, indicating aocraty conditions which were
more consistent with the positive IPO phase frol@01® 1995 as opposed to the
more frequent ENSO variations. Overall, the longnte&olume trends appear to
show a better correlation with the IPO index foe theriod which data was
available. This does not imply that ENSO is notngigant. Perhaps the most
interesting result was that the two largest reabrei®sion events on the eastern
Coromandel Peninsula in recent times, which ocduire1978 (Hume et al.,
1992; Dahm & Gibberd, 2009) and 2008, coincided e last two major shifts
of the IPO phase, from negative to positive arolifd8, and the following shift

to a negative phase which was apparent around @E@§8re 5.4; Minobe, 1997).
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Figure 5.3: Beach volume timeseries for the three WhangapaazeciB profiles from north to south
(c) to (e). The beach profile data have been deetkarhe top two panels represent the ENSO (a)
and IPO (b) indices for the same period with a I#xth running mean superimposed (black
lines). The black shading of the positive ENSO inda) corresponds to La Nifia dominant
conditions. The grey shading of the ENSO indexc(ayesponds to El Nifio dominant conditions.
The black shading in (b) corresponds to positivelatm periods where El Nifio conditions
dominate. The light grey shading in (b) correspotaisiegative / cool periods where LanBi
conditions dominate. The red boxes (1 and 2) aeudsed in text.
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Figure 5.3 shows that all three Whangapoua Beaafilgw oscillated in a similar
manner to the IPO. Peak volumes were achievedproapnately 2004. All three
profiles also appeared to be decreasing from aigus\peak just prior to 1995.
However, the lower resolution data prior to 1995dmanalysis difficult. This
showed an approximate 12 year oscillation of beattimes which was similar to
the recent IPO index. In comparison, analysis ef HNSO trend in Figure 5.4
showed frequent peaks with approximate 5 year sgaghich were not prevalent

in the data.

ENSO

PO

I i i i i I
1980 1985 1990 1995 2000 2005
Time
Figure 5.4: ENSO (top panel) and IPO (bottom panel) indicesfrl979 to 2009 which encases
the temporal variation of the beach profile datakétvated beach volumes on the Coromandel

Peninsula during the 1980's and the high resolutita from the mid 1990’s are better attributed
the IPO index.

5.4.3 Spectral Analysis: Lomb-Scargle Fourier Tran®orms
5.4.3.1 ENSO and IPO Results

Table 5-1 showed the Lomb-Scargle spectral anahgsislts for all sites which

had a significant frequency of 12 years +3 yealtse Tesults showed that the
oscillation was more prominent on beaches nortthefKuaotunu Peninsula. A
power spectrum from Whangapoua Beach is shown gnr€i5.5. The 12 year
period was initially determined from qualitative adysis of apparent beach
volume and IPO oscillations (Appendix VII). Many dobes showed peak
volumes in approximately 2004 and the early 1998jsectral analysis using the
Lomb-Scargle method on the IPO data returned oméysagnificant oscillation of

9.1 years for the entire dataset (1900 to 2009 ENSO data returned one

significant oscillation of 10.2 years. Because thefile data had a lower
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resolution prior to 1995 the previous peak in thpraximate 12 year oscillation
was difficult to identify, hence the relatively ¢gr error bounds of +3 years. Peaks
were evident in the IPO (positive) and ENSO (negatdata in approximately
1994 and 2004. Several large ENSO variations weteewvident in most volume
data therefore observations suggest a better knng relationship with the recent
IPO trend. Regardless, 19 profile sites (31 %) sftbwignificant trends similar to
the recent IPO and ENSO oscillations with 95 % wharfce. A further 5 profile
sites showed a significant frequency oscillatiorthimi these bounds at greater

than 50 % confidence.

Table 5-1: Approximate 12 year spectral peaks within the heafile data. The beaches and
profiles are listed from north to south with theduency in years and corresponding power in
volume (%).

Beach/Profile Name Significant Frequency  Corresponding Power (%)
(north to south) (Years)

Whangapoua CCS12 12.0 25.8
Whangapoua CCS11 12.0 17.9
Whangapoua CCS11-1 8.59 10.7
Matarangi CCS16 13.3 17.9
Matarangi CCS15 9.21 13.1
Rings CCS18 10.9 10.9
Kuaotunu West CCS19-4 15.8 104
Kuaotunu West CCS19-1 9.31 9.47
Kuaotunu East CCS20 11.9 104
Kuaotunu East CCS21 12.4 111
Otama CCS45 13.3 16.2
Buffalo CCS26 15.0 13.2
Cooks CCS31-2 14.4 17.3
Hot Water CCS34 15.0 9.36
Tairua CCS37 12.0 19.0
Pauanui CCS38-1 10.3 23.9
Pauanui CCS39-1 10.8 12.4
Whangamata North CCS56 14.8 9.01
Whiritoa CCS63 10.6 8.01
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Figure 5.5: An example power spectrum for Whangapoua BeactS@2Cnorthernmost profile)
produced using the Lomb-Scargle spectrum. The géstrsignal has a frequency of 2.29%Hyr
(12 years) with a peak power of 25.8 % and grehtar 99 % confidence.

5.4.3.2 Biennial Oscillations

Lomb-Scargle spectral analysis showed 13 profilesswhich had a significant
frequency of 2.5 years 0.5 years (Table 5.2). ithier 23 sites were identified as
having a frequency of 2.5 years 0.5 years at grahtin 50 % confidence. This
approximate biennial oscillation was only apparentbeaches south of the
Kuaotunu Peninsula, including Opito Bay which ituaied at the end of the
Peninsula. All but one of the 13 sites had an ladiwh between 2.2- and 2.5-
years. Opito, Wharekaho, Buffalo, and Cooks Beadiesad relatively large
orientation changes, however Hahei, Hot Water, Wfdritoa Beaches are all
relatively short embayed beaches. The only appaientarity between the sites
was that they were sandy Coromandel beaches séulte cuaotunu Peninsula
with a general east to northeast orientation. Shiggests a large scale oscillation

which affected beach volumes on a biennial scajartdess of the beach type.
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Table 5-2: Biennial oscillations evident within the beachfijeodata. The beaches and profiles are
listed from north to south with the frequency iraggeand corresponding power in volume (%).

Beach/Profile Name (north Significant Frequency Corresponding Power (%)

to south) (Years)

Opito CCS49 2.44 9.69
Opito CCS49-1 2.37 8.86
Opito CCS48-1 2.43 9.08
Wharekaho CCS22-1 2.23 13.2
Wharekaho CCS22 2.28 10.1
Wharekaho CCS23 2.30 8.67
Buffalo CCS25-1 2.31 10.8
Cooks CCS29 2.23 9.61
Hahei CCS32 2.27 12.7
Hahei CCS33 2.50 9.95
Hot Water CCS34 2.45 8.72
Whangamata South CCS57-3 2.86 11.2
Whiritoa CCS61 2.41 8.92

The results in Tables 5-1 and 5-2 were also shawkigure 5.6. Figure 5.6
illustrates that there was a difference in behavioo the interannual scale
dependent on the spatial location of the beach.aftmv in each respective panel
identified the end of the Kuaotunu Peninsula bew@&ma Beach (f) and Opito
Beach (g). There was a clear distinction in theespeanalysis results on beaches
located north and south of the Kuaotunu Peninsélebeaches north of the
Kuaotunu Peninsula had a significant oscillationapproximately 12 years and
none of these beaches showed the biennial osoillati approximately 2.5 years.
The 12 year oscillation was evident at 7 beachethsaf the Kuaotunu Peninsula,
of which only Pauanui Beach (0) showed the osaltaait more than one profile.
Conversely, the biennial trend was prominent fropit@®Bay (g) southward to
Hot Water Beach (m), including beaches in Mercuay.BOnly 2 profiles outside
this region showed the biennial oscillation, witmeo profile at each of
Whangamata South (r) and Whiritoa Beaches (S).
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Figure 5.6: Spectral power results for the biennial oscillati(a) and approximate 12 year
oscillation (b). The arrows indicate the easterd ehthe Kuaotunu Peninsula. Note the different
y-axes between the upper and lower panels. Thésdabels are discussed in text.

5.4.4 Interannual Variation of Wave Conditions

Lomb-Scargle spectral analysis was also perfornmetthe wave height data as the
method was also suitable for evenly spaced times€Ruf, 1999; Goikoetxea et
al., 2009). Analysis of the wave data from 1972@89 produced similar results
between sites. The strongest 3 periods at eachcsitsisted of a 40.2 year
oscillation, a 10.98 year oscillation, and a seabascillation. The 40.2 year

oscillation was strongest at all four sites. The980year oscillation was second
strongest at Matarangi and Whangamata, and thodgst at Opito and Tairua,

behind the seasonal signal. This oscillation wkelyito be ENSO or IPO forced

due to the similarity of the results and the higtesolution data available.
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5.5 DISCUSSION
5.5.1 Linear Trend Analysis

Erosion trends were prevalent at both the 15- abwyear timescale at many
Coromandel beaches. Such large scale behavioypically attributed to climatic
oscillations affecting wave conditions around Negaland (Goring & Bell, 1999;
de Lange & Gibb, 2000; Salinger et al.,, 2001). liseal erosion is often
attributed to features such as rip currents, wafeaction, beach rotation, and
human impacts (Stive et al., 2002). Percentagegeheates provided information
on the varying degrees of long term coastal champge.15 year trend data was
more variable due to the shorter timeframe, howsheuld be representative of
recent trends due to the high resolution data. The year trends were
predominantly greater than 30 year trend. This typical of longer duration data
being more representative of the true long termdréhus reducing the impacts of
shorter term oscillations, such as seasonal vanatand ENSO impacts, of which
the former can be a large source of error in lirenge rates (Smith & Zarillo,
1990; Dolan et al., 1991). The 30 year data obWoescase a greater timescale,
however the early data were lower resolution. Fartimost profiles before 1990
were surveyed in late summer during peak volumdog@er Least squares
regression used these data early in the timeseheh were likely to exaggerate
the long term erosion trend. The long term erodi@mds would not be as
prominent if early winter data were available, asvould reduce the impact of
earlier surveys on the high resolution, clusterathdlt is reiterated that surveys
were often undertaken to measure specific stormadamand never specific
accretion periods. Therefore there is potentialtfer data to be skewed toward
erosion dominant trends. Early data points in ltergn datasets have been proven
to affect clustered data where the temporal spasingrge (Dolan et al., 1991).
The temporal variations discussed by Dolan et(#91) were in the order of 30
years, therefore the same error is not considereighificantly affect the results
presented here. As a result, the linear trends w@mnsidered worst case scenarios

for the last 30 years.
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Cooks Beach had the fastest accretion rate andeshaveresting results in the
alongshore direction. Four out of five profiles @ooks Beach had prominent
accretion trends whereas the central profile hadragsion trend. Analysis of the
individual profile data showed that the centralfiygohad very strong oscillatory
behaviour. There was an erosion trend from theyd®90’s to 2004 followed by
recovery until 2009. Because the next peak voluntbe oscillatory cycle had not
been reached, the profile showed a strong erossoml teven though it had strong
accretion since 2004. The southern (eastern) twdilgs appear to follow the
same trend, however both had larger degrees oft gaon variation which
masked the oscillatory pattern (Appendix VII). Gggbatterns have proven to be
a weakness of linear regression techniques which evadent at Cooks Beach
(Smith and Zarillo, 1990).

The spatial variation of the dataset enabled lagde observations to be made.
For example, all beaches north of the Kuaotunuridaiha except Kuaotunu East
had a relatively stable or accretionary lineardcdfurther, only the eastern profile
at Kuaotunu East Beach had a significant erosiendtr Beaches north of the
Kuaotunu Peninsula had the most stable long teznds, which was attributed to
the northerly quarter orientation of the beaché® s$heltering effect of the
Mercury Islands from dominant northeast waves, easterly storms which have
been shown to be a primary cause of beach erost@aly & Dell, 1987;
Bradshaw, 1991). The anomaly at the eastern ekKdiabtunu East only occurred
in the 30 year trend. The profile had a strong ierosrend from 1981 to 2009
which was exacerbated by 3 large erosion even0@d6, 2007 and the largest
event in 2008. There has been a 45 m landward shifie MSL contour since

1981 and complete erosion of a 4.5 m high foredune.

5.5.1.1 Alongshore Variation

Figure 5.1 showed that beaches north of the KuaoReminsula had a trend of
net increasing volume change rates from east t¢. Was implied that there was
a sediment transport sub-cell with net littoralftdto the west from Otama to

Whangapoua (Figure 5.1 f to a). The connectiviyek between these beaches
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was much lower when compared to beaches southeoKtlaotunu Peninsula
which supports these findings (Table 2-1). Thisgasted that sediment transport
between and along beaches was feasible with ricis; beach rotation events,
and storm events all contributing to headland bsiasof sediment (Short &
Masselink, 1999; Masselink & Pattiaratchi, 2001;IrHan et al., 2006; Ojeda &
Guillen, 2008). The individual profile trends shalvdurther evidence for
headland bypassing. All profiles sites at the easénd of beaches (downdrift
side) north of the Kuaotunu Peninsula showed engsigth net accretion toward
the western end. This was an indicator of therhitdrift direction with headlands
acting as groins. The behaviour at Whangapoua Beeah likely to be a
combination of littoral drift and impacts from tlebb tidal delta of Whangapoua
Harbour. Coromandel estuaries are continuouslylingij therefore a continued
ejection of sediment from Whangapoua Harbour cbeléxpected to be added to
the nearshore drift (Mead & Moores, 2005). An eastydy of Coromandel
beaches by Healy et al. (1981) suggested CoromaBdathes were closed
sedimentary systems with very little sediment ergea between beaches,
although the region from Otama to the west wastiflet as a separate, complex
region. Kuaotunu East was previously hypothesisedéd eroding due to net
westward littoral drift and was compensating fonda&xtraction from Kuaotunu
West up until the 1970’s (Healy et al., 1981). Thsults presented here show
evidence for a nearshore littoral drift system he tvest along beaches located
north of the Kuaotunu Peninsula. However, an adtitve hypothesis regarding
this behaviour could be long term beach rotatioth @@alignment of the shoreline
orientation. Beach rotation was evident at Whangapd<uaotunu West, and
Kuaotunu East, whereas Matarangi and Rings Beaghes not considered (refer
Section 4.4.2). Long term rotation trends were enidn the results in Chapter 4,
however they were largely unimportant due to thalktnends. Whiritoa Beach
had the highest long term rotation trend suggestiogkwise rotation of 0.2
degrees per year from 1995 to 2009.

A similar trend south of the Kuaotunu Peninsula Betcury Bay was evident in
the linear trend results. It was apparent thattanoeease in volume change rates

from north to south occurred from Hahei Beach toawfamata South Beach.
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Notably, Onemana and Whiritoa did not conform tig thend. The trend south of
the Kuaotunu Peninsula was not as prominent. Tfiereince was attributed to
the larger connectivity index between beaches sofitine Kuaotunu Peninsula
(refer Table 2-1). Further, beach profile datadbbeaches north of the Kuaotunu
Peninsula were analysed, whereas south of Mercay tBere are 12 sandy
beaches between Hahei and Whiritoa which were malysed in this thesis. This
meant that all sediment exchange north of the KuraoPeninsula was measured.
The additional sandy beaches south of the KuaoReninsula could be sources
or sinks of sediment, which may explain the lesmidant trend. These results
suggest sediment exchange between Coromandel Iseacha relatively large
spatial scale which were attributed to beach oaigort changes for the differing
transport directions. However, south of Mercury Bayidence for large scale
transport southward contradicts the individual peafesults in which Hahei, Hot
Water, Pauanui, Onemana, and Whiritoa Beaches siereasing erosion toward
the southern end of the respective beach. WhangaN@ath and South Beaches
do not conform to these observations. The transpast be strong enough to be
evident in the data, but not to induce a downdeifbsion effect. The large
connectivity indices south of Mercury Bay are alsdikely to enable a large
amount of sediment exchange. In summary, it wasr@mp that south of Mercury
Bay that sediment exchange between beaches does bowvever it is relatively
small and does not account for any alongshore velvariation on individual

beaches.

5.5.2 Spectral Analysis: Lomb-Scargle Fourier Tranorms
5.5.2.1 Biennial Trends and the ENSO

Lomb-Scargle spectral analysis showed the presehce significant biennial
trend oscillating on an approximate 2.5 year soal€Coromandel beaches south
of the Kuaotunu Peninsula. Many authors have nbiednial trends in beach
behaviour at this frequency (e.g. Eliot & Clark®82; Reeve et al., 2007). Of
particular interest was that no beaches locatetharthe Kuaotunu Peninsula
showed this oscillation. It was previously hypoiked that the Kuaotunu

Peninsula would provide a barrier to beach behaaod sediment transport on a
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short term scale. These results proved this hyp®héo be applicable to
interannual trends. Linear trends discussed ablseecanform to this hypothesis.
A logical explanation would relate to beach ori¢iota differences north and
south of the Kuaotunu Peninsula, however Whangaiesch had a similar
orientation to Hahei Beach and only the latter hagignificant biennial trend. In
addition, Wharekaho Beach showed strong biennieillasons along the entire
beach, yet had a south-easterly orientation. Tosrebeach orientation and the
direction of wave approach do not appear to beofadbecause of the relative

similarity of the wave climate around the CoromdrRiEninsula.

Approximate 2.5 year oscillations have been showrbé correlated with the
ENSO on numerous occasions. Goring & Bell (1999%wsdd a significant
correlation between MSL and the ENSO at approxima@eyears. A 2.5 year
oscillation in beach profile data was observed gisapectral techniques by
Bittencourt et al., (1997) and was related to tINSB. Clarke and Eliot (1988)
showed that the biennial oscillation pattern inealvaccretion of the lower
beachface with subsequent infilling of the mid-tidane, which was the strongest
oscillation at their study site. The strongest spépeak was 27 months for wind
data, and they concluded that atmospheric proced$esting storm surge, sea
level variations, and groundwater effects were @ased with the beach
responses. Ranasinghe et al. (2004) showed sigmifitagged correlations
between beach rotation and the SOI, and therefordirmed the impact of
resulting wave climate variations on subaerial beagstems. Lomb-Scargle
analysis of the ENSO index only showed one sigaific oscillation of
approximately 10 years. However, the prominencditefature relating beach
oscillations on an approximate biennial scale te NSO conclude that
Coromandel beaches are also likely to be affecyathidr same ENSO mechanisms
(e.g. Clarke and Eliot, 1988, Bittencourt et aB97; Goring and Bell, 1999; de
Lange, 2000; Ranasinghe et al., 2004). ENSO impactthe northeast coast of
New Zealand were summarised in Table 5-3.
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Table 5-3: Observed ENSO extremes on the northeast coas¢wfZ¢aland. From “Interdecadal
Pacific Oscillation (IPO): a mechanism for forcidgcadal scale coastal change on the northeast
coast of New Zealand” by W. de Lange, 208flrnal of Coastal Research, S 34, p. 660.

El Nifio La Nifia

Air temperature Decreased Increased

Atmospheric pressure SE to NW pressure gradient tOI8E pressure gradient

Wind direction More south-westerly windMore northwest- north-
(offshore) easterly winds (onshore)

Storm frequency Reduced extratropicéllore extratropical cyclone
cyclone activity activity

SST Decreased Increased

Sea level Drops Rises

Wave climate Reduced sea component Increased sg@nent

Wave steepness Reduced Increased

Near bed flow More onshore More offshore

Coastal response Tendency to accrete Tendencygde.er

5.5.2.2 IPO Impacts on Beach Volume Variations

Qualitative analysis suggested an apparent caoeladbetween Coromandel
Beach volumes and the recent IPO index. Specteysis showed that a total of
20 profiles (34 %) on the Coromandel Peninsuladéahg term oscillation on a
similar scale to the recent IPO trend of approxetyatl2 years. Further, all
beaches north of the Kuaotunu Peninsula had aflati&n similar to the IPO.
The biennial oscillation was prominent south of Beninsula whereas the longer
term oscillation was prominent north of the Peniasihe higher frequency
ENSO variations were not as prominent in the data tb the shorter term
variation. However, ENSO had a similar spectralkpaad is therefore deemed
significant and should impact northeast coast besclover cycles of
approximately 2 to 8 years (Goring & Bell, 1999;ldmge, 2000). The IPO trend
for the last 15 to 20 years showed an apparengledion to beach volumes which
was confirmed by similar spectral frequencies. st recent IPO peak was in
the late 1980’s to early 1990’s and has been daglisince. This conforms to the
linear trend results above. Therefore, it was agpathat the IPO trend and

absolute index affected beach response.
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Northeast coast beaches have been identified ag Bensitive to small changes
in the wave climate, nearshore current regime, sedl level (de Lange, 2000).
The IPO modulates ENSO behaviour therefore it wgseeted that long term
decadal scale trends would be coupled with the I&@l shorter interannual
trends to be coupled with ENSO variations, for egkanthe biennial trend (e.g.
Clarke & Eliot, 1988; Bittencourt et al., 1997). érfore, it would be expected
that Coromandel beaches would be linked with la@rgtIPO trends and shorter
term ENSO variations. This corresponded with figdirirom Bryan et al. (2008)
of spit evolution on the northeast and northwestst® of New Zealand. Beach
volume trends at Hawke Bay on the east coast of Kealand’s North Island
have also shown apparent relationships with thepR&se from the early 1920’s,
with increasing volumes during positive phases dadreasing volumes during
negative phases (Oldman et al., 2003). The analye=ented here showed that
oscillations in beach volumes at different timessatonform to the hypotheses of
de Lange (2000), and the findings of Oldman ef28l03) and Bryan et al. (2008).

Decadal scale impacts of beach response to IP@me&tr was summarised by de
Lange (2000) in Figure 5.7. The IPO appeared tft shia negative phase in
approximately 2008 therefore suggesting a periddadiifia dominant conditions
for the next 20 to 35 years. This shift was hypsided by de Lange (2000) and
Minobe (1999). This would result in erosion domethtconditions for eastern
Coromandel beaches for the next 20 to 35 yeairs.dhticipated that the ENSO
will impact beach response on an approximate bérinénd and the IPO will

continue to impact beach response on an interdeseala.

Lomb-Scargle spectral analysis used in this thdms been identified as
containing two limitations. The first, as discusssdLarson et al. (2003) is that
Fourier transforms assume a sinusoidal shape ofagipdied functions which

restricts the functions in time and space. The #@ ENSO functions compared
here exhibited sinusoidal behaviour therefore tlethiod is considered suitable.
This was confirmed by the number of significantufess obtained. For example,
Minobe (1999) extrapolated the cyclic behaviourtled IPO and predicted the
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next climatic regime shift would occur between 2@0p@ 2007. It was apparent
this shift may have occurred around 2007 to 20@808dly, the analysis does not
account for the phase difference of the spectrakgetherefore qualitative
observations of the timing of peak periods weredusethis thesis. The high
resolution data from 1995 onward provided suffitidetail to be able to identify
the locations of peak oscillations given that theye approximately 12 years and
were often evident in the data. Possible phaseréifices in the trends identified

were therefore not considered to affect the results
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5.5.3 Coromandel Beaches — Coastal Hazards (Dahm@ibberd, 2009)
5531 Background and Introduction to the Report

This section will discuss the findings of this tisesompared to results of Dahm
and Gibberd (2009). The report was prepared forldbal territorial authority,

Thames Coromandel District Council (TCDC), to reviprimary development
setbacks (PDS) for certain Coromandel beaches. réliew focussed on the

following beaches where the PDS impacted on the afserivate property:
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Whangapoua; Matarangi; Rings; Kuaotunu East; OpWtharekaho; Buffalo;
Maramaratotara; Hahei; Tairua; Whangamata Northt, AwWhangamata South.
The northern profile on Buffalo Beach (CCS24) warsidered a separate beach
system, Ohuka Beach, by Dahm and Gibberd (2009%9y WMrere considered as
one beach system in this thesis as they comprisecontinuous sand system.
Whangamata South was typically referred to as OBdach after the adjacent
estuary. The report is discussed in this chapteause the objective was to
review development setbacks for erosion with a 1 a%mual exceedance
probability (AEP) previously identified in Dahm andunro (2002) and to
determine potential long term impacts from coastalsion. The report used a
collection of beach profile data, historical aepabtos, field work, and related all
results to the location of the dune toe. The bgacfile data used was from the
same database used in this thesis, however, oalfeW data was available to
Dahm and Gibberd (2009) because the remainingvdata from a private dataset.
The study used approximately 20 to 25 profile sysvat each site from 1979 to
2004, with some additional surveying in late 200Bofving the July 2008 storm
event. Approximately one quarter of the profileadavailable in this thesis was
used by Dahm and Gibberd (2009). Overall, the tepmncluded that
Coromandel beaches were in a state of dynamicilequih with no long term

trend for erosion or accretion.

55.3.2 General Findings and Discussion

Significant erosion events occur following largerst events on the Coromandel
Peninsula with the largest in 1978 (Hume et al92)%nd 2008. These two events
were the largest erosion events on many Coromdehathes in surveyed history.
Severe erosion on the Coromandel was deemed momenao following a
number of consecutive storms (Dahm & Gibberd, 208@jcal of uniform winter
erosion as identified in Chapter 4. The results@néed in this thesis suggest that
these individual events coupled with long term demprovide the most severe
erosion, which was prominent in the demeaned beamlime timeseries
(Appendix VII). The 1978 and 2008 events were thegdst in recent history,
therefore large events coupled with already lowchealumes are most likely to

affect development and infrastructure.
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The significance of such large storm events algedded on the long term state
of the beach. Multi-decadal scale erosion and &oorérends have been shown to
occur on many Coromandel Beaches which contribatendividual erosion
events. The findings from Dahm and Gibberd (20@8pely conform to IPO
variations identified within this chapter, as wadl Bryan et al. (2008), Oldman et
al. (2003), and as suggested by de Lange (200@gad2éd scale persistence of La
Nifia events and the ensuing storms are likely tuge a greater amount of
erosion compared to the equivalent El Nifio event$nd a positive IPO phase.
As a result, Dahm and Gibberd (2009) suggested pgemods of widespread
erosion on eastern Coromandel beaches since tlesi96

e The period from the late 1960s (about 1967 / 1968)1978, with
maximum dune erosion following the July 1978 stawent (Dahm and
Munro, 2002). In subsequent years, most (not aBtexn Coromandel
beaches went through a period dominated by beadhdane recovery,
extending through to at least the early-mid 1990n@st sites; and,

e The period from the mid-late 1990s (typically 1985/to the early 2000s
(approximately 2003). Severe dune erosion cumulatte@ number of
beaches during this period (e.g. Buffalo, OhukaghQtand Whangapoua

Beaches).

The first bullet point accords to IPO trends disagsin Section 5.4.2 above.
Regarding the second bullet point, the resultsgmtesl in Chapter 3, this Chapter,
and Appendix VII showed that severe erosion duthmg mid to late 1990’s to
approximately 2003 were very site specific trends naost beaches showed
accretion from approximately 1999 until 2005 in @cance with positive /
increasing IPO and decreasing / negative ENSO esd{gppendix VII). Erosion
during this period was most evident on beaches @rchty Bay. Erosion was
prevalent in the mid to late 1990’s, however ndb ithe 2000’s at most sites.

Beach specific comparisons are discussed in theepthng sections below.
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55.33 Summary: Whangapoua Beach

The July 2008 storm event was the largest erosientaecorded at Whangapoua
Beach. The report states that the most severe teng dune erosion at
Whangapoua Beach occurred in the late 1990’'s amty €®00’s. Results
presented in this thesis showed that the beachmeduvere low / eroding from
1993 until 1999. The standard deviation of beadihme for Whangapoua Beach
was 14 % (Figure 5.8). Figure 5.8 showed that nsosveyed volumes were
within one standard deviation of the mean and tbesenot considered severe.
Several storm events in the late 1990’s and ed303 caused erosion which
was greater than one standard deviation below #erm 1996, 1999, and 2000.
The latter two events were superimposed on an acrieend from 1996 to 2007
in which beach volumes increased by approximatély@ Of the data used by
Dahm and Gibberd (2009), only the 1996 event wasentiban one standard
deviation below the mean. Whangapoua Beach voldmes 2003 to 2007 were
near the highest in surveyed history across thieeebéach and were more than

one standard deviation from the mean on severasimes.
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Figure 5.8: Comparison of Whangapoua Beach volumes usingdteid this thesis (solid black
line) compared to the data used in Dahm and Gib(2069; dashed blue line). The horizontal
dashed black lines represent one standard deviatiome and below the mean. Three surveys
exceeded two standard deviations from the mean, Wege accretion events in 1992 and 2007,
and the July 2008 erosion event.
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5534 Summary: Matarangi Beach

Dahm and Gibberd (2009) used the southernmostefedgirofile because it was
deemed representative of the entire beach. Thesiar estimates determined for
each site exceeded the worst measured erosiorclatséa. The July 2008 event
was observed as causing slightly less erosion tiaduly 1978 event (Dahm &
Gibberd, 2009). Analysis of these two profiles sedwhat the July 2008 event
caused further landward retreat at all elevatiocgpt for a small region between
RL 1.9 m and RL 2.2 m, when compared to the JukBl&vent. In particular, the
MSL contour was located approximately 15 m furttaedward in 2008, MHWS

was located approximately 10 m further landwar®@®8, and the dune region
above RL 3.5 m was approximately 1 m to 3 m furtterdward in 2008.

Matarangi Beach has been very stable overall whith greatest amount of
variation occurring at the western end of the gditprofiles are deemed stable in

the long term.

55.35 Summary: Rings Beach

The PDS for Rings Beach was small compared to therosites (Dahm &
Gibberd, 2009) which acknowledged the stabilitytit beach system. Rings
Beach was an outlier throughout this thesis dudbeovery small variation of the
subaerial beach. This conformed to Dahm and Gib@9) who state that the
field observation of the PDS was very precautionary

5.5.3.6 Summary: Kuaotunu East Beach

Data from the eastern profile site was not use®algym and Gibberd (2009) due
to the proximity to the stream at the eastern eihth® beach and because the
central profile was considered representative eflibach. The July 2008 storm
event caused the largest measured erosion acresantiie beach. Prior to this
event, the central profile had a long term trendadretion from 1979. In contrast,
the data from the western end of the beach hadceeaing linear trend from
2000 to 2009 indicating that the central profileswet representative of the entire
beach. The beach volume data for Kuaotunu Eastsklsaved that the central

profile had the smallest degree of short term vama(Figure VIIL.5) which
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showed that the beach was more variable at eachrehidative of rotation which
was evident, but not strong (Figure 4.6).

55.3.7 Summary: Opito Beach

Overall, the beach was very stable except for tréhernmost profile. A majority

of the beach has shallow Pleistocene sediment whki@rosion resistant at the
timescales of analysis considered. In contrastptbéle at the northern end had
significant fluctuations of approximately 100 mritited to realignment of an
adjacent stream several decades ago (Dahm & GipB6fiP). The subsequent
variations at the northern site were very small comparison, which was
applicable for a majority of the dataset. The digant fluctuation in the late

1970’s would have significantly reduced the meahne Tesults from Dahm and
Gibberd (2009) conform to observations within tissis, with the observation of
erosion resistant sediment confirming the primagson for the stability of the

beach.

55.3.8 Summary: Wharekaho Beach

The results presented by Dahm and Gibberd (200%pom to those presented in
this thesis for Wharekaho Beach. The northern regaf the beach showed very
little variation and have a largely erosion resis&gubstrate. The southern site had

more erodible sediment, and therefore a largeresegf variation.

5.5.3.9 Summary: Buffalo Beach

The results presented by Dahm and Gibberd (200#pom to those presented in
this thesis for Buffalo Beach. Although not allesitwere reviewed, the data
showed a large degree of variation between sitest@warious natural, artificial,
and human influenced factors. The only inconsistewas the timing of the
identified period of most severe erosion, beingniad 2001 at the southern site
(Dahm & Gibberd, 2009) compared to mid 2000 shawRigure VII.9.
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5.5.3.10 Summary: Maramaratotara Beach

Maramaratotara Beach was identified as an outkach in this thesis due to the
very small degree of variation exhibited at all diracales. This compared well
with the findings of Dahm and Gibberd (2009) wheothesised that the limited
beach erosion was due to the presence of erossistaiet material. The beach
was described as having a thin veneer of sedimataying the erosion resistant

material, a pre-Holocene shore platform resulthognf cliff erosion.

55311 Summary: Hahei Beach

The northern site at Hahei had relatively smalledtoe fluctuations and the most
severe erosion occurred during the 1980’s and Z0@Bm & Gibberd, 2009).
The availability of more recent data in this thesm®wed that a slightly greater
erosion event occurred in 2005, although the doeedmained stable with a large
amount of sediment eroded from the lower beach. sthehern site was similar,
except the largest dune erosion occurred folloveingevent in 2007. The relative
stability was attributed to most of the beach hg\an erosion resistant sub layer
of pre-Holocene sediment (Dahm & Gibberd, 2009).

55.3.12 Summary: Tairua Beach

All observations made by Dahm and Gibberd (2009ewerified in this thesis.
However, a justification for the different behavicand the significant erosion at
the southern end in 2003 was not given by Dahm Gimdberd (2009). Beach
rotation analysis in Chapter 4 proved that a lacimckwise rotation event
occurred with relative erosion at the southern @ritie beach and accretion at the
northern end. The beach volume behaviour at eadhrskawed opposing trends
for most of the timeseries indicating the significa beach rotation has at Tairua
Beach. This phenomenon was considered significaditn@eds to be included in
any future erosion trend analysis at Tairua Bekdinther, beach behaviour at the
centre of the beach cannot be described by theherortor southern profile

behaviour.
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5.5.3.13 Summary: Whangamata North Beach

Only the southern site at Whangamata North wasysedlby Dahm and Gibberd
(2009). The PDS determined was deemed conseriagsause the largest erosion
event, the July 1978 storm, was located at least Seaward of their erosion
estimates. The southern site at Whangamata Noxkvesh no severe erosion
events which occurred on most Coromandel beacheéshwé attributed to the

embayed morphology of the beach. Similarly, thehen profile showed a large
degree of short term variation, but relative stgbiin the long term with no

apparent severe erosion events.

55.3.14 Summary: Whangamata South Beach

Dahm and Gibberd (2009) showed that the worst @noat the northern end of
the beach occurred in 1979, compared to the refteobeach which occurred in
2003. The latter conforms to findings presentethia thesis as profile data was
not available from 1979 except at the southern ehdhe beach. Overall,

Whangamata South was relatively stable as idedtdieWwhangamata North. The
sheltering effect from adjacent and nearby islamdy have a significant impact
on beach behaviour as evidenced by the appardnbidarge erosion events.

5.5.4 Interannual Variation in Wave Conditions

Lomb-Scargle spectral analysis was performed omwtnee data because it is also
applicable to evenly spaced data (Lomb, 1976; $&af®82). However, there
was one month of missing data during 1997 therefoeeLomb-Scargle method
was ideal. The similarity between the Lomb-Scargkults for the IPO and wave
data suggest that the IPO also affected wave a@imatan approximate 9.5 year
scale. The 40.2 year cycle identified was simitathte IPO oscillation commonly
accepted to be 40 — 70 years (Mantua et al., 198¥be, 1999; de Lange, 2000;
Mantua & Hare, 2002). This oscillation was likety lbe related to the IPO, but
due to the 30 year wave data available the timirtge previous peak may not be
exact, similar to the IPO peaks identified in th@lume data. The oscillation
appeared to be directly linked with the overall IR@nd whereas the beach

volume data was only long enough to show a relatignwith the recent IPO
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trend. The IPO has been linked with wave climateiatians which further
confirm the relationship (Goring & Bell, 1999; dange & Gibb, 2000; Salinger
et al., 2001).

The similarity between the low frequency wave clengariations, the IPO, and
recent beach volume trends suggest a relationsgtipelen the IPO mechanisms
on wave climate and subsequent beach responsetedést however, was that the
number of storm wave events showed no apparenglaton with the IPO or

ENSO index. Approximately half of all storm waveeets occurred during

positive ENSO and IPO indices, and similarly fogagve indices. This contrasts
to many published results which state that La Nefiants are coupled with a
larger number of storm wave events in the southt viReific Ocean (e.g.

Storlazzi & Griggs, 1998a; 1998b; de Lange, 200@arléy, 2009b). The reasons
for this are unknown, however may be attributedh® parameters used in the

wave model hindcast.

5.6 SUMMARY

Analysis of interannual beach behaviour showedtti@abeach state classification
was not a determining factor, however spatial Vianma beach orientation, and
large scale littoral drift systems were importdrite following conclusions can be

drawn from the interannual analyses:

* Many Coromandel beaches had linear erosion tremas 1995 to 2009
which accords to a decreasing IPO trend. The 30 tyeads were also
erosion dominated, however provided worst case@raates due to the
uneven temporal sampling resolution of the datah vaarly surveys
undertaken during periods of high beach volumescBerolumes during
the late 1980’s and early 1990's were the highesegshe late 1970’s, and
likely to have been the highest since the early0104

* Beaches north of the Kuaotunu Peninsula appearetetpart of a
nearshore littoral drift system from Otama to Whepgua. The eastern
ends of these beaches were typical of downdrifsierofrom headland

bypassing (Rings Beach was excluded as it consistede profile only).
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* Most beaches south of the Kuaotunu Peninsula hadcagasing erosion
trend toward the southern end of the beach. Itypothesised that the
southern ends of Coromandel beaches are more poonerth-easterly
storm wave events in which the northern end ofdlesaches are partially
sheltered.

* A significant biennial oscillation was evident absh beaches south of the
Kuaotunu Peninsula, and none to the north. Thisama to be related to
ENSO oscillations prevalent in the south Pacific.

* An approximate 12 year oscillation accorded to fP@® oscillation was
evident in all beaches north of the Kuaotunu Per@sas well as several

to the south.

Overall, beaches with an easterly orientation apfiebe more affected by ENSO
oscillations on a timescale of approximately 2.@rge Beaches with a more
northerly orientation were more affected by the |RM@hough it was evident

across the entire Peninsula.

A comparison of the results presented in this thesimpared to the report

prepared by Dahm and Gibberd (2009) resulted ifdl@ving conclusions:

* The July 2008 storm event was the largest in s@ddystory across most
Coromandel beaches. The July 2008 and 1978 eveadsthe most
widespread and significant erosion at most Cororabbdaches therefore
individual storm events are deemed to have a greatpact than
cumulative storm events as suggested by Dahm apioe@i (2009).

* The results presented by Dahm and Gibberd (2000)Wbangapoua
Beach differ to those presented identified in ttliepter. The results in
this thesis are considered more representativaaltiee higher resolution
timeseries used. This was most evident in FiguBeirbwhich the severe
erosion period reported by Dahm and Gibberd (20G8) generally within
one standard deviation of the mean volume.

* Their analysis of Kuaotunu East Beach stated thatcentral profile was

representative of the entire beach. Results in ¢hiagpter showed the
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central profile was the most stable, therefore mpresentative of the
entire beach.
* Beach rotation events were significant at Tairuaddeand not accounted

for in the PDS at Tairua Beach.
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CHAPTER SI X
CONCLUSIONS AND RECOMMENDATIONS

6.1 INTRODUCTION

This research aimed to quantify the temporal anatigpvariation of beach
behaviour on the eastern Coromandel Peninsularge laeach profile dataset of
approximately 5500 surveys across 61 profile dites 1979 to 2009 was used.
Analysis of the data was undertaken at four timesca6-weekly, seasonal,
interannual, and the long term trends. The conghsspresented in this chapter
relate directly to the expected outcomes and hygsath identified within each

chapter, and address the 4 research aims of this identified in Section 1.2.

A summary classification table and map (Figuredhd Table 6-1), based on the
data presented in Table 2-1 and the subsequenth bsi@ate classifications
identified in this thesis, are presented below.uFég6.1 showed the beach
locations and the corresponding behavioural regsentified at all timescales
in this thesis. The map information is containedTable 6-1. The summary
relates to overall average beach behaviour as eppts individual profile

behaviour and provides a summary of Coromandel hdshaviour. The 3

character reference on the map corresponds to tighB8hand columns of the
table, those being: episodic class; seasonal @ask;interannual class. A key for
the alpha-numeric reference is also located in &d&bll. For example, Hahei
Beach (BB3) is deciphered as follows: Episodic <l& therefore being an
intermediate beach with had a low magnitude ofdavglume change events;
Seasonal class B, therefore being an intermediedehowhich had a moderate
seasonal amplitude; and, Interannual class 3, ftirerét is located south of the

Kuaotunu Peninsula in which ENSO and IPO were sjhicvident.
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6.2 BEACH CLASSIFICATION

Chapter 2 described the geomorphologic variatiawéen the 19 beaches. The
initial classification showed the difference in blearientations north and south
of the Kuaotunu Peninsula (Figure 2.4). The dat&hapter 2 provided base
information for the resulting classification usitige Wright and Short (1984)
beach state model. The average intertidal beagbe stmd dimensionless fall
parameter calculations suggested two overall begoips, intermediate and
reflective sloped beaches. Analysis of the behaviousubsequent chapters
identified a total of four classifications usingethlata presented: intermediate
beaches; reflective beaches; harbour adjacent bsaamd, outliers. The latter
two classifications were anomalies to the Wrighd &mort (1984) model in which
harbour adjacent beaches were intermediate beabheshad behavioural
characteristics similar to reflective beaches, asequence of being located
immediately adjacent to harbour / estuary mouthsg&Beach (an outlier) had
similar geomorphologic characteristics to other dyateaches, however the
behaviour was significantly different. Maramaratat®each (the other outlier)

had coarse calcite sediment which was deemedéotdfeéach behaviour.

6.3 SHORT TERM BEACH VARIATION

The beach classification was applied to short teeach morphology changes on
Coromandel beaches. The analysis showed that dbort behaviour was

dependent on the intertidal slope and grain sizé,thus followed the beach state
classification of Wright and Short (1984). In pauiar, short term beach variation

accorded to their model by exhibiting the followinghaviour:

« Intermediate beaches have more small volume chaagdsrare large
volume change events. Within all intermediate beacstudies there was
more variability in behaviour than all reflectiveedches. The smaller
volume changes were illustrated by lower standardations of beach
volume and a higher frequency of low magnitude ldnge events. The
variation of beach states was attributed to theatgrerange of beach
slopes, the different grain size between profies] exponential decay
constants, which ultimately governed the behaviQuoss-shore variation
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of intermediate beaches showed increasing variatitth decreasing
elevation on the beach face, in particular, thertidal area varied the
most. The standard deviation of beach volume isa@drom the dune to
upper beach to intertidal region.

* Reflective beaches had the greatest volume vamsmtiohich was
particularly evident in the magnitude of change lgsia. Also of
significance was the reflective beaches had moreabla upper beach
regions than intertidal regions which were in direcontrast to
intermediate beaches. The reflective beaches allveay similar short
term behaviours as identified by the higher stashd#eviations, higher
magnitudes of change, and similar decay constdiis. behaviour was
attributed to the coarse grains and steep beads fiagpacting nearshore
wave processes such as wave run-up.

» Harbour adjacent beaches were intermediate slopachles but had a high
frequency of large magnitude of change events ardef standard
deviations of volume. This behaviour was similarréflective beaches.
The intertidal region was the most variable on barbadjacent beaches.
Harbour adjacent beaches also had a narrow rangeedment sizes,
intertidal beach slopes, and similar behaviour ketwthe four sites.

* Outlier beaches had a very large frequency of loagmitude of change
events and had very little short term beach vamatThese two beaches
had the smallest standard deviations of beach welamall cross-shore
regions analysed.

Analysis showed that dune regions on all Coromabdakhes were very stable
and seldom subjected to erosion events. The tvgesarstorm events which had
the greatest spatial impact occurred following dhéy 1978 event and July 2008
event. With regard to forcing mechanisms, analgsiswed that beach volume
change was poorly correlated to the time-averagaeeviheight between surveys.
It is hypothesised that analysis of beach volumangk needs to incorporate
shorter term wave climate variations as well agitheng of storm events to better
understand individual beach response to storms.onheconclusion drawn from

the short term analysis at Ngarunui Beach wasrtiwat of the variation occurred
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within the intertidal region which was also typical east coast intermediate
beaches. The intertidal area had a significantbatgr elevation range and cross
shore extent due to the greater tidal range andHdeach slope. Therefore, it
would be expected that greater intertidal volumeati@ns could occur, even

though dissipative beaches typically representet@ystems.

6.4  SEASONAL VARIATION AND OSCILLATION

The beach state classifications also applied t@@andel beach behaviour on the
seasonal scale. Reflective beaches had a stroregeorsal oscillation than
intermediate beaches, and also reached their msosal volume earlier in the
year. Reflective beaches had a seasonal volumatieariof approximately 15 %
whereas intermediate beaches were approximateB6.1Qutlier beaches had a
seasonal signal although it was very small (<5 #d).beaches had uniform
erosion in winter however it only occurred for 6eke during July and the first
half of August. The anomalies to this behavioureverofiles located adjacent to
harbour entrances which showed irregular behavimaugh the year, often with
increased volumes during winter, attributed to seht inputs from the adjacent
harbour / estuary during storm and heavy precipiatvents. Spectral analyses
of raw volume data showed significant seasonalllatons at several beaches
which was not anticipated given the sampling frempyeof the data. Therefore,
the beaches that showed spectral peaks of 1 yaarawsesidered to have strong
seasonal signals. Only 1 profile site south ofKn@otunu Peninsula showed this

spectral peak.

Beach rotation was prominent on embayed beach#seoGoromandel Peninsula.
Of interest however, were the strong alongshor@atians evident at Pauanui and
Whangamata South Beaches. It was hypothesisedséldanent pulses from the
adjacent harbours caused the alongshore variatibng to 10°. Beach rotation
versus the time-averaged wave energy flux betwemsfilgs yielded low
correlations. Short term wave energy flux variasiomere subsequently deemed
more significant and longer term rotation eventgegped to be related to ENSO

events. Seasonal variations in the wave data shawggbical winter spike in
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wave height, as well as a spike in February andchMarhe summer increase only
affected reflective beaches which showed erosiothén following 1.5 month

interval.

6.5 INTERANNUAL BEACH VARIATIONS

Linear trend analysis showed that 15 year trendagng the high resolution data
overall showed greater change rates compared ye&0trends. The 15 year trend
was impacted by positive ENSO and IPO events ingaey to mid 1990's,
followed by a decreasing trend and subsequent itapgacthe late 1990's and
early 2000’'s. The 30 year trends were considere mgpresentative of long term
behaviour. However, most surveys prior to 1990 wsaenpled in summer,
therefore were highly likely to have had high beadiumes, which were
compounded by a positive IPO phase, and are therefonsidered to be
exaggerated erosion trends. The onset of a negaff@ phase from
approximately 2008 does present an interesting ahgrbecause decadal scale
persistence of La Nifa trends for the next 20 to/@ars are likely to cause long
term erosion of eastern Coromandel beaches. Thkearlittend analysis showed
strong evidence for a nearshore littoral drift egston beaches north of the
Kuaotunu Peninsula. Increasing beach volume tréods east to west, as well as
erosion at all beaches (excluding Rings which madfficient data) at the eastern

or downdrift side of the headlands were used terd@he this hypothesis.

ENSO and IPO impacts on subaerial beach volumesdremre initially identified

by qualitative observations of beach volume datd quantified using spectral
analysis. ENSO was dominant at a 2.5 year scaldaathes south of the
Kuaotunu Peninsula, or alternatively, beaches \aitheasterly orientation. IPO
variations were evident on beaches across the Gordeh Peninsula, and were
most prominent north of the Kuaotunu Peninsula. TR@ oscillation was also
stronger than the ENSO impacts as identified byréspective spectral powers.
The trends evident in the volume data were affebtedimatic variations in wave
height and direction (e.g. Ranasinghe et al. 20Bdach classification showed no

apparent significance when analysing CoromandelciBesa on an interannual
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scale. An approximate 40 year oscillation in thevevdata suggest beaches will
oscillate on a similar scale which is near thedatdPO scale.

6.5.1 Conclusions: Dahm and Gibberd (2009)

The following conclusions are suggested becauses sesults presented in this
thesis differ from the findings of Dahm and Gibb&2009) which is the most
recent and widespread study applicable to Coronlabeaches. The primary
reason for the different results obtained waslaitad to the different data used
for analysis. Whilst the same beach profile dataset used, Dahm and Gibberd
(2009) had approximately one quarter of the dat us this thesis, and not all

profile sites were analysed by Dahm and Gibber@%20

Overall, their report stated that cumulative st@wvents were most significant for
determining primary development setbacks (PDS)s Tduntrasts to evidence
presented in their report and this thesis, thatirkdevzidual storm events of July
1978 and July 2008 were the two largest erosiontevbat affected most eastern
Coromandel beaches. This showed that the greatesibe in surveyed history
was caused by individual storm wave events. Regutiduced by Yates et al.
(2009) also showed that when a beach is in an dretle, higher equilibrium
wave energy is required to continue eroding a he#lobrefore a continual
increase in wave energy is required to continuatiyde beaches, which is not
likely. Further, sufficient data has not been ala# for an entire negative IPO
phase, which has been hypothesised to continughfornext 20 to 35 years
(Minobe, 1999; de Lange, 2000). Therefore, ensdiecpdal scale persistence of
La Nifa conditions are likely to negatively affebeach volumes on the

Coromandel Peninsula.

Regarding individual beaches, Whangapoua was stasetheing in a severe
erosion trend from the mid 1990’s to approximat2DP3. Analysis showed this
cyclic behaviour to be insignificant, with only omeofile survey during this
period being more than one standard deviation belmvmean beach volume.

The beach also had an overall accretion trend ft886 to 2007. At Kuaotunu
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East Beach, the central profile was deemed reptasen of the beach behaviour
by Dahm and Gibberd (2009). It was shown that phncfile was the most stable
of the three on Kuaotunu East Beach, thereforensasikely to be representative
of the entire beach behaviour which also showedingrdegrees of rotation.
Lastly, Tairua Beach rotated which contributed &adh variations at the short
term, medium term, and interannual scale therefeeds to be accounted for.
Alongshore variations at Tairua were not identifisdDahm and Gibberd (2009).

6.6 RECOMMENDATIONS FOR FURTHER RESEARCH

Results presented in this thesis showed that Cordetdbeaches showed a large
degree of variation. Recommendations and suggesfmmfurther analysis and

monitoring efforts are as follows:

» Ideally, profiing at the current frequency shoubd retained where
possible as the dataset is largely unprecedentedtaits temporal and
spatial variation, unless other monitoring methads implemented. At a
minimum, all profile sites should be maintained aiiannual sampling
regime. For the intermediate beaches, the firstilshoccur around April
and May, and the second in September to encasenmmaxiannual
variations. For reflective beaches, the first sursieould be in February or
March. This will still enable interannual trendsb® identified.

* Intermediate beaches north of the Kuaotunu Perareduhad similar short
term beach volume changes, seasonal oscillatiowsuging Otama), and
showed strong IPO signals. Results suggest thaheiuranalysis may
identify a potential indicator beach between th®g#ems as they showed
similar behaviour at all timescales of analysis.

» Reflective beaches showed similar trends at alescahich also suggest
that a potential indicator beach scenario may exist

» Further detailed analysis of harbour adjacent begcimcluding Buffalo
Beach and Cooks Beach, is unlikely to yield predéctmechanisms.
Therefore, the high frequency monitoring shouldnh&intained at these
sites so ongoing analyses of the behaviours caletegmined. This is also

significant given that most of these beaches hawmesof the most
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seaward located development on the Peninsula, lzeyl did not show
typical responses to short or long term trends,clwvhinighlights the
unpredictability of these systems.

* Rings Beach and Maramaratotara Beach are not ltkebe subject to any
significant variation in the foreseeable futuresréfore biannual surveying
is considered suitable.

* Further large spatial scale research should foausthe 3 apparent
sediment transport / behaviour cells identifiedngenortherly orientated
beaches located north of the Kuaotunu Peninsula Wéhangapoua to
Otama; Mercury Bay beaches including Opito Bay; ,amésterly
orientated beaches from Hahei to Whiritoa.

» Detailed analysis at no greater than 5 year interstaould be undertaken
in order to continue sufficient analysis of cumiMatimpacts from ENSO
events, rotation (where applicable), and IPO drigfesnges.

» Erosion dominant conditions are likely to perstthe next 20 to 35
years on the Coromandel Peninsula. Analysis ofpeetral power of the
IPO coupled with storm erosion monitoring and mbdglmay provide

vital information on potential risks to developmant infrastructure.
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Figure 1: Site map with summary classifications. Refer Tableand in text for definitions.
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Table 6-1: Summary beach classification data and beach dtsifications for the episodic, seasonal, andameual behaviour for Whangapoua to Maramaratotara

Beaches.
Beach Grain Size (um) Slope Orientation (°) EpisodiClass Seasonal Class Interannual Class
Whangapoua 322 0.05 41 1
Matarangi 275 0.02 12 1
Rings 402 0.10 5 1
Kuaotunu West 346 0.06 348 1
Kuaotunu East 427 0.05 343 1
Otama 395 0.07 356 1
Opito Bay 252 0.03 59 2
Wharekaho 306 0.05 120 2
Buffalo 197 0.02 83 2
Maramaratotara 1072 0.11 39 2
Classification Definitions:
Episodic: Seasonal: Interannual:

A= High magnitude of large volume change eve
B= Low magnitude of large volume change ever
C= High magnitude of large volume change eve
D= Very little variation. Few large magnitude of

change events

Nt&= Strong seasonal cycle
tB= Moderate seasonal cycle
nts= Weak seasonal cycle

D= Irregular behaviour and no seasonal cycle

1 = North of Kuaotunu Peninsula, IPO dominant
2 = Mercury Bay, ENSO dominant
3 = South of Mercury Bay, IPO and ENSO evidel
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Table 6-1:continued for Cooks Beach to Whiritoa Beach.

Beach Grain Size (um) Slope Orientation (°) EpisodiClass Seasonal Class Interannual Clas
Cooks 204 0.05 56 2

Hahei 302 0.07 37 3

Hot Water 430 0.11 77 3

Tairua 427 0.12 53 3

Pauanui 246 0.04 71 3
Onemana 429 0.13 89 3
Whangamata North 247 0.04 74 3
Whangamata South 225 0.03 110 3
Whiritoa 395 0.13 66 3

Classification Definitions:
Episodic: Seasonal: Interannual:
A= High magnitude of large volume change event#= Strong seasonal cycle 1 = North of Kuaotunu Peninsula, IPO dominant

B= Low magnitude of large volume change ever
C= High magnitude of large volume change eve

D= Very little variation. Few large magnitude of

change events

tB= Moderate seasonal cycle

nts= Weak seasonal cycle

D= Irregular behaviour and no seasonal cycle

2 = Mercury Bay, ENSO dominant
3 = South of Mercury Bay, IPO and ENSO evidel
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Table 6-1: continued

Class Sub-class
3]5] ‘ 1 2 3 | Intermediate beaches located across the étgiminsula
7 Harbour adjacent beach with intermediateabiur on a seasonal scale located north of thetima Peninsula
_ j
77 2 Harbour adjacent beach with intermediateafetur on a episodic scale in Mercury Ba
%////% j p y Bay
‘ 3 | Reflective beaches located south of the Kuraw Peninsula

1
1 ]2 Ouitlier beach located north of the Kuaot&eminsula and within Mercury Bay

‘ 3 | Harbour adjacent beaches located souttedftiaotunu Peninsula
Otama Beach B* — the behaviour at Otama was identified as intéliate due to its initial classification, timing tife peak seasonal volume, and location being rudrthe

Kuaotunu Peninsula. The seasonal behaviour wasisagntly higher at Otama than all other Coromanuehches.

Cooks Beach C* — the behaviour at Cooks Beach was identifiedaabdur adjacent at the seasonal scale. The thoddepriocated nearest the harbour entrance alvetio

harbour adjacent behaviour, that being irregulah wb seasonal scale. The two northern profile€ooks Beach showed strong seasonal cycles sinildretintermediate

beaches with a peak seasonal volume in April to,Mag an overall variation of approximately 10 %.



REFERENCES

Aagaard, T., Davidson-Arnott, R., Greenwood, BN&lsen, J. (2004). Sediment
supply from shoreface to dunes: linking sedimesgport measurements
and long-term morphological evolutioBeomorphology60, 205-224.

Anthony, E.J. (1998). Sediment-wave parametric attarization of beaches.
Journal of Coastal Research, (14, 347-352.

Aubrey, D.G., & Ross, R.M. (1985). The quantitatdescription of beach cycles.
Marine Geology, 69155-170.

Bittencourt, A.C.S.P., Sampaio, E.E.S., & Farias;. K1997). Beach imaging
through the time evolution of topographical prdildournal of Coastal
Research, 1@), 1141-1149.

Bogle, J.A., Bryan, K.R., Black, K.P., Hume, T.M. Healy, T.R. (2001). Video
observations of rip formation and evolutidmurnal of Coastal Research,
S134,117-127.

Bowman, D., Guillen, J., Lopez, L., & Pellegrino, {2009). Planview geometry
and morphological characteristics of pocket beadmethe Catalan coast
(Spain).Geomorphology, 108,91-199.

Bradshaw, B.E. (1991)Nearshore and inner shelf sedimentation on the east
Coromandel Coast, New Zealafldnpublished PhD thesis). University of
Waikato, Hamilton, New Zealand.

Bryan, K.R., Gallop, S.L., van de Lageweg, W.l., &oco, G. (2009).
Observations of rip channels, sandbar-shorelineplotgy and beach
rotation at Tairua Beach, New Zealand. In |. Dawd.), Proceedings of
Australasian Coasts and Ports Conference 208@ellington, New
Zealand: New Zealand Coastal Society.

Bryan, K.R., Kench, P.S., & Hart, D.E. (2008). Mulecadal coastal change in
New Zealand: Evidence, mechanisms and implicatiowsw Zealand
Geographer, 64117-128.

Bryan, K.R., Robinson, A., & Briggs, R.M. (2007)pd&ial and temporal-
variability of titanomagnetite placer deposits orpr@dominantly black
sand beactMarine Geology, 23@-2), 45-59.

Capobianco, M., de Vriend, H.J., Nicholls, R.J.S&ve, M.J.F. (1999). Coastal
area impact and vulnerability assessment. the pointview of a
morphodynamic modelledournal of Coastal Research, 18)1-716.

Carter, R.W.G., & Balsillie, J.H. (1983). A note tile amount of wave energy
transmitted over nearshore sand bdfarth Surface Processes and
Landforms, &), 213-222.

Clarke, D.J., & Eliot, I.G. (1988). Low-frequenciianges of sediment volume on
the beachface at Warilla Beach, New South Waleg5-1985. Marine
Geology 79,189-211.

Crowell, M., Leatherman, S.P., & Buckley, M.K. (1199 Historical Shoreline
Change: Error Analysis and Mapping Accuradjournal of Coastal
Research, (B), 839-852.

Dahm, J., & Gibberd, B. (2009foromandel beaches — coastal hazards: Review
of primary development setback at selected bea@iesnes Coromandel
District Council) Hamilton, New Zealand: Focus Resource Management
Group.

References 159



Dahm, J., & Munro, A. (2002)Coromandel beaches: Coastal hazards and
development setback recommendati{iasvironment Waikato Technical
Report 02/06). Hamilton, New Zealand.

Dail, H.J., Merrifield, M.A., & Bevis, M. (2000). t8ep beach morphology
changes due to energetic wave forcixigrine Geology, 162443-458.

Dalrymple, R.A., & Thompson, W.W. (1977). Study efjuilibrium beach
profiles. Proceedings Fifteenth Coastal Engineering Confeeent976,
Honolulu: Hawaii. (pp. 1277—1296). New York, USA: American Society
of Civil Engineers.

Davidson, M.A., & Turner, L.L. (2009). A behaviolreemplate beach profile
model for predicting seasonal to interannual shmeegvolution.Journal
of Geophysical Research, 1F)1020.

de Lange, W.P. (2000). Interdecadal Pacific Od@ita(IPO): a mechanism for
forcing decadal scale coastal change on the Natheeaast of NZ?
Journal of Coastal Research, S| 57-664.

de Lange, W.P., & Gibb, J.G. (2000). Seasonal,ramteual, and decadal
variability of storm surges at Tauranga, New ZedlaNew Zealand
Journal of Marine and Freshwater Research(34419-434.

de Lange, W.P., Healy, T.R., & Darlan, Y. (1997¢prRoducibility of sieve and
settling tube textural determinations for sandaiZgeach sediment.
Journal of Coastal Research, (13, 73-80.

Dolan, R., Fenster, M.S., & Holme, S.J. (1991). Pperal analysis of shoreline
recession and accretiojournal of Coastal Research(3j, 723-744.
Dubois, R.N. (1988). Seasonal changes in beaclgtaphy and beach volume in

Delaware Marine Geology, 879-96.

Eliot, 1.G., & Clarke, D.J. (1982). Seasonal andnmiial fluctuation in subaerial
beach sediment volume on Warilla beach, New Soutle8/Marine
Geology, 4889-103.

Eliot, 1., & Clarke, D. (1989). Temporal and spatiaas in the estimation of
shoreline rate-of-change statistics from beachesumformation.Coastal
Management, 1(2), 129-156.

Emery, K.O. (1961). A simple method of measuringdbe profiles.Limnology
and Oceanography,(6), 90-93.

Environment Waikato (2002).Coastal hazards & development setback
recommendations summary report May 20@&hvironment Waikato,
39pp.

Fenster, M.S., & Dolan, R. (1993). Historical shioe trends along the outer
banks, North Carolina: Processes and responsm&nal of Coastal
Research, @), 172-188.

Fenster, M.S., Dolan, R., & Eleder, J.F. (1993)néw method for predicting
shoreline positions from historical dagmurnal of Coastal Research(19,
147-171.

Gallop, S.L., Bryan, K.R., & Coco, G., (2009). Valebservations of rip currents
on an embayed beaclournal of Coastal Researc8| 56 49-53.

Goikoetxea, N., Borja, A., Fontan, A., Gonzalez, M. Valencia, V. (2009).
Trends and anomalies in sea-surface temperatusenaa over the last
60 years, within the southeastern Bay of Bisc&pntinental Shelf
Research, 291060-1069.

160 References



Goring, D.G. & Bell, R.G. (1999). El Nifio and deehdeffects on sea-level
variability in northern New Zealand, a wavelet gs&. New Zealand
Journal of Marine and Freshwater Research(433587-598.

Gorman, R.M., Bryan, K.R., & Laing, A.K. (2003a).ae hindcast for the New
Zealand region: deep-water wave clim®ew Zealand Journal of Marine
and Freshwater Research, 389-612.

Gorman, R.M., Bryan, K.R., & Laing, A.K. (2003b).a¥% hindcast for the New
Zealand region: nearshore validation and coastalewaimate. New
Zealand Journal of Marine and Freshwater ReseaBih567-588.

Gourlay, M.R. (1992). Wave set-up, wave run-up dwhch water-table -
interaction between surf zone hydraulics and growater hydraulics.
Coastal Engineering, 1I-2), 93-144.

Gunawardena, Y., llic, S., Southgate, H.N., & Pimde, H. (2008). Analysis of
the spatio-temporal behaviour of beach morpholdgyuck using fractal
methodsMarine Geology, 25238-49.

Harley, M.D., Turner, I.L., Short, A.D., & Ranasimg R. (2009a). Rotation and
oscillation of an embayed beacoastal Engineering 2008, 1-865-875.

Harley, M.D. (2009b)Daily to decadal embayed beach response to wave and
climate forcing (Unpublished PhD thesis). University of New South
Wales, Sydney, Australia.

Harley, M.D., Turner, I.L., Short, A.D., & Ranashng R. (2009c). An empirical
model of beach response to storms — SE Australial. Dawe (Ed.),
Proceedings of Australasian Coasts and Ports Cemes 2009.
Wellington, New Zealand: New Zealand Coastal Sgciet

Hart, D.E., & Bryan, K.R. (2008). New Zealand cahstystem boundaries,
connections and managemedew Zealand Geographer, 6429-143.

Healy, T.R., & Dell, P.M. (1987). Baseline data tfegurveys for management of
an embayed coastline, east Coromandel, New Zealdadrnal of
Shoreline Management, B529.

Healy, T.R., Dell, P.M., & Willoughby, A.J. (1981foromandel coastal survey
volume 1 basic survey datadlauraki Catchment Board. Report No. 114,
233pp.

Holman, R.A., Symonds, G., Thornton, E.B., & Rangbe, R. (2006). Rip
spacing and persistence on an embayed bekxhnal of Geophysical
Research, 111C01006.

Hume, T.M. (1979)Factors contributing to coastal erosion on the eesast of
Northland during July 1978Water and Soil Division Report). Auckland,
New Zealand: Ministry of Works and Development.

Hume, T.M., Bell, R.G., de Lange, W., Healy, T.Ricks, D.M., & Kirk, R.M.
(1992). Coastal oceanography and sedimentologyew Kealand, 1967-
91.New Zealand Journal of Marine and Freshwater Resea26,1-36.

Hume, T.M. & Dahm, J. (1991An investigation of the effects of Polynesian and
European land use on sedimentation in Coromandebegs.Department
of Conservation Consultancy Report, No. 7106:3, 47p

Inman, 1.J. (1953). Aerial and seasonal variatiomsbeach and near-shore
sediments at La Jolla, CaliforniBeach Erosion Board Technical Memo.
No. 39.

Jimenez, J.A., Guillen, J., & Falques, A. (2008)on@nent on the article
“Morphodynamic classification of sandy beachesow kenergetic marine
environment” by Gomez-Pujol, L., Orfilla, A., Cated, B., Alvarez-

References 161



Ellacuria, A., Mendez, F.J., Medina, R., & Tintotk, Marine Geology,
242, pp.235-246.Marine Geology, 2596-101.

Klein, A.H.F., Benedet Filho, L., & Schumacher, D.2002). Short-term beach
rotation processes in distinct headland bay begshems.Journal of
Coastal Research, [8), 442-458.

Komar, P.D. (1998)Beach processes and sedimentatioipper Saddle River,
New Jersey: Prentice Hall.

Labitzke, K. (1982). On the interannual variability the middle stratosphere
during the northern winterslournal of the Meteorological Society of
Japan, 60,124-138.

Lacey, E.M., & Peck, J.A. (1998). Long-term beachbfite variations along the
south shore of Rhode Island, U.SJournal of Coastal Research4(4),
1255-1264.

Land Information New Zealand, (2002202 Chart CatalogudRetrieved from
www.linz.govt.nz/hydro/charts

Larson, M., Capobianco, M., Jansen, H., Rozynski,Seuthgate, H., Stive, M.,
Wijnberg, K., & Hulscher, S. (2003). Analysis anaadeling of field data
on coastal morphological evolution over yearly aletadal time scales.
Part 1: background and linear techniquésurnal of Coastal Research,
19(4), 760-775.

Larson, M., & Kraus, N.C. (1994). Temporal and spdatcales of beach profile
change, Duck, North Carolin®larine Geology, 11775-94.

Latif, M., & Barnett, T.P. (1996). Decadal climatariability over the North
Pacific and North America: dynamics and predictgbilJournal of
Climate, 9,2407-2423.

Lee, G., Nicholls, R., & Birkemeier, W.A. (1998)toBn-driven variability of the
beach—nearshore profile at Duck North Carolina, US481-1991.
Marine Geology, 148163-177.

List, J.H., & Farris, A.S. (1999). Large-scale sime response to storms and fair
weather. In N.C. Kraus & W. G. McDougal (EdQpastal Sediments ‘99
(pp. 1324-1338). Reston, Va., U.S.A: American Sgcief Civil
Engineers.

Lizarraga-Arciniega, R., Martinez-Diaz de Leon, Aglgado-Gonzalez, O.,
Torres, C.R., & Galindo-Bect, L. (2007). Alternatioof beach
erosion/accretion cycles related to wave action Bffsarito, Baja
California, Mexico.Ciencias Marinas, 33), 259-269.

Lomb, N.R. (1976). Least-squares frequency analykighequally spaced data.
Astrophysics and Space Science,435-462.

McLean, R.F. (1979)Dimensions of the Whiritoa sand system and imptoat
for sand mining and shore erosiobnpublished Report to the Hauraki
Catchment Board, Te Aroha, New Zealand.

Mantua, N.J., Hare, S.R., Zhang, Y., Wallace, J&1Erancis, R.C. (1997). A
Pacific interdecadal climate oscillation with img@acon salmon
production.Bulletin of the American Meteorological Society, 1869-
1079.

Mantua, N.J., & Hare, S.R. (2002). The Pacific dtaoscillation.Journal of
Oceanography, 585-44.

Masselink, G., & Pattiaratchi, C.B. (2001). Seasowmhanges in beach
morphology along the sheltered coastline of Pevlestern Australia.
Marine Geology, 172243-263.

162 References



Mead, S., & Moores, A. (2005Estuary sedimentation: a review of estuarine
sedimentation in the Waikato regiqinvironment Waikato Technical
Report Series 2005/13). Hamilton, New Zealand: EEmrnent Waikato.

Medina, R., Losada, M.A., Losada, I.J., & Vidal, (@994). Temporal and spatial
relationship between sediment grain size and bgatile. Marine
Geology, 118195-206.

Miller, J.K., & Dean, R.G. (2007a). Shoreline véailday via empirical orthogonal
function analysis: Part | temporal and spatial abgaristics. Coastal
Engineering 54111-131.

Miller, J.K., & Dean, R.G. (2007b). Shoreline vduilgy via empirical orthogonal
function analysis: Part Il relationship to nearghaonditions.Coastal
Engineering 54133-150.

Minobe, S. (1997). A 50-70 year climatic oscillatiover the North Pacific and
North AmericaGeophysical Research Letters, B83-686.

Minobe, S. (1999). Resonance in bidecadal and geotalal climate oscillations
over the North Pacific: Role in climatic regime f&hi Geophysical
Research Letters, 2655-858.

Morton, R.A., Gibeaut, J.C., & Paine, J.G. (1999kso-scale transfer of sand
during and after storms: implications for predintioof shoreline
movementMarine Geology, 126161-179.

Munoz-Perez, J.J., & Medina, R. (In press). Conggariof long-, medium- and
short-term variations of beach profiles with andtheut submerged
geological controlCoastal Engineering.

Ojeda, E., & Guillen., J. (2008). Shoreline dynasni@nd beach rotation of
artificial embayed beachedlarine Geology, 253%1-62.

Oldman, J.W., Smith, R.K., & Ovenden, R. (2008pastal erosion hazard
assessment of the Foreworld sites between Gill Rdl Branklin Rd,
Bayview, Hawke BagNIWA Client Report, FWL03202). Hamilton, New
Zealand.

Ozolcer, I.H. (2008). An experimental study on getmo characteristics of beach
erosion profilesOcean Engineering, 33,7-27.

Plant, N.G., Holman, R.A., Freilich, M.H., & Birkeater, W.A. (1999). A simple
model for interannual sandbar behavitwurnal of Geophysical Research-
Oceans, 104C7), 15,755-15,776.

Quartel, S., Kroon, A., & Ruessink, B.G. (2008)aSanal accretion and erosion
patterns of a microtidal sandy beabtarine Geology, 25019-33.

Quiroz, R.S., 1981. Periodic modulation of the tsgpheric quasi-biennial
oscillation.Monthly Weather RevieW9,665-675.

Ranasinghe, R., McLoughlin, R., Short, A., & Symen@. (2004). The southern
oscillation index, wave climate, and beach rotatMarine Geology, 204,
273-287.

Reeve, D., Li, Y., Lark, M., & Simmonds, D. (200An investigation of the
multi-scale temporal variability of beach profilas Duck using wavelet
packet transform&Coastal Engineering, 54,01-415.

Rooney, J.J.B., & Fletcher, C.H. Ill. (2005). SHore change and Pacific climatic
oscillations in Kihei, Maui, HawaiiJournal of Coastal Research, (3]},
535-547.

Ross, D.J., McQueen, D.J., & Kettles, H.A. (199%4and rehabilitation under
pasture on volcanic parent materials: changes iinnsorobial biomass
and C and N metabolisrAustralian Journal of Soil Research,,32321-

References 163



1327.

Ruf, T. (1999). The lomb-scargle periodocal in bgtal rhythm research:
analysis of incomplete and unequally spaced timieseBiological
Rhythm Research, 3, 178-201.

Salinger, M.J., Renwick, J.A., & Mullan, A.B. (2001linterdecadal pacific
oscillation and south pacific climateternational Journal of Climatology,
21(14), 1705-1721.

Scarfe, B.E. (2008)Oceanographic considerations for the management and
prediction of surfing breakgUnpublished PhD thesis). University of
Waikato, Hamilton, New Zealand.

Scargle, J. (1982). Studies in astronomical tinreeseanalysis. Il-Statistical
aspects of spectral analysis of unevenly spaceal @ae Astrophysical
Journal 263,835—-853.

Shepard, F.P. (1950Beach cycles in Southern California. U.S. army sogb
engineers, beach erosion board@echnical Memo. 20Beach Erosion
Board, U.S. Army Corps of Engineers, Washington.D.C

Shoelson, B. (1999)Lomb-Scargle Retrieved from Mathworks, Mathworks
website: http://www.mathworks.com/matlabcentral/fileexchal9§8-
lombscargle-m

Short, A.D. (1979a). Wave power and beach stagegoBal modelProceedings
Sixteenth International Conference: August 27 tet&aber 3, 1978,
Hamburg, Germany.(pp.1145-1162). New York, U.S.A: American
Society of Civil Engineers.

Short, A.D. (1979b). Three dimensional beach stagdel.Journal of Geology,
87,553--571.

Short, A.D. (1981). Beach response to variationbrgaker heightProceedings
Seventeenth Coastal Engineering Conference, Ma&hto2 28, 1980,
Sydney: Australia(pp. 1016—1035)New York, USA: American Society
of Civil Engineers.

Short, A.D. (1999). Wave-dominated beaches. In ABort, (Ed.)Handbook of
Beach and shoreface morphodynamidpp. 173-203). Chichester,
England: John Wiley & Sons Ltd.

Short, A.D., Cowell, P.J., Cadee, M., Hall, W., &N Dijke, B. (1995). Beach
rotation and possible relation to the southernliasicn. In Proceedings of
Ocean and Atmosphere Pacific International Confeesdelaide (pp.
329-334). Adelaide, Australia: National Tidal Fégil

Short, A.D., & Masselink, G. (1999). Embayed anducurally controlled
beaches. In A.D. Short, (Ed.KHandbook of Beach and shoreface
morphodynamicqpp. 142-161). Chichester, England: John Wiley@&$
Ltd.

Short, A.D., & Trembanis, A.C. (2004). Decadal scglatterns in beach
oscillation and rotation Narrabeen Beach, Austrdlimme series, PCA and
wavelet analysislournal of Coastal Research, (2), 523-532.

Short, A.D. & Wright, L.D. (1981). Beach systems tife Sydney region.
Australian Geographer, 18-16.

Smith, R.K., & Bryan, K.R., (2007). Monitoring bdadace volume with a
combination of intermittent profiling and video igery. Journal of
Coastal Research, 28), 892-898.

164 References



Smith, G.L. & Zarillo, G.A. (1990). Calculating Igrterm shoreline recession
rates using aerial photographic and beach profteotniquesJournal of
Coastal Research, @), 111-120.

Steeghs, L. (2007Morphodynamics of the Whitianga tidal inlet and fald Bay,
New Zealand. (Unpublished MSc thesis). University of Waikato,
Hamilton, New Zealand.

Stewart, D. (2002).Coromandel coastal survey historical data summary
(Environment Waikato Technical Report Series 200R/Blamilton, New
Zealand: Environment Waikato.

Stewart, D. (2006)Coromandel coastal survey: establishing a commadarddor
surveys of Coromandel beach profil@nvironment Waikato Technical
Report Series 2006/01). Hamilton, New Zealand: Emment Waikato.

Stive, M.J.F., Aarninkhof, S.G.J., Hamm, L., HansbBin, Larson, M., Wijnberg,
K.M., Nicholls, R.J., & Capobianco, M. (2002). Valility of shore and
shoreline evolutionCoastal Engineering, 4211-235.

Storlazzi, C.D., & Griggs, G.B. (1998a). The 19%/-El Nifio and erosion
processes along the central coast of Califo®lieare & Beach, 66,2-17.

Storlazzi, C.D., & Griggs, G.B. (1998b). Influenag EI Nifio Southern
Oscillation (ENSO) events on the coastline of adn@alifornia.Journal
of Coastal Research, Sl 2646-153.

Thom, B.G., & Hall, W. (1991). Behaviour of beadtfiles during accretion and
erosion dominated periodEarth Surface Processes and Landforms, 16
113-127.

Van Loon, H., Zerefos, C.S. & Repapis, C.C. (1982) southern oscillation in
the stratospherdlonthly Weather Review, 11225-229.

Wijnberg, K.M. (2002). Environmental controls on cddal morphologic
behaviour of the Holland coadflarine Geology, 18R27-247.

Winant, C.D., Inman, D.L., & Nordstrom, C.E. (197B)escription of seasonal
beach changes using empirical eigenfunctialmirnal of Geophysical
Research, 805), 1979-1986.

Wood, A., Bryan, K.R., Smith, R.K., Coco, G., & R&tt, V. (2009). Indicator
beaches on the Coromandel Peninsular, New Zealand.Dawe (Ed.),
Proceedings of Australasian Coasts and Ports Cemes 2009.
Wellington., New Zealand: New Zealand Coastal Sgcie

Wright, L.D., & Short A.D. (1983). Morphodynamic$ lbeaches and surf zones
in Australia. InP.D. Komar (Ed.)Handbook of Coastal Processes and
Erosion,(pp. 35-64). Boca Raton, FL: CRC Press.

Wright, L.D. (1981). Beach cut in relation to sumfie morphodynamics.
Proceedings Seventeenth Coastal Engineering CardereMarch 23 to
28, 1980, Sydney: Australigpp. 978-996) New York, USA: American
Society of Civil Engineers.

Wright, L.D., Nielsen, P., Short, A.D., & Green, ®™.(1982b). Morphodynamics
of a macrotidal beaciMarine Geology, 5097-128.

Wright, L.D., & Short, A.D. (1984). Morphodynami@awability of surf zones and
beaches: a synthesMarine Geology56, 93-118.

Yates, M.L., Guza, R.T., & O'Reilly, W.C. (2009).qtilibrium shoreline
response: observations and modellidgurnal of Geophysical Research,
114,C09014.

Zhang, Y., Wallace, J.M., & Battisti, D.S. (1997ENSO-like interdecadal
variability: 1900-93Journal of Climate, 1(®), 1004- 1020.

References 165



166 References



APPENDI X |

COASTS & PORTS 2009: WOOD ET AL. (2009)

Indicator beaches on the Coromandel
Peninsula, New Zealand

Andrew Wood®, Karin R. Bryanl, R. Keith Smith?, Giovanni Coco® and Vernon
Pickett’
1University of Waikato, Hamilton, New Zealand
“Coastal Consultant, 178 Collins Road, RD2 Hamilton 3282
*National Institute of Water and Atmospheric Research, Hamilton, New Zealand
*Environment Waikato, Hamilton, New Zealand

Abstract

Analysis of the spatial and temporal variation of 18 beaches along the eastern
Coromandel Peninsula (New Zealand) from Whangapoua in the north to Whiritoa in the
south shows preliminary evidence of indicator beaches. These are beaches whose
behaviour represents that of a similar group of beaches. Beach similarity was classified
by measuring beach length, beach connectivity to neighbouring beaches, and aspect.
Five beaches were selected for further analysis. The analysis of variability in beachface
volumes was undertaken using an extensive beach profile database established in 1978.
The database has a higher-resolution sampling interval from 1996 until present (a
maximum sampling period of approximately bimonthly). Preliminary results show that the
5 selected beaches are in phase with the Interdecadal Pacific Oscillation (IPO).
Superimposed on this trend were episodic events that were evident at most sites, whilst
some displayed annual and/or inter-annual cycles of erosion and accretion. Variability
associated with these events was different between beach sites, with shorter embayed
beaches showing more stability than longer beaches. Moreover single storm events
appear to have different impacts on different regions of the coast. As a result, a number
of smaller sub-cells of behaviour can be identified along the Coromandel Peninsula.

1 Introduction

The eastern Coromandel Peninsula
(New Zealand) beaches sustained
considerable amounts of subdivision and
land development during the 1960’s
(Healy et al. 1981; Environment Waikato
2002). Development was typically
located close to the top of the frontal

thus widespread sampling at reasonable
frequencies (i.e. the 6 weekly periods of
the dataset analysed in this paper) can
be very expensive. ldentifying indicator
beaches on the eastern Coromandel
Peninsula would reduce the cost of
beach monitoring while still providing
suitable datasets whose outcomes are

dune, and in many cases the dunes
were levelled to provide views of the
ocean from private dwellings
(Environment Waikato 2002). As a
result, erosion of the subaerial beach
profile is a primary concern as many
beaches are thought to be closed
sedimentary systems (Healy et al.
1981), meaning that sediment supply is
very limited and can lead to loss of
recreation areas or private land.

Beach profiling via the Emery method
(Emery 1961) is labour intensive and

Coasts & Ports Paper: Wood et al. (2009)

not solely related to one site. Timeseries
data, statistical analysis, and the
identification of erosion and accretion
trends are necessary to understand the
temporal and spatial variation of beach
systems and are vital to coastal
management. The rationale behind the
development of a beach profile dataset
is to identify and quantify the effect of
wave climate on beachface spatial and
temporal variability. This will in turn allow
us to recognise indicator beaches for the
Coromandel Peninsula where monitoring
would generate data that could be
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applied to other beaches that
demonstrate similar behaviour. This will
reduce the time, money and effort
placed to sample numerous beaches.
This paper provides interim results on
the analysis undertaken to detect the
presence of indicator beaches and
sediment transport sub-cells on the
eastern Coromandel Peninsula.

2 Methods
2.1 Study
Classification
The eastern Coromandel Peninsula is a
storm dominated coast (Bradshaw et al.
1990) with the predominant wave
direction from the north east (Gorman et
al. 2003) and an average spring tidal
range of 1.8m. Five beaches were
selected to encompass a range of
behaviours represented in the 18-beach
dataset (Fig. 1). Sediment samples to
determine grain size characteristics
were collected during a field excursion
on the 25th and 26th May 2009.
Sediment samples were obtained from
the middle regions of the intertidal zone
at each of the 61 profiles sites on the
Coromandel Peninsula. Samples varied
in size but were approximately 150
grams and comprised of sediment from
the top 50-80mm of the beach.

Sites and Data

Because of the possible effect on wave
propagation, offshore islands were given
a yes/no value depending on whether
islands were present within 10
kilometres of the beach or within the
50m depth contour (whichever was
smallest). Beach lengths were
calculated from the ArcGIS 1:50,000
topographic database and were defined
as the length of shoreline along the
region containing sand and inlet (e.g.
Hart and Bryan 2008). Beach orientation
was calculated as the vector average of
the orientation of the shoreline at both
ends of the beach (e.g. Hart and Bryan
2008). Connection distance to the left
and right (looking seaward) was
calculated as the approximate distance
of coastline between two beaches (e.qg.
Hart and Bryan 2008). The average
intertidal beach slope was calculated
using an average of the lowest 3
surveyed points (above MLWS) for the
entire timeseries. Mean grain size
characteristics were measured using the
Rapid Sediment Analyser.
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Figure 1: Coromandel Peninsula location
map detailing the eighteen study sites
comprised in the project along the east
coast. Yellow markers denote beaches
studied in this paper. Auckland is 75km
west from Matarangi.

The northern most beach selected,
Whangapoua, is a short (1804m, see
Table 1) pocket beach with headland
barriers at each end and a very small
estuary at the northern end.
Whangapoua Beach is an intermediate
sloped beach (Table 1) with a median
grain size of 250um (fine sand).
Pungapunga Island is a small island
(2590m2, taken from cadastral maps
available in the Quickmap software)
located toward the northern end of
Whangapoua Beach approximately
150m seaward of mean high water
springs.

Matarangi Beach is a dune barrier beach
system, located immediately east of
Whangapoua. Matarangi Beach is the
longest (4618m, Table 1) and lowest-
sloped beach analysed in this study
(Table 1), and is characterised by a
median grain size of 270um (medium
sand). Matarangi Beach abuts a
headland at the eastern end of the
beach and the spit extends to the west
where it terminates at the entrance to
Whangapoua Harbour.

Tairua and Pauanui are the
southernmost beaches considered in
this study and are separated by a
headland and the entrance to Tairua
Harbour. Tairua is a short (1511m),
steep pocket beach (Table 1) with a
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median grain size of 390um (medium
sand). Tairua Beach abuts headlands at
each end. Pauanui is a relatively long
(2899m) dune barrier beach with a low
gradient (Table 1) and fine grained
sediment (230um fine sand). Pauanui
Beach abuts a rocky headland to the
south and terminates at Royal Billy Point
in the entrance to Tairua Harbour in the
north. Both Tairua and Pauanui beaches
have offshore islands located landward
of the 20m depth contour. Shoe Island is
located 3km east of the Tairua Harbour
entrance and Slipper Island is located
7km south east of the entrance. Hot
Water Beach is centrally located
between the four aforementioned
beaches (Fig. 1). It is a short (1865m),
steep beach (Table 1) with relatively
coarse sediment (380pum medium sand)
and three streams entering the coast at
the northern, central, and southern
sections of the beach. Hot Water Beach
abuts headlands at each end.

Table 1: Beach classification parameters
(see text for more details).

months since 1996 and 6-weekly more
recently. All beach profiles were
undertaken using the Emery method
(Emery, 1961). Each survey begins from
a known benchmark typically located
landward of the dune crest. During each
survey points of interest such as the
edge of vegetation line, storm high water
line, high water mark, and saturated
surfaces were measured as often as
possible (Smith and Bryan, 2007).

2.2 Data Analysis

Raw beach profile data were input into
the Beach Profile Analysis Toolbox
(BPAT) software. Upon verification in
BPAT, profile surveys were analysed by
a variety of different methods. The raw
profile data were then extracted in ASCII
format for analysis with Matlab Software.
Computer algorithms were written to
calculate various parameters of interest
and to extract timeseries data consisting
of: profile elevations; beach volumes;
beach slope; summary statistics; and,
seasonal trends. The beach volumes
were divided into three regions
comprising the dune region, the upper

Beach  Beach Average Connecti Average beach region, and the intertidal region.
Name Length  Orient- on Slope Statistical Ivsi " d
(m) ation (°)  Distance atistical analysis was performed on
(m) each volume region. Seasonal trends
Whang- 1804 41 L: 0.05 were analysed by time-averaging and
apoua 12R3_0990 grouping the intertidal beach volumes
Matara- 4618 12 L- 990 00z Into 6 week blocks over the entire 30-
ngi R year dataset.
735
\*7\/0‘ 1865 7 L: 0.11  Intertidal beach volumes were evaluated
ater 112_6 by calculating the area under each
5890 individual beach profile from mean high
Tairua 1511 53 L: 0.12  water springs (MHWS) to mean low
25;_1 water springs (MLWS, relative level 0.9
1389 to relative level -0.9). The average
Pauan- 2899 71 L: 003 Spring tidal range for the eastern
ui 1389 Coromandel Peninsula is 1.8m (LINZ).
52%11 The NIWA tide forecaster indicates the

fleod and ebb tides have approximately

The profile sites were established in
1979 after the renowned storms in
winter 1978 (Hume 1979; cited in Hume
et al 1992) and sporadically sampled by
Environment Waikato. In addition, Keith
Smith (Private Consultant) and Ron
Ovenden (National Institute of Water
and Atmospheric Research, NIWA) have
been undertaking regular beach profile
surveys of the Coromandel beaches
since 1990 and have gathered an
extensive database across 61 profile
sites (5 of which are selected here).
These have been profiled every 2
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equal amplitudes hence the values of
0.9m and -0.9m above sea level (ASL)
were used for upper and lower limits.
The resulting “triangle” area under each
beach profile was evaluated as part of
the intertidal volume. The horizontal
area from the intertidal zone landward to
a common datum was then added to the
triangle to quantify the advance or
retreat of the profile. The upper beach
area was calculated using the same
method, with the elevation limits set from
MHWS to 35m  ASL. Visual
observations indicate this is an average
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elevation to which dune vegetation and
storm debris are commonly located. This
was then considered to be an accurate
limit for the upper extent of regular wave
action. In some cases, beach profiles did
not extend as far as MLWS. These
profiles were extrapolated by taking the
last 3 surveyed points, averaging the
slope between them and extending the
data at the average gradient to MLWS.

3 Results

3.1 Intertidal Beach Volumes
Intertidal beach volumes from each of
the five beach sites are shown in Figure
2. The beaches are plotted (top to
bottom) from north to south and have
been demeaned to give an indication of
cut and fill rates. Relatively long term
trends of erosion or accretion (e.g.
greater than a seasonal cycle) occur at
similar  timeframes throughout the
Peninsula. Each of the beach sites in
Figure 2 displays a trend of accretion
from the beginning of 2002 until early
2007. An erosion trend prior to this
accretion event from 1998-2002 is also
apparent in the data. These trends are
less evident at Hot Water Beach. There
are numerous occasions  where
relatively large erosion/accretion events
are prominent. Some events or trends
occur across more than one beach, but
very seldom through all of them. For
example, a period of accretion at the
beginning of 2000 was observed in all
the profiles except Pauanui Beach. An
example where uniform  accretion
occurred for all the profiles is at the
beginning of 2007 (Fig. 2). There is a
gap in the data at Tairua Beach and
Matarangi Beach where no profile
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surveys were undertaken for a period of
more than 12 months. At Matarangi
there are no data prior to July 1996. At
Tairua Beach there are no data from
August 1996 to July 1999 and the
Pauanui Beach data beings in July
1996.

Figure 3 illustrates timeseries of
intertidal, upper beach, and dune
volumes for Whangapoua Beach. The
profles are plotted against the
Interdecadal Pacific Oscillation (IPO) for
the same time period. Timeseries
analysis of the three horizontal volume
regions on Whangapoua Beach (Fig. 3)
shows that intertidal and upper beach
volumes follow long term trends of
erosion/accretion similar to the temporal
variations in  the [IPO index. A
comparison with Figure 2 shows that
intertidal beach volumes across the
eastern Coromandel beaches analysed
follow a similar long term trend of
erosion and accretion. The derived
beach volume timeseries shows a long
term signal that is in phase with the IPO.

Figure 3 illustrates a marked similarity
between the intertidal and upper beach
volumes for Whangapoua Beach.
Standard deviations of the three volume
regions are plotted in Figure 4 for each
site. The timeseries in Figure 3 does not
illustrate a seasonal cycle because it is
much smaller relative to the interannual
variations. A storm event in July 2008
which caused significant intertidal
erosion across the Peninsula (Fig. 2, but
predominantly north of the Kuaotunu
Peninsula) is evident in Figure 3 across
the entire beach profile.
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Figure 2: Intertidal beach volume trends for the five selected sites from north to south. All
timeseries have been demeaned. The shaded areas above and below zero represent
periods of erosion or accretion about the mean volume.
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Figure 3: Whangapoua Beach volumes over time for the intertidal region, upper beach
region, and dune region. The IPO for the same period is shown in the top panel.
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In the last 15 years there have been
shifts in the IPO index which can be
observed in the beach data. However,
sharp changes in the magnitude of the
IPO index are not coupled with sharp
changes in erosion or accretion events
in the beach sediment volume (Fig. 3).
This might indicate that there is a finite
response time between the IPO phase
and the beach volume change.

\

Standard Deviation (ma.mj
=

=

Beach Profile Region

Figure 4: The standard deviation of
beach volumes for each horizontal
region at Whangapoua Beach (black
line), Matarangi Beach (blue line), Hot
Water Beach (green line), Tairua Beach
(red line), and Pauanui Beach (pink
line).

Pauanui and Matarangi beaches have
the lowest gradients, fine sediment and
highest standard deviation for intertidal
beach volumes (Fig. 4). The dune
regions have the least variability of the
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beach profile (Fig. 4) for all beaches.
The highest standard deviations for the
steepest two beaches (Tairua and Hot
Water) are for the upper beach region,
thus being more variable than the
respective intertidal areas. Longshore
sediment transport is not analysed in
this study as only one profile site per
beach is used.

The raw timeseries data did not indicate
the presence of an obvious seasonal
trend in either the intertidal beach
volumes for each profile (Fig. 2), or the
total beach volume in the case of
Whangapoua Beach (Fig. 3). However,
when the volumes were time-averaged
in 6 week blocks and the seasons
grouped for the entire dataset (1979-
present), a seasonal trend was evident.
Figure 5 displays time-averaged
intertidal volumes for each profile site.
The maximum accretion period occurs in
the April to mid-May bracket for three of
the five beaches. These three beaches
also have the finest grain sediment and
lowest average intertidal beach slope
(Whangapoua, Matarangi and Pauanui).
The two steep, coarse sand beaches
(Hot Water and Tairua) have peak
seasonal volumes in the mid-February to
March bracket, and both have significant
average erosion during the April to mid-
May bracket.

— Whangapous
Matarangi
Hot vWister
Tairua

Pauanui

Jan Feb Mar &pr May Jun Jul Aug Sep Oct Mow Dec Jan
Figure 5: Seasonal variability along the eastern Coromandel Peninsula through the
calendar year using time-averaged intertidal volumes for each profile site. Intertidal beach
volume data from 1979 to present was averaged over 6 weekly blocks beginning from

January 1 for the calendar year.

4 Discussion

4.1 Data/Sampling Error

The beach profile dataset is unique due
to its large spatial and temporal extent,
with relatively high sampling frequency
since 1995. The Emery method used to
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collect the data has been the most
widely applied method of beach
surveying since its inception in the
1960’s (Smith and Bryan 2007) but is
limited by site specific conditions at the
time of surveying. Original testing of the
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Emery method (Emery, 1961) showed
the average error in elevation between
two points as 0.035ft (~10.6mm) with a
maximum of 0.18ft (~55mm). These low
values are not large enough to add
significant error to the data presented.

4.2 Short Term Trends

The Kuaotunu Peninsula defines a
boundary between two cells (north and
south) where localised erosion/accretion
events show a remarkable difference in
behaviour. Events occurring at
Whangapoua Beach and Matarangi
Beach typically have little to no similarity
to the observations collected at Hot
Water, Tairua, or Pauanui Beaches.
However, individual events are still
important as there are numerous
examples in Figure 2 where relatively
large erosion and/or accretion events
are the dominant feature in each
timeseries. Short term trends often occur
at more than one beach, but seldom
through all the profiles. This provides
preliminary evidence that no beach can
be an indicator for the entire eastern
Coromandel Peninsula for short term
erosion/accretion trends. For example, a
large north easterly storm event in July
2008 eroded large volumes from the
profiles at Whangapoua Beach and
Matarangi Beach (45% and 38% of the
pre-event volume respectively), but
significantly lower amounts south of the
Kuaotunu Peninsula (less than 25%). A
second example is the erosion event at
the beginning of 2000 at Pauanui Beach
when other timeseries showed periods
of accretion (Fig. 2, Section 3.1). It is
unknown why Pauanui Beach behaved
differently during a period of average
accretion (Fig. 5). Future analysis of
other profiles on Pauanui Beach will
identify whether this was a localised
event or occurred along the entire
beach.

4.3 Seasonal Trends

The seasonally-averaged data show a
strong seasonal trend through the year
with accretion occurring from spring to
autumn, and erosion during the winter
period. The accretion cycle begins at
approximately the same time for all
profiles (over a 6 week bracket from July
to mid-August). Matarangi Beach was
the only profile not to show an average
increase from this point onward. In this
case the increase was delayed until the
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following 6 week bracket (mid-August to
September). This accretion continued
until the end of April for all profiles
except Hot Water Beach and Tairua
Beach. These latter two beaches began
to retreat during the mid-February to
March bracket. As with the standard
deviations of beach volumes in
horizontal regions (Fig. 4), the steep,
coarse sand beaches behaved
differently than the finer grained, low
gradient beaches.

Figure 5 illustrates that the duration of
winter erosion of the beach profiles was
much shorter compared to the time
required for the profiles to accrete the
same amount in summer. This implies
that erosion of the beachface is
relatively fast and uniform compared to
the accretion period. This is a result of
more energetic winter storms eroding
sediment in winter faster than it can
accumulate on the beachface in summer
(Medina et al. 1994). During the winter
months, the reduction in beach volume
was surprisingly  similar  between
beaches, considering the different
nature of the beaches studied. The
erosion period from mid-June to July is
almost identical at each of the five
beaches. This implies that regardless of
the peak seasonal volume, the profiles
typically retreat during a uniform period
to a seasonal volume minimum.

Evaluating the standard deviation of the
volume variation within each of the
beach horizontal regions (Fig. 4) is a
common method of analysis for beach
profile timeseries (e.g. Larson et al.
2003). The two beaches with the lowest
gradient and fine sediment (Matarangi
and Pauanui) have the highest standard
deviation of volume for the intertidal
area. This confirms that the finer grained
sediments in the intertidal zone are the
most active and easily transported for
the beaches in the study. Conversely,
the two steep, coarse sand beaches
(Hot Water and Tairua) have more
variable upper beach regions than
intertidal regions. It is apparent that the
stability of the intertidal region might be
governed by the grain size and/or
steepness of the intertidal area, with
tidal effects and inundation not being as
relevant as on fine grained beaches.
With the timeseries data available, the
expected outcome would have been
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increasing standard deviations from the
dune to upper beach to intertidal region
(e.g. Whangapoua, Matarangi, and
Pauanui Fig. 4). This was only the case
for beaches with low gradients and fine
sediment. This suggests that the
beaches do not behave in a uniform
manner independently of slope and
grain size.

4.4 Long Term Trends and the
Interdecadal Pacific Oscillation

The timeseries data in Figure 2 indicates
that the five beaches follow similar
trends of erosion and accretion within
the intertidal area across a large spatial
scale (e.g. the Coromandel Peninsula).
As previously mentioned, the Kuaotunu
Peninsula was hypothesised to be a
boundary for sediment movement.
However, beaches north and south of
the Kuaotunu Peninsula appear to have
similar long term trends which suggest a
large scale cycle is a dominant feature
of sediment movement and intertidal
beach volumes. All the profiles analysed
in Figure 2 display similar erosion trends
from 1998 until 2002, followed by net
accretion until 2007, then erosion until
the end of the timeseries.

For the Whangapoua Beach profile, the
IPO appears to have limited impact on
short term variability in sediment
budgets, but evidence exists for a
correlation with long term trends (Fig. 3).
This comparison provides evidence that
climate oscillations of sea surface
temperatures, sea level pressures, and
wind stresses experienced under warm
and cool periods of the IPO (Mantua and
Hare, 2002) are impacting beach
sediment budgets on the eastern
Coromandel Peninsula. Mantua and
Hare (2002) also state that the impacts
of the IPO are broadly similar to those
connected with lesser extremes of El
Nino Southern Oscillation variations.

Matarangi Beach and Pauanui Beach
are unique in that they are relatively
long, flat, barrier beaches with fine
beach sediment and adjacent harbour
entrances. Climatic variations due to the
IPO may explain why Matarangi and
Pauanui beaches appear to have a
stronger relationship with the IPO phase.
Precipitation and groundwater effects
could be a significant factor and thus
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impact the seasonal trend of the
intertidal volumes.

5 Conclusions

Analysis of intertidal beach volumes for
the five beaches indicates that long term
trends of erosion and accretion are
coupled with the IPO. Further analysis of
the upper beach area of one site
identified that long term erosion and
accretion in the upper beach region was
also coupled with the IPO. Time-
averaged seasonal cycles indicated an
overall oscillatory pattern for erosion and
accretion at all sites of the Coromandel.
The time-averaged data showed that the
seasonal rate and periods of erosion at
all sites were fairly uniform. The data will
enable reasonably accurate forecasting
of minimum time-averaged erosion
volumes on a seasonal basis at each
site. Long term trends of erosion and
accretion are evident in the data
whereas single events appear to be
sporadic and determined by local
conditions. Further work will apply these
methods to the entire indicator beach
project across all 61 profile sites.
Expanding the work to all profile sites
will enable detailed analysis of spatial
variability on individual beaches and
across beaches (e.g. beach rotation and
longshore sediment transport trends).
The role of wave characteristics on
beach change will also be addressed in
future work.
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APPENDIX 11
AERIAL PHOTOS AND PROFILE INFORMATION

Aeriad photos from each beach site with markers illustrating the primary

benchmark location are displayed in this appendix. All images were obtained from
Google Earth and orientated to the north if not stated. Table VII-1 illustrates the

date of establishments for each profile. The beaches and profile sites were all

listed from north to south, or in some cases left to right looking seaward. Some of

the northerly orientated beaches use this latter definition due to their orientations.
All profile sites are till in use. Note that Pauanui CCS38 was established in 1981,
however there were 5 profiles from this date until 1990, then the profile was
disestablished until 2004. This lack of data was not considered for a mgjority of

the thesis.

Tablell-1: List of all profiles used in the study at each beach from north to south.

Beach / Profile Name Date Beach / Profile Date established
established  Name

Whangapoua CCS12 16-1-1979 Hot Water CCS35-1  12-1-1981
Whangapoua CCS11 16-1-1979 Hot Water CCS35 13-1-1979
Whangapoua CCS11-1 27-1-1981 Hot Water CCS34 13-1-1979
Matarangi CCS16 15-1-1979 Tairua CCS37 13-1-1979
Matarangi CCS15 15-1-1979 Tairua CCS36-1 25-5-1992
Matarangi CCS14 14-1-1979 Tairua CCS36-2 29-7-2003
Matarangi CCS13 14-1-1979 Tairua CCS36 13-1-1979
Rings CCS18 14-1-1979 Pauanui CCS38 5-1-1981
Kuaotunu West CCS19-4 29-4-1981 Pauanui CCS38-1 4-8-1993
Kuaotunu West CCS19-1 15-1-1981 Pauanui CCS39-1 27-7-1995
Kuaotunu West CCS19-5 28-11-1996 Pauanui CCS39-2 5-1-1981

Aerial Photos and Profile Information
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Kuaotunu East CCS20 16-2-1988 Pauanui CCS40-1 10-1-1979

Kuaotunu East CCS20-2 15-1-1981 Otama CC$45 14-1-1979

Kuaotunu East CCS21 16-1-1981 Otama CC$46 14-1-1979

Wharekaho CCS22-1 15-2-1991 Opito CC$49 14-1-1979

Wharekaho CCS22 12-1-1981 Opito CC$49-1 4-7-1996

Wharekaho CCS23 13-1-1979 Opito CCHA7-1 4-7-1996

Buffalo CCS24 13-1-1979 Opito CC48 14-1-1979

Buffalo CCS25 13-1-1979 Opito CC$48-1 14-1-1981

Buffalo CCS25-1 31-1-1991 Onemana CCS54 9-2-1981

Buffalo CCS26 13-1-1979 Onemana CCS53 9-2-1981

Buffao CCS27 13-1-1979 Whangamata North ~ 27-7-1995
CCS55-1

Maramaratotara CCS28 13-1-1979 Whangamata North ~ 19-7-1990
CCS56

Cooks CCS29 13-1-1979 Whangamata South ~ 19-7-1990
CCSs57

Cooks CCS30 13-1-1979 Whangamata South  1-12-1991
CCS57-3

Cooks CCS31 13-1-1979 Whangamata South ~ 8-9-2002
CCS57-2

Cooks CCS31-1 31-1-1991 Whangamata South  20-12-1978
CCS58

Cooks CCS31-2 31-1-1991 Whiritoa CCS59 19-7-1990

Hahel CCS32 13-1-1979 Whiritoa CCS61 29-3-1995

Hahei CCS33 13-1-1979 Whiritoa CCS62 1-12-1990
Whiritoa CCS63 19-7-1990
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Figure 11.1: Whangapoua Beach and profile sites. The entrance to Whangapoua Harbour isin the
lower right hand corner.
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Figurell.2: Matarangi Beach and profile sites. The entrance to Whangapoua Harbour is to the left
of thedistal end of the spit.
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Figure11.3: Rings Beach showing the central profile location. Cusp formations are evident on the
eastern half of the beach.
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Figure I1.4: Kuaotunu West Beach showing the profile sites. The large rock outcrop to the east
represents the headland barrier to Kuaotunu East Beach.
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Figure I1.5: Kuaotunu East Beach showing the profile sites. The large rock outcrop to the west
represents the headland barrier to Kuaotunu West Beach.
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Figurell.6: Otama Beach showing the two profile sites.
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Figure 11.7: Opito Beach showing the five profile sites. The northern end of the beach has
restricted access. The large orientation change from north to south is evident.

.Google

Figure 11.8: Wharekaho Beach showing the 3 profile sites. In particular, the sheltered location of
the northern profile site and the overall orientation of the beach.
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Figure 11.9: Buffalo Beach showing the five profile sites from north to south. The short embayed
beach with one profile site is Maramaratotara Beach. The western end of Cooks Beach is shown in
the bottom left corner.
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Figure11.10: Cooks Beach showing the five profile sites and the relatively close spacing between
the eastern three profiles in proximity to the entrance to Purangi estuary.
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Figure 11.11: Hahei Beach showing the location of the two profile sites. Cusp formations are
evident across the beach face.

. Google

Eyelait 2.92 km

Figurell.12: Hot Water Beach showing the three profile sites.
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Figure 11.13: Tairua Beach showing the four profile sites. Paku hill in the bottom part of the
image separates Tairua Beach from the entrance to Tairua Harbour and adjacent Pauanui Beach.
The harbour is evident immeditaley behind the housing at the southern end of the beach.
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Figure I1.14: Pauanui Beach showing the five profile sites. Paku hill is evident at the top of the
image as well as the entrance to Tairua Harbour.
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Figure 11.16: Whangamata North Beach showing the two profile sites. The entrance to

Whangamata Harbour is evident at the top of the image. Hauturu Island at the southern end of the
beach has caused alarge salient in the lee side of the island.
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Figure 11.17: Whangamata South Beach showing the four profile sites. The entrance to Otahu
estuary is evident at the southern end of the beach. Hauturu Island and the salient in behind is
evident at the top of the image.
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Figure11.18: Whiritoa Beach showing the four profile sites.
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Figure 11.19: Ngarunui Beach, Raglan showing the four beach profile sites and location of wave
data from Scarfe (2008).
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APPENDIX |11
INTERTIDAL BEACH SLOPE TIMESERIES

Contained within this appendix are each individual profile intertidal beach slope
data. The data represent raw timeseries from 1990 to 2009. Data prior to 1990
were considered insignificant due to the large spacing between surveys. These
data were included in the average intertidal beach slope calculations because the
date of survey was not important. The average intertidal slope used for the beach
classification according to Wright and Short (1984) were shown in each figure
caption for the respective profile from north to south, top to bottom. The method
of calculation was discussed in Section 3.3.1. The benchmark labels are illustrated
on each figure panel. All beaches and profiles are shown from north to south and

on equal x- and y-axes.
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Figure 111.1: Whangapoua Beach intertidal beach dlope timeseries. The average slopes were
0.035, 0.049, and 0.050.
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Figure I11.2: Matarangi Beach intertidal beach slope timeseries. The average slopes were 0.023,
0.024, 0.022, and 0.020.
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Figure111.3: Rings Beach intertidal beach slope timeseries. The average slope was 0.98. The gap
in the data was due to there being insufficient survey data within the intertidal area to determine
the average dope. The profile survey had a very straight intertidal beach slope.
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Figure 111.4: Kuaotunu West Beach intertidal beach slope timeseries. The average slopes were
0.071, 0.066, and 0.044.

Kuaotunu East

L]

1
i
Y

L

[

Intertidal Beach Slope
-

1
]
s

CCS21
1940

1995 2000 2005

Figure 111.5; Kuaotunu East Beach intertidal beach slope timeseries. The average slopes were
0.058, 0.052, and 0.040.
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Figure 111.6: Otama Beach intertidal beach dope timeseries. The average sopes were 0.076 and
0.064.
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Figurel11.7: Opito Beach intertidal beach slope timeseries. The average slopes were 0.30, 0.031,
0.028, 0.036, and 0.034.
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Figure 111.8: Wharekaho Beach intertidal beach slope timeseries. The average dopes were 0.027,
0.042, and 0.078.
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Figure 111.9: Buffalo Beach intertidal beach slope timeseries. The average dopes were 0.012,
0.017, 0.031, 0.034, and 0.031.
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Figure 111.10: Maramaratotara Beach intertidal beach sope timeseries. The average slope was
0.11.
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Figure 111.11: Cooks Beach intertidal beach slope timeseries. The average sopes were 0.044,
0.051, 0.046, 0.045, and 0.040.
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Figure 111.12: Hahei Beach intertidal beach slope timeseries. The average slopes were 0.082 and

0.062.
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Figure 111.13: Hot Water Beach intertidal beach slope timeseries. The average slopes were 0.11,

0.11, and 0.11.
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Figurelll.14: Tairua Beach intertidal beach slope timeseries. The average slopes were 0.12, 0.12,
0.12, and 0.12.
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Figure 111.15: Pauanui Beach intertidal beach slope timeseries. The average slopes were 0.039,
0.048, 0.033, 0.036, and 0.039.
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Figure 111.16: Onemana Beach intertidal beach dope timeseries. The average slopes were 0.13
and 0.14.
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Figure 111.17: Whangamata North Beach intertidal beach slope timeseries. The average slopes
were 0.054 and 0.028.
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Figure 111.18: Whangamata South Beach intertidal beach slope timeseries. The average slopes
were 0.024, 0.024, 0.029, and 0.035.
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Figure 111.19: Whiritoa Beach intertidal beach slope timeseries. The average slopes were 0.13,
0.14, 0.13, and 0.13.
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APPENDIX IV
BEACH ELEVATION TIMESERIES

This appendix contains graphs of beach elevation through time for the entire
subaerial beach. The data were used to observe beach profile variation through
time at all cross-shore locations where an example timeseries was shown in Figure
3.2. All beaches and profiles are shown from north to south and the benchmark
labels are illustrated on each figure pandl. (refer Table 11-1). The y-axis represents
the cross-shore distance with 0 being the landward-most surveyed benchmark.
Time is uniform aong al x-axes from 1990 to January 2009. The colour bar on
the right hand side represents the elevation relative to MSL. The horizontal black
line in each figure panel is the location of the MSL contour. All profiles were
plotted to MWLS whichisRL -0.9 m.
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FigureIV.1: Whangapoua Beach elevation timeseries.
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FigurelV.2: Matarangi Beach elevation timeseries.
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FigureIV.3: Rings Beach elevation timeseries. CS distance is the cross-shore distance.
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FigureIV.4: Kuaotunu West Beach elevation timeseries.
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FigureIV.5: Kuaotunu East Beach elevation timeseries.
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FigureIV.6: Otama Beach elevation timeseries.
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FigureIV.7: Opito Beach elevation timeseries.
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FigureIV.8: Whangapoua Beach elevation timeseries.
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FigurelV.9: Buffalo Beach elevation timeseries.
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FigureV.10: Maramaratotara Beach elevation timeseries. CS distance is the cross-shore distance.
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FigurelV.11: Cooks Beach elevation timeseries.
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FigurelV.12: Hahei Beach elevation timeseries.
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FigurelV.13: Hot Water Beach elevation timeseries.
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FigurelV.14: Tairua Beach elevation timeseries.
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Figure IV.15; Pauanui Beach elevation timeseries.
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FigureV.16: Onemana Beach elevation timeseries.
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FigurelV.17: Whangamata North Beach elevation timeseries.

Beach Elevation Timeseries 207



YwWhangamata South

150t
Fisl,
c 0
© 90f 0 -
§ 50 22
w o)
& 10t =
oy SR
2 =
&7 50 tCCs57-2 5=
2 101 L
3190 -6
140 5
90 e
1990 1995 2000 2005

FigureIV.18: Whangamata South Beach €elevation timeseries.
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FigureV.19: Whiritoa Beach elevation timeseries.
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APPENDIX V
HORIZONTAL VOLUME SEGMENT TIMESERIES

This appendix contains graphs of the horizontatbeslume segments for each
profile site. All of the figures generated are #@mne as the example timeseries
shown in Chapter 3 (Figures 3.5 — 3.8) with regarg- and y-axis limits, and the
different unit of measure for the dune data. Theches and profiles are displayed
from north to south for the entire peninsula (reéfable II-1), with dune volume
data in the top panel, upper beach volume datheémtiddle panel, and intertidal
volume data in the bottom panel. All data have béemeaned. The dune data
were measured in tim™ and the axis limits were +20°m™. The upper beach
and intertidal data are percentages of the meammiwith the axis limits being
150 %. All profiles and panels are plotted from 298 January 2009 encasing the
high resolution data available. The key findinggareling the data were the
similarities between the upper beach and intertl@d, and the lack of short term

variation in the dune data in most instances.
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FigureV.1l: Whangapoua CCS12 horizontal beach segment volutae da
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FigureV.2: Whangapoua CCS11 horizontal beach segment volutae da
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FigureV.3: Whangapoua CCS11-1 horizontal beach segment valiatae
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FigureV.6: Matarangi CCS14 horizontal beach segment volume dat
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FigureV.7: Matarangi CCS13 horizontal beach segment volume dat
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FigureV.8: Rings CCS18 horizontal beach segment volume data.
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FigureV.9: Kuaotunu West CCS19-4 horizontal beach segmentmeldata.
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FigureV.10: Kuaotunu West CCS19-1 horizontal beach segmentwldata.
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FigureV.11: Kuaotunu West CCS19-5 horizontal beach segmentwaldata.
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FigureV.12; Kuaotunu East CCS20 horizontal beach segment votate
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FigureV.13: Kuaotunu East CCS20-2 horizontal beach segmenmehiata.
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FigureV.14: Kuaotunu East CCS21 horizontal beach segment votlate

Otama CCS45

= 10f
E_ |:| .. o amle..  _ — o
E o}
Al A
= o5l
I
0 y
| Al A
g D . .‘ - ‘
251
1995 2000 2005

Time

FigureV.15: Otama CCS45 horizontal beach segment volume data.
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FigureV.16: Otama CCS46 horizontal beach segment volume data.
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FigureV.17: Opito CCS49 horizontal beach segment volume data.
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FigureV.18: Opito CCS49-1 horizontal beach segment volume data.
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FigureV.19: Opito CCS47-1 horizontal beach segment volume data.
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FigureV.20: Opito CCS48 horizontal beach segment volume data.
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FigureV.21: Opito CCS48-1 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries 219



- 10
=

o

%)

—

Vaolume

|:‘|_
E 10}
Q5L . ‘ > . _‘ Y~y A
0

25 F

25r
Dh—_

2or

1

Wharekaho CCS522-1

.‘_..A._

995 2000

Time

2005

FigureV.22: Wharekaho CCS22-1 horizontal beach segment volatee d

—

—
'

=

E

%)

—

Yolume

10

Wharekaho CC522

|:| . -

-10

25
0
=25

25
0
=25

1995

p—

P N TYPVIR

el

o all

W W YVE W Y

2000

Time

2005

FigureV.23: Wharekaho CCS22 horizontal beach segment volunze dat
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FigureV.24: Wharekaho CCS23 horizontal beach segment volunze dat
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FigureV.25: Buffalo CCS24 horizontal beach segment volume data.
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FigureV.26: Buffalo CCS25 horizontal beach segment volume data.
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FigureV.27: Buffalo CCS25-1 horizontal beach segment voluma.dat
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FigureV.28: Buffalo CCS26 horizontal beach segment volume data.
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FigureV.29: Buffalo CCS27 horizontal beach segment volume data.
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FigureV.30: Maramaratotara CCS28 horizontal beach segment \wtata.
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FigureV.31: Cooks CCS29 horizontal beach segment volume data.
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FigureV.32: Cooks CCS30 horizontal beach segment volume data.
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FigureV.33: Cooks CCS31 horizontal beach segment volume data.
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FigureV.34: Cooks CCS31-1 horizontal beach segment volume data.
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FigureV.35: Cooks CCS31-2 horizontal beach segment volume data.
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FigureV.36: Hahei CCS32 horizontal beach segment volume data.
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FigureV.37: Hahei CCS33 horizontal beach segment volume data.
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FigureV.38: Hot Water CCS35-1 horizontal beach segment voluata. d
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FigureV.39: Hot Water CCS35 horizontal beach segment volume. dat
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FigureV.40: Hot Water CCS34 horizontal beach segment volume. dat
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FigureV.41: Tairua CCS37 horizontal beach segment volume data.
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FigureV.42: Tairua CCS36-1 horizontal beach segment volume data
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FigureV.43: Tairua CCS36-2 horizontal beach segment volume data
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FigureV.44: Tairua CCS36 horizontal beach segment volume data.
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FigureV.45: Pauanui CCS38 horizontal beach segment volume data.
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FigureV.46: Pauanui CCS38-1 horizontal beach segment volunge dat
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FigureV.47: Pauanui CCS39-1 horizontal beach segment volunge dat
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FigureV.48: Pauanui CCS39-2 horizontal beach segment volunse dat
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FigureV.49: Pauanui CCS40-1 horizontal beach segment volunge dat
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FigureV.50: Onemana CCS54 horizontal beach segment volume data.
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FigureV.51: Onemana CCS53 horizontal beach segment volume data.
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FigureV.52;: Whangamata North CCS55-1 horizontal beach segnodmine data.
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FigureV.53: Whangamata North CCS56 horizontal beach segmenmetata.
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Whangamata South CCS557
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FigureV.54: Whangamata South CCS57 horizontal beach segmanneatiata.
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FigureV.55; Whangamata South CCS57-3 horizontal beach segroeme data.
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FigureV.56: Whangamata South CCS57-2 horizontal beach segroeme data.
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FigureV.57: Whangamata South CCS58 horizontal beach segmanneatiata.
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FigureV.58: Whiritoa CCS59 horizontal beach segment volume.data
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Figure V.59: Whiritoa CCS61 horizontal beach segment volume.data
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Figure V.60: Whiritoa CCS62 horizontal beach segment volume.data
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FigureV.61: Whiritoa CCS63 horizontal beach segment volume.data
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APPENDIX VI

STANDARD DEVIATIONS: HORIZONTAL VOLUME
SEGMENT ANALYSS

This appendix contains all the standard deviation of beach volume segment results
for each individual profile. Figure 3.9 showed the beach average data grouped
according to the Wright and Short (1984) classification. Chapter 3 alluded to
various aspects of the raw data, hence why they are shown. All graphs in this
appendix maintain the same figure properties regarding profile locations. The
beaches and profiles are plotted from north to south (refer Table 11.1) with the
following colour scheme in each figure: solid black line (northernmost); dotted
blue line; dashed green line; dash-dot red line; and, solid magenta line with circle
marker points. The y axis data are the standard deviations of beach volume and a
common unit of m>.m™ was used. The x axis represents the three horizontal

volume segment regions (SD) as defined in Section 3.3.1. The key findings were:

* intermediate beaches had increasing standard deviations with decreasing
elevation on the beach face;

» reflective beaches had more variable upper beach regions,

» the four steepest intermediate beaches each had one profile with a more
variable upper beach region, those being Kuaotunu West, Kuaotunu East,
Otama, and Hahel. This behaviour was evident in the eastern profiles of
the former 3 beaches and the western profile at Hahei; and

» thevery low results for the two outlier beaches.
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Figure VI1.1: Whangapoua Beach standard deviations of the horizontal volume segment analysis.
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Figure VI1.2: Matarangi Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.3: Rings Beach standard deviations of the horizontal volume segment analysis.
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Figure VI.4: Kuaotunu West Beach standard deviations of the horizontal volume segment
analysis.
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Figure VI1.5: Kuaotunu East Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.6: Otama Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.7: Opito Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.8: Wharekaho Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.9: Buffalo Beach standard deviations of the horizontal volume segment analysis.

244 Appendix VI



Maramaratotara

SD (m 'y
] LS ] N N ey}

Diune Upper Beach Intertidal

Figure VI1.10: Maramaratotara Beach standard deviations of the horizontal volume segment
analysis.
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Figure VI1.11: Cooks Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.12; Hahei Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.13: Hot Water Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.14: Tairua Beach standard deviations of the horizontal volume segment analysis.
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Figure V1.15: Pauanui Beach standard deviations of the horizontal volume segment analysis.
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Figure VI1.16: Onemana Beach standard deviations of the horizontal volume segment analysis.
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Figure VI.17: Whangamata North Beach standard deviations of the horizontal volume segment
analysis.
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Figure VI.18: Whangamata South Beach standard deviations of the horizontal volume segment
analysis.
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Figure V1.19: Whiritoa Beach standard deviations of the horizontal volume segment analysis.
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APPENDIX VI

DEMEANED BEACH VOLUME TIMESERIES

Beach profile timeseries graphs are displayed ia #ppendix. The standard
deviation of volume was averaged for each beadm fiflve data presented here.
The example timeseries figures in Chapter 3 ilatstt several profiles, however
all profiles could not be included within the Chaxptlue to obvious size and word
limitations. As a result, the data is presenteck heith very brief notes on key
behaviours and characteristics which were eludedaabus stages during the
thesis. Figure captions are not provided becauskgates are self explanatory.
Each figure has all available data displayed frod79lto 2009 and has been
demeaned. The horizontal dashed lines represenstamelard deviation above
and below the mean, or 68 % of the short term velwariation. All figures have
equal x- and y-axes, with the y-axis showing deradaheach volumes with
maximum bounds of 50 % of the subaerial beach meldor each respective
dataset. The figures are shown from Whangapouahwitda, north to south, and
each individual figure shows the respective beadfiilps from north to south

(left to right looking seaward), top to bottom.
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Figure VII1.1: Whangapoua Beach volume timeseries. The horizaasihed lines represent one
standard deviation above and below the mean.
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The beach showed very similar behaviour in the gdbore direction.

There is also an increasing amount of variatioratoMthe southern end of
the beach.

Elevated beach volumes between 1980 and 1990 corttoiPO related

behaviour of increased volumes during this periblde high resolution

data from 1995 onward showed an apparent relatipnsh
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Figure VII.2: Matarangi Beach volume timeseries. The horizontesheéd lines represent one
standard deviation above and below the mean.

250

The beach showed a decreasing amount of cyclicvimiran accordance

with the IPO from north to south (west to east isrenrepresentative at

Matarangi). The 3 northern profiles show an appatB® correlation.

Interestingly the northern end of the beach appge#wehave relatively

high volumes following the July 1978 storm wherélas southern two

profiles were low.

In addition to the 1978 and 2008 storm events, b@ach volumes were

prevalent in the late 1990’s except the southeofilpr

Seasonal erosion and accretion was evident inathedata at the southern

end of the beach.
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Figure VII1.3: Rings Beach volume timeseries. The horizontal dhshes represent one standard
deviation above and below the mean.

* The stability of the beach at all timescales istipalarly evident in all
available data. Reducing the sampling frequencyldvoat be expected to
reduce the quality of the data because the beaoWeshno significant

oscillations.
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FigureVII.4: Kuaotunu West Beach volume timeseries. The hor@at#shed lines represent one
standard deviation above and below the mean.

* The northern two profiles show greater variatioantithe southern profile.
They also show the apparent IPO relationship prention beaches north
of the Kuaotunu Peninsula. The eastern end of &aetbwas very stable

since 1996, with the exception of the July 2008mstevent.
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Figure VII1.5: Kuaotunu East Beach volume timeseries. The horgatashed lines represent one
standard deviation above and below the mean.
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The significant variation at the eastern end wassalt of erosion of the
primary dune system. The central profile showed highest degree of
stability with only one large erosion event in 2008
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Figure VIl.6: Otama Beach volume timeseries. The horizontal abkhes represent one standard
deviation above and below the mean.
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Seasonal oscillations are prominent at the soutéednof the beach whilst
the northern end showed an IPO relationship. Tl 2008 storm event
had a huge impact on the beach with both profile;d subject to
variation of greater than 2 standard deviationse Tdredune was more

pronounced in the early data at the northern $iemce the apparent
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significant erosion leading into 1997. There wasy\l#tle variation in the
cross-shore location of the MSL contour during timse however, which

indicated the stability of the profile.
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Figure VII1.7: Opito Beach volume timeseries. The horizontal dddimes represent one standard
deviation above and below the mean.

« The stability at the northern site is exaggeratgdha very low beach
volume in the late 1970’s. However the site didvgl@oreasonable amount
of long term stability regardless. The southern pvofiles appeared to
show slight erosion trends from 2000 to 2009. OV¢hh@ beach showed

relative stability for the available data.
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Figure VI1.8: Wharekaho Beach volume timeseries. The horizoraahed lines represent one
standard deviation above and below the mean.

* Increasing variation in the beach from north totsowas evident. The
northern profile also showed a prominent bienni@nd which was
confirmed in Chapter 5. The entire beach was nodext during the July
1978 or July 2008 storm events which highlights sheltered nature of
the beach.
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Figure VI1.9: Buffalo Beach volume timeseries. The horizontal heas lines represent one
standard deviation above and below the mean.

» Significant erosion of the northern 3 profiles froine early 1990's to early
2000’'s was prominent. These profiles showed regowerstability since
this significant erosion however. A prominent eoosievent across the
entire beach occurred in mid 2000. Interestingly tiho harbour adjacent
profiles at the southern end of the beach showkdive stability. These
two profile sites are located relatively centradiyd appear most exposed

to the dominant northeast and easterly wave climate
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Figure VI1.10: Maramaratotara Beach volume timeseries. The haatalashed lines represent
one standard deviation above and below the mean.
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* Overall the beach was subject to very minor volurhange. The most
prominent feature is the long term erosion trendtii@ entire timeseries

which has shown a total variation of greater thata?dard deviations.

201
0
-25

75 ¢
[:] [~~~ Tttt Tt f"tt:\ _____ A v ﬁ - e ':_:
25F v

1 1 1 1 1 1 1 1 1 | 1 1 | 11 1 1 1 1 1 1 1 1 1 1 1 1 11 1
e ———

20 e

0f vﬂh, v

-25

25 '.Vf
of W
25

| Y [N N N Y [N A ) N N A SN N (N A NN I"lhll 11 1 1 1 1
25

VA AN WVl

19280 1985 1930 1995 2000 2005
Time

WVaolume (%)

Figure VII.11: Cooks Beach volume timeseries. The horizontal dhdives represent one
standard deviation above and below the mean.

» The different behaviour alluded to in Chapter prieminent. The southern
3 profiles show completely different and strong lcydehaviour when
compared to the northern 2 profiles. Overall thetheyn 2 profiles have
been stable following erosion from the 1978 stokarbour adjacent
impacts were particularly evident in the southenofife with large volume
increases during winter in 2006, 2007, and 2008.
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Figure VII.12: Hahei Beach volume timeseries. The horizontal dhsiees represent one
standard deviation above and below the mean.

» Contrasting beach volumes were evident following daly 1978 storms.
The data showed that both profiles showed a relgtilarge degree of
variation, however both exhibit long term stability
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Figure VI1.13: Hot Water Beach volume timeseries. The horizonthed lines represent one
standard deviation above and below the mean.

 The large volume variations typical of reflectiveasohes were most
prominent at the southern end of Hot Water Beache Thcreasing
standard deviations from north to south were al®valent on beaches
south of Mercury Bay.
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Figure VII1.14: Tairua Beach volume timeseries. The horizontal edslines represent one
standard deviation above and below the mean.

258

Beach rotation was evident in the raw data withtrasting interannual

trends of high and low volumes between the nortlaeidh southern ends of
the beach. The large magnitudes of change forctefte beaches are
particularly prevalent at Tairua. With relativelgrdle standard deviations

and short term variability.
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Figure VI1.15: Pauanui Beach volume timeseries. The horizontahethdines represent one
standard deviation above and below the mean.

e The short dataset not considered at the northégnissiprevalent with an
approximate 15 year period where no surveys weémentaWhen ignoring
the northern most profile, the two southern prafilend the next two
profiles from the north show similar behaviour beén the adjacent

profiles, but was not uniform across the beach.
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Figure VI1.16: Onemana Beach volume timeseries. The horizontdtedhdines represent one
standard deviation above and below the mean.
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* The strong erosion trend in the southern profils waident from 1995 to
2009. Both profiles showed a long term trend of&mo. A strong seasonal

signal was also prevalent at the southern site.
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Figure VI1.17: Whangamata North Beach volume timeseries. The dwotdt dashed lines
represent one standard deviation above and belwéan.

* The two profiles on this beach did not show unifob@haviour. The
highly variable nature of the northern profile watiributed to being
located adjacent to Whangamata Harbour. The sauthrefile showed a
steady increase in overall beach volume since 19B8&.large volume at
this site in 1991 was due to a large berm formadiath overall profile. The
MSL contour was located more than 20 m further sedwhan any profile

in the proceeding 10 years to 2001.
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Figure VI11.18: Whangamata South Beach volume timeseries. The draak dashed lines
represent one standard deviation above and belwéan.

» Of particular interest was the evidence of the hignoscillation in the

data at the southern profile site and profile sddoom the north. Overall

the beach appeared very stable with no signifitzarg term oscillations or

trends.
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Figure VI1.19: Whiritoa Beach volume timeseries. The horizontashdal lines represent one
standard deviation above and below the mean. Tparapt missing data is due to the beach
volume exceeding 50 % of the mean thus being betfomdxis limits.

* The large volume variations typical of reflectiveashes were prevalent

when data at the northern and southern profiles sitere more than 50 %

above the mean during the early to mid 1990’s. Tbehern 3 sites

showed relatively stable long term trends, howeerprofile second from

south had a decreasing trend, and the southerrilepraf apparent

significant erosion trend. This was exaggeratee@lbyated volumes early

in the data, however did show significant erosiamt the early 1990’s to

early 2000’s. The significant volume decrease was th a significant

landward retreat of the MSL contour of approximat80 m. The dune

region remained very similar.
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APPENDIX VI
MAGNITUDE OF CHANGE RESULTS

This appendix contains the magnitude of change results for each individual
profile. The beach average data shown in Figures 3.11 to 3.14 were derived from
the individual profile data shown here. The data were normalised as discussed in
Section 3.3.2, therefore three profiles with short datasets were excluded, those
being: Tairua CCS36-2; Pauanui CCS38; and, Whangamata South CCS57-2. All
graphs in this appendix maintain the same visua properties regarding profile
locations. The beaches and profiles are plotted from north to south (refer Table
[1.1) with the following colour scheme in each figure: solid black line
(northernmost); dotted blue line; dashed green line; dash-dot red line; and, solid
magenta line with circle marker points. The y axis data are the frequencies of
occurrence of each bin of magnitude of change data. The x axis magnitude of
change data were grouped into 0.2 m3.m-1.day-1 bins. of beach volume and a
common unit of m>.m™ was used. The key findings from the results in addition to
those discussed in Chapter 3 were:

* Rings Beach and Maramaratotara were identified as outlier beaches. The
individual profile analysis showed that these two profiles had the lowest
volume variations compared to al other sites on the Coromandel
Peninsulg;

* There was one exception in which CCS22-1 at Wharekaho Beach which
was similar, and this was identified in Figure 3.15 aso which was
attributed to the sheltered location of the profile.
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Figure VII1.1: Whangapoua Beach magnitude of change data for each profile.
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FigureVII1.2: Matarangi Beach magnitude of change data for each profile.
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Figure VI111.3: Rings Beach magnitude of change data for each profile.
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Figure VII1.4: Kuaotunu West Beach magnitude of change data for each profile.
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Figure VII1.5: Kuaotunu East Beach magnitude of change data for each profile.
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Figure VI1I11.6: Otama Beach magnitude of change data for each profile.
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Figure VII1.7: Opito Beach magnitude of change data for each profile.
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Figure VI111.8: Wharekaho Beach magnitude of change data for each profile.
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Figure VI111.9: Buffalo Beach magnitude of change data for each profile.
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Figure VI11.10: Maramaratotara Beach magnitude of change data for each profile.
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Figure VI111.11: Cooks Beach magnitude of change data for each profile.
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Figure VI111.12: Hahel Beach magnitude of change data for each profile.
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Figure VI111.13: Hot Water Beach magnitude of change data for each profile.
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Figure VI1I11.14: Tairua Beach magnitude of change data for each profile.
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Figure VI11.15: Pauanui Beach magnitude of change data for each profile.
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Figure VI111.16: Onemana Beach magnitude of change data for each profile.
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Figure VI111.17: Whangamata North Beach magnitude of change data for each profile.
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Figure VI111.18: Whangamata South Beach magnitude of change data for each profile.

272

Appendix VIII



Whiritoa

30
——CCSEY
--------- CCSET
25 AN ———CCSE2
el N\ — = -CCSE2
L T
20 P
= ,/
= L/
S 15¢
@
L
10}
5_
|:| 1 1 L 1 |--' \ihll\ill
0-0.2 0810 1820 =40

Magnitude of Change (mBm'“I .day’ﬁ

Figure VI11.19: Whiritoa Beach magnitude of change data for each profile.
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