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ABSTRACT
The Coromandel Peninsula was subject to subdivision and development primarily
since the 1960’s. Much of the development that has occurred now renders
protection from the existing beach systems which have typically been altered by
development. Coupled with huge populations during summer, the region is of
national significance therefore an understanding of coastal impacts is paramount.
Analysis of the spatial and temporal variation of beaches along the eastern
Coromandel Peninsula from Whangapoua in the north to Whiritoa in the south
provided results ranging from single storm events to decadal scale oscillations.
Beach similarity was determined by measuring parameters such as beach length,
beach connectivity to neighbouring beaches, aspect, and beach slope. The analysis
of variability in beach face volumes was undertaken using an extensive beach
profile database collected by R. Keith Smith, Ron Ovenden and a monitoring
program maintained by Environment Waikato since 1978. The database had a
higher-resolution sampling interval from 1996 until present (a maximum sampling
frequency of approximately bimonthly).

Results showed that short term beach volume changes were explained by the
beach classification devised from the Wright and Short (1984) model and
available planform morphology data. Intermediate beaches overall had a greater
range of variation, but had a higher frequency of low magnitude of change events.
Reflective beaches had a higher frequency of large magnitude of change events
and subsequently greater short term volume changes. Beaches adjacent to
harbours and two outliers were identified which did not accord to the
classification. The classification model maintained its applicability for seasonal
scale beach response. Embayed beaches on the Coromandel Peninsula also
exhibited beach rotation to varying degrees. Beaches with similar planform
morphology showed similar long term beach rotation characteristics. A biennial
oscillation related to the El Niño Southern Oscillation (ENSO) was evident as
well as an interdecadal oscillation related to the Interdecadal Pacific Oscillation
(IPO) was evident across the Peninsula. In particular, no beaches north of the
Kuaotunu Peninsula showed a strong ENSO signal, and the strongest IPO
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response was on beaches north of the Kuaotunu Peninsula. The IPO appeared to
enter a long term negative phase indicating decadal scale persistence of La Niña
events, therefore Coromandel beaches are likely to exhibit erosion dominant
trends for the next 20 to 35 years.

Based on these results, 3 sediment transport and behavioural cells were defined,
they were: beaches located north of the Kuaotunu Peninsula from Whangapoua to
Otama with northerly orientations; Mercury Bay beaches including Opito Bay;
and, easterly orientated beaches south of Mercury Bay.
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CHAPTER ONE
INTRODUCTION

1.1

MOTIVATION FOR THE STUDY

The Coromandel Peninsula and its extensive white sandy beaches are among the
most popular summer holiday destinations in New Zealand. The Coromandel has
a diverse range of beach morphologies and were largely developed in the 1960’s
during periods of rapid subdivision in New Zealand as a result of improved road
access. This significant land use change and extensive development has resulted
in many beachfront settlements relying on the protection of the existing beach
system from coastal processes. Continued development and increasing population
pressure(s) has resulted in most beach regions becoming urbanised with numerous
impacts on the pre-existing beach systems such as dune alteration, vegetation
destruction, and lack of restrictions on beach pedestrian access which all
contribute to degradation of beaches. Development was typically located on or
close to the frontal dune and in many cases dunes were levelled to provide coastal
views (Healy et al., 1981; Environment Waikato, 2002). As a result, numerous
areas have been identified as erosion hotspots in which long term erosion trends
coupled with short term storm impacts could lead to loss of property and
infrastructure.

Monitoring subaerial beach variation on a large spatial scale is time consuming
and can be expensive for local authorities to obtain high quality data. Regardless,
there is a need to understand subaerial beach behaviour on the Coromandel to
ensure the Regional Council (Environment Waikato; EW) has an adequate
understanding of how beach morphology changes may impact the natural state of
beaches and any potential impacts on development and infrastructure. There is
limited published literature regarding Coromandel beach behaviour, with initial
surveys and analysis by Healy et al. (1981) which classified the major sandy
beaches of the eastern Coromandel based on limited survey data and historical
shoreline analysis.

Introduction
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1.2

RESEARCH AIM AND OBJECTIVES

The primary aim of this research is to quantify the spatial and temporal variation
of subaerial beach behaviour on the Coromandel Peninsula in order to provide
EW with sufficient information on where to focus future monitoring efforts. This
lead to the following objectives:
1. To describe the geomorphology and planform geometry of Coromandel
beaches using the ArcGIS 1:50,000 topographic database coupled with
surficial sediment sampling at each profile site;
2. To quantify the short term variation of subaerial beach systems on the
Coromandel Peninsula and determine the forcing mechanisms which cause
these short term changes;
3. To identify medium term oscillation(s) and variations of subaerial beaches
on the Coromandel Peninsula and identify the beach response to medium
term coastal processes; and
4. To determine the presence of interannual and long term behaviour of
Coromandel beaches. This includes the determination of whether
relationships were present between beach response and known climate
variations.

Preliminary results of these objectives were published in the Proceedings of the
Australasian Coasts and Ports Conference 2009 (Wood et al., 2009), attached as
Appendix I.

1.3

THESIS OUTLINE

Following on from this chapter, the thesis is separated into chapters depending on
the timescale of analysis. Firstly, Chapter 2 consists of a description of the
Coromandel Peninsula, the beach sites, of which the beaches were classified
according to geomorphologic characteristics. A description of the beach profile
dataset used in this thesis is also given, along with a background of Ngarunui
Beach near Raglan which was used to compare east coast beach variation with
short term west coast variation.

2

Chapter One

Chapter 3: Short Term Beach Variation
In Chapter 3, the short term variation of Coromandel beaches is analysed. The
chapter describes how the analysis was performed and the key results in relation
to the nearshore wave conditions and forcing mechanisms. The chapter described
the methods, results, reviewed published literature, discussion, and conclusions of
short term beach variation on the Coromandel Peninsula.

Chapter 4: Seasonal Variation and Oscillation
The timescale of analysis was increased to seasonal variation and medium term
beach oscillations in Chapter 4. Seasonal changes in beach and wave conditions
were explained, including beach rotation and the forcing mechanisms responsible
for these coastal processes.

Chapter 5: Interannual Variation
Chapter 5 presented the spatial variation of long term morphological change on
the Coromandel Peninsula. Comparisons to known climate oscillations were given
using linear methods and non-stationary timeseries analysis. A comparison of the
long term trends is made to a recent report by Dahm and Gibberd (2009)
regarding coastal erosion and development setbacks on the Coromandel
Peninsula.

Chapter 6: Conclusions and Recommendations
A summary of all the results and key findings summarising the spatial and
temporal variation of Coromandel beaches was provided in Chapter 6. This
chapter also outlined some suggestions for future research in order to better
understand Coromandel beach morphodynamics and provide more detailed site
specific information.
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Following the main results and analyses, a full reference list was provided and
further supporting information critical to the understanding of Coromandel
beaches as follows:
•

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

•

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

•

Appendix III: Timeseries of intertidal beach slopes used to calculate
average intertidal beach slope;

•

Appendix IV: Timeseries plots of beach elevation through time;

•

Appendix V: Horizontal segment results for each beach and profile;

•

Appendix VI: Standard deviation of horizontal beach segments for each
beach;

•

Appendix VII: Demeaned beach volume timeseries for each beach and
profile site with respective standard deviations.

•

Appendix VIII: Magnitude of volume change individual beach and profile
results.

Figure and table numbering within this thesis is chapter specific, with the first
number representing the relevant chapter, and the second representing the figure /
table number. For example, Figure 3.19 is the 19th figure in Chapter 3. Figures
contained within appendices have the relevant appendix number in roman
numerals as opposed to numerical digits, for example Figure VII.7 is the 7th figure
in Appendix VII.
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CHAPTER TWO
STUDY SITES AND THE BEACH PROFILE DATASET

2.1

STUDY SITES

This chapter describes the geomorphology of all beaches in this study, and the
extensive beach profile dataset which has been gathered over the last 30 years
across the eastern Coromandel Peninsula, and the interim data collected from
Ngarunui Beach at Raglan. Other sites on the Coromandel Peninsula have been
surveyed however the data were not available at the time of analysis.

2.1.1

Eastern Coromandel Peninsula

The eastern Coromandel Peninsula is located on the east coast of the North Island
of New Zealand (Figure 2.1). The east coast of New Zealand is a lee coast from
the prevailing westerly winds (Figure 2.2). As a result, the Coromandel Peninsula
is relatively sheltered and the wave climate is described as storm dominated
(Bradshaw, 1991; Gorman et al., 2003b). The dominant wave direction is from the
north east. However, easterly storm conditions are not uncommon and have
previously been determined to be primarily responsible for local beach erosion
(Healy & Dell, 1987; Bradshaw, 1991). Tides are semi-diurnal and the maximum
spring tidal range is approximately 1.8 m across the entire study site with a
spring-neap variation of approximately 0.4 m (Land Information New Zealand;
LINZ). The eastern Coromandel Peninsula coastline has been described as a
headland-bay coast, comprised of a succession of steep rocky headlands separated
by narrow shallow bays (McLean, 1979; Bradshaw, 1991). Most of the beaches
are classified as “bayhead” or “pocket” beaches and are closed sedimentary
systems meaning very little sediment input is received from littoral drift or
terrigenous input from rivers (Bradshaw, 1991).

The Coromandel Peninsula is an uplifted horst block which is downtitled to the
east (Healy et al., 1981). The steep and irregular topography of the Peninsula
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reaches altitudes of up to 800 m with steep river valleys leading down to
numerous embayments (Hume & Dahm, 1991). As a result, catchment areas are
highly variable with the largest being Whitianga, Tairua, and Whangapoua at 492
km2, 282 km2, and 106 km2 respectively (Mead & Moores, 2005). In numerous
embayments, sea level rise of approximately 100 m during the Holocene resulted
in considerable sedimentation and were almost entirely infilled. This infilling
resulted in a complex of barrier ridges and estuarine deposits (e.g. Whangapoua,
Otama, and Whiritoa, Healy et al., 1981).

Average annual precipitation is approximately 3000 mm.yr-1, with individual high
intensity events being associated with cyclonic systems (Ross et al., 1994). Large
rain events have been measured to be greater than 550 mm in a single 24 hour
period. These rainfall intensities can lead to very large runoff events from the
steep catchment (Mead & Moores, 2005). The prevailing west to south-west
winds (Figure 2.2) are associated with the passage of mid-latitude high pressure
systems (Bradshaw, 1991). High velocity onshore-directed easterly and northeasterly winds occur during less frequent storm events which result in torrential
orographically induced rainfall (Bradshaw, 1991).
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N

Pacific Ocean

Kuaotunu
Peninsula

Mercury Bay

Coromandel
Peninsula

Tasman Sea

Pacific Ocean

Figure 2.1: Site map illustrating the location of the Coromandel Peninsula on the north east coast
of New Zealand's (inset). A list of the 19 Coromandel beaches (red squares) from north to south,
left to right is given in text. Blue circles mark the wave data hindcast locations at Matarangi, Opito
Bay, Tairua, and Whangamata (Table 2-2). The red square symbol in the inset is Ngarunui Beach,
Raglan.

This study consists of 19 sandy beaches along the eastern Coromandel Peninsula
(Figure 2.1) from Whangapoua in the north to Whiritoa in the South (refer below).
A total of 61 profile sites are located across the 19 beaches (refer Appendix II).
Study Site & the Beach Profile Dataset
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Below is a list of the beaches from north to south (west to east) and subsequent xaxis labels used in Figure 2.4 throughout this thesis:
•

Whangapoua (a)

•

Wharekaho (h)

•

Pauanui (o)

•

Matarangi (b)

•

Buffalo (i)

•

Onemana (p)

•

Rings (c)

•

Maramaratotara (j)

•

Whangamata North (q)

•

Kuaotunu West (d)

•

Cooks (k)

•

Whangamata South (r)

•

Kuaotunu East (e)

•

Hahei (l)

•

Whiritoa (s)

•

Otama (f)

•

Hot Water (m)

•

Opito Bay (g)

•

Tairua (n)

(a)

(b)

(c)

(d)

Figure 2.2: 30 year wind hindcast data for nearshore regions at Matarangi (a), Opito Bay (b),
Tairua (c), and Whangamata (d). The numbers on the circumference of each panel represent the
wind direction. The inner numbers on the vertical axes are percentages of the respective wind
strength identified by the colour bar label. The locations from where the data are taken from are in
Figure 2.1 (blue circles). The rose diagrams illustrate the consistency of the prevailing southwest
to westerly winds which account for approximately one third 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 west coast of the North Island of
New Zealand (Figure 2.1). There have been few studies carried out on west coast
beaches of the Waikato Region. As a result, no long term datasets exist for wave
and climate conditions. The west coast of New Zealand is a high energy swell
dominated coast and has been described as a “river of sand” (Hart & Bryan,
2008), pertaining to the large scale sediment transport along the west coast of the
North Island. In contrast to the east coast, Raglan has a large spring-neap tidal
variation with a maximum spring tidal range of 2.8 m and a neap variation of 2.0
m (LINZ). The wave climate has an average significant wave height of 1.60 m
with a mean period of 7.4 s. The mean wave direction was 68.3º and describes the
direction to which waves are approaching. Scarfe (2008) used a NIWA wave
hindcast model from 1979 – 2007 to derive the wave characteristics for the region.
The location for the wave data was taken in 11 m water depth at the southern end
of the beach adjacent to Manu Bay (refer Appendix II).

2.2

EASTERN

COROMANDEL

PENINSULA

BEACH

GEOMORPHOLOGY
Due to the spatial variation of the study site, a method of beach classification was
required to identify beaches with similar geomorphologic characteristics. The
following characteristics were used to initially classify 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 1:50,000 topographic database
from LINZ, defined as the length of the shoreline containing sand and inlet (e.g.
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Hart & Bryan, 2008) and were shown in Figure 2.4. Beach orientation was
calculated as the vector average of the orientation of the shoreline at both ends of
the beach (e.g. Hart & Bryan, 2008) and were shown in Figure 2.4. Connection
distance to the nearest beach (left and right looking seaward) was the approximate
distance of coastline to the nearest beach (Figure 2.3), measured as the length of
the two seaward sides of the triangle defined by the headland extent line and the
beach separation line (Hart & Bryan, 2008). The intertidal beach slope was
calculated using an average of the lowest three surveyed points above Mean Low
Water Springs (MLWS) for the entire timeseries and expressed in radians. The
effects of wave propagation on nearshore processes due to offshore islands were
given a yes / no value depending on whether islands were located within 10 km of
the beach or within the 50 m depth contour (whichever was closest to the
shoreline; Table 2-1).

θ

Profile separation

Figure 2.3: Schematic of the
various

θ

Headland extent

Beach A

beach

classification

parameters used (adapted from
Hart & Bryan, 2008). See text for
definitions.

Connection
distance
Beach B

Length

Sediment samples to determine mean grain sizes were collected during a field
excursion on the 25th and 26th of May 2009. Surficial sediment samples were
obtained from the middle region of the intertidal zone at each profile site. Each
sample was approximately 150 grams and comprised of sediment from the top 5080 mm of the beach. Mean grain size characteristics were measured using the
University of Waikato Rapid Sediment Analyser (RSA). The RSA uses
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cumulative mass and measurement time to determine the settling velocity and size
distribution (de Lange et al., 1997). Sediment samples were dried then passed
through a 2 mm sieve to remove large shell fragments which were not a dominant
part of the natural beach sediment. All sediment samples were sieved except for
Maramaratotara (Figure 2.1 and Table 2-1) where shell material is the dominant
beach sediment. Eastern Coromandel beaches are mainly sandy beaches
comprising quartz, feldspars and volcanic glass, with minor quantities of calcite
(shell material), heavy minerals (mainly titanomagnetite) and rock fragments (de
Lange et al., 1997).

2.2.1

Beach Classification Parameters

The following sections provide a summary of the geomorphologic characteristics
of each beach system from north to south. Figure 2.4 illustrates the respective
beach length and average orientation for each beach. The location of each beach
and the profile sites are illustrated in Figure 2.1 and aerial photos are attached as
Appendix II. Timeseries of intertidal beach slope data are attached as Appendix
III.

2.2.1.1

Whangapoua Beach and Matarangi Beach

Whangapoua Beach (Figure 2.1) is a pocket beach (1804 m, Table 2-1 & Figure
2.4) with headland barriers at each end. Whangapoua Beach is an intermediate
sloped beach (Wright & Short, 1984) with a mean grain size of 322 µm (Table 21). A small estuary is located at the northern end of the beach. Pungapunga Island
is a small island (2590 m2) located toward the northern end of Whangapoua Beach
approximately 150 m seaward of Mean High Water Springs (MHWS).
Whangapoua Beach has three profile sites with separation distances between the
three profiles of 377 m and 510 m. Matarangi Beach is a dune barrier beach
located immediately east of Whangapoua Beach. Matarangi Beach is the longest
(4618 m) and lowest gradient beach on the eastern Coromandel Peninsula and has
a mean grain size of 275 µm (Table 2-1). Matarangi Beach abuts a headland at the
eastern (basal) end and the spit extends to the west where it terminates at the
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entrance to Whangapoua Harbour (distal end). Matarangi Beach has four profile
sites with separation distances between the profiles of 481 m, 681 m, and 952 m.

2.2.1.2

Rings Beach

Rings Beach is a short pocket beach (627 m) with headland barriers at each end,
and a small stream at the western end. Rings Beach has a mean grain size of 402
µm (Table 2-1) and has one profile site.

2.2.1.3

Kuaotunu West and Kuaotunu East Beaches

Kuaotunu West is an 1180 m long beach with a headland at the western end and a
large rock outcrop at the eastern end. Kuaotunu West is an intermediate sloped
beach with a mean grain size of 346 µm (Table 2-1) and a stream located centrally
on the beach. Kuaotunu West has three profile sites with separation distances
between the three profiles of 172 m and 349 m. Kuaotunu West Beach was mined
for sand and gravel from approximately 1950 to 1980. Kuaotunu East is a 1205 m
long beach with a headland at the eastern end and a large rock outcrop at the
western end separating it from Kuaotunu West. Kuaotunu East is an intermediate
sloped beach with a mean grain size of 427 µm (Table 2-1) and a stream at the
eastern end of the beach. The relatively large grain size was caused by the
presence of fine gravels in the sample which affected the sediment fall velocity
calculation. Kuaotunu East has three profiles sites with separation distances
between the three profiles of 417 m and 291 m.

2.2.1.4

Otama Beach

Otama Beach is a 2275 m long beach with headland barriers at each end. Otama is
an intermediate sloped beach with a mean grain size of 395 µm (Table 2-1).
Otama Beach has a small estuary located at the eastern end of the beach and a
small stream at the western end of the beach. Otama has two profile sites with a
separation distance of 900m.
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2.2.1.5

Opito Beach

Opito Beach is a 4417 m long beach with headland barriers at each end. Opito
Beach is an intermediate sloped beach with a mean grain size of 252 µm (Table 21). A total of four small streams enter the Pacific Ocean across Opito Beach.
Opito Beach has five profiles sites with separation distances between the five
profiles of 894 m, 604 m, 485m, and 536 m. Opito Bay has a significant
orientation change between the two ends of the beach. The northern end of the
beach has an aspect of 99° and the southern end of the beach has an aspect of
310°, a total orientation change of 149°. The beach aspect was defined in Figure
2.3 as the vector average of the orientation of the shoreline at each end of the
beach.

2.2.1.6

Wharekaho Beach

Wharekaho Beach is a 1539 m long with headland barriers at each end.
Wharekaho Beach is an intermediate sloped beach with a mean grain size of 306
µm (Table 2-1). Titanomagnetite lag deposits were present in the sediment
samples from Wharekaho Beach. Wharekaho Beach has two streams located the
northern and southern ends of the beach. Wharekaho has three profile sites with
separation distances between the three profiles of 719 m and 474 m.

2.2.1.7

Buffalo Beach

Buffalo Beach is a 3742 m long beach which terminates at a headland at the
northern end of the beach and Whitianga Harbour at the southern end of the
beach. Buffalo Beach is an intermediate sloped beach with a mean grain size of
197 µm (Table 2-1). In addition to Whitianga Harbour, Buffalo Beach has three
streams which enter Mercury Bay (Figure 2.1). Buffalo Beach has five profile
sites with separation distances between the five sites of 625 m, 709 m, 532 m, and
508 m. Buffalo Beach has 3 seawalls on various regions of the beach (refer
Section 3.5.1).

Study Site & the Beach Profile Dataset

13

2.2.1.8

Maramaratotara Beach

Maramaratotara Beach is a short pocket beach (1209 m) with headland barriers at
each end. Maramaratotara is a steep beach with a mean grain size of 1072 µm
(Table 2-1) and a stream located at the eastern end of the beach. The beach
sediment is largely composed of shell fragments as opposed to all other beaches in
this study which are predominantly sandy beaches with quartz-feldspar rich sand
(de Lange et al. 1997). Maramaratotara Beach has one profile site.

2.2.1.9

Cooks Beach

Cooks Beach is a 2674 m long beach terminated by a headland at the western end
and Purangi Estuary at the eastern end of the beach. A stream is also located at the
western end of the beach. Cooks Beach is an intermediate sloped beach with a
mean grain size of 204 µm (Table 2-1). Cooks Beach has five profile sites with
separation distances between the five sites of 822 m, 793 m, 242 m, and 258 m.

2.2.1.10

Hahei Beach

Hahei Beach is a 1465 m long beach with headland barriers at each end. Hahei is
an intermediate sloped beach with a mean grain size of 302 µm (Table 2-1). Hahei
has two profile sites with a separation distance of 591 m.

2.2.1.11

Hot Water Beach

Hot Water Beach is an 1865 m long beach with headland barriers at each end. Hot
Water Beach is a steep beach with a mean grain size of 430 µm (Table 2-1). Hot
Water Beach has three streams located at the northern, central, and southern
sections of the beach. Hot Water Beach has three profile sites with separation
distances between the three sites of 817 m and 649 m.

2.2.1.12

Tairua Beach and Pauanui Beach

Tairua Beach is a 1511 m long beach with headland barriers at each end. Tairua
Beach is a steep beach with a mean grain size of 427 µm (Table 2-1). Tairua
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Beach has four profile sites with separation distances between the four sites of
179 m, 337 m, and 245 m. Pauanui Beach is a dune barrier located immediately
south of Tairua Beach. The two beaches are separated by Paku hill and the
entrance to Tairua Harbour. Pauanui Beach is a 2899 m long beach which abuts a
headland at the southern (basal) end and the spit extends to the north where it
terminates at the entrance to Tairua Harbour (distal end). The mean grain size is
246 µm (Table 2-1). Pauanui Beach has a stream located at the southern end of the
beach and five profile sites with separation distances between the southern four
sites of 614 m, 506 m, and 358 m. The benchmark for the northern most profile
site is relatively new (established in 2004) and has not been surveyed to the local
datum therefore no reference to the location or distance to the nearest profile can
be given, hence why only three separation distances are given.

2.2.1.13

Onemana Beach

Onemana Beach is a 1088 m long pocket beach with headland barriers at each
end. Onemana Beach is a steep beach with a mean grain size of 429 µm (Table 21). Onemana Beach has three streams located at the northern, central and southern
sections of the beach. Onemana Beach has two profile sites with a separation
distance between the two sites of 230 m.

2.2.1.14

Whangamata North and Whangamata South Beaches

Throughout this thesis Whangamata Beach has been analysed as two different
beach systems. Although Whangamata Beach consists of one continuous shoreline
between Whangamata Harbour in the north and Otahu River in the south, the
beach is analysed as two separate beaches due to the significant orientation
change north and south of Hauturu Island. The impact of Hauturu Island on wave
refraction patterns and littoral drift has created a tombolo in the lee of the island,
which has an impact on the behaviour to the north and south of the island (Healy
et al., 1981). Whangamata North is a 2206 m long beach which terminates in the
north at the entrance to Whangamata Harbour and the tombolo of Hauturu Island
in the south. Whangamata North is an intermediate sloped beach with a mean
grain size of 247 µm (Table 2-1). Whangamata North has two profile sites with a
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separation distance between the two sites of 972 m. Whangamata South is an
intermediate sloped beach with a mean grain size of 225 µm (Table 2-1).
Whangamata South is a 1667 m long beach which terminates at the tombolo of
Hauturu Island in the north and the entrance to the Otahu River in the south.
Whangamata South has four profile sites with separation distances 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 headland barriers at each end.
Whiritoa is a reflective beach with a mean grain size of 395 µm (Table 2-1) and a
stream at each end of the beach. Whiritoa Beach has four profile sites with
separation distances between the four sites of 283 m, 314 m, and 226 m. Beach
sand from Whiritoa has a history of sand mining as evidenced by McLean (1979)
and Healy et al. (1981).

Figure 2.4: Beach length (solid black line) and average beach orientation (dashed blue line) for all
beaches. The x-axis labels are discussed in Section 2.1.1.
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2.2.2

Ngarunui Beach, Raglan

Whilst the main part of this thesis was to analyse the spatial and temporal
variation of beaches located on the eastern Coromandel Peninsula, a comparison
is also made to Ngarunui Beach at Raglan (Figure 2.1). Ngarunui Beach is a 5210
m long beach with headland barriers at each end. Following the definition of
beach length in Hart and Bryan (2008), the beach length includes the inlet to
Raglan Harbour and approximately 2400 m of beach to the north of the inlet. The
dominant beach sediment is titanomagnetite with a mean grain size of 293 µm
(Table 2-1). Sediment samples were obtained on the 23rd of January 2009 from the
intertidal area of each profile site. Grain size analysis was undertaken using the
University of Waikato Malvern Mastersizer-S because the dominant beach
sediment is titanomagnetite which cannot be analysed in the RSA (de Lange et al.,
1997). The Malvern Mastersizer-S calculates particle size using laser diffraction
theory. Ngarunui Beach has four profile sites with separation distances between
the four sites of 245 m, 205 m, and 251 m.
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Table 2-1: Beach classification data. See text for definitions.

Table 2-1 continued.
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2.3

THE BEACH PROFILE DATASET

Many of the profile sites were established in the summer of 1978-1979 after the
renowned storms of 1978 (Hume, 1979) and were sporadically sampled by
Environment Waikato (EW) using a level and staff. In addition, R. 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 the 61 profile sites. Each profile in the database has a specific
name, for example the northern profile at Whangapoua Beach is CCS12. CCS
stands for Coromandel Coastal Survey, the benchmark names of the original
survey in which the number corresponds to the profile location (Healy et al.,
1981). These surveys were undertaken using the Emery method (Emery, 1961).
Not all sites were established in 1979, and further profile sites were established
between 1979 and 2004 to increase the spatial variation of the database (Stewart,
2006). The profiles have been surveyed every 2 months since 1996 and 6-weekly
more recently. 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, the storm high water mark, the high water mark, and the extent
of any saturated surface were measured where possible (Smith & Bryan, 2007). It
is emphasised that surveys were often undertaken to measure specific storm
damage, and never specific accretion periods. Therefore there is potential for the
database to be skewed toward erosion dominated profiles.

The location of the benchmarks for each profile site are identified in Appendix II.
Geodetic Datum 2000 was used for the survey for the Coromandel beach
benchmarks as it was the only common datum encompassing the geographic area
required (Stewart, 2002). The benchmark coordinates were converted to New
Zealand Map Grid 1949 Projections and are all currently in use. The benchmark
elevations are surveyed to Moturiki Mean Sea Level 1953 Datum which is RL 0.0
m (Stewart, 2006). The accuracy of the survey equipment used to locate the
benchmarks was +/- 20 mm vertically and +/- 10 mm horizontally (Stewart,
2002). The beach profile database contains more than 5,500 profiles across 61
profile sites.
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2.3.1

Data Collection at Ngarunui Beach, Raglan

Four new beach profile lines were established at Ngarunui Beach, Raglan. The
beach profiling began in January 2009 and was surveyed on the same sampling
cycle as the eastern Coromandel programme. Four beach profile lines were
established along Ngarunui Beach with a spacing of approximately 200 m
between each profile (refer Section 2.2.2). The location of the profile benchmarks
are identified in Appendix II. There were several important considerations to be
made when establishing the location of the beach profiles, including:
•

the physical processes and impact of the Raglan Harbour entrance;

•

the location of two EW camera operations which overlook the southern
end of the beach; and

•

human influences such as beach access locations.

A Nikon Electronic Total Station DTM-352 was used for beach profile surveying
at Ngarunui Beach. The Total Station has precision of ± 10 mm at distances of up
to 500 m. The total station was set up and levelled over a surveyed benchmark and
the horizontal and vertical distance to the reflective prism was measured at points
of interest across the profile line. The spacing of the measurements increased as
the beach slope became more regular with distance from the dune region. Profiles
were undertaken within an hour of low tide to ensure maximum excursion
distances. All notable elevation changes were recorded along the profile and
included the storm high water mark, high water mark, and the extent of any
saturated surface where possible. All surveys were undertaken from the secondary
benchmark (seaward most benchmark) with an annual survey encompassing the
dune area landward to the primary benchmark. The profile benchmarks at
Ngarunui Beach were surveyed using a real time kinetic global positioning system
(GPS) to determine the location and elevation of the primary and secondary
benchmarks and were surveyed to Mount Eden Circuit 2000 Datum. The
elevations were surveyed to Moturiki Vertical Datum 1953, 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 its large spatial and temporal extent,
with relatively high sampling frequency since 1996. The Emery method used to
collect the data has been the most widely applied method of beach surveying since
its inception in the 1960’s (Smith & Bryan, 2007). Original testing of the Emery
method (Emery, 1961) calculated the average error in elevation between two
points to be 0.035 feet (approximately 10.6 mm) with a maximum error of 0.18
feet (approximately 55 mm). These low values were not considered large enough
to add significant error to the data presented.

2.4

WAVE DATA

There were no measured long term wave data available for the Coromandel
Peninsula. A NIWA WAM (WAve Model) hindcast was used to generate
nearshore wave characteristics for four sites around the Coromandel Peninsula
(Figure 2.1) from 1979 – March 2009. The wave hindcast model had a high
correlation to measured wave buoy data for wave height data (R = 0.88, Gorman
et al., 2003b). The buoy was located in 34 m water depth near Katikati,
approximately 20 kilometres south from Whiritoa, the southernmost beach site.
Four sites in 20 m water depth were chosen to encompass the spatial variation of
the dataset with particular interest being given to areas with offshore islands or
large bay features. These four sites were considered to provide sufficient spatial
variation of wave climate variability along the Coromandel Peninsula. The wave
data sites are outlined in Table 2-2 with the respective beaches to which the data
was applied.
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Table 2-2: The four wave data sites and corresponding beaches to which the data is applied.

Matarangi Wave

Opito Wave Data

Data

Tairua Wave

Whangamata

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

2.5

SUMMARY

This thesis incorporates the study of a beach profile dataset with large spatial and
temporal variation on the eastern Coromandel Peninsula of New Zealand. A total
of 61 profile sites across 19 beaches with differing geomorphologic characteristics
were discussed. The most dissipative beach on the Coromandel Peninsula,
Matarangi, is to be compared to Ngarunui Beach at Raglan which is a dissipative
beach located on the west coast of the Waikato region. The beach profiles were
analysed and compared against wave hindcast data in order to determine the
forcing mechanisms responsible for beach change on the eastern Coromandel
Peninsula. The methodology used for the analysis of spatial and temporal
variation of beach change on the Coromandel is provided within each individual
chapter.
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CHAPTER THREE
SHORT TERM BEACH VARIATION

3.1

INTRODUCTION

Beach systems on the Coromandel Peninsula have been subject to urbanisation
and development pressures since the 1960’s. The development has lead to
alteration of dune systems and typically resulted in a direct loss of sediment from
the subaerial beach system which serves as a buffer from storm activity.
Unfortunately this development was thriving at a time when the unstable nature of
foreshores was not required to be taken into account in subdivision planning. As a
result, significant property loss and damage during storms has occurred (Healy et
al., 1981). The impact of storm activity combined with human alteration of the
beach system has had detrimental effects on many Coromandel beaches. Adverse
effects were often enhanced as the beaches were thought to be closed sedimentary
systems, meaning they had very little sediment input from terrestrial sources or
from sediment exchange between embayments via a nearshore littoral drift system
(Healy et al., 1981). Due to the development on the Coromandel Coast and the
potential impacts of storm wave conditions, the nature and distribution of short
term beach variation on the Coromandel Peninsula needs to be understood.

3.1.1

Why Study Short Term Beach Variation

For the purpose of this study short term variation is considered to be variation that
occurs on an approximate 6-weekly period. Variation between consecutive beach
profile surveys are therefore the focus of this chapter. The prominent feature
impacting beach systems in this timeframe is the occurrence of storm events.
Understanding storm wave impacts on the eastern Coromandel Peninsula is
paramount in order to understand the nature and distribution of the erosion hazard,
which could provide vital information on beach systems and underpin
management plans. Timeseries data derived from the beach profile database will
be analysed to provide the understanding of short term beach variation.

Short Term Beach Variation
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3.1.2

Expected Outcomes

The impact of storm waves on subaerial beach systems are well documented in
published literature (Komar, 1998), however little research has been undertaken
on the Coromandel Peninsula. The variation of beach morphology across the
Coromandel Peninsula (Chapter 2) showed the difficulty involved in analysis at
the spatial scale considered here. As such, the following general assumptions of
beach behaviour are anticipated to occur across the Coromandel Peninsula:
•

Large wave events will erode subaerial beach profiles;

•

Beaches will accrete during fair weather conditions;

•

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

•

A series of smaller sediment transport sub-cells will be identified in which
beach behaviour will be similar.

The Kuaotunu Peninsula is hypothesised to be a barrier where local erosion /
accretion events exhibit different behaviour due to the difference in orientation
between beaches located to the north and south of the Peninsula (Figure 2.4 and
Table 2-1). Beach behaviour is hypothesised to vary around the Peninsula, but
several smaller behavioural sub-cells are hypothesised to be evident.

3.2

BACKGROUND: SHORT TERM BEACH VARIATION

3.2.1

Description and Definition of Short Term Beach Variation

Short term beach variation is often significant and perceived to be the largest
degree of coastal change compared to larger temporal variation (Dolan et al.,
1991). The primary reason is because the degree of change can actually be
observed and quantified with relative ease. Interannual to interdecadal scale
oscillations cause large scale coastal evolution (e.g. Bryan et al., 2008), however
long term trends are not easily quantified. Shoreline erosion from a single storm
wave event may cause a 50 % reduction in the subaerial beach volume (e.g.
Whangapoua following the July 2008 storm event, Figure 3.4 c, Figure VII.1, and
Appendix VII) and therefore lose its protective capacity, which renders the beach
largely susceptible to further wave attack, and erosion of coastal properties
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becomes probable (Bittencourt et al., 1997). The beach then appears depleted and
in a dangerous state. Conversely, shoreline retreat of hundreds of metres can be
observed from historical data and aerial photography (e.g. Crowell et al., 1991;
Fenster et al., 1993; Bryan et al., 2008) but does not have the perception of an
extreme consequence because coastal margins were largely undeveloped and the
change rates were very slow, allowing mitigation measures to be implemented
where appropriate. Coastal managers are targeted with the problem of quantifying
annual exceedance probabilities (AEP) of erosion events for sandy beach
environments to determine setback lines for development and infrastructure
(Munoz-Perez & Medina, 2009). This highlights the need to understand short term
variation of Coromandel Beaches.

Short term beach variation is observed by measuring changes in beach sediment
volumes. Beach volumes are easily quantified using beach profile surveys.
Continued surveying render timeseries of beach volume change and therefore
provide the ability to quantify normal or extreme variation (e.g. Clarke & Eliot,
1988; Thom & Hall, 1991). Short term changes on sandy beaches also show a
degree of cyclic behaviour (Dolan et al., 1991), and as a result, a minimum of 10
years data has been suggested to understand the true long term trend of short term
variation and reduce the effect of high frequency oscillations (Eliot & Clarke,
1989).

Beach profile variation in the cross-shore direction is generally associated with
advance and retreat of the beach profile. A healthy beach has a large sediment
budget, a well developed berm, well vegetated dune region, and a steep beach face
(Komar, 1998). Eroded beaches are typically flatter, with a low sediment budget,
and faceted have dunes with vegetation slumping down the front (Komar, 1998).
Variations in the alongshore direction are driven by the incoming wave direction,
pressure gradients in the surf zone, alongshore variation in the wave height,
infragravity wave oscillations, and the presence of rip currents (Quartel et al.,
2008).
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Beach volume change images the beach dynamics, expressing it by the variability
of the beach profile with time (Bittencourt et al., 1997). There are numerous
methods used to analyse beach volume change which could not be used in this
thesis, for example empirical orthogonal function (EOF) analyses and wavelet
analysis. These methods have proven useful in analysing short term beach
variation, for example Eliot and Clarke (1982) used EOF and showed that up to
20 % of the variation on the beach face was aperiodic fluctuations attributed to
individual storm events. Wavelet analysis by Reeve et al (2007) advanced further
results from Plant et al. (1999) that less than 20 % of the variance occurred on
temporal scales of less than one year. Short term variations cannot be accurately
forecasted due to the chaotic and non-linear forcing mechanisms of winds and
atmospheric conditions which ultimately drive wave conditions (Bittencourt et al.,
1997; Reeve et al., 2007).

3.2.2

Morphodynamics of Short Term Beach Variation

Beach morphology changes in response to changing wave conditions were
analysed in detail by Wright and Short (1983; 1984). Their qualitative beach
classification model identified six morphological states for sandy beaches. The
classification was based on several years’ research, field sampling, and
observations of numerous beaches on Australia’s south eastern coast. Although
the beach state classification of Wright and Short (1984) does not explicitly
provide information on profile variation or volume changes, they are inherently
linked because the same environmental factors which determine beach state also
determine its variability. In addition to the profiling and observations, Wright and
Short (1984) used a dimensionless fall parameter to determine beach state
following Dean (1973) and Dalrymple and Thompson (1977), which is outlined
below:

Ω = Hb / ws.T
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Where Hb is the breaking wave height, ws is the sediment settling velocity (in m.s1

) and T is the wave period.

Short term changes in profile morphology, which in turn affect beach volume and
beach behaviour (Wright & Short, 1984), occur due to erosion and accretion of
the beach. Very seldom is a beach in a state of equilibrium because beaches and
coastal processes are dynamic complex components of large scale non-linear
interactions (Bittencourt et al., 1997). A beach will obtain a uniform or
equilibrium state if it remains exposed for a long time to a steady state of wave
conditions (Bittencourt et al., 1997). Short term beach erosion typically occurs,
and is most significant during increased wave conditions due to winter storm
events (Thom & Hall, 1991). Episodic storm events from tropical cyclone activity
also affect southwest Pacific beaches (de Lange, 2000; Davidson & Turner, 2009).
Quartel et al. (2008) describes the storm – post-storm model which is a qualitative
description of morphological changes coupled to periods of erosion and accretion
as shown by Dubois (1988); List and Farris (1999); Stive et al. (2002); and Miller
and Dean (2007b).

The use of bulk statistical measures to analyse beach profile timeseries data is
common in published literature. For example, Larson et al. (2003) measured
variation in beach topography using the standard deviation of elevation at selected
cross-shore locations from beach profile data. Limits of beach volume variations
can then be used to define probability functions for certain degrees of beach
erosion and accretion. The mean and standard deviation of beach volumes are
simple, yet effective data. Larson et al. (2003) analysed beach profiles at Duck
and showed that the greatest morphological change occurred at the MSL contour,
with the dune being the most stable region. This behaviour was linked to wave
impacts on the beach, in particular the shoreline behaviour and associated
variations with the nearshore bar. Whilst Larson et al. (2003) state the improved
ability of advanced statistical techniques to analyse morphological change, they
recognise that many datasets do not satisfy the requirement of even temporal and
spatial variation. Larson et al. (2003) therefore reinforce the applicability of bulk
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statistics for analysing beach evolution and deriving simple empirical
relationships to be used for predictive purposes.

3.2.3

Forcing Mechanisms of Short Term Beach Variation

Incoming wave energy causes erosion and accretion of sandy beaches. Wave
parameters such as the height, period, steepness, and direction contribute to beach
profile behaviour and determine whether a profile erodes or accretes (Ozolcer,
2008). In addition, storm events cause storm surge, increased wave set-up,
increased wave runup, and high velocity winds, as well as increasing the wave
height and steepness. These parameters create a significant increase in the erosive
capabilities of waves and as a result beaches typically erode (Thom & Hall, 1991;
Bittencourt et al., 1997; Quartel et al., 2008). However, continuous winter storms
often cause erosion at a decreasing rate, to the point where a storm can cause
beach accretion (e.g. Dail et al., 2000; Yates et al., 2009). This occurs when the
equilibrium wave energy required to erode a beach increases following initial
winter storm events, and subsequent winter and spring storm events do not
possess a high enough equilibrium wave energy to erode a beach (Yates et al.,
2009). A relationship between wave energy and shoreline position devised by
Yates et al. (2009) is shown in Figure 3.1 in which the best fit line showing the
observed average wave energy causing no MSL position change is of most
importance. The relationship shows that lower wave energy is required to erode
an accreted beach. As a beach erodes, the equilibrium wave energy required to
continue eroding the beach increases.

Beach accretion is favoured under low energy wave conditions which encourage
the nearshore movement of sediment from onshore directed bar velocities (Plant
et al., 1999). If a beach has a nearshore bar, low energy wave conditions cause a
landward shift of the bar which can weld with the subaerial beach face (Short,
1999; Aagaard et el., 2004). Swash zone sediment transport then drives sediment
up the beach face to form a berm. Optimum beach face volume is achieved with a
slightly landward sloping berm and a steep beach face. The limiting factor of
profile accretion is usually the absence of a nearshore bar(s) which in turn allows
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a greater amount of wave energy to impact, and potentially erode the beach face
(Wright & Short, 1984; Dail et al., 2000; Harley, 2009b; Harley et al., 2009c).

Antecedent beach conditions are critical in determining beach response to storms
(e.g. Wright & Short, 1984; Dail et al., 2000; Yates et al., 2009) with the presence
of a nearshore bar(s) being paramount as they have been shown to dissipate up to
78 – 99 % of incoming wave energy (Carter & Balsillie, 1983; Dubois, 1988). For
example, Harley et al. (2009c) produced an empirical model of beach response to
storms using the storm wave direction, energy, and whether the antecedent beach
conditions were barred or bar-less. Their model produced highly correlated results
for beach width change versus cumulative wave energy at exposed and partiallyexposed regions of the beach, but lower results for their sheltered site. This
highlights the importance of antecedent profile conditions as the results were
significantly reduced if their parameter for barred or bar-less conditions was
removed.

Figure 3.1: MSL change rate between consecutive surveys from “Equilibrium shoreline response:
observations and modelling” by M.L. Yates et al., 2009, Journal of Geophysical Research,
114,C09014. Of particular interest is the equilibrium wave energy which is the best fit solid line to
the observed wave energy causing no MSL position change.
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3.3

METHODS

3.3.1

Beach Volume Timeseries

Raw beach profile data consisted of surveyed horizontal and vertical points from a
known benchmark and extended seaward as far as possible, which was
approximately mean sea level (MSL). A cross-section of the beach topography at
a particular point in time was then created (Figure 3.2). Raw beach profile data
was input into the Beach Profile Analysis Toolbox (BPAT) software. Upon
verification in BPAT, the raw data was extracted in ASCII format for analysis
with the Matlab software (Version 7.4.0 2009a). Computer algorithms were
written to create time series data of the beach volume located seaward of a
common benchmark. The subaerial beach volume is defined as the amount of
sediment located seaward of a common datum and above MLWS (e.g. Clarke &
Eliot, 1988). Each individual beach profile was interpolated at 1 m intervals in the
cross-shore direction to enable analysis of the beach volume at a greater accuracy
(Lacey and Peck, 1998). Common timeseries analysis methods including Fourier
transforms, empirical orthogonal functions, and spectral analysis could not be
undertaken due to the uneven sampling frequency of the dataset. Linear
interpolation between surveys was considered too crude due to the uneven spacing
of the dataset.

The subaerial beach profile was divided into horizontal beach segments to analyse
beach sediment volumes at different elevations across the profile, comprising the
intertidal area, the upper beach, and the dune region (Figure 3.2). The upper limit
of the intertidal area was defined as MHWS (Relative Level (RL) 0.9 m) and the
lower limit as MLWS (RL -0.9 m). The resulting “triangle” area under each beach
profile (area (e) Figure 3.2) was evaluated as the seaward extent of the intertidal
volume. The horizontal area from the intertidal zone landward to a common
benchmark was then added to the triangle to quantify the advance or retreat of the
profile (area (d) Figure 3.2). The maximum spring tidal range of 1.8 m was
divided equally above and below MSL (RL 0.0 m) to provide a tidal amplitude of
0.9 m. If a particular profile did not extend as far as MLWS, the data were
extrapolated to MLWS using the median slope of the last three surveyed points
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for that particular profile (e.g. Lacey and Peck, 1998). One profile survey at Rings
Beach did not contain 3 surveyed points within the intertidal region therefore
linear interpolation was undertaken. The upper beach region extended from
MHWS to RL 3.5 m and the volume was calculated using the same method as the
intertidal area, noting the different elevation limits (areas (b) and (c) Figure 3.2).
Visual observations by the beach profile surveyors indicate RL 3.5 m to be an
average elevation where dune vegetation and storm debris are commonly located.
This is considered to be an accurate limit for the upper extent of wave action. The
dune area encompassed the volume of beach sediment above RL 3.5 m landward
to a common benchmark (area (a) Figure 3.2). Beach volume timeseries were
analysed using the percentage change in beach volume from the mean volume for
the entire timeseries.

Figure 3.2: A beach profile cross-section from the southern profile on Whangapoua Beach from
22-2-1998. The figure depicts the various regions used to calculate the dune volume (a); the upper
beach volume area encompassing the “triangle” (c) and the corresponding area landward to a
common datum (b); the intertidal beach volume encompassing 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 analysed to produce change rates of
erosion and accretion. The beach volume change divided by the number of days
between profiles provided the rate of change in cubic metres per metre per day
(m3.m-1.day-1). The data were then grouped into 0.2 m3.m-1.day-1 bins. Most
profiles on each beach did not have an equal number of surveys. The frequency
data were then normalised so the change rates could be compared directly
between other profiles on the same beach. An example of the method is outlined
below:
•

Whangapoua has 3 profiles: CCS12, CCS11, and CCS11-1, with data of
lengths 96; 93; and 90 respectively;

•

CCS12 is the largest vector of change rates, of length 96;

•

CCS12, CCS11, and CCS11-1 were grouped in 0.2 m3.m-1.day-1 bins from
0 to >4, therefore containing frequency data within each bin e.g.;
o Bin 1 = 27
o Bin 2 = 19
o Bin 3 = 11, and so on;

•

In order to make them comparable they were converted to percentages;
o Bin 1 = 27 / 96 * 100
o Bin 2 = 19 / 96 * 100
o Bin 3 = 11 / 96 * 100, and so on;

•

This was undertaken for each profile on Whangapoua Beach.

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

The beaches were then classified according to the Wright and Short (1984)
classification. The initial classification used the average intertidal beach slope for
each respective beach. All Coromandel Beaches were identified as intermediate or
reflective beaches. The dimensionless fall parameter was also calculated using
average wave height and period for the available data (Equation 3.1). The
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breaking wave height was calculated using the mean Hs for all data from each site
(Table 4-3) using the method of Gourlay (1992); ws was calculated using the
sediment grain size data collected; and the mean T for all data at each wave data
site. Repeated calculations and observations of beach state could not be made as
only one sediment sampling regime was available. The results therefore represent
beach state approximations using the dimensionless parameter, and are not
considered definitive. The parameter supplements the initial classification using
beach slope data.

3.3.3

Exponential Decay versus the Intertidal Beach Slope

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

݂(ି ݁ܣ = )ݔ∆௩

(Equation 3.2)

Where  ܣis the beach volume at time zero, ݁ is the exponential function, ݇ is the
decay constant, and ∆ ݒis the magnitude of change data. Of particular interest
were the exponential decay constant (݇) and the frequency of zero change ()ܣ.
The resulting  ܣand ݇ values were compared to the average intertidal beach slope
for each beach. The intertidal beach slope was calculated 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 subaerial beach change. The
magnitude and duration of a storm event affects the magnitude of short term
beach change. Analysis of the occurrence of storm events was undertaken. A
storm wave event was defined as an event where the significant wave height (Hs)
exceeded 3 m. This is a relatively low wave height, however the Coromandel
Peninsula is a sheltered lee coast which does not receive frequent long period or
Short Term Beach Variation
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large swell waves, therefore is considered appropriate in this case. This is
consistent with findings from Gorman et al. (2003a; 2003b) for the north east
coast of the North Island of New Zealand who defined the 90th percentile
significant wave height to be 2.93 m. The AEP storm waves of different
magnitudes were developed for Hs events of 2 m, 3 m, and greater than 4 m.

The percentage change in beach volume was compared against the average and
maximum Hs between consecutive surveys. Hs was time-averaged between the
dates of consecutive beach profile surveys at each site. The maximum wave
height during this period was also recorded. Least squares regression analysis was
undertaken to determine the extent of any relationship present between the timeaveraged 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 beach profile variation through time.
Figure 3.3 gives an example of beach profile elevation through time. This basic
method of analysis can identify features such as:
•

Variation of the MSL contour between profiles;

•

The beach width;

•

The beach slope; and,

•

The extent of storm wave erosion on the beach.

The solid black line is the cross-shore location of the MSL contour through time
(Figure 3.3). The MSL contour can vary up to 20 m between consecutive profiles.
Figure 3.3 also showed large erosion events were more frequent than large
accretion events. However, beaches typically recovered quickly from erosion
events, as shown by the MSL contour which showed accretion following erosion
events in most instances. The beach width can be approximated by analysing the
distance from a known elevation (e.g. the horizontal black line for MSL contour)
landward to a common cross-shore location. The intertidal beach slope was
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analysed by comparing the cross-shore extent of the dark blue region in each
panel which is approximately the spring tidal range. For example, the intertidal
region at Whangapoua was approximately 35 m wide (the cross-shore location
from 50 m – 85 m, Figure 3.3 a.) whereas at Matarangi (Figure 3.3 b.) the
intertidal region was approximately 80 m wide (the cross-shore location from 120
m – 200 m). This showed that Matarangi had a much lower intertidal beach slope
compared to Whangapoua. Storm activity was evident where landward retreat of a
particular elevation level occurred to a large extent, or across more than one
beach. An example of this was evident in July 2008 where the MSL contour for
all four profiles retreated landward. Landward retreat of the upper beach and dune
region also occurred at Whangapoua, Matarangi, and Tairua as shown by the
reduction in the yellow / orange region. Beach profile elevations through time for
all beaches and profiles are attached as Appendix IV.

Figure 3.3: Timeseries of cross-shore elevation of beach topography from the central profile at
Whangapoua (a), Matarangi (b), Tairua (c), and Pauanui (d) beaches. The solid black line in each
panel represents the MSL contour. The colour bar on the right illustrates the elevations relative to
MSL (RL = 0.0 m). A large uniform region in the x-axis direction represents a period where no
surveys were undertaken e.g. 1992 – 1996 at Matarangi (b).

Short Term Beach Variation

37

3.4.2

Beach Volume Change between Consecutive Surveys

Figure 3.4 showed example beach volume change data. Values above zero
showed above average beach volumes and values below zero showed below
average beach volumes. Beach volume change between consecutive surveys was
analysed using a demeaned beach volume timeseries. Percentage changes were
used because direct comparisons to the amount of beach sediment eroded or
accreted could be made between any profile and / or beach, whereas raw volume
changes would not enable this. The spatial variation of this study meant
percentage changes were the best method for analysis, whereas many studies have
used raw beach volume data as they did not encompass the same spatial variation
(e.g. Dubois, 1988; Thom & Hall, 1991; Dail et al., 2000; Lizarraga-Arciniega et
al., 2007). A key observation through most of the timeseries was that a volume
change event of greater than approximately 25 % can be considered important
because this magnitude of events was not a common occurrence. A volume
change event of less than 25 % can be considered normal due to the regular
occurrence.

Of interest was the frequent non-uniform behaviour between surveys on different
beaches through time. Figure 3.4 showed that short term morphological change
was not uniform between sites. For example, Box 1 showed that Whangapoua,
Matarangi, and Tairua all increased in beach volume (Figure 3.4) then had a
decrease, however Pauanui had very little change. Another example where non
uniform behaviour was prevalent was identified in Box 4 (Figure 3.4), encasing a
large storm wave event in July 2008. The percentage of sediment eroded from the
pre-event volume was 36 %, 32 %, 14 %, and 7 % for the Whangapoua,
Matarangi, Tairua and Pauanui profiles respectively.

Beach behaviour appeared to differ depending on the beach location. For example,
Boxes 2 and 3 showed that Whangapoua and Matarangi had an increase in beach
volume (Figure 3.4 a, b). During the same period, Tairua and Pauanui (Figure 3.4
c, d) showed similar behaviour, but it was different to the behaviour at
Whangapoua and Matarangi. Large spikes of accretion in the timeseries were
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most often attributed to berm formation, for example at the beginning of 1999 at
Pauanui (Figure 3.4 d). This was evident when analysing the beach profile at that
particular point in time. Short term morphological change events were also
quantified by analysing the standard deviation of beach volume. Table 3-1 showed
the standard deviation of volume at each beach. One standard deviation either side
of the mean accounts for 68 % of the short term beach volume variation whilst
two standard deviations account for 95 % of the variation. Demeaned beach
volumes had a normal distribution therefore these bounds were applicable. The
beaches in Table 3-1 were listed from north to south, and the right hand column
showed the standard deviations ranked from lowest to highest. Beach volume
timeseries with standard deviations for all sites are contained in Appendix VII.

1

2

3

4

Figure 3.4: Timeseries of beach volumes for the central profile at Whangapoua (a), Matarangi
(b), Tairua (c), and Pauanui (d) beaches. The data has been demeaned. The black region
illustrates above average beach volumes whilst the grey 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 (%) for each site. The standard
deviations show the degree of short term morphological change. The right hand column has ranked
the beaches from lowest to highest.

Beach

One σ

Two σ’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

7

Hot Water

11.1

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 horizontal beach segments comprising
the intertidal area, the upper beach area, and dune region (Figure 3.2). Figures 3.5
to 3.8 showed the intertidal, upper beach, and dune volumes for the central profile
located at Whangapoua, Matarangi, Tairua and Pauanui Beaches respectively.
These four profiles are shown as examples. All profile sites are shown in
Appendix V. In all four figures, the dune volume was illustrated as the raw dune
volume (m3.m-1) with mean removed, whereas the intertidal and upper beach
regions were illustrated as percentages. Raw data were considered most suitable
for the dune volume analysis. For example, a volume change from 5 m3.m-1 to 4
m3.m-1 in the dune is a minor volume change (i.e. 1 m3.m-1), however when
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represented as a percentage, a 20 % reduction implied a large amount of erosion
occurred when this was not the case. This was deemed the most suitable method
of analysing dune volume changes.

The primary observation between sites was the marked difference in behaviour at
different elevations on the beach. Figures 3.5 to 3.8 showed that a large portion of
beach volume change at all timescales occurred in the lower beach region, below
the upper limit of wave action (RL 3.5 m) in the upper beach and intertidal zones.
Most profile sites on the Coromandel Peninsula had little dune variation (Figures
3.5 – 3.8; Appendix V). Matarangi had very little data above RL 3.5 m therefore
no data are plotted. Analysis showed that all sites (refer Appendix V) typically
had similar short term trends of erosion and accretion between the upper beach
and intertidal area. The four examples showed that this was evident, but was not
as prevalent at Pauanui. At Whangapoua Beach the similarity in the behaviour
between the upper beach and intertidal region is evident. The dune volume had
very little volume variation except an erosion event in July 2008. At Matarangi,
the short term behaviour for the entire timeseries was also very similar between
the upper beach and intertidal region. Short term variation at Tairua was almost
identical between the upper beach and intertidal region. The dune region was not
subject to any large short term change events but long term trends were evident.
Pauanui had no large short term change events evident in the dune region. The
intertidal region at Pauanui had a relatively large degree of variation in short term
profile variation compared to the upper beach region. The variation was also
much greater when compared to the other 3 beach profiles plotted. The trends in
the variation between the upper beach and intertidal region were similar, however
the degree of variation was quite different, Pauanui and Tairua appeared to have a
larger degree of variation than Whangapoua and Matarangi. This was evidenced
by the latter two beaches having lower standard deviations (Table 3-1 and Figure
3.9).
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Figure 3.5: Timeseries of horizontal beach volume segments for the central profile at
Whangapoua Beach. The data have been demeaned. Illustrated is the dune volume (a) above RL
3.5 m, the upper beach volume (b) between RL 3.5 m and RL 0.9 m, and the intertidal beach
volume (c) between RL 0.9 m and RL -0.9 m. Note the different y axis limits and unit of
measurement in the dune (a).

Figure 3.6: Timeseries of horizontal beach volume segments for the central profile from
Matarangi Beach. The data have been demeaned. Illustrated is the dune volume (a) above RL 3.5
m, the upper beach volume (b) between RL 3.5 m and RL 0.9 m, and the intertidal beach volume
(c) between RL 0.9 m and RL -0.9 m. Note the different y axis limits and unit of measurement in
the dune (a).
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Figure 3.7: Timeseries of horizontal beach volume segments for the central profile from Tairua
Beach. The data have been demeaned. Illustrated is the dune volume (a) above RL 3.5 m, the
upper beach volume (b) between RL 3.5 m and RL 0.9 m, and the intertidal beach volume (c)
between RL 0.9 m and RL -0.9 m. There is a lack of data from 1996 to 1999. Note the different y
axis limits and unit of measurement in the dune (a).

Figure 3.8: Timeseries of horizontal beach volume segments for the central profile from Pauanui
Beach. The data have been demeaned. Illustrated are the dune volume (a) above RL 3.5 m, the
upper beach volume (b) between RL 3.5 m and RL 0.9 m, and the intertidal beach volume (c)
between RL 0.9 m and RL -0.9 m. Note the different y axis limits and unit of measurement in the
dune (a).
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3.4.4

Standard Deviation of Horizontal Beach Volume Segments

Figure 3.9 illustrates the average standard deviation of volume for each horizontal
beach segment at each site. The beaches were grouped according to the mean
intertidal beach slope and the dimensionless fall parameter to approximate the
beach state according to Wright and Short (1984) (refer Section 3.3.2 and Table 32). It was evident across all beaches that the dune was the most stable region of
the beach, illustrated by the lowest standard deviations. For intermediate beaches
the standard deviation increased from the dune to the upper beach region to the
intertidal region (Figure 3.9 a). Figure 3.9 (b) showed that the four reflective
beaches had more variable upper beach regions than the respective intertidal
region. This trend occurs on all four reflective beaches and 11 out of the 13
profiles on those four beaches (refer Appendix V). One profile at each of Hahei,
Kuaotunu West, Kuaotunu East, and Otama Beaches also had a more variable
upper beach region (refer Appendix V). These intermediate beaches were the four
steepest intermediate beaches. Harbour adjacent beaches showed similar
behaviour to intermediate beaches, and all have intermediate beach slopes (Wright
& Short, 1984). Maramaratotara Beach (Figure 3.9 c) had a more variable upper
beach region than the intertidal region. The intertidal region was the most variable
region at Rings Beach (Figure 3.9 c). Both outlier beaches (Rings &
Maramaratotara) had significantly lower standard deviations across the entire
subaerial beach profile. A total of 6 profiles across the entire site did not contain
dune volume data (i.e. above RL 3.5 m). This occurred at Buffalo Beach (3
profiles), Cooks Beach (2 profiles) and Opito Bay (1 profile).
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(a)

(b)

(c)

Figure 3.9: Standard deviation of horizontal beach volume segments at each site for intermediate
beaches (black lines, a), reflective beaches (blue lines, b), harbour adjacent (solid red lines, c) and
outlier beaches (dashed green lines, c).

The dimensionless fall parameter results were shown in Table 3-2. According to
Wright and Short (1984), reflective beaches are characterised by parameters of
less than one, intermediate beaches range from 1 to 6, and dissipative beaches are
greater than 6. The reflective beaches had the lowest values and a narrow range
from 2.2 to 2.9. The remaining beaches all ranged from 3.2 to 6.1. The result for
Kuaotunu East (3.0) was not considered accurate due to the presence of gravels in
the sediment sample which caused a high settling velocity and thus low
dimensionless fall parameter. Maramaratotara Beach was also not considered as
the settling velocity was not calculated for the calcite sediment.
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Table 3-2: Grouping of Coromandel Beaches according to intertidal beach slope and
dimensionless fall parameter (Wright and Short, 1984) with harbour adjacent and outliers
additional to their classification. The dimensionless fall 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

Maramaratotara

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 profiles sites was compared to the
mean grain size for each profile. A sediment sample was not obtained from the
southern profile site at Opito Beach therefore no comparison is made. Figure 3.10
showed the mean intertidal beach slope versus the mean grain size for each beach.
Figure 3.10 showed that the reflective beaches (blue stars) had mean grain sizes
ranging from 396 µm to 502 µm and average intertidal beach slopes from 0.11 to
0.13. The four reflective beaches showed a relatively narrow grouping for the
relationship. The intermediate beaches (black circles) illustrated a larger degree of
variation in both the mean grain size and intertidal beach slope. The intermediate
beaches had mean grain sizes ranging from 197 µm to 427 µm and average
intertidal beach slope from 0.02 to 0.07. The harbour adjacent beaches (red
crosses) showed a relatively narrow grouping for the relationship. These beaches
had mean grain sizes ranging from 225 µm to 275 µm and average intertidal
beach slopes from 0.02 to 0.04. The two outlier beaches (green squares) had mean
grain sizes of 402 µm and 1072 µm and average intertidal beach slopes of 0.10
and 0.11 for Rings and Maramaratotara respectively. A linear relationship was
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evident between the mean grain size and intertidal beach slope data. Least squares
regression analysis produced an R-squared value of 0.36. If Maramaratotara was
excluded (mean grain size 1072 µm) from the analysis the R-squared value
increased to 0.64.

Figure 3.10: Mean grain size versus the mean intertidal beach slope for each profile site
(excluding the southern profile at Opito Beach). See text for definitions of reflective beaches (blue
stars), intermediate beaches (black circles), harbour adjacent beaches (red crosses), and outlier
beaches (green squares).

3.4.6

Magnitude of Beach Volume Change

Beach volume change was further analysed by calculating the rate of volume
change between consecutive beach profiles. Figure 3.11 illustrates the magnitude
of beach volume change for all intermediate and reflective beaches on the
Coromandel Peninsula (Table 3-2). The data in Figures 3.11 and 3.12 were all
converted to positive integers. Figure 3.11 showed that intermediate sloped
beaches had a high frequency of low magnitude events and a low frequency of
large magnitude of change events. A large magnitude event was considered
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greater than 1 m3.m-1.day-1 as a result. An increasing magnitude of beach volume
change was associated with a decreasing frequency of occurrence. Figure 3.11
showed that reflective beaches had a low frequency of low magnitude events and
a much higher frequency of larger magnitude of change events, with
approximately 2 to 3 times more events between 0.8 m3.m-1.day-1 and 1.0 m3.m1

.day-1 than intermediate beaches.

Figure 3.11: Magnitude of beach volume change (logged x-axis) versus frequency of occurrence
(y-axis) for intermediate beaches (solid black lines) and reflective beaches (dashed blue lines).
Profile data was normalised and averaged for each beach (refer 3.3.2). The logged x-axis
illustrated an exponentially decaying relationship.

Figure 3.12 illustrated the magnitude of change for all other beaches on the
Coromandel Peninsula. Rings Beach and Maramaratotara Beach were reflective
beaches, however did not show the same behaviour as reflective beaches therefore
were analysed as outliers (dashed green lines, Figure 3.12). Outlier beaches had
the highest frequency of low magnitude events with only one large magnitude
event between both beaches (>1 m3.m-1.day-1). The two outlier beaches had one
profile site at each beach, however their reflective state and analysis of the
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individual profiles showed that these two beaches had the lowest degree of short
term variation (Appendix VIII). Their behaviours were significantly different to
the remaining reflective beaches. Conversely, the beaches plotted in red were
intermediate beaches (Table 3-2) however they exhibited different behaviour to
the remainder of the intermediate beaches. They had a relatively small frequency
of low magnitude events and a higher frequency of larger magnitude events
(Figure 3.12), similar to the behaviour of reflective beaches. These four beaches
are located adjacent to three of the four largest harbours on the eastern
Coromandel Peninsula (Table 3-5), therefore were here on termed ‘harbour
adjacent’ beaches.

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

Raw magnitude of change data comprised positive and negative integers and were
analysed with the same beach classification as above. Figure 3.13 showed the
magnitude of change data for intermediate (black lines) and reflective beaches
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(dashed blue lines). This further illustrated the difference in behaviour between
intermediate and reflective beaches, and the similarity of behaviour within each
beach classification. Intermediate beaches had approximately twice the frequency
of low magnitude events than reflective beaches. Reflective beaches had a higher
frequency of larger magnitude erosion and accretion events which confirms
greater short term beach variation. Intermediate and reflective beaches both
exhibited a normal distribution. The approximately equal distribution of erosion
and accretion events suggested that intermediate and reflective beaches are
relatively stable in the long term as the data were not skewed toward erosion or
accretion events. Harbour adjacent beaches showed similar behaviour to reflective
beaches (Figure 3.14). The magnitude of change data for each beach was shown in
Table 3-3 with the maximum, minimum, mean, and range for each beach. The
maximum value for Buffalo Beach was very high compared to other data and was
because two profiles had large increases in beach volume on the 3rd and 4th of
January 1997. This may be due to beach nourishment as consent to undertake such
works had been given. The dates when work was actually undertaken are not
available. The large beach volume increase and the short sampling interval caused
the large result. The large value at Tairua beach was representative of the beach
behaviour.
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Figure 3.13: Magnitude of beach volume change (x-axis) versus frequency (y-axis) for
intermediate (solid black lines) and reflective beaches (dashed blue lines). Erosion and accretion
events were illustrated by negative and positive results respectively.

Figure 3.14: Magnitude of beach volume change (x-axis) versus frequency (y-axis) for harbour
adjacent (solid red lines) and outlier beaches (dashed green lines). Erosion and accretion events
were illustrated by negative and positive results respectively.
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Table 3-3: Magnitude of volume change data for all beach sites. All data are displayed in m3.m.day-1. The right hand column shows the data ranked according the range of values with 1 being
lowest.

1

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

21.4

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 Slope
The magnitude of change results showed exponentially decaying relationships. A
best fit exponential decay model was fitted using least squares regression to the
magnitude of volume change data (Equation 3.2). The decay constant ݇ was
compared to the intertidal beach slope (Figure 3.15). A large decay constant
meant there was less large magnitude of change events. Steep, reflective beaches
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(blue stars) showed different behaviour to intermediate beaches (black circles) as
illustrated by the narrow grouping of the decay constant (Figure 3.15). Reflective
beaches were characterised by a narrow range of decay constants (݇ = 1 to ݇ =
2.5) and steep beach slopes (0.11 to 0.14). Intermediate beaches had the highest
variation of decay constants with ݇ ranging from 3 to 11.7, excluding one outlier
located at the northern end of Wharekaho Beach. The northern most profile on
Wharekaho Beach had a decay constant of 18.5 which was larger than all other
results. Intermediate beach slopes ranged from 0.012 to 0.08. Outliers (green
squares) still showed different behaviour to the other reflective beaches with high
decay constants (݇ = 8 and ݇ = 11 for Maramaratotara and Rings respectively) and
high beach slopes (0.10 and 0.11 for Rings and Maramaratotara respectively).
Harbour adjacent beaches (red crosses) exhibited different behaviour to other
intermediate beaches on the Coromandel Peninsula with low beach slopes (0.02 to
0.05) and decay constants (݇ = 1.3 to ݇ = 4.6).

Figure 3.15: Decay constant ݇ versus average intertidal beach slope all sites. See text for
definitions of reflective beaches (blue stars), intermediate beaches (black circles), harbour adjacent
beaches (red crosses), and outlier beaches (green squares). The 3 profiles with reduced datasets
were not considered for exponential decay analysis (refer text).
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3.4.8

The Impact of Wave Conditions on Short Term Beach Variation

A storm wave event was defined as an Hs greater than 3 m. Percentile results for
the four wave data sites were shown in Table 3-4. Table 3-4 showed that the 3 m
definition was nearest to the 99th percentile conditions at the four sites. The
difference between the 90th and 95th percentile wave heights was small
(approximately 0.4 m), however the difference between the 95th and 99th
percentile heights was relatively large (approximately 1.0 m). The small
difference between the 90th and 95th percentile values showed that wave heights in
this range were not likely to be large storm events due to the relatively high
frequency of occurrence. The 3 m justification for storm events was therefore
considered sufficient and accounted for, on average, 3 to 4 storm days per year.
This excluded preceding and proceeding wave heights near the 3 m level which
were likely to be part of the same meteorological system or wave event. Further,
the results in Table 3-4 were quite different at Matarangi and Opito Bay compared
to Tairua and Whangamata. The latter two have higher results at all percentile
levels indicating wave climate characterised by larger waves south of the
Kuaotunu Peninsula. The Matarangi and Opito Bay sites were in the lee of the
Mercury Islands which were likely to have decreased incoming wave energy.

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

Site

Latitude

Longitude

50%

90%

95%

99%

(median)

100%
(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 compared against the mean Hs and
Hmax between surveys. Figure 3.16 illustrated the resulting R-squared values for
beach volume versus average Hs. The largest R-squared values of 0.1 and 0.07
were observed at Wharekaho and Opito Beaches respectively. Figure 3.17
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illustrated the R-squared values of beach volume versus Hmax. The largest Rsquared values of 0.19 and 0.18 were observed at Matarangi and Wharekaho
Beaches respectively. Overall, volume versus Hmax had larger R-squared values
than mean Hs. Significance testing on the results showed that none of the data
were significant at the 95 % level. Wharekaho Beach had the highest R-squared
value in Figure 3.16 and the highest significance was a p-value of 0.53. Matarangi
Beach had the highest R-squared value in Figure 3.17 and the highest significance
was a p-value of 0.09.

Figure 3.16: Average r2 value for beach volume change versus time-averaged Hs between surveys
for intermediate beaches (black bars, Whangapoua - Opito), reflective beaches (blue bars, hot
Water - Whiritoa), harbour adjacent beaches (red bars, Matarangi – Whangamata South), and
outlier beaches (green bars, Rings and Maramaratotara).
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Figure 3.17: Average r2 value for beach volume change versus Hmax between surveys for
intermediate beaches (black bars, Whangapoua - Opito), reflective beaches (blue bars, hot Water Whiritoa), harbour adjacent beaches (red bars, Matarangi – Whangamata South), and outlier
beaches (green bars, Rings and Maramaratotara).Note the different y-axis scale.

3.4.9

Ngarunui Beach, Raglan

Short term beach behaviour at Ngarunui Beach was analysed at four profile sites
and 8 sampling dates during 2009 (Figure 3.18). The four sites were labelled Rag1
to Rag4 from south to north. The southern profile (Rag1, red dash-dot line) was
relatively stable through the year. The maximum volume was 5 % and the
minimum was -6 %. The profile showed erosion leading into the April and June
profiles, then accretion leading into the July profile. The profile second from the
south (Rag2, dashed green line) had similar short term behaviour to the southern
profile (dash-dot red line) with similar volume changes at similar times during the
year. The Rag3 profile (dotted blue line) was different as it showed an increase in
volume from January to March, and decreased volumes in all other surveys except
the July survey. The Rag4 profile (solid black line) had an unusual shape with a
large spike of accretion in the September profile, then a greater amount of erosion
in the following November profile. The accretion spike was a 600 mm increase in
elevation across a majority of the profile compared to previous surveys. The
profile also had unusual bed ripple formations between cross-shore distance 220
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m and 240 m with elevation changes of 200 mm. These bedforms were not
observed in any other survey on the beach for the duration of the surveying. The
average beach volume through the year was also shown. Interim results showed
the presence of a seasonal trend with accretion in the first and last 1.5 month
intervals and erosion for the rest of the year. The large spike of accretion in the
Rag4 September data affected the average result and subsequently showed a
significant increase.

Figure 3.18: Demeaned beach volume timeseries for Rag1 (dashed green line), Rag2 (dash-dot red
line), Rag3 (dotted blue line), and Rag4 (solid black line) at Ngarunui Beach, Raglan. The solid
pink line with circle markers was the average volume across the four profiles.

Horizontal beach volume analysis was undertaken at Ngarunui Beach. Because
the tidal range and wave climate is greater on the west coast (Bryan et al., 2007),
the horizontal segment areas were changed. The intertidal volume was between
RL -1.5 m and RL 1.5 m. The upper beach volume was between RL 1.5 m and RL
4 m, and the dune region was the area above RL 4 m. The intertidal region at all
four profile sites (Figure 3.19 c) had similar erosion and accretion trends between
surveys, excluding the large spike in the northernmost profile (Rag4, solid black
line). The profiles had peak volumes in March and a general trend of erosion
through to August. Three profiles eroded leading into the October surveys and
accretion in the following December surveys. The Rag2 profile (dashed green
line, Figure 3.19 c) had the opposite trend in the final two surveys.
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In the upper beach region the southern two profiles (Rag1 and Rag2, dash-dot red
and dashed green lines respectively) had accretion from April to October then
erosion until the end of the year. The northern two profiles (Rag3 and Rag4,
dotted blue and solid black lines, Figure 3.19 b) did not show similar trends with
variation in the volume through the year. The large accretion spike affected the
data, hence why the erosion at the end of the year appeared to be larger than other
sites. The dune volumes (Figure 3.19 a) were similar at 3 profile sites, excluding
the northernmost site (solid black line). There was a general trend of accretion
through the year at these three sites. Standard deviations of elevation and
magnitude of change data were not produced due to the short dataset available.

Figure 3.19: Timeseries of the demeaned dune volume (a), upper beach volume (b), and intertidal
beach volume (c) at the four survey sites Rag4 (solid black line), Rag3 (dotted blue line), Rag2
(dashed green line), and Rag1 (dash-dot red line). The gap in the data in (a) is due to the value in
September 2009 exceeding the y-axis limits. Increasing the 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 beach elevation through time. These
figures are commonplace in published literature especially for observing and
analysing morphological change (e.g. Ranasinghe et al., 2004; Gunawardena et
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al., 2008; Ojeda & Guillen, 2008). Short term beach variation was evident in
Figure 3.3 but difficult to quantify. Erosion events were determined from the
landward retreat of the MSL contour and / or the upper beach region. Large
variations between consecutive surveys were prominent, however the overall
location of the MSL contour remained relatively stable for the entire timeseries at
most sites. The most significant variation was the uniform retreat of the MSL
contour from mid 2007 to the start of 2009 in the four example timeseries shown.
Most profiles on the eastern Coromandel Peninsula eroded following a storm
wave event in July 2008. This storm event caused the largest amount of erosion at
most Coromandel beaches for the entire timeseries. For example, the MSL
contour was located at its most landward position at Whangapoua, Tairua, and
Pauanui following this event. However, there was one previous event at
Matarangi where the MSL contour was located further landward which occurred
in 1998 (a further 7 m landward). Analysis of most sites showed that this July
2008 event was the largest in the timeseries. Landward retreat of more than one
profile was due to storms because the spatial variation occurred across more than
one beach. Short term natural shoreline variability was caused by waves, tides,
and storm surge conditions, while short term human-induced changes were
restricted to surf zone structures and shore nourishments (Stive et al., 2002). The
large spatial variation of erosion events eliminates the probability of human
influence in the data. The only approved beach alteration works across the entire
Coromandel Peninsula in the timeframe considered are located on Buffalo Beach.
Consents have been granted for beach and dune alteration works in the vicinity of
CCS24 (northern profile) and CCS25-1 (central profile) on Buffalo Beach. Whilst
these consented works were in place, details of the actual beach alteration are
limited. There is also a seawall located between CCS25 and CCS25-1 (profile
second from north), a second near CCS26 (profile second from south), and a third
located south of CCS27 (southern profile). Overall, there is little human impact on
Coromandel beaches with the largest cause of variation being associated with
dune planting and beach restoration groups which occur infrequently and do not
significantly affect volumes in the timeframe considered here.
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3.5.2

Beach Volume Change between Consecutive Surveys

The non-uniform behaviour of subaerial beach systems on the Coromandel
Peninsula was initially illustrated in Figure 3.4. Boxes 1 and 4 showed two
occasions where the short term variation was uniform at more than one beach, but
not across the Peninsula. This non-uniform behaviour was a common occurrence
when analysing the available data (Appendix VII). In particular, Pauanui Beach
was different to all other beaches in both boxes. Analysis of other profiles on
Pauanui Beach showed a large degree of variation along the beach with very little
uniform behaviour between profiles (Figure VII.15). Many beaches showed a
large degree of similar variation in the alongshore direction. It can therefore be
deemed that the behaviour at Pauanui is different to that occurring at
Whangapoua, Matarangi, and Tairua. This shows support for sediment transport
sub-cells. The non-uniform behaviour provides evidence that not one beach can be
an indicator beach for short term variation on entire Peninsula. The behaviour
identified in Boxes 1 and 4 illustrated the difference in behaviour between the
northern and southern regions of the study site. With regard to the July 2008
storm event, it is interesting to note that the storm wave event had a larger Hs
(mean Hs and Hmax), longer duration and steeper waves at Tairua compared to the
Matarangi wave data, however the northern two beaches (Whangapoua and
Matarangi) had a greater amount of erosion. Further, the wave direction was
predominantly north-easterly during this event, of which Whangapoua and
Matarangi Beach are partially sheltered from. The major geophysical difference
between the two systems is the beach orientation, however both systems were
subjected to large storm waves therefore relatively uniform erosion would have
been expected.

Boxes 2 and 3 further highlighted the difference in behaviour depending on the
spatial location of beaches and profiles on the Coromandel Peninsula. Adjacent
beaches exhibit similar behaviour within Boxes 2 and 3, yet it differs from
behaviour exhibited at other regions of the Peninsula. This was evident through
the data in Appendix VII. The difference in beach orientation is hypothesised to
be a factor, however there is only 12° of variation between Whangapoua and
Tairua beaches. This relatively low variation is not anticipated to cause a
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significant variation in beach behaviour. However, beaches north of the Kuaotunu
Peninsula are relatively sheltered from east to south easterly storm wave events,
whereas Tairua is more exposed. As a result, the Kuaotunu Peninsula is
hypothesised to be a barrier to sediment transport and beach behaviour on the
Coromandel Peninsula because beaches north and south of the Kuaotunu
Peninsula exhibit different behaviour (refer Chapter 5).

The standard deviations of beach volumes showed a large amount of variation
between Coromandel beaches. Reflective and harbour adjacent beaches had
greater short term variation in subaerial beach volumes, of which the large degree
of variation on reflective beaches conforms to results published by Wright and
Short (1984) and Dail et al. (2000). Intermediate beaches showed a greater range
of short term variation, but overall undergo smaller volume changes which also
conform to the Wright and Short (1984) classification, which suggest they change
beach state relatively often. The standard deviations of harbour adjacent beaches
showed a high degree of variation, as well as Buffalo and Cooks Beaches which
are also adjacent to harbour entrances. Harbour adjacent beaches all had similar
standard deviations and grain sizes, indicating that the sediment size and source
has a large impact on Coromandel Beach behaviour. A study by Thom and Hall
(1991) of a medium sand beach in southeast Australia had a standard deviation of
beach volume of approximately 25 %. Cooks Beach had a standard deviation of
17.5 % which was the highest on the Coromandel Peninsula.

The dimensionless fall parameter (Wright & Short, 1984) was also used to
classify the beaches (Table 3-2). The narrow range of results for the reflective
beaches was considered sufficient to justify their classification as reflective
beaches. It is acknowledged that a parameter of about 1 is required to classify a
beach as reflective, however the average intertidal slope, coupled with the
behaviour evident in this Chapter, suggest that the four beaches (Hot Water,
Tairua, Onemana, and Whiritoa) are better attributed to reflective assemblages. It
is hypothesised that a limited sediment supply of coarse grained sediment is an
important factor of the reflective beach behaviour. Conversely, the intermediate
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beaches had a large range of parameters and slopes, which accords well to
intermediate beach variations.

3.5.3

Horizontal Beach Volume Segment Analysis

The most prominent short term trend within the horizontal segment analyses was
the similarity in behaviour between the upper beach and intertidal beach volumes,
and the stability of the dune region (Figures 3.5 to 3.8 and Appendix V). A large
majority of cross-shore beach variation was restricted to the upper beach and
intertidal region which was below the approximate storm high water mark and
edge of vegetation line. This approximated line proved to be a good indicator of
the upper limit of regular wave action, and shows that aeolian transport in the
dune region is insignificant. A study of a microtidal sandy beach by Quartel et al.
(2008) showed that the upper and lower beach regions (comparable elevations to
those studied here) did not show the same similarity as identified at Whangapoua,
Matarangi, and Tairua Beaches. Given the relatively uniform behavioural pattern
between the upper beach and intertidal area on numerous different beach types in
this study, it would be expected that this would occur on other beaches. The beach
studied by Quartel et al. (2008) had a good correlation between the amount of
beach change and the time-averaged wave height, whereas Coromandel Beaches
showed poor correlations (refer Section 3.4.8). As a result, it is concluded that the
beach considered by Quartel et al. (2008) differs from most Coromandel beaches
and is better attributed to the harbour adjacent beach scenario with a high degree
of short term variation. Figures 3.5 to 3.8 showed no regular short term variation
in the dune region which was common for most Coromandel beaches (refer
Appendix V). For example, Whangapoua Beach was subject to longer term trends
with the most significant change occurring after the July 2008 storm. Matarangi
Beach contained little dune data therefore no analysis was given. There was no
regular short term variation at Tairua Beach and Pauanui Beach, however they
were both subject to longer term dune volume trends. The spike in the Tairua
dune volume timeseries in mid 1996 was not considered due to the 1.5 year gap in
the data prior to 1996 and also the following survey.
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The results presented here prove that the lower beach region comprising the upper
beach and intertidal regions accounted for a large majority of variation in
subaerial beach volumes. This conforms to results at the southern end of Tairua
Beach which showed most variation also occurred in the intertidal beach region
(Smith & Bryan, 2007). This study shows that this occurred across most
Coromandel beaches (refer Appendix V). Coromandel beach variation is therefore
largely confined to below the limit of regular wave action (RL 3.5 m).

3.5.4

Standard Deviation of Horizontal Beach Volume Segments

The standard deviations of horizontal beach volume segment results were grouped
according to the Wright and Short (1984) classification. Rings Beach had an
average slope of 0.098 therefore was considered to be reflective as the next
steepest intermediate beach had a slope of 0.07. There were no dissipative beaches
on the eastern Coromandel Peninsula. This classification does not mean
Coromandel beaches were confined to any particular morphological state, but for
the purpose of this thesis they were grouped according to average intertidal beach
slopes and dimensionless fall parameters (Wright & Short, 1984). For example,
Tairua has a steep average beach slope similar to reflective beaches in the Wright
and Short (1984), although it is acknowledged the beach exists in various
intermediate beach states (Bogle, 1999; Smith & Bryan, 2007; Gallop, 2009) and
had a dimensionless fall parameter of 2.6. This was likely to occur on several
Coromandel beaches.

There was an obvious difference in short term behaviour dependent on beach
slope (Figure 3.9). Reflective beaches had different behaviour to intermediate
beaches as evidenced by the standard deviation, magnitude of change results, and
exponential decay. However, four intermediate beaches had behaviour which was
similar to reflective beaches (Matarangi, Pauanui, Whangamata North, and
Whangamata South). It was further identified that these four beaches were all
located adjacent to harbour entrances. The respective harbours were 3 out of the 4
largest harbours on the eastern Coromandel Peninsula (Table 3-5). Due to the
different short term behaviour evident in the data these four beaches were
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classified as “harbour adjacent beaches”. The different behaviour was evident in
all results in this Chapter. The high variability was particularly evident when
analysing the individual volume timeseries. It is hypothesised that the behaviour is
caused by storm events which cause an increase in eroded terrestrial and riverine
sediment being ejected from the harbour. Groundwater variations due to storm
precipitation have also been proven to impact subaerial beach volumes (Clarke &
Eliot, 1988).

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

Harbour / estuary
(corresponding beach to

Harbour area at high tide
6

Catchment size (ha)

2

(x10 m )

which it applies)
Whangapoua Harbour

13.1

106.56

15.6

492.01

No data *

No data

6.12

282.35

4.3

51.69

Included in Whangamata

70.25

(Matarangi Beach)
Whitianga (Buffalo Beach)
Purangi River (Cooks
Beach)
Tairua Harbour (Pauanui
Beach)
Whangamata Harbour
(Whangamata North)
Otahu Estuary
(Whangamata South)

Harbour

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

Two further beaches exhibited different behaviour to all other beaches and were
termed “outliers”. The main exception was Buffalo Beach which illustrated
behaviour similar to the remaining intermediate beaches and is located adjacent to
the largest harbour on the Peninsula. Cooks Beach is also located adjacent to
Purangi Harbour, however it is small in comparison to the other harbours (Table
3-5). The two eastern profiles on Cooks Beach showed different behaviour
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however it was not reflected in the behaviour of the entire beach. It is
hypothesised that the smaller sized harbour only affects those profiles on the
eastern end of the beach as shown in the raw volume data (refer Appendix VII).

The standard deviations of horizontal beach volume segments represented mean
values for each beach (Figure 3.9). It was hypothesised that the standard deviation
would increase with decreasing elevation, from the dune to upper beach to
intertidal region. This hypothesis was based on the average limit of wave action
being largely restricted to the lower beach region (below RL 3.5 m) as observed
by the beach profile surveyors. Previous research had also shown increasing
variation with decreasing elevation in the subaerial beach which provided further
support for this hypothesis (e.g. Larson & Kraus, 1994; Larson et al., 2003;
Quartel et al., 2008). This hypothesis was true across a majority of the
Coromandel beaches. The dune region was the most stable region on all beaches
due to minimal wave impacts and insignificant aeolian transport. Most dune
volume data had no significant volume change events, and large temporal
variations were the main factor of volume change. This was consistent with
results of Larson et al. (2003) who found the lowest standard deviation of
elevation (for the subaerial beach) at Duck was the dune region above 3.5 m
elevation, and the greatest variation occurred about the MSL contour. The high
variability of the shoreline at Duck was attributed to varying wave steepness
during storm events. The stability of the dune was because of the lack of influence
from waves and tides. Earlier research by Larson and Kraus (1994) analysed the
same beach profile data at Duck and found the region of greatest variability to be
around the MSL contour, and the most stable region of the subaerial beach was
above 4 m elevation. These results confirm the hypothesis that the dune region
would be the most stable region of the beach and that the intertidal region
encompassing the MSL contour was the most variable region.

One significant difference in Coromandel beach behaviour was that all reflective
beaches had more variable upper beach regions than the respective intertidal
region (Figure 3.9). This variation occurred on 11 out of 13 profiles on the four
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reflective beaches (Figures VI.13, VI.14, VI.16, and VI.19 Appendix VI). The
results showed the largest amount of variation on reflective beaches was in the
upper beach face. Wright and Short (1984) state that reflective beaches have little
subaqueous sediment storage, therefore implying volume changes occur on the
subaerial beach. The variation could also be due to the formation and subsequent
erosion of berm features, however berms are not restricted to reflective beach
systems. The steeper beaches in this study also had more coarse sediment than
intermediate beaches (Figure 3.10). Because most sites are dominated by quartz
feldpsaric sand (Healy et al., 1981), this showed that the more coarse sediment on
reflective beaches required greater wave energy to be transported. The wave
energy does not vary between the intermediate and steep beach sites however
steeper profiles cause energy released from wave breaking to be located closer to
the shoreline. Wave energy on flatter beach profiles is dissipated further offshore
through wave breaking. The resulting turbulence from breaking wave energy on
reflective beaches is confined further up the beach face compared to intermediate
beaches, hence increased wave runup (Wright & Short, 1984). Previous research
showed that subharmonic edge waves are dominant on reflective beaches but had
a reduced impact on intermediate beaches (Wright & Short, 1984). It is therefore
hypothesised that complex swash zone interactions and infragravity wave
oscillations may be responsible for the difference in behaviour between the upper
beach and intertidal volumes on reflective beaches, ultimately 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 was discussed by Clarke and Eliot
(1988) and Dolan et al. (1991) who showed a need for long term datasets to
adequately determine the degree of short term beach variation. Accretionary
changes typically require a timeframe of several weeks to months whereas a
single storm event can erode a beach of a large percentage of its volume in a very
short period of time (e.g. hours to days), as identified at Whangapoua following
the July 2008 storm event (refer Appendix VII). The morphology of a beach at
any particular time is a function of its sediment characteristics, immediate and
antecedent wave, tide and wind conditions, and the antecedent beach state (Wright
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& Short, 1984). The wave, tide and wind conditions were very similar for the
entire Coromandel Peninsula therefore Coromandel Beaches would be expected to
undergo similar changes and have similar temporal variations of beach
morphology changes. Antecedent beach conditions would not be expected to
differ greatly between beaches because of the similar wave climate around the
Coromandel, therefore sediment characteristics remain as a critical component of
beach morphology on the Coromandel Peninsula. A linear relationship existed
between grain size and beach slope, and if the obvious outlier in Figure 3.10 was
excluded (Maramaratotara), the relationship had an R-squared value of 0.64.
Increased sediment sizes were typically attributed to higher degrees of stability on
the beach face, thus allowing increased beach slopes (Wright & Short, 1984).
Increased beach slopes on the Coromandel Peninsula occurred on reflective and
outlier beaches. Reflective beaches are also synonymous with relatively large
subaerial sediment volumes (Wright & Short, 1984). The high degree of short
term volume changes was described by Yates et al. (2009) who showed that
accreted profiles required less wave energy to erode the beach face, therefore
reflective beaches with higher subaerial beach volumes are relatively easily
eroded (Figure 3.1).

The rate of change of subaerial beach volumes provided interesting results across
most beaches in this study. Figures 3.11 and 3.13 illustrated a marked difference
in behaviour between intermediate and reflective beaches. A study by Thom and
Hall (1991) showed a maximum accretion rate of 0.27 m3.m-1.day-1 which is very
low compared to the results for Coromandel beaches, except the outliers. The
large degree of variation on reflective beaches was interesting because Wright and
Short (1984) showed that reflective beaches were typical of lower sediment
mobility compared to intermediate beaches because they were often sheltered
systems. The results displayed here were conclusive that reflective beaches are
more variable on a short term scale. The majority of sediment storage on
reflective beaches is in the subaerial beach, implying that most morphological
change occurs in the subaerial profile on reflective beaches. Therefore, high
magnitude of change events lead to a direct loss of sediment from the subaerial
profile, which in turn produce high standard deviations of beach volume within
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the intertidal and upper beach region. According to Wright and Short (1984), it
would be expected that repeated subaqueous profiling would yield relatively
consistent volume results because a majority of the variation is in the subaerial
profile with little subaqueous sediment storage.

Intermediate beaches have the greatest degree of variability, were typically
comprised of medium grained sediment, and have a modest or meagre sediment
supply (Wright & Short, 1984). The large range of standard deviations and
magnitude of change results showed that intermediate beaches have a greater
range of beach behaviour, and therefore beach states, consistent with Wright and
Short (1984). This contrasts to the narrow range of behaviours shown by
reflective beaches. Harbour adjacent beaches add a greater amount of variation to
the intermediate beach systems. Harbour adjacent beaches did not show the same
behaviour as the intermediate beaches. The differing behaviour was hypothesised
to be due to episodic inputs of sediment from the harbour into the subaerial beach
system and groundwater impacts (e.g. Clarke & Eliot, 1988). This is the obvious
explanation regarding the behaviour, however Buffalo Beach is located adjacent
to Whitianga Harbour which is the largest on the Coromandel Peninsula, but
showed intermediate beach behaviour. However, analyses of the beach volume
data along Buffalo Beach showed that the behaviour differs greatly between the
profiles along the beach which is characteristic of harbour adjacent beaches.

The behaviour of the two outlier beaches was not been explained in this chapter.
Both beaches had freshwater input which would suggest episodic inputs of
sediment into the system. With regard to Rings Beach, it is the only reflective
beach north of the Kuaotunu Peninsula, but is still subject to the same wave
conditions. Therefore, a higher degree of short term variation similar to the
reflective beaches would be expected. Maramaratotara Beach is a sheltered beach
with coarse calcite sediment which could be a factor, however the behaviour is
very similar to Rings Beach.
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3.5.6

Exponential Decay versus Intertidal Beach Slope

The magnitude of change analysis resembled an exponentially decaying
relationship. Reflective beaches showed a close grouping of intertidal beach
slopes and decay constants. These results emphasised the similarity between
reflective beaches. Intermediate beaches showed a large degree of variation in
both beach slope and the decay constant which further emphasises the conformity
to Wright and Short (1984). Harbour adjacent beaches interestingly had a
relatively good grouping, given that they had exhibited a large degree of short
term variation. Harbour adjacent beaches had relatively low intertidal beach
slopes and decay constants compared to intermediate beaches. The outlier beaches
continued to show different behaviour and could not be explained. An
intermediate beach with a large decay constant was identified in Figure 3.15. This
profile was the northern most profile on Wharekaho Beach (CCS22-1). The
behaviour was attributed to the sheltered nature of the profile as shown by the
aerial photo in Appendix II.

One profile at each of Tairua, Pauanui and Whangamata South Beaches were
excluded as the respective datasets were too short to be compared against other
profiles on the same beach.

3.5.7

Impact of Wave Conditions on Short Term Beach Variation

Storm wave events were the primary cause of beach erosion. Wave height
conditions (time-averaged Hs and Hmax) were analysed against the amount of short
term beach volume change. It was hypothesised that short term changes in beach
volume would be correlated to changes in Hs caused by storm waves. Figure 3.16
showed poor correlations between the time-averaged Hs and beach volume
change. Slightly better results were achieved for beach volume change and Hmax
between surveys. These results conform to recent findings of Yates et al. (2009)
who showed a weak correlation when using weekly to monthly averaged wave
energy. A study of a reflective beach by Dail et al. (2000) also used time-averaged
wave heights between surveys and produced low correlations with beach volume
changes. The following conclusions were reached by Yates et al. (2009): 1) that
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the timing of storm events was crucial to the beach response, rather than the
amount of wave energy; and 2) that hourly averaged wave energy and antecedent
beach conditions play a significant role in determining whether a beach eroded or
accreted. As a result, it is considered that the time-averaging of wave data used in
this thesis was over too long a period to yield strong correlations. The timing of
storm events was also not considered. To more accurately determine short term
beach response to storms, it is suggested that a greater detail of analysis is
undertaken on shorter term wave events, in particular the timing of storm wave
events and antecedent beach conditions.

3.5.8

Ngarunui Beach, Raglan

It was difficult to show conclusive evidence about the Ngarunui Beach data due to
the short dataset available. The most interesting result was the large spike of
accretion and elevation change identified in the Rag4 (northernmost) data in
September 2009. Several hypotheses were drawn regarding the behaviour. The
first was that a sand wave caused the significant elevation increase with a likely
source being a pulse of sediment from the harbour mouth increased beach
elevation prior to being transported offshore once subjected to larger ocean waves,
that is, beyond the apparent sheltering of the ebb tidal delta. This would explain
why it was not identified further down the beach. Further, increased wave
conditions during winter may have resulted in a shift of sediment from the ebb
tidal delta onto the beach. Alternatively, a rhythmic feature on the beach may have
been evident, but was not studied further in this thesis. The aerial photo in
Appendix II showed that the Rag4 profile is in the vicinity of the ebb tidal delta.
The data showed a comparison to east coast beaches and many sandy beaches
around the world, that most of the variation occurred within the intertidal zone,
noting the increased spring tidal range of 3 m for the west coast (Bryan et al.,
2007). The data did not show a relationship between the intertidal and upper
beach region as identified on a majority of the east coast data. Overall, the data
did not show any obvious similarities when compared visually to the 2008 data at
the most dissipative east coast beach, Matarangi. The average beach volumes
through the year showed the presence of a seasonal trend, although there were
longer periods of erosion through the year compared to east coast beaches.
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3.6

SUMMARY

Analysis of short term variations in beach behaviour on the Coromandel Peninsula
showed four distinct beach classifications. The following conclusions were drawn
from the short term analyses:
•

Short term beach behaviour was not uniform on the Coromandel Peninsula
with regard to erosion and accretion of subaerial beach profiles, however
individual groups of beaches had a large degree of similarity;

•

Reflective and harbour adjacent beaches are subject to greater volume
changes and change rates on the short term timescale compared to
intermediate beaches;

•

Volume changes in the dune region were infrequent, whilst the intertidal
and upper beach regions behaved in a similar manner;

•

Reflective beaches had the greatest variation on the subaerial beach and
also have more variable upper beach regions than intertidal regions;

•

There was a linear relationship between mean grain size and intertidal
beach slope on all Coromandel beaches except Maramaratotara which is
dominated by calcite sediment. All other beaches are sandy beaches and
were grouped relatively well according to beach state classification.

•

Intermediate beaches had small volume change rates however the greater
range of results suggest they had much greater variations in beach state.
Outlier beaches had very little volume change. The grouping of beaches
was further emphasised by the narrow grouping of decay constants for
reflective and harbour adjacent beaches compared to intermediate beaches
and outliers.

•

Beach volume change was poorly correlated with time-averaged Hs and
Hmax between consecutive surveys. Hmax yielded higher correlations than
mean Hs.

•

Ngarunui Beach did not show similar volume change behaviour to the
most dissipative eastern Coromandel beach, Matarangi.

In summary, the beach state classification of Wright and Short (1984) appeared to
be significant in determining the behaviour of eastern Coromandel beaches.
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Results showed that intermediate beaches clearly exist in a greater range of beach
states, but were subject to lower volume changes, and change rates, when
compared to reflective beaches. Reflective beaches had relatively stable beach
states, showed greater volume variations, greater volume change rates, and had
more variable upper beach regions than intertidal regions. The Wright and Short
(1984) classification is not applicable across the entire Peninsula however, as
harbour adjacent beaches provided an anomaly to the behaviour of intermediate
beaches, as well as the two outliers. The exact forcing mechanism of beach
variation needs to be analysed further as time-averaged wave height and
maximum wave height showed poor correlations to the volume change data.
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CHAPTER FOUR
SEASONAL VARIATION AND OSCILLATION

4.1

INTRODUCTION

Analysis of the spatial and temporal variation of Coromandel beaches at a
seasonal scale was undertaken in this chapter. Whilst short term variations were
significant in the analysis of beach variation, underlying longer term processes
may also be prevalent. One example is the typical annual variation of subaerial
beach environments from a perceived, eroded profile during winter storm
conditions to an accreted profile during fair weather summer conditions (e.g.
Medina et al., 1994; Komar, 1998). The data used in this thesis enabled variation
occurring on a 2-monthly (approximate) to an annual cycle to be identified.
Variation occurring at this scale was termed seasonal variation for the purpose of
this thesis.

4.1.1

The Importance of Seasonal Variation and Beach Oscillation

Seasonal variation can be a large component of subaerial beach system variation
(Eliot & Clarke, 1982). Variation in beach morphology has long been documented
as a response to equilibrium wave conditions as opposed to instantaneous wave
conditions (e.g. Wright and Short, 1984). Previous studies have shown that beach
morphology seldom responds to instantaneous changes in the wave conditions on
beaches dominated by storms with intermittent and seasonal recovery patterns
(Morton et al., 1995; Lee et al., 1998; Anthony, 1998; Jimenez et al., 2008; Yates
et al., 2009). Therefore, analysis on a greater temporal scale was required to fully
understand Coromandel beach behaviour. Analysis of the seasonal variation of
beach volume changes will either prove or disprove the presence of seasonal
trends on the Coromandel beaches. Knowledge of the extent of seasonal variation
may be used to forecast future shoreline positions and provide data on whether
certain levels of erosion or accretion can be considered normal or extreme (i.e.
within acceptable limits) for planning purposes.
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Beach rotation is an oscillatory, medium scale phenomenon which is
characteristic of short, embayed beaches on lee coasts (e.g. Ranasinghe et al.,
2004). Beach rotation occurs on a cycle that is greater than the sampling
frequency of this dataset, but typically varies more often than an interannual or
long term cycle. Therefore, it needs to be discernible from the underlying seasonal
processes. Analysis of beach rotation was undertaken to determine if it occurred
on Coromandel beaches.

4.1.2

Expected Outcomes

This chapter seeks to prove or disprove the following hypotheses relating to
seasonal variation:
•

Eastern Coromandel beaches erode during winter and accrete in summer
due to seasonal variations in the wave conditions, particularly due to
increased storm activity in winter; and

•

Beach rotation is evident on embayed beaches on the Coromandel
Peninsula.

It is hypothesised that eastern Coromandel Beaches will follow a typical erosion
trend during winter followed by recovery and accretion of the beach during fair
weather summer conditions. Justification for this hypothesis is a result of more
energetic winter storms eroding sediment from the subaerial beach face (e.g. Eliot
& Clarke, 1982; Dubois, 1988; Medina et al., 1994; Komar, 1998). If beach
rotation is evident on embayed Coromandel beaches, it is expected that the
orientation of the beach and the spatial variation of the beaches will be a key
component of the extent of beach rotation. Beach rotation has been shown to
occur on a large spatial scale in which the incident wave angle is critical, therefore
Coromandel beaches may show similar behavioural patterns due to the variations
in beach orientation around the Peninsula (Klein et al., 2002; 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 on beach morphological change is
the beach state classification model by Wright and Short (1983; 1984) and their
work in the few years prior (e.g. Short, 1979a, 1979b, 1981; Short & Wright,
1981; Wright, 1981; Wright et al., 1982b). Wright and Short (1984) used daily
observations of beach state over 3 years and varying environmental controls to
devise their model. The study was undertaken across numerous Australian
beaches with varying morphologies. Beach profiles and observations were the
dominant methods of data collection. The classification comprises of two extreme
morphological states, reflective and dissipative beaches, with four intermediate
beach states in between. The beach state at any point in time is affected by near
bottom currents in the surf zone which are driven by the incident wave conditions,
subharmonic oscillations, infragravity oscillations, and mean longshore and rip
currents. The actual morphology is a function of the sediment characteristics,
immediate and antecedent waves, tide and wave conditions, and the antecedent
beach state.

Of particular interest were the results of Wright and Short (1984) relating to
seasonal changes in beach state. Each individual beach environment has a most
common beach state which results from the average breaking wave conditions and
prevailing

sediment

characteristics

(Wright

& Short,

1984).

Repeated

observations and surveys of beaches showed that the beach state varied largely
with wave height when the sediment size remained the same (Wright & Short,
1984). This highlights how beach changes over short to medium term time scales
were less dependent on the sediment characteristics, and more reliant on the wave
conditions when compared with long term beach oscillations. Seasonal changes in
the wave regime have been well documented as a driver of seasonal beach change
as a result (Eliot & Clarke, 1982). Wave height therefore has a significant role in
seasonal beach behaviour and results in a generalisation of beach and sediment
characteristics. In particular, intermediate beaches, the most dominant state for
eastern Coromandel beaches, were found to be favoured by wave heights of 1 –
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2.5 m when composed of medium sand (Short, 1981). Reflective beaches occurred
under low swell conditions or in sheltered compartments, and were often
associated with coarse sediment (Wright & Short, 1984). The four reflective
beaches in this study (Hot Water, Tairua, Onemana, Whiritoa) are all bound by
relatively large headlands and thus situated within sheltered compartments which
restricts the obliquity of incoming wave energy.

The dominant wave conditions on a seasonal scale affect the beach state and
beach profile behaviour. The result is a dominant beach state which impacts the
beach morphology and is often in phase with the seasonal wave climate (Wright
& Short, 1984; Dubois, 1988). Increased storminess and wave heights in winter
cause most sandy beaches to erode. The resulting eroded subaerial beach profile is
typically referred to as a “bar profile”, “winter profile”, or “storm profile”
(Winant et al., 1975; Eliot & Clarke, 1982; Clarke & Eliot, 1988; Dubois, 1988;
Komar, 1998). Sediment is normally eroded from the subaerial beach and
deposited in the nearshore where it forms a bar (Dubois, 1988; Quartel et al.,
2008). Winter storm conditions typically last for a maximum of a few months and
erosion of subaerial beach profiles often occurs at a uniform rate (e.g. Medina et
al., 1994; Komar, 1998; Wood et al., 2009). When wave conditions subside, the
beach begins to recover and a period of accretion dominates. The initial method of
recovery has been suggested to be via the welding of the nearshore bar to the
subaerial beach and was most often slower than the rate of erosion (e.g. Wright &
Short, 1984; Dubois, 1988; Stive et al., 2002; Aagaard et al., 2004; Wood et al.,
2009). This recovery continued until late summer and into autumn during periods
of reduced wave energy until wave heights increased the following winter. The
maximum subaerial beach volume coincided with late summer and autumn
following prolonged periods of low wave heights. The resulting beach profile was
typically termed a “berm profile”, “summer profile” or “swell/normal profile”
(Winant et al., 1975; Eliot & Clarke, 1982; Dubois, 1988; Komar, 1998) and was
initially identified by Shepard (1950) and Inman (1953). The total seasonal
variation differs between every beach and alongshore region, for example, Clarke
and Eliot (1988) showed that the average sediment transfer on a seasonal scale
was 30 % at Warilla (New South Wales, Australia), with a maximum of 49 %.
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Reflective beaches respond differently from intermediate beaches to a change in
the wave conditions due to the slope of the beach face, the presence of nearshore
bar(s), and the location of sediment storage. Reflective beaches typically have
small subaqueous sediment storage, no nearshore bar system, and a steep beach
face which means a large proportion of the wave energy is dissipated on the
subaerial beach face (Wright & Short, 1984). Reflective beaches are typically
more easily eroded as a result. Results presented by Yates et al. (2009) suggested
that the first winter storms have the greatest erosion potential because of the large
availability of sediment on the subaerial beach, therefore lower wave energy can
erode the profile (refer Figure 3.1). Following peak seasonal volumes and the first
winter storms, subsequent erosion events are the limiting factors of erosion
change, and storm events can result in accretionary conditions (Yates et al., 2009).
Once wave conditions subside, onshore sediment transport dominates and the bar
begins to shift landward. After the bar has welded to the foreshore, swash zone
sediment transport continuously deposits sediment in the swale until it is filled in.
More sediment is added to the foreshore until a berm with a slight landward slope
develops and the process begins again (Dubois, 1988).

The recovery rate of eroded profiles under low wave conditions can require
weeks, months, or longer compared to the initial erosion which can occur in a
matter of days (Wright & Short, 1984; Yates et al., 2009). The full sweep of
variation from a dissipative state to a reflective state can occur, but does not on
east Australian Beaches. Bar formation acts as a barrier to the incoming wave
energy, where individual waves breaking on these bars may lose 78–99 % of their
energy (Carter & Balsillie, 1983).

4.2.2

Beach Rotation – A Review

Beach rotation is a medium-term oscillation which is typical of short embayed
beaches and has both high and low frequency cycles (Ranasinghe et al., 2004;
Short & Trembanis, 2004; Ojeda & Guillen, 2008). Embayed beaches often
exhibit beach rotation as they terminate at headlands at both ends, which is also
suggested to be a precursor for headland bypassing because it enables the beach to
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advance seaward, thus widening the surf zone (Ojeda & Guillen, 2008). Beach
rotation is evident when there is a variation in the subaerial behaviour of a beach
in the alongshore direction and results in opposite ends of the beach being out of
phase, with a fulcrum point near the middle (Short et al., 1995; Short et al., 1999).
This inverse relationship is most often identified when comparing beach width or
beach volume data at opposite ends of an embayed beach (e.g. Klein et al., 2002;
Ranasinghe et al., 2004; Short & Trembanis, 2004). It results from a shift in the
alongshore sediment transport direction between the headland extremities on
embayed beaches (Short & Masselink, 1999). The shift has been often attributed
to periodic or long term changes in the wave climate, particularly the wave
direction (Short & Masselink, 1999; Klein et al., 2002). However, rotation can
occur on a range of timescales without any net gain or loss of sediment (Klein et
al., 2002) and is a key process in understanding the morphodynamics of embayed
beaches (Ojeda & Guillen, 2008). Beach rotation literature on New Zealand
beaches is limited, with the only peer-reviewed work being that of Bryan et al.
(2009) at Tairua Beach. Bryan et al. (2009) showed that beach rotation was
evident at Tairua Beach and was clearly related to the dominance of northward
and southward directed energy fluxes of greater than 3500 J.m-2. The shoreline
and barline at Tairua generally rotated in unison although the magnitude of
variation in the shoreline was lower, hypothesised to be due to the reduction in
surf zone energy levels at the shoreline compared with the bar.

It is documented that seasonal variations in the wave climate affect the degree of
beach rotation and often results in seasonal rotation trends (Short & Masselink,
1999; Klein et al., 2002; Bryan et al., 2009). However, longer term oscillations of
beach rotation have been shown to be correlated with the El Niño Southern
Oscillation (ENSO) (Short et al., 1995; 2000; Ranasinghe et al., 2004; Harley,
2009a). It was first hypothesised by Short et al. (1995) using qualitative analysis
of residual beach volumes and the Southern Oscillation Index (SOI) which is the
ENSO index. This lead to Ranasinghe et al. (2004) testing the hypothesis using
quantifiable analysis of beach width data. They used mean monthly beach width
data, as it was unrealistic to expect immediate beach response from changes in the
SOI. Their results showed that there was a significant lagged response between
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mean beach width and the SOI, with varying lag times between 3 months and 1.5
years depending on the location of the profile site on the beach. Further,
Ranasinghe et al. (2004) produced a conceptual model of various stages of beach
rotation and the processes governing beach rotation during ENSO phases. The
conceptual model does not apply to the Coromandel beaches due to the different
wave climates between the two regions. In summary, beach rotation is expected to
be a key factor in this study due to the number of embayed beaches and the strong
seasonal trend in storm wave events as evidenced by the above literature.

4.3

METHODS

4.3.1

Seasonal Variation in Beach Volumes

Seasonal trends and oscillations were largely undetected in the raw beach volume
data therefore another method of analysis was required to determine the extent of
seasonal variation on Coromandel beaches. Beach volume data were averaged at
1.5 month intervals through the calendar year beginning from January 1st as
identified below (all dates are inclusive) as 1.5 months was the approximate
sampling frequency for a majority of the dataset:
•

January 1st to February 15th;

•

February 16th to March 31st;

•

April 1st to May 15th;

•

May 16th to June 30th;

•

July 1st to August 15th;

•

August 16th to September 30th;

•

October 1st to November 15th; and

•

November 16th to December 31st.

The beach volume data were then grouped according to the date of survey. This
enabled analyses of beach volumes at certain times of the year whilst
encompassing the many years of data available. The entire dataset was used in the
analysis as the sampling year was irrelevant when averaging data in the specified
timeframes. Time-averaging of beach volume data is a common method of
analysing medium term oscillations (e.g. Ranasinghe et al., 2004; Quartel et al.,
Seasonal Variation and Oscillation
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2008) and was considered suitable given the spatial and temporal variation of the
dataset. The percentage change in beach volume from the mean was analysed to
represent quantitative results on the extent of erosion or accretion throughout the
year.

The grouping of beaches according to Wright and Short (1984) was maintained
for the seasonal analysis. Seasonal variations in beach volumes depicted in this
chapter were analysed as beach averages. Spectral analysis was also used on the
volume data to identify significant seasonal oscillations 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 three profiles on a beach in order
to be considered in this study. This meant beaches had a profile located towards
each end of the beach and a profile located at or near the central or fulcrum point
(Figure 4.1 and Appendix II). Two beaches in this study only have one profile site
(Rings and Maramaratotara, Figure 2.1; Figure II.3; Figure II.9) and a further four
beaches have two profiles (Otama, Hahei, Onemana and Whangamata North). The
following beaches satisfied these criteria and the number of profiles used in
calculating the beach rotation is in brackets:
•

Whangapoua (3);

•

Wharekaho (3);

•

Pauanui (4);

•

Matarangi (4);

•

Buffalo (5);

•

Whangamata South (4);

•

Kuaotunu West (3);

•

Cooks (5);

•

Whiritoa (4).

•

Kuaotunu East (3);

•

Hot Water (3);

•

Opito (5);

•

Tairua (3);

To quantify beach rotation, all profiles on a beach were required to have been
surveyed on the same day. Tairua (CCS36-2), Pauanui (CCS38), and
Whangamata South (CCS57-2) each contain one additional profile however the
datasets only extend back to 2003, 2004, and 2002 respectively, therefore were
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not included in the analysis. The profile excluded at Tairua is located on the
southern half of the beach (second from the south), however the profile second
from the north is located nearest the centre of the beach therefore the exclusion of
the profile does not induce any bias by having two profiles located at one end of
the beach. The profile excluded at Pauanui was located at the very northern end of
the beach in the entrance to Tairua Harbour. The remaining four profiles
encompass a good spatial variation along the beach (Figure II.14) and the
exclusion of the profile does not induce any bias in the methodology. The profile
excluded at Whangamata South is located relatively centrally, however the
neighbouring profile was also close to the centre of the beach.

The seaward extent of each profile from its origin was related to the alongshore
location. The degree of beach rotation was quantified by evaluating the intertidal
beach volume with respect the alongshore location of each profile. For each time
step the intertidal volume was plotted against the alongshore location of the
profile. A best fit line using linear regression was fitted to each time step. The
resulting linear equation had a slope component which was converted to degrees
and used as the rotation coefficient. This method was considered accurate as an
unstable or poor relationship between the profiles will give a low rotation
coefficient, thus not indicating beach rotation. A strong rotation coefficient will
only exist if there is a relatively large degree of variation between the intertidal
beach volumes at each end of the beach and the profile(s) in between also
contribute to a good fit. A positive beach rotation coefficient indicates a greater
intertidal beach volume at the southern end of the beach (right hand side looking
seaward), and anticlockwise rotation (Figure 4.1). The converse applies for a
negative coefficient. A timeseries of the beach rotation coefficient was generated
for each beach and compared to the spatial location of each site.
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Figure 4.1: Schematic identifying various beach rotation parameters 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 intervals at four sites from 1979 to
March 2009 (Figure 2.1 and Table 2-2). To analyse seasonal variation in the wave
climate, the data were grouped into 1.5 month intervals and averaged from 1995
to 2009 similar to the time of higher resolution survey data. The 1.5 month
intervals used to group the beach volumes were maintained (refer Section 4.3.1).
The data were compared between the four sites across the 1.5 month intervals to
determine the extent of any seasonal variation present.

4.3.3.1 Beach Rotation versus Alongshore Wave Energy Flux
Wave data were time-averaged in order to analyse the potential forcing
mechanisms of beach rotation on the Coromandel Peninsula. The wave energy
flux was calculated and averaged between the time steps of the rotation data as it
was a vector quantity with both cross-shore and alongshore components (Miller &
Dean, 2007b). The wave energy flux was given by (Bryan et al., 2009):

ଵ

E = ଼ . ρ. g. Hs ଶ . sin θ

Equation 4.1

Where ρ is the density of seawater (1025 kg.m-3), g is the acceleration due to
gravity (9.81 m.s-2), Hs is the significant wave height in metres (m), and θ is the
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angle of wave approach relative to beach orientation in radians where 0° was
shore normal. The time-averaged wave energy flux data were compared to the
beach rotation data to determine if a relationship existed between them. Least
squares regression analysis was then undertaken. This method incorporated the
incoming Hs and direction and compared it to the changing orientation 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 in beach volume through the calendar
year for the intermediate sloped beaches. The beach classifications were
maintained from Section 3.3.2. Volume data in this section were rounded to the
nearest integer and were relative to the mean beach volume. Firstly, the figure
illustrated that most intermediate beaches had a clear, albeit small, seasonal cycle
with increased volumes in summer and decreased volumes in winter. The peak
seasonal volume for intermediate beaches predominantly occurred in April and
May. This period of above average beach volume was followed by uniform
erosion of all beaches in July and the first half of August. There was a general
trend of accretion from August to the end of the year. The overall extent of
seasonal accretion reached a peak volume of approximately 5 % and a seasonal
minimum of approximately -5 % to -7 % for most beaches. This equates to
seasonal variation of approximately 10 % for most intermediate beaches. The
behaviour at Otama beach was different as it had an average peak seasonal
volume of 17 %, a seasonal minimum of -14 %, and an overall seasonal variation
of 31 %. Buffalo Beach and Cooks Beach did not exhibit a seasonal trend.
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Figure 4.2: Average beach volume change through the year for intermediate beaches. All data
have been demeaned. Beach volumes were averaged into 1.5 month groups through the calendar
year beginning on January 1st. A strong seasonal cycle is evident at all beach sites except Buffalo
Beach and Cooks Beach. Otama Beach is identified as the dashed line with greatest amplitude.

4.4.1.2 Seasonal Variation – Reflective Beaches
Figure 4.3 illustrates the seasonal variation in beach volume for the reflective
beaches. Figure 4.3 showed that the peak seasonal volume of approximately 6 %
to 8 % for 3 out of the 4 beaches (Tairua, Onemana, and Whiritoa) was reached in
February to March. Hot Water Beach had a peak seasonal volume of 3 % from
November to February. The seasonal minimum for all beaches occurred in July to
August. Hot Water Beach had a seasonal minimum of -4 % whereas the other
beaches had seasonal minimums of -7 % to -9 %. All four beaches eroded in a
uniform manner in July and August. All four reflective beaches showed slight
erosion from December to February. The overall seasonal variation was
approximately 15 % for the reflective beaches except Hot Water Beach which had
a lower seasonal variation of 7 %.
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Figure 4.3: Average beach volume change through the year for reflective beaches. The data have
been demeaned. Beach volumes were averaged into 1.5 month groups through calendar the year
beginning on January 1st. Hot Water Beach is the dashed line with smallest amplitude.

4.4.1.3 Seasonal Variation – Harbour Adjacent and Outlier Beaches
Figure 4.4 showed all beaches adjacent to harbour mouths (red lines) and the two
outlier beaches (dashed green lines). The figure highlighted the irregular
behaviour of the harbour adjacent beaches which are all intermediate beaches.
Matarangi was the only beach adjacent to a harbour which had a seasonal trend.
Matarangi had a peak seasonal volume of 9 % in April to May and a seasonal
minimum of -7 % in October to November, an overall seasonal variation of 16 %.
The other 3 harbour adjacent beaches (Pauanui, Whangamata North, and
Whangamata South) did not show a seasonal trend and had irregular volume
change through the year. However, all harbour adjacent beaches showed uniform
erosion in July and August. Excluding Matarangi, all harbour adjacent beaches
each had average beach volume changes of less than 10 %.

The two outliers, Rings and Maramaratotara, showed a weak seasonal trend.
Rings Beach had a peak seasonal volume of 2% in January to February and a
seasonal minimum of -1 % in July to August, an overall seasonal variation of 4 %
(accounting for integer values). Maramaratotara Beach had a peak seasonal
volume of 2 % in May to June and a seasonal minimum of -1% in October to
November, an overall variation of 3 %.
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Figure 4.4: Average beach volume change through the year for harbour adjacent beaches (solid
red lines) and outlier beaches (dashed green lines). The data have been demeaned. Beach volumes
were averaged into 1.5 month groups through the calendar year beginning on January 1st.
Matarangi has a seasonal trend illustrated by the solid red line with the highest and lowest
volumes.

4.4.1.4 Seasonal Variation – Lomb-Scargle Spectral Analysis
Spectral analysis using the Lomb-Scargle method identified significant seasonal
oscillations at some profile sites (Table 4-1). A description of the method and an
example power spectrum are provided in Sections 5.3.2 and Figure 5.5
respectively. The spectral analysis identified significant oscillations in the raw
volume data using approximately 8 profiles per year. These signals were therefore
deemed to be the profiles with a consistent and strong seasonal trend. The
corresponding spectral power also related relatively well to the seasonal signals
identified above.
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Table 4-1: Lomb-Scargle spectral analysis results for seasonal oscillations. The beaches and
profiles are listed from north to south with the frequency in years and corresponding power in
volume (%).

Beach/Profile Name (north

Significant Frequency

to south)

Corresponding Power (%)

(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 timeseries for the 13 beaches which have at
least three profiles. The rotation component was displayed in degrees with a
positive slope indicating anticlockwise rotation and a negative slope indicating
clockwise rotation (Figure 4.1). The figure showed that several beaches appear to
be rotating and several beaches which were not. A relatively flat timeseries does
not show rotation. Matarangi, Opito, Buffalo, and Cooks Beaches had relatively
flat timeseries which indicates that beach oscillation was dominant and not beach
rotation. Matarangi, Buffalo, Cooks, Pauanui and Whangamata North and South
Beaches are all adjacent to harbour entrances, therefore reducing the ability for
rotation to occur as sediment is unlikely to be trapped against the harbour
entrance. The profiles on Opito beach were unevenly spaced therefore were not
considered for further analysis (Figure II.7). The panel labels in Figures 4.5 and
4.6 are maintained throughout the thesis. Beaches are labelled from north to south,
Whangapoua (a) to Whiritoa (s) as follows:
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•

Whangapoua (a);

•

Wharekaho (h);

•

Tairua (n);

•

Matarangi (b);

•

Buffalo (i);

•

Pauanui (o);

•

Kuaotunu West (d);

•

Cooks (k);

•

Whangamata South (r);

•

Kuaotunu East (e);

•

Hot Water (m);

•

Whiritoa (s).

•

Opito (g);

Figure 4.5: Beach rotation timeseries for all beaches with at least 3 profiles. Beaches are plotted
from north to south, with panel labels (a) to (s) representing the 13 beaches from Whangapoua (a)
to Whiritoa (s) identified in text. The rotation component is illustrated in degrees. A positive slope
indicates anti-clockwise rotation. Note there are 2 y-axes for clarity. The solid section of the
respective y-axis depicts the y-axis limits.

Table 4-2 showed the minimum, maximum, and range of beach rotation
coefficients at each beach. The results showed that the shorter embayed beaches
had higher rotation coefficients, those being Whangapoua, Kuaotunu West,
Kuaotunu East, Hot Water, Tairua, and Whiritoa (Table 4-2 and Figure 4.5).
Pauanui and Whangamata South also had high rotation coefficients but are
harbour adjacent beaches therefore they were excluded from further analysis as
they were not embayed beaches. It was hypothesised that a different parameter
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caused the variation at Pauanui and Whangamata South. Figure 4.6 illustrates the
beach rotation timeseries for short embayed beaches only. It was evident that the
degree of rotation on these beaches was greater than those which were excluded
(Figure 4.5).

Table 4-2: The minimum, maximum, and range of beach rotation coefficients 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 beaches. The rotation component is
illustrated in degrees and a positive index / slope shows anti-clockwise rotation. The panel labels
from Figure 4.5 above are maintained for simplicity and are explained in text. Note there are 2 yaxes for clarity. The solid section of the respective y-axis depicts the y-axis limits.

Whangapoua (a) did not show a large degree of change or any obvious low
frequency variation. For example, there was weak beach rotation from 2004 to the
end of the timeseries. However, there were rotation events prior to 2004.
Kuaotunu West (d) showed beach rotation for the entire timeseries with the
prominence of several large rotation events of up to 4º in mid 2000, 2002, 2003,
2007, and 2008. It was apparent that a seasonal trend of anticlockwise rotation in
winter and equal clockwise rotation in summer was dominant at Kuaotunu West.
No long term trend of rotation was evident. Kuaotunu East (e) was relatively
stable from 2003 to 2008, therefore had weak beach rotation, but did have rotation
events similar and equal to those at Kuaotunu West in 1997, mid 2002, and 2008.
Wharekaho Beach (h) had a relatively smooth timeseries and did not show a large
degree of rotation, excluding several clockwise events in 2000, the beginning of
2005, and 2008. Hot Water Beach (m) showed rotation at both short- and longterm timescales and was subject to relatively frequent rotation events. For
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example, in 2002, 2004, and 2007, with low frequency rotation identified from
2000 to 2004 (clockwise), relative stability until mid 2007, and anticlockwise
rotation until 2009. Tairua Beach (n) had similar low- and high-frequency rotation
to Hot Water Beach, but to a larger degree. Tairua had frequent short term rotation
events, as well as clockwise rotation from (at least) 2000 to 2004, and anticlockwise rotation from 2006 to 2009. From 2004 to 2006 no long term rotation
was evident, however a small peak was evident in 2005. Whiritoa Beach (s) also
showed the low frequency trend evident at Hot Water Beach and Tairua Beach, as
well as high frequency beach rotation. The scale of beach rotation at Tairua and
Whiritoa was greater than all other embayed beaches as evidenced 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-averaged wave energy flux. The wave
energy flux was time-averaged between the profile survey dates and linear
regression fitted to each set of data. The resulting R-squared values were shown in
Figure 4.8. The overall relationship between the time-averaged wave energy flux
and the beach rotation coefficient was poor across the entire Peninsula. Tairua had
the highest relationship with an R-squared value of 0.27. The next highest
relationships were Wharekaho and Whangapoua with R-squared values of 0.21
and 0.19 respectively which are still poor correlations. Only the Tairua result was
significant at the 95 % confidence level.

Figure 4.7 illustrates the beach rotation coefficient versus wave energy flux at
Tairua, Wharekaho and Whangapoua Beaches. The figure clearly showed that the
largest wave energy events were associated with large rotation events. At Tairua,
a wave energy flux event of 3915 J.m-2 was associated with a rotation coefficient
of -4.8 °. Figure 4.7 (a & b) showed that the largest wave energy events were
associated with negative rotation coefficients (clockwise rotation, Figure 4.1). The
slope of the best fit line also implied that if the wave energy flux was positive, the
beach rotation coefficient was negative and vice versa.
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The relationship between the wave energy flux and beach rotation at Whangapoua
was similar to Tairua (Figure 4.7). However, the wave energy was significantly
lower at Whangapoua as the largest event was only 1327 J.m-2 compared to 3915
J.m-2 at Tairua. Although the relationship was not as strong at Whangapoua (Rsquared = 0.19), the slope of the best fit line confirms the similar behaviour
between beach rotation and the wave energy flux on the two beaches. Wharekaho
had an R-squared value of 0.21. However, the slope of the best fit line was
opposite to that of Tairua and Whangapoua. The relationship suggests that
negative wave energy fluxes were associated with clockwise rotation (refer to
Section 4.5.4 below which discusses this matter further).

(a)
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(b)

(c)

Figure 4.7: Time-averaged wave energy flux versus beach rotation at Tairua Beach (a),
Whangapoua Beach (b), and Wharekaho Beach (c). The black line in each figure is the best fit line
with the R-squared value identified in the top right.
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Figure 4.8: The best fit R-squared value for each beach rotation coefficient versus time-averaged
wave energy flux. The x-axis labels are defined in Section 4.4.2.

4.4.4

Seasonal Variation in Wave Height

The methodology used to analyse the seasonal variation of beach volumes through
the calendar year was also applied to the wave data. Table 4-3 and Figure 4.9
illustrate the mean seasonal Hs for the four sites. The average peak seasonal wave
height was reached in February to March for all sites and ranged from 1.16 m at
Matarangi to 1.42 m at Tairua. The average minimum seasonal wave height was
reached during October to November for all sites and ranged from 0.84 m at Opito
Bay to 1.05 m at Tairua. Overall the seasonal variation was relatively low with the
major variation being a spike in the data occurring in July to August with a
notable increase in the wave height.

Figures 4.10 illustrates the timing and frequency (n) of storm events (Hs >3 m)
through the year at the four sites. The definition of a storm wave event was
described in Section 3.3.4. The figure showed there was a significantly higher
frequency of storm wave events at all four sites in winter. The lowest frequency of
94

Chapter Four

storm wave events occurred in late October and early November at all four sites.
All four sites also showed a spike in the number of storm events during late
February and early March. Matarangi (Figure 4.10 a) had the lowest frequency of
storm events during the entire period whilst Tairua (Figure 4.10 c) had the
highest.

Table 4-3: Seasonal wave height characteristics for the four sites analysed.

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

Figure 4.9: Seasonal variation of wave height for Matarangi (solid black line), Opito Bay (dotted
blue line), Tairua (dashed green line), and Whangamata (dash-dot red line). The data was timeaveraged into 1.5 month intervals through the calendar year using 30 years of available hindcast
data.
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Figure 4.10: The timing and frequency (n) of storm wave events (Hs >3 m) during the year at the
Matarangi (a), Opito Bay (b), Tairua (c), and Whangamata (d) wave data sites. All axes are equal.

4.5

DISCUSSION

4.5.1

Seasonal Variation – Intermediate Beaches

Figure 4.2 showed that intermediate beaches on the Coromandel Peninsula had a
moderate degree of seasonal variation of beach volumes with accretion in
summer, autumn, spring, and erosion in winter. On average, the seasonal variation
across most intermediate beaches was approximately 10 % of the total beach
volume, which was much less than the 30 % identified by Clarke and Eliot (1988).
The intermediate beaches also had uniform erosion in winter. This erosion
corresponded to an increase in the average wave height and storm wave events in
winter at all sites around the Coromandel Peninsula (Figures 4.9 & 4.10) which is
common of many sandy beach systems worldwide (Clarke & Eliot, 1988; Komar,
1998; Stive et al., 2002). The eastern Coromandel Peninsula is a storm dominated
wave environment (Bradshaw, 1991) where increased storminess in winter leads
to erosion of subaerial beach profiles. However, it is interesting to note that Figure
4.9 showed a spike in the average wave height in February and March. Episodic
cyclone activity in summer was considered to cause the increase. The episodic
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events were unlikely to occur every year, however corresponded to erosion of
reflective beaches, but not intermediate beaches. Buffalo Beach was the only
intermediate beach which showed erosion during this period. Therefore a higher
average wave height does not necessarily result in erosion of the subaerial beach
profile (e.g. Yates et al., 2009). Cyclonic impacts in summer were more
prominent at lower latitudes, for example, the east coast of Australia as studied by
Davidson and Turner (2009) and less evident on the Coromandel Peninsula.
Winter storms caused the greatest erosion which was associated with increased
storminess. Results presented here conform to the findings of Yates et al. (2009)
as the winter wave conditions lasted more than 6 weeks (Figure 3.1), however
erosion of most beaches only occurred over a 6 week period (July – mid August).
Initial winter storms caused the greatest erosion because they had the largest
equilibrium wave energy compared to the end of winter when a higher wave
energy equilibrium was required to erode beaches. The beach system studied by
Clarke and Eliot (1988) was considered to be significantly different due to the
morphological differences with Coromandel beaches. In particular, the seasonal
variation of the beach (30 %) and the recovery rates following uniform erosion.
Following the seasonal minimum in May to July, their study beach recovered
quickly to record peak seasonal volumes in December. The wave climate of
southeast Australia is much larger than the Coromandel Peninsula (Clarke &
Eliot, 1988).

Otama Beach had a much larger seasonal variation of 31 %, similar to Clarke and
Eliot (1988) for an east Australian intermediate embayed beach. The forcing
mechanism(s) behind this very high degree of variation at Otama Beach were not
evident. Otama Beach is located in relatively close proximity to Kuaotunu East
(<2 km), has a similar orientation, and is sheltered from the northeast to southeast.
Therefore, the behaviour should not be significantly different to other beaches as
it is subjected to similar wave conditions. The large seasonal variation occurred
on both profiles at Otama (Table 4-2) and was not a localised phenomenon at one
particular section of the beach. A large spatial scale study of embayed beaches by
Bowman et al. (2009) showed that sheltered embayed beaches tended to exhibit
lower seasonal variations. Otama Beach is considered one of the most sheltered
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pocket beaches in this study, therefore does not conform to the findings of
Bowman et al. (2009). The seasonal behaviour at Otama could not be explained in
this thesis.

There were two exceptions to the typical seasonal behaviour of intermediate
beaches at Buffalo Beach and Cooks Beach. These beaches were identified as
intermediate beaches in Chapter 3. However, the two beaches showed a different
behaviour to the remaining intermediate beaches at the seasonal scale. They did
not exhibit a seasonal cycle of accretion and erosion typical of summer and winter
conditions, but showed irregularity throughout the year. No profiles on Buffalo
Beach showed a seasonal signal (Figure 4.11). Conversely, it was interesting that
the two western profiles on Cooks Beach showed a strong seasonal cycle (Figure
4.11), however the 3 eastern profiles and therefore the beach average did not. It
was apparent that there is a certain point on the beach where variation in the beach
behaviour differs in the alongshore direction. This could be due to a variation in
the littoral drift system on the beach which may be inconsistent due to the
orientation change of the beach. Another hypothesis is that sediment ejected from
the harbour is only transported as far west as the first three profiles, thus affecting
the subaerial beach volumes on these three profiles (similar to other harbour
adjacent beaches), where it must then be transported offshore as they do not show
a continuing trend of accretion. The aerial photo for Cooks Beach (Figure II.10)
shows that the ebb tidal delta is located adjacent to the three eastern profiles.
Although the delta is not permanent in size or location, it is likely that variations
of the ebb tidal delta and the resulting sand bank may weld onto the subaerial
beach at certain stages during the year causing variations in the subaerial beach
volumes at these three profile sites (e.g. Aagaard et al., 2004). Both beaches were
thus deemed complex systems due to the presence of harbour entrances, the
complex wave interactions in Mercury Bay (due to the shape of the bay and the
presence of a large bar in the middle of the bay; Steeghs, 2007), and the
orientation changes (Buffalo Beach = 99°, Cooks Beach = 55°). Buffalo beach
and Cooks Beach are deemed harbour adjacent beaches at the seasonal scale.
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Figure 4.11: Buffalo Beach and Cooks Beach seasonal change data for each profile on each beach.
The figure illustrates the variation at these two intermediate beaches, with only the two northern
most profiles on Cooks Beach (solid black line and dotted blue line) showing a seasonal trend. The
remaining profiles from north to south are the dashed green 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 showed the strongest seasonal
cycle of subaerial beach volumes (excluding Otama Beach). Three out of the four
reflective beaches also had a greater seasonal variation than the intermediate
beaches. Steeper beach profiles have a greater percentage of subaerial beach
sediment storage (Wright & Short, 1984) which provides a greater amount of
subaerial sediment which can accrete or erode throughout the year.

Of particular interest was that the peak seasonal volume for reflective beaches
typically occurred earlier in the year compared to intermediate beaches. Three of
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the reflective beaches had peak seasonal volumes in February to March, six weeks
earlier than the majority of the intermediate beaches. This occurred during a
period of above average wave heights (Figure 4.9). The following three months
from April to June on average, had decreased wave heights. It would therefore be
expected that the reflective profiles would continue to accrete until the increase in
wave height observed in the July to August period. It was hypothesised that
summer fair weather conditions would enable accretion of the subaerial beach
system. However, on reflective beaches, the maximum seasonal volume is
reached earlier, therefore sediment is more easily eroded (Wright & Short, 1984).
The average increase in mean Hs in late summer appears to erode the subaerial
beach and form a nearshore bar (Dubois, 1988). When the wave energy increased
during winter, the subaerial beach was eroded and sediment deposited offshore
(e.g. Dail et al., 2000). During the recovery months sediment initially replenishes
the subaerial beach, followed by the nearshore bar region. This hypothesis would
need to be tested for known bar locations, with direct comparisons made to the
corresponding volume of the bar, subaerial beach, and wave conditions,
preferably across more than one reflective beach in this study. Overall, the onset
of the first winter storm events caused the greatest erosion as evidenced by the
uniform erosion across the Coromandel Peninsula in July and August which
corresponded to an increase in storm wave events. These results compared well to
Yates et al. (2009) who showed that the more seaward (accreted) the profile, the
lower the wave energy required for erosion (Figure 3.1). Therefore the first winter
storms cause a large degree of uniform erosion across the Peninsula, and further
winter storms, on average, do not have a high enough wave energy to continue
eroding Coromandel beaches.

Following the seasonal minimum in July and August, reflective beaches had a
faster recovery rate than intermediate beaches. This was identified by the
reflective beaches reaching the mean beach volume earlier than intermediate
beaches. This rapid recovery also had a negative impact on the reflective beaches,
as they appeared to reach an equilibrium seasonal volume, because all reflective
beaches showed erosion from December to February. As a result, reflective
beaches appeared to have a greater ability to accrete and recover following an
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erosion period, but also a greater ability to be eroded when sediment volumes
were above average (Dail et al., 2000).

The causative factor for the relatively conservative behaviour at Hot Water Beach
is unknown. The geomorphology of Hot Water Beach is very similar to Tairua
and Whiritoa with regard to the respective beach lengths, orientation, intertidal
beach slope, and mean grain size (Table 2-1). It was therefore anticipated that the
beach systems would behave in relative unison similar to the rotation analysis.
The difference in seasonal behaviour at Hot Water Beach was not explained in
this thesis.

4.5.3

Seasonal Variation – Harbour Adjacent and Outlier Beaches

Harbour adjacent beaches showed irregular and inconsistent behaviour throughout
the year. Matarangi was the exception and had a strong seasonal cycle. The only
common feature between all the harbour adjacent beaches was uniform erosion in
winter. The behaviour was attributed to the harbour adjacent nature of the
beaches. Complex interactions of sediment ejected from estuaries, ebb tidal deltas,
and groundwater impacts caused by hydraulic gradients in the water table, are
some of the impacts which affect harbour adjacent beaches and were not analysed.

A study of seasonal shoreline change by Yates et al. (2009) identified a beach
which had similar characteristics to Rings Beach and Maramaratotara Beach
(steep, short and narrow) which showed a weak, barely detectable seasonal cycle.
They hypothesised that the coarse grained sand on the beach and limited sand
availability in the nearshore zone was sufficient to stabilise the beach. This may
be applicable to Rings Beach and Maramaratotara Beach, however bathymetric
surveying of the nearshore region would be required to confirm this hypothesis.
Maramaratotara Beach has an erosion resistant substrate and the eastern end of the
beach was previously mined, therefore may have limited sediment availability
(Dahm & Gibberd, 2009).

Seasonal Variation and Oscillation

101

4.5.4

Beach Rotation

Results showed that beach rotation occurred on embayed beaches on the eastern
Coromandel Peninsula which accords to other published work for embayed
beaches (e.g. Klein et al., 2002; Ranasinghe et al., 2004; Ojeda & Guillen, 2008).
However rotation was not prominent or uniform across all embayed beaches on
the Coromandel Peninsula. For example, Whangapoua Beach did not show
constant rotation on a short or long term scale. It is suggested that unusual wave
refraction patterns due to the Mercury Islands, and nearby Pungapunga Island
which is 150 m offshore from the northern profile on Whangapoua Beach, cause
non-uniform wave energy along the beach. Whangapoua Beach has a similar
orientation to Tairua Beach, but was the only beach with a north-eastern aspect
located north of the Kuaotunu Peninsula. Figure 4.12 (a) showed that waves north
of the Kuaotunu Peninsula approach from a more northerly direction and there
was also a much narrower range of approach directions compared to the other
sites. Published literature on beach rotation forcing mechanisms states that wave
direction is the primary forcing mechanism of beach rotation (Short & Masselink,
1999; Klein et al., 2002; Ranasinghe et al., 2004; Short & Trembanis, 2008).
Therefore, the narrow approach direction of waves at Whangapoua Beach is likely
to be the reason why it did not rotate. However, the 3 large rotation events in
1999, 2000, and 2003 were unexplained. Section 4.4.3 (Figure 4.7) showed that
Whangapoua was one of only 3 beaches to show any relationship with the wave
energy flux (although not significant). The two largest wave energy flux events in
Figure 4.7 were likely to have caused the relationship as the remaining data
appeared unrelated. One of the main problems with linear regression is that when
data are clustered, some results will have more influence on the regression than
others (Dolan et al., 1991). This was likely to be the case at Whangapoua Beach.
The two large rotation events in 2000 and 2003 occurred at the same time as the
two largest time-averaged wave energy flux events. Rotation at Whangapoua
Beach was therefore limited to short term events. Analysis of the wave energy
flux at a shorter timescale with increased profile surveying may improve the
understanding of beach rotation at Whangapoua Beach.
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Figure 4.12: Significant wave heights and directions at Matarangi (a), Opito Bay (b), Tairua (c),
and Whangamata (d) from 1995 to 2009. The colourbar illustrates the frequency of the data. The
wave direction is the direction the waves are travelling to.

Interesting results were obtained at Pauanui Beach and Whangamata South Beach
which had the highest and third highest range of rotation coefficients of all
beaches. The data suggest that these beaches rotated to quite a large degree,
however previous research showed that rotation is confined to embayed beaches
(Short & Masselink, 1999). Pauanui Beach and Whangamata South Beach are
harbour adjacent beaches. Therefore a contradiction exists between the data which
suggest beach rotation occurs and literature which states it should not (Short &
Masselink, 1999; Ranasinghe et al., 2004; Short & Trembanis, 2008). A logical
hypothesis would suggest that sediment pulses ejected from the harbours and
transported in the alongshore direction (e.g. sand waves) were causing the rotation
data shown (e.g. Fenster & Dolan, 1993). Figure 4.5 showed that the rotation
coefficient on Whangamata South Beach rotates around an equilibrium planform
(i.e. 0° or shore-normal), whereas at Pauanui Beach long term rotation trends were
evident, and similar to those at neighbouring Tairua Beach. The Whangamata
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South data therefore conform to the above hypothesis whereas the Pauanui data
does not. It is suggested that complex wave refraction patterns around Shoe and
Slipper Islands are a key factor affecting behaviour on Pauanui Beach in the
alongshore direction, coupled with impacts from the harbour may cause
alongshore rhythmic features that affect the results. Author observations have also
identified rip currents which are likely to affect the alongshore variation.

Several studies have been done on individual or several naturally embayed
beaches (e.g. Klein et al., 2002; Ranasinghe et al., 2004), however the spatial
scale of the analysis considered here appears unprecedented. Accordingly, the
rotation behaviour of Hot Water, Tairua, and Whiritoa Beaches was very
interesting. These 3 beaches are all steep, coarse grained beaches with an east to
northeast orientation and all showed similar trends of long term beach rotation
behaviour. Klein et al. (2002) suggested that beaches with similar planform
morphology and hydrodynamic characteristics would exhibit similar beach
rotation behaviour. Their study of 3 adjacent beaches showed that short-term
beach rotation processes can differ significantly between reflective, intermediate,
and dissipative beaches, as well between beaches with different degrees of
curvature and exposure to the incident waves. The 3 adjacent beaches studied by
Klein et al. (2002) showed differing behaviour due to their different
morphological characteristics. Hot Water, Tairua, and Whiritoa Beaches conform
to their hypothesis for beaches with similar morphology and wave conditions as
these systems have similar geomorphology (Table 2-1). However, contrasting
evidence from this study was illustrated at Kuaotunu West and Kuaotunu East
Beaches. These two beaches are located immediately adjacent to each other and
have almost identical lengths, orientations, average intertidal slopes, mean grain
size, and wave climate, yet the beach rotation results were not particularly similar.
It is acknowledged that several events between the beaches such as anticlockwise
rotation in 2002, and clockwise rotation at the beginning of 2005 and 2008 were
similar, however they were all individual events. There were at least an equal
number of events where rotation was the opposite between the beaches (e.g. mid
2003, mid 2006, and mid 2008). The rotation at Kuaotunu West appeared to be
seasonally dominant as there was strong anticlockwise rotation in winter and
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clockwise rotation in summer. Kuaotunu East did not show a strong seasonal
cycle. The differing behaviour between two similar beaches was not explained in
this thesis.

Wharekaho Beach showed weak rotation for a large majority of the timeseries.
Due to the orientation, the sheltered nature of the beach, and the dominant
incoming wave direction (Figure 4.12), most of the incoming wave energy would
be refracted and therefore arrive from a relatively uniform direction. Wave
direction was the primary forcing mechanism of beach rotation (Short &
Masselink, 1999; Ojeda & Guillen, 2008), therefore little to no variation in the
wave direction would not cause beach rotation. The beach orientation (120°) also
explained the inverse relationship between rotation and wave energy flux.

Figure 4.7 showed the 3 beaches with the strongest relationship between beach
rotation and the wave energy flux (Tairua, Whangapoua, and Wharekaho). Tairua
was the only beach which showed a significant relationship between beach
rotation and the time-averaged energy flux. Because the relationship was still poor
(R-squared = 0.27), the analysis of beach rotation and the wave energy flux were
poorly correlated at the timescale analysed here. These results conform to Yates et
al. (2009) who showed that time-averaging the wave energy yields very poor
correlations to the degree of beach change, in their case, with the MSL contour.
Although their analysis was not directly applicable to beach rotation, the MSL
contour is a significant factor when analysing rotation, therefore the results of
Yates et al. (2009) were considered applicable. A key example was the
comparison by Yates et al. (2009) of two timeseries with equal wave energy, yet
the timing of wave events differed within the two timeseries, and showed
contrasting degrees of erosion and accretion. The analysis showed that the timing
of the wave energy impact was much more significant than the average energy
(Yates et al., 2009). This explained why the methods used in this thesis did not
provide significant results, and that a more detailed analysis of the wave energy is
required to determine the impact of waves on beach rotation, as suggested by
Yates et al. (2009). A study on Tairua Beach by Bryan et al. (2009) showed that
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beach rotation occurred in response to large wave energy fluxes, which were only
partially evident in this thesis due to the timescale of analysis in this thesis. It is
concluded that the temporal variation used to average wave data in this thesis was
too great to yield a relationship. However, the results of events greater than 3500
J.m-2 coupled with strong rotation are encouraging as they conform to Bryan et al.
(2009) for Tairua beach. Shorter timescales of analysis used by Bryan et al.
(2009) have shown to yield strong results to beach rotation.

Overall, beach rotation occurred on embayed beaches on the Coromandel
Peninsula, however, not all beaches were similar. Only the beach rotation trends
were identified within this research, not the forcing mechanism (although an
attempt was made) or individual site characteristics (e.g. Klein et al., 2002;
Ranasinghe et al., 2004; Short & Trembanis, 2004).

4.6

SUMMARY

Analysis of the medium term behaviour of beach systems on the Coromandel
Peninsula showed some results that were typical of sandy beaches worldwide,
results that further emphasised the efficacy of the classification made in Chapter
3, and some interesting and unpredictable results on individual beaches. The
following conclusions can be drawn from the medium term analyses:
•

Eastern Coromandel beaches showed a reasonable degree of seasonal
volume variations. The behaviour was typically dependent on beach state
and therefore beach slope and grain size;

•

Seasonal volume variations differed between intermediate and reflective
beaches. Reflective beaches had a greater amount of seasonal variation.
Reflective beaches also reached the peak seasonal volumes earlier in the
year compared to intermediate beaches. Otama Beach and Hot Water
Beach were outliers out in each respective classification by showing
higher- and lower-than expected volume variations respectively;

•

Harbour adjacent beaches had irregular behaviour through the year.
Matarangi Beach was the exception and had a strong seasonal cycle.
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Buffalo Beach and Cooks Beach were identified as intermediate beaches
in Chapter 3 but behaved similar to the harbour adjacent beaches at the
seasonal scale;
•

Outlier beaches had seasonal signals, however they were very small. These
two beaches continue to show a different behaviour to all other
Coromandel beaches;

•

Beach rotation was evident at most embayed Coromandel beaches. Some
similar beach systems (i.e. the 3 reflective assemblages analysed) showed
similar low frequency oscillations, however it was not uniform around the
Coromandel Peninsula;

•

The time-averaged wave energy flux studied was not related to beach
rotation. Wave energy flux variations on a shorter time scale with higher
resolution rotation data have proved to be effective (Bryan et al., 2009);
and

•

A seasonal variation in wave height existed with higher average Hs in
winter. Increased wave heights identified in late summer were not
expected. There was also a significant increase in the number of storm
events in winter. Seasonal variations in the wave climate account for the
seasonal variation in beach volumes on intermediate and reflective beaches
on the Coromandel Peninsula.
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CHAPTER FIVE
INTERANNUAL VARIATION

5.1

INTRODUCTION

Interannual variations are oscillations or trends which occur at frequencies of
more than once per year. In particular, long term trends in beach behaviour greater
than the typical “summer-winter” profile (Komar, 1998). Interannual to climatic
scale oscillations in weather patterns have featured in published literature,
however the predictive tools for the subsequent impacts on coastal processes and
coastal management are lacking, and considerable effort has been expended to
develop predictive tools for long term variation (Capobianco et al., 1999). In the
New Zealand context, the El Niño Southern Oscillation (ENSO) is one such trend
that has received considerable attention due to the scale of impacts that can affect
coastal processes in the south Pacific (e.g. Salinger et al., 2001). ENSO, along
with the Interdecadal Pacific Oscillation (IPO, also known as Pacific Decadal
Oscillation) are known to cause variation in weather and climate regimes in the
southern Pacific (e.g. Zhang et al., 1997; de Lange, 2000; Salinger et al., 2001;
Harley, 2009b). The IPO has been characterised as consisting of a sequence of
climatic regime shifts associated with interacting bidecadal and pentadecadal
oscillations (Minobe, 1997; 1999). As a result, the IPO is a consequence of
interacting oscillations as opposed to a single oscillation in itself (de Lange,
2000). Interannual to climatic scale variations in weather patterns are well
documented due to their signals preserved in ice cores, tree ring data, and
geological evidence (de Lange, 2000). However the impacts of these variations on
subaerial beach systems are relatively scarce due to the lack of suitable data. The
aim of this chapter is to identify any relationship between subaerial beach
behaviour and interannual climate variations on eastern Coromandel Peninsula
beaches.
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5.1.1

The Importance of Interannual Variation

Variations of weather and climate patterns impact wave and sea conditions, and
can therefore affect coastal processes and subaerial beach behaviour. Historical
shoreline changes are typically large because coastal processes have a greater
amount of time between observations to impact beach environments. Climate
variations affect the frequency and intensity of wind stress, waves, rainfall,
groundwater, sea level elevation, and ocean temperatures and pressures. All of
these factors impact subaerial beaches through various mechanisms. The IPO and
ENSO represent irregular, but coherent sets of fluctuations in atmospheric and
oceanic circulation patterns (de Lange, 2000). In particular, ENSO affects the
number of extratropical cyclones generated to the north of New Zealand, which
affects the number of storm events affecting the northeast coast. The IPO is a
longer term recurring pattern of ocean-atmosphere variations over the north
Pacific with reversals of the index identified around 1925, 1947, 1977, (Mantua et
al., 1997; Minobe, 1997; Zhang et al., 1997; Mantua & Hare, 2002) and most
recently around 2008. Work presented by Mantua and Hare (2002) showed
existence of IPO impacts in the southern hemisphere and that the 20th century IPO
signal was most energetic at two general periodicities, one from 15 – 25 years and
the other from 50 – 75 years, although the mechanisms causing IPO variability are
unclear. The IPO modulates the frequency and intensity of ENSO extremes,
therefore affecting storm frequency on the northeast coast. The positive (warm)
and negative (cool) phases of IPO favour El Niño and La Niña conditions
respectively. ENSO has an inverse relationship in which positive and negative
phases favour La Niña and El Niño conditions respectively. Many climate
anomalies associated with the IPO are broadly similar to ENSO variations,
although the impacts are generally not as extreme (Latif & 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 the presence of interannual variation
of subaerial beach behaviour on the Coromandel Peninsula. This was achieved by
proving or disproving the following hypotheses:

110

Chapter Five

•

Interannual trends of erosion or accretion will be similar between eastern
Coromandel beaches; and,

•

Coromandel beach behaviour will be related to ENSO and IPO variations
due to variations of weather patterns and the wave climate;

5.2

BACKGROUND: INTERANNUAL VARIATION

Interannual beach variation incorporates morphological changes which occur less
frequently than a seasonal oscillation. They do not include extreme events which
may occur, for example, once every decade on average. Low frequency
oscillations have been identified on sandy beaches worldwide, however results
and analyses on the impact of such variations are relatively new, but are becoming
increasingly prevalent in the literature due to the availability of larger datasets
(e.g. Stive et al., 2002; Wijnberg, 2002; Short & Trembanis, 2004; Reeve et al.,
2007; Davidson & Turner, 2009). Interannual behaviour is typically driven by
climatic variations and oscillations which in turn affect sea level pressures, sea
surface temperatures, wind, and ultimately wave conditions (Mantua & Hare
2002; Rooney & Fletcher, 2005).

Long term trend analysis initially used linear techniques and historical shoreline
position data to develop shoreline change rates for temporally-poor data (Crowell
et al., 1991; Dolan et al., 1991; Fenster & Dolan, 1993). This method is still
applicable as some sites do not have other data available (e.g. Bryan et al., 2008).
Many long term datasets now provide the ability to analyse interannual behaviour,
but are still restricted to decadal scale behaviour because of the lack of high
resolution data (Larson et al., 2003). Shoreline position and beach profile data
show zones of maximum beach variability which are critical for coastal
management purposes (Clarke & Eliot, 1988). However, long term datasets which
identify beach profile envelopes can only ever increase with time. Advanced
statistical methods now dominate long term trend analysis because computer
programmes can quickly determine peak frequency oscillations and the
significance of the results relatively easily. Some of high resolution datasets with
large temporal and spatial variations exist at Narrabeen Beach in Australia, Duck
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in the U.S, Germany, and The Netherlands (Larson & Kraus, 1994; Larson et al.,
2003; Miller & Dean, 2007; Reeve et al., 2007; Gunawardena et al., 2008). These
quality datasets were fairly unique as data collection has been the biggest problem
because it was traditionally time consuming and required a lot of human input
(Short & Trembanis, 2004).

5.2.1

Linear Analyses of Beach Variation

Linear regression and variations of the method were often used to quantify long
term beach morphology changes (e.g. Dolan et al., 1991). When applied to long
term datasets, the results were simple and easy to understand because the long
term trend was explicit, and were often used to determine coastal hazard setbacks
(Fenster et al., 1993). The significance of the result was also easily obtained. Rate
of change data are effective because analysis of the forcing mechanism is not
required to quantify the variation (Dolan et al., 1991). However, forcing
mechanisms are now a pre-requisite for many model inputs (e.g. Davidson &
Turner, 2009). One disadvantage of linear regression was that some results would
have more influence on the regression if a majority of the remaining data were
clustered. This was easily rectified by applying linear regression techniques to
different timescales of data, for example when analysing 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 cyclones which affect New Zealand. A
negative ENSO index favours El Niño conditions which cause a northward shift
of the westerly wind belt, thus increasing the incidence of south westerly winds
affecting New Zealand (de Lange, 2000). The Coromandel Peninsula is a lee coast
to the prevailing west to southwest winds, therefore increased winds from this
direction favour accretionary conditions due to the prominence of offshore winds.
A positive ENSO index favours La Niña conditions which cause a southward shift
of the subtropical cyclone belt therefore increasing the incidence of northerly
quarter winds (de Lange, 2000). Onshore winds favour erosion dominated
conditions for northeast facing beaches in New Zealand. The IPO modulates the
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frequency and intensity of ENSO events which results in decadal scale persistence
of El Niño or La Niña conditions. The IPO has similar impacts to ENSO but has 3
key distinguishable characteristics: the oscillatory period is much longer; the IPO
is more prominent at higher latitudes whereas ENSO is more pronounced in the
tropics; and, the mechanisms causing IPO variability are not known whereas
ENSO variations are relatively well understood (Mantua et al., 1997; Zhang et al.,
1997; de Lange, 2000; Mantua & Hare, 2002; Rooney & Fletcher, 2005).

ENSO has been linked with beach morphology changes at many beaches around
the Pacific. Decadal scale analysis of spit morphology at Ohiwa Spit on the
northeast coast of New Zealand showed that periods of erosion and accretion
loosely corresponded to the IPO index with sustained ENSO behaviour during the
respective IPO trend (Bryan et al., 2008). Inverse trends were also evident on a
west coast spit. The analysis undertaken by Bryan et al. (2008) used historical
shoreline maps and various short term datasets to identify the relationships. Sandy
beach systems on Australia’s east coast have been shown to be coupled with
ENSO behaviour by Clarke and Eliot (1988) with variations in beach volume
occurring at periods of 3 to 6 years. Further research which has identified similar
scale oscillations in beach volume data were presented by Lacey and Peck (1998)
and Bittencourt et al., (1997). Results from the latter authors showed a significant
oscillation of 29 months at all 3 of their profile sites which was most prominent in
the lower beachface. Oscillations on the order of 2.5 years were also shown to
occur on the south-eastern coast of Australia by Clarke and Eliot (1988). This
oscillation was attributed to the stratospheric Quasi-biennial Oscillation of
approximately 26 to 27 months as identified by (Quiroz, 1981; Labitzke, 1982;
van Loon et al., 1982; cited in Clarke & Eliot, 1988). Oscillations on this scale
were attributed to wave climate variations caused by ENSO oscillations by these
authors. Significant oscillations at this scale were identified on numerous
Coromandel beaches (Table 5-2).

Lacey and Peck (1998) also identified a long term oscillation on the scale of 11 to
14 years at 5 out of their 7 study sites, however they stated that such long term
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variations were beyond the limits of the spectral analysis performed on their data.
Beach rotation has been shown to have a significant lagged correlation with the
Southern Oscillation Index (SOI, also known as ENSO) due to shifts in the modal
wave direction (Short et al., 1995; cited in Ranasinghe et al., 2004). This occurred
at greater than the seasonal scale of typical rotation with the opposite impacts
identified at more than one beach on eastern Pacific equatorial beaches
(Lizarraga-Arciniega et al., 2007). These results show that ENSO cycles not only
impact beach oscillation, but also the rotation component due to ENSO driven
variations in the wave climate (Harley, 2009a; 2009b).

5.2.3

Non-stationary Timeseries Analysis Techniques

Beach volume timeseries with uneven temporal variations are relatively sparse in
published literature because most analysis relates to evenly spaced data. Many
datasets contain uneven data early on which were often disregarded and the focus
placed on the high resolution, evenly spaced data. The earliest methods of nonstationary analysis comprised of linear trend analysis being applied to different
segments of data to identify interannual variations. This method provided results
similar to running means. The Lomb-Scargle (refer 5.3.2) method analyses
unevenly spaced data using spectral analysis without interpolating between data
points. It is therefore applicable to apply to timeseries data which don’t have even
temporal spacing, but still includes all available data to determine spectral peaks
(Lomb, 1976; Scargle, 1982; Ruf, 1999; Goikoetxea, et al., 2009). There is no
known published literature regarding the applicability of this method to analyse
coastal processes, however the method has been used to analyse paleoclimatic and
sea surface temperature data (Schulz & Stattegger, 1997; Goikoetxea et al., 2009).
Datasets with uneven temporal variation have typically been interpolated with
linear function to provide evenly spaced datasets (e.g. 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 the statistical analyses that could be
used on the data. Firstly, linear regression was undertaken on each set of
individual beach profile data to determine the long term linear trend. A positive
trend illustrated accretion and a negative trend illustrated erosion. The gradient of
the line showed the rate of change of volume per day and was converted to
percent per year. The percentage change in volume was used so comparisons
between profiles and beaches could be made.

Due to the temporal variation of the dataset with many profiles spanning
approximately 30 years with sporadic sampling from 1979 to 1995, two linear
trends for each profile site were developed. The first covered the entire timeseries
available at each profile site and the second covered the higher resolution data
from 1995 until the beginning of 2009. Dolan et al. (1991) showed that extreme
values are likely to affect linear trend results because a greater weighting is placed
on them. Most data prior to 1990 were surveyed in summer and therefore were
highly likely to have above average beach volumes. This could have an impact of
displaying a false decreasing linear trend for the timeseries. Hence, a linear trend
was developed for the higher resolution data from 1995 until 2009.

5.3.2

Spectral Analysis: Lomb-Scargle Fourier Transform

Spectral analysis is a timeseries analysis technique which identifies the frequency
of significant oscillations within data. The Lomb-Scargle periodogram uses
Fourier transforms and was designed to fit unevenly spaced timeseries unlike
standard spectral analysis techniques (Goikoetxea et al., 2009). The Lomb-Scargle
method restricts all calculations to actually measured values, therefore producing
more accurate results. This avoids possible bias results created by interpolation
between unevenly spaced data (Ruf, 1999). Calculations used for the LombScargle method were well presented in Ruf (1999) as well as the original papers
by Lomb (1976) and Scargle (1982). It was described most simply by Ruf (1999)
in which the maximum oscillation of the Lomb-Scargle periodogram occurred at
Interannual Variation

115

the same period that minimises the sum of squares in a fit of a sine wave to the
data (Lomb, 1976; Scargle, 1982).

A programme developed for the Matlab software was used for the analysis
(Shoelson, 1999). Lomb-Scargle analysis showed peak oscillations and significant
frequencies at various levels of confidence. The corresponding power of the signal
showed which frequencies were strongest in the data. The minimum period was
set to 100 days (<0.01 Hz) for the analysis. The default value for the window
overlap of 4 was used. Increasing the window overlap provided more accurate
results, however significantly increased the analysis time. For example, the
window overlap was increased from 4 to 8 and the power increased slightly from
25.8 to 26.6 for Whangapoua CCS12 (Table 5-1). Decreasing the window overlap
from 4 to 1 reduced the power of the resulting frequency from 25.8 to 18. The
Lomb-Scargle analysis used a consistent window overlap value of 4 as a result
which was considered suitable as outlined by the test case and within the
programme (Shoelson, 1999). Only results with greater than 95 % confidence are
retained, however a number of additional results which had greater than 50 %
confidence are discussed.

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

5.4

RESULTS

5.4.1

Linear Trend Analysis

5.4.1.1 Individual Profile Results
Figure 5.1 shows the volume change rate for the 15 year (blue bars) and 30 year
(maroon bars) trend. All 61 profile sites are displayed from north to south, left to
right. The length of the bar shows the sum of the 15- and 30-year trends whereas
the lengths of the individual colours represent the values attributed to each trend.
Firstly, there was an obvious difference between the 15- and 30-year trends. The
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15 year trends had a much greater variability as shown by the longer blue bars and
thus, higher rates of change. For the 15 year data, 25 profiles had a positive
change rate and 36 profiles had a negative change rate. For the 30 year data, 24
profiles had a positive change rate and 37 profiles had a negative change rate. A
total of 10 profiles had change rates greater than 2 % per 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 north -4.1 %;

•

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

•

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

•

Cooks Beach CCS31-1 (k) profile second from south 5.1 %;

•

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

•

Pauanui Beach CCS39-2 (o) profile second from south -2.3 %;

•

Pauanui Beach CCS40-1 (o) southern profile -2.8 %; and

•

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

Pauanui Beach CCS39-1 is the central profile on the beach, however the northern
most profile was not considered (refer 5.4.1.2 below). A total of 15 profiles had
change rates greater than 1 % per year for the 30 year trend, with 6 profiles greater
than 2 % as follows:
•

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

•

Buffalo Beach CCS25 (i) profile second from north -3.1 %;

•

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

•

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

•

Cooks Beach CCS31-1 (k) profile second from south 3 %; and

•

Whiritoa Beach CCS63 (s) southern profile -3.5 %.

Further, it was evident that several profiles had opposing trends at these two
timescales. All of those profiles had low change rates at both the 15- and 30-year
scale therefore were considered insignificant. The profile with the greatest amount
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of accretion was second from the southern end of Cooks Beach (k, CCS31-1) with
an accretion rate of 5.1 % per year for the last 15 years and 3 % for the last 30
years. This was a significant increase in subaerial beach volume at both time
scales. Interestingly, the neighbouring central profile at Cooks Beach (CCS31)
showed a significant rate of long term erosion of -2 % for the last 30 years and
was the only Cooks Beach site showing long term erosion. These two profiles had
a separation distance of 241 m which was considered a small spacing for such
contrasting results. The central profile at Cooks Beach had strong cyclic patterns
in the volume timeseries which appeared to exaggerate the erosion trend as the
beach was accreting toward an apparent peak volume at the end of the timeseries
(Figure VII.11). Elevated beach volumes in the late 1980’s and early 1990’s,
followed by erosion until 2004 contributed to the negative linear trend.

5.4.1.2 Alongshore Variation
North of the Kuaotunu Peninsula, it was evident at Whangapoua (a), Matarangi
(b), Kuaotunu West (d), and Kuaotunu East (e) Beaches that there was a general
trend of accretion at the western ends of the beaches and erosion at the eastern end
of the beaches (Figure 5.1). This trend of an increasing amount of erosion towards
the southern (eastern) end of beaches was also evident at Opito Beach (g), Tairua
Beach (n), and Whiritoa Beach (s). This behaviour presents two possible
hypotheses which are discussed in section 5.5.1. The first is that a nearshore
littoral system is evident between adjacent beaches with erosion downdrift of
headlands. The second is that long term beach rotation is occurring with large
scale realignment of shoreline orientations.

Long term erosion of entire beaches was evident at Opito Beach, Buffalo Beach,
and Whiritoa Beach. Interesting variation in the alongshore direction was also
evident at Pauanui Beach. The northernmost profile on Pauanui Beach was not
considered due to the short dataset and therefore not discussed. Figure 5.1 showed
that the northern two profiles had long term accretion trends whilst the southern
two profiles had long term erosion trends. The rate of erosion at the southern end
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exceeded the rate of accretion at the northern end at both the 15- and 30-year scale
which indicates a long term adjustment of the shoreline orientation.

Harbour adjacent beaches also showed interesting trends. All of the profiles at
Matarangi, Buffalo, Cooks, Pauanui, and Whangamata South Beaches showed
long term accretion rates (or reduced erosion rates) in the profiles located nearest
to the harbour entrances. Buffalo Beach and Cooks Beach were classified as
intermediate beaches in Chapter 3 but showed harbour adjacent behaviour in
Chapter 4. Therefore, this trend occurred on all eastern Coromandel Peninsula
beaches which were located adjacent to a harbour mouth, except Whangamata
North.

One profile at each of Tairua (CCS36-2 second from the south, n), Pauanui
(CCS38 northernmost, o), and Whangamata South (CCS57-2 second from the
south, r) beaches had short datasets which were not considered in the long term
analyses. Below is a list of the beaches from north to south and subsequent x-axis
labels used in Figures 5.1 and 5.2.
•

Whangapoua (a)

•

Wharekaho (h)

•

Pauanui (o)

•

Matarangi (b)

•

Buffalo (i)

•

Onemana (p)

•

Rings (c)

•

Maramaratotara (j)

•

Whangamata N (q)

•

Kuaotunu West (d)

•

Cooks (k)

•

Whangamata S (r)

•

Kuaotunu East (e)

•

Hahei (l)

•

Whiritoa (s)

•

Otama (f)

•

Hot Water (m)

•

Opito (g)

•

Tairua (n)
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Figure 5.1: Linear trend analysis for all profile sites. Blue bars represent the 15 year trend and
maroon bars represent the 30 year trend. The profiles are 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 each beach for the 15- and 30-year
trends. Overall it was evident that most beaches had long term trends of erosion at
both the 15- and 30-year scale. Firstly, it was identified that there was a large
degree of variation of erosion and accretion trends across the Peninsula. The 15and 30-year trends were similar in most instances, however the magnitudes
differed as the 15 year trend was typically greater than the 30 year trend. The
beaches with the highest erosion rates at both the 15- and 30-year timeframe were:
Opito Beach (g); Buffalo Beach (i); Maramaratotara Beach (j); Onemana Beach
(p); and Whiritoa Beach (s). These beaches all had erosion trends greater than 0.5
% per year, which equates to a minimum of 15 % of the entire beach volume over
30 years. The trends at Buffalo Beach and Whiritoa Beach were approximately
1.5 % per year. Beaches with the strongest accretion trend were Whangapoua
Beach (15 year trend, a), Cooks Beach (k) and Whangamata South Beach (r), and
were all greater than 0.5 %. Matarangi Beach (b) and Rings Beach (c) also
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showed accretion trends, but at a reduced rate. The remaining beaches were
described as having no distinctive or strong long term trend of erosion or
accretion because of the relatively small change rate, they were: Kuaotunu West
Beach (d); Otama Beach (f); and Whangamata North Beach (q).

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

It was apparent that large scale trends were evident in Figure 5.2. Opito Beach (g)
is located at the end of the Kuaotunu Peninsula. All beaches west (north) of Opito
Beach, (a) to (g), showed a net increase in beach volume change rates from east to
west as indicated by the arrow in Figure 5.2. This was indicative of large scale
sediment transport to the west along the northern Kuaotunu Peninsula. When
referring back to Figure 5.1, it was evident that the respective beach profile had
net accretion from east to west. This suggests that headland bypassing maybe
evident, with headlands acting as natural groins and downdrift erosion at the
eastern end of the beaches. South of the Kuaotunu Peninsula, beaches in Mercury
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Bay did not appear to be consistent with the large scale observations. South of
Mercury Bay it was apparent that a net increase in beach volume change rates
occurred from north to south, Hahei (l) to Whiritoa (s), as indicted by the right
hand arrow in Figure 5.2. Onemana Beach (p) and Whiritoa Beach (s) did not
conform to these observations. Further, all beaches south of Mercury Bay had an
increasing rate of erosion toward the southern end of the respective beach, except
Whangamata North and Whangamata South. The alongshore variations may also
be indicative of long term rotation trends, particularly beaches north of Opito and
south of Hahei. Most of these beaches showed opposing trends of erosion and
accretion from one end of the beach to the other (Figure 5.1). This behaviour is
discussed further in Section 5.5.1.2.

Linear trend analysis showed that ENSO had no long term trend whereas the IPO
was decreasing from 1980 to 2009 which was similar to most beach volume
trends.

5.4.2

Observations: ENSO and IPO Trends on Beach Volume Variations

The first method used to determine if a relationship existed between the beach
volume data and known climate variations were to compare it against the ENSO
and IPO indices. Figure 5.3 illustrates a beach volume timeseries for all three
profile sites at Whangapoua Beach and the corresponding ENSO and IPO indices.
All beach and profile sites are shown in Appendix VII. The ENSO and IPO trends
were similar from 1995 to 2009, accounting for the inverse relationship. A
majority of the beach volume trends from 1995 – 2009 were broadly similar to the
ENSO (inversely) and IPO indices and trend line. Box 1 in Figure 5.3 illustrates
that if the IPO index was in a negative (cool) phase there were predominantly
below average beach volumes. Box 2 illustrates that for the following positive
(warm) IPO phase the corresponding beach volumes were above average. It is
also apparent that the trend continued after Box 2 until 2009. ENSO fluctuations
were more frequent than the IPO, and the longer term response rate of the beach
volumes across the Peninsula suggest a better correlation to the IPO (Figure 5.4).
Most of the available profile data prior to 1995 had higher volumes when
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compared to post 1995 data. Pre 1995 volumes at many sites were more than 20 %
above the respective mean volume, indicating accretionary conditions which were
more consistent with the positive IPO phase from 1980 to 1995 as opposed to the
more frequent ENSO variations. Overall, the long term volume trends appear to
show a better correlation with the IPO index for the period which data was
available. This does not imply that ENSO is not significant. Perhaps the most
interesting result was that the two largest recorded erosion events on the eastern
Coromandel Peninsula in recent times, which occurred in 1978 (Hume et al.,
1992; Dahm & Gibberd, 2009) and 2008, coincided with the last two major shifts
of the IPO phase, from negative to positive around 1978, and the following shift
to a negative phase which was apparent around 2008 (Figure 5.4; Minobe, 1997).

1

2

Figure 5.3: Beach volume timeseries for the three Whangapoua Beach profiles from north to south
(c) to (e). The beach profile data have been demeaned. The top two panels represent the ENSO (a)
and IPO (b) indices for the same period with a 12-month running mean superimposed (black
lines). The black shading of the positive ENSO index (a) corresponds to La Niña dominant
conditions. The grey shading of the ENSO index (a) corresponds to El Niño dominant conditions.
The black shading in (b) corresponds to positive / warm periods where El Niño conditions
dominate. The light grey shading in (b) corresponds to negative / cool periods where La Niña
conditions dominate. The red boxes (1 and 2) are discussed in text.
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Figure 5.3 shows that all three Whangapoua Beach profiles oscillated in a similar
manner to the IPO. Peak volumes were achieved in approximately 2004. All three
profiles also appeared to be decreasing from a previous peak just prior to 1995.
However, the lower resolution data prior to 1995 made analysis difficult. This
showed an approximate 12 year oscillation of beach volumes which was similar to
the recent IPO index. In comparison, analysis of the ENSO trend in Figure 5.4
showed frequent peaks with approximate 5 year spacing which were not prevalent
in the data.

Figure 5.4: ENSO (top panel) and IPO (bottom panel) indices from 1979 to 2009 which encases
the temporal variation of the beach profile dataset. Elevated beach volumes on the Coromandel
Peninsula during the 1980's and the high resolution data from the mid 1990’s are better attributed
the IPO index.

5.4.3

Spectral Analysis: Lomb-Scargle Fourier Transforms

5.4.3.1 ENSO and IPO Results
Table 5-1 showed the Lomb-Scargle spectral analysis results for all sites which
had a significant frequency of 12 years ±3 years. The results showed that the
oscillation was more prominent on beaches north of the Kuaotunu Peninsula. A
power spectrum from Whangapoua Beach is shown in Figure 5.5. The 12 year
period was initially determined from qualitative analysis of apparent beach
volume and IPO oscillations (Appendix VII). Many beaches showed peak
volumes in approximately 2004 and the early 1990’s. Spectral analysis using the
Lomb-Scargle method on the IPO data returned only one significant oscillation of
9.1 years for the entire dataset (1900 to 2009). The ENSO data returned one
significant oscillation of 10.2 years. Because the profile data had a lower
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resolution prior to 1995 the previous peak in the approximate 12 year oscillation
was difficult to identify, hence the relatively large error bounds of ±3 years. Peaks
were evident in the IPO (positive) and ENSO (negative) data in approximately
1994 and 2004. Several large ENSO variations were not evident in most volume
data therefore observations suggest a better long term relationship with the recent
IPO trend. Regardless, 19 profile sites (31 %) showed significant trends similar to
the recent IPO and ENSO oscillations with 95 % confidence. A further 5 profile
sites showed a significant frequency oscillation within these bounds at greater
than 50 % confidence.

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

Beach/Profile Name
(north to south)

Significant Frequency

Corresponding Power (%)

(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

10.4

Kuaotunu West CCS19-1

9.31

9.47

Kuaotunu East CCS20

11.9

10.4

Kuaotunu East CCS21

12.4

11.1

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 Beach (CCS12, northernmost profile)
produced using the Lomb-Scargle spectrum. The strongest signal has a frequency of 2.29x10-4 Hz
(12 years) with a peak power of 25.8 % and greater than 99 % confidence.

5.4.3.2 Biennial Oscillations
Lomb-Scargle spectral analysis showed 13 profile sites which had a significant
frequency of 2.5 years ±0.5 years (Table 5.2). A further 23 sites were identified as
having a frequency of 2.5 years ±0.5 years at greater than 50 % confidence. This
approximate biennial oscillation was only apparent in beaches south of the
Kuaotunu Peninsula, including Opito Bay which is situated at the end of the
Peninsula. All but one of the 13 sites had an oscillation between 2.2- and 2.5years. Opito, Wharekaho, Buffalo, and Cooks Beaches all had relatively large
orientation changes, however Hahei, Hot Water, and Whiritoa Beaches are all
relatively short embayed beaches. The only apparent similarity between the sites
was that they were sandy Coromandel beaches south of the Kuaotunu Peninsula
with a general east to northeast orientation. This suggests a large scale oscillation
which affected beach volumes on a biennial scale regardless of the beach type.
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Table 5-2: Biennial oscillations evident within the beach profile data. The beaches and profiles are
listed from north to south with the frequency in years and corresponding power in volume (%).

Beach/Profile Name (north
to south)

Significant Frequency

Corresponding Power (%)

(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 shown in Figure 5.6. Figure 5.6
illustrates that there was a difference in behaviour on the interannual scale
dependent on the spatial location of the beach. The arrow in each respective panel
identified the end of the Kuaotunu Peninsula between Otama Beach (f) and Opito
Beach (g). There was a clear distinction in the spectral analysis results on beaches
located north and south of the Kuaotunu Peninsula. All beaches north of the
Kuaotunu Peninsula had a significant oscillation of approximately 12 years and
none of these beaches showed the biennial oscillation of approximately 2.5 years.
The 12 year oscillation was evident at 7 beaches south of the Kuaotunu Peninsula,
of which only Pauanui Beach (o) showed the oscillation at more than one profile.
Conversely, the biennial trend was prominent from Opito Bay (g) southward to
Hot Water Beach (m), including beaches in Mercury Bay. Only 2 profiles outside
this region showed the biennial oscillation, with one profile at each of
Whangamata South (r) and Whiritoa Beaches (s).
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Figure 5.6: Spectral power results for the biennial oscillation (a) and approximate 12 year
oscillation (b). The arrows indicate the eastern end of the Kuaotunu Peninsula. Note the different
y-axes between the upper and lower panels. The x-axis labels are discussed in text.

5.4.4

Interannual Variation of Wave Conditions

Lomb-Scargle spectral analysis was also performed on the wave height data as the
method was also suitable for evenly spaced timeseries (Ruf, 1999; Goikoetxea et
al., 2009). Analysis of the wave data from 1979 to 2009 produced similar results
between sites. The strongest 3 periods at each site consisted of a 40.2 year
oscillation, a 10.98 year oscillation, and a seasonal oscillation. The 40.2 year
oscillation was strongest at all four sites. The 10.98 year oscillation was second
strongest at Matarangi and Whangamata, and third strongest at Opito and Tairua,
behind the seasonal signal. This oscillation was likely to be ENSO or IPO forced
due to the similarity of the results and the higher resolution data available.
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5.5

DISCUSSION

5.5.1

Linear Trend Analysis

Erosion trends were prevalent at both the 15- and 30-year timescale at many
Coromandel beaches. Such large scale behaviour is typically attributed to climatic
oscillations affecting wave conditions around New Zealand (Goring & Bell, 1999;
de Lange & Gibb, 2000; Salinger et al., 2001). Localised erosion is often
attributed to features such as rip currents, wave refraction, beach rotation, and
human impacts (Stive et al., 2002). Percentage change rates provided information
on the varying degrees of long term coastal change. The 15 year trend data was
more variable due to the shorter timeframe, however should be representative of
recent trends due to the high resolution data. The 15 year trends were
predominantly greater than 30 year trend. This was typical of longer duration data
being more representative of the true long term trend, thus reducing the impacts of
shorter term oscillations, such as seasonal variations and ENSO impacts, of which
the former can be a large source of error in linear change rates (Smith & Zarillo,
1990; Dolan et al., 1991). The 30 year data obviously encase a greater timescale,
however the early data were lower resolution. Further, most profiles before 1990
were surveyed in late summer during peak volume periods. Least squares
regression used these data early in the timeseries which were likely to exaggerate
the long term erosion trend. The long term erosion trends would not be as
prominent if early winter data were available, as it would reduce the impact of
earlier surveys on the high resolution, clustered data. It is reiterated that surveys
were often undertaken to measure specific storm damage, and never specific
accretion periods. Therefore there is potential for the data to be skewed toward
erosion dominant trends. Early data points in long term datasets have been proven
to affect clustered data where the temporal spacing is large (Dolan et al., 1991).
The temporal variations discussed by Dolan et al., (1991) were in the order of 30
years, therefore the same error is not considered to significantly affect the results
presented here. As a result, the linear trends were considered worst case scenarios
for the last 30 years.
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Cooks Beach had the fastest accretion rate and showed interesting results in the
alongshore direction. Four out of five profiles on Cooks Beach had prominent
accretion trends whereas the central profile had an erosion trend. Analysis of the
individual profile data showed that the central profile had very strong oscillatory
behaviour. There was an erosion trend from the early 1990’s to 2004 followed by
recovery until 2009. Because the next peak volume in the oscillatory cycle had not
been reached, the profile showed a strong erosion trend even though it had strong
accretion since 2004. The southern (eastern) two profiles appear to follow the
same trend, however both had larger degrees of short term variation which
masked the oscillatory pattern (Appendix VII). Cyclic patterns have proven to be
a weakness of linear regression techniques which was evident at Cooks Beach
(Smith and Zarillo, 1990).

The spatial variation of the dataset enabled large scale observations to be made.
For example, all beaches north of the Kuaotunu Peninsula except Kuaotunu East
had a relatively stable or accretionary linear trend. Further, only the eastern profile
at Kuaotunu East Beach had a significant erosion trend. Beaches north of the
Kuaotunu Peninsula had the most stable long term trends, which was attributed to
the northerly quarter orientation of the beaches, the sheltering effect of the
Mercury Islands from dominant northeast waves, and easterly storms which have
been shown to be a primary cause of beach erosion (Healy & Dell, 1987;
Bradshaw, 1991). The anomaly at the eastern end of Kuaotunu East only occurred
in the 30 year trend. The profile had a strong erosion trend from 1981 to 2009
which was exacerbated by 3 large erosion events in 2006, 2007 and the largest
event in 2008. There has been a 45 m landward shift of the 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 Kuaotunu Peninsula had a trend of
net increasing volume change rates from east to west. This implied that there was
a sediment transport sub-cell with net littoral drift to the west from Otama to
Whangapoua (Figure 5.1 f to a). The connectivity index between these beaches
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was much lower when compared to beaches south of the Kuaotunu Peninsula
which supports these findings (Table 2-1). This suggested that sediment transport
between and along beaches was feasible with rip currents, beach rotation events,
and storm events all contributing to headland bypassing of sediment (Short &
Masselink, 1999; Masselink & Pattiaratchi, 2001; Holman et al., 2006; Ojeda &
Guillen, 2008). The individual profile trends showed further evidence for
headland bypassing. All profiles sites at the eastern end of beaches (downdrift
side) north of the Kuaotunu Peninsula showed erosion, with net accretion toward
the western end. This was an indicator of the littoral drift direction with headlands
acting as groins. The behaviour at Whangapoua Beach was likely to be a
combination of littoral drift and impacts from the ebb tidal delta of Whangapoua
Harbour. Coromandel estuaries are continuously infilling, therefore a continued
ejection of sediment from Whangapoua Harbour could be expected to be added to
the nearshore drift (Mead & Moores, 2005). An early study of Coromandel
beaches by Healy et al. (1981) suggested Coromandel Beaches were closed
sedimentary systems with very little sediment exchange between beaches,
although the region from Otama to the west was identified as a separate, complex
region. Kuaotunu East was previously hypothesised to be eroding due to net
westward littoral drift and was compensating for sand extraction from Kuaotunu
West up until the 1970’s (Healy et al., 1981). The results presented here show
evidence for a nearshore littoral drift system to the west along beaches located
north of the Kuaotunu Peninsula. However, an alternative hypothesis regarding
this behaviour could be long term beach rotation and realignment of the shoreline
orientation. Beach rotation was evident at Whangapoua, Kuaotunu West, and
Kuaotunu East, whereas Matarangi and Rings Beaches were not considered (refer
Section 4.4.2). Long term rotation trends were evident in the results in Chapter 4,
however they were largely unimportant due to the small trends. Whiritoa Beach
had the highest long term rotation trend suggesting clockwise rotation of 0.2
degrees per year from 1995 to 2009.

A similar trend south of the Kuaotunu Peninsula and Mercury Bay was evident in
the linear trend results. It was apparent that a net increase in volume change rates
from north to south occurred from Hahei Beach to Whangamata South Beach.

Interannual Variation

131

Notably, Onemana and Whiritoa did not conform to this trend. The trend south of
the Kuaotunu Peninsula was not as prominent. The difference was attributed to
the larger connectivity index between beaches south of the Kuaotunu Peninsula
(refer Table 2-1). Further, beach profile data for all beaches north of the Kuaotunu
Peninsula were analysed, whereas south of Mercury Bay there are 12 sandy
beaches between Hahei and Whiritoa which were not analysed in this thesis. This
meant that all sediment exchange north of the Kuaotunu Peninsula was measured.
The additional sandy beaches south of the Kuaotunu Peninsula could be sources
or sinks of sediment, which may explain the less dominant trend. These results
suggest sediment exchange between Coromandel beaches on a relatively large
spatial scale which were attributed to beach orientation changes for the differing
transport directions. However, south of Mercury Bay, evidence for large scale
transport southward contradicts the individual profile results in which Hahei, Hot
Water, Pauanui, Onemana, and Whiritoa Beaches show increasing erosion toward
the southern end of the respective beach. Whangamata North and South Beaches
do not conform to these observations. The transport may be strong enough to be
evident in the data, but not to induce a downdrift erosion effect. The large
connectivity indices south of Mercury Bay are also unlikely to enable a large
amount of sediment exchange. In summary, it was apparent that south of Mercury
Bay that sediment exchange between beaches does occur, however it is relatively
small and does not account for any alongshore volume variation on individual
beaches.

5.5.2

Spectral Analysis: Lomb-Scargle Fourier Transforms

5.5.2.1 Biennial Trends and the ENSO
Lomb-Scargle spectral analysis showed the presence of a significant biennial
trend oscillating on an approximate 2.5 year scale on Coromandel beaches south
of the Kuaotunu Peninsula. Many authors have noted biennial trends in beach
behaviour at this frequency (e.g. Eliot & Clarke, 1982; Reeve et al., 2007). Of
particular interest was that no beaches located north of the Kuaotunu Peninsula
showed this oscillation. It was previously hypothesised that the Kuaotunu
Peninsula would provide a barrier to beach behaviour and sediment transport on a
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short term scale. These results proved this hypothesis to be applicable to
interannual trends. Linear trends discussed above also conform to this hypothesis.
A logical explanation would relate to beach orientation differences north and
south of the Kuaotunu Peninsula, however Whangapoua Beach had a similar
orientation to Hahei Beach and only the latter had a significant biennial trend. In
addition, Wharekaho Beach showed strong biennial oscillations along the entire
beach, yet had a south-easterly orientation. Therefore, beach orientation and the
direction of wave approach do not appear to be factors because of the relative
similarity of the wave climate around the Coromandel Peninsula.

Approximate 2.5 year oscillations have been shown to be correlated with the
ENSO on numerous occasions. Goring & Bell (1999) showed a significant
correlation between MSL and the ENSO at approximately 3 years. A 2.5 year
oscillation in beach profile data was observed using spectral techniques by
Bittencourt et al., (1997) and was related to the ENSO. Clarke and Eliot (1988)
showed that the biennial oscillation pattern involved accretion of the lower
beachface with subsequent infilling of the mid-tidal zone, which was the strongest
oscillation at their study site. The strongest spectral peak was 27 months for wind
data, and they concluded that atmospheric processes affecting storm surge, sea
level variations, and groundwater effects were associated with the beach
responses. Ranasinghe et al. (2004) showed significant lagged correlations
between beach rotation and the SOI, and therefore confirmed the impact of
resulting wave climate variations on subaerial beach systems. Lomb-Scargle
analysis of the ENSO index only showed one significant oscillation of
approximately 10 years. However, the prominence of literature relating beach
oscillations on an approximate biennial scale to the ENSO conclude that
Coromandel beaches are also likely to be affected by the same ENSO mechanisms
(e.g. Clarke and Eliot, 1988, Bittencourt et al., 1997; Goring and Bell, 1999; de
Lange, 2000; Ranasinghe et al., 2004). ENSO impacts on the northeast coast of
New Zealand were summarised in Table 5-3.
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Table 5-3: Observed ENSO extremes on the northeast coast of New Zealand. From “Interdecadal
Pacific Oscillation (IPO): a mechanism for forcing decadal scale coastal change on the northeast
coast of New Zealand” by W. de Lange, 2000, Journal of Coastal Research, SI 34, p. 660.

El Niño

La Niña

Air temperature

Decreased

Increased

Atmospheric pressure

SE to NW pressure gradient

NW to SE pressure gradient

Wind direction

More south-westerly winds More
(offshore)

Storm frequency

Reduced

northwest-

north-

easterly winds (onshore)
extratropical More extratropical cyclone

cyclone activity

activity

SST

Decreased

Increased

Sea level

Drops

Rises

Wave climate

Reduced sea component

Increased sea component

Wave steepness

Reduced

Increased

Near bed flow

More onshore

More offshore

Coastal response

Tendency to accrete

Tendency to erode.

5.5.2.2 IPO Impacts on Beach Volume Variations
Qualitative analysis suggested an apparent correlation between Coromandel
Beach volumes and the recent IPO index. Spectral analysis showed that a total of
20 profiles (34 %) on the Coromandel Peninsula had a long term oscillation on a
similar scale to the recent IPO trend of approximately 12 years. Further, all
beaches north of the Kuaotunu Peninsula had an oscillation similar to the IPO.
The biennial oscillation was prominent south of the Peninsula whereas the longer
term oscillation was prominent north of the Peninsula. The higher frequency
ENSO variations were not as prominent in the data due to the shorter term
variation. However, ENSO had a similar spectral peak and is therefore deemed
significant and should impact northeast coast beaches over cycles of
approximately 2 to 8 years (Goring & Bell, 1999; de Lange, 2000). The IPO trend
for the last 15 to 20 years showed an apparent correlation to beach volumes which
was confirmed by similar spectral frequencies. The most recent IPO peak was in
the late 1980’s to early 1990’s and has been declining since. This conforms to the
linear trend results above. Therefore, it was apparent that the IPO trend and
absolute index affected beach response.
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Northeast coast beaches have been identified as being sensitive to small changes
in the wave climate, nearshore current regime, and sea level (de Lange, 2000).
The IPO modulates ENSO behaviour therefore it was expected that long term
decadal scale trends would be coupled with the IPO, and shorter interannual
trends to be coupled with ENSO variations, for example, the biennial trend (e.g.
Clarke & Eliot, 1988; Bittencourt et al., 1997). Therefore, it would be expected
that Coromandel beaches would be linked with long term IPO trends and shorter
term ENSO variations. This corresponded with findings from Bryan et al. (2008)
of spit evolution on the northeast and northwest coasts of New Zealand. Beach
volume trends at Hawke Bay on the east coast of New Zealand’s North Island
have also shown apparent relationships with the IPO phase from the early 1920’s,
with increasing volumes during positive phases and decreasing volumes during
negative phases (Oldman et al., 2003). The analyses presented here showed that
oscillations in beach volumes at different timescales conform to the hypotheses of
de Lange (2000), and the findings of Oldman et al. (2003) and Bryan et al. (2008).

Decadal scale impacts of beach response to IPO extremes was summarised by de
Lange (2000) in Figure 5.7. The IPO appeared to shift to a negative phase in
approximately 2008 therefore suggesting a period of La Niña dominant conditions
for the next 20 to 35 years. This shift was hypothesised by de Lange (2000) and
Minobe (1999). This would result in erosion dominated conditions for eastern
Coromandel beaches for the next 20 to 35 years. It is anticipated that the ENSO
will impact beach response on an approximate biennial trend and the IPO will
continue to impact beach response on an interdecadal scale.

Lomb-Scargle spectral analysis used in this thesis has been identified as
containing two limitations. The first, as discussed by Larson et al. (2003) is that
Fourier transforms assume a sinusoidal shape of the applied functions which
restricts the functions in time and space. The IPO and ENSO functions compared
here exhibited sinusoidal behaviour therefore the method is considered suitable.
This was confirmed by the number of significant results obtained. For example,
Minobe (1999) extrapolated the cyclic behaviour of the IPO and predicted the
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next climatic regime shift would occur between 2000 and 2007. It was apparent
this shift may have occurred around 2007 to 2008. Secondly, the analysis does not
account for the phase difference of the spectral peaks, therefore qualitative
observations of the timing of peak periods were used in this thesis. The high
resolution data from 1995 onward provided sufficient detail to be able to identify
the locations of peak oscillations given that they were approximately 12 years and
were often evident in the data. Possible phase differences in the trends identified
were therefore not considered to affect the results.

Figure 5.7: IPO phase shifts
indicating

the

respective

extreme conditions. From
“Interdecadal
Oscillation
mechanism

Pacific
(IPO):
for

a

forcing

decadal scale coastal change
on the northeast coast of
New Zealand” by W. de
Lange, 2000, Journal of
Coastal Research, SI 34, p.
660.

5.5.3
5.5.3.1

Coromandel Beaches – Coastal Hazards (Dahm & Gibberd, 2009)
Background and Introduction to the Report

This section will discuss the findings of this thesis compared to results of Dahm
and Gibberd (2009). The report was prepared for the local territorial authority,
Thames Coromandel District Council (TCDC), to review primary development
setbacks (PDS) for certain Coromandel beaches. The review focussed on the
following beaches where the PDS impacted on the use of private property:
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Whangapoua; Matarangi; Rings; Kuaotunu East; Opito; Wharekaho; Buffalo;
Maramaratotara; Hahei; Tairua; Whangamata North; and, Whangamata South.
The northern profile on Buffalo Beach (CCS24) was considered a separate beach
system, Ohuka Beach, by Dahm and Gibberd (2009). They were considered as
one beach system in this thesis as they comprise one continuous sand system.
Whangamata South was typically referred to as Otahu Beach after the adjacent
estuary. The report is discussed in this chapter because the objective was to
review development setbacks for erosion with a 1 % annual exceedance
probability (AEP) previously identified in Dahm and Munro (2002) and to
determine potential long term impacts from coastal erosion. The report used a
collection of beach profile data, historical aerial photos, field work, and related all
results to the location of the dune toe. The beach profile data used was from the
same database used in this thesis, however, only the EW data was available to
Dahm and Gibberd (2009) because the remaining data were from a private dataset.
The study used approximately 20 to 25 profile surveys at each site from 1979 to
2004, with some additional surveying in late 2008 following the July 2008 storm
event. Approximately one quarter of the profile data available in this thesis was
used by Dahm and Gibberd (2009). Overall, the report concluded that
Coromandel beaches were in a state of dynamic equilibrium with no long term
trend for erosion or accretion.

5.5.3.2

General Findings and Discussion

Significant erosion events occur following large storm events on the Coromandel
Peninsula with the largest in 1978 (Hume et al., 1992) and 2008. These two events
were the largest erosion events on many Coromandel Beaches in surveyed history.
Severe erosion on the Coromandel was deemed more common following a
number of consecutive storms (Dahm & Gibberd, 2009), typical of uniform winter
erosion as identified in Chapter 4. The results presented in this thesis suggest that
these individual events coupled with long term trends provide the most severe
erosion, which was prominent in the demeaned beach volume timeseries
(Appendix VII). The 1978 and 2008 events were the largest in recent history,
therefore large events coupled with already low beach volumes are most likely to
affect development and infrastructure.
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The significance of such large storm events also depended on the long term state
of the beach. Multi-decadal scale erosion and accretion trends have been shown to
occur on many Coromandel Beaches which contribute to individual erosion
events. The findings from Dahm and Gibberd (2009) largely conform to IPO
variations identified within this chapter, as well as Bryan et al. (2008), Oldman et
al. (2003), and as suggested by de Lange (2000). Decadal scale persistence of La
Niña events and the ensuing storms are likely to induce a greater amount of
erosion compared to the equivalent El Niño events during a positive IPO phase.
As a result, Dahm and Gibberd (2009) suggested two periods of widespread
erosion on eastern Coromandel beaches since the 1960’s:
•

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

•

The period from the mid-late 1990s (typically 1995/96) to the early 2000s
(approximately 2003). Severe dune erosion cumulated at a number of
beaches during this period (e.g. Buffalo, Ohuka, Otahu and Whangapoua
Beaches).

The first bullet point accords to IPO trends discussed in Section 5.4.2 above.
Regarding the second bullet point, the results presented in Chapter 3, this Chapter,
and Appendix VII showed that severe erosion during the mid to late 1990’s to
approximately 2003 were very site specific trends as most beaches showed
accretion from approximately 1999 until 2005 in accordance with positive /
increasing IPO and decreasing / negative ENSO indices (Appendix VII). Erosion
during this period was most evident on beaches in Mercury Bay. Erosion was
prevalent in the mid to late 1990’s, however not into the 2000’s at most sites.
Beach specific comparisons are discussed in the proceeding sections below.
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5.5.3.3

Summary: Whangapoua Beach

The July 2008 storm event was the largest erosion event recorded at Whangapoua
Beach. The report states that the most severe long term dune erosion at
Whangapoua Beach occurred in the late 1990’s and early 2000’s. Results
presented in this thesis showed that the beach volumes were low / eroding from
1993 until 1999. The standard deviation of beach volume for Whangapoua Beach
was 14 % (Figure 5.8). Figure 5.8 showed that most surveyed volumes were
within one standard deviation of the mean and therefore not considered severe.
Several storm events in the late 1990’s and early 2000’s caused erosion which
was greater than one standard deviation below the mean in 1996, 1999, and 2000.
The latter two events were superimposed on an accretion trend from 1996 to 2007
in which beach volumes increased by approximately 30 %. Of the data used by
Dahm and Gibberd (2009), only the 1996 event was more than one standard
deviation below the mean. Whangapoua Beach volumes from 2003 to 2007 were
near the highest in surveyed history across the entire beach and were more than
one standard deviation from the mean on several occasions.

Figure 5.8: Comparison of Whangapoua Beach volumes using the data in this thesis (solid black
line) compared to the data used in Dahm and Gibberd (2009; dashed blue line). The horizontal
dashed black lines represent one standard deviation above and below the mean. Three surveys
exceeded two standard deviations from the mean, they were accretion events in 1992 and 2007,
and the July 2008 erosion event.
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5.5.3.4

Summary: Matarangi Beach

Dahm and Gibberd (2009) used the southernmost (eastern) profile because it was
deemed representative of the entire beach. Their erosion estimates determined for
each site exceeded the worst measured erosion at each site. The July 2008 event
was observed as causing slightly less erosion than the July 1978 event (Dahm &
Gibberd, 2009). Analysis of these two profiles showed that the July 2008 event
caused further landward retreat at all elevations except for a small region between
RL 1.9 m and RL 2.2 m, when compared to the July 1978 event. In particular, the
MSL contour was located approximately 15 m further landward in 2008, MHWS
was located approximately 10 m further landward in 2008, and the dune region
above RL 3.5 m was approximately 1 m to 3 m further landward in 2008.
Matarangi Beach has been very stable overall with the greatest amount of
variation occurring at the western end of the spit. All profiles are deemed stable in
the long term.

5.5.3.5

Summary: Rings Beach

The PDS for Rings Beach was small compared to all other sites (Dahm &
Gibberd, 2009) which acknowledged the stability of the beach system. Rings
Beach was an outlier throughout this thesis due to the very small variation of the
subaerial beach. This conformed to Dahm and Gibberd (2009) 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 used by Dahm and Gibberd (2009) due
to the proximity to the stream at the eastern end of the beach and because the
central profile was considered representative of the beach. The July 2008 storm
event caused the largest measured erosion across the entire beach. Prior to this
event, the central profile had a long term trend of accretion from 1979. In contrast,
the data from the western end of the beach had a decreasing linear trend from
2000 to 2009 indicating that the central profile was not representative of the entire
beach. The beach volume data for Kuaotunu East also showed that the central
profile had the smallest degree of short term variation (Figure VII.5) which
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showed that the beach was more variable at each end, indicative of rotation which
was evident, but not strong (Figure 4.6).

5.5.3.7

Summary: Opito Beach

Overall, the beach was very stable except for the northernmost profile. A majority
of the beach has shallow Pleistocene sediment which is erosion resistant at the
timescales of analysis considered. In contrast, the profile at the northern end had
significant fluctuations of approximately 100 m attributed to realignment of an
adjacent stream several decades ago (Dahm & Gibberd, 2009). The subsequent
variations at the northern site were very small in comparison, which was
applicable for a majority of the dataset. The significant fluctuation in the late
1970’s would have significantly reduced the mean. The results from Dahm and
Gibberd (2009) conform to observations within this thesis, with the observation of
erosion resistant sediment confirming the primary reason for the stability of the
beach.

5.5.3.8

Summary: Wharekaho Beach

The results presented by Dahm and Gibberd (2009) conform to those presented in
this thesis for Wharekaho Beach. The northern regions of the beach showed very
little variation and have a largely erosion resistant substrate. The southern site had
more erodible sediment, and therefore a larger degree of variation.

5.5.3.9

Summary: Buffalo Beach

The results presented by Dahm and Gibberd (2009) conform to those presented in
this thesis for Buffalo Beach. Although not all sites were reviewed, the data
showed a large degree of variation between sites due to various natural, artificial,
and human influenced factors. The only inconsistency was the timing of the
identified period of most severe erosion, being in mid 2001 at the southern site
(Dahm & Gibberd, 2009) compared to mid 2000 shown in Figure VII.9.
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5.5.3.10

Summary: Maramaratotara Beach

Maramaratotara Beach was identified as an outlier beach in this thesis due to the
very small degree of variation exhibited at all time scales. This compared well
with the findings of Dahm and Gibberd (2009) who hypothesised that the limited
beach erosion was due to the presence of erosion resistant material. The beach
was described as having a thin veneer of sediment overlaying the erosion resistant
material, a pre-Holocene shore platform resulting from cliff erosion.

5.5.3.11

Summary: Hahei Beach

The northern site at Hahei had relatively small dune toe fluctuations and the most
severe erosion occurred during the 1980’s and 2003 (Dahm & Gibberd, 2009).
The availability of more recent data in this thesis showed that a slightly greater
erosion event occurred in 2005, although the dune toe remained stable with a large
amount of sediment eroded from the lower beach. The southern site was similar,
except the largest dune erosion occurred following an event in 2007. The relative
stability was attributed to most of the beach having an erosion resistant sub layer
of pre-Holocene sediment (Dahm & Gibberd, 2009).

5.5.3.12

Summary: Tairua Beach

All observations made by Dahm and Gibberd (2009) were verified in this thesis.
However, a justification for the different behaviour and the significant erosion at
the southern end in 2003 was not given by Dahm and Gibberd (2009). Beach
rotation analysis in Chapter 4 proved that a large clockwise rotation event
occurred with relative erosion at the southern end of the beach and accretion at the
northern end. The beach volume behaviour at each end showed opposing trends
for most of the timeseries indicating the significance beach rotation has at Tairua
Beach. This phenomenon was considered significant and needs to be included in
any future erosion trend analysis at Tairua Beach. Further, beach behaviour at the
centre of the beach cannot be described by the northern or southern profile
behaviour.
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5.5.3.13

Summary: Whangamata North Beach

Only the southern site at Whangamata North was analysed by Dahm and Gibberd
(2009). The PDS determined was deemed conservative because the largest erosion
event, the July 1978 storm, was located at least 5 m seaward of their erosion
estimates. The southern site at Whangamata North showed no severe erosion
events which occurred on most Coromandel beaches which is attributed to the
embayed morphology of the beach. Similarly, the northern profile showed a large
degree of short term variation, but relative stability in the long term with no
apparent severe erosion events.

5.5.3.14

Summary: Whangamata South Beach

Dahm and Gibberd (2009) showed that the worst erosion at the northern end of
the beach occurred in 1979, compared to the rest of the beach which occurred in
2003. The latter conforms to findings presented in this thesis as profile data was
not available from 1979 except at the southern end of the beach. Overall,
Whangamata South was relatively stable as identified at Whangamata North. The
sheltering effect from adjacent and nearby islands may have a significant impact
on beach behaviour as evidenced by the apparent lack of large erosion events.

5.5.4

Interannual Variation in Wave Conditions

Lomb-Scargle spectral analysis was performed on the wave data because it is also
applicable to evenly spaced data (Lomb, 1976; Scargle, 1982). However, there
was one month of missing data during 1997 therefore the Lomb-Scargle method
was ideal. The similarity between the Lomb-Scargle results for the IPO and wave
data suggest that the IPO also affected wave climate on an approximate 9.5 year
scale. The 40.2 year cycle identified was similar to the IPO oscillation commonly
accepted to be 40 – 70 years (Mantua et al., 1997; Minobe, 1999; de Lange, 2000;
Mantua & Hare, 2002). This oscillation was likely to be related to the IPO, but
due to the 30 year wave data available the timing of the previous peak may not be
exact, similar to the IPO peaks identified in the volume data. The oscillation
appeared to be directly linked with the overall IPO trend whereas the beach
volume data was only long enough to show a relationship with the recent IPO
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trend. The IPO has been linked with wave climate variations which further
confirm the relationship (Goring & Bell, 1999; de Lange & Gibb, 2000; Salinger
et al., 2001).

The similarity between the low frequency wave climate variations, the IPO, and
recent beach volume trends suggest a relationship between the IPO mechanisms
on wave climate and subsequent beach response. Of interest however, was that the
number of storm wave events showed no apparent correlation with the IPO or
ENSO index. Approximately half of all storm wave events occurred during
positive ENSO and IPO indices, and similarly for negative indices. This contrasts
to many published results which state that La Niña events are coupled with a
larger number of storm wave events in the south west Pacific Ocean (e.g.
Storlazzi & Griggs, 1998a; 1998b; de Lange, 2000; Harley, 2009b). The reasons
for this are unknown, however may be attributed to the parameters used in the
wave model hindcast.

5.6

SUMMARY

Analysis of interannual beach behaviour showed that the beach state classification
was not a determining factor, however spatial variation, beach orientation, and
large scale littoral drift systems were important. The following conclusions can be
drawn from the interannual analyses:
•

Many Coromandel beaches had linear erosion trends from 1995 to 2009
which accords to a decreasing IPO trend. The 30 year trends were also
erosion dominated, however provided worst case erosion rates due to the
uneven temporal sampling resolution of the data, with early surveys
undertaken during periods of high beach volumes. Beach volumes during
the late 1980’s and early 1990’s were the highest since the late 1970’s, and
likely to have been the highest since the early 1940’s.

•

Beaches north of the Kuaotunu Peninsula appeared to be part of a
nearshore littoral drift system from Otama to Whangapoua. The eastern
ends of these beaches were typical of downdrift erosion from headland
bypassing (Rings Beach was excluded as it consisted of one profile only).
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•

Most beaches south of the Kuaotunu Peninsula had an increasing erosion
trend toward the southern end of the beach. It is hypothesised that the
southern ends of Coromandel beaches are more prone to north-easterly
storm wave events in which the northern end of these beaches are partially
sheltered.

•

A significant biennial oscillation was evident at most beaches south of the
Kuaotunu Peninsula, and none to the north. This appeared to be related to
ENSO oscillations prevalent in the south Pacific.

•

An approximate 12 year oscillation accorded to the IPO oscillation was
evident in all beaches north of the Kuaotunu Peninsula, as well as several
to the south.

Overall, beaches with an easterly orientation appear to be more affected by ENSO
oscillations on a timescale of approximately 2.5 years. Beaches with a more
northerly orientation were more affected by the IPO, although it was evident
across the entire Peninsula.

A comparison of the results presented in this thesis compared to the report
prepared by Dahm and Gibberd (2009) resulted in the following conclusions:
•

The July 2008 storm event was the largest in surveyed history across most
Coromandel beaches. The July 2008 and 1978 events had the most
widespread and significant erosion at most Coromandel beaches therefore
individual storm events are deemed to have a greater impact than
cumulative storm events as suggested by Dahm and Gibberd (2009).

•

The results presented by Dahm and Gibberd (2009) for Whangapoua
Beach differ to those presented identified in this chapter. The results in
this thesis are considered more representative due to the higher resolution
timeseries used. This was most evident in Figure 5.8 in which the severe
erosion period reported by Dahm and Gibberd (2009) was generally within
one standard deviation of the mean volume.

•

Their analysis of Kuaotunu East Beach stated that the central profile was
representative of the entire beach. Results in this chapter showed the
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central profile was the most stable, therefore not representative of the
entire beach.
•

Beach rotation events were significant at Tairua Beach and not accounted
for in the PDS at Tairua Beach.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1

INTRODUCTION

This research aimed to quantify the temporal and spatial variation of beach
behaviour on the eastern Coromandel Peninsula. A large beach profile dataset of
approximately 5500 surveys across 61 profile sites from 1979 to 2009 was used.
Analysis of the data was undertaken at four timescales; 6-weekly, seasonal,
interannual, and the long term trends. The conclusions presented in this chapter
relate directly to the expected outcomes and hypotheses identified within each
chapter, and address the 4 research aims of the thesis identified in Section 1.2.

A summary classification table and map (Figure 6.1 and Table 6-1), based on the
data presented in Table 2-1 and the subsequent beach state classifications
identified in this thesis, are presented below. Figure 6.1 showed the beach
locations and the corresponding behavioural responses identified at all timescales
in this thesis. The map information is contained in Table 6-1. The summary
relates to overall average beach behaviour as opposed to individual profile
behaviour and provides a summary of Coromandel beach behaviour. The 3
character reference on the map corresponds to the 3 right hand columns of the
table, those being: episodic class; seasonal class; and, interannual class. A key for
the alpha-numeric reference is also located in Table 6-1. For example, Hahei
Beach (BB3) is deciphered as follows: Episodic class B, therefore being an
intermediate beach with had a low magnitude of large volume change events;
Seasonal class B, therefore being an intermediate beach which had a moderate
seasonal amplitude; and, Interannual class 3, therefore it is located south of the
Kuaotunu Peninsula in which ENSO and IPO were typically evident.

Conclusions

147

6.2

BEACH CLASSIFICATION

Chapter 2 described the geomorphologic variation between the 19 beaches. The
initial classification showed the difference in beach orientations north and south
of the Kuaotunu Peninsula (Figure 2.4). The data in Chapter 2 provided base
information for the resulting classification using the Wright and Short (1984)
beach state model. The average intertidal beach slope and dimensionless fall
parameter calculations suggested two overall beach groups, intermediate and
reflective sloped beaches. Analysis of the behaviour in subsequent chapters
identified a total of four classifications using the data presented: intermediate
beaches; reflective beaches; harbour adjacent beaches; and, outliers. The latter
two classifications were anomalies to the Wright and Short (1984) model in which
harbour adjacent beaches were intermediate beaches but had behavioural
characteristics similar to reflective beaches, a consequence of being located
immediately adjacent to harbour / estuary mouths. Rings Beach (an outlier) had
similar geomorphologic characteristics to other sandy beaches, however the
behaviour was significantly different. Maramaratotara Beach (the other outlier)
had coarse calcite sediment which was deemed to affect beach behaviour.

6.3

SHORT TERM BEACH VARIATION

The beach classification was applied to short term beach morphology changes on
Coromandel beaches. The analysis showed that short term behaviour was
dependent on the intertidal slope and grain size, and thus followed the beach state
classification of Wright and Short (1984). In particular, short term beach variation
accorded to their model by exhibiting the following behaviour:
•

Intermediate beaches have more small volume changes and rare large
volume change events. Within all intermediate beaches studies there was
more variability in behaviour than all reflective beaches. The smaller
volume changes were illustrated by lower standard deviations of beach
volume and a higher frequency of low magnitude of change events. The
variation of beach states was attributed to the greater range of beach
slopes, the different grain size between profiles, and exponential decay
constants, which ultimately governed the behaviour. Cross-shore variation
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of intermediate beaches showed increasing variation with decreasing
elevation on the beach face, in particular, the intertidal area varied the
most. The standard deviation of beach volume increased from the dune to
upper beach to intertidal region.
•

Reflective beaches had the greatest volume variations which was
particularly evident in the magnitude of change analysis. Also of
significance was the reflective beaches had more variable upper beach
regions than intertidal regions which were in direct contrast to
intermediate beaches. The reflective beaches all had very similar short
term behaviours as identified by the higher standard deviations, higher
magnitudes of change, and similar decay constants. The behaviour was
attributed to the coarse grains and steep beach faces impacting nearshore
wave processes such as wave run-up.

•

Harbour adjacent beaches were intermediate sloped beaches but had a high
frequency of large magnitude of change events and larger standard
deviations of volume. This behaviour was similar to reflective beaches.
The intertidal region was the most variable on harbour adjacent beaches.
Harbour adjacent beaches also had a narrow range of sediment sizes,
intertidal beach slopes, and similar behaviour between the four sites.

•

Outlier beaches had a very large frequency of low magnitude of change
events and had very little short term beach variation. These two beaches
had the smallest standard deviations of beach volume at all cross-shore
regions analysed.

Analysis showed that dune regions on all Coromandel beaches were very stable
and seldom subjected to erosion events. The two largest storm events which had
the greatest spatial impact occurred following the July 1978 event and July 2008
event. With regard to forcing mechanisms, analysis showed that beach volume
change was poorly correlated to the time-averaged wave height between surveys.
It is hypothesised that analysis of beach volume change needs to incorporate
shorter term wave climate variations as well as the timing of storm events to better
understand individual beach response to storms. The only conclusion drawn from
the short term analysis at Ngarunui Beach was that most of the variation occurred
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within the intertidal region which was also typical of east coast intermediate
beaches. The intertidal area had a significantly greater elevation range and cross
shore extent due to the greater tidal range and low beach slope. Therefore, it
would be expected that greater intertidal volume variations could occur, even
though dissipative beaches typically represent eroded systems.

6.4

SEASONAL VARIATION AND OSCILLATION

The beach state classifications also applied to Coromandel beach behaviour on the
seasonal scale. Reflective beaches had a stronger seasonal oscillation than
intermediate beaches, and also reached their peak seasonal volume earlier in the
year. Reflective beaches had a seasonal volume variation of approximately 15 %
whereas intermediate beaches were approximately 10 %. Outlier beaches had a
seasonal signal although it was very small (<5 %). All beaches had uniform
erosion in winter however it only occurred for 6 weeks during July and the first
half of August. The anomalies to this behaviour were profiles located adjacent to
harbour entrances which showed irregular behaviour through the year, often with
increased volumes during winter, attributed to sediment inputs from the adjacent
harbour / estuary during storm and heavy precipitation events. Spectral analyses
of raw volume data showed significant seasonal oscillations at several beaches
which was not anticipated given the sampling frequency of the data. Therefore,
the beaches that showed spectral peaks of 1 year were considered to have strong
seasonal signals. Only 1 profile site south of the Kuaotunu Peninsula showed this
spectral peak.

Beach rotation was prominent on embayed beaches on the Coromandel Peninsula.
Of interest however, were the strong alongshore variations evident at Pauanui and
Whangamata South Beaches. It was hypothesised that sediment pulses from the
adjacent harbours caused the alongshore variations of up to 10°. Beach rotation
versus the time-averaged wave energy flux between profiles yielded low
correlations. Short term wave energy flux variations were subsequently deemed
more significant and longer term rotation events appeared to be related to ENSO
events. Seasonal variations in the wave data showed a typical winter spike in
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wave height, as well as a spike in February and March. The summer increase only
affected reflective beaches which showed erosion in the following 1.5 month
interval.

6.5

INTERANNUAL BEACH VARIATIONS

Linear trend analysis showed that 15 year trends encasing the high resolution data
overall showed greater change rates compared to 30 year trends. The 15 year trend
was impacted by positive ENSO and IPO events in the early to mid 1990’s,
followed by a decreasing trend and subsequent impacts in the late 1990’s and
early 2000’s. The 30 year trends were considered more representative of long term
behaviour. However, most surveys prior to 1990 were sampled in summer,
therefore were highly likely to have had high beach volumes, which were
compounded by a positive IPO phase, and are therefore considered to be
exaggerated erosion trends. The onset of a negative IPO phase from
approximately 2008 does present an interesting anomaly, because decadal scale
persistence of La Niña trends for the next 20 to 35 years are likely to cause long
term erosion of eastern Coromandel beaches. The linear trend analysis showed
strong evidence for a nearshore littoral drift system on beaches north of the
Kuaotunu Peninsula. Increasing beach volume trends from east to west, as well as
erosion at all beaches (excluding Rings which had insufficient data) at the eastern
or downdrift side of the headlands were used to determine this hypothesis.

ENSO and IPO impacts on subaerial beach volume trends were initially identified
by qualitative observations of beach volume data and quantified using spectral
analysis. ENSO was dominant at a 2.5 year scale on beaches south of the
Kuaotunu Peninsula, or alternatively, beaches with an easterly orientation. IPO
variations were evident on beaches across the Coromandel Peninsula, and were
most prominent north of the Kuaotunu Peninsula. The IPO oscillation was also
stronger than the ENSO impacts as identified by the respective spectral powers.
The trends evident in the volume data were affected by climatic variations in wave
height and direction (e.g. Ranasinghe et al. 2004). Beach classification showed no
apparent significance when analysing Coromandel Beaches on an interannual
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scale. An approximate 40 year oscillation in the wave data suggest beaches will
oscillate on a similar scale which is near the largest IPO scale.

6.5.1

Conclusions: Dahm and Gibberd (2009)

The following conclusions are suggested because some results presented in this
thesis differ from the findings of Dahm and Gibberd (2009) which is the most
recent and widespread study applicable to Coromandel beaches. The primary
reason for the different results obtained was attributed to the different data used
for analysis. Whilst the same beach profile dataset was used, Dahm and Gibberd
(2009) had approximately one quarter of the data used in this thesis, and not all
profile sites were analysed by Dahm and Gibberd (2009).

Overall, their report stated that cumulative storm events were most significant for
determining primary development setbacks (PDS). This contrasts to evidence
presented in their report and this thesis, that the individual storm events of July
1978 and July 2008 were the two largest erosion events that affected most eastern
Coromandel beaches. This showed that the greatest erosion in surveyed history
was caused by individual storm wave events. Results produced by Yates et al.
(2009) also showed that when a beach is in an eroded state, higher equilibrium
wave energy is required to continue eroding a beach, therefore a continual
increase in wave energy is required to continually erode beaches, which is not
likely. Further, sufficient data has not been available for an entire negative IPO
phase, which has been hypothesised to continue for the next 20 to 35 years
(Minobe, 1999; de Lange, 2000). Therefore, ensuing decadal scale persistence of
La Niña conditions are likely to negatively affect beach volumes on the
Coromandel Peninsula.

Regarding individual beaches, Whangapoua was stated as being in a severe
erosion trend from the mid 1990’s to approximately 2003. Analysis showed this
cyclic behaviour to be insignificant, with only one profile survey during this
period being more than one standard deviation below the mean beach volume.
The beach also had an overall accretion trend from 1996 to 2007. At Kuaotunu
152
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East Beach, the central profile was deemed representative of the beach behaviour
by Dahm and Gibberd (2009). It was shown that this profile was the most stable
of the three on Kuaotunu East Beach, therefore was not likely to be representative
of the entire beach behaviour which also showed varying degrees of rotation.
Lastly, Tairua Beach rotated which contributed to beach variations at the short
term, medium term, and interannual scale therefore needs to be accounted for.
Alongshore variations at Tairua were not identified by Dahm and Gibberd (2009).

6.6

RECOMMENDATIONS FOR FURTHER RESEARCH

Results presented in this thesis showed that Coromandel beaches showed a large
degree of variation. Recommendations and suggestions for further analysis and
monitoring efforts are as follows:
•

Ideally, profiling at the current frequency should be retained where
possible as the dataset is largely unprecedented due to its temporal and
spatial variation, unless other monitoring methods are implemented. At a
minimum, all profile sites should be maintained on a biannual sampling
regime. For the intermediate beaches, the first should occur around April
and May, and the second in September to encase maximum annual
variations. For reflective beaches, the first survey should be in February or
March. This will still enable interannual trends to be identified.

•

Intermediate beaches north of the Kuaotunu Peninsula all had similar short
term beach volume changes, seasonal oscillations (excluding Otama), and
showed strong IPO signals. Results suggest that further analysis may
identify a potential indicator beach between these systems as they showed
similar behaviour at all timescales of analysis.

•

Reflective beaches showed similar trends at all scales which also suggest
that a potential indicator beach scenario may exist.

•

Further detailed analysis of harbour adjacent beaches, including Buffalo
Beach and Cooks Beach, is unlikely to yield predictive mechanisms.
Therefore, the high frequency monitoring should be maintained at these
sites so ongoing analyses of the behaviours can be determined. This is also
significant given that most of these beaches have some of the most
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seaward located development on the Peninsula, and they did not show
typical responses to short or long term trends, which highlights the
unpredictability of these systems.
•

Rings Beach and Maramaratotara Beach are not likely to be subject to any
significant variation in the foreseeable future, therefore biannual surveying
is considered suitable.

•

Further large spatial scale research should focus on the 3 apparent
sediment transport / behaviour cells identified, being: northerly orientated
beaches located north of the Kuaotunu Peninsula from Whangapoua to
Otama; Mercury Bay beaches including Opito Bay; and, easterly
orientated beaches from Hahei to Whiritoa.

•

Detailed analysis at no greater than 5 year intervals should be undertaken
in order to continue sufficient analysis of cumulative impacts from ENSO
events, rotation (where applicable), and IPO driven changes.
•

Erosion dominant conditions are likely to persist for the next 20 to 35

years on the Coromandel Peninsula. Analysis of the spectral power of the
IPO coupled with storm erosion monitoring and modelling may provide
vital information on potential risks to development and infrastructure.
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Figure 1: Site map with summary classifications. Refer Table 6-1 and in text for definitions.

Conclusions

155

156

Table 6-1: Summary beach classification data and beach state classifications for the episodic, seasonal, and interannual behaviour for Whangapoua to Maramaratotara
Beaches.

Beach

Grain Size (µm)

Slope

Orientation (º)

Episodic Class

Seasonal Class

Interannual Class

Whangapoua

322

0.05

41

B

B

1

Matarangi

275

0.02

12

C

B

1

Rings

402

0.10

5

D

D

1

Kuaotunu West

346

0.06

348

B

B

1

Kuaotunu East

427

0.05

343

B

B

1

Otama

395

0.07

356

B

B*

1

Opito Bay

252

0.03

59

B

B

2

Wharekaho

306

0.05

120

B

B

2

Buffalo

197

0.02

83

B

C

2

Maramaratotara

1072

0.11

39

D

D

2

Classification Definitions:
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Episodic:

Seasonal:

Interannual:

A= High magnitude of large volume change events

A= Strong seasonal cycle

1 = North of Kuaotunu Peninsula, IPO dominant

B= Low magnitude of large volume change events

B= Moderate seasonal cycle

2 = Mercury Bay, ENSO dominant

C= High magnitude of large volume change events

C= Weak seasonal cycle

3 = South of Mercury Bay, IPO and ENSO evident

D= Very little variation. Few large magnitude of

D= Irregular behaviour and no seasonal cycle

change events
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Table 6-1: continued for Cooks Beach to Whiritoa Beach.

Beach

Grain Size (µm)

Slope

Orientation (º)

Episodic Class

Seasonal Class

Interannual Class

Cooks

204

0.05

56

B

C*

2

Hahei

302

0.07

37

B

B

3

Hot Water

430

0.11

77

A

A

3

Tairua

427

0.12

53

A

A

3

Pauanui

246

0.04

71

C

C

3

Onemana

429

0.13

89

A

A

3

Whangamata North

247

0.04

74

C

C

3

Whangamata South

225

0.03

110

C

C

3

Whiritoa

395

0.13

66

A

A

3

Classification Definitions:
Episodic:

Seasonal:

Interannual:

A= High magnitude of large volume change events

A= Strong seasonal cycle

1 = North of Kuaotunu Peninsula, IPO dominant

B= Low magnitude of large volume change events

B= Moderate seasonal cycle

2 = Mercury Bay, ENSO dominant

C= High magnitude of large volume change events

C= Weak seasonal cycle

3 = South of Mercury Bay, IPO and ENSO evident

D= Very little variation. Few large magnitude of

D= Irregular behaviour and no seasonal cycle

change events
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Table 6-1: continued

Class

Sub-class

BB

1

CB

1

DD

1

BC

2

3

Intermediate beaches located across the entire Peninsula
Harbour adjacent beach with intermediate behaviour on a seasonal scale located north of the Kuaotunu Peninsula

2

Outlier beach located north of the Kuaotunu Peninsula and within Mercury Bay

2

Harbour adjacent beach with intermediate behaviour on a episodic scale in Mercury Bay

AA

3

Reflective beaches located south of the Kuaotunu Peninsula

CC

3

Harbour adjacent beaches located south of the Kuaotunu Peninsula

Otama Beach B* – the behaviour at Otama was identified as intermediate due to its initial classification, timing of the peak seasonal volume, and location being north of the
Kuaotunu Peninsula. The seasonal behaviour was significantly higher at Otama than all other Coromandel beaches.
Cooks Beach C* – the behaviour at Cooks Beach was identified as harbour adjacent at the seasonal scale. The three profiles located nearest the harbour entrance all showed
harbour adjacent behaviour, that being irregular with no seasonal scale. The two northern profiles on Cooks Beach showed strong seasonal cycles similar to the intermediate
beaches with a peak seasonal volume in April to May, and an overall variation of approximately 10 %.
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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
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
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thus widespread sampling at reasonable
frequencies (i.e. the 6 weekly periods of
the dataset analysed in this paper) can
be very expensive. Identifying indicator
beaches on the eastern Coromandel
Peninsula would reduce the cost of
beach monitoring while still providing
suitable datasets whose outcomes are
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
Sites
and
Data
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.
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.g.
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 250µm (fine sand).
Pungapunga Island is a small island
2
(2590m , 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 lowestsloped beach analysed in this study
(Table 1), and is characterised by a
median grain size of 270µm (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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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).

median grain size of 390µm (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 (230µm 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 (380µm 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).
Beach
Name

Beach
Length
(m)

Average
Orientation (º)

Whangapoua

1804

41

Matarangi

4618

12

Hot
Water

1865

77

Tairua

1511

53

Pauanui

2899

71

Connecti
on
Distance
(m)
L:
1230
R: 990
L: 990
R
:
735
L:
1156
R:
5890
L:
2571
R:
1389
L:
1389
R:
5201

Average
Slope

0.05

0.02

0.11

0.12

0.03

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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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 region, and the intertidal region.
Statistical analysis was performed on
each volume region. Seasonal trends
were analysed by time-averaging and
grouping the intertidal beach volumes
into 6 week blocks over the entire 30year dataset.
Intertidal beach volumes were evaluated
by calculating the area under each
individual beach profile from mean high
water springs (MHWS) to mean low
water springs (MLWS, relative level 0.9
to relative level -0.9). The average
spring tidal range for the eastern
Coromandel Peninsula is 1.8m (LINZ).
The NIWA tide forecaster indicates the
flood and ebb tides have approximately
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
3.5m
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
profiles 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.

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.

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

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 (1979present), 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 midMay bracket.

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

174

impact the seasonal
intertidal volumes.

trend

of

the

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. Timeaveraged 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 II
AERIAL PHOTOS AND PROFILE INFORMATION

Aerial 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 still 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 majority of
the thesis.

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

Beach / Profile Name

Date

Beach / Profile

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
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Kuaotunu East CCS20

16-2-1988

Pauanui CCS40-1

10-1-1979

Kuaotunu East CCS20-2

15-1-1981

Otama CCS45

14-1-1979

Kuaotunu East CCS21

16-1-1981

Otama CCS46

14-1-1979

Wharekaho CCS22-1

15-2-1991

Opito CCS49

14-1-1979

Wharekaho CCS22

12-1-1981

Opito CCS49-1

4-7-1996

Wharekaho CCS23

13-1-1979

Opito CCS47-1

4-7-1996

Buffalo CCS24

13-1-1979

Opito CCS48

14-1-1979

Buffalo CCS25

13-1-1979

Opito CCS48-1

14-1-1981

Buffalo CCS25-1

31-1-1991

Onemana CCS54

9-2-1981

Buffalo CCS26

13-1-1979

Onemana CCS53

9-2-1981

Buffalo 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

CCS57
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

Hahei CCS32

13-1-1979

Whiritoa CCS61

29-3-1995

Hahei CCS33

13-1-1979

Whiritoa CCS62

1-12-1990

Whiritoa CCS63

19-7-1990

178

Appendix II

Figure II.1: Whangapoua Beach and profile sites. The entrance to Whangapoua Harbour is in the
lower right hand corner.

Figure II.2: Matarangi Beach and profile sites. The entrance to Whangapoua Harbour is to the left
of the distal end of the spit.

Aerial Photos and Profile Information
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Figure II.3: Rings Beach showing the central profile location. Cusp formations are evident on the
eastern half of the beach.

Figure II.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 II.5: Kuaotunu East Beach showing the profile sites. The large rock outcrop to the west
represents the headland barrier to Kuaotunu West Beach.

Figure II.6: Otama Beach showing the two profile sites.

Aerial Photos and Profile Information
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Figure II.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.

Figure II.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 II.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.

Figure II.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.

Aerial Photos and Profile Information
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Figure II.11: Hahei Beach showing the location of the two profile sites. Cusp formations are
evident across the beach face.

Figure II.12: Hot Water Beach showing the three profile sites.
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Figure II.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.

Figure II.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.

Aerial Photos and Profile Information
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Figure II.15: Onemana Beach and the two profile locations.

Figure II.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 a large salient in the lee side of the island.
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Figure II.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.

Figure II.18: Whiritoa Beach showing the four profile sites.

Aerial Photos and Profile Information
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Figure II.19: Ngarunui Beach, Raglan showing the four beach profile sites and location of wave
data from Scarfe (2008).
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APPENDIX III
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.

Figure III.1: Whangapoua Beach intertidal beach slope timeseries. The average slopes were
0.035, 0.049, and 0.050.

Intertidal Beach Slope Timeseries
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Figure III.2: Matarangi Beach intertidal beach slope timeseries. The average slopes were 0.023,
0.024, 0.022, and 0.020.

Figure III.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 slope. The profile survey had a very straight intertidal beach slope.
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Figure III.4: Kuaotunu West Beach intertidal beach slope timeseries. The average slopes were
0.071, 0.066, and 0.044.

Figure III.5: Kuaotunu East Beach intertidal beach slope timeseries. The average slopes were
0.058, 0.052, and 0.040.

Intertidal Beach Slope Timeseries
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Figure III.6: Otama Beach intertidal beach slope timeseries. The average slopes were 0.076 and
0.064.

Figure III.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 III.8: Wharekaho Beach intertidal beach slope timeseries. The average slopes were 0.027,
0.042, and 0.078.

Figure III.9: Buffalo Beach intertidal beach slope timeseries. The average slopes were 0.012,
0.017, 0.031, 0.034, and 0.031.

Intertidal Beach Slope Timeseries
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Figure III.10: Maramaratotara Beach intertidal beach slope timeseries. The average slope was
0.11.

Figure III.11: Cooks Beach intertidal beach slope timeseries. The average slopes were 0.044,
0.051, 0.046, 0.045, and 0.040.
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Figure III.12: Hahei Beach intertidal beach slope timeseries. The average slopes were 0.082 and
0.062.

Figure III.13: Hot Water Beach intertidal beach slope timeseries. The average slopes were 0.11,
0.11, and 0.11.
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Figure III.14: Tairua Beach intertidal beach slope timeseries. The average slopes were 0.12, 0.12,
0.12, and 0.12.

Figure III.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 III.16: Onemana Beach intertidal beach slope timeseries. The average slopes were 0.13
and 0.14.

Figure III.17: Whangamata North Beach intertidal beach slope timeseries. The average slopes
were 0.054 and 0.028.

Intertidal Beach Slope Timeseries
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Figure III.18: Whangamata South Beach intertidal beach slope timeseries. The average slopes
were 0.024, 0.024, 0.029, and 0.035.

Figure III.19: Whiritoa Beach intertidal beach slope timeseries. The average slopes were 0.13,
0.14, 0.13, and 0.13.

198

Appendix III

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 panel. (refer Table II-1). The y-axis represents
the cross-shore distance with 0 being the landward-most surveyed benchmark.
Time is uniform along all 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 which is RL -0.9 m.

Figure IV.1: Whangapoua Beach elevation timeseries.

Beach Elevation Timeseries
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Figure IV.2: Matarangi Beach elevation timeseries.

Figure IV.3: Rings Beach elevation timeseries. CS distance is the cross-shore distance.
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Figure IV.4: Kuaotunu West Beach elevation timeseries.

Figure IV.5: Kuaotunu East Beach elevation timeseries.
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Figure IV.6: Otama Beach elevation timeseries.

Figure IV.7: Opito Beach elevation timeseries.
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Figure IV.8: Whangapoua Beach elevation timeseries.

Figure IV.9: Buffalo Beach elevation timeseries.
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Figure IV.10: Maramaratotara Beach elevation timeseries. CS distance is the cross-shore distance.

Figure IV.11: Cooks Beach elevation timeseries.
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Figure IV.12: Hahei Beach elevation timeseries.

Figure IV.13: Hot Water Beach elevation timeseries.

Beach Elevation Timeseries
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Figure IV.14: Tairua Beach elevation timeseries.

Figure IV.15: Pauanui Beach elevation timeseries.
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Figure IV.16: Onemana Beach elevation timeseries.

Figure IV.17: Whangamata North Beach elevation timeseries.

Beach Elevation Timeseries
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Figure IV.18: Whangamata South Beach elevation timeseries.

Figure IV.19: Whiritoa Beach elevation timeseries.

208

Appendix IV

APPENDIX V
HORIZONTAL VOLUME SEGMENT TIMESERIES

This appendix contains graphs of the horizontal beach volume segments for each
profile site. All of the figures generated are the same as the example timeseries
shown in Chapter 3 (Figures 3.5 – 3.8) with regard to x- and y-axis limits, and the
different unit of measure for the dune data. The beaches and profiles are displayed
from north to south for the entire peninsula (refer Table II-1), with dune volume
data in the top panel, upper beach volume data in the middle panel, and intertidal
volume data in the bottom panel. All data have been demeaned. The dune data
were measured in m3.m-1 and the axis limits were ±20 m3.m-1. The upper beach
and intertidal data are percentages of the mean volume with the axis limits being
±50 %. All profiles and panels are plotted from 1995 to January 2009 encasing the
high resolution data available. The key findings regarding the data were the
similarities between the upper beach and intertidal area, and the lack of short term
variation in the dune data in most instances.

Figure V.1: Whangapoua CCS12 horizontal beach segment volume data.
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Figure V.2: Whangapoua CCS11 horizontal beach segment volume data.

Figure V.3: Whangapoua CCS11-1 horizontal beach segment volume data.
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Figure V.4: Matarangi CCS16 horizontal beach segment volume data.

Figure V.5: Matarangi CCS15 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.6: Matarangi CCS14 horizontal beach segment volume data.

Figure V.7: Matarangi CCS13 horizontal beach segment volume data.
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Figure V.8: Rings CCS18 horizontal beach segment volume data.

Figure V.9: Kuaotunu West CCS19-4 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.10: Kuaotunu West CCS19-1 horizontal beach segment volume data.

Figure V.11: Kuaotunu West CCS19-5 horizontal beach segment volume data.

214

Appendix V

Figure V.12: Kuaotunu East CCS20 horizontal beach segment volume data.

Figure V.13: Kuaotunu East CCS20-2 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.14: Kuaotunu East CCS21 horizontal beach segment volume data.

Figure V.15: Otama CCS45 horizontal beach segment volume data.
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Figure V.16: Otama CCS46 horizontal beach segment volume data.

Figure V.17: Opito CCS49 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.18: Opito CCS49-1 horizontal beach segment volume data.

Figure V.19: Opito CCS47-1 horizontal beach segment volume data.
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Figure V.20: Opito CCS48 horizontal beach segment volume data.

Figure V.21: Opito CCS48-1 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.22: Wharekaho CCS22-1 horizontal beach segment volume data.

Figure V.23: Wharekaho CCS22 horizontal beach segment volume data.
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Figure V.24: Wharekaho CCS23 horizontal beach segment volume data.

Figure V.25: Buffalo CCS24 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.26: Buffalo CCS25 horizontal beach segment volume data.

Figure V.27: Buffalo CCS25-1 horizontal beach segment volume data.
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Figure V.28: Buffalo CCS26 horizontal beach segment volume data.

Figure V.29: Buffalo CCS27 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.30: Maramaratotara CCS28 horizontal beach segment volume data.

Figure V.31: Cooks CCS29 horizontal beach segment volume data.

224

Appendix V

Figure V.32: Cooks CCS30 horizontal beach segment volume data.

Figure V.33: Cooks CCS31 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.34: Cooks CCS31-1 horizontal beach segment volume data.

Figure V.35: Cooks CCS31-2 horizontal beach segment volume data.
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Figure V.36: Hahei CCS32 horizontal beach segment volume data.

Figure V.37: Hahei CCS33 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.38: Hot Water CCS35-1 horizontal beach segment volume data.

Figure V.39: Hot Water CCS35 horizontal beach segment volume data.
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Figure V.40: Hot Water CCS34 horizontal beach segment volume data.

Figure V.41: Tairua CCS37 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.42: Tairua CCS36-1 horizontal beach segment volume data.

Figure V.43: Tairua CCS36-2 horizontal beach segment volume data.
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Figure V.44: Tairua CCS36 horizontal beach segment volume data.

Figure V.45: Pauanui CCS38 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.46: Pauanui CCS38-1 horizontal beach segment volume data.

Figure V.47: Pauanui CCS39-1 horizontal beach segment volume data.
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Figure V.48: Pauanui CCS39-2 horizontal beach segment volume data.

Figure V.49: Pauanui CCS40-1 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.50: Onemana CCS54 horizontal beach segment volume data.

Figure V.51: Onemana CCS53 horizontal beach segment volume data.
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Figure V.52: Whangamata North CCS55-1 horizontal beach segment volume data.

Figure V.53: Whangamata North CCS56 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.54: Whangamata South CCS57 horizontal beach segment volume data.

Figure V.55: Whangamata South CCS57-3 horizontal beach segment volume data.
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Figure V.56: Whangamata South CCS57-2 horizontal beach segment volume data.

Figure V.57: Whangamata South CCS58 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries
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Figure V.58: Whiritoa CCS59 horizontal beach segment volume data.

Figure V.59: Whiritoa CCS61 horizontal beach segment volume data.
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Figure V.60: Whiritoa CCS62 horizontal beach segment volume data.

Figure V.61: Whiritoa CCS63 horizontal beach segment volume data.

Horizontal Volume Segment Timeseries

239

240

Appendix V

APPENDIX VI
STANDARD DEVIATIONS: HORIZONTAL VOLUME
SEGMENT ANALYSIS

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 II.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 m3.m-1 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 Hahei. This behaviour was evident in the eastern profiles of
the former 3 beaches and the western profile at Hahei; and

•

the very low results for the two outlier beaches.

Standard Deviations: Horizontal Volume Segments
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Figure VI.1: Whangapoua Beach standard deviations of the horizontal volume segment analysis.

Figure VI.2: Matarangi Beach standard deviations of the horizontal volume segment analysis.

Figure VI.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.

Figure VI.5: Kuaotunu East Beach standard deviations of the horizontal volume segment analysis.

Figure VI.6: Otama Beach standard deviations of the horizontal volume segment analysis.

Standard Deviations: Horizontal Volume Segments
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Figure VI.7: Opito Beach standard deviations of the horizontal volume segment analysis.

Figure VI.8: Wharekaho Beach standard deviations of the horizontal volume segment analysis.

Figure VI.9: Buffalo Beach standard deviations of the horizontal volume segment analysis.
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Figure VI.10: Maramaratotara Beach standard deviations of the horizontal volume segment
analysis.

Figure VI.11: Cooks Beach standard deviations of the horizontal volume segment analysis.

Figure VI.12: Hahei Beach standard deviations of the horizontal volume segment analysis.

Standard Deviations: Horizontal Volume Segments
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Figure VI.13: Hot Water Beach standard deviations of the horizontal volume segment analysis.

Figure VI.14: Tairua Beach standard deviations of the horizontal volume segment analysis.

Figure VI.15: Pauanui Beach standard deviations of the horizontal volume segment analysis.
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Figure VI.16: Onemana Beach standard deviations of the horizontal volume segment analysis.

Figure VI.17: Whangamata North Beach standard deviations of the horizontal volume segment
analysis.

Figure VI.18: Whangamata South Beach standard deviations of the horizontal volume segment
analysis.

Standard Deviations: Horizontal Volume Segments
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Figure VI.19: Whiritoa Beach standard deviations of the horizontal volume segment analysis.
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APPENDIX VII
DEMEANED BEACH VOLUME TIMESERIES

Beach profile timeseries graphs are displayed in this appendix. The standard
deviation of volume was averaged for each beach from the data presented here.
The example timeseries figures in Chapter 3 illustrated several profiles, however
all profiles could not be included within the Chapter due to obvious size and word
limitations. As a result, the data is presented here with very brief notes on key
behaviours and characteristics which were eluded at various stages during the
thesis. Figure captions are not provided because all figures are self explanatory.
Each figure has all available data displayed from 1979 to 2009 and has been
demeaned. The horizontal dashed lines represent one standard deviation above
and below the mean, or 68 % of the short term volume variation. All figures have
equal x- and y-axes, with the y-axis showing demeaned beach volumes with
maximum bounds of ±50 % of the subaerial beach volume for each respective
dataset. The figures are shown from Whangapoua to Whiritoa, north to south, and
each individual figure shows the respective beach profiles from north to south
(left to right looking seaward), top to bottom.

Figure VII.1: Whangapoua Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

Beach Volume Timeseries
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•

The beach showed very similar behaviour in the alongshore direction.
There is also an increasing amount of variation toward the southern end of
the beach.

•

Elevated beach volumes between 1980 and 1990 conform to IPO related
behaviour of increased volumes during this period. The high resolution
data from 1995 onward showed an apparent relationship.

Figure VII.2: Matarangi Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

The beach showed a decreasing amount of cyclic behaviour in accordance
with the IPO from north to south (west to east is more representative at
Matarangi). The 3 northern profiles show an apparent IPO correlation.
Interestingly the northern end of the beach appeared to have relatively
high volumes following the July 1978 storm whereas the southern two
profiles were low.

•

In addition to the 1978 and 2008 storm events, low beach volumes were
prevalent in the late 1990’s except the southern profile.

•

Seasonal erosion and accretion was evident in the raw data at the southern
end of the beach.
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Figure VII.3: Rings Beach volume timeseries. The horizontal dashed lines represent one standard
deviation above and below the mean.

•

The stability of the beach at all timescales is particularly evident in all
available data. Reducing the sampling frequency would not be expected to
reduce the quality of the data because the beach showed no significant
oscillations.

Figure VII.4: Kuaotunu West Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

The northern two profiles show greater variation than the southern profile.
They also show the apparent IPO relationship prominent on beaches north
of the Kuaotunu Peninsula. The eastern end of the beach was very stable
since 1996, with the exception of the July 2008 storm event.

Beach Volume Timeseries
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Figure VII.5: Kuaotunu East Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

The significant variation at the eastern end was a result of erosion of the
primary dune system. The central profile showed the highest degree of
stability with only one large erosion event in 2008.

Figure VII.6: Otama Beach volume timeseries. The horizontal dashed lines represent one standard
deviation above and below the mean.

•

Seasonal oscillations are prominent at the southern end of the beach whilst
the northern end showed an IPO relationship. The July 2008 storm event
had a huge impact on the beach with both profiles being subject to
variation of greater than 2 standard deviations. The foredune was more
pronounced in the early data at the northern site, hence the apparent
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significant erosion leading into 1997. There was very little variation in the
cross-shore location of the MSL contour during this time however, which
indicated the stability of the profile.

Figure VII.7: Opito Beach volume timeseries. The horizontal dashed lines represent one standard
deviation above and below the mean.

•

The stability at the northern site is exaggerated by the very low beach
volume in the late 1970’s. However the site did show a reasonable amount
of long term stability regardless. The southern two profiles appeared to
show slight erosion trends from 2000 to 2009. Overall the beach showed
relative stability for the available data.

Beach Volume Timeseries
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Figure VII.8: Wharekaho Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

Increasing variation in the beach from north to south was evident. The
northern profile also showed a prominent biennial trend which was
confirmed in Chapter 5. The entire beach was not eroded during the July
1978 or July 2008 storm events which highlights the sheltered nature of
the beach.
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Figure VII.9: Buffalo Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

Significant erosion of the northern 3 profiles from the early 1990’s to early
2000’s was prominent. These profiles showed recovery or stability since
this significant erosion however. A prominent erosion event across the
entire beach occurred in mid 2000. Interestingly the two harbour adjacent
profiles at the southern end of the beach showed relative stability. These
two profile sites are located relatively centrally and appear most exposed
to the dominant northeast and easterly wave climate.

Figure VII.10: Maramaratotara Beach volume timeseries. The horizontal dashed lines represent
one standard deviation above and below the mean.
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•

Overall the beach was subject to very minor volume change. The most
prominent feature is the long term erosion trend for the entire timeseries
which has shown a total variation of greater than 2 standard deviations.

Figure VII.11: Cooks Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

The different behaviour alluded to in Chapter 4 is prominent. The southern
3 profiles show completely different and strong cyclic behaviour when
compared to the northern 2 profiles. Overall the northern 2 profiles have
been stable following erosion from the 1978 storm. Harbour adjacent
impacts were particularly evident in the southern profile with large volume
increases during winter in 2006, 2007, and 2008.
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Figure VII.12: Hahei Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

Contrasting beach volumes were evident following the July 1978 storms.
The data showed that both profiles showed a relatively large degree of
variation, however both exhibit long term stability.

Figure VII.13: Hot Water Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

The large volume variations typical of reflective beaches were most
prominent at the southern end of Hot Water Beach. The increasing
standard deviations from north to south were also prevalent on beaches
south of Mercury Bay.
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Figure VII.14: Tairua Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

Beach rotation was evident in the raw data with contrasting interannual
trends of high and low volumes between the northern and southern ends of
the beach. The large magnitudes of change for reflective beaches are
particularly prevalent at Tairua. With relatively large standard deviations
and short term variability.
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Figure VII.15: Pauanui Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.

•

The short dataset not considered at the northern site is prevalent with an
approximate 15 year period where no surveys were taken. When ignoring
the northern most profile, the two southern profiles and the next two
profiles from the north show similar behaviour between the adjacent
profiles, but was not uniform across the beach.

Figure VII.16: Onemana Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean.
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•

The strong erosion trend in the southern profile was evident from 1995 to
2009. Both profiles showed a long term trend of erosion. A strong seasonal
signal was also prevalent at the southern site.

Figure VII.17: Whangamata North Beach volume timeseries. The horizontal dashed lines
represent one standard deviation above and below the mean.

•

The two profiles on this beach did not show uniform behaviour. The
highly variable nature of the northern profile was attributed to being
located adjacent to Whangamata Harbour. The southern profile showed a
steady increase in overall beach volume since 1997. The large volume at
this site in 1991 was due to a large berm formation and overall profile. The
MSL contour was located more than 20 m further seaward than any profile
in the proceeding 10 years to 2001.
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Figure VII.18: Whangamata South Beach volume timeseries. The horizontal dashed lines
represent one standard deviation above and below the mean.

•

Of particular interest was the evidence of the biennial oscillation in the
data at the southern profile site and profile second from the north. Overall
the beach appeared very stable with no significant long term oscillations or
trends.
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Figure VII.19: Whiritoa Beach volume timeseries. The horizontal dashed lines represent one
standard deviation above and below the mean. The apparent missing data is due to the beach
volume exceeding 50 % of the mean thus being beyond the axis limits.

•

The large volume variations typical of reflective beaches were prevalent
when data at the northern and southern profile sites were more than 50 %
above the mean during the early to mid 1990’s. The northern 3 sites
showed relatively stable long term trends, however the profile second from
south had a decreasing trend, and the southern profile an apparent
significant erosion trend. This was exaggerated by elevated volumes early
in the data, however did show significant erosion from the early 1990’s to
early 2000’s. The significant volume decrease was due to a significant
landward retreat of the MSL contour of approximately 30 m. The dune
region remained very similar.
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APPENDIX VIII
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 visual properties regarding profile
locations. The beaches and profiles are plotted from north to south (refer Table
II.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 m3.m-1 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 all other sites on the Coromandel
Peninsula;

•

There was one exception in which CCS22-1 at Wharekaho Beach which
was similar, and this was identified in Figure 3.15 also which was
attributed to the sheltered location of the profile.
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Figure VIII.1: Whangapoua Beach magnitude of change data for each profile.

Figure VIII.2: Matarangi Beach magnitude of change data for each profile.
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Figure VIII.3: Rings Beach magnitude of change data for each profile.

Figure VIII.4: Kuaotunu West Beach magnitude of change data for each profile.
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Figure VIII.5: Kuaotunu East Beach magnitude of change data for each profile.

Figure VIII.6: Otama Beach magnitude of change data for each profile.
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Figure VIII.7: Opito Beach magnitude of change data for each profile.

Figure VIII.8: Wharekaho Beach magnitude of change data for each profile.
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Figure VIII.9: Buffalo Beach magnitude of change data for each profile.

Figure VIII.10: Maramaratotara Beach magnitude of change data for each profile.
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Figure VIII.11: Cooks Beach magnitude of change data for each profile.

Figure VIII.12: Hahei Beach magnitude of change data for each profile.
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Figure VIII.13: Hot Water Beach magnitude of change data for each profile.

Figure VIII.14: Tairua Beach magnitude of change data for each profile.
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Figure VIII.15: Pauanui Beach magnitude of change data for each profile.

Figure VIII.16: Onemana Beach magnitude of change data for each profile.
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Figure VIII.17: Whangamata North Beach magnitude of change data for each profile.

Figure VIII.18: Whangamata South Beach magnitude of change data for each profile.
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Figure VIII.19: Whiritoa Beach magnitude of change data for each profile.
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