THE UNIVERSITY OF

7 WAIKATO Research Commons

gty 16 Whare Winanga o Waikato

http://researchcommons.waikato.ac.nz/

Research Commons at the University of Waikato

Copyright Statement:

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

The thesis may be consulted by you, provided you comply with the provisions of the
Act and the following conditions of use:

e Any use you make of these documents or images must be for research or private
study purposes only, and you may not make them available to any other person.

e Authors control the copyright of their thesis. You will recognise the author’s right
to be identified as the author of the thesis, and due acknowledgement will be
made to the author where appropriate.

e You will obtain the author’s permission before publishing any material from the
thesis.


http://researchcommons.waikato.ac.nz/

The Application of Equilibrium Beach
Profile Theory to Coastal Hazard
Identification in the Bay of Plenty

A thesis submitted in fulfilment of the requirements for the
Degree of

Doctor of Philosophy

In Earth Sciences
(Coastal Marine Group)

by

Vernon Ian Pickett

University of Waikato
June 2004




Abstract

The Bay of Plenty (BoP) is situated on the north-eastern coast of New
Zealand. It is low wave energy sand rich environment that is susceptible to
the effects of intense mid latitude depressions and ex tropical cyclones.
These can produce strong winds and onshore directed swells that are
frequently associated with episodes of significant beach erosion. Such
conditions are often exacerbated during the La Nina phase of the El Nino
Southern Oscillation (ENSO).

The beaches in the BoP monitoring data set (48 sites) have been classified in
this research using Dean’s parameter to determine beach states according to
the classification system of Wright and Short. Principally the beaches can be
described from this analysis as Intermediate beaches with occasional
Dissipative beach types, for example those located in the lee of headlands as
at West End Ohope, and Reflective beach types, as for example those on the
steeper opencoast beaches at Otamarakau.

Intermediate beaches consist modally of Longshore Bar and Trough
morphologies (LBT) with strong representations from the other more
dynamic and responsive intermediate beach types including the Low Tide
Terrace (LTT), Transverse Bar and Rip (TBR) and Rhythmic Bar and Beach
(RBB). The analysis confirmed that considerable beach state variability
(involving up to +56 to - 60 m’m”) can be expected from these beach types
over relatively short time frames of days to months. The indications are that
the Dean beach equilibrium model (1977) fitted the more dynamic
intermediate beaches better than beaches located at the extremes of the
Wright and Short (1983) spectrum.

The equilibrium beach profile (EBP) models and their derivations have been
described prior to applying the Dean (1977) and Dean et al. (1993) two
dimensional parametric models to the 48 profiles in the BoP dataset. The
purpose of this assessment was to determine the equilibrium beach status of
profiles for potential use in defining coastal hazard zones in the BoP. Both
models require the definition of boundary conditions, the onshore limit
being defined by mean sea level, while the offshore limit was defined by
closure depth. This was determined from review of the geomorphic
evidence, repeat profile analysis and calculation using wave data and the
Hallermeier formulae (19878, 1981a).

The two EBP models were fitted by least squares regression (LSR) analysis to
all beach profiles in the BoP dataset. In carrying this out both scale and
shape factors were allowed freedom to vary so as to minimise the residual
errors in the assessments. The results from this allowed statistical analyses
to be carried out on both parameters to determine their most probable
values. This confirmed the appropriateness of Dean’s (1977) value of % for
the shape factor (or exponent) based on linear wave theory and uniform
wave energy dissipation per unit volume.
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The LSR analysis was repeated holding the shape factor at % while allowing
the scale factor (A) to change. The results from this analysis were then
compared to the mean sediment data obtained from the profile monitoring
database. This confirmed Dean'’s relationship between sediment fall velocity
(grain diameter) and the regression derived scale factor values based on a
log-log transformation.

Dean’s 1977 and 1991 equilibrium profile models were then applied to the
BoP profile dataset to determine each profile’s equilibrium status
representing the beach’s potential to either erode or accrete. This potentially
forms the first element of inputs to any coastal hazard zone determination
because it affects spatially the location of mean sea level as a baseline from
which to measure erosion limits. This analysis was carried out using three
different closure depths and the two models with or without piecewise
variation of the scale factor. The best overall fit using LSR analysis
confirmed the appropriateness of the Dean (1977) model with profile
averaged scale factor derived from the related sediment sampling.

As part of this work the Wang and Davis three sector profile model was also
examined and applied to the BoP dataset. This model potentially better
describes the nearshore 2-dimensional beach morphology because it
incorporates the offshore bar so typical of Intermediate beaches in the BoP.
However when scale and shape factors were held according to the data
obtained from the earlier LSR analysis, the model fails to replicate the
success achieved by its authors using Florida data.

Sea Level Rise (SLR) forms a second component of any coastal hazard
analysis. The derivation of the Bruun Rule was examined from a variety of
theoretical perspectives and was confirmed using equilibrium beach profile
theory. As a consequence the Bruun Rule was applied within an
equilibrium model using a MATLAB routine to predict likely profile shifts
for the ‘business as usual’ climate change scenario of the IPPCC. Large Scale
Coastal Behaviour (LSCB) theory (Cowell et al., 2003; Stive, 2004) was then
applied to four different locations to ascertain the potential counter effects of
sedimentation utilising coastal sediment budgets and progradation rates.

Storm erosion presents a third coastal hazard component predictable using
EBP theory. The model chosen for this was EDUNE (Kriebel, 1989), a two
dimensional parametric model based around the concepts described in
Kriebel and Dean (1985) and Kriebel (1989). A design storm was developed
from regional climate and weather information and applied to all profiles in
the dataset to determine erosion limits. This was then applied cumulatively
with the other two erosion drivers (profile disequilibrium and SLR) as
shown to predict a suitable coastal setback line (or coastal hazard zone) from
mean sea level as a protection measure for development occurring along this
sandy coastline.
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Chapter 1

Introduction

Source: National Library, Erosion Paraparaumu Beach, 1948

1.1  The Need for Coastal Hazard Analysis

Human settlement immediately adjacent to the coast is often fraught with
difficulties and problems. Cliffs are undercut and eroded, beach
sediments constantly move around under the forcing action of wind,
waves, and currents, and low lying areas can suffer inundation from storm
surge and tsunami, all of which have the potential to cause severe
property damage (see Figure 1.1) and in some cases loss of life.

Hazardous phenomena such as these may be random, seasonal, and
sometimes episodic, but when they do occur at their extreme, the effects
can be dramatic. Despite all these risks there seems to be an irrepressible
desire, and indeed a need for many communities to be located on the
coast, frequently for a host of historic, economic, political, aesthetic, and
practical reasons. Consequently the hazards represented by these events
have to be managed to minimise and hopefully avoid the risk in order for
these communities to be sustainable.

A typical response to minimise hazard risk is for communities to build
coastal protection works. This type of response often includes the
construction of so called ‘hard structures’ such as sea walls, revetments,
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groynes, and artificial reefs and headlands. In recent decades beach
renourishment has been added to the arsenal of responses, in particular
where the loss of sandy beaches threatens more affluent communities such
as those located along the US East Coast (NRC, 1999). Whatever response
is taken all can involve the investment of substantial amounts of capital
over time to cover both establishment and ongoing maintenance costs.

|

o
df g

B wr

Figure 1.1: Coastal Erosion at Ohiwa, 1976 (Healy, T.R.)

However it is questionable whether these responses are sustainable in the
long term. Even so many communities see such answers as the only
solution, often because of the high level of investment committed to
development along the coast.

1.2  An Alternative Coastal Management Approach

An alternative response is to develop coastal management strategies that
limit or restrict development namely through the establishment of coastal
hazard zones (CHZ) or development setback lines. The effect of this
approach is to either prevent development occurring at ‘greenfield” sites
in the first instance, or alternatively to act as a mechanism to restrict
further development where existing urban development is under threat
from the sea.

A particular example of this management strategy adopted in New
Zealand for sandy beaches is characterised by Gibb (1981) and Healy
(1980, 1993, 1999, 2002). The semi quantitative model to calculate a coastal
hazard zone (CHZ) typically takes the form of:

CHZ=R+2S,, +X+D (Healy, 1993)
where,

. R is the long term shoreline erosion or accretion rate;
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. S . is the maximum decadel duneline fluctuation as a result of

max

storm cut observed over the past 50 years as a result of sea level

rise;

. D is the dune stability factor; and

. X is the duneline retreat anticipated as a consequence of sea level
rise.

An alternative is to use numerical modelling to forecast beach responses to
changing or extreme environmental conditions. This may be achieved
either by employing a three-dimensional hydrodynamic model such as
3DD (Black, 1995), or alternatively by using two-dimensional empirically
based parametric models that incorporate a sediment transport and
morphologic change component. Models such as EDUNE (Kriebel, 1989)
and SBEACH (Larson and Kraus, 1989) are examples of the latter
representing particular model developments utilising equilibrium beach
profile theory (Bruun 1954, Dean 1977, Kriebel and Dean 1985, and Bodge
1992). In this model beach morphologic change under varying storm
conditions can be predicted to enable the potential for coastal hazard risk
impact to be identified.

Chiu and Dean (1984) document a particular methodology developed for
use in Florida to define the State’s Coastal Construction Control Line
(CCCL). The methodology employs a development of the Dean
parametric equilibrium model to predict beach responses to storm
conditions (Kriebel, 1982, 1989) utilising storm surge and wave input data
provided via numerical finite difference models. This approach is used to
define the “...zone of impact of a one hundred year storm event along the sandy
outer coastline ...of the State of Florida” (Chiu and Dean, 1984). The program
developed to achieve this objective applies seaward of the CCCL with a
twofold purpose being to ensure:

. the protection of the adjacent shoreline; and
. the integrity of structures.

The basis of this approach incorporating concepts of Equilibrium Beach
Profile (EBP) theory is the subject of the research documented in this
thesis, the utility of which will be examined further as the basis for
predicting coastal hazard impacts.

1.3  The Equilibrium Beach Profile Concept

The EBP concept suggests that a beach of specific mean grain size, if
exposed to constant forcing conditions, normally assumed to be short-
period breaking waves, will develop a profile shape which exhibits no net
change over time (Larson, 1991). From the findings of five major studies
Larson suggests that the validity of this concept has been verified through
a large number of wave tank experiments on beach profile change.
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The basic EBP profile is represented by Bruun (1954) and Dean’s (1977)
formula described in the following equation,

y = AxS (1.1)

where x represents the offshore distance measured from Mean Sea Level, y
is water depth and A is the scale factor which has been related to grain
size (Dean 1977, Moore 1982, Dean 1987) and the exponent of 2/3 defines
the profile shape based on uniform energy dissipation per unit volume of
water in the surf zone.

1.4 Thesis Aim

The overall aim of this research is to apply two-dimensional parametric
modelling utilising EBP theory to coastal hazard assessment using profile
and sediment data obtained from the Bay of Plenty coast (see Chapter 2),
New Zealand, and to test its validity in providing alternative inputs to
those used in the semi quantitative techniques (Healy 1980, Gibb, 1981,
Healy and Dean 1999, Healy 2002) described earlier in this chapter, and
widely applied in a New Zealand context. Underlying this are three broad
scale objectives:

1) Investigation of a number of Bay of Plenty beaches to determine how
well the EBP concept characterises these sandy beaches. This analysis
will take into account the effects of sediment variation occurring
within the beach profiles, and will use this information to predict the
equilibrium status of these beaches and their potential to erode or
accrete. In carrying out this work the following specific analyses will
be undertaken:

. determination of representative values of the scale parameter, A,
and the shape parameter, m, for the measured beach profile
using least square analysis;

. evaluation of the relationship between the A parameter and
sediment grain sizes and fall velocities in order to compare these
with the established relationships for grain size (Moore, 1982)
and fall velocity (Dean, 1987); and

. ascertaining the influence of additional terms or alternative
forms of the EBP equation to represent realistic shoreline slopes,
cross-shore grain size variation and shoreline response
characteristics.

2) Application of the EBP concept to an appropriate sea level rise scenario
to predict long-term (50 to 100 year) beach responses to eustatic sea
level change by applying a variation of the basic Dean/Bruun model to
the profiles contained in the Bay of Plenty dataset.
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3) Application of EBP to the prediction of short-term coastline responses
to changes in relevant forcing conditions including tides, storm surge
and wave climate. This has involved the development of various
design storm scenarios for use as input into the Kriebel (1989) model
EDUNE to forecast short term responses to various design storm
events.

The combination of these sets of analyses will then provide input into the
determination of appropriate CHZ models as an alternative to the Healy/
Gibb approach discussed previously.

1.5  Structure of Study

In order to achieve the specific objectives, the study is structured as
follows:

Chapter 2 describes relevant aspects of the Bay of Plenty coastal
environment as background for the study. This includes a description of
the geological-geotectonic setting, historic evidence of eustatic sea level
changes, beach morphodynamics, sediment characteristics, and wave
climate and in particular storm wave characteristics.

Chapter 3 discusses the theoretical concepts involved in the research and
provides a review of relevant research and literature related to the concept
of the Equilibrium Beach Profile and the varying forms applicable to beach
modelling.

Chapter 4 describes the application of the EBP models to beaches in the Bay

of Plenty, involving:

« determination of closure depth as a boundary condition for use in
model analysis of the beach profiles;

+ least square analysis to determine both fit and appropriate parametric
values for modelling the equilibrium status of the beaches;

+ determination of beach equilibrium status using various EBP forms;
and

. implications of equilibrium beach state for forecasting coastal erosion
potential in the Bay of Plenty.

Chapter 5 considers various relative sea level rise scenarios provided by
the Intergovernmental Panel on Climate Change (IPCC) research and local
relative sea level data for application in the Dean EBP model. The model
is then applied to analyse the BOP dataset to establish likely beach
responses and risk of coastal erosion and inundation over the next 100
years.

Chapter 6 considers the application of the Kriebel-Dean (1985) model (E-
Dune) to the BOP beaches as a means of determining beach profile
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response to significant storm events. This work is then utilised to
determine the hazard risk implications for the study area.

Chapter 7 draws together the findings of the research and outlines the
implications of the modeling results for determining CHZs and its
potential application to the Bay of Plenty and other north eastern New
Zealand beaches.



Chapter 2

The Bay of Plenty - Coastal Setting

2.1 Introduction

The Bay of Plenty (BOP) is situated on the northeastern coast of New
Zealand (Figure 2.1). Its general aspect lies towards the north-northeast
and as such it is generally protected from the sequences of anticyclones,
low pressure systems and fronts that regularly cross the country from the
south and west (Healy et al., 1977). However the beaches of the BOP are
susceptible to the effects of intense mid latitude depressions and extra-:
tropical cyclones that can produce strong winds and onshore directed
swells that are often exacerbated during the La Nina phase of the El Nino
Southern Oscillation (ENSO). These conditions are frequently associated
with episodes of beach erosion along this coastal margin (Healy et al.,
1977; de Lange, 2000; de Lange and Gibb, 2000).

Figure 2.1: Bay of Plenty, North Island, N.Z (Source: Microsoft, 1997)
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Healy et al. (1977) have described the Bay of Plenty coast as consisting of a
long curving sandy barrier coastline occasionally broken by sandy inlets,
lagoonal estuaries, and isolated rocky promontories (see Figure 2.2). More
specifically the barrier morphology is formed mainly from Holocene sand
deposits and includes tombolos, barrier spits and islands, and dune ridge
sequences.

Much of the sands forming these features are derived from erosion of the
acid volcanics of the adjacent Taupo Volcanic Zone (TVZ) that have been
transported to and across the shelf at times of lower Pleistocene sea level.
These have been subsequently reworked during the Holocene sea level
rise and transgression and brought to shore under the action of waves and
currents (Harray and Healy, 1978).

The term barrier has been defined by Thom et al. (1978) as “...bodies of
detrital sediment, which rise above present sea level and block off or impound
drainage from the hinterland. Typically they are described as elongate sand bodies
parallel to the shore, and separated from the “mainland” in whole or in part by an
estuary or lagoon, swamp or marsh, or sand or mud flat.”

Four main barrier types have been recognised (Thom et al., 1978), these
being prograded, stationary, receded or episodic transgressive. Prograded
barriers are associated with abundant sediment supply, closely linked to
large hinterland areas, but are also fostered by shallow shelf gradients and
consequent wave energy reduction. Sand accumulation for the
development of the dune system takes place at the beachface and is blown
inland to form low relief foredune ridges typical of many Bay of Plenty
beaches.

Stationary barriers on the other hand are held to be characterised by high
dune ridge complexes often exceeding ten metres in height, but comprised
of relatively few dune ridges. Often the dune ridges have a ‘hummocky’
appearance induced by dune blowouts and transgressive sand movement.

Receded or transgressive barriers are commonly associated with eroding
shorelines and are normally characterised by estuarine, lagoonal and
backbarrier sediments cropping out at the present shoreline (Thom et al.,
1981). Such barriers are often associated with rising sea levels or a shore-
zone deficiency in sand relative to wave energy conditions.

Barrier deposits in the Bay of Plenty have characteristically developed
either as prograded features as in the case of the Rangitaikei and Papamoa
Plains or are currently stationary features such as at Opape where general
foredune development is singular and well developed.

Three main factors have been considered responsible for the evolution of
the current coastline. These are (Healy et al., 1977):
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Figure 2.2: Generalised Geology of the Bay of Plenty (Source: Shaw and Healy, 1962)
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. tectonic warping which influenced the formation of the basins
presently occupied by Tauranga, Maketu, and Ohiwa harbours
(Healy et al., 1977; Shaw and Healy, 1962);

. glacio-eustatic sea level fluctuations that occurred throughout the
Pleistocene and Holocene. This resulted in streams and rivers
dissecting the coastal hinterland and terraces as incised valley
systems, eroding up to a base level during the Pleistocene some 100
- 150m lower than present. Subsequently these valleys have infilled
with sediment and new terraces formed following the most recent
(Holocene) marine transgression (Davies-Colley, 1976).  This
process is ongoing to the present day.

. rapid sedimentation that occurred following sea level rise, which
reached its current approximate level about 6,000 years ago. The
present day coastal geomorphology is dominated by formations
derived from Holocene sands of predominantly rhyolitic origin. It
is believed that these sands were swept onshore in response to the
sea level rise resulting in a rapid progradation of the shoreline
(Harray and Healy, 1978). Progradation is extensive in some
locations with over 9 km being recorded at Whakatane (Pullar and
Selby, 1971)

2.2 Geological Description of the Coastal Bay of Plenty

The BOP is a microtidal embayment formed from a complex sequence of
sedimentary and volcanic deposits. The region’s geo-tectonic setting at
the northeastern end of the Taupo Volcanic Zone has influenced the
morphology of these deposits.

Current topographical forms of the coastal BOP have their origin in the
middle to late Pleistocene. At this time a series of basins were formed by
surface downwarping (Phizacklea, 1993) to create the Opotiki, Maketu,
and Tauranga Basins (see Figure 2.3) and the inclined coastal terraces
typical of the region. The basins have subsequently been infilled with
terrestrial and estuarine volcanoclastic sediments (principally pumiceous)
and non-welded and partially welded distal ignimbrites to influence the
coastline that now characterises the Bay of Plenty and its harbours.
Eustatic-tectonic changes in sea level during the Holocene transgression
have subsequently modified the coastal form through erosion, sediment
transport and deposition.
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Figure 2.3: General Structural Characteristics of the Bay of Plenty (Source:
Phizacklea, 1993)

Whakatane-Opotiki

At Whakatane the Whakatane Graben and its associated faulting dominate
the terrain. This structure formed following massive eruptions from the
TVZ during the Pleistocene, with the last major eruption being that of the
Matahina Ignimbrites (late quaternary) from the vicinity of Tarawera in
the Okataina Volcanic Center (OVC) (Healy, 1967). This huge flow of hot
pumice ash flooded eastward from the OVC across the Kaingaroa Plateau
towards Galatea and down towards the sea. Ash flows continued from
the centre but none were so large as the Matahina flow and have mostly
remained unwelded.

Figure 2.4: Matata Coastal cliffs looking southeastward from
Pikowai. Rotoiti Breccia deposits (Phizacklea, 1993) visible in the

upper cliff face.
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These later pumice flows cover a fan shaped sector from Te Puke to
Kawerau that in some places is up to 150m thick. Collectively these
deposits are known as the Rotoiti Breccias. Exposure of these breccias and
the Matahina Ignimbrite occurs in the sea-cliffs between Matata and
Otamarakau (see Figures 2.4 & 2.5).
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Figure 2.5: Generalised section of the Geology exposed along the Matata-
Otamarakau coast. Inset A) schematic representation of the relative stratigraphy
showing the differences in strata thickness between Matata and Otamarakau, and
B) sketch of the coastal cliff exposures (Source: Phizacklea, 1993 modified from
Healy and Ewart, 1965 and Chappel 1975).

East of the Whakatane Graben, basement Mesozoic greywacke is visible in
the headland and sea cliffs between Whakatane River mouth and Ohope
Beach. The geology of the Whakatane area is shown in Figure 2.8 (Healy,
1967). The greywacke is overlain by marine sandstones laid down in the
mid-Quaternary (Castlecliffian - approximately 500,000 to 1,000,000 years
b.p.). Eastward of Ohope and inland from the coast, the geology is
dominated by the Jurassic-Lower Cretaceous flysch deposits of marine
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sandstones, argillites, conglomerates and massive green volcanic
sandstones of the Urewera greywacke (Healy et al., 1964).

Closer to the coast the greywacke again is overlain by mid-Quaternary
marine sandstones, conglomerates and fluviatile silts sands and gravels.
This section of the Bay of Plenty is located within the North Island Shear
Belt which is a zone of slip-strike faults that extends through the North
Island to the Bay of Plenty to intersect the Whakatane Graben and the
Taupo Volcanic Zone between Te Teko and Opotiki. The Whakatane,
Waimana and Waioeka Rivers flow through this faulted zone following
the north striking faultlines towards the coast. It can be expected that such
geological influences will affect the nature and mineralogy of the sediment
supply to the coast eastward of Ohope Beach.

Figure 2.6: Rangitaiki Plains (progradational) looking eastward over the
Rangitaiki River Mouth towards the Whakatane headland. Cuspate
foreland evident in the lee of Motuhora Island (to left of photograph).

Figure 2.7: Whakatane Headland with Piripai beach and Whakatane spit
and River mouth in the foreground.
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Figure 2.8: Geological Map of the Whakatane District (Source: Healy, 1967).

Major subsidence in the OVC either accompanied or followed the eruption
of the Matahina Ignimbrites (Healy, 1967) forming a large caldera. The
Rotorua basin appears to have drained into this caldera and from there
into the Whakatane Graben to the sea. Since then the eruption of the large
rhyolitic volcanoes of Haroharo and Tarawera have infilled much of this
basin leaving various impounded lakes such as Tarawera, Rotoma and
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Rotoiti. Lake Tarawera formed its outlet via the Tarawera River which
drains into the Whakatane Graben and from there to the BOP coast, while
Lakes Rotoiti and Rotorua drained to the north via the Kaituna River.
Both these rivers and the ancestral Rangitaiki and Whakatane Rivers have
been responsible for the transportation and deposition of significant
volumes of both Okataina and Taupo sourced volcanic material into the
coastal system between Papamoa and Whakatane thus contributing to
significant long term coastal progradation in these areas.

According to Healy (1967) the last big downward movement in the
Whakatane Graben was not merely the result of a collapse of the floor of
the graben. There is evidence that the high block on the west has been
tilted upwards right out to White Island, as indicated by the bathymetry,
with White Island resting on a submarine ridge known as the Rurima
Ridge (Shaw and Healy, 1962; Wright, 1989). Much of this ridge has been
subsequently removed by sea erosion leaving the high cliffs west of
Matata (a source of sediment for the beach systems in this locality) and a
shallow sea extending out to the Rurima Rocks as its sole remnant. This
ridge appears to demarcate the upthrown western margin of the
Whakatane Graben (Nairn and Beanland, 1989) while the Motuhora Scarp
and the eastern arm of the White Island Trench define its eastern
boundary.

Uplift at the margins of the graben is demonstrated by the presence of the
Quaternary marine sediments (Castlecliffian) at considerable elevations
(+300 m) above present day sea level on the western margin between
Manawahe and Matata, and interglacial sediments on the eastern margin
at Whakatane at elevations of 60 m. This indicates uplift rates of between
0.9 and 1.7 mm/year as a minimum (Nairn and Beanland, 1989) for the
western margin compared to 0.5 mm/year for the eastern margin, while
secular rates of subsidence within the graben based on shallow
stratigraphic analysis are 2-3 mm/year (Pullar, 1983). When both
subsidence and uplift are combined for the western margin of the graben
then the total displacement over the last 0.3 Ma is 1.9 mm/year (Nairn and
Beanland, 1989). This uplift helps to explain the sediment deposition
occurring at the foot of the cliffs west of Maketu through to Otamarakau.

The Whakatane River is the largest river in the Whakatane-Ohope Beach
region. Healy et al. (1977) describe the morphology of its mouth as a spit
lagoon backed by a small dynamic estuary. The Whakatane Spit that
bounds the estuary to the north is approximately 800m long. The basal
end contains remnant ridges of Holocene parabolic dunes while the distal
end is flat and shows signs of having been overtopped by waves during
storm events (Healy, 1983; Saunders, 1999). Several authors have noted
that the spit orientation towards the east with the Whakatane River mouth
forced against Kohi Point, reflects the dominant littoral drift direction of
the area (Healy, 1978, 1980, 1983; Gibb 1994; Hodges and Deely 1997).

UMIVERSITY OF Voo
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The Matata-Kohi Point beach system of the Whakatane Graben (which
includes Piripai Beach) is an accretionary feature that continues to advance
seaward due to the surplus of material fed into the littoral system by the
Rangitaiki and Tarawera Rivers despite the long term subsidence
occurring within the graben. Saunders (1999) notes that Piripai beach
exhibits a healthy berm and the presence of nearshore bars. The beach
profiles tend to be steeper than the beaches located further to the east and
the sand is coarser reflecting a more recent and direct volcanic source
(Saunders, 1999).

To the east Ohope Beach forms a curvilinear feature with a general
northeast aspect. The beach tends to be wide and flat at its western end
with a distinct absence of dunes and berms fitting the morphodynamic
characteristics of an eroded dissipative beach (Wright and Short, 1984).
The beach tends to steepen further towards the east developing barred or
multiple barred profile characteristics (Healy, 1978; Saunders, 1999).

Ohope Spit is a 6km long spit that forms the western extension of Ohope
Beach. This spit partially encloses Ohiwa Harbour, a 24 km® barrier
enclosed lagoon (Richmond, Nelson and Healy, 1984). The spit is formed
from a series of well-vegetated transverse parabolic dunes that curve
towards the harbour at their distal end (Saunders 1999). A much smaller
spit (Ohiwa Spit) forms the harbours’ eastern enclosure (Figure 2.9).

Figure 2.9: Photo looking East from the distal end of the Ohope Spit
towards Ohiwa. Ohiwa Harbour and Spit to right and centre.

Ohiwa Spit has experienced periods of severe erosion over the last 100-150
years (Gibb, 1977, Saunders 1999). Hodges and Deeley (1997) determined
that historical shifts in the position of Ohope Spit have generally been
accompanied by migration of Ohiwa Spit, with recent erosion of Ohope
Spit being reflected in progradation of the spit at Ohiwa.
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Between Opape and Ohiwa the beaches consist of a mixture of barrier
spits, coastal plains and narrow beaches abutting against steep cliffs
(Healy et al, 1977). They noted that the beaches in this section of the coast
were different from the rest of the Bay of Plenty study area in that they
had a lower berm face angle and a broader profile width of 80 to 100m.

Further to the west Phizacklea (1993) identified three basic physiographic
units along the 34km coastline between Maketu and the Tarawera River.
The first of these units is Town Point, Maketu, a rock-strewn promontory
bounded to the east and west by the Waihi and Maketu Estuaries. To the
southeast of Town Point, Pukehina Beach encloses the Waihi Estuary. The
beach is a narrow barrier spit (Phizacklea, 1993) consisting of late
Holocene volcanic sands (Healy et al, 1977) the morphology of which has
been significantly modified by residential subdivision. It is also
susceptible to erosion and this poses a potential threat to some of the
housing development that has encroached onto the foredune.

The coast east of Pukehina consists of a narrow sandy strip backed by
cliffs cut into Pleistocene terraces composed predominantly of poorly
compacted Rotoiti Breccia (Healy et al, 1964), Matahina Ignimbrite and
marine sandstones in the Matata area (Phizacklea, 1993). Between
Pukehina Redoubt and Otamarakau, there is limited frontal dune
development, and the cliff is actively eroding in parts. Observations
suggest that the beaches fronting the cliffs in this sector are merely a
veneer and are cut down to a shore platform during major storm events
(Healy pers com.). The removal of beach sands by diabathic exchange
during storms will expose the cliffs to further erosion thus contributing
additional sediment to the littoral system. In contrast the beach between
Otamarakau and Matata features a broad dune ridge that separates the
beach from the cliffs behind. Several small streams and rivers dissect this
ridge and small lagoons and coastal swamps characterise the area.

The 18 km of coastline from the Tarawera River mouth to the Waitahanui
Stream at Otamarakau is dissected by six major streams. In the south of
this section where development is minimal the dune system is largely
intact (Phizacklea, 1993). Phizacklea notes that sand mining around the
Matata lagoon prior to 1986 caused moderate dune modification while
closer to Otamarakau the dune system is healthy and well vegetated. The
area has been subject to investigation by NIWA as part of baseline studies
to determine coastal erosion/accretion (Phizacklea, 1993).

Maketu -Tauranga

In the Maketu-Tauranga area (i.e. within the Tauranga Basin) the geology
is dominated by the presence of Pleistocene pyroclastic flow deposits,
volcanoclastic and volcanogenic (reworked fluviatile and lacustrine
deposits) material and airfall ashes which underlie the gently sloping
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terraces that surround the Tauranga Harbour. This volcanic material is
predominantly rhyolitic including rhyolitic lavas, ignimbrites and tephras
with occasional material of dacite, basalt and andesite origin (Briggs et al,
1996). A generalised stratigraphic column is shown in Figure 2.11 (Briggs
et al, 1996). Airfall ashes or tephra from the TVZ also predominates in the
surface features.

GENERALISED STRATIGRAPHY OF THE TAURANGA REGION

— Age
.2 - Holocene alluvium and dunes
-l Holocene and Late Pleistocene <50 ka
S -] tephras
20272 Rotoehu Ash > ¢.50 ka
Eé:-"'f?f?;;‘ Mamaku Ignimbrite 0.22 Ma
Eéff’:'é?i’-'ﬁ Waimakariri ignimbrite ?
. :0..'0.
—] Hamilton Ash 0.35 Ma - c.0.1 Ma
';'o.‘f-‘?:_ o Te Ranga Ignimbrite ?
-2: %% Te Puna Ignimbrite >0.78 Ma
°0°. a0
2% 4] Ongatiti Ignimbrite 1.21 Ma
R
'°::J Papamoa Ignimbrite ?
Bl Pahoia Tephras 2.18 Ma - 0.35 Ma
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(fluviatile sands and _
gravels, lignites, estuarine C-2 Ma - ¢. 50 ka
sands, lacustrine silts)
%-2.%| Waiteariki Ignimbrite 2.18 - 2.13 Ma
’ \\_\\.. 7| Kopukairua Dacite ?
t \\' Matakana Basalt ?
>.” »* | Minden Rhyolite 2.36 - 2.28 Ma
YUy : Otawa Volcanics 2.95 - 2.54 Ma

Figure 2.11: Generalised Stratigraphy of the Tauranga Area (Source: Briggs et al,
1996)

As described by Briggs et al. (1996) the Tauranga Basin is a Pleistocene
fluvial-estuarine basin which was partially infilled during rapid
subsidence caused after the eruption of the Waiteariki Ignimbrite (Brigg et
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al., 1997). The material is comprised mainly of volcanoclastic sediments,
airfall tephras and welded or partially welded ignimbrites. The basin is
flanked to the west and south by the Kaimai Ranges, the Whakamarama
Plateau, and the Mamaku Plateau, the latter two structures being formed
from Pliocene and Pleistocene ignimbrite sheets, while the Kaimai Range
is an upfaulted block of basaltic to rhyolite volcanoes of Miocene age (see
Figure 2.12).
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Figure 2.12: Map showing the main physiographic features of the Tauranga area
(Source: Briggs et al, 1996)

Several Pleistocene volcanic domes occur in the Tauranga region and these
form prominent features within the landscape. The rhyolitic dome of Mt
Maunganui (252 m) provides a steep conspicuous landmark at the eastern
entrance to Tauranga Harbour and it is connected to Papamoa by a
tombolo formed of dune ridges with thin peaty layers intercalated with
thin airfall tephras (post Rotoehu ashes derived from the OVC <50ka).
Other coastal rhyolitic features include Mt Drury, Bowentown (like Mt
Maunganui a tombolo connected to Waihi Beach by a sequence of
Holocene dune ridges) and the erosional remnants of lavas from Mt
Maunganui that form the islands of Moturiki and Motuotau.

Briggs et al. (1996) note evidence of volcanic subsidence in the Aongatete
district associated with possible caldera formation in the Pliocene as
indicated by a negative gravity anomaly identified in the area. This may
be part of a wider downwarping associated with the offshore Ngatoro
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Basin as suggested by Cole (1978). Schofield (1968) has concluded from
the levels of rock carvings at Ongare Point that coastal sea level was
approximately 0.46-0.76 m below present levels 200 years ago, indicating a
subsidence/relative sea level change rate of between 2 mm and 4 mm/yr.
These rates are consistent with those determined by Abrahamson (1987)
from investigation of the Rotoehu Ash covered Pleistocene dunes at
Bowentown/Pios Point.

Figure 2.13: Aerial view of Papamoa Beach looking eastward over Te
Puke lowlands.

The 40 km stretch of coast from Maketu to Mount Maunganui is a
relatively wide zone of Holocene sandy progradation (Healy et al., 1977;
Wigley, 1990). The feature reflects the progressive development of a series
of shorelines that evolved successively over the 6500 years (Wigley, 1990)
since the time of the Holocene transgression. As a consequence the Te
Puke lowlands represent the mature stage of a barrier estuary (Wigley,
1990) that infilled behind the prograding beach ridges (Figure 2.13). A
convex seaward bulge in an otherwise concave coastal planform occurs
around Papamoa. Healy et al. (1977) considers that this cuspate foreland is
developing as a result of long wave refraction around Motiti Island.

Beach profiles in this section of the Bay of Plenty are relatively steep and
can be characterised generally as being narrow with poor back beach
development (Figure 2.14). However this can vary quite significantly as
noted by Healy et al.(1977). Analysis by Healy et al. (1977), Gibb (1994),
Hodges and Dealy (1997) indicates that the beaches are subject to cyclical
erosion events with the frontal dune complex periodically exhibiting a
strongly faceted foredune that is subject to blowouts.
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Figure 2.14: View of Beachfront development at Mt Maunganui East
showing narrow beach and foredune development. Photo taken at
High Tide.

Matakana Island is a 24 km long barrier island composed predominantly
of Holocene sands (Healy, 1977). Healy (1977) describes the island as
consisting of 20-30 dune ridges aligned parallel to the shoreline. These
ridges show marked recurvature at both ends indicating that the island
has grown longitudinally during the late Holocene towards the headlands
of Bowentown in the north and Mt Maunganui in the south.

Panepane Point at the southern end of Matakana Island marks the
entrance to Tauranga Harbour. This point has undergone both erosion
and progradation during historic times. Analysis of survey records and
hydrological charts has shown that Panepane Point has prograded by over
500m between 1852 and 1954 (Healy, 1977). However between 1954 and
1972 the point eroded back again by 100m (Healy, 1976).

The island in plan-form is gently curved with two cuspate bulges at its
northern and southern ends (Figure 2.15). Healy (1977) considers that
both of these features are related to the adjacent ebb tidal deltas at
Bowentown and Matakana Bank. In 1977 Healy described the Matakana
beaches as varying from a relatively wide flat beach with a large back
beach area in the north, to a narrow steep beach in the south. All beaches
showed evidence of cyclical episodes of erosion and accretion typical of
open coast barrier beaches (Bradshaw, 1991).
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The coastline from Waihi Beach to Bowentown Head consists of a 9km
curvilinear barrier beach attached as a tombolo to Bowentown Head. To
the northwest of Waihi Beach the coastline is marked by a rocky stretch
that reflects the proximity of the Coromandel Ranges (Michels and Healy,
1998). The Waihi headland represents what is considered to be the
northern limit of the Bay of Plenty littoral system (Healy, 1980). Bradshaw
(1991) considered both Waihi Beach and Matakana Island to be
transgressive features that have migrated to their present positions from
further offshore where they formed during lower stillstands.

Figure 2.15: Aerial view of Matakana Island looking Southeastward
toward Panepane Point with a cuspate bulge in the shoreline showing
opposite Matakana Bank at left.

Waihi Beach’s position appears to have changed little in historic time
although fluctuations of up 90m in shoreline position have been recorded
from cadastral surveys and aerial photographs (Harray, 1976; Gibb, 1994,
1997; Hicks et al., 1999). The duneline between Waihi and Bowentown
Heads shows irregular traits characterised by large arcuate embayment
features that vary in length between 800 and 2500 m and a “depth” of up
to 140m (Stephens et al, 1999). Wave refraction over irregular offshore
bathymetry rather than infragravity wave effects is thought to be the
major contributor to this periodicity (Stephens, 1996).

Waihi beach is comprised of fine to medium beach sands however sand
adjacent to the Katikati delta is noticeably coarser than elsewhere (Hicks et
al., 1999) on the beach. Sub tidal profile morphology consists of an upper
shoreface out to a depth of -5 to -8m below MSL, a lower shoreface from -
8m out to a depth of approximately —20m and an inner continental shelf
from -20m out about -50m (Gibb and Reinen-Hamill 1997; Hume and
Hicks, 1993). The Katikati ebb tidal delta located offshore from
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Bowentown Head overlies both the upper and lower shoreface (Gibb &
Reinen-Hamill, 1997).

Figure 2.16: View of Waihi Beach showing relatively flat dissipative
beach with minimal foredune development.

This delta is considered by Hicks et al.(1999) to substantially influence the
morphology of Waihi Beach and Matakana Island by regulating the
sediment supply to the beach littoral system through a mechanism that
appears cyclical at both the multi, quasi and inter annual timescales. The
‘near field” mechanism itself results from processes related to wave
sheltering, localised wave focussing, scour by flood-tidal channels, bar
migration and welding, and divergence in the longshore transport due to
refraction. Hicks et al. (1999) consider that these processes combine over
timescales of several years to produce a superposition of positionally
fixed, migrating, and transient shore features.

In the ‘far field’ (i.e. away from the influence of the ebb tidal delta) beach
change at Waihi is speculated to be associated with storm waves and
cross-shore sand transport (Hicks et al., 1999). However despite this the
longshore transport regime also induced changes, albeit with different
mechanisms dominating the effect on either side of the tidal inlet (Hicks et
al., 1997). On Waihi Beach the inter annual reversals in the net regional
longshore transport potential (based on a short term dataset) are thought
to be driven by climate cycling which appear to induce sand ‘sloshing’
between Waihi and Bowentown Heads. It is argued that this can cause
subtle pivoting in the orientation of the shoreline over inter-annual
timescales.

On Matakana Island Hicks et al. (1997) interpreted a weak trend of net
sand loss superimposed on storm swell induced changes. Net sand losses
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appeared to be associated with episodes of intense westward transport
resulting in sand being pumped into the inlet and from there onto the
Katikati ebb tidal delta where it is effectively locked up until sand bar
migration can return sediment to the beach system. This means that
erosion can accumulate on the beaches for several years before a sand slug
is released and sand accumulation can begin again on the Matakana Island
beaches.

2.3 Eustatic Changes

Large-scale sea level changes have had a dramatic influence on the
development of Bay of Plenty coastal morphology over recent and
geologic timeframes. This influence continues today with ongoing climate
and tectonic deformation induced sea level change occurring within both a
regional and worldwide context. An understanding of this context is
required for two reasons:

. To recognise the forcing mechanisms behind contemporary coastal
form developed over the Quaternary and in particular the
Holocene, so that this can be recognised in scenario development
for use in beach response modeling to predict the effects of sea level
rise; and

. Secondly to use this information to assist in the interpretation of the
beach response modeling results.

The Bay of Plenty coast is subject to worldwide and regional influences.
At a worldwide scale such change is often referred to in the literature as
eustatic change. Tooley (1993) has defined eustasy as a ‘world wide
change in sea level’. This followed from a definition of eustasy as ‘the
world-wide sea level regime and its fluctuations, caused by absolute
changes in the quantity of sea water’ (NB definition of uniform sea level
rise has been challenged as a consequence of the empirical discovery of
deformations in geoid relief - in Tooley 1993).

Donovan and Jones (1979) have described several possible causes of global
sea level change, whereas Fairbridge (1961) identified four categories that
will effect the eustatic sea level. These are:

. Tectono-eustasy, resulting in worldwide sea level change caused by
the deformation of basins.

. Sedimento-eustasy resulting in a sea level change controlled by the
addition of sediments of either pelagic or terrigenous origin.

. Glacial eustasy involving sea level change by addition or
subtraction of water from the oceans through glacial storage.

. Steric change due to an expansion/contraction of seawater

producing a consequential change in sea level caused by changes in
temperature, density, or salinity.
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Morner (1987) summarised the eustatic variables into a table (Table 2.1).
He also redefined eustasy as being absolute sea level change from
whatever cause including both vertical and horizontal displacement from
either geoid changes (caused for example by tectonic-gravity distortion),
or dynamic change such as that caused by meteorological/climatic
conditions.
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Table 2.1 - Summary of the Eustatic Variables According to the new definition of
eustasy as ocean-level changes (Source: Tooley, 1993 after Morner, 1987)

Moérner (1987) concluded that sea level changes could no longer be
regarded as global phenomena that occur simultaneously or in parallel on
a worldwide basis. Because of this he claims that it is necessary to define
regional eustatic curves that can then be compared to others to resolve
problems of crustal and mantle behaviour. Morner (1976) drew particular
attention to the geoid and its variation in shape over space and time and
considered the implications of this on the registration of sea level in
various parts of the world.

Gibb (1986) has developed a Regional Holocene Eustatic Sea Level Curve
for determining vertical tectonic movement within New Zealand (Figure
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2.17). Gibb’s work defined regional eustasy as a time-dependent uniform
change in sea level rise around the coast of New Zealand, regardless of
causation. He assumed that changes in water density and circulation
around the coast have remained constant for the Holocene. This would
mean that eustatic sea levels recorded at various tectonically stable coastal
sites would lie within decimeters of each other. Gibb based this
assumption on steric levelling work carried out by Heath (1982) to
compare dynamic height variance of the sea surface off of the West Coast.
This work found that sea surface change varied by between 0.04 to 0.07 m
toward Cook Strait from North Cape and Bluff over a distance of 1300 km.
The result of Gibb’s (1986) work using evidence sourced from a range of
physical evidence including beach and chenier ridges, estuarine shell beds,
and ‘organic’ shoreline deposits, suggests that culmination of the last
marine transgression occurred at present sea level approximately
6.500£0.1 ka (uncorrected "“C dating).
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Figure 2.17: New Zealand regional sea-level curve relative to the present sea level
compiled from eight sites. Symbols represent data from each site and bracketed
values are tectonic uplift (positive values) and downdrop (negative values) rates in
metres per 1000 years (m/ka). (Source: Gibb, |.G, 1986)

Since that time minor fluctuations of sea level in the order of decimeters
have occurred around the New Zealand coast. Gibb’s analysis suggests
that a stillstand occurred between 6.5 to 5ka followed by an apparent
regression (-0.4 m) between 5 to 4.5ka and a minor transgression (+0.6-0.9
m) from 4.5 ka to 3.5 ka. Since then sea level appears to have dropped to
roughly present day levels. However Hannah’s (1990) analysis of tide
gauge records indicates sea level rise rates on the East Coast of 1.7mm/yr
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over the last century and that this is consistent with eustatic changes
observed elsewhere in the world.

One of the advantages of Gibb’s work in defining a regional sea level
curve is that it allows a graphical determination of tectonic uplift at other
sites as compared to the reference sites described in his paper. Analysis of
the data recorded for the nearest site to the Bay of Plenty coast (Miranda
on the Firth of Thames) suggests tectonic uplifts in the order of 0.1 m/ka.
This is approximately an order of magnitude less than that occurring at
Whakatane where rates of approximately 2 m/ka have been identified
both as subsidence and uplift within and marginal to the graben (Pullar,
1983; Nairn and Beanland, 1989).

However very little work appears to have been done to link geoid -
spheroid determinations in New Zealand to vertical survey datum so that
geologic evidence can be related to and verified by modern geodetic data.
As a consequence it is difficult to assess in precise terms modern sea level
changes that may be occurring around New Zealand’s coast. It is also
impossible to separate tectonic and eustatic components (e.g. from global
warming) of sea level rise from information provided from tide gauge
analysis (Hannah, 1988). It is understood that this situation is currently
being addressed in a joint project between IGNS and the University of
Otago using high accuracy GPS surveys.

Despite this lack of geodetic information on tectonic eustatic sea level
change rates in New Zealand it is possible to describe a conceptual model
for Bay of Plenty sea level changes and sedimentation over the
Pleistocene-Holocene from geological evidence (Abrahamson, 1987) as a
prelude to scenario development for coastal erosion prediction.

BoP Coastal Sedimentation in relation to late Holocene Average Sea Level (ASL)

The Pleistocene epoch represents the age of recent glaciation extending
back over a period of approximately 1.6 Ma. During this epoch the world
experienced a series of cold glacial periods which resulted in major
fluctuations of sea level. At times the sea level has been considerably
lower than today while at other times levels have been well above.
Erosion of the hinterland during the intervening periods of high sea level
has resulted in the formation of the marine sandstones deposited in the
Castlecliffian Stage (approximately 500,000-1,000,000 yrs b.p.) and
progradation of the Rangitaiki Plains at Whakatane and the coastal plains
surrounding Te Puke between Ohinepanea and Papamoa.

In New Zealand the culmination of the postglacial marine transgression is
well documented near 6.5 k.y. as described previously and shown in
Figure 2.7 (Gibb, 1986; Abrahamson, 1987,). Evidence from the east coast
of the South Island and the Great Barrier Reef in Australia (Carter et al.,
1986) is consistent with Gibb’s (1986) work indicating that the postglacial
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transgression in the southwest Pacific was episodic, comprising major
stillstands punctuated by rapid rises in sea level. Locally Marks and
Nelson (1979) and Pullar and Selby (1971) suggest that sea level was
perhaps 2-3m higher than present sea level about 5ky b.p. with variations
from this being attributed to local tectonic conditions, in contrast to the
scenario argued by Gibb (1986) who would attribute such results as being
affected by local tectonic movements.

Based on the work of Carter et al. (1986) and Gibb (1986) the shoreline
started to migrate to its present position from its lowstand position at
about 20-18 ky b.p. (-110 to 150 m below present sea level) in a series of
steps identified at depths and likely ages of —113 m (18 ky b.p); -86 m (17
ky b.p.); -75 m (15 ky b.p.); -56 m (12 ky b.p.); -46 m (11 ky b.p.); -28 m (9.5
ky b.p.); 24 m (9 ky b.p.); and 9 m (7.5 ky b.p.) before finally stabilising at
about its present day level around 6.5 ky b.p.

As sea level rose over the late Pleistocene and early to middle Holocene,
drowned valleys and gullies eroded into the underlying sediments and
volcanics deposited during the last glacial period (70-18ky b.p.) were
infilled by mobilised inner shelf sands. This produced what is thought to
be a series of barrier formations at major stillstands (Carter et al 1986; Gibb
1986) with some barrier features possibly buried beneath the modern sand
wedge on the New Zealand inner shelf (Gibb, 1986). Additional material
was added into the system around this time from the tephra deposits
derived from volcanic eruptions in the TVC (see Section 2.2 above).

Holocene Progradation Rates in the BoP

Australian studies have indicated that at the cessation of the marine
transgression, coastal embayments generally reacted rapidly (dependent
on the energy regime, the shelf configuration, and sediment supply) to the
disequilibrium produced in the transgressed surface. In the Bay of Plenty
and Coromandel tephra-chronological evidence suggests that coastal
progradation commenced between 4600 and 6000 years ago (Abrahamson
1987; Munro 1997). However progradation appears to have been initiated
earlier in areas such as the Rangitaiki Plains (8000yrs b.p. - Pullar and
Selby, 1971) where large volumes of volcanic material erupted from the
TVC appears to have affected the equilibrium balance of the shoreface.

Pullar and Selby (1971) indicated that the rates of progradation on the
Rangitaiki Plains have varied from an averaged 0.5 to 0.7 m/yr before the
Tarawera eruption (1886A.D.) to about 1.3 m/yr in the period since. In
addition Pullar and Selby (1971) noted that the foreshore planimetric form
along the Rangitaiki Plains appears to have changed from a concave to a
convex profile since the Taupo pumice eruption of 131A.D.

Investigations by Wigley (1990) and Abrahamson (1987) on Papamoa and
Coromandel beaches indicate progradation rates varying from 0.06 m to
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0.5 m /year over the last 6500 years for East Coromandel Beaches
(Abrahamson, 1987,p183) with initial rates averaging 0.5 m/year during
the early stages of the Holocene stillstand slowing to 0.2 m/yr since the
Taupo eruption for Papamoa Beaches (Wigley, 1990). Over the last one
hundred years Wigley (1990) estimates that progradation on the Papamoa
beaches has been influenced by human settlement with additional
sediment loading occurring in the Kaituna River due to land clearance
resulting in the shoreline advancing approximately 50 m in the last 100
years.

2.4 Sediment Characteristics of the Bay of Plenty Nearshore Zone

Davies-Colley (1976), Healy et al. (1977), Healy (1978), Richmond (1977),
Burton (1978), Dahm (1983), Phizacklea (1993), Munro (1994), Saunders
(1999), Easton (2002) describe the various sediment characteristics of beach
sand found in the Bay of Plenty. Healy et al. (1977) carried out a bulk
analysis of sediment samples obtained during the Coastal Erosion Survey
of the Bay of Plenty incorporating sampling from all beaches between
Opape and Waihi Beach. In summary this work found that:

. the mineralogy was consistent with sediments sourced from
rhyolite, ignimbrite and volcanic ash deposits originating from the
Okataina and Taupo volcanic centres;

. there is a predominance of quartz and volcanic glass, although
feldspars and heavy minerals are present;
. further work was required to analyse the mineralogy and textural

distribution of the sediments found in the offshore zone and in
adjoining rivers before the origin of sediments could be confirmed
(Healy et al.,1977).

Healy (1978) carried out further analysis on sediment characteristics of the
Rangitaiki Plains foreshore and river sands. The results of this work
showed that:

. there is a large input of volcanic glass and alkaline feldspar from the
Tarawera River. Further the presence of rhyolitic glass confirmed a
localised origin for the sediment;

. the mineral ratios, especially of Feldspar:Glass and Quartz:Glass
provide a good indication of the transport mechanism involved.
That is the presence of glass indicates rapid transport to the coast
where its concentration can be used to determine the catchment
origin drift patterns (i.e. glass is soft and weathers very rapidly in
the coastal environment under the action of waves;

. the presence of amphiboles such as hornblende and cummingtonite
not only indicate an acid- intermediate volcanic origin consistent
with the Bay of Plenty’s location in the TVZ but cummingtonite in
particular can be used as a natural tracer to determine sediment
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movement patterns in the coastal zone. These sediment patterns are
shown in Figure 2.18 (Healy, 1978).

. Sediment size analysis based on the sampling regime indicates that
significant sediment supply is contributed from all three major
rivers flowing through the Rangitaiki Plains and that there is a net
littoral drift to the east. Analysis of the sediment sizes of samples
from the Whakatane River indicates that the finer fraction moves
around the Whakatane Heads and onto Ohope Beach to contribute
to the Ohope Spit while the coarser material remains near to the
river mouth. However there appears to be a localised movement of
sediment to the west caused by refraction of waves that contributes
to the formation of cusps in the lea of Motuhora (Whale) and
Rurima Islands.
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Figure 2.18: Sediment Drift Dynamics for the Rangitaiki foreshore (Source: Healy
1977)

Saunders (1999) analysed sediment distribution characteristics at West
End, Ohope. No mineralogical analysis was attempted, but grain size
distribution was assessed and various models applied to explain the
mechanisms for sand distribution. The relevant findings are summarised
as follows:

. Ohope Beach demonstrates a seaward fining of sediments similar to
that found by Bradshaw (1992) for beaches in the Western Bay of
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Plenty with the fining progression considered typical of barrier spit
beaches ;

. All samples collected offshore Ohope Beach were fine sand, with a
band of very fine sand occurring between 10 and 15 m, which
reached its most landward position off Kohi Point;

. Sands collected offshore of Piripai beach were medium to coarse,
although by 10 m depth this had progressed to fine sands. The cusp
extension in a northerly direction suggests that coarser material
from the Whakatane River is settling out in the lee of Moutohora
Island;

. Local sorting characteristics of the sediment follows the grain size
distribution with sorting becoming poorer with increasing depth,
with very well sorted sediments found at the beach and very poorly
sorted sediments at the 30m depth contour;

. A sharp transition occurs from moderately well sorted to poorly
sorted sediments between 15 m and 20 m depth which Saunders
(1999) considered to be indicative of the approximate seaward limit
of active sediment transport under observed ambient wave
conditions;

. Littoral drift is not likely to be the dominant sediment transport
process along Ohope Beach although this will vary according to the
frequency of large wave events. However an easterly littoral drift
does contribute to a significant annual loss of sediment out of the
Ohope cell (i.e. towards Ohiwa). Saunders (1999) noted a net
annual loss from the beach of approximately 29,000 m’,a significant
component of which is due to longshore transport in the surf zone;

. Diabathic exchange during storms where H, >3.5 m were capable of
entraining up to 13.04 m’/m/day offshore whereas onshore
movements of between 0.01 and 0.22 m’/m/day were measured
during low energy or low onshore directed swell conditions;

. A conceptual model is proposed involving two counter rotational
eddies offshore of the Whakatane Inlet and an easterly drift pattern
along Ohope Beach towards Ohiwa. Westerly flows offshore of
Kohi Point were correlated with an aerial photo of a large eddy
offshore of Kohi Point. This has been implicated as a sand
bypassing mechanism for Kohi Point while the westerly located
counter clockwise eddy enhances distribution of sediment to Piripai
Beach and the Whakatane Spit (see Figure 2.19).

Richmond (1977) analysed the sediment characteristics of samples taken
within the Ohiwa harbour catchment and on Ohiwa Spit and found that
volcanic glass dominated the mineral assemblage followed by feldspar
and quartz. It is claimed that the high feldspar to quartz ratio and
ferromagnesian mineral assemblage and high volcanic glass plus pumice
indicates a volcanic heritage for the mineralogy. Richmond (1977)
considers that the most obvious sources are the thick tephra cover that
mantles most of the Ohiwa catchment and the littoral zone.
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Figure 2.19: Conceptual model of sediment dynamics in the Whakatane-Ohope
Beach Region. Bathymetry in metres (Saunders, 1999)

Phizacklea (1993) carried out an assessment of sediment composition for
samples obtained from sites located between Pukehina and Matata. From
this he concluded that light minerals constitute between 92 and 98% of
beach sediments with heavy minerals constituting between 02 and 5.6% of
the mineral assemblage and biogenic sourced carbonate material making
up the balance. Phizacklea concludes that this mineralogy reflects the
high input of quartzo-felspathic sediments derived from the Okataina
volcanic centre.

Bradshaw (1991) carried out textural and mineralogical sediment analyses
at Waihi Beach as part of a broader study of nearshore and inner shelf
sedimentation of the Eastern Coromandel coast. Textural analysis
indicated that fine-medium grained modern barrier spit beach sands
appear to be supplied to some extent from their adjacent river catchments
and that these have been reworked from adjacent lower and nearshore
deposits.

Mineralogical examination of barrier and related fluvial deposits
confirmed these conclusions. Two possible provenances are suggested
based on abundance of volcanic glass, hypersthene, pyroxene and
hornblende. This along with traces of biotite, zircon and apatite suggest a
terrigenous source derived either from local catchments and harbours of
the Coromandel Peninsula (cf. Kaimai and Minden Rhyolite Subgroups -
Edbrooke, 2001) and/or from northward transport of sediments deposited
by rivers draining the Taupo Volcanic Zone (Bradshaw, 1991).
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From this work, longshore sediment transport in the Bay of Plenty
appears to exist at two levels. Overlying everything is a general
southeasterly drift of sediment along the coast. This is indicated by the
orientation of the spits, harbour entrances, channels and ebb tidal deltas.
However superimposed on this are patterns of localised sedimentary cells
that distribute sediment within the littoral zone in a manner that is often
in opposition to this regional trend. An example of this occurs at
Pukehina where the spit and littoral drift orientation is to the northwest
(Phizacklea, 1993).

2.5 Beach Morphodynamics: Theories and Concepts of Sediment
Transport and Beach Classification and their application to Bay of
Plenty beaches

The morphology of a beach is the result of the interaction of a number of
complex processes that can be seen principally as a function of:

. sediment source;

. sediment budget;

. wave height, which controls wave run up and energy impact on the
beach face;

. wave period, which controls the rate at which the beach receives
energy; and

. sediment size, which influences sediment transport and beach slope.

(Paton, 1993, Short, 1987, Wright and Short, 1984 & 1983,).

Changes to any one of these parameters can result in beach
morphodynamic adjustment in response to changes in the forcing
conditions acting at the time. A beach can therefore develop a modal form
over time in response to these ambient conditions.

Several beach descriptive morphological models have been developed to
classify beach types and to explain and predict changes in beach state
between fully eroded and accreted end points. The Wright and Short
(1983) model is discussed below as a prelude to completing the
morphological description of the beaches included in this study.

2.5.1 Descriptive Beach State Models — Application to the Bay of Plenty

The Wright and Short (1983) model is a morphological system that
classifies beaches into six beach states (see Figure 2.20) by combining
factors associated with wave energy, period, and sediment size. Each of
these beach states has a characteristic dominant beach-surf zone
morphology and associated hydrodynamics (Paton, 1993). The beach
states range from dissipative to reflective with four associated
intermediate types included in the classification system.
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The model is derived from work carried out by these authors on eastern
and southeastern beaches of the Australian coast. Two measurement
parameters have been used to assist in the determination of the particular
beach classification. These are the Dean’s parameter, Q, (Dean, 1973) and
the surf scaling parameter, € (Guza and Inman, 1975) where,

Q=2 2.1
0T 2.1)
€= a,0* /(gtan® §) 22)

and H, is the breaking wave height (m), w, is the mean sediment fall
velocity (m/s), T is the wave period (s), 4,is the breaker amplitude (i.e. =
H,/2), « is the incident wave radiation frequency (2n/T), g is the
acceleration due to gravity, and fis the beach/surf zone gradient which is
undefined but appears to be dependent on beach type and the respective
width of the active surf zone.

The Dean’s parameter (Q2) has been used by various researchers (Dean,
1973; Wright and Short 1984, Short 1987) to help determine offshore and
onshore sediment movement under varying wave and sediment
conditions. Wright and Short (1984) used both Q and ¢ to help delineate
the six different beach states noted in their model (Fulton, 1991).

HICH

BREAKER WAVE HEIGHT (HD)

| +— row — —=|~——moberaTE — ,,I-A,,

‘REFLECTIVE (A<1)
T .L 'y . N ET ) H e T D 4
2 1 ) 1 2 3 ] 0

0 2.0 1.0 0.50 0.25 0.125  0.064 mm _,
3 0.182 0.11  0.066 0.0405 0.024  0.0145 m sec

GRAIN DIAMETER AND FALL VELOCITY
Figure 2.21: Plot of Threshold Values for £ = 1 (solid line) and 2 = 6 (dashed
line) for wave periods of 4,6,8,10, 12 and 14 seconds. Dissipative conditions
prevail when £ = 6; intermediate, 2 = 1.6; and reflective, 2 <I. The
corresponding zones for reflective and dissipative conditions when T = 10 are
shaded (Source: Short, 1987)
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Figures 2.21 and 2.22 illustrate the use of Q as both a descriptive element
and a predictor of beach-state. Figure 2.21 illustrates a plot of wave
breaker height (H,) versus Grain diameter and fall velocity while Figure
2.22 illustrates a plot of beach-state versus Q.

Short (1987) identified that where the wave climate is variable beaches
experience a greater temporal range in beach types in response to
changing Q than beach conditions where persistent swell conditions exist.
Spatial variations in beach type were noted as being a product of regional
variations in deep water wave climate, local variations in breaker wave
climate and sediment size. Temporal variations in beach type on the other
hand were identified as being solely due to changes in wave climate,
except in unusual circumstance where sediment size changes (Short, 1987),
perhaps as a result of longshore sand wave migration leading to the
alteration of sediment composition of beaches.
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Figure 2.22: A plot of beach state vs. £ The solid line indicates the mean
equilibrium association between state and L2 (see Table2.2). The dashed area
roughly delimits the stable zone within which beach change will be negligible. If
the prevailing 2 lies above the stable zone, the subaerial beach will tend toward
lower energy beach types through general onshore bar migration and beach
accretion. If Q lies below the zone, the beachface will experience erosion and
move toward more dissipative conditions. The arrows indicate the rate of change
in beach state per day (Source: Wright et al, 1984; Short, 1987)

Short (1987) contends that on the basis of the field data presented in the
research that the parameter Q permits the spatial and temporal variability
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of beach type and consequently beach change to be predicted as a
response to changes in waves and sediment characteristics.

In determining fall velocity for use in the model, Short (1987) advises
taking sediment samples from the zone of maximum wave breaking, i.e.
the most turbulent part of the profile. This is recognised as the swash
zone for reflective beaches, the inner surf zone for intermediate beaches,
and the outer surf zone for dissipative beaches.

Figure 2.21 displays the range of wave vs. sediment compositions (Short,
1987) required to produce reflective, intermediate, and dissipative beach
types. Under ambient conditions the relationships described are
descriptive. However where modal conditions change then the model
relationships become predictive. This predictive element is further
developed in Figure 2.22 by introducing a temporal element based on
changes in beach states observed in the field.

Changes in beach state take time. Short (1987) noted that high values of Q
(e.g. Q = 5) lead to rapid rates of change of the order of 0.5 beach states per
day (Figure 2.22) whereas low values lead to small rates of change in the
order of 0.1 states per day or less. As the equilibrium state is reached the
rate of change slows to zero as the beach state reaches or equals the
predicted state under the model.

The amount of change determined using this approach is dependent on
three factors (Short, 1987), namely the prevailing Q, its duration and, the
beach state prior to change. This means the larger the value of Q the more
rapid the change and the higher the likelihood there is of reaching the
equilibrium state. Likewise the further the prior state is from equilibrium
the larger the change and the greater the time required for this state to be
achieved. For example, the amount of change required to shift from a
reflective beach to a low tide terrace state is small relative to a reflective to
dissipative change. Quoting Short, “The former requires relatively low Q
(= 2.5) for a few days whereas the latter requires high Q (> 6) for several
days to weeks.”

The six beach states in this morphological model (see Figure 2.20) are
described (Short and Wright, 1983; Wright and Short, 1984) in more detail
and their general applicability is discussed in relation to Bay of Plenty
beaches as follows:

Dissipative (D)
Dissipative beaches lie generally at the high wave energy end of the

Wright and Short spectrum. Typically in Australia dissipative beaches are
found where:
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. modal wave periods are commonly between 10 and 12 seconds;
. waves exceed 2.5 to 3m and break 200-500m offshore; and
. sand sizes are in the fine to very fine range.

Wright and Short (1983) describe beaches in this state as being stable but
located at the fully eroded end of the spectra. However Short (1979) and
Wright and Short (1983) also note that when short wave periods prevail
and/or the sand grain size is fine to very fine then a wide surf zone will
exist under dissipative conditions even under moderate to low wave
conditions where H, < 1.0 m. This can be particularly so in fetch limited
and short wave period environments.

Such states tend to dominate the northern ends of Waihi and Ohope
Beaches where beach sand is fine grained (typically < 0.25mm) and low
wave energy and short fetch conditions often predominate. For example
Macky et al (1995) identified El Nino wave climate from 3 years of wave
buoy data obtained from a site located in 34 m of water 8 km offshore of
the Katikati entrance. This wave data indicated a mean significant wave
height (H) of 0.78 m (H,=1.04 m) and period of 6.1 s (T,). This data
indicates a Dean’s parameter () of 6.1 which places north end Waihi
beach at the dissipative end of the model’s spectra under these ambient
conditions.

Intermediate

Wright and Short (1983) identified four intermediate states between the
Dissipative (eroded) and Reflective (accreted) end states as follows:

. Longshore Bar and Trough;

. Rhythmic Bar and Beach;

. Transverse Bar and Rip;

. Ridge and Runnel or Low Tide Terrace.

The Longshore Bar and Trough (LBT) consists of a bar and trough running
parallel to the shore. The typical characteristics of this type of beach are:

. plunging breakers over bar 1.5-2.0 m in height

. weak to moderate rip currents (200-300 m apart)

. a deep trough (2-3 m);

. a moderate to steep beach face that is reflective at high tide;

. production of infragravity wave circulation and associated edge

waves that impose a weak rip circulation;
. sediment is fine to medium sand. (Paton 1993; Short 1979)

The Rhythmic Bar and Rip (RBR) beach-state consists of:
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an undulating bar and trough which may be skewed dependent on
the approach angle of the incident waves

fine to medium sand;

Waves plunge over the bar with moderate-strong rips every 150-300
m;

1.5m breakers - spilling to plunging breakers in rip feeders with
plunging breakers over the bars;

Distinct trough separated by detached bars. Trough conditions
alternate from shallow depth with onshore directed currents
behind the bar to deeper pulsating rip feeder and rip currents in the
channels;

Both reflective and dissipative zones within profile with surging
breakers on beach face behind bars;

Well formed mega cusp embayments

The Transverse Bar and Rip beach state consists of:

a series of attached bars, rip troughs and undulating beach;

fine to medium sand;

Distinct rip troughs separated by bars every 150-300 m;

1-1.5 m breakers;

bars are transversely welded to the shore with plunging waves
alternating with deeper (1-2m) rip troughs and currents;

Swash zone is shallow in the lee of the bars with a distinct berm.
Waves in the rip channels are typified by plunging and spilling at
low tide while surging occurs at the wide beach face at high tide to
form high tide cusps. Beach conditions vary from dissipative to
variable dissipative-reflective conditions depending on the tide and
wave conditions.

The fourth intermediate beach state is the Ridge-Runnel or Low tide Terrace.
This beach state consists of:

a shallow bar or terrace which can be exposed at low tide;

fine to medium sand;

formed under waves typically 0.5-1.0 m in height;

rip channels may become skewed to the beach face under oblique
wave conditions;

The swash zone is moderately steep with a low berm. At high tide
the beach face may become reflective in the lee of the terrace.
Otherwise breakers tend to be plunging over the terrace and bar as
dissipative conditions prevail;

the features tend to be regular

mini or weak rip conditions may occur that form rip channels that
dissect the low tide terrace.
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Reflective (R)

Reflective beaches are found typically under low wave conditions on open
coasts and in deeply protected embayments where wave shoaling and
refraction significantly lower deep water wave energy (Fulton, 1991:27).
They represent the accretionary extreme in beach types in that most of the
mobile sand is stored in the sub aerial beach (Short, 1980). On more
exposed coasts they may form after prolonged periods of low waves
(Short and Wright, 1981), and on moderate to high energy coasts where
sediments are composed of coarse gravel and or shingle beaches causing Q
to be less than 1 due to the high fall velocity of the sediment. However
reflective conditions may also develop under high energy conditions
where H, >3m and where the fall velocity , >0.45 m/sec.

Under reflective conditions waves tend to reflect off the beachface and
dissipate some of the wave energy back offshore. The beach face may
exhibit beach cusps at the high tide mark, perhaps as a result of the
development of edge waves by reflection and refraction of infragravity
waves propagating in the longshore direction. The characteristics of
Reflective beach types may be summarised as follows:

. Q<1 and € < 2.5 (Short and Wright, 1983; Short and Wright, 1984);
. Medium to coarse sand;
. 0-1 m breaker height;

. Uniform beach face conditions apart from high tide cusps spaced at
approximately 20-30 m intervals;
. Tend to occur in very low energy environments.

The beach states therefore represent a transition from the high-energy
erosive dissipative extreme through to low energy accretionary beach
states. This process is accompanied by a decrease in the surf scaling
parameter (see table 2.2).

Beach Type Beach State & H, Q,
Dissipative Dissipative >20.0 |>25 > 5.5
Intermediate Longshore Bar and Trough 20.0 20-25 [470-0.93
Rhythmic Bar and Beach 3.50-0.76
Transverse Bar and Rip 3.15 - 0.64
Ridge and Runnel 2.5 1.0-25 |240-0.19
Reflective Reflective <25 <1.0 <15

Table 2.2: Parameter ranges for various Beach States (Source: Wright and Short,
1983; Wright et al., 1984; Paton 1993 p88)

Paton (1993) summarizes the transition of beach energy states thus, “...As
the energy decreases [from the maximum erosive state] a LBT state develops
and the shoreward crest of the bar divides the profile into a reflective
domain and a highly dissipative outer domain. As the bar welds onto the
beach, the dissipative properties also move onshore and a RBB system




Chapter 2 The Bav ol Plenty - Coastal Setting 41

develops. This stage has longshore and shore-normal separation of
dissipative and reflective sub systems. More dissipative regions grow at
the expense of the reflective regions as transverse and anvil shaped bars of
the TBR system develop. The shoals widen [as wave energy decreases] into
the broad form of the LTT beach state and the beach becomes reflective at
high tide and dissipative at low tide. The low tide shoals can [then] climb
onto the sub aerial beach, the surf scaling parameter lowers and the beach
becomes fully reflective.”

Bay of Plenty Beach States

The BOP Coastal Erosion Survey (Healy et al, 1977) established 51 beach
profile monitoring sites between Opape in the southeast and northern
Waihi beach in the northwest. These sites now have benchmarks surveyed
in to the regional geodetic survey grid and have been subsequently
monitored (Hodges and Deely, 1997). In the early 1990s A. Dommerholt
collected considerable data for these beach sites, and this information
provides the basis of the following and subsequent analysis in this
research.

Figure 2.23: Map showing location of BOP Beach Profile Monitoring Sites
(Source: Healy, 1977)

Analysis of the sediment data gathered as part of Dommerholt’s profile
surveys in 1993 (Dommerholt, 1993) indicates a predominance of fine to
medium grained sand (0.16 to 0.3 mm) located within the inner surf zone
(0.5 to 8m water depths) for most beaches in the Bay of Plenty data set.
Swell generated wave heights from observational wave data obtained by
various researchers (see Table 2.6) generally lies within the range 0.8 to 1.5
m with average periods of 8 to 10s. Using this data as the basis of



Chapter 2 The Bay of Plenty € oastal Scetting 42

assessment a theoretical modal wave state was defined based on a
breaking wave height of H, = 1.2 m and T =8 s. The results of this analysis
for the Bay of Plenty dataset is presented in Table 2.3 and shown in Figure
2.24a.

Plot of Grain Size, Deans Parameter and Beach State against Profile
Number for Hb = 1.2m, T=8s
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Figure 2.24a: Plot of Grain size (mm) and Dean’s dimensionless Fall Velocity (£2)
versus profile number for Bay of Plenty beach monitoring sites for modal wave
conditions, H, = 1.2 m and T=8s. The threshold values of 2 for the six beach states
identified by Wright and Short (1983) are also shown as horizontal lines on the graph.
The dark blue line describes the variation of 2 as an inverse relationship with sediment
size (pink line).
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Figure 2.24b: Comparative Plot of two modal wave climates showing the influence
of different breaking wave heights (H, =0.8 m and 1.2m) on beach state for beaches
in the Bay of plenty dataset.
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0.24

medium sand

1 0.02880 5.21 | LBT
2 0.33 | medium sand 0.04400 3.41 | RBB
3 0.33 | medium sand 0.04400 3.41 | RBB
4 0.31 | medium sand 0.04100 3.66 | RBB
5 0.27 | medium sand 0.03830 3.92 | LBT
6 0.32 | medium sand 0.03100 484 | LBT
7 0.27 | medium sand 0.03200 4.69 | LBT
8 0.26 | medium sand 0.03100 4.84 | LBT
9 0.25 | medium sand 0.03100 4.84 | LBT
10 0.22 | fine sand 0.02560 586 | D
11 0.21 | fine sand 0.02400 6.25 | D
12 0.36 | medium sand 0.04500 3.33 | TBR
13 0.35 | medium sand 0.04500 3.33 | TBR
14 0.46 | medium sand 0.06486 231 | LTT
15 0.29 | medium sand 0.03700 4.05 | LBT
16 0.33 | medium sand 0.04700 3.19 | TBR
17 0.37 | medium sand 0.04800 3.13 | TBR
18 0.39 | medium sand 0.05200 2.88 | TBR
19 0.47 | medium sand 0.06000 25| LTT
20 0.56 | coarse sand 0.07700 195 | LTT
21 0.5 | coarse sand 0.07000 2.14 | LTT
22 0.47 | medium sand 0.06250 24 | LTT
23 0.62 | coarse sand 0.08970 1.67 | R
24 0.51 | coarse sand 0.07050 213 | LTT
25 0.26 | medium sand 0.03100 4.84 | LBT
26 0.26 | medium sand 0.03100 4.84 | LBT
27 0.42 | medium sand 0.05540 2.71 | TBR
28 0.25 | medium sand 0.03100 4.84 | LBT
29 0.47 | medium sand 0.06300 2.38 | LTT
30 0.29 | medium sand 0.03700 4.05 | LBT
32 0.31 | medium sand 0.03880 3.87 | RBB
33 0.35 | medium sand 0.04588 3.27 | TBR
34 0.28 | medium sand 0.03432 437 | LBT
35 0.47 | medium sand 0.03432 4.37 | LBT
36 0.24 | medium sand 0.02810 5.34 | LBT
38 0.25 | medium sand 0.02960 5.07 | LBT
39 0.29 | medium sand 0.03800 3.95 | RBB
40 0.25 | medium sand 0.03100 4.84 | LBT
41 0.5 | coarse sand 0.06770 222 | LTT
42 0.38 | medium sand 0.05200 2.88 | TBR
43 0.27 | medium sand 0.03336 4.5 | LBT
44 0.28 | medium sand 0.03360 4.46 | LBT
45 0.24 | fine sand 0.02750 545 | D
46 0.33 | medium sand 0.04170 3.6 | RBB
47 0.33 | medium sand 0.04400 3.41 | RBB
48 0.28 | medium sand 0.03400 441 | LBT
49 0.26 | medium sand 0.03100 484 | LBT
51 0.24 | fine sand 0.02800 536 | D

Table 2.3: Beach State Classification for Bay of Plenty Beaches based on modal wave
conditions of H,=1.2 and T=8s. Profile numbers refer to BOP Coastal Erosion Survey
profiles established by Healy et al. (1977).
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Figure 2.24a indicates that the majority of beaches within the Bay of Plenty
are intermediate beach types ranging generally between RBB and LBT.
Dissipative extremes are reached at Ohope, mid sections of Matakana
Island and northern Waihi beaches where fine grain sizes exert significant
influences over beach state. More reflective extremes are reached for
profiles located at Matata where coarser sands exert their influence on
beach state. Figure 2.24b shows the effects of reducing modal wave height
from 1.2m to 0.8m on beach state resulting in a shift of up to 2 beach state
conditions towards the accretionary or reflective end of the spectra.

Frequency of Occurence of Beach State

Frequency of Occurence

R LTT TBR RBB LBT D
Beach State

Figure 2.25, Plot of frequency histogram for beach states at 47 BOP beaches
calculated for modal wave climate of H=1.2mand T = 8 s.

Figure 2.25 shows a simple frequency plot of beach state occurrence for all
47 beaches included in this study under a modal wave climate of H,= 1.2m
and T = 8 s. The distribution indicates a Longshore Bar and Trough (LBT)
modal beach state (20 beaches) for the Bay of Plenty with most beaches
being classified as intermediate (42) under ambient conditions. Fifteen of
these beaches also show strongly rhythmic characteristics (RBB or TBR)
under this classification regime.

Figure 2.26 shows the effect on beach state prediction from a reducing H,,
which results in a shift of the predicted modal state from LBT to the
Reflective — Low Tide Terrace morphology (R-LTT). Aggregation of the
six beach states into three as described in Wright et al (1984) results in a
clearer picture of the shifts involved. These are shown in Figure 2.27.

As indicated in Figures 2.24b, 2.26 and 2.27 a reduction in wave energy
from Hb=1.2 to 0.8m under this model will result in significant shifts in
predicted beach state by up to two beach states. LBT beaches will
therefore tend to move towards more rhythmic forms such as RBB and
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TBR while rhythmic forms will tend to more reflective morphologies,
which have a potential under this model to dominate as modal types
under lower wave energy. However a LBT beach is one of the more stable
beach types (see Figure 2.20) and as a consequence such a transformation
could take up to 8 days to achieve under accretionary conditions (Wright
et al, 1984).

Frequency of Occurence of Beach State under Hb=0.8m and 1.2m
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Figure 2.26: Frequency distributions of beach state for BOP beaches depending
upon variation in modal wave heights.
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Figure 2.27: Frequency distribution of morphodynamic beach state under two
modal wave heights using the aggregated classifications of Wright et al, 1984.
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Under increasing wave energy, transformation of beach state is relatively
rapid with erosion occurring 2 to 3 times as fast from the less stable
rhythmic beaches to the more dissipative LBT-D form. Wright et al (1984)
noted these transformations following observations of beach state
conditions at Narabeen, New South Wales. Their work showed that:

. A moderate degree of seasonality was evident in the data with
lower energy and more reflective conditions occurring in
association with accreted beach conditions. However all states,
including the more reflective states such as LTT beaches can occur
at any time of the year.

. There is a tendency for fully reflective states to occur only in
association with highly accreted conditions, however the full range
of states can occur regardless of whether the sub aerial beach
volume is normal, highly accreted, or highly eroded.

. Large scale beach changes >100m’m” involve slow on shore
exchange of sand (i.e. orders of years) between the continental shelf
and the backshore. Therefore beach recovery following significant
storm erosion will occur at annual timescales.

. The majority of beach state changes generally involves higher
frequency and smaller scale redistribution of sediment.
. The amplitude of short-term (of the order of one month or less)

changes are similar in magnitude to seasonal responses; i.e. the full
range of change in beach states can occur over periods of less than a
month.

. Harmonic and spectral analyses of wave height and beach state
change over time show that the largest amount of beach change
takes place in association with ‘cycles’ of 70 —120 days. However a
pronounced secondary peak in amplitude in beach state also occurs
with a period of 15-20 days. Wright et al. (1984) attributed this
short-term cycle as being related to the normal passage of low
pressure weather systems.

. Cross-spectral analysis between wave conditions and beach state
indicates that in the 15-20 day cycle beach state changes lag changes
in wave conditions by an average of 4 days. However there is a
response asymmetry whereby the response to rising waves is faster
than the average while the response to falling waves is slower;

. The time rates of change in wave and beach conditions indicate that
rapid change in wave height and Q are paralleled by rapid changes
in beach state in both directions. However the most rapid changes
in beach state do not necessarily accompany the most rapid changes
in wave height. For example, Wright et al. (1984) noted that rapid
changes in beach state were observed even during periods when
waves remain relatively constant in height and period implying a
significant disequilibrium between beach state and incident wave
energy.
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. Long term averages of the time derivatives at Narabeen shows that
beaches become more dissipative at an average rate of one state per
7.4 days and become more reflective at an average of one state per
8.1 days. These rates of change correspond to a full normal range of
change within the time frames of one month or less (i.e. from LBT to
LTT or vice versa). However the instantaneous or day to day rates
vary considerably dependent on the antecedent state and
immediate wave conditions.

. The results of the analysis of rates of change in beach state are
presented graphically in Figure 2.22. The shaded area of the graph
defines the stable regions around the equilibrium beach state (i.e.
with incident wave energy). Disequilibrium exists everywhere
outside of the shaded region. Therefore changes in beach state (i.e.
erosion and accretion) can be expected to occur in the direction of
increasing equilibrium at rates which are proportional to the
instantaneous departure from equilibrium conditions and to the
energy of the breakers and surf processes. In the case of Narabeen
the rates were derived from observation although Wright et al.
(1984) attempted to rationalise observations by regression analysis
with limited success defining the rate of change as,

%=a+b[(§2—$2e)§22], 2.3)

where s represents beach state, ¢t time, a and b being regression
coefficients and (Q-Q, )Q’ representing the disequilibrium stress;

. Wright et al. (1984) propose that disequilibrium stress can also be
used to determine the temporal behaviour patterns of beaches
where there is a net input or export of sediment from a coastal
sector as a consequence of littoral drift, local input from rivers, or
net erosion owing to a relative rise of sea level. For example, a net
input of sediment to the surf zone may maintain beach states that
are more dissipative than they should be even though the beach is
accreting. Conversely more reflective conditions can also be
maintained where longshore export of sand or sea level rise
positively skews the equilibrium stress distribution resulting in
beach erosion without manifesting an erosional beach state.

From these investigations it is apparent that considerable beach state
variability can be experienced over relatively short time intervals of days,
weeks and months. Such conditions are apparent on beaches in the Bay of
Plenty. Smith and Benson (2000) have documented this using information
derived from repetitive beach profiling at monthly intervals extending
over a period of 15 years. Their work showed a normal distribution of cut
and fill events occurring at profile site 21 (Matata -see Figures 2.23 and
2.29) as a representative site for ten beach monitoring sites located
between Ohope and Mount Maunganui. Note that under modal wave
conditions this beach is classified as LTT-Reflective or fully accreted (see
Table 2.3 and Figure 2.24b).
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Smith and Benson (2000) showed that Site 21 at Matata was slightly
accreted by 0 to 5 m’m” over the 15 year study period, which included
events ranging from erosion of 60 m’m”’ to accretion of 56 m’m’.
However there was also considerable activity at volumes significantly less
than the above extreme values, occurring at periods of up to 1 to 2 months.

f

Figure 2.29: Aerial photo taken looking east along Matata coast to Matata
in far distance (left). Profile 22, is adjacent to the campground in the
middle distance, with Profile 21 in far distance adjacent to Matata
Township. Note rhythmic features of beach and steep beach face typical of
LTT to Reflective beach state.

Like Wright et al. (1984), Smith and Benson noted that the reasons for the
volume changes were related to climate, which in New Zealand’s case is
characterised by the regular passage of low and high pressure systems
across the country every five to eleven days. They further concluded from
their data:

. that short term changes on east coast (Bay of Plenty) beaches
indicate the wave climate is characterised by periods of quiescence
separated by short periods of large waves associated with passing
depressions;

. seasonal patterns in beach behaviour with the largest average sub
aerial beach volumes occurring in March and May, and the smallest
beach volumes between the months of August and October. This
seasonal behaviour accounted for + 10% of beach change from mean
beach volumes; and

. that ENSO cycles affect beach volumes with the greatest volumes of
material occurring on beaches during El Nino phases with its
dominant westerly (offshore) wind patterns. La Nina events on the
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other hand encourage onshore winds associated with passing
depressions resulting in beach erosion (Smith and Benson, 2000).

Dean’s Equilibrium Profile and the Wright and Short Beach State Model

Kotvojs and Fried (1991) have examined the application of the Dean’s
equilibrium beach model (equation 1.1) in relation to the beach types
identified by Short and Wright (1983) and Wright and Short (1983 and
1984). Specifically two statistical measures were applied to examine the
success of Dean’s equation in representing beach profiles under varying
energy environments. These were the Kruskal-Wallis H test, and a non-
hierarchical cluster analysis.

The Kruskal-Wallis test was used to determine whether there were
significant differences between the measures of ‘goodness of fit’ and
Dean’s shape factor (i.e. the exponent) for different beach states. The
results of the analysis indicated that at the 0.05 confidence level there was
a significant difference between the measures of goodness of fit
(Percentage error (PE) and root means square error (RMS)) for the
different beach states. The following table reproduced from Kotvojs and
Fried’s paper summarises the results:

Reflective Intermediate  Dissipative Significant

Difference
RMS 1.51 0.42 0.15 Yes
PE 53% 45% 28% Yes
m 0.49 0.65 0.83 Yes

Significant Yes No Yes
Difference”

" between m and Deans value of 2/3
Table 2.4: Mean Value of measures for beach profiles in their modal beach state
(Kotvojs and Fried, 1991) for a dataset consisting of 25 modally reflective profiles
from the New South Wales coast, 957 intermediate profiles measured over 9 year
period for 9 transects at Narabeen, NSW, and 12 modally dissipative profiles for
beaches at Goolwa, Middleton and South Goolwa, South Australia.

Given that most of the beaches included in this study are intermediate
with some having reflective and dissipative morphologies these results
have obvious implications for exponent values used in the application of
Dean’s Equilibrium Beach Profile (1.1) to define BOP beach profiles
(Chapter 4).

2.5.2 Bay of Plenty Beach Characteristics

In brief the Bay of Plenty barrier beaches (Waihi Beach, Matakana Island,
Mount Maunganui-Papamoa, Maketu, Pukehina, Whakatane, Ohope and
Ohope-Opape) can generally be described as progradational features
formed following the Holocene marine transgression and since the last
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41 Matakana Bank -5 Retreat Advance
42 Bird Sanctuary MatakanaIsland -2 " +1g‘;;° .
43 Matakana Island Centre (South) -7 ” "
5 4 Matakana Island Centre -2 " +30 ”
3 45 Matakana Island Centre (North) 9 " ”
2 46 Matakana Island North End -36 ” +55 to 60 i
47 Waihi Beach South 9 Retreat Retreat
= 48 Waihi Beach Pio’s Point -2 " -35 "
Kl 49 Waihi Beach - Island View -1 ” -8 ”
= 50  Waihi Beach Loop 4 " .
51 Waihi Beach North -5 " 0 "

Table 2.5: Trends in advance and retreat of Bay of Plenty Beaches over the last
century and from trends identified by Gibb (Hodges and Deely, 1994)
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stillstand approximately 5-6000yrs b.p. Using the morphodynamic
classification of Short and Wright (1983) they can also be described
typically as intermediate beaches (modal state - Long Shore Bar and
Trough) fluctuating in morphology between dominant reflective and
dissipative extremes dependent on ambient wave energy and wind
conditions. The beaches however tend to be steeper and comprised of
coarser sand between Whakatane and Pukehina where morphology
conforms more towards the accretionary reflective form described in the
Short and Wright (1983) model. The relevance of this model and its
relationship with equilibrium beach theory is investigated further in
Chapter 4.

Figure 2.30: Aerial view of the southern end of Matakana Island with the Tauranga
Harbour Entrance at left. Matakana Bank (geomorphically the ebb tidal delta) and
Profile monitoring site 41 are in the middle foreground (see Figure 2.32 below for site
map).

Some evidence exists to indicate that the rates of progradation in the Bay
of Plenty may have slowed as a result of the littoral system reaching
equilibrium after the last major sediment input which occurred following
the Taupo eruption of 131A.D. If this is the case then many of the beaches
will have reached a subtle stage of dynamic balance as evidenced by the
results of the Bay of Plenty coastal monitoring program (Gibb, 1994;
Hodges and Deely, 1997). The results of the monitoring analysis carried
out by Gibb (1994) as reported by Hodges and Deely (1997) are shown in
Table 2.5.

The magnitude of the beach changes noted in table 2.5 imply that most of
the beach profiles observed are in dynamic equilibrium with the wave
climate and the sediment supply with only a few exceptional cases. The
exceptional cases being those profile measurements made adjacent to
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notoriously unstable locations such as the distal end of spits and in
proximity to ebb tidal deltas where complex current and wave interactions
affect shoreline behavior. Examples of these unstable sites include Ohiwa
Spit, Matakana Bank (Profile 41 - Figure 2.30) and the north end of
Matakana Island (Profile 46 — Figure 2.31).

LT I

Figure 2.31: Aerial view of beach erosion on Matakana Island in the vicinity of
Beach Profile Monitoring site 46.
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