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Abstract

Rip currents are fast, narrow currents which tre@ethe surf-zone in the seaward
direction. The most important effect of rip curiens that they can pose a deadly
hazard to beach-users. Rip currents and theiraatien with waves and underwater
morphology are still poorly understood. This iseoftattributed to a lack of high
quality long-term datasets. This shortcoming is tlu¢he difficulty of sampling in
the turbulent surf-zone. Past attempts to compdgpe current behaviour (e.g.
alongshore spacing) to waves have failed to shewttiey interact.

In this thesis, an improved technique of locatimg ahannels in video imagery is
presented. Previous studies to create computerithligns to locate rips in video
imagery have only looked at one alongshore transbith is averaged in the cross-
shore direction, and there have been issues matheg algorithms work in
complicated cases. The method created in thissheses computer algorithms to
locate light intensity minima across the entire ange of the surf-zone in video
imagery. This was applied to a dataset from TaBeach. The light intensity minima
are sorted into distinct rip channels to creatai@mskt spanning 3.3 years from 1999
until April 2002. Using the high quality rip datautput from the algorithms, rip
channel morphological reconfiguration events weedingd using a measure of
change. Wave climate was compared to the timindpese reconfiguration events. It
was found that mean wave energy averaged overags ahd wave event duration
showed a better relationship to the reconfiguratiewents than immediate,
instantaneous measures of significant wave height.

Rip channel spatial scale (i.e. cross-shore extera$ found to be critical in
determining how rip channels behave during highevavents. At Tairua Beach, it
was not uncommon for the surf-zone to be wide am fwalf of the beach and narrow
on the other. This ‘dual’ surf-zone can be attrdglito wave shadowing by offshore
islands under certain wave directions. Smallerchipnnels on the narrow half of the
beach changed rapidly whereas larger rips werdesthlying the same period. This
situation shows the importance of both hydrodynaooiatrol and topographic-
control of rips, where rips may respond directlychanges in the wave conditions or
be stabilised by the pre-existing morphology respely. There was also a tendency
for rips to form and persist at the headlands efitbach.

A conceptual model was created to demonstrate ipwehannels of different spatial
scales respond to changes in the wave conditiomsll Sips relative to the wave
energy are more likely than larger rips to evobsad vice versa.
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direction (to), where blue dashed line indicatesemormal. .................cccoevnnnnnniin. 64

Figure 5.4. This figure shows rip channel and wdata from 2002. Stars in panel a.
show the alongshore location of rip channels fobpdhe algorithms while circles

indicate rip channels for which the locations wemanually digitised. Grey areas
indicate periods of time when wave energy was two &nd red areas when wave
energy was too high to make rip channels detectaple@utomatic algorithms. Black

areas indicate when there were no images availiideto malfunction. b. Shows

significant wave height, c. The mean wave periodi d. The mean wave direction
(to), where blue dashed line indicates shore-naridate the shortened time scale
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Figure 5.5. Rectified, time-averaged image of TaiBeach from Julian Day 331 at
1601 hours in 1999. Different coloured dots shopasate rip channels. ................ 68



Figure 5.6. This figure shows rip channel and wdata for 1999. Stars in panel a.
show the alongshore location of rip channels fobpdhe algorithms while circles
indicate rip channels for which the locations wemanually digitised. Grey areas
indicate periods when wave energy was too low tkamn@ channels detectable by
automatic algorithms. b. Shows the mean rip charamgle where dashed line
indicate shore-normal, c. The mean rip channel isgad. Rip channel spacing
standard deviation, e. The number of rips per imagel f. The mean surf-zone
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Figure 5.7. This figure shows rip channel and wdat for 2000 Stars in panel a.
show the alongshore location of rip channels fobgdhe algorithms while circles
indicate rip channels for which the locations wemanually digitised. Grey areas
indicate periods when wave energy was too low tkamng channels detectable by
automatic algorithms. b. Shows the mean rip charamgle where dashed line
indicate shore-normal, c. The mean rip channel isgad. Rip channel spacing
standard deviation, e. The number of rips per imagel f. The mean surf-zone
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Figure 5.8. This figure shows rip channel and wdata for 2001. Stars in panel a.
show the alongshore location of rip channels fobgdhe algorithms while circles

indicate rip channels for which the locations wemanually digitised. Grey areas
indicate periods when wave energy was too low tkamng channels detectable by
automatic algorithms and red areas when wave enegg/too high to make rip

channels to be detectable by automatic algorithmshows the mean rip channel
angle where dashed line indicate shore-normalhe. Mean rip channel spacing, d.
Rip channel spacing standard deviation, e. The eurabrips per image, and f. The
mean SUrf-zone WIdth. ... 76

Figure 5.9. This figure shows rip channel and wdata for 2002. Stars in panel a.
show the alongshore location of rip channels fobgdhe algorithms while circles
indicate rip channels for which the locations wemanually digitised. Grey areas
indicate periods when wave energy was too low tkamng channels detectable by
automatic algorithms and red areas when wave enegg/too high to allow rip
channels to be detectable by automatic algorithBlack areas indicate camera
malfunction. b. Shows the mean rip channel anglerevlashed line indicate shore-
normal, c. The mean rip channel spacing, d. Rimeéhspacing standard deviation,
e. The number of rips per image, and f. The medrzeme width........................... 77

Figure 5.10. This figure shows rip and wave datanfrthe entire period studied:
1999—April 2002. Red stars indicate data from 1988¢ circles from 2000, black
dots from 2001 and green triangles from 2002. Panshows a scatter plot of the
number of rips and mean rip channel spacing, b.ritmaber of rips and significant
wave height, c. Significant wave height and mearchiannel spacing, d. Mean surf-
zone width and number of rips, e. Rip spacing fa@toeean alongshore rip spacing
divided by mean surf-zone width) and mean surf-ze@it#h, and f. Mean surf-zone
width and mean rip channel SPacCiNg. .......ccccccrvieiiieeee e, 79



Figure 5.11. Alongshore rip channel locations aipdchannel angle for every rip
channel located (i.e. not mean values) from 19994-&002. Rips enclosed by the
red circle are those that appear to correspondotthern headland rips and rips
enclosed by the blue square appear to corresposalitbern headland rip(s). ........ 81

Figure 5.12. Alongshore rip channel locations aipdchannel angle for every rip
channel located (i.e. not mean values) from 1999#20p02. A, B, C and D indicate
separate rip channel areas referred to in theata¥e. ..............ccovvvvvviiiicceeennn. 81.

Figure 5.13. Tukey plot of alongshore rip chanoehtions and rip channel angle for
every rip channel located (i.e. not mean valuesnf999—April 2002................... 82

Figure 5.14. Rectified, time-averaged image of daiBeach from Julian Day 172 at
0800 hours in 1999. Different coloured dots shopasate rip channels. ................ 83

Figure 5.15. Rectified, time-averaged image of daiBeach from Julian Day 013 at
1300 hours in 2002. Different coloured dots shopasate rip channels. ................ 87

Figure 5.16. Rectified, time-averaged image of daiBeach from Julian Day 099 at
1100 hours in 2002. Different coloured dots shopasate rip channels. ................ 87

Figure 5.17. Rectified, time-averaged video imagfeBairua Beach from 2001 where
different coloured dots show distinct rip channétaind with the computer
algorithms. Panel a. shows Julian Day 32 at 18Q0hd. Julian Day 43 at 1600
hours, and d. Julian Day 59 at 1600 hoUrsS. ..ccceeeeiiiiiiiiieeeeee e 90

Figure 5.18. Rip channel and wave data from 20@@dwn Julian days 170 and 210.
Stars in panel a. show the alongshore location ipfchannels found by the

algorithms. Grey areas indicate periods when wanexgy was too low to make rip

channels detectable by automatic algorithms. b.wShsignificant wave height, ¢

Mean wave period, and d. Mean wave direction (to¢ne blue dashed line indicated
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Figure 5.19. Significant wave heights along thet eamast of the Coromandel.
Modelled by S. Stephens (NIWA, NZ) using SWAN foawes with a significant
wave height of 2 m, a period of 8 s, travelling tv@&ox indicates location of Tairua
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Figure 5.20. Significant wave heights along thet eamast of the Coromandel.
Modelled by S. Stephens (NIWA, NZ) using SWAN foawes with a significant
wave height of 2 m, a period of 8 s, travelling twes..........ccccceee e, 92

Figure 6.1. Schematic diagram showing how the nreastichange was calculated.
Top two panels shows a case where rip channels inaved alongshore with time.

Blue lines show an example of how distance betweemip of interest and rips at the
next time step was measured. Bottom two panels shoase when the rip channels
have not moved alongshore with time............c.ooi i 97



Figure 6.2. Shows rip channel data for 1999. Stagzanel a. show the alongshore
location of rip channels found by the algorithmsilevithe circles indicate rip
channels for which the locations were manuallytdigd. b. Shows the number of rip
channels between 5 and 10 m apart between congeduties of data availability,
and c. The number of rip channels. Grey areas ateliperiods when wave energy
was too low to make rip channels detectable bymatm algorithms and yellow
areas are reconfiguration EVENLS. .........ccccccceeeeeriieeeeeiiiiiiirreee e e e e e e e ereaeeeaeaes 99

Figure 6.3. Shows rip channel data for 2000. Stagzanel a. show the alongshore
location of rip channels found by the algorithmsilevithe circles indicate rip
channels for which the locations were manuallytdigd. b. Shows the number of rip
channels between 7.5 and 15 m apart between cdngetimes of data availability,
and c. The number of rip channels. Grey areas abeliperiods when wave energy
was too low to make rip channels detectable bymatm algorithms and yellow
areas are reconfiguration EVENLS. .........coeemmmmereiiiiiieeee i e eeeenanaan 100

Figure 6.4. Shows rip channel data for 2001. Stagzanel a. show the alongshore
location of rip channels found by the algorithmsilevithe circles indicate rip
channels for which the locations were manuallytdigd. b. Shows the number of rip
channels between 7.5 and 15 m apart between cdngetimes of data availability,
and c. The number of rip channels. Grey areas abeliperiods when wave energy
was too low to make rip channels detectable bymatm algorithms and yellow
areas are reconfiguration EVENLS. .........couemmmmeeiiiiiiieeeeiiiiiie e eeeenanaan 101

Figure 6.5. Shows rip channel data for 2002. Stagzanel a. show the alongshore
location of rip channels found by the algorithmsilevithe circles indicate rip
channels for which the locations were manuallytdigd. b. Shows the number of rip
channels between 7.5 and 15 m apart between cdngetimes of data availability,
and c. The number of rip channels. Grey areas abeliperiods when wave energy
was too low to make rip channels detectable bymatwm algorithms and yellow
areas are reconfiguration EVENLS. .........coeemmmmeeeiiiiiieeeeiiiiie e eeennanaa 102

Figure 6.6. Schematic diagram showing how a dumatib significant wave height
was calculated for 1999. Arrows point at the Jul@ay for which a duration
calculation was being made. Black and red dotscatdi Julian Days when Hs was
greater than 1.6 m and 2.1 m respectively. Ind¢age the duration greater than 1.6 m
was 1.5 days and the duration greater than 2.2 sniveRy. .............cccevvvvvvvvevnnnnnns 103

Figure 6.7. a. Shows alongshore rip channel lopatfor 1999. Stars in panel a. show
the alongshore location of rip channels found by #hgorithms while the circles

indicate rip channels for which the locations wenanually digitised. b. Shows

significant wave height. Grey areas indicate periatien wave energy wave too low
to make rip channels detectable by automatic dlyos, and yellow areas are
reCONfiIQUIAtiON EVENTS. .....uueiiiiii e e e e e e e eeeeeeeeeeeeeee 105



Figure 6.8. a. shows alongshore rip channel lonatfor 1999. Stars in panel a. show
the alongshore location of rip channels found by #hgorithms while the circles
indicate rip channels that where the locations weaeaually digitised. b. Shows wave
energy averaged over 3 hours, c. Wave energy as@rager 6 hours, d. Wave
energy averaged over 12 hours, e. Wave energygaci@er 1 day, f. Wave energy
averaged over 2 days, g. Wave energy averagedodays, and h. Wave energy
averaged over 10 days. Grey areas indicates pesibds wave energy wave too low
to make rip channels detectable by automatic dlyos and yellow areas are
recoNfigUIration EVENTS. ........uuvieiiie e e e e e e e e e e e eeeeeaeeeees 107

Figure 6.9. a. shows alongshore rip channel lopatfor 1999. Stars in panel a. show
the alongshore location of rip channels found by #hgorithms while the circles
indicate rip channels that where the locations weaaually digitised. b. Shows the
duration of wave heights greater than 0.5 m, cabom of wave heights greater than
1 m, d. Duration of wave heights greater than 1,5%emDuration of wave heights
greater than 2 m, f. Duration of wave height gretitan 2.5 m, g. Duration of wave
heights greater than 3 m, and h. Duration of wasights greater than 3.5 m where all
durations are in hours. Grey areas indicates pemdten wave energy was too low to
make rip channels detectable by automatic algosthamd yellow areas are
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Figure 6.10. a. shows alongshore rip locations1f®9. Stars in panel a. show the
alongshore location of rip channels found by tlgoathms while the circles indicate

rip channels that where the locations were manuidjjised. b—e. Show the duration
of wave energy squared averaged over 10 days whe&nows duration of wave

energy greater than 1.3 Mgs-2, c. Duration of wavergy greater than 2.5 Mgs-2, d.
Duration of wave energy greater than 3.8 Mgs-2, an®uration of wave energy

greater than 5 Mgs-2. Grey areas indicate peridasnwvave energy was too low to
make rip channels detectable by automatic algosthamd yellow areas are
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Figure 6.11. Panel a. shows alongshore rip location1999. Stars in panel a. show
the alongshore location of rip channels found by #hgorithms while the circles

indicate rip channels that where the locations weesually digitised. b—e. shows
duration of wave energy averaged over 2 days wher8hows duration of wave

energy greater than 1.3 Mgs-2, c. Duration of wavergy greater than 2.5 Mgs-2, d.
Duration of wave energy greater than 3.8 Mgs-2, an®uration of wave energy

greater than 5 Mgs-2. Grey areas indicate peridasnwvave energy was too low to
make rip channels detectable by automatic algosthamd yellow areas are
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Chapter One: Introduction

1.1 Introduction

Rip currents are fast, concentrated currents whash seaward in the surf-zone. Rip
currents are a visible feature of beaches all dweworld. Rip currents are a critical
link in the energy balance of the surf-zone. Eneegyers the surf-zone with the
incoming waves and is transferred upward and faiwarthe spectrum to higher
order waves, turbulent eddies, and to infragrawgves and mean currents. The
energy in currents, where rip currents are an el@mg ultimately dissipated by

turbulence and bed friction.

Rip currents are central to nearshore circulatibarrfer et al., 2007) and thus can
cause the mixing and dilution of pollutants (Bohe2f03). Rip currents can also
have significant ecological implications, for exdepalbot and Bate (1987) showed
that rip currents have an effect on surf-zone dmtmncentrations. It has long been
recognised that rip channels can carry sedimeshofe from the surf-zone (Short,
1985) and can cause changes to bar and shorelirghatogy (Turner et al., 2007).
Perhaps the most critical effect of rip currentstie danger they pose to beach
swimmers and other recreational beach-users (eagt mnergetic beaches have
signage warning users of the dangers (Figure Rip)currents in the surf-zone are a
significant natural hazard because of their fastrezu velocities and often
inconspicuous nature. For example, in the statElafda, U.S.A., rip currents are
responsible for 80% of lifeguard rescue efforts] are the dominant natural hazard
(MacMahan et al., 2006). Understanding rip cursystems is central to developing
forecasts for predicting rip current events thadga hazard to swimmers and other

beach-users.

Much effort has gone into trying to predict wherd avhere they will occur and how
intense they will be. However, at present, rip eats are still poorly documented and

understood. There are great difficulties samplmghe turbulent surf-zone and hence



there are few high quality, long-term data-setsripfcurrents. As highlighted by
Ranasinghe et al. (1999), qualitative and theaktiattempts to explain rip
characteristics such as their generation, spaandgparsistence are abundant in the
scientific literature. Short-term (i.e. hours tofew days) process studies of rip
currents and their associated morphology have fszggnily advanced knowledge of
short term rip current morphodynamics (Turner gt 2007). However, longitudinal
studies of fundamental rip current characterisiush as spacing, persistence and
mobility have been limited by the low availabiliby high quality data-sets (Turner et
al., 2007).

Video imagery as a technique for making measuresnienthe surf-zone has been
shown to be appropriate for measuring rip currexideo imagery is still under-
utilised in measuring rips. The general aim of tihissis is to take a step further in
solving the enigma that is rip currents.

il ot
Corrientes Peligrosas
{}[I.Il_L'HI-[l‘ OROJOIOHIEIE TeueHsAn

PEOPLE SWIMMING
AND WADING HAVE

ﬁ, DROWNED HERE [ 4
WIS EMERGENCY: 911 E=~7_ RIP CURRENTS

You could be swept out
and drown

IF IN DOUET, DON'T GO OUT

Figure 1.1. Examples of signage warning beach-usews§ the danger of rip currents.

1.2 Study Sites

This thesis examines two study sites where videoecas overlooked the surf-zone:

Tairua Beach and Muriwai Beach. Cam-Era is prajoblving the camera at Tairua



Beach and the camera at Muriwai Beach is part®ftyus Programme (see Section
3.4). The main focus of this study is on Tairua &gahowever Muriwai Beach is

briefly included. The computer algorithms createdhis study to locate rip channels
in video imagery (see Chapter Four) were testetd wideo images from both Tairua

and Muriwai Beach.

1.2.1 Tairua Beach

Tairua Beach is located on the Coromandel Penimsulthe north east coast of the

North Island of New Zealand (Figures 1.2 and 1.3).
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Figure 1.2. Map of New Zealand showing the locatioof Tairua Beach.

Tairua Beach is an embayed beach that is aboukrh.6ong, and is in front of a
Holocene barrier (Trembanis et al., 2004) with haadis at both ends. The beach is
steep and is composed of medium-coarse sands. 8deh [state can change often,

varying between rhythmic longshore bar pattern archnsverse bar and rip pattern



(Bogle et al., 2000; Almar et al., 2008). The walimate at Tairua Beach primarily
consists of storm and swell waves from the norith east and Shoe Island is thought
to partially shelter the beach (Trembanis et &0Q4) (Figure 1.2). Mean significant
wave height i) and period T) were 0.56 m and 5.8 s respectively, which were
derived using a WAM hindcast (Gorman, 2005). Sigaiit wave heightan exceed

6 m during cyclone events. The tide at Tairua Beadahurnal with a range of 1.2 m
and has little spring-neap variation (Salmon et 2007). Note that in un-rectified
camera images of Tairua Beach (such as Figure Aa8ih to south is from top to

bottom.

chiyte o I AT Il
Figure 1.3. Cam-Era V|deo |mage of Ta|rua Beac sdy site taken on Jullan Day 56
hours in 2008. The camera faces north.
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1.2.2 Muriwai Beach

Muriwai Beach is located on the west coast of NexalZnd’'s North Island about 3
km west of Auckland (Figures 1.4 and 1.5). MuriBaiach lies at the southern end of

an extensive Holocene beach and dune barrier sytstaginextends northward to the



Kaipara Harbour (Brander and Short, 2000). Overlt#s¢ few decades, there has

been an overall trend of erosion along Muriwai Ieand net sediment transport is
usually considered to be northward (Brander andtSR000).
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Figure 1.4. Map of New Zealand showing the locatioof Muriwai Beach (modified from Bryan
et al., 2007).

Muriwai Beach is a high-energy, mesotidal beaclposrd to constant high energy

wave conditions from the Tasman Sea and the SauibBeran. The west coast of



New Zealand typically hadsof 1-3 m, and mean wave periods that range froms6-8
(Gorman et al., 2003). During storms, swell heigirishe west coast can exceed 6 m
(Gorman et al., 2003). The mean spring tidal raatgduriwai beach is 3 m (Bryan et
al., 2007). Muriwai beach is characterised by abiearred beach, with an outer
dissipative bar and an inner intermediate statewhtlr a gently sloping beach face
(Brander and Short, 2000). The surf-zone at MuriB@ach is generally 400-500 m
wide, and may reach over 800 m during storms. Sewlisnon the beach and in the
surf-zone at Muriwai are predominantly fine (<Or@H), comprised of quartz, augite

and feldspar (Bryan et al., 2007).

Figure 1.5. Argus image of Muriwai Beach siten Julian Day 56 at 1200 hours in 2008.
1.3 Thesis Objectives

The general objective of this thesis was to uncéherprocesses responsible for the
spatial and temporal variation of rip currents.abhieve this goal, there were several

sub-objectives that had to be fulfilled:



1. Develop a suite of computer algorithms to quantifg spatial and temporal
variability of the orientation, occurrence, and @pg of local light intensity
lows (corresponding to rip channels) in time-averhgideo imagery of the
surf-zone. Test the algorithms with a wide variefyimages to ensure their

applicability;

2. Use the algorithms to extract long-term measuresehtip channels from a
sequence of images from Tairua Beach. Use thessumeaents to study the
natural variability of rip current spacing, occurce, migration, and
persistence.

3. Using rip channel data from the algorithms, compa@pechannel spacing
behaviour during storm events and calm periodfi¢owave conditions. Use
different ways of comparing the wave climate to etlpannel behaviour such
as by averaging wave energy over different permidsme and by creating
wave duration time series (duration of wave hegjtdve certain thresholds).
Use these measurements to see if and how wave ticmsdirelate to rip

channel behaviour;

4. Develop a conceptual model for the response ofhignnels of different sizes
to changes in wave conditions (i.e. a change in ewawnergy) using

observations made of rip channel and wave behaviour

1.4 Thesis Outline

Following this chapter, the thesis will be orgadigeto seven subsequent chapters:

Chapter Two: Rip Current Review
Chapter Two gives a brief overview of the theoryibd rip currents and previous
studies that have been undertaken. Rip currentdedieed and reasons why they are

important are given. A brief summary is given @ morphology, different models of



rip generation, rip velocities and alongshore rgacng. Beach states and their
relationship to rip currents are discussed as #ineynherently linked.

Chapter Three: Video Imaging and Data Collection

Chapter Three contains a brief summary of the adgas of video imaging in the
coastal zone. This is followed by an explanatiomaiv time-averaged video images
can be used to locate rip channels. There is aogeeiplaining the lack of an

automated method to locate rip channels in videagis, followed by a description
of image sources for this thesis. The image redtiibn process is briefly

summarised.

Chapter Four: Algorithms to Locate Rip Currents

In Chapter Four, the suite of computer algorithmeated to locate rip channels in
time-averaged video images of the surf-zone aredoted and explained. The
algorithms to locate the barline and shoreline finst discussed. The algorithms
created to locate and refine local maxima (corredpw to sand-bar crests) and
minima (corresponding to rip channels and alongsligrughs) in light intensity in

video images are presented, followed by the algmst to define rip channels from
these minima and refine the resulting rip chanmakiseries. This is followed by
giving the specific definition of a rip channel ds@ this thesis. Finally preliminary

results of using the computer algorithms on Muri®aach are presented.

Chapter Five: Rip Current Behaviour

Chapter Five presents the resulting rip channeemagions from 1999 until April
2002 and gives a summary of the rip behaviour aadewconditions for each year.
This is followed by a discussion of key aspectshaf rip channel behaviour and a

comparison to the findings of past studies.

Chapter Six: Relation of Rip Currents to Waves
Chapter Six presents an analysis of how rip chanbhehave during storm events,

with a focus on change in alongshore rip locatidRg channel reconfiguration



events, defined using an objective measure of ahamge introduced. These
reconfiguration events are compared to wave canditin different ways, including
to wave energy averaged over different periodsiroetto take into account the
previous wave conditions, and the duration overctvhivave conditions exceed a
threshold. The main objective of this Chapter isiéfine the relationship between rip
channels and waves that might cause rip channetctmfigure.

Chapter Seven: Conceptual Model
Chapter Seven summarises the major findings ofth@sis into a conceptual model
of how rip channels of different spatial scales.(cross-shore extents) might respond

to changes in the wave conditions (i.e. a changledarwave energy).

Chapter Eight: Conclusions and Recommendations
Chapter Eight gives a brief summary of the researuthertaken for this thesis and

lists the key findings. Recommendations for furtfemearch are given.



Chapter Two: Rip Current Review

2.1 Introduction

The purpose of this chapter is to define rip cusewhere they form, and overview
their general characteristics. The relationshigrip$é to waves is briefly discussed
with some case studies presented of attemptsdterep channel spacing to the wave
conditions. The beach state model of Wright andriS(k®84) is discussed, as rip

currents are inherently related to beach state.

2.2 Definition and Location of Rip Currents

Rip currents are the most visible feature of neaslsirculation systems (Ranasinghe
et al., 1999). Rip currents are fast, concentratedents which flow seaward in the
surf-zone. They can often contain sediment andisleidrich makes them a different
colour to the rest of the surf (Komar, 1998). Rgre absent on reflective beaches
which are dominated by shore-normal swash osaltati(Short, 1985) and are rare
on completely dissipative beaches where the suréz® controlled by low frequency
surf beat and where circulation is not segregategdntally but vertically (Wright et
al., 1982). Rip currents are an integral part dfbabch systems in an intermediate
beach state and hence are a major feature of dsabhes from all over the world
(Short and Brander, 1999). Rip currents can beeptesn a variety of intermediate
beaches but tend to be a major feature on thode pvdnounced bar and trough
morphology (Wright and Short, 1984). It is impottém note that for this thesis there
was a specific set of conditions that had to beforedn area to be considered as a rip

channel, these conditions are listed in Section 4.6



2.3 Rip Current Morphology

Rip currents generally consist of three main congmtst (1) a feeder channel parallel
to the shoreline that carries water into (2) a earrip neck with a deeper channel
approximately perpendicular to the shore, throughictv water flows seaward
through the surf-zone, eventually decelerating ardanding into (3) a rip-head
seaward of the breaking waves (Brander and Shod0)2(Figure 2.1). Rip channels
consist of incised channels with shore-connectedhalsh(transverse bar) or cut

through an alongshore bar (MacMahan et al., 2006).
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Figure 2.1. Schematic of a rip current (similar tothe classic definition of Shepard et al. (1941)),
as presented by MacMahan et al., (2006).

For all analyses undertaken in this thesis, all aiprents were assumed to be
associated with rip channels and vice versa. Howeecurrents can in fact occur in
the absence of bathymetric features such as ripnetle on alongshore-uniform
beaches (Murray et al., 2003). These apparently-badmymetrically driven rip
currents are sometimes called ‘flash rips’ by lifagls and transient rips by scientists
(Johnson and Pattiaratchi, 2004). In cases ofhfigss’, hydrodynamic interactions



form narrow, widely spaced or isolated jet-like mprrents. There are various
theories and models for the formation of flash ,rippne of which is generally

accepted yet.

2.4 Rip Current Generation Models

2.4.1 Model Types

Rip currents are thought to arise from alongshoeslignts in wave height and the
associated variations in the mean water surfaceadm (Long and Ozkan-Haller,

2005). It is generally understood that the gradientwater surface elevation that
drive flow could arise from several individual madmsms which may also work in

combination (Long and Ozkan-Haller, 2005). Munk49pgave the first attempt to

explain rip currents by suggesting that when wptiess up at the shore, the resulting
pressure gradient forces the water to exit as auipent. Since the first scientific

discussions on rip currents by Shepard et al. (L84dl McKenzie (1958), various

researchers have suggested a range of differentgeperation mechanisms
(Ranasinghe et al. 1999).

There are two main types of models for the genmmadif crescentic sand-bars and
associated rip channels (van Enckevort et al., R00Aese two models are: (1)
template models (edgewave models); and (2) seHrosgtion models. Table 2.1
shows some of the studies that have been undertakertemplate and self-

organisation models for crescentic sand-bar dewedop. In template models, the
‘template’ refers to the three dimensional patterthe hydrodynamics which forces
the generation of a three-dimensional crescentitepain the bar morphology. In

template models, it is assumed that there is ndbfeek between the hydrodynamics
and morphology. Self-organisation models are basethe idea that crescentic sand-
bar features form through positive feedback betwden hydrodynamics and the
morphology.



Table 2.1. Examples of references for studies offtirence types of rip current/ crescentic sand-
bar generation models.

Template Models Self-organisation Models
Bowen, 1969 Linear Non Linear
Bowen and Inman, 1969 Hino, 1974 Caballeria e802
Bowen and Inman, 1971 Christensen et al., 1994 @bab, 2002
Dalrymple, 1975 Deigaard et al., 1999

Holman and Bowen, 1982 Vittori et al., 1999
Holman and Sallenger, 1993-alques et al., 2000
Bryan and Bowen, 1998 Calvete et al., 2002
Klein et al., 2002
Damgaard et al., 2002
Caballeria et al., 2003

2.4.2 Template Models

The template in template models is the patternezfrishore residual velocities of
low-mode monochromatic alongshore standing edgeesvahat are typically at

infragravity frequencies (van Enckevort et al., 20@Edge waves refer to waves that
are bound to the coast by reflection and refract®owen (1969) and Bowen and
Inman (1969) used a wave tank to show that incideves can generate synchronis
edge waves which interact with incident waves tdpce a pattern of regular high
and low wave heights alongshore. This variationwieive height alongshore was
proposed to cause a longshore gradient in wavepsetausing a regular pattern of
cell circulation with rip currents present at eactinode (Ranasinghe et al., 1999). It
is thought that the pattern of the edge waves migatrange the sediment that is
suspended by short waves into a crescentic baramitlongshore wavelength that is

half the edge wave wavelength (van Enckevort e2ab4).

An issue with template models is that they do nohsader feedback between
crescentic sand-bars as they emerge and the edgeswalso, in many template
models (such as Bowen, 1969 and Dalrymple, 197%, wave conditions are
assumed to be monochromatic and sometimes monctidital which is different

from the stochastic forcing that occurs on natbesches (Turner et al., 2007). There



have been many papers written about template madelsrip currents including:
Bowen, 1969; Bowen and Inman, 1969; Bowen and Inni&7Y1; Holman and
Bowen, 1982; and Dalrymple, 1975. Template modeigte generation of patterns
on beaches (such as rip channels) assume thattreefarcing has the same physical
scales as the resulting morphology. Template modedsno longer thought to be
responsible for crescentic bar formation by sonehsas Holman (2000) who noted
that recent tests of a number of these models faumcevidence that scales of
morphological patterns are being forced by fluidtiows (e.g. Masselink et al.,
2004). Despite this evidence against template nspdel many well-known text
books such as Komar (1998) and Woodroffe (2003ptatea models are still given as

the only suggestion on how crescentic sand-barbtrfogm.

2.4.3 Self-organisation Models

Self-organisation models assume the formation afpimalogical patterns that do not
directly correspond to the hydrodynamics. The cphcef self-organisation of
crescentic sand-bars and rip channels has beearedphrough linear and nonlinear
models. Linear models can only predict alongshegrlar and temporally constant
alongshore length scales whereas nonlinear mo@elspooduce spatial as well as
temporal variability. In general, the equationsdu® hydrodynamics and sediment
transport are similar for linear stability modeladanonlinear models. In linear
stability models the flow is described using dejitegrated equations for mass and
momentum conservation. The first linear stabilityodal for crescentic bar
development was introduced by Hino (1974) who ssgggk that even if the
longshore wave set-up was uniform, a small distucbdo the set-up could eventuate
in regularly spaced rip currents. Hino (1974) hyyesised that the variable
alongshore bathymetry and hydrodynamics could evaly a result of an instability

of the coupled hydrodynamic-morphodynamic systeon{l.& Ozkan-Haller, 2005).



2.4.4 Testing of Rip Generation Models

There has been testing of some rip generation malelh as by Ranasinghe et al.
(1999) and Turner et al. (2007). Ranasinghe et(E99) used data from a
guantitative analysis of time exposure video imaffesn Palm Beach, Sydney,
Australia spanning almost two years. Data from PRé&ach indicated that rip current
generation could not be directly attributed to ame of the rip generation models

that had so far been proposed.

According to Ranasinghe et al. (1999) the mostiggularly spaced (alongshore) rip
currents at Palm Beach implied that none of thepgsed template models and
instability mechanisms for rip generation could gvrip generation. This finding is
in contrast to findings of Holman and Bowen (1984ho found that template models
could predict rip channels with irregular alongshepacing. Rips generated at Palm
Beach after high energy wave events which rewotkedhearshore morphology did
not form at the same location as before the waemte\According to Ranasinghe et
al. (1999) this also indicated that the observpdgeneration could not be attributed
to wave-boundary interaction mechanisms. Ranasiegta. (1999) thought it most
likely that rip currents are generated through amlmoation of generation

mechanisms.

Turner et al. (2007) used three years of daily nlzg®ns at a long straight beach to
determine the temporal trends and variability @f ication, spacing, persistence and
mobility of rips. This data-set could not be redtett with the majority of existing
template and instability models for rip formatidrat predict a relationship between
incident wave conditions and regular spacing of afpngshore (Turner et al., 2007).
In contrast, observations tend to support emerthegries of rip current generation
that predict irregular spacing of rip channels gkivore (Turner et al., 2007). More
testing is required of rip current generation medelowever to do so highlights the

need for quantitative, long-term data-sets of tipgent and sand-bar behaviour.



2.5 Rip Current Velocities

The mean velocities of rip currents are often reddy low and yet the maximum
values can be rather high. RIPEX (RIP current EXpent) was performed in
conjunction with a steep beach experiment duriegntonths of April and May 2001
at the southern end of Monterey Bay in Sand Citglif@nia (MacMahan et al.,
2005). The mean rip current velocity was found ¢0b3 m3 for a wide range of
wave conditions, with maximum hourly averaged vitles approaching 1 rifs
during extreme storms (MacMahan et al., 2006). @naite averaged velocities
were found to be approximately twice that of maximbourly velocities at 2 s
(MacMahan et al., 2006). Rip current velocities afiected by both tidal elevation
and wave forcing. With increasing wave heightscuprent velocities increase, if this
occurs during high tide this can offset the effetctidal modulation (MacMahan et
al., 2005).

2.6 Rip Channel Spacing

Rip currents are a dominant component of the @ellgurf-zone circulation of
intermediate beaches (Wright and Short, 1984) arel aften the dominant
mechanism for offshore transport of sediment antéwdhe dimensions and spacing
of rip currents is thought to be an indicator of theneral surf-zone circulation and
sediment transport, as well as indicative of theirenmental forcing parameters of
spacing (Short and Brander, 1999), although thssyled to be proven. Rip spacing is
also a vital aspect of the recreational hazardmpialeof beaches (Short and Brander,
1999). There is much debate over whether rip cHarere regularly or irregularly
spaced alongshore. Huntley and Short (1992), Shod Brander (1999) and
MacMahan et al. (2005) found that rips were reldjivegularly spaced alongshore.
On the contrary, Holman et al. (2006) and Turneale{(2007) both found that rip
currents were irregularly spaced alongshore. Symatdl. (1997) noted periods of

quasi-regular rip channel spacing and periodsregirar spacing. Eliot (1973) found



that there were places where rip currents tendeactor frequently and that these
locations were regularly spaced. While there haaenlmany studies of rip currents,
there are few long term studies where rip curréatr&cteristics such as spacing have
been examined. Table 2.2 shows a list of the lemgrtrip current studies that have
been undertaken to date and where appropriatejussmies on whether rip spacing
was regular or irregular alongshore. Note thatehgrsome overlap in the data-sets.
The only sites where long-term rip current behawvibas been studied are Tairua
Beach (New Zealand), Palm Beach, the Gold Coast Madabeen Beach in
Australia, and Duck in the U.S.A. Short-term ripaohel studies are not included in
Table 2.2.

There have been many attempts to find a good oelstiip between wave conditions
such as wave height, and rip channel charactesjgiarticularly rip spacing. There is
a general assumption that larger inputs of enantyy the surf-zone will result in the
development of morphologies with larger spacingve®a rip current studies have
indicated the relationship between rips and waveKenzie (1958) found that under
increasing wave conditions rips become less nunseboti larger in size (i.e. spacing
increased). Eliot (1973) found that under low waeaditions there were more rips
present and strangely a wider surf-zone. Short §L$8oposed that when wave
heights are increasing there will be an increas@ichannel spacing and a decrease
in the number of rips and vice versa during deangaw/ave heights. Huntley and
Short (1992) showed quantitatively (although riparmhels were located visually
which means results are subjective) using regressialysis that rip channel spacing
mostly depends on the breaker height and sedinaéintefiocity, and that it increases
with increasing wave height and surf-zone widthd dacreasing sediment size. They
found that rip spacing was not sensitive to wawveope although there was a weak
trend for increased spacing with increasing wauweode Huntley and Short (1992)
found that rip channel spacing was better predibiedimulations of surf-zone width
based on observed wave height using a model fobdélaeh profile rather than the
visually estimated surf-zone width. This relatioipstvas used to create a predictive

equation for rip spacing which is proportional #5'’%w?, whereH is the breaker



height andw the sediment fall velocity. The ratio of rip spagito surf-zone width

appeared to be relatively insensitive to incideavavperiod, although there is slight
evidence that it increases with increasing per&tbrt and Brander (1999) suggested
that rip density (number of rips per kilometre @abh) decreases with wave height
and period, surf-zone width, wave energy and waweep however they did not

successfully correlate rip channel spacing to weharacteristics. Short and Brander
(1999) noted that with large waves, only a few mygee produced and when waves

were smaller, rips were also smaller in size bueweore numerous.

More recent work with more substantiated data-$ets also failed to show the
relationship between rip currents and waves. Thiture to find a relationship
between rip channel spacing and growth time, asthdce between the shoreline and
sandbar crest, was at first thought to be dueftmulties in locating sand-bar crests
(Calvete et al., 2007). However, more recent stidgng more accurate estimates of
the sand-bar crest from video images such as byBrarkevort et al. (2004) and
Holman et al. (2006) have also failed to explaimiateons in rip channel spacing
(Calvete et al., 2007). Topographically-controltges are those controlled by the pre-
existing rip channel morphology while hydrodynaniicaontrolled rips are those
responding directly to changes in the wave conaitidRanasinghe et al. (2000) and
Whyte et al. (2005) found that rip spacing did imazrease or decrease with increases
or decreases in wave height, suggesting that oize are formed they are
topographically-controlled. Calvete et al. (200#ted that rip channel spacing does
not appear to respond to hydrodynamic forcing ald¢ne. hydrodynamically-
controlled), but to a more complex function linkiedthe pre-existing morphology.
Results of Calvete et al. (2007) show that thewerslationship between wave height
and rip spacing (where alongshore rip channel sgdocreases with increasing wave
height) but also suggested that the pre-existingphmogy was essential and that the
sensitivity of the rip channel system to initial nditions is as important as
hydrodynamic forcing. Turner et al. (2007) found alear relationship between the
number of rips/ mean rip channel spacing and tli€hofe wave conditions (wave



Table 2.2. Long-term, quantitative studies undertakn of rip currents. Method refers to how data-set &s collected, rips and waves refers to if there was
relationship found between rips and wave conditionsand rip spacing refers to if rip channel spacingvas regular or irregular alongshore. QL representsa
gualitative data analysis and QT a quantitative andysis.

Reference Beach Site Method | Duration | Rips & waves| Rip Spacing| Analysis
Type (Months) | Relationship?

Short, 1985 Straight| Narrabeen Beach (AU) Visuall9 Yes Not reported. QL and QT|
Lippmann and Holman, 1990Straight | Duck, N.C.(USA) Video 24 Not tested Meported | Not tested
Huntley and Short, 1992 Straight  Narrabeen BeAth (| Visual 19 Poor Not reported QT
Symonds et al., 1997 Embaye&alm Beach (AU) Video 12 Not tested Mixed Notees
Bogle et al., 1999 Embayedrairua Beach (NZ) Video 14 None Not reported QT
Ranasinghe et al., 1999 Embaydeéalm Beach (AU) Video 24 None Not reported QT
Bogle et al., 2000 Embayedrairua Beach (N2Z) Video 11 Not tested Not reportedliot tested
Ranasinghe et al., 2000 Embaydeéalm Beach (AU) Video 24 None Not reported QT
Ranasinghe et al., 2004 Embaydéalm Beach (AU) Video 48 Not tested Not reported ot tésted
Whyte et al., 2005 Straightf Gold Coast (AU) Videog 6 3 None Irregular QT
Holman et al., 2006 EmbayedPalm Beach (AU) Video 26 None Irregular QT
Turner et al., 2007 Straight  Gold Coast (AU) Videq 32 None Irregular QT

* Study undertaken focused on sand-bars not ripesus.



height, peak wave period and incident wave powkrjs is consistent with the idea
of topographic-control of rips by the underlyingoals and channels once the rips are
formed, hindering their ability to respond to wafeecing (Turner et al., 2007). It
appears that the traditional time-series approaatotnparing rip channel and wave
data is not appropriate to show how they inteffdot.example, qualitative analyses of
rip currents and waves appear to be more likelghow that there is a relationship

rather than purely quantitative analyses.

In general, numerical models predict an increasalamgshore rip channel spacing
with increasing wave height or surf-zone width (@& et al., 2007). More recently,
changes in mean rip channel spacing have beerdlittkthe directional spreading of
short waves such as by Reniers et al. (2004) wihevas suggested that increased
directional spreading of waves caused an increasg ichannel spacing. Numerical
models of rip currents could be very useful to gateehypotheses to test. However,
the current lack of high quality rip current dateans that there is a large gap in the

research of rip currents.

Template models have also suggested that rip chapaeing may not be at all
sensitive to the height and mean period of incideaves but is dependent on the
alongshore length scale of the wave group energytla@ direction of the incident
waves (MacMahan et al., 2006). An added complicatimto the search for a
relationship between rip currents and wave conaltics that rip currents don’t
always develop under the same wave conditions @@alet al., 2007). Calvete et al.
(2007) stated that the search for a rip channaigi@ will need to fully account for
the shape of the pre-existing underlying bathymetry



2.7 Beach States

2.7.1 Beach State Morphodynamics and Hydrodynamics

Wright and Short (1984) used the concept of morghathic beach states to define
beaches with coupled morphology and hydrodynanibs. two most extreme states
are (1) fully dissipative; and (2) highly refleaivFully dissipative beaches tend to
have flat, shallow beach morphology (Figure 2.2dah welatively large subaqueous
sand storage. Fully reflective beaches tend to fst®ep morphology with small

subaqueous sand storage (Wright and Short, 198&gtiveen the two extreme beach
states of dissipative and reflective, Wright an@$(1984) recognised four different
intermediate beach states with a combination ofsipldive and reflective

characteristics.

The six beach states identified by Wright and Siip#84) are presented in Figure
2.2. Figure 2.2 clearly shows the morphologicafedénces between the six beach
states but not the associated differences in thenmef sediment transport (Wright
and Short, 1984). According to Wright and Short84)9 depending on the beach
state, near bottom currents show variations irr¢fetive dominance of motions due
to incident waves, sub-harmonic oscillations, igfewity oscillations, mean

longshore currents and rip currents.

2.7.2 Surf Scaling Parameter

With regard to morphology, the two beach stateesmés (dissipative and reflective)

are distinguished using the surf-scaling param@erea and Inman, 1975):

£e=aw’ /gtan’ g (1)
where a, is breaker amplitudeg is incident wave radian frequency7{2/ T, where
T is wave period)g is acceleration due to gravity anfl is the beach/ surf-zone

gradient. According to Wright and Short (1984), ttedlowing will occur with



changinge: If € is less than 1.0, complete reflection of waves agtur at the beach
of interest. Ife¢ is greater than 2.5, waves will start to plungeistag energy
dissipation to occur. It is greater than 20, waves will become spillingalkers

causing the surf-zone to increase in width.

2.7.3 Dissipative Beach States

The following descriptions of the three major beatdtes are as described in Wright
and Short (1984). Dissipative beach states are aoliéscribed as a ‘storm’ or ‘winter’
beach profile (Figure 2.2a). Dissipative beachesd t® be wide with a low gradient
and a large amount of subaqueous sand. Dissipad¢iaehes also tend to be uniform
alongshore with no rhythmic morphologies. Dissiypatbeaches are associated with
high energy spilling breakers that dissipate enexrgythey head in to shore. Hence
dissipative beaches persist under constant higtevesnergy, combined with large
amounts of (fine) sediment. Rip currents are uhliked be present on fully
dissipative beaches.

2.7.4 Reflective Beach States

Reflective beach states occur when breakers agenguto collapsing. These waves
tend to focus their energy on the upper part of ibach face and a steep beach
develops (Figure 2.2f) with a step beneath it. Betlois step (i.e. seaward), reflective
beaches have a lower gradient. In contrast topi#iise beaches, reflective beaches
tend to have little subaqueous sand. Reflectivechesa are often associated with
rhythmic beach cusps and sub-harmonic edge-waws@nmon. The reflective
beach state is likely to be dominant on beachel eoarse-grained sediment when
waves are of a low steepness for an extended pedfiaiime. Rip currents are

generally not found on beaches in a reflective besate.
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Figure 2.2. Plan and profile configurations of thesix major beach states (Wright and Short, 1984).



2.7.5 Intermediate Beach States

In between completely dissipative and reflectivadbe states are the intermediate
beach states. Beaches in an intermediate beaehhste¢ a mix of characteristics of
both dissipative and reflective beaches. Interntedi@ach states tend to occur when
there is medium-grained sediment with a small todenate supply, and under
intermediate (but variable) waves. Beaches in dernmediate state tend to have
pronounced bar-trough and rhythmic morphologie®rélare four main intermediate

beach types according to Wright and Short (198#ymearised below:

a) Longshore Bar-Trough State

Beaches in a longshore bar-trough state (Figurk) Zy2nerally develop from a
beach in a dissipative state. Longshore bar-trdaegithes tend to be steeper than
dissipative beaches. Sand-bars and channels areeveloped on longshore bar-
trough beaches. On longshore bar-trough beachesydkes first break over the
sand-bar and reform in the troughs, rather thasighse energy as they come into
shore such as occurs on dissipative beaches. Gusmsten present in the swash

zone of longshore bar-trough beach states.

b) Rhythmic Bar and Beach State

As is the case with longshore bar-trough beaclest@igure 2.2c), rhythmic bar

and beach states develop from beaches in a disspaate and tend to have a
steeper slope. Beaches in the rhythmic bar andhbsate are different to beaches
in the longshore bar-trough state as they havegueced rhythmic patterns of

the sand-bar and sub-aerial beach. Rip currentsamenon in rhythmic bar and

beach states and tend to have weak to moderatdation with semi-permanent

alongshore locations.



c) Transverse Bar and Rip State

Beaches tend to develop into a transverse bar igndtate (Figure 2.2d) by

accretion where crescentic sand-bar horns joihédeach. This welding of sand-
bars to the beach causes the development of ‘teassvbars’ with channels

containing strong rip channels in between the b&i currents are most

pronounced and have the fastest velocities on lesacha transverse bar and rip

State.

d) Ridge and Runnel/ Low Tide Terrace State

Beaches in the ridge and runnel/ low tide terrataes(Figure 2.2e) are
characterised by a dissipative, low gradient afesaod at/ below the low tide
mark with a steeper beach face above it (reflediviigh tide). Therefore, ridge
and runnel beaches are generally dissipative atitievand reflective at high tide.
Rip currents are common on ridge and runnel beaotethey tend to be small,

slow-flowing and irregularly spaced alongshore.

The morphodynamic beach state models of Wright &hdrt (1984) identifies the
occurrence of rip channels and channel morphologyaa integral feature of
intermediate state beaches. Rip channels are oftserved to emerge then disappear
again as a beach progresses from a higher enesgipdlive to a lower energy

reflective state (Turner et al., 2007) (Figure 2.2)

2.8 Summary

Rip currents are fast, narrow currents that travehe surf-zone and are a crucial
consideration in beach safety. There are two mgies of models that have been
proposed for rip current generation: (1) templatedets; and (2) self-organisation
models. There is still much debate over what meshanor combination of
mechanisms causes rip currents to form. Rip cuwsréygically flow at speeds of
~1ms'. There is an ongoing debate over whether rip otsrare regularly or
irregularly spaced alongshore. This debate is esterg because the spatial



configuration of rip currents alongshore will r@ato hypotheses of rip channel
formation and ideas of what might control their ptaslogy. There is also much
debate over if and how rip currents are relateadhanging wave conditions. Rip
currents are inherently related to beach state, #ne central to intermediate beach

states and in distinguishing the four intermedsaétes.

Rip current studies where qualitative analysis mémiies have been used appear to
generally indicate that there is a relationshipwleein rip currents and waves. In
contrast, studies with purely quantitative analyshniques such as time-series
techniques and other methods developed for wavesraiy appear to show that
there is no relationship between rips and waveshifthesis, it will be attempted to
bridge this gap between qualitative and quantiéatinalysis methods to show that
there is a relationship between rips and wavewilltbe attempted to indicate why

traditional quantitative techniques to compare tgpwaves have failed.



Chapter Three: Video Imagery and Data
Collection

3.1 Introduction

The purpose of this chapter is to describe thecesuof data used in this thesis. The
advantages of video imaging are briefly introdutahbwing by a description of how
video images can be used to measure rip curranggyd sources for this thesis are
described, as is the image processing prior to @mageing used for analysis
Deploying instruments in the high energy surf-zeaa often result in damage and/
or loss to expensive equipment. Obtaining sufficegratial coverage can also mean
that large numbers of instruments are required Beg al., 1999), which can be
logistically difficult and expensive. Coastal imagi overcomes many of the
shortcomings of traditional in situ deploymentghe harsh marine environment, and
especially in the turbulent surf-zone. Remote mesamant of the surf-zone via video
cameras allows measurements to be taken of thezsnéf while equipment is not
hindered by the high energy surf-zone conditiorem€ras can be used to survey the
surf-zone at any location where there is a suitalaletage point (Lippmann and
Holman, 1989). Remote measurement also overcorseesf flow disturbance and
bio-fouling (Holland et al., 1997).

Optical signatures from video images are able twige a huge source of data at a
low-cost and with a temporal and spatial dynamiogea appropriate to various
sampling needs (Holman & Stanley, 2007). Coastagimg allows extensive spatial
coverage of a high resolution (Lippmann and HolmiZ89) and reduces the cost of
instrumentation (Bogle et al., 1999). Cameras candft in position over longer
periods of time, sampling on demand and therefooeeasing temporal coverage
(Bogle et al., 1999). Surf-zone morphology can gearapidly during events such as
storms. Due to fast rates of change, it is cruoiddave a sampling interval that is less

than the time scales of sand-bar movement (Salteegal., 1985; Lippmann and



Holman, 1989), a problem which is overcome by videaging. Another advantage
of using remote measurement is that post-desigamipling arrays can be carried out
relatively easily after an experiment, allowing nieleas to be tested (Holland et al.,
1997). The logistics and cost of sampling near-aslpoocesses via video are generally
less than traditional solutions involving the dephent of large arrays of
instrumentation at a discrete number of positidfsland et al., 1997).

3.2 Background to Video Techniques

Lippmann and Holman (1989) were the first to demmats and model the
relationship between the bands of white in videnetexposure images and the
position of the crests of submerged sand-bars (Holmand Stanley, 2007). The
patterns of light intensity that are recorded mdiexposure images are the result of
the bubbles and foam of breaking waves (Lippmaruoh ldolman, 1989). To relate
this signal to fluid motions (and hence to underymorphology), some assumptions
must be made on the mechanism of bubble formatigpann and Holman, 1989).
Lippmann and Holman (1989) hypothesised that thiet lintensity recorded in video
images is proportional to the local incident wavergy dissipation (for equations
relating light intensity to local incident wave egg dissipation see Lippmann and
Holman (1989)). This relationship of light interystb wave dissipation is based on
the premise that more waves break over the shalowas of the bar than the
surrounding, deeper areas. The majority of rip ents are linked to seabed
depressions called rip channels (Calvete et a7 R@vhich is assumed to always be
the case for this thesis. Due to their greater ldeftere tends to be little wave
breaking in the rip channels and hence low ligkgnsities in video images. The low
light intensities in video images can be used tate rip channels and the high light
intensities to locate sand-bar crests. Insteadsofgujust one instantaneous video
‘snapshot’ from one instant in time (Figure 3.1)lte@ate sand-bar crests and rip
channels, it is common practice to use time-avetagages (Figure 3.2). Averaging

images over a period of time (in this thesis, 1hutes for Tairua Beach) averages



out fluctuations due to incident wave modulatiomsl gjives a statistically stable
image of the wave breaking pattern (Lippmann anbirtda, 1989).

Lippmann and Holman (1989) carried out ground-ingho test the applicability of
using light intensity minima in time-averaged videwages as a proxy to locate rip
channels. This ground-truthing was carried out i SUPERDUCK, a near-shore
processes experiment carried out at Duck in Nodholtha, U.S.A. SUPERDUCK
was carried out during September and October 1986veas hosted by the U.S.
Army Engineer Waterways Experiment Station’s Cda&iagineering Research
Centre (CERC). During SUPERDUCK it was found thhere was excellent
agreement between the locations of light intensixima and sand-bar crests. It was
also found that time-averaged images were apptepfiar detecting longshore
variability and rhythmicity and for quantifying lgth scales, supporting the validity
of the model and the potential of the techniqueiritiging morphology (Lippmann
and Holman, 1989).

Although video imaging of the surf-zone is a usd&dhnique, there are still issues
that users need to be aware of. The method of dgjhgintensity values in video
camera images of the surf-zone yields a map of hwogy but not actual
bathymetry (Holman and Stanley, 2007). There aréaicewave conditions under
which video images may not be such a good proxyifochannel bathymetry. For
example, during RIPEX (RIP current EXperiment) MadMn et al. (2005) found
that when wave heights exceeded 2 m rip channeis alescured by wave breaking,
although flow measurements indicated that strorig res?) rip currents were still
present (MacMahan et al., 2005). This makes stgdyip currents by video
challenging as high wave events are generally &gsdcwith the disappearance of
rip currents. Lippmann and Holman (1989) found tHating high wave events,
persistent surface foam obscured the relationsHipinmage intensity to local
dissipation. Conversely when wave conditions aceloav, rip channels are often not
visible in video images as there is not enough waeaking to distinguish channels

from sand-bar crests. Generally when wave conditiorare low,
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National Institute of Water & Atmosphere, Tairua, NZST 27/06/2000 16:00:20

Figure 3.1. Un-rectified image (snapshot) of Tairu@each on Julian Day 179 at 0800
hours in 2000.

MNational Institute of Water & Atmosphere, Tairua, NZST 27/06/2000 16:00:20

Figure 3.2. Un-rectified, time-averaged image (oves 15 minute duration) of Tairua
Beach on Julian Day 179 at 0800 hours in 2000.
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the surf-zone morphology hardly changes. Anoth&raswith using video imagery to
locate rip currents is that sometimes rips can famnthe absence of rip channels

(referred to as transient or ‘flash rips’).

3.3 Automated Image Analysis

There have been attempts to create a method tanatitally locate rip channels
from video images. Ranasinghe et al. (1999) createcautomated method which
identified rip channels as local minima in imagghtiintensity in alongshore profiles
of pixel intensity transects, taken at approximateld surf-zone. While adequate for
simple cases, this automated approach was fouhd sensitive to parameter choices
in the analysis and often gave results in disagemenwith visual assessment
(Holman et al., 2006). Ranasinghe et al. (2000ggrdted image pixel intensities
along a number of equally-spaced cross-shore positand combined these to
represent the mean longshore variation in pixa@nsity across the surf-zone. These
integrated profiles were used to identify rip chalnlocations in each image. The
locations of rip channels were determined usingra downcross-upcross analysis of
the filtered alongshore intensity profiles. Rangbm et al. (2000) identified rip
channels as corresponding to the location of theimuim light intensity between
adjacent pairs of zero down-crossings and up-argssiSome trough locations were
found to be too small to correspond to rip channBEiese locations were removed by

visually comparing the channel locations predidigdhe analysis to the image.

A similar method to Ranasinghe et al. (2000) toatecrip channels from video
images was used by Bogle et al. (2000) to defioagdhore rip currents locations.
Bogle et al. (2000) used light intensities of tieneeraged, rectified images which
were averaged in the cross-shore direction. Thisraming reduced the light
intensities to a single variable as a function lohgshore position, from which rip
positions were visually identified as minima in higintensity. However, this

averaging obscures rip feeder channels and riguarientation.



While there have been some attempts to automatiealhlyse video images of the
surf-zone to locate rip channels such as by Raghsiet al. (2000) and Bogle et al.
(2000), these methods have tended to look at justar an averaged alongshore
transect rather than look at the entire cross-shrtent of the surf-zone. There have
also been issues with parameter choices (i.e.lbleés) to locate rip channels, adding
to the difficulty in creating an automated methadldcate rips in video imagery.
When creating algorithms to locate rips in vide@gary, it is inevitable that some
thresholds in light intensity are going to be nekder example to distinguish what
light intensity corresponds to a rip current. Rea@searchers on rip currents using
video images have continued to use the somewhgedive, labour intensive
methods of locating rip channels in the surf-zdra. example, Holman et al. (2006)
and Turner et al. (2007) both manually located aiprents using light intensity
minima in alongshore light intensity transects. Hah et al. (2006) stated “...after
considerable experimentation it became clear thlatsimple algorithm provided
robust location of rip locations under the rangecomnditions exhibited at this site”
(Holman et al., 2006, p. 3). While the methods ah&singhe et al. (1999) and Bogle
(2000) are automated, they only examine at averagesks-shore locations of rip

currents, not the entire surf-zone.

3.4 Image Sources

Images used in this thesis were from two diffedlenations. The main focus of this
thesis was Tairua Beach however an additionaldetite computer algorithms was
undertaken on an image from Muriwai Beach. ImagesfTairua Beach were from

a video camera installed as part of the Cam-Ergrarome set up and co-coordinated
by the National Institute of Water and AtmosphdRiesearch Limited (NIWA) and

Environment Waikato (Waikato Regional Council) ieW Zealand. A video camera
overlooked Tairua Beach from Paku Hill on the seuthend of the beach at 70.5 m
above chart datum. Images from Muriwai Beach weymfa video camera set up and

developed by the Coastal Imaging Lab (CIL) at Ore§tate University in the United
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States for the Argus programme. These cameraseangpsto take a snapshot every
1.57 s. Images used in this project were averaged @ fifteen minute duration for
Tairua Beach and a ten minute duration for MuriBaach. The purpose of this
averaging was to remove the high degree of vartglil wave breaking and to allow
better contrast between rip channels and bar cr8sith video camera systems
consisted of a camera and a computer that wer® seifomatically collect images at
regular intervals during daylight hours. Cameragesawere collected by a CCD chip
inside the camera and made into a video by a tirablgr. These videos were then

turned into RGB (red, green, blue) matrices whichld be manipulated in Matlab.

3.5 Image Rectification

3.5.1 Redctification Process

The raw camera images of the beaches were nohav@ev (i.e. ‘birds eye view’) of
the beach, as the angle of the camera was oblgtre tbeach (Figure 3.3).

National Institute of Water & Atmosphere, Tairua, NZST 15/11/1888 11:00:15

Figure 3.3. Un-rectified, time averaged image of Tieua Beach from Julian
Day 318 at 1000 hours in 1998.
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The location of objects in an image is a functidnthee spatial orientation of the
camera relative to ground topography (Lippmann &lwdiman, 1989). Therefore,
each image was transformed through mathematicggiron onto a horizontal plane
located at mean sea level (Figure 3.4) (found &mheimage using tide information,
Figure 3.5). Details of the method used for imagetification can be found in
Heikkilla and Silven (1997) and details of the recation algorithms used can be
found in Appendix 1 and Figure Al.1. Measuremeritsnean sea level at Tairua
Beach for image rectification were obtained by NIWP gain a measure of mean
sea level for image rectification of the Muriwaid images, a pressure sensor was
deployed at the southern end of the beach (Fighitsssand 3.5b) for half of one tidal

cycle (from one low tide to another) on November0®8 (Appendix 4).

Figure 3.4. Rectified, time-averaged image of Taira Beach from Julian Day 318 at 1000 hours
in 1998.

Figure 3.5. Location of the pressure sensor deployant at the southern end of Muriwai Beach

(indicated by arrows) to measure mean sea level famage rectification.
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3.5.2 Image Quality

Not all video images were of a suitable qualityatwalyse for the location of rip
channels. Only high quality images were choserrdatification. There tends to be
more wave breaking at low tide (i.e. when the wadtgsth is at its shallowest). More
wave breaking tends to produce the best coloungite distinction of sand-bars and
rip channels. Therefore, an algorithm was creatdind all low tide images
(‘Imagechoose see Appendix 1 and Figure Al.1). Only the highmsality images
were selected for rectification and analysis toiaidchieving a high quality data-set.
Some images were obscured due to low amounts ¢igktirsun-glare, shadow, rain
(Figure 3.6) and/or condensation on the camera Temsse issues led to a low degree
of contrast between sand-bar crests and rip chenmehking them difficult to
distinguish. Sometimes there were gaps in the sktdor which no quality low-tide

iImages were available, hence images from otheestiagthe tidal cycle were used.

National Institute of Water & Atmosphere, Tairua, NZST 18/01/2000 14:00:19

Figure 3.6. Un-rectified image of Tairua Beach fromJulian Day 171 at 0400 hours
in 2000. Image is obscured by rain and/or condensah on the camera lens
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3.5.3 Ground Control Points

For the image rectification process, there mustabéeast 3—4 locations that are
known in real-world coordinates with a high degoéexccuracy. These locations are
referred to as ‘ground control points’ or GCPs. S&heoints had already been
obtained for Tairua Beach by NIWA, therefore GCRRE/meeded to be obtained for
the Muriwai Beach site. 13 GCPs were located uRng-GPS. The RTK-GPS base
station is shown in Figure 3.7a. These GCPs wetentaising both more-or-less
permanent landmarks such as the Muriwai Beach Slub (Figure 3.7b) and
temporary locations by holding up a sign which wasble in images from the
camera. GCPs were taken both near to the camedafaaraway, in a scatter of
locations on the beach and on land within the fadfldiew of the cameras. For each
GCP, the location was found using the RTK-GPS, ainthe same time a snapshot
was taken with both cameras of the landmark. Aetadsl RTK-GPS locations and
shapshots taken at Muriwai Beach with the camefrisedlandmarks can be found in

Appendix 4.

a. b.

Figure 3.7. Panel a. shows the RTK-GPS base statian hill overlooking Muriwai Beach. b.
Shows taking location of the corner of the MuriwaiBeach Surf Club using RTK-GPS.

3.6 Wave Data

Wave data used for this thesis are described irm@or(2005). The wave data were
modelled using the wave evolution model WAM (WAved&l). WAM was used to



simulate wave generation and propagation of dedprweaves around New Zealand.
Input winds for the model were from the United &$atNational Centre for
Environment Prediction (NCEP). A forecast was railydto predict waves at three
hour intervals and was run on a global domain witlkesolution of 3.75° longitude by
3° latitude. Wave forecasts were validated by compahe output to wave recorders
off the New Zealand coastline. Wave data for neanestocations such as Tairua were
obtained by interpolation of directional spectranir nearshore grid cells, using a
technique that considers limited fetch in the neams (Gorman, 2005). In the
interpolation to the Tairua Beach site, there wédpaaallel coast” approximation for
refection used (R. Gorman, pers. comm., 29 Jarnk@09). Wave data used was for a
location on the 20 m depth contour off Tairua Bef@atitude and longitude -36.985,
175.878).

3.7 Summary

Video imaging of the coastal zone has many advastagyer traditional in situ
techniques of making measurements in the turb@eritzone. Time-averaged video
images can be used to locate rip channels as pomrdig to light intensity minima
(dark areas) in images. Thus far, there is no ntethvailable to automatically locate
light intensity minima for the entire cross-shordeat of the surf-zone or that is
suitable for complicated surf-zone morphologiesoBevideo images can be used to
locate rip channels they need to be rectified mretd-world coordinates using several
locations in the images for which the real-worldbnates are known with a high
degree of accuracy. Wave data used in this thesie irom the WAM wave

evolution model (Gorman, 2005; Gorman et al., 2003)



Chapter Four: Algorithms to Locate Rip
Currents

4.1 Introduction

This chapter presents the suite of computer algost(programmes) created to locate
rip channels in time-averaged video images of thézone. The algorithms worked
by locating local maxima and minima in light intégs The algorithms created to
define and refine distinct rip channels are alsscdbed. Each group of algorithms is
presented as a schematic to show the linkages éettee programmes with an
explanation in Appendix 1. Throughout this chapexamples of images and graphs

are given to help show the principles and processed in the algorithms.

4.2 Locate the Shoreline

The computer algorithms detect rip channels asmarnn light intensity in the surf-
zone (wave-breaking) area in the field of view loé ttamera. The problem is that
lighting variations and variations in the surf-zamdent mean that false points were
detected. Therefore it was necessary to find tloeetine and the barline so that only
the points between these lines were included asuri@nts.

An algorithm to automatically locate the shorelineeach image was adapted from
Salmon at al. (2007) and Salmon (2008) (see Figur2). To locate the position of
the shoreline, two limits were delineated betweéictvthe algorithm would look for
the shoreline, rather than searching the entirg@{aee makedcutfile'sAppendix 1
and Figure Al.2). These limits were manually dggiti to make two representative
lines each for both Tairua, and Muriwai Beach. Qimaét was digitised along the
seaward limit of the vegetation line (referred tothe seaward limit odcut?, and
one limit well seaward from the shoreline, rougfditowing the line of vegetation



(referred to as the landward limit dcutl) (Figure 4.1). These representative limit
files were used for all images. Note that in tinveraged, rectified images of Tairua
Beach such as is shown in Figure 4.1, zero in tlbegahore and cross-shore

directions corresponds to the location of the camer

The difference between the beach sand and surf-@aoars in the images was used
to locate the shoreline in each image. Salmon (R0Ggated a computer algorithm to
locate the shoreline, which was also used in tiesis. The shoreline-finding routine
worked by searching images for gradients in colatensity, following Smith and
Bryan (2007). The ratio of red light to green lightas used to locate the shoreline
betweendcutl and dcut2 based on the premise that the beach sand wouwlel &a
higher proportion of red colour due to higher shelhtent, and the ocean a greater
proportion of green light. Colour intensities iretitmages changed due to factors such
as weather conditions and light intensity whichrded at different times of the day
and of the year. Therefore, for each image, thestiold for the difference between
the beach and surf-zone colours was found by mbnselecting two boxes of
colour: one on the beach and one in the surf-zohes value was assumed to be
representative of the ratio for the entire image.thkeshold was chosen to
differentiate beach and surf areas (for detailsSamon, 2008).

For the purpose of locating rip channels, the dhmeravas made to be 10 m seaward
of the shoreline located by the algorithm. This Wwasause there tended to be an area
of noticeably high light intensity in the image®md the shoreline due to the high
intensity of breaking waves along the shore. Stheeshoreline was simply used to
discard false points from the rip current findénvas better to remove all local light
intensity maxima associated with the shoreline oAtke barline locating algorithm
discussed below worked by finding areas of hightligtensity, and if the light band
of foam following the shoreline was included in taealysis this region could be

found as a sand-bar when obviously it is not.
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Figure 4.1. Rectified, time-averaged image of Taif Beach from Julian Day 147 at 0800
hours in 2000. Yellow dots are light intensity maxha found corresponding to the
barline and the green line joining the dots is thenterpolated barline. The black line at
the bottom shows the location oficutl (landward limit), and the dark blue line under
the barline shows the location oficut2 (seaward limit). The red line betweerdcutl and 2
shows the shore-line found byshoreling.

4.3 Locate the Barline

4.3.1 Distinctiveness of the Barline

An algorithm called barline’ was created to locate the position of the barefch
image (see Appendix 1 and Figure Al.2). Beforetiogathe position of the barline,
‘barline’ was written so that first each image was visueligcked to see if the wave
breaking was sufficient to a sand-bar at all. Wawesak when their height is some
constant function of the depth, so if the wavesimasafficiently high, there is no way
of detecting the bar in the video image. If theswo sand-bar in the surf-zone, it
was assumed that there would be no rip currentrgéor. This is because when
waves are low, there is little breaking so theradsstrong radiation stress gradients
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i.e. the shallow sand-bars don’'t push the water(iigp cause a set-up) and make
gradients in water level, decreasing to the chanrdlis means there are no gradients
to drive the rip currents when waves are low. érthwas no visible bar present at all
for a particular image, or perhaps there were ssaild-bar crests visible (probably
too small to cause rip currents) this image wasanalysed to find rip channels ( e.qg.
it was assumed there were no rip currents presknélges were treated differently
depending on if there was a distinct bar presemt (vith sharp light intensity
maxima) or a diffuse, indistinct bar. If a bar waet particularly distinct, the
algorithm written to locate the barline did not Wwaparticularly well. For these
images with an indistinct barline, the barline waanually digitised into the image

(the entire length or just sections of it).

4.3.2 Locate Local Light Intensity Maxima

For images in which there were distinct sand-baesgnt, the main principle of the
barline finding algorithm was that, in general, tharline corresponded to the
maximum light intensity in each image. Thereforeldcate the barline the image was
searched in cross-shore transects for each alorgslocation. The algorithm
‘barline’ was written to look seaward afcutl (the same ‘seaward limit" used to
locate the shoreline) for the highest local lightensity maximum of blue light for
each transectOriginally, the barline locating algorithm was desto look seaward
of the shoreline. Although this worked well for masages, for some images the
maximum local cross-shore light intensity was foundbe close to the shoreline
when the barline was obviously further seawardsWms the case because in some
cases, pushing the shoreline found with the algmst seaward by 10 m was not
sufficient to stop the brightest light intensitiesbe found at the shore rather than the
barline. The algorithm to locate rip channels ololgked between the shoreline and
the barline, therefore some rip channels were oadted by the algorithms when the
barline found was too close to shoBeut2 was tested and found to work well as a
minimum distance from the shore between which dpents may form (Figure 4.1).

In some cases parts of or the entire barline weagvard ofdcut2so it was not found



by the algorithm. This was not an issue as ther®avautine built into the algorithm

allowing corrections to be made to the barlinegéd be (see Section 4.3.3).

For each cross-shore transect of light intensitgplynomial with seven orders was
fitted (Figure 4.2). This purpose of this polynoiaas to remove some of the small-
scale variation in light intensity which may hawused light intensity maxima to be
found that in fact did not correspond to the achaline. An order of seven was used
because after comparing maxima found on the polyaowith the position of the

barline in the image, an order of seven was bedotating the barline accurately.

4.3.3 Define the Barline

Local light intensity maxima possibly correspondiogthe location of the barline in
each image were defined as at location betwkmiti2 and the seaward limit of the
rectified images where a particular location haldaal maximum in light intensity
(where maxima were defined using a threshold).h@flbcal maxima found for each
transect, some of these maxima were too small t@spond to a sand-bar crest (by
visually comparing positions of maxima found to doons of sand-bar crests in
images). Small local maxima were removed usingrestiold of standard deviation
(1.5 times) for each cross-shore transect. Als@inal check was used to remove

maxima (using a threshold) from areas simply tad tiabe a sand-bar.

For many cross-shore transects, more than one ilgdnsity local maximum was

found, in which case the position of the barlineswaken as the furthest seaward
maximum. By visual comparison to images, the sedwaaximum almost always

corresponded to the true barline position. Usirgftirthest seaward maximum was
also done to ensure that the barline found wadawnatted too close to the shore, in
which case some rip channels were not detectedtén parts of the analysis as rip
channels were defined as being between the sherafid barline (see Section 4.6). A
local light intensity maximum above the necessarngghold was not always found

for every cross-shore transect. If no maximum wasndl for any cross-shore



location, the maxima that were found for surrougdalongshore locations were
interpolated to fill in the missing barline (Figudel). A routine was created so that
before the position of the barline found was useddrther analyses, the barline was
visually checked. The barline correcting routineowakd parts of the barline to be
corrected as many times as needed, although comsatere only ever required one

or two times, if at all for any one barline.
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Figure 4.2. Panel a. shows a rectified, time-averad image of Tairua Beach from Julian Day 147
at 0800 hours in 2000. Line shows one cross-shorarisect in the barline locating algorithm from

which the intensity of blue light is shown in b. bShows the ‘raw’ blue light intensity (solid blue
line) and the polynomial fitted (dashed magenta lia), with the sand-bar crest indicated by the
arrow.

4.4 Locate Maxima and Minima

The next step was to detect local maxima and mineveen the shoreline and
barline, needed to find the rip channels. Image®wearched both in the alongshore
and cross-shore directions for local maxima andimanin light intensity to get the
best spatial coverage possible. Below it is disedidsow rip channels were located
using alongshore transects for each cross-shoetidoc this method was the same
when using cross-shore transects. The algoritHoelimages and findrips, see



Appendix 1 and Figure Al.2 were used to locate maxand minima. The steps
carried out with the computer algorithms are sunisedr below (see schematic in
Figure 4.3):

Step 1: Search Light Intensity Transects

To locate rip channels and sand-bar crests in maafe that had a sand-bar present
(and hence possible rip channels), transects bf iigensity were extracted from the
image and searched to find local maxima and miriméne alongshore and cross-
shore directions. Figure 4.4 (and Figure 4.3, &)eghows an alongshore transect that

was searched to find the alongshore position @flloaxima and minima.

Step 2: Smooth Light Intensity

Before searching for local extremes (maxima andmmai in light intensity, the light
intensity was first fitted with a spline (Figure34step 2). The spline removed some
of the high frequency variability in light intengitvhich may have caused maxima
and minima to be found that were too small to gpoad to rip channels and/ or

sand-bar crests.

Step 3: Locate Local Maxima and Minima

The slope of the spline was calculated. The looatwhere the spline slope crossed
zero (e.g. went from positive to negative and weesa) were then detected by the
algorithm. Where the spline crossed zero, thisesponded to a possible local
extreme. Once the local extremes had been foundaftiansect, these extremes
needed to be sorted into maxima and minima of ligtensity. Local maxima were
sorted from minima using the second derivativehefslope (i.e. ‘slope of the slope’)
of the spline. Maxima were associated with a nggatecond derivative and minima
with a positive second derivative. As a check tokenaure there were no false
maxima and minima, if only one extreme was found doparticular transect, this
extreme was discarded as in general there cannatripgechannel present without a
sand-bar next to it and vice versa (as requiredhbydefinition of a rip channel in
Section 4.6).
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and blue light (solid line) at one alongshore trarect. b. Shows the alongshore transect of interest
(blue line) on a rectified, time-averaged image ofairua Beach from Julian Day 147 at 0800
hours in 2000.

Step 4: Remove Small Local Maxima and Minima

At this point in programming after locating maxingd minima, observations
showed that local maxima and minima had been foumere there were in fact no rip
channels or sand-bar crests visible in the cormedipg images. This discrepancy was
due to maxima and minima that were too small bédgpd. To overcome this issue,
maxima and minima that were ‘too small’ were rembyEigure 4.3, step 4). The
algorithm was written so that maxima and minima thed relatively small changes
in light intensity on both sides of the extreme eveemoved. A threshold of the
difference in light intensity was chosen throughtitegy with various images, where
the locations of maxima and minima found were camgao the locations of rip
channels and bar crests in the images. Although ttieshold was subjective, the
results were only weakly dependent upon it. Fordéees of maxima and minima
found, the algorithm calculated how big the chamgkght intensity was to the next
maximum or minimum on both sides alongshore. ¥ tthange in light intensity was
below the threshold, the offending two extremesen@moved (one maximum and

one minimum). Two extremes were removed as opptsede because as mentioned



in Section 4.6, a rip channel must be associatdld avbar crest. If only one extreme
was removed, then there would be two consecutivamaaor minima. This routine
was repeated but this time, maxima and minima diffierences in light intensity that
were less than the threshold on only one sideeg&iireme (as opposed to two) were

removed.

Step 5: Remove Multiple Maxima and/ or Minima

Occasionally, there were consecutive local maximenimima, in which case all but
one were removed (Figure 4.3, step 5). In the caseultiple maxima and minima,
the largest extreme was retained as these werelikelgtto correspond to a real rip

channel or sand-bar crest.

Step 6: Remove Minima Not Between Shoreline and Blame

In the final step, maxima and minima correspondiagsand-bar crests and rip
channels may only be in the surf-zone, i.e. betwikershoreline and the outer barline
(as required for the definition of a rip channelSection 4.6). Some minima were
found seaward of the barline due to the relativiyk colour of the water outside of
the surf-zone. This dark colour was due the lackvate breaking in deeper water
and not due to the presence of rip channels. Tivere also maxima and minima
found landward of the shoreline on the dry sandhef beach. These maxima and
minima outside of the surf-zone were removed usinglgorithm calledcleanup’
(see Appendix 1 and Figure Al.2). Maxima and minlaradward of the shoreline
were found by subtracting the cross-shore positibthe extremes from the cross-
shore position of the shoreline for every alongshposition. If this value was
negative it meant that the maximum or minimum déiast was landward of the
shoreline and was hence removed from the datd-tetwise, maxima and minima
seaward of the barline were removed by subtradtiegcross-shore position of the
extremes from the cross-shore position of the marfior each alongshore location. If
this value was positive it meant that the maximumnmonimum of interest was
seaward of the barline and hence it was discardéer being ‘cleaned up’, the

maxima and minima found by searching the image galah possible transects



extracted in alongshore and cross-shore directwasg merged into one set of data.
The result of this merging was a cluster of poiassociated with sand-bar crests
(maxima) and rip channels/alongshore troughs (mahpinand another cluster

associated with (Figure 4.5).

4.5 Define Rip Channels

Now that there had been a cluster of minima produtieese minima needed to be
defined into distinct rip channels. At this stageprogramming, the computer only
knows that there is a cluster of separate minimadbes not know which ones are
part of the same rip channel. An algorithm was tged to define a rip current as a
cluster of local minima that were connected. Sitiheelocal maxima were scattered
with unknown separation, a two-dimensional histogn&ith coarser and consistent
resolution was used as the basis for the conngctalgorithm. Once connectivity

was established, the original cluster was divided individual rips. The result was

sets of points, with each set defining a rip. Tteps undertaken to define distinct rip

channels are summarised below.

Step 1: Create a Grid

An algorithm was written calledyfidrip’ (see Appendix 1 and Figure Al1.3) that for
each image first created a 7.5 m by 7.5 m gridaeec the region of rip currents.
(Figure 4.5). Extra cells were added on the outeidine grid to ensure that all cells
containing minima were completely surrounded byenlls i.e. (by 8 cells) (Figure
4.6) as was required by the algorithm. Note thatrtsunding cells’ refers to the 8
cells surrounding one centre cell (Figure 4.6).sTdnid was used as the basis for a

two-dimensional histogram of rip-current minimagiiie 4.7).

Step 2: Define Rips with Connectivity Algorithm
An algorithm called locaterips (see Appendix 1 and Figure A1.3) was designed to
locate and define distinct clusters of minima (gassrip channels) which were

associated with maxima in the two-dimensional lysn (Figure 4.7). A
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connectivity algorithm was created using the twamehnsional histogram. The first
step for each rip was to find the cell containihg thost minima as a starting point.
The algorithm then found how many minima were cow@ in each of the 8

surrounding cells. The rip current was then mar&edeing in the surrounding call
with the most minima. Thus the computer found tleesiprobable location of the rip
current by moving between connected minima in weedimensional histogram non-
zero cells.
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Figure 4.5. Rectified, time-averaged image of Tairm Beach from Julian Day 149 at 0800 hours in
2000. Black dots show minima found corresponding tbight intensity lows (channels). Solid black
line indicates shoreline and the dashed black linthe barline located by algorithms. Red box
shows the outer limits of the grid created for gridrip’.

Before each cluster of minima was considered cotapliee algorithm would go back
and check every cell to see if there were any ‘eatad’ cells containing minima that
had not yet been counted. Connected cells mighyeiohave been counted because
each time the rip-definer moved to a new cell, @tvto the closest cell containing
the most minima. Therefore cells containing a lomember of minima may not have

been counted. A cluster of minima was completeliinde when all the connected
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non-zero cells in the two-dimensional histogramen@und. Then the routine would
move on to the next cluster of uncounted minimdil @l clusters of minima had

been found for that image. Figure 4.7 shows an ekamf an image showing the
‘cells’ that contain minima, with a cross plotted the corner of each cell to indicate
the cells that had been counted as part of a cludteninima i.e. a possible rip

current. Some of these defined clusters of minimaesponded to real rip currents
and some did not. Any clusters consisting of Iéss tfive grid cells were discarded.
The local minima contained in the 7.5 m by 7.5 nid grells defining cluster of

minima, were then stored in a separate variableer@ssociated with that cluster (i.e.
possible rip current). These clusters of points@otted in Figure 4.8, where each

cluster represents a possible rip current.
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Figure 4.6. Schematic of a 'centre (grid) céland the 8 'surrounding’ cells.
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Figure 4.7. Two-dimensional histogram of number ofminima in a 7.5m by 7.5 m grid (from
Julian Day 147 at 0800 hours from 2000), which coke the area in the grid limits shown in
Figure 4.5. Brighter colour intensities indicate ttat there were lots of minima in a cell, and vice
versa.



Step 3: Merge Clusters of Minima

In some cases clusters of minima had ends that wlese together and therefore
should be merged into one cluster (Figure 4.8).0Atine called éndpoints (see
Appendix 1 and Figure Al.4) was created to find ldeations of the endpoints of
each cluster. The minima in each cluster were daated ranked to define the ends
points of the possible rips. The next step was dlzutate the absolute distance
between each endpoint and every other endpoint.peimds that were closer than a
threshold apart were merged together. Althoughtetasvere automatically merged,
the threshold used was rather conservative to dibovthe high degree of variability
between the images. Therefore, there were sometatieslusters remaining that
obviously needed to be merged. The algoritmanualmerge(see Appendix 1 and
Figure Al.4) was created to allow the user to syng#lect clusters, which would
then be merged. Clusters were merged if it appetidcny were more-or-less in the
same cross-shore location and close together wheeewas accompanied by a

perturbation in the shoreline or barline.
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Figure 4.8. Rectified, time-averaged image of Taim Beach from Julian Day 194 at 0900 hours in
2000. The blue line shows the barline found by ‘bdine’ and the different coloured dots show the
clusters of minima before being refined. The yellovarrows are pointing to two clusters that need
to be merged.



Step 4: Split Clusters of Minima

In some cases, clusters of minima needed to be $pk definition of a rip current in
this thesis is that it must not the parallel to shere and must have a corresponding
perturbation in the corresponding part of the barlor shoreline (see Section 4.6).
Therefore, any clusters of minima found that wesarrto parallel to the shore were
removed. However, in some cases, clusters foundbb#u areas that were near to
perpendicular to the shore and areas parallel ¢osthore. In such cases it was
important to keep the perpendicular areas and rentloe parallel areas to comply

with the definition of a rip channel for this thesi

In an attempt to create an automatic method ta sloisters, a routine was created to
go through each cluster defined and see if it neegitting based on the orientation
of that cluster segment. First, th@split’ routine found and removed minima where
there was no cross-shore difference to the nextnminThe absolute distance was
then calculated between each of the remaining nainkwihere the distance from one
minimum to another was greater than 6 m, thesemainvere removed. The absolute
distance between each of the remaining minima veésukated. It was then found
where this distance was greater than 100 m. Wihesalistance between minima was
greater than 100 m, the cluster was split in tre@sas to create a group of separate
rip channels normal to the shore. The algorithipsplit’ worked extremely well in
many cases. However, for other cases, althougimtie principles of the algorithm
seemed to work fairly well to split up clusterseté were issues with thresholds.
There were no thresholds found that appeared t& foorall cases due to the extreme
variability in rip current patterns. Thereforewas decided to use a manual method

of splitting up rip currents based on local clugsteentation.

A routine called manualsplit (see Appendix 1 and Figure Al.4) was created twhic
allowed the user decide for each image if thereevaary clusters that appeared to
need splitting in each image. Entire clusters cooéd split by the user simply
selecting a location where a cluster required tapdit Although somewhat subjective,

some conditions were created to decide whetheoclasters should be split to keep



subjectivity to a minimum. Clusters were split wiéiney were near to parallel to the
shoreline (Figure 4.9). Another condition for qplig was that according to the rip

current definition (Section 4.6) rip currents nedtle correspond to one and only one
visible perturbation in the barline directly seadvai rip current, or in the shoreline

directly landward. Therefore, if a rip had two arqeerpendicular to the shoreline
(Figure 4.9) then this cluster needed to be splirtly keep the part(s) of the cluster
corresponding to a perturbation in the barlinetmrsline. Likewise, if a cluster had

an area perpendicular to the shoreline and anradgiarea near to parallel to the
shoreline, the cluster needed to be split to rentbeeparallel area but to keep the
perpendicular area, such was the case in Figure 4.9

Step 5: Remove Clusters of Minima

There was a routine created to automatically renohv&ters of minima that were too
small to correspond to rip channels. In most cése® were clusters found that were
small and appeared to not actually correspond &b nip channels in the images.
Therefore, any clusters that contained less thamibima (a conservative threshold)
were automatically removed usingemoverips (see Appendix 1 and Figure Al.4).
‘Manualremove(see Appendix 1 and Figure Al.4) was createdlltmwathe user to
manually remove clusters by simply selecting whaetes to remove (Figure 4.11).
After clusters had been merged, split and remowbadt remained was a high quality,
comprehensive data-set of rip currents. An exaropke refined image showing only

defined and refined rip channels is shown in Figule.
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Figure 4.9. Rectified, time-averaged image of Tairm Beach from Julian Day 178 at 0800 hours in
2000. The blue line shows the barline found bybarline’ and the different coloured dots show the
clusters of minima before being refined. The yellovarrow is pointing to a cluster that needs to
be split up at the location indicated.
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Figure 4.10. Rectified, time-averaged image of Taila Beach from Julian Day 178 at 0800 hours
from 2000. Blue line shows the barline found bybarline’ and the different coloured dots show
the clusters before being refined. Yellow arrow ipointing to a cluster that needs to be split up at
the location indicated.
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Figure 4.11. Rectified, time-averaged image of Taia Beach from Julian Day 178 at 800 hours in
2000. Blue line shows the barline found bybarline’ and different coloured dots show the clusters
of minima after splitting and merging. Yellow arrows indicate clusters that were manually

removed.
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Figure 4.12. Rectified, time-averaged image of Taila Beach from Julian Day 178 at 0800 hours
in 2000. The blue line shows the barline found bybarline’ and different coloured dots show the
separate rip channels after being refined.
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Step 6: Measure Rip Channel Parameters

For each refined rip current, a line was fitteche.fit yielded two numbers, the slope
and the intercept (with alongshore position). Tdmgle was assumed to be the angle
representative for each rip i.e. rip orientatioratige to shore-normal (0 degrees).
The mean alongshore rip channel spacing for eadmemwas also found. For
calculating mean rip spacing, alongshore rip chatowations were taken as the
alongshore location of the most seaward endpoieaoh rip channel (the location of
the rip current head). This method is consisterih what used by Short (1985) who
took rip locations as the point where the rip cotrand/ or head left the surf-zone.
When the alongshore position of each rip channeal aveeraged for each rip channel,
there were only minor differences compared to wtien seaward endpoints were
used. The mean rip channel spacing for each imagetaken as the mean difference
between the alongshore spacing for each rip. Forighchannel data found using the
computer algorithms see Appendix 5.

4.6 Rules for Defining a Rip Channel

In summary, the rules for defining a rip channetevas follows:

(1) Minima in light intensity associated with rip chaté must have a
maximum on at least one side;

(2) The difference light intensity between maxima anthima in each
transect must be above a threshold (see SectioSteg 4);

(3) Rip channels may only be located between the sherand the barline
(see Section 4.4, Step 6);

(4) There must be a minimum number of 5 connecting gelis in the two-
dimensional histogram (see Section 4.6, Step 5);

(5) Rip channels must be accompanied by a visible getion in the
shoreline or the barline. This definition is sugpdrby Ranasinghe et al.
(2004), Whyte et al. (2005) and Turner et al. 2000 noted that
crescentic features at the seaward extend of teakbr zone can be an
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indicator of the presence of rip channels. Thignieén means that any
clusters of minima and/or alongshore troughs negrarallel to the shore
were removed, as were any other clusters that pemgendicular to the
shore yet were not accompanied by a perturbatiorthe barline or

shoreline;

4.7 Preliminary Muriwai Beach Results

The algorithms to locate local maxima and minimdight intensity were tested on
Muriwai Beach. Figure 4.13 shows that the algorghaiso seem to work very well

on Muriwai Beach.
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Figure 4.13. Rectified, time-averaged image of Muwai Beach from February 15" 2003 at 1500
hours. Blue dots show local light intensity minimaand red dots show local light intensity
maxima. Black line shows shoreline and dashed bladine shows barline.

4.8 Summary

A suite of computer algorithms was created to lagt channels as light intensity

minima between the shoreline and the barline irifred, time-averaged video
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images of the surf-zone. The resulting cluster afima found for each image was
then defined into separate clusters of minima #wheimage. Clusters were refined
by removing those that were too small, merging ehiteat appeared to be the same
one and splitting clusters based on the orienta#dtempts were made to automate
the rip-refining process however the large amodntasiability in rip channels with
time did not allow thresholds that were appropriatall situations. The result of the
application of the computer algorithms was a datae$ rip channels spanning the
entire alongshore and cross-shore extent of thiezene at Tairua Beach spanning
from 1999 until April 2002.



Chapter Five: Rip Current Behaviour

5.1 Introduction

This chapter presents rip channel and wave datadoh year for which Cam-Era
video images of Tairua Beach were analysed (1998+A002). Rip channel
behaviour and how it changed throughout each yedrscussed. Data are presented
of each rip channel parameter found using the caenpalgorithms, including
alongshore rip channel locations, mean rip charamgle, mean alongshore rip
channel spacing, spacing standard deviation, numibep channels, and mean surf-
zone width. Significant wave heightean wave angle and mean wave period data for
each year are also presented and discussed. Theeriv@a main purposes of this
chapter: (1) to show the potential and type of diash can be obtained using the suite
of computer algorithms created to locate rip ch&imetime—averaged video images;
and (2) to give an overview of annual rip channehdviour at Tairua Beach, for
example what kinds of behaviours occur and how migjfferent rip channel

parameters be related to each other.

The majority of rip channel locations were foundngsthe computer algorithms.
However, note that for periods of time when theezewno rip channels present which
fitted the specific rip channel definition (see &t 4.6), it was still possible to
manually detect the relic rip channels in some sasehese cases generally
corresponded to images in which the rip channelwigble, but the wave energy too
low to have the associated signal in the wave limgakattern and hence light
intensity values (see Section 4.6, rule number tWag locations of relic rips were
manually digitised. These were included to provdatinuity in figures. Since rip
channels did not change significantly during thencperiods, the inclusion of relic

rips did not affect any interpretations/ conclusiohlote that no other rip channel



parameters (such as angle, spacing, etc) includeadlic rip information except for
calculations carried out in Section 6.2.

5.2 Wave Climate

During 1999 at Tairua BeacHis varied between ~0.5 and ~4 m (Figure 5.1b). There
appeared to be four short-lived events whigmeached greater than 3 m. The highest
Hs occurred at day ~90 reaching a magnitude of 4 marMwave periodT{ varied
between ~4 and 13 s, although the majority of ithe it was 8 s or less (Figure 5.1c).
Wave period appeared to be more stable at the miegirand the end of the year,
being the most variable between days ~100 to 25thgluhe autumn and winter
periods when there was generally more storm agtiduring each year, the wave
angle (mean wave incident angle, direction heada)gvaried between ~200 and
~280 degrees relative to true north (from south&rlgorth-westerly, Figure 5.1b). At
the beginning of 1999 up until day ~100 the waveation was mostly from 220—
260 degrees (south-westerly to westerly). From Hd§ wave direction was more
variable and, towards the end of 1999, it was td&a more southerly direction than

at the beginning of the year.

During 2000, overalHs appeared to be lower than in 1999. The maxinkywas 5
m, and the minimum was ~0.2 m. In 208},was relatively stable at the beginning of
the year until day ~125, and at the end of the frean day ~250 (Figure 5.2b). There
was an extremely high wave event that occurred éatwlays ~170 to ~200. During
this high wave everitls reached a maximum of 5 m, and the event lastedlout
one month. The only other time during the periodstidy whenHs reached a
maximum of 5 m was at day ~120 in 2001 (Figure p.Bowever this event was
short lived compared to the one in 2000. During@®d0was more stable compared
to 1999. Mean wave period in 2000 was generallywben 6 and 9 s with three
instances when it reached greater than 10 s (dB8,—275 and ~320, Figure 5.2c).
Wave direction was more stable from the beginnih@@00 until day ~150. From

day 150 wave direction was highly variable. Betwdags 0 to ~40 wave angle was



towards a fairly southerly direction, after whighbecame more westerly and was
fairly stable heading westerly until day ~140. Rbe remainder of 2000 wave

direction was highly variable.

During 2001,Hs reached a maximum of almost 5 m, and a minimum@% m. At
the beginning of 2001 until day ~108s was fairly constant at 1.5-2 m. Between
days ~100-130, there was a high wave event wheeached a maximum of almost
5 m. From day ~150 until day ~350 there was are@g&ing trend ifds to reach ~4 m
(Figure 5.3b). From day ~250 until the end of 2®@lappeared to be decreasing.
During 2001,T varied between 5 and 11 s. Wave period was fatdiple throughout
2001, but was more variable between days 150—2&0aitumn and winter months)
(Figure 5.3c). At the beginning of 2001 until day4©, wave direction was coming
from an increasingly northerly direction (Figur&®). From day ~140 wave direction
was towards an increasingly more westerly directionl day ~250 when it began to

head more towards the south.

For the period of 2002 studied in this thesis (uily 107),Hs was generally lower
than 2 m. On day 7(Hs reached a maximum of 2.5 m (Figure 5.4b). Waveoder
was relatively stable varying between 6 and 10igufe 5.4c). Up until day ~30 in
2002, the waves were heading towards an incregsingte westerly direction, after
which the direction became more southerly until &9, then there appeared to be a

trend towards a more westerly direction (Figuredh.4
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Figure 5.1. This figure shows rip channel and wavdata from 1999. Stars in panel a. show the
alongshore location of rip channels found by the gbrithms while circles indicate rip channels
for which the locations were manually digitised. Gey areas indicate periods of time when wave
energy was too low to make rip channels detectabley automatic algorithms. b. Shows
significant wave height, c. The mean wave period,nd d. The mean wave direction (to), where
blue dashed line indicates shore-normal.
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Figure 5.2. This figure shows rip channel and wavédata from 2000. Stars in panel a. show the
alongshore location of rip channels found by the gbrithms while circles indicate rip channels
for which the locations were manually digitised. Gey areas indicate periods of time when wave
energy was too low to make rip channels detectabley automatic algorithms. b. Shows
significant wave height, c. The mean wave period,nd d. The mean wave direction (to), where

blue dashed line indicates shore-normal.
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Figure 5.3. This figure shows rip channel and wavédata from 2001. Stars in panel a. show the
alongshore location of rip channels found by the gbrithms while circles indicate rip channels

for which the locations were manually digitised. Gey areas indicate periods of time when wave
energy was too low and red areas when wave energyasvtoo high to make rip channels
detectable by automatic algorithms. b. Shows sigrn@ant wave height, c. The mean wave period,
and d. The mean wave direction (to), where blue dhed line indicates shore-normal.
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Figure 5.4. This figure shows rip channel and wavdata from 2002. Stars in panel a. show the
alongshore location of rip channels found by the gbrithms while circles indicate rip channels
for which the locations were manually digitised. Gey areas indicate periods of time when wave
energy was too low and red areas when wave energyasvtoo high to make rip channels
detectable by automatic algorithms. Black areas indate when there were no images available
due to malfunction. b. Shows significant wave heighc. The mean wave period, and d. The mean
wave direction (to), where blue dashed line indicas shore-normal. Note the shortened time scale
compared to others years.



5.3 Rip Current Behaviour in 1999

During 1999, the rip channel record was of a highlidy with only a few relatively
short periods of low wave energy when rip changeldd not be seen in the images
(Figure 5.6a). There was just one relatively sipentiod when there was too much
camera movement to use the images without corgedtn the errors, hence these
images were not included in the analysis. The meanfi-zone width for 1999
appeared to be much more stable and was less kaffilgure 5.6f) than in other
years studied (see below). The surf-zone width seeta oscillate around ~75 m
reaching a maximum of ~115 m and a minimum of ~&0®ip migration is when
rip currents move alongshore. For the first 100sdayp channel behaviour was
moderately stable with a small amount of rip migmraioccurring. At the beginning of
1999 there were 3—4 rip channels present (Figu®e)5This number increased to 67
starting from day ~50 until day 120. During thisripd when the number of rips
increased to an unusually high number, althoughetiveere times whends was
greater than 2 m (Figure 5.1b), these events wkogt-Bved and overall wave
conditions were fairly low. It is interesting to tecthat when the highest number of
rip channels were present this corresponded tdaéiviely narrow surf-zone width.
From the beginning of 1999 up until day 170, meganchannel spacing was fairly
stable at around 300 m (Figure 5.6¢). From therivegg of 1999 up until day ~125,
alongshore rip channel spacing standard deviatsba) (vas low at around 75 m
(Figure 5.6d). This low standard deviation durihgs tperiod is to be expected when
comparing to Figure 5.6a which shows alongshoremhgnnel locations were regular
and stable with time. Rip channel angle is defiredthe orientation of the rip
currents relative to shore-normal. The mean rimokhangle from the beginning of
1999 up until around day 100 was near to zero {(deast oscillated around zero)

(Figure 5.6b) i.e. normal to the shore. During fhesiod, little rip migration occurred.

From around day 100, the rip channel pattern aggetr change fairly abruptly to
become less regular, with rip channels changinghmmore with time. This led to a

rapid decrease in the number of rip channels (Eiguéd). From about day 120 the



number of rips oscillated around 2-5, and when @regbto Figure 5.6b appeared to
correspond to a high wave energy event at day ~1@ppeared that this high wave
energy event caused the rips from alongshore tsti1000—500 to disappear,
while rips at the sides (i.e. at the headlandghefbeach remained (also causing an
increase in mean rip channel spacing). This alladéke role of the headlands, to be
explained in further detail further in the textoRr day 100 up until day 200, rip
channel angle went sharply negative, likely du¢ho dominant role of the northern
headland rips during this period when there wess tgs in the middle of the beach
(explored further later in the text). Rip angle rthigended upward until new rip
currents appeared in the centre of the beach ardayd200, when the mean rip
channel angle went back to shore-normal (zero)w8et days 125 and 200, spacing
std rapidly increased to a maximum of greater @& m, this was consistent with an
increase in the mean rip spacing (Figure 5.6cggutar/ unstable alongshore rip
channel locations (Figure 5.6a), an increase innnmgachannel angle (Figure 5.6h)
and inHs (Figure 5.1b).

For the remainder of 1999, the number of rip chempessent was highly variable.
From day 200 up until the end of 1999, mean ripnaedangle appeared to oscillate
around zero. From approximately day 220, two neps rfiormed in the space
(alongshore trough) created by the high energyteWégure 5.6a shows that between
days 200 and 280 the six rip channels migrated rdsvéhe south (i.e. heading
towards a more positive alongshore location), whaas not reflected well in the
mean rip channel angle as the mean rip channekangs more southerly than
northerly (Figure 5.6b). From day 200 until the esfdthe year, mean rip channel
spacing oscillated around 300 m like it did atlteginning of the year. However, this
time the spacing was more variable. After day 2@acsg std varied with a
maximum of ~188 m. Figure 5.6a shows that this wasme when rip channel
behaviour and spacing was irregular and changeidlyawith time. Rip channels

were constantly splitting and merging.
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From around day 300, the rip channel pattern becaume stable. It appeared that
the beach behaved as two separate systems, wieeeevikre three relatively small,
closely spaced rip channels at the northern enldeobeach and three relatively large,
widely spaced rip channels at the southern endu(€i%.5). Note that the two rip
channels at alongshore locations -800 and -400u(€id.5) were fed by very

significant feeder channels.
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Figure 5.5. Rectified, time-averaged image of Tairm Beach from Julian Day 331 at 1601 hours in

1999. Different coloured dots show separate rip cimmels.

In summary, 1999 was a period of high variabilitithwthe alongshore rip channel
configuration varying greatly. The beginning of 99@&as a fairly stable period of
time, where from day 100 rip channel behaviour bexainstable. There was a
substantial amount of short, sharp wave eventau(€i§.1b) which were not detected

in surf-zone width data.
5.4 Rip Current Behaviour in 2000

The rip channel record for the year 2000 was patelly long periods of no data
(Figure 5.7a) which does not allow a good recordpthannel parameters. This lack
of data was mostly due to unusually long and fraetjyperiods of low wave energy
which meant that rip channels were not visiblehie video images due to a lack of
breaking waves. Spacing std and mean rip chanrgd¢ amannot be commented on
with certainty due to the patchy rip channel reqdiigure 5.7b and 5.7h).
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In the beginning of year 2000 it appeared thatniti¢hern system of rip channels that
were evident during much of 1999, containing thtipechannels, had disappeared,
while the southern system remained. The presentleeothree rips on the southern
half of the beach was associated with more a mositipe mean rip channel angle.
Mean rip channel spacing appeared to vary arou®@ A3 (Figure 5.7¢). It appeared
that from approximately day 40 (using relic rip amhation), the rip channels
migrated towards the north. From around day 7QCetlexs a poor record, although it
appeared that the rip channel locations, spacind) la@haviour were relatively
unstable. For the first half of 2000, mean surfeeovidth was narrow at ~50 m up
until day 100 when it began to increase to a marimuidth of approximately 150 m
on day 200 (Figure 5.7d). For the remainder of 20@@an surf-zone width was fairly
stable at around 125 m. The time of maximum surfezeridth occurred near the end
of a high energy wave event (Figure 5.2b) which aig® reflected in a wide surf-
zone (Figure 5.7f). From day 165 when there was@lgecord until just after day
100, it is clear that rip channel behaviour wasit@y with a constantly changing,
irregular alongshore spacing. This period of irtagurapidly changing rip channels
was also marked by consistently higher than uslaFigure 5.2b). In particular,
days 170-200 had sustained unusually high wavehtsigrhe record for the
remainder of the year was almost non-existent up dizny 300 when it appeared that
there were three evenly spaced rip channels ahdindgnern end of the beach. The
presence of three rip channels on the northern dfathe beach (opposite to the
beginning of 2002) corresponded to a more negatiean rip channel angle.

In summary, the 2000 rip channel record was of ar guality due to an unusual
amount of low wave energy. Rip channel behavioyreaped to be quite variable in
2000, with one very large storm event whetgreached almost 5 m that caused a

large amount of change in rip channel configuration



5.5 Rip Current Behaviour in 2001

The rip channel record for 2001 was of a relativieh quality, however, there was a
fairly long gap during the middle of the year whibere was little data due to low
wave conditions. For the beginning of 2001 up udély ~125, the number of rip
channels present was variable reaching a maximugnrigf channels at any one time
(Figure 5.8e). The maximum number of rip channets2001 occurred after a period
of low wave energy at the beginning of the yeag(Fe 5.8g) when there was stable
rip channel spacing (Figure 5.8c and 5.8d). Urdal 90 rip channel behaviour was
moderately stable with 5—6 channels present anohall ssmount of rip migration
occurring (Figure 5.8a). From the beginning of 20@luntil day 110, the mean surf-
zone width varied around 100 m. From days 60 tesr@@ll amounts of rip channel
migration occurred in different directions (Figuse8a). This migration appeared to
be reflected in the mean rip channel angle whiatillated in different directions
(Figure 5.8b). However, on day 120 when there wlae aignificant rip channel
migration, there appeared to be no signature imtean rip channel angle. From the
beginning of 2001 until approximately day 130, meagnm channel spacing was
variable with a large spike present at day ~115ufa 5.8c). This spike was
consistent with observations from Figure 5.8a wii@ppeared that 2—3 rip channels
disappeared sometime after day 80. This loss othgnnels caused the mean rip
spacing to increase. Spacing std during 2001 vdregdieen ~75 and ~150 m until
day ~125.

From days ~100-125 the ~6 rip channels presentaapgeto migrate relatively
rapidly toward the south. This migration was polysdue to a high energy event as
indicated by Figure 5.3b, however wave angle dutimg period was almost shore-
normal (Figure 5.3d). Rip channel spacing spikedday 125 when it rapidly
increased to more ~600 m (Figure 5.8d). This spilspacing std was consistent with
an increase iHs (Figure 5.3b), mean rip channel spacing (FiguBx)sand mean

surf-zone width (Figure 5.8f).



The rip channel record was poor from days 130 @ B®wever, during this period it
appeared that the five rip channels present paothis gap in the record did not
change much in their alongshore positions, as waldvexpect during low wave
conditions. From day ~150 the rip channels wereeextly stable with little or no
migration occurring. Mean rip channel spacing wasarkably stable at ~300 m for
the remainder of 2001 (Figure 5.8d) as was spastidaat just ~75 m (Figure 5.8e).
Mean surf-zone width increased to a maximum of ~466n day 180 (Figure 5.8f).
This peak in mean surf-zone width occurred aftesedes of events wheds was
greater than 3 m (Figure 5.3b). After the peakurf-gone width, mean surf-zone
width slowly decreased to just below 100 m by thd ef 2001 (Figure 5.8f). This
decrease in surf-zone width was consistent withufeigh.3b which shows there was

no Hsgreater than ~3 m during this period.

On days ~240-250 it appeared that there was an &en the five rip channels
present migrated towards the south. During thistgberiod of migration waves were
heading towards shore-normal, and more towardsidngd with time. From day 250
until the end of the year, rip channel behavious watremely stable with regular
spacing and little/ no migration. During this s&algeriod mean rip channel angle

oscillated around zero as expected.

In summary, rip channel behaviour in 2001 was nretht stable compared to other
years. Rip channels were relatively regularly sgaal®ngshore and stable in their
alongshore locations. This stability was reflectedstable mean rip angle, spacing,

spacing std, number of rips and surf-zone width.

5.6 Rip Current Behaviour in 2002

For the period of 2002 analysed (up until day 1@&7@, rip channel record was of a
high quality, with a gap of about 20 days when reg images were available, and
several short periods when there was low wave gnérgvas largely possible to fill

in the low wave energy periods with relic rip infoation (Figure 5.9a). In the



beginning of 2002 it appeared that the northerntmpschannel that was present at
the end of 2001 had disappeared (Figure 5.9a).

Four evenly spaced channels remained with litppermigration occurring up until at
least day 36 (after which there was no rip chaia¢h until day 57). During 2002,
there appeared to be two modes of mean rip chapaging. From the beginning of
the year until at least day 36 rip channel spaeppeared to be regular alongshore
(Figure 5.9a). This regular rip spacing was reidan Figure 5.9c which shows that
mean rip channel spacing was fairly constant abD~+80From the beginning of 2002
until at least day 36, mean rip channel spacingastd low at ~38 m (Figure 5.9d)
and mean rip channel angle was generally negagaehing a maximum of ~25
degrees (Figure 5.9b). At the beginning of 2002 thean surf-zone width was
approximately 75 m (Figure 5.9f), after which itcdsased to a minimum of 50 m on
day 60.

From approximately day 60 there was a shift in riipechannel behaviour (Figure
5.9a), including a shift in the mode of mean riprhel spacing and a change in angle
from negative to almost 50 degrees (easterly). Fdagn 60, the number of rips was
variable and appeared to gradually increase. Figi@& shows that rip channels were
substantially more closely spaced than at the Inéggnof the year. Figure 5.9d
shows that mean rip channel spacing was relatialyable from days 60—-75. On day
60 spacing std increased to almost 150 m. Spatthgeached a maximum and was
most variable at the time when there appeared ta 8ift in the mean rip channel
spacing (Figure 5.9c¢) (between days 60-70). Fi§@a also shows that rip channel
spacing and behaviour were variable between days®@@nd became fairly stable at
~180 m after day ~70. Rip channels appeared torbecmore regularly spaced
alongshore from approximately day 75. Rip channegleadecreased to almost zero at
day 70, where it remained until the end of the qukanalysed for 2002 (day 107).
From day 75, there appeared to be 8 stable ripngtarwith stable rip channel
spacing (180 m) and spacing std (Figure 5.9c a@di)5.



Mean surf-zone width increased (from day 60) toaximum of ~90 m just before
day 100. The number of rips was fairly stable girapimately 7 rips from day 75 to
107 (the end of the period analysed). From aboytld® it appeared that there was
an unusually high amount of rip channel splittingcwrring. However, from close
examination of the original video imagery there was evidence of splitting
occurring. The ends of the rips were moving arosubistantially during this period
to give the appearance of splitting. This shows howical it was to compare
algorithm rip channel location results to video geey before drawing final

conclusions about rip channel behaviour that afgpalbe unusual.

In summary, rip channel behaviour in 2002 was yastable, as was observed in
2001. However, there appeared to be a shift inotrexall behaviour of the system,
where mean rip channel spacing decreased andwlasran increase in the number of

rip channels. This shift appeared to occur dureigtively low (<2 mH..
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Figure 5.6. This figure shows rip channel and wavdata for 1999. Stars in panel a. show the alongsh®focation of rip channels found by the algorithmsvhile
circles indicate rip channels for which the locatios were manually digitised. Grey areas indicate p&ds when wave energy was too low to make rip chaals
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channel spacing standard deviation, e. The numberf oips per image, and f. The mean surf-zone width.
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Figure 5.8. This figure shows rip channel and wavedata for 2001. Stars in panel a. show the alongshotocation of rip channels found by the algorithmsvhile
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of rips per image, and f. The mean surf-zone width.



100

90 |
80

70

ol + vk FEE.F B |

ma
v

n

50

Time (ulian Day)

b
I
a0

ol L L 1 I I I L I p L 1 I
-1500 -1000 -500 o 50 0 50 0 200 400 600 B0 0 200 400 0 5 10 0 100 150
Alongshare Location () Rip Angle (Deg.) Spacing (1) Spacing Jdev. (m) Ma. Rips SEW ()
a h c d e. f

Figure 5.9. This figure shows rip channel and wavdata for 2002. Stars in panel a. show the alongshotocation of rip channels found by the algorithmsvhile
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spacing standard deviation, e. The number of ripsgr image, and f. The mean surf-zone width.



5.7 Rip Current Parameter Correlations

Past attempts to compare rip channel parametensntoediate/instantaneous
measures of the wave conditions have resultedan garrelations (Ranasinghe et
al., 2000; Holman et al., 2006; Turner et al., 20@ith the same results found in
this thesis. Many different correlations were apéd, pairing various rip
channel parameters to each other and to the waditmms. Figure 5.10 shows a
selection several different correlations undertakeithis analysis. Note that in
Figure 5.10e, rip spacing factor was used in agngit to isolate rip channels as
separate groups. Somewhat obviously, the numberippfchannels present
correlates well to mean rip channel spacing (Figui®a). This good correlation
is to be expected as when rip spacing is wideretigetess room for rips so there
will be fewer. Figure 5.10b shows that there wgsoar correlation between the
number of rips present ardl. However, it appeared that wheis was low, the
number of rips was highly variable and vice vefagure 5.10c shows that there
was also a poor correlation betwedégyand mean rip channel spacing. However, it
can be seen that mean rip channel spacing was taatvesys between 300-600
m. Figure 5.10b shows that the number of rips &editean surf-zone width were
poorly correlated, although it appears that thewee perhaps two groups. These
two groups may be simply due to sampling a periotinee that was too short to
include the full range of wave and rip conditiopayticularly since small waves
hampered rip detection. Also, if rip channels edtefar offshore, and the
alongshore bar is far offshore, lots of rips wi# Hetected for the same wave
conditions than if the bar is closer, because offslbars tend to be deeper. Figure
5.10e shows that there was a poor correlation lestweean rip channel spacing
and mean surf-zone width, although fairly distigecoups of each year can be
seen. Figure 5.10f shows that mean surf-zone veidthmean rip channel spacing

show a similar relationship to as shown in Figuf0B, as is to be expected.
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5.8 Headland Rip Currents

There has been suggestion in literature (e.g. Sh88&5) that rip channels can be
persistent near headlands. Observations of videagemy of Tairua Beach
appeared to show that there are often rips at ¢adlands that are persistent and
resilient to changes in the wave conditions. Oftesse headland rips were larger
than other rips along the beach. In an attempthdovghe persistence, and perhaps
to give an indication of the cause of these healdlaips, Figures 5.11 to 5.13
were created. Figure 5.11 shows that for alongshiprehannel locations between
~-1600 to ~-1200 m (near the northern headland)¢hiannel angles tended to be
highly negative (i.e. orientated more northerlyigufe 5.11 also shows that for
alongshore rip channel locations of near to 0 naftlee southern headland), the
rips tended to have a positive angle (orientatedensasterly) than rips at the
northern end of the beach. The clustering of angtethe southern end of the
beach may not be as distinctive as at the nortethbecause this is where the
camera is located. The area directly below the can{eear the southern
headland) is outside of the field of view. Durirfge tcreation of the rip channel
data-set, it appeared that there were often rimméla present at the southern-
most end of the beach but they could not be induhethe data-set as the
corresponding perturbation in the barline (andétworeline) was outside the field

of view of the camera (section 4.6, rule 5).

In order to better understand preferred locatiomipfcurrents, a histogram was
created using 200 m alongshore bins (Figure 5.t23ppears that there is a
preference for rips to form with mean alongshoeatmns of approximately -900
(A), -750 (B) and -550 (C) m alongshore, while tmainder of the surf-zone (D)
(the more southerly end) did not appear to have almpngshore locations
preferred by rips (keeping in mind that the south®iost rips were often outside
the field of view of the camera). Figure 5.12 irsd&s that areas A, B and C
appear to be separated by approximately 200 meimlibngshore. Therefore, bins
to create a Tukey plot (Figure 5.13) were chosehe@®00 m wide alongshore.

Figure 5.13 supports observations made of Figuré tdicating that rip channels



at the northern end of the beach tend to have a mantherly angle and the rips at

the southern end a more easterly angle.
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5.9 Discussion of Key Points

5.9.1 Rip Current Angle and Headlands

Sometimes mean rip channel angle was not consistitntthe direction of rip
migration shown in Figures 5.6a-5.9a. The mearchignnel angle appeared to
change more over time when rip channel spacinggares 5.6a-5.9a appeared to
be irregular alongshore and with time, which wasegally during storm events.
Overall rip channel angle appeared to reach a mimrangle of ~50 degrees and
a maximum of ~50 degrees (where zero degrees wasahto the beach). There
were times when the mean rip channel angle diddishdiot appear to reflect the
direction of channel migration suggested in Figlr€ma—5.9a. For example, in the
beginning of 1999 when there appeared to be almostp channel migration
occurring, the mean rip channel angle was congister0 degrees. Between days
200 and 280 in 1999, rip channels were migrativgatds the south, while mean
rip channel angle oscillated between + 20 degréés.might have expected the
mean rip channel angle to become more positivewgat 0 and perhaps 45

degrees) if the rip channels were migrating towadhéssouth. During 2001 from



days ~105 to ~125 rips were strongly migrating talsathe south. During this
period mean rip channel angle oscillated from ~dédQrees to ~25 degrees. From
observing how strongly the migration was towards #south, we might have

expected that rip channel angle to have been ntamegy positive.

The apparent poor relationship between mean ripradaangle and the direction
of rip channel migration does not necessarily méaat there is no good

relationship present. As mentioned earlier in $&ct.5, step 6, mean rip channel
angle for each image was found by fitting a lineetch rip channel and then
taking the mean of the line slopes for all the fipsach image. This gave a single
value for mean rip channel angle per image. Ripnobhangle is extremely

variable in each image. First of all, the use dina to approximate rip channel

angle introduces an error. Also, in many imaggschannels at the northern end
of the beach were orientated more towards the reait while channels at the
southern end of the beach were orientated more rétsvthe south east, for

example as shown in Figure 5.14.
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5.14. Rectified, time-averaged image of Tairua Beadrom Julian Day 172 at 0800 hours in
1999. Different coloured dots show separate rip clmaels.

When the beach was dominated by headland ripsndan rip channel angle was
also dominated by the direction of these rips. &mmple, in 1999 and 2002,
when the northern headland rips dominated the systee mean rip channel
angle was strongly negative. Conversely in 2002erwklouthern headland rips
dominated the system, the mean rip channel angianbe strongly positive. The
high amount of variability in the orientation ofdinidual rip channels and the
effect of headland rips on mean rip channel angt@ama that mean rip channel

angle does not appear to be an appropriate wayrntmngarise rip channel angle.



Further research is required to study rip channgleaand how it relates to other

rip channel parameters such as direction of migmadind migration rate.

5.9.2 Rip Current Migration

Short (1985) mentioned that migration of rips catuws from two different
processes: (1) from shore-normal waves; and (2n fablique waves. During
obligue waves, the directionality of the waves fage the rip channels to move,
where generally the rip channels along the beadh alli move in the same
direction. During shore-normal waves, rip migratioan occur if rip spacing
increases where rips may shift away from each ailigr no direction preferred.
As mentioned previously, sometimes mean rip chaangle did not appear to
correlate well with the direction of rip channelgration. For example, during
2001 there were two events when rip channels apgear migrate towards the
south (between days 100-125 and days 240-250,dasated in Figure 5.8a).
Figure 5.8a shows that during these migration perianean rip angle still
oscillated around zero. During these migration &vénere was highis (Figure
5.3b) and the waves appeared to be predominantlgdilg towards
westerly/south-westerly directions. These waveddcba expected to force the rip
channels southwards, as was observed. In the adsep channel migration
mentioned, all rip channels were more-or-less mpvim the same direction,
hence it is likely that the migration is due to thegle of wave incidence not
spreading occurring during oblique waves. During 1999 migration event that
occurred between days ~230-270, the rips appearbd migrating southwards
while the mean rip channel angle oscillated betwe@® to 20 degrees which is
not as we would expect. The maximum rate of ripratign occurred between
days ~250-270 which also corresponded to the manitdy (~4 m) during the
migration period. Wave angle during the 1999 migratevent changed from
south westerly to more westerly with time, whichulkcbbe expected to force the
rips southwards. It is important to remember, whemparing mean rip channel
angle to the direction of rip channel migratiorgttthe mean rip angle appears to

be too dominated by headland effects to be an apipte parameter.



5.9.3 Wave Height and Rip Current Behaviour

In general, when rip channel spacing changed freingoregular alongshore and
stable with time to irregular alongshore and uristatith time, this tended to
correspond to periods of relatively high. However, there were times whef
reached relatively high magnitudes and there wascimange visible in rip
behaviour from regular to irregular alongshore sppalongshore and with time.
For example, near days 25 and 190 in 1999 (Figbuks and 5.1b), and 170 and
240 in 2001 (Figures 5.3a and 5.3b). There were tifses when there was an
event of lowHs that lasted for a relatively long period of tinfeat appeared to
cause rip channels to behave irregularly, suchcasreed between days 50-70 in
2001 (Figures 5.3a and 5.3b). Results suggest ttere is some sort of
relationship betweerHs and rip channel behaviour, however comparing rip
channels to instantaneous measureld s is the tradition, may not be the most
appropriate way to look for this relationship. Higlb.10 shows results similar to
those gained in the past when attempts have beee toacorrelate rip channel
parameters to the wave conditions. For examplendruet al. (2007), Ranasinghe
et al. (2000) and Whyte et al. (2005) found a pomrelation between mean rip
channel spacing an#ls. Ranasinghe et al. (1999) found a poor correlation

between surf-zone width and rip channel spacing

Comparing instantaneous, immediate measurék td rip channel measurements
does not take into account the previous wave cimmdit Rip channels are likely
to take some time to adjust to the wave conditi@es there is a lag time) and not
respond instantaneously. Due to this lag time pnchiannel response to waves,
comparing rips to immediate, instantaneous wavelitions is not likely to give a
good relationship. This comparison also does ri@ iato account the duration of
Hs over different thresholds. Significant wave heigidy only have an effect on
rip channels if the height is great enough for dfigant period of time.
Comparing rip channel behaviour to waves may nediferent approach to the
traditional time-series techniques used in the .pdste following Chapter
(Chapter Six) explores different ways of comparihg wave climate to rip

channel behaviour.



Over the period of study, there were periods whpa appeared to be spaced
regularly alongshore for long periods of time, d@nere were also long periods of
time when the spacing was irregular alongshore m&sitioned earlier, several
studies have found rip spacing to be regular alooigs(Huntley and Short, 1992;
Short and Brander, 1999; MacMahan et al., 2005)embihers have found rip
spacing to be irregular alongshore (Holman et2806; Turner, 2007). In this
study, it was found that rip channels can be betjularly and irregularly spaced
alongshore, such as was also found by Symonds &97). It appears that the
regularity of the alongshore spacing is relatedhi® wave conditions, but it is
unclear how by simply comparing immediate, instaataisHs to rip channel
behaviour.

By comparing mean rip channel spacingHe for 1999, 2001 and 2002, it
appeared that when there was a rapid increase am ra®ngshore rip channel
spacing there was also a similar increase in thechiannel spacing standard
deviation. In general, increases in mean rip chlarspacing appeared to
correspond to increases ks, however the relationship does not appear to be
strong. Observations by Holman et al. (2006) anch&iuet al. (2007) that mean
rip channel spacing showed no relationship to offsiwave conditions supports
the hypothesis that after a storm reset eventtfieelongshore-bar trough state in
Wright and Short (1984)), rips may become rapidigographically-controlled

rather than the hydrodynamically-controlled.

5.9.4 Rip Current System Behaviour

Although at times it is difficult to tell with ceainty, all indications are that during
1999, 2000 and 2001 rip channel systems were dggnéehaving in a similar
manner with around 5 regularly spaced rip chanokessimilar size present when
the system was stable (Figures 5.6a-5.9a). In 20@ay ~ 60 it appeared that
there was a large change in the behaviour of thefrannel system (Figure 5.9a).
Up until day 35 in 2002, the rip channel systemesped to be similar to most of
1999 and 2001 with four evenly spaced alongsh@relmannels present (hereby
referred to as a ‘widely spaced’ system) that vetadle with time (Figure 5.15).
From day 60 in 2002, it is apparent that the systems behaving differently.
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There was twice the number of rip channels pregedit than is usual at Tairua
Beach (referred to as a ‘narrowly spaced’ systeRiyufe 5.16). These rip
channels were evenly spaced alongshore. It apfieatren the beginning of 1999
the rip current system may also have been behasranarrowly spaced system,
as there appeared to be ~8 rips relatively narr@pbced rips present. When the
rip channel system shifted from a narrowly spaced widely spaced system (or
vice versa), these shifts were also associated suitistantial changes in mean rip
channel angle, number of rip channels, mean surézwidth and spacing

standard deviation.
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Figure 5.15. Rectified, time-averaged image of Taila Beach from Julian Day 013 at 1300
hours in 2002. Different coloured dots show separatrip channels.
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Figure 5.16. Rectified, time-averaged image of Taila Beach from Julian Day 099 at 1100
hours in 2002. Different coloured dots show separatrip channels.

During 2002 the shift occurred on day ~60. Meanctipnnel angle (Figure 5.9b)
appeared to change from between 0 and -25 degoclestween 0 and 50 degrees.
Mean rip channel spacing (Figure 5.9c) was ~300 ntil Wlay 60 when it
decreased to stabilise at ~150 m. Spacing stardarhtion (Figure 5.9d) was
between zero and 75 m until day 60 when it was m7&nd then stabilised at

about 45 m. The number of rips at any one timeuffeip.9¢e) increased from ~4-5
87



to ~8 after day 60. The mean surf-zone width (Fegbi9f) prior to day 60 was
decreasing from 112 m at the beginning of 2002,nfh@m day 60 it appeared to

increase.

The rip channel system appeared to be narrowlyesphoth at the beginning of
1999 and near the end of the 2002 period of stddyever, the 1999 system did
not appear to be as stable at the 2002 systematintbe 1999 and 2002 narrowly
spaced systems, there were 7-8 rip channels présguate 5.6f shows that there
was no significant change in mean surf-zone widtbpacing standard deviation
between the narrowly spaced and the widely spagstdra in 1999, as opposed to
in 2002 when the mean surf-zone width was wideinduthe narrowly spaced

system, contrary to expectations.

In summary, at Tairua Beach there appeared to bartain types of rip channel
systems: (1) a narrowly spaced system consistinghafy (8) closely spaced
(~200 m) rip channels; and (2) a widely spacedesystonsisting of fewer (~5)
widely spaced (~260 m in 2000 and ~300 m in 1999)xhannels. The period
prior to the 1999 narrowly spaced system is outidescope of this thesis so it is
unclear what might have caused the system to kegbehave in this manner,
although this could be a topic for further researfe period in 2002 when the
rip system appeared to shift from widely spaceddorow shows thaHs was
fairly stable near 2 m for 60-70 days (dependingwdren, during the period
where no video images were available, the changeroed).

5.9.5 Dual Surf-zone

Throughout 1999, 2000 and 2001 there appeared feeheds of time when rip

channels were persistent. For example, in 1999 deriwdays ~125 and 175 the
~2-3 rips channels that were present in the middi¢he beach disappeared
whereas the rip channels and the ends of the lreachined (Figure 5.6a). Prior
to the disappearance of these rip channels in idlenof the beach, the rips all
along the beach appeared to be approximately thme size i.e. have the same
seaward extent. It could have been expected thaigichannels at the ends of the



beach were bigger i.e. extended further seawardhab higher energy wave
conditions were required to remove the bigger tgmels at the ends of the
beach. Since the rip channels appear to be of #¢asisize along the beach prior
to the storm, perhaps the wave energy reachingniddle section of the beach
was higher than the wave energy reaching the efnitie doeach. Short (1985) also
noted that there seemed to be a preference fortoip®rm adjacent to the
headlands at the embayed Narrabeen Beach near\§ylngtralia while there

was no preference along the rest of the beach.

At the beginning of 2001, it appeared that thereeweo separate surf-zones: (1)
a stable system of three rips on the northern dfatiie beach; and (2) a smaller,
rapidly evolving system at the southern end of beach (Figure 5.17). It

appeared that the rip channels in the northerresystere persistent with time
and did not change much. On the contrary, the sonthystem changed rapidly
with time with rips migrating and new rips formiggigure 5.17). In the situation

shown in Figure 5.17, the wave conditions weredaggough to break over the
smaller southern surf-zone, but not big enoughréalo over the deeper, northern
part of the surf-zone. This situation also occumedr the end of 1999 until the
beginning of 2000, however the southern half of lleach had bigger rips than
the northern half, the opposite to what occurredndu2001.

Examining wave direction during the period when do@l surf-zone appeared to
have a bigger half and a smaller half appears dovsdome clues as to why the
surf-zone at Tairua Beach may sometimes separttévio halves. A hypothesis
is that large waves may arrive at such an angleShae Island protects half of
the surf-zone from being rearranged and then oalfy df the beach is affected.
During the large storm event that occurred in 2B8@veen days ~170 and ~200,
there was change in the orientation of the bardbatirred rapidly. This change in
bar orientation occurred between days 184-191dxiaet date cannot be isolated
due to discontinuity in the data-set). The meanendivection was from the east
between days 183-192, aHdduring this period was up to 3 m (Figure 5.18).
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Figure 5.17. Rectified, time-averaged video imagesf Tairua Beach from 2001 where
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Figure 5.18. Rip channel and wave data from 2000 tveeen Julian days 170 and 210. Stars in
panel a. show the alongshore location of rip chanfefound by the algorithms. Grey areas
indicate periods when wave energy was too low to rka rip channels detectable by automatic
algorithms. b. Shows significant wave height, c Meawave period, and d. Mean wave
direction (to) where blue dashed line indicated shre-normal.

It appeared that perhaps the combination of a wgstave angle and highls

caused the bar orientation to change. Figuresd&nil®.20 show that when waves
are coming from the west, the northern half of bieach receives much more
wave energy than the southern half. Waves on ththem half of the beach are
shadowed by Shoe Island. The higher amount of \eaeegy on the northern half
of the beach caused the rip channels to grow lavbée the rips on the southern

half remained relatively small (Figure 5.17).
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Figure 5.20. Significant wave heights on Tairua Be#. Modelled by S. Stephens (NIWA, NZ)
using SWAN for waves with a significant wave heighof 2 m, a period of 8 s, travelling west.

5.9.6 Hydrodynamic- vs. Topographic Rip Current Cortrol

There is a hypothesis that once rip channels hauwmed under certain wave
conditions, when the wave energy decreases the bgome dominantly
topographically-controlled as opposed to hydrogiegly controlled (Short,

1985; Turner et al., 2007). Eliot (1973) noted thaine rips persisted for days,

while for the same time others were short-livedote8uggested that rip locations



that were more permanent were those that wereedreltring high energy events
when deep channels were cut through the outerlthaas also noted that during
low wave conditions these rips could remain urgth@meral low energy patterns
became established or there was high wave condit®mort (1985) proposed that
when rip currents are topographically-controlldteyt can persist in that location
for days or weeks depending on how long the wavelitions remain constant.
Short (1985), like Eliot (1973), noted that topggraally-controlled rips could

persist until enough time had elapsed for themeanrwdified by lower energy

waves or until high energy conditions occurred.

In the case shown in Figure 5.17, it appearedtti@rips in the northern system
were formed during higher energy conditions, cdesiswith the idea of Eliot
(1973) and were topographically-controlled and ¢fee were persistent. The
rips in the southern system appeared to be hydesdigally-controlled as they
were rapidly changing in response to the wave ¢mmdi. Thus far there has been
little research into topographic-control of rip cenmts, which may be due to the
difficulty of getting topographic information in ¢h high energy surf-zone
(Brander and Short, 2001). The rips in the soutlsggtem remained in place for
at least 400 days, when they were reworked in 2@@®een days 35 and 57 (for
when there were no video images available) aftdors period of lowHs.
Significant wave height data for 2002 showed thatindy the period when the
northern rip channels began to be reworked, thezeevno high energy wave
events as we might expect. A high wave event affficient magnitude could be
expected to rework the rips that were previouspotgaphically-controlled and
“reset” the system. A “reset” event caused by & lgwve energy event does not
appear to have occurred in this case. Significaateaheight in 2002 during the
period when the system behaviour appears to haaegeld significantly was less
than 2 m and was fairly steady. The reworking esthrips may be explained by
the ideas of Eliot (1973) and Short (1985) preskatsove, where they noted that
topographically-controlled rips could be modifiegt lmwer energy waves that

have been present for a sufficient duration.



5.10 Summary

Throughout the 3.3 year period studied (1999-Ap€@iD2), there were periods
when the alongshore rip channel spacing appearéa tegular with persistent
locations. There were also periods when alongshiprechannel spacing was
irregular alongshore and the alongshore rip locatichanged rapidly with time. It
appeared that when rip channel spacing becameulare@nd rip locations
variable alongshore, this generally corresponde@eidods wherHg was high.
However, there does not appear to be a strongaeddtip (e.g. there were times
when Hs was high and there was no change from regularrégular spacing).
Scatter plots of various rip channel parametersvéawe conditions showed no
strong relationship, as has been found in manygiadtes. Wave conditions need
to be compared to rip channel behaviour while tghkiio account previous wave
conditions and duration of wave events over difietaresholds. Studying mean
rip channel angle may not be an appropriate wagx#mine rip angles. Mean rip
channel angle appears to be too dominated by fhetefof headlands. However,
this parameter appears to compare reasonably evéiletdirection of rip channel
migration most of the time. It appeared that thaes be two types of rip channel
systems at Tairua Beach: (1) a widely spaced systhare there are 4-5 evenly
spacing rip channels with a wide surf-zone; andg2)arrowly spaced system
where there are ~8 evenly spacing rip channels avittarrow surf-zone. Tairua
Beach can develop a ‘dual’ surf-zone due to wawstving by offshore islands,
where half of the surf-zone is wide and the othalf marrow. During these
periods there can be rips present that are hydeodigally- controlled and rips
that are topographically-controlled present at s@mme time. This idea of
topographically-controlled rips may help explainythis study, as well as past
studies, have shown that rips show a poor relatipnso the current wave

conditions when using traditional correlation met.o



Chapter Six: Relation of Rip Currents to

Waves

6.1 Introduction

Past attempts to compare wave conditions to ripeatirbehaviour have used
immediate, instantaneous indexes of wave behavmuguantify definitions of
beach changes. Instantaneous indexes refer to dakie height averaged over a
short time frame such as 10-20 minutes. In gene@mparisons of these
immediate measures of wave behaviour have shovaog i any relationship, to
rip current behaviour (Holman et al., 2006; Turreral., 2007). Here it is
suggested that these past attempts to compare wavgss do not indicate that
there is no/ a poor relationship, but that waveddmns need to be compared to
rips in a different way than straight-forward tireeries analysis methods such as
direct correlation. Rip currents are not likely tespond instantaneously to
changes in wave conditions. There is likely a lagetbetween changes in wave
conditions and rip current/channel response, winclikely to depend on the
spatial scale (seaward extent) of the rip chanftetrefore, perhaps rip channels
are more likely to show a relationship to the poergiwave conditions rather than
the immediate wave conditions. Also, rip channebsyronly respond to certain
wave conditions if the waves are greater than estiold for a sufficient period of
time. The purpose of this chapter is to exploréed#int ways of comparing wave
climate to rip currents to find out how rips andwers are related.

6.2 Reconfiguration Events

Over the three years and four months of video imaaealysed (1999-April
2002), there appeared to be two main rip currehabieurs évent typesdefined
using a measure of change) with regard to alongshiprchannel spacing and

stability of alongshore locations:



(1) Steady Eventd?eriods of time when rip channel spacing wasixet regular
alongshore and stable with time; and
(2) ReconfigurationUnsteady) Event$eriods of time when rip channel spacing

was irregular alongshore and changing rapidly wtte.

Many different possibilities for defining reconfiguion events were explored,
including changes ihls, alongshore rip channel migration rates, meamrchgnnel
spacing standard deviation, wave energy (see $e6th1), and the duration of
wave events (see Section 6.3.2). Each of thesaitiefis appeared to show where
reconfiguration events might have occurred in sams&ances, but did not appear
to work well for the entire period of study. Theref, a new measure of change
was created to indicate consistently when rip régaration events occurred. The
histogram of the distance between every combinatibmip channels at two
consecutive time periods (for which rip channeladatere available) was
calculated (Figure 6.1). The number of rip currpatrs in the 7.5 and 15 m bin
was used as a measure of change. This measureodm@quire identifying the
same rip currents at two different times, but asitinat a distance change of
less than 15 m was an indication that the sameurent was being measured.
There was some subjectivity in the developmenthef measure of change. For
example, in choosing the histogram ranges and wiiich made the best

parameter.

Comparing the frequency of 7.5-15 m movement ofchpnnels with time to
plots of alongshore rip locations with time, apgearto show when
reconfiguration events occurred fairly well. Thispaared to accurately indicate
when the rip currents were reconfiguring to a neéates However, there were
issues that arose with the 2002 period. There apde® be maxima in the
measure of change when reconfiguration events weteoccurring, the rip
channels were simply being ‘re-organised’(see sech.6) where the seaward
endpoints moved substantially, but the number g did not change. Therefore,
the number of rip channels present was also takém account to define
reconfiguration events. Note that the measure ahgh and the number of rips

are correlated, although sometimes the increasgéslecreases did not correlate



exactly (i.e. there was sometimes a lag-time). @onéiguration event was defined
as a period of time when there was a promineneas® in the measure of change,

and the number of rip channels present was changihgime.
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Figure 6.1 Schematic diagram showing how the measairof change was calculated. Top two
panels shows a case where rip channels have movéangshore with time. Blue lines show an
example of how distance between the rip of interesind rips at the next time step was
measured. Bottom two panels show a case when the Bhannels have not moved alongshore
with time.

The start and end times of reconfiguration everggevdefined from, until when
the alongshore rip locations appeared to be chgngubstantially with time
(visually). Periods of time not defined as recounf@ions were assumed to be
‘steady’ events/ periods. Figures 6.2—6.5 show hegonfiguration events were
defined. Over the period of study (not includin@@@vhich is lacking data), there
were six reconfiguration events in total: threel®99, two in 2001 and one in
2002. These reconfiguration events are referredytmumber in order of their
occurrence: the three reconfiguration events tbatiwed in 1999 are events one—
three, the two reconfiguration events in 2001 arents four and five, and the
reconfiguration event that occurred in 2002 is éw&x. Figure 6.3 shows that

during 2000 there appeared to be a large recofiigur event between days 170



to 200. However, Figure 6.3b gives no evidence tfos reset. This lack of
evidence is likely due to the discontinuous riprotel data record of 2000 (the
time interval between days 170 and 200 had no aifa)dand the fact that rip

currents shifted around more than 5-10 m.

The purpose of this ‘reconfiguration event’ classifion was (1) to see what type
of wave conditions caused the rip current behaviouchange from steady to
unsteady; and (2) too see how rip channel morplyotogl the magnitude of the
wave conditions affected how rip channels respdrttere was a hypothesis
created to explain this behaviour proposing thatchiannel spacing tends to be
regular and stable with time (steady) until theseaiwave event of a sufficient
magnitude to change the rip channels. In this ozsgnitude may refer not just to
Hs alone, but also to the period of time for whichaaticular wave condition was
present for. Note that ‘reset’ events occur whenhhr straightens and hence rip
channels disappear. Also note that all reconfigomagvents during 1999, 2001
and 2002 do not appear to have been reset evemse Bppears to have been
only one complete reset event during the periodistlwhich occurred during
2000. This complete reset event in 2000 is discuss&ection 6.8. The following
section contains an analysis of rip and wave daten 1999, 2001 and part of
2002. 2000 was not examined in this section dubegoor record with a lack of

continuity due to long periods of low energy.
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Figure 6.2. Shows rip &iannel data for 1999. Stains panel a. show the alongsh%re location of
rip channels found by the algorithms while the cirées indicate rip channels for which the
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m apart between consecutive times of data availalti, and c. The number of rip channels.
Grey areas indicate periods when wave energy wasadow to make rip channels detectable
by automatic algorithms and yellow areas are recoiuration events.
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Figure 6.3. Shows rip channel data for 2000. Stais panel a. show the alongshore location of
rip channels found by the algorithms while the cirées indicate rip channels for which the
locations were manually digitised. b. Shows the nulber of rip channels between 7.5 and 15
m apart between consecutive times of data availaliif, and c. The number of rip channels.
Grey areas indicate periods when wave energy wasadow to make rip channels detectable
by automatic algorithms and yellow areas are recoiuration events.
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Figure 6.4. Shows rip channel data for 2001. Stara p]?inel a. show the alongsﬁére location of
rip channels found by the algorithms while the cirées indicate rip channels for which the
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Grey areas indicate periods when wave energy wasadow to make rip channels detectable
by automatic algorithms and yellow areas are recoiuration events.
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Figure 6.5. Shows channel data for 2002. Stars irapel a. show the alongshore location of rip
channels found by the algorithms while the circledndicate rip channels for which the
locations were manually digitised. b. Shows the nuber of rip channels between 7.5 and 15
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Grey areas indicate periods when wave energy wasadow to make rip channels detectable
by automatic algorithms and yellow areas are recoiuration events.



6.3 Representing Wave Climate

6.3.1 Wave Energy

Wave energy was defined as dd8l, wherep is the density of seawater (1025
kgm?®), g is acceleration due to gravity (9.81 HsandH is significant wave
height. Significant wave height was averaged ovéerént durations. Durations
used over which to averadg® were 3, 6 and 12 hours, and 1, 2, 5, 7.5 and 10
days. Significant wave height was averaged overpémeod of time up to and
including each timéds was output from the WAM model (every three houltsis
essential to note that me&hh was not centre—averaged because waves occurring
after rip channels were measured will not be ablaftect the current rip channel

morphology.

6.3.2 Wave Duration

Duration time series were created for each poirtinre (e.g. eaclids modelled)
(Figure 6.6). The duration consisted of the lengfthime over whichHs or the

wave er;ergy was greater than a threshold.
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Figure 6.6. Schematic diagram showing how a duratio of significant wave height was
calculated for 1999. Arrows point at the Julian Dayfor which a duration calculation was

being made. Black and red dots indicate Julian DayshenHg was greater than 1.6 m and 2.1
m respectively. In this case the duration greaterhian 1.6 m was 1.5 days and the duration
greater than 2.2 m was 1 day.



A duration time series was created Forgreater than 0.5, 1, 1.5, 2, 2.5, 3 and 3.5
m and for wave energy (averaged over 10 days) @rélaan 1.3, 2.5, 3.8 and 5
Mgs? (corresponding téls greater than 1, 2, 3 and £)m

6.4 1999 Reconfiguration Events

6.4.1 Significant Wave Height

During 1999 there were three reconfiguration evewen these events were
compared toHs, it appeared that there was some relationship dmiwls and
whether a period of time was classed as steadysieady. Figure 6.7 shows that
the highestHs appear to have been associated with reconfigurageents,
however there were still times when high wave hisigitcurred during periods

that were not classed as reconfiguration such @eelea days 170 and 200.

6.4.2 Wave Energy

Wave energy (Figure 6.8) appeared to show a mudierbeslationship to rip
channel spacing regularity and stability thbely (Figure 6.7). Wave energy
averaged over longer periods such as 5 and 10atagpposed to shorter periods
of 1 day or less appeared to show the best rekdtiprio rip channel regularity for
1999. During reconfiguration events the averageesanergy was much higher

than during steady events.

6.4.3 Wave Duration
6.4.3.1 Duration of Significant Wave Height

For 1999 using a thresholdk of 1.5 m or less to create a duration time satids
not show a particularly good relationship to ripachels (Figure 6.9). Usings
greater than 2 m appeared to best show the reshijpnFor example, foHs
greater than 2.5 m, in general there were onlydimeenHs was greater than 2.5
m during the reconfiguration events (Figure 6.9)r the irregular events, when
the wave duration greater than 2.5 m was use@piared that for reconfiguration

events to occur aHs of greater than 2.5 m for ~40-50 hours was necgssa
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Figure 6.7. a. Shows alongshore rip channel locatis for 1999. Stars in panel a. show the
alongshore location of rip channels found by the gbrithms while the circles indicate rip
channels for which the locations were manually digised. b. Shows significant wave height.
Grey areas indicate periods when wave energy waved low to make rip channels detectable
by automatic algorithms, and yellow areas are recdiguration events.

6.4.3.2 Duration of Wave Energy

Duration time series were also created using waeegy averaged over different
durations. Using wave energy averaged over 10 tayseate a duration time
series (Figure 6.10) yielded a similar result ttngsaw waveHs (Figure 6.7).

However, perhaps using the wave energy average ¥edays is too-long-a
period to average over as there werre peaks in wiavation in periods not
classed as reconfigurations (Figure 6.10a). Fighuke shows that for the

duration of wave energy greater than 2.5 ¥lgslthough there were peaks in the



magnitude during reconfiguration events, there wae® peaks during steady

events.

Wave energy averaged over two days was also useteate a wave duration
time series. This appeared to produce results be#er than using wave energy
averaged over 10 days. Figure 6.11 shows that wkermy duration greater than
3.8 and 5 Mg3$ there was fairly good agreement between when gakpare
located and when reconfiguration events occurrdeerd were still small peaks
present during periods when rip spacing was thotmtte regular. However, it
appears that when these peaks occurred there vwgas istegularity occurring
with the rip channel spacing.

Wave energy averaged over a period of six hours alss used to create a
duration time series. This appeared to use a pé¢hatdwas too small to average
over as when plotting a graph like Figure 6.11re¢hgere peaks in wave duration
present of a similar size for both steady and wausteperiods. Finally, wave

energy averaged over 5 days was also used to @ea#we duration time series.
This yielded results similar to those when usingyevanergy averaged over 10

days (Figure 6.8).
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Mgs? and e. Duration of wave energy greater than 5 M¢s Grey areas indicate periods when
wave energy was too low to make rip channels detetle by automatic algorithms and yellow
areas are reconfiguration events.



6.5 2001 Reconfiguration Events

During 2001, the rip channel behaviour was remdykategular alongshore
throughout the entire year, however there appetrdse much more regular, stable
rip channel spacing over the second half of the yeaure 6.4). Comparing rip
channel regularity and stability tds in 2001 did not give a good indication of any
relationship present, although it does appear tti@thighesHs occurred during the

reconfiguration events (see Appendix 3 and Figu3elA

As was the case for 1999, wave energy appearsaw ghbetter relationship to rip
channel regularity and stability thats during 2001 (see Appendix 2 and Figure
A2.2). Wave energy averaged over longer periodh sgc5 and 10 days appeared to
show the best relationship to alongshore rip sgapoggularity, as was the case in
1999. During periods when rip channel spacing apgoe#o be irregular, the mean
wave energy was much higher than when rip charpasgisg was regular.

Results for a comparison between rip channel reigpland stability andHs
durations show a similar trend to that observedlf&89. Significant wave height of
1.5 m or less did not show the relationship to aifmnnels particularly well (see
Appendix 2 and Figure A2.3). Usintg; greater than 2, 2.5 and 3 m appeared to show
the relationship to rip spacing behaviour with ¢fneatest clarity. For example, Figure
A2.3f shows that during the reconfiguration eveth® duration oHs greater than
2.5 m was for at least ~50 hours. For a duratiorwa¥e energy greater than a
magnitude of 2.5, 3.8 and 5 Mg@salthough there were peaks in the magnitude during
periods when the rip channel spacing was regularpiggest peaks in general tended
to be when there were periods with irregular, usistaip channel behaviour (see
Appendix 2 and Figure A2.4).



6.6 2002 Reconfiguration Events

2002 shows different behaviour again from previgears. The rip spacing was
regular alongshore for at least the first montlgFe 6.5). Around March it became
more erratic, from then on the spacing still appdao be fairly even but with rips
much more closely spaced than seen previously. @angHs to rip channel spacing
regularity and stability in 2002 appeared to shbat trelatively highHs tended to
occur during the irregular periods (see Appendand Figure A2.5). However, fairly
high Hs also occurred during the regular periods which waisto be expected. As
was the case for 1999 and 2001, during 2002 wageggrappeared to show a better
relationship to rip channel regularity and stapi(see Appendix 2 and Figure A2.6)
than to He. Wave energy averaged over 1-5 days appeared de $he best
relationship to rip channel regularity and stapiliburing reconfiguration events the

average wave energy was higher than when rip chapaeing was regular.

A comparison between rip channel regularity andhibta and Hs durations shows a

relationship (see Appendix 2 and Figure A2.7). Toeation ofHs greater than 1 m

shows a good relationship to rip spacing behavidhere were peaks in the duration
for the irregular periods but only small ones foe tegular periods. For the duration
of wave energy (averaged over two days) greater tha Mg¥’, there were peaks

present during the periods when rip channel spaeiag irregular alongshore and
unstable with time (see Appendix 2 and Figure A2 greater magnitudes there
were peaks during only 1-2 of the periods withgular, unstable channel behaviour.
For the year 2002 this plot is different to those firevious years (1999 and 2001)
where magnitudes of 2.5, 3.8 and 5 Mgasppeared to show the relationship to

channel behaviour better than 1.3 Mgs

6.7 Rip Behaviour During Reconfiguration Events

This section describes what occurred during eachnfeguration event. The main

purpose of exploring these reconfiguration eveatsoi identify what are the main



Chapter Six: Relation of Rips to Waves

drivers of changes in rip behaviour during the ¢selmages of the beach with the
rip channels that were present from before and afteh reconfiguration event are
shown in Figure 6.12. See Table 7.1 for a summdrywave and rip channel
characteristics during reconfiguration events.
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Figure 6.12. Rectified, time-averaged video imagesf Tairua Beach prior to and after each
reconfiguration event. Coloured dots show separateip channels found with the computer
algorithms. The left hand column shows the beach bare each reconfiguration event and the
right hand column shows the beach after each recoigiuration event (1-6).

6.7.1 Reconfiguration Event One

Prior to reconfiguration Event Onés oscillated between ~1 and ~2.5 m while

during the event it reached a maximum of ~3.5 mv&Vanergy averaged over 10
113



days increased to ~6.3 Mgsluring the event. The duration lf greater than 2.5 m
was ~70 hours at the beginning of the event, ~40$htowards the end and 10 hours
at the end. The total duration df greater than 2.5 m was ~120 hours. There was no
Hs greater than 3 m during Event One. During the ewesave energy was greater
than 5 Mg¥ for ~3 hours at the beginning of the event andheiirs near the end of
the event. An alongshore trough (longshore bargtiostate) developed on the
southern half of the beach. The three northernrepsained as did 1-2 reworked rips
at the southern end. The number of rips decreased 8 to 5, and spacing changed
from regular and irregular alongshore. Prior to #went it appeared that the rip
channel system was the same along the entire {€aglre 6.12a). After the event
however there appeared to be two systems: a norystem with three rips, and an
alongshore trough and two rips at the southern Eiglre 6.12a and 6.12b shows
that the three northern rips had moved, two towahésnorth and one towards the
south. Figure 6.12b also shows that the rips atsthghern end hardly moved. The
sequence of images during this event appearedoiw gtat these rips at the southern
end after the event were the same rips that wergept prior to the event, they had

just been reworked.

6.7.2 Reconfiguration Event Two

Prior to Event TwoHs reached a maximum of ~3 m during the steady peboding
the evenHs reached a maximum of ~3.5 m, as was the caseglisuant One. Wave
energy averaged over 10 days prior to Event Two Wwasat ~2.5 Mgg, while
during it reached a maximum of 5 Mg<During the eventds was greater than 2.5 m
for ~40 hours, greater than 3 m for ~10 hours, evtliere were nbisgreater than 3.5
m. The duration of wave energy averaged over tws @aas greater than 5 Mgfor
~4 hours during Event Two. Prior to the event, ¢hsere five irregularly spaced rips
spread along the beach (Figure 6.12c). The ripthatends of the beach where
slightly larger than the others, with the largegtlocated at the southern end. These
two rips at the northern appeared to have beermveldped. From observation of the
images, on day 281 there was a large surf-zoner;, aftich two large rips remained



at the southern end and three small rips at théheor end of the beach (Figure
6.12d). Images show that the rip furthest northwaag a new rip, and the other two
were the original two rips. Figure 6.12d shows thattwo rips at the southern end of
the beach stayed near the same location. The pgoat the northern end moved

towards the south. Rip channel spacing remainedutar after the event.

6.7.3 Reconfiguration Event Three

Prior to Event Thredis was relatively low at ~2 m. During the eveht, increased
rapidly to a maximum of 3 m then decreased rapMigve energy averaged over 10
days was low prior to the event at ~2.5 Mgand increased to a maximum of ~6.3
Mgs? during. Significant wave height was greater tha@r for ~40 hours just prior
to the event and ~10 hours during, while there weréls greater than 3 m. Wave
energy averaged over two days was greater thanss fég~5 hours at the beginning
of the event and ~2.5 hours during. Prior to thenévthere were four rips present
(Figure 6.12e). Two rips were at the northern ehdhe beach with a trough in
between, and two larger rips were present at ththem end. During the event a new
rip developed in the middle of the trough, and thaother at the southern side of the
northern rips (Figure 6.12f). The trough had answali shape. After the event there
was a smaller system of three rip channels to tinhrand a larger system of three rip
channels to the south. Figure 6.12f shows thatethegre two rip channels to the
north that were in the same location as prior eéodbent with a new rip in the middle.
The northern rip was the same one as before, howke to gaps in data it is not
clear if the other rip channel is the same oner@s o the event. Figure 6.12f also
shows the development of a new rip in the middlehef beach, and that the two

southern rips moved further south.
6.7.4 Reconfiguration Event Four

Prior to and during Event Foufs remained stable at ~2m. During the event there

was no signature in the wave energy averaged floeethours to 10 days. Prior to,



during and after Event Four, wave energy averages ©0 days was ~3.8 Mds
During the event there was however a signaturberduration oHsgreater than 0.5—
1.5 m. For examplets was greater than 1.5 m for ~180 hours. There Wss &
signature in the duration of wave energy averages two days greater than 1.3 and
2.5 Mgs® Wave energy averaged over two days was greaterlti®angs” for ~30
hours just before the event, and greater than 2)5%§br ~18 hours just after. Prior
to the event there were 5 rip channels presentu(€ig.12g). There were three large
rip channels on the northern half of the beach tarmsmaller ones on the southern
half (perhaps with another smaller rip beginnindgaion) (Figure 6.12g). During the
event it appeared that the three larger rips beaawerked, ~2 more smaller rips

developed and the smaller rips extended furthevaeh(Figure 6.12h).

6.7.5 Reconfiguration Event Five

During Event FiveHs reached a maximum of 5 m and wave energy averaggdl0
days reached a maximum of ~9.4 MgB®uring the events was greater than 2.5 m
for ~100 hours. The duration of wave energy avetagyer two days greater than 3.8
and 5 Mg& was for ~7.5 hours. Prior to the event there weer@ channel present
where three were well-defined at the northern enthe beach (Figure 6.12i). From
the most southern end of the beach to half wayetlere two small rips present
prior to the event. The dominant beach state atsthghern half appeared to be
rhythmic bar and beach (i.e. a pronounced alongstiough was present). There was
one poorly developed rip present in the trough.imyuthe event a fifth rip developed
in the southern half and the surf developed moretds a transverse bar and rip state
(Figure 6.12)). The rips appeared to have migratagdhwards. After the event there
were five rips present with a wide trough. Agaiae thvo rips at the northern end were

most developed.



6.7.6 Reconfiguration Event Six

Prior to Event SixHs was low at ~2 m. During the eveidt reached a maximum of
just ~2.5 m, which was much lower than during otfemonfiguration events. Wave
energy averaged over 10 days showed no increaseengy during the event. Wave
energy averaged over four days showed a small fealdicate the presence of the
event, however this peak was more pronounced wlze wnergy was averaged over
shorter periods of time (Figure A2.6). Wave eneaggraged over two days was ~2.5
Mgs? prior to the event and during increased to a marinui ~7.5 Mg¥. During
the event, there were 1y greater than 2.5 m. Significant wave height excdetien
during the event for ~40 hours. Wave energy avetager two days was greater
than 5 Mg¥ for ~2 hours during the event. Prior to the evimere were five rips
present along the beach that were fairly evenlycagpaalongshore (Figure 6.12K).
There were no rips present at the northern-mostoénide beach. During the event,
the rips extended further seaward and two rips Idpee at the northern end in the
space (Figure 6.12j). After the event there wenge nevenly spaced rips present.
Figure 6.12] shows that there was little rip migmtduring Event Six.

6.8 Storm Eventin 2000

As mentioned earlier, it appeared that the onlyglete reset event to the rip channel
system that occurred during the period of study ima®000 between days 170 and
200. During this reset event, the barline straigbteand a pronounced alongshore
trough developed. After the reset event, the rigndel configuration had no

resemblance to the configuration prior to the refbére was a clear signature in the
wave duration (regardless of thresholdsHgftested, from 0.5 to 3.5 m) time series
when the storm event occurred in 2000 that causedeset. Significant wave height
exceeded the thresholds tested for longer periadaglthe 2000 reset event than in

other years.



Rip Current Dynamics on an Embayed Beach

Figure 6.13 shows the rip channel configurationsrpduring and after (once the
channel configurations appeared to have becomdistal) the large storm event in
2000. Note the tilt of the alongshore bar and tiwdasing width of the surf-zone
throughout the event (Figure 6.13). Prior to thrgdastorm event in 2000, on day 150
there were six rip channels present that wereivelgtregularly spaced alongshore.
Between days 150-174 there was low wave energy csaip channels were
discernable.
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Figure 6.13. Rectified, time-averaged video imagesf Tairua Beach where different coloured

dots show distinct rip channels found with the compter algorithms. Panel a. Shows prior to the
reset event in 2000 (Julian Day 177 at 0800 hour$), During the reset in 2000 (Julian Day 194 at
1000 hours), and c. After the reset in 2000 (JuliaBay 201 at 1400 hours).

On day 174, the 5 rips present appeared to be megraarly spaced alongshore than
prior to the storm (Figure 6.13a). Between days-18D it appeared that rip channels
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on each half of the beach moved away from eachr edhiorm an alongshore trough
in the middle of the beach. On day 182, there wamerease in the magnitude of the
wave conditions and on day 191 there were three g present at the southern
end of the beach extending ~400 m, with a trougihénmiddle of the beach and two
smaller rips at the southern end (Figure 6.13bjoukth rip developed in the trough
southward of the most southern rip on the northeatf of the beach which is
apparent on day 195. Between days 197-199 therdigyasvave conditions and the
rips appeared to move southward. Nearing the entheofstorm on day 201, there
were four large rips present covering most of teadh, with some smaller ones at the
most southern end (Figure 6.13c). The wave contitior this event are plotting in

detail on Figure 5.18.

6.9 Discussion

6.9.1 Wave Climate Comparisons

From comparisons dfls to rip channel behaviour (in particular to whetperiods of
time were steady or unsteady (i.e. a reconfigunagicent) in regard to alongshore rip
channel movement), it appeared that in genkkateached maximum magnitudes
during reconfiguration events. The relationshipwesstn instantaneoulls and rip
channels does not appear to be a strong one. Tdreraliscrepancies whes
appeared to reach relatively high magnitudes dustegdy periods. This type of
discrepancy suggests that it is not juktthat forces the rip channel system, but
perhaps a combination of factors such as previageveonditions and the duration

for whichHs exceeds a threshold.

For all three years of data presented in this Gha@d999, 2001, 2002), it appeared
that wave energy (meaHs averaged over time) and wave duration (duratian fo
which waves were greater than a threshold) showedeh better relationship to rip
channel behaviour than immediate, instantanétud$n particular, wave energy and

duration were different depending on whether riprotel behaviour during a period



of time was steady or unsteady. In general, wavergyn was greater during
reconfiguration events compared to steady evemmts1899 and 2001, wave energy
averaged over 5-10 days showed the best relatpmshgvent type. For 2002, wave
energy averaged over 1-5 days appeared to shobe#taelationship to rip channel
behaviour. This gives an indication that rip chdnsystems with smaller spatial
scales, such as was seen in 2002, change mordyguialkelation to changes in the

wave conditions than systems with larger scales.

Ortega-Sanchez et al. (2008) carried out a studtherrelationship between beach-
face morphology (particularly beach cusps) and weerditions. Results of this

study indicated that the wave energy and duratwrwhich certain wave conditions

are maintained are vital in determining whetherchemorphology will respond and

the response time. The analysis showed that thetewotime of the beach depended
on the energy of the waves. It seemed Hhalvas the determining factor in how fast
the beach changed from one morphological statentdhar. Ortega-Sanchez et al.
(2008) found that for higher energy waves, the gearcould be produced in a much
shorter time that for lower energy waves. Due ts tteed for wave conditions to be
maintained for a period of time, there were timéewthe wave conditions changed

but there was no change in the morphology.

From comparisons of the duration of wave eventsptehannel behaviour for 1999—
April 2002, wave duration is obviously critical hever it does not appear that there
is a ‘magic number’ that defines the thresholdtfer duration thalds or energy must
exceed to cause a change in the rip behavioureXxample, for a duration time series
of Hs greater than 2.5 m for 1999, the duration to causeconfiguration event was
variable at 120, 40 and 10 hours for the threengorations. For 2001, the duration
of Hs greater than 2.5 m during reconfiguration eventsewer zero and 100 hours
and for 2002 zero hours, meaning the beach respoiddess than three hours
(although the resolution of the video data is rarkdss than one day). These
differences could relate to the magnitude of tre@néiguration event, e.g. how much

of a new rip channel configuration the system aegljiperhaps the previous wave



conditions, and almost certainly the scale of tbechannels. As mentioned eatrlier,
bigger rip channels (i.e. those that extend famwaed) will require higher wave

conditions to be reworked than smaller scale dipgrder to begin to understand the
complex set of conditions that affect rip channahdwiour, a first step is to engineer

a conceptual model.

For 1999 and 2001 wave duration time series udiywf 2—3 m appeared to show the
best relationship to rip channel behaviour. Foral8ad 2001 it appeared thdf had

to be greater than 2.5 m for ~40-50 hours for anfguration event to occur. For
2002, a duration time series withs greater than 1 m appeared to show the best
control over rip channel behaviour. In generagppeared that the duration of wave
energy instead ofs gave the best relationship to event type with peatcurring
only during reconfiguration events. A wave everstiteg for only a short period of
time may not have any effect on rip channel comagan whereas a longer event of
the same magnitude might. Figure 6.10e shows thah& duration of wave energy
greater than 2.5 M{s although there were peaks in the magnitude during
reconfiguration events, there were also peaks dwsteady events. This suggests that
it is not just the duration of a wave event thathis key in causing reconfiguration

events.

6.9.2 Rip Channel Scale

A key observation suggesting that rip channel spidgs a vital role in determining
rip channel behaviour was seen in 2001. During 26@te were two reconfiguration
events found using the measure of change (Figdje(Bvent Four and Event Five).
However, Figure A2.2 shows that there were two rothgtances when wave energy
(averaged over 10 days) reached considerably hagnitudes. At day 190 in 2001
wave energy reached 6.3 Mgand on day 250 reached 7.5 Mg®uring the two
reconfiguration events in 2001, wave energy reachagima of 3.8 and 7.5 Mds
This would suggest that perhaps the latter two legérgy events should also have

caused rip channel reconfiguration events. Howewemparing rip channel scales



between these high energy events gives an indicadio what may cause the
differences in rip channel behaviour under high avamergy conditions.

During the third and fourth high wave energy evant2001 when they were not
classed as reconfiguration events, the mean sud-naodth was much wider than the
prior two events, at ~120 m or more as opposedBtm. This means that the bar at
the seaward ends of these rips was deeper thangdilve previous two high wave
events. Therefore, larger waves were needed td byear the bar and cause rip
channels to reconfigure. In this case rips extanditi20 m cross-shore at Tairua
Beach appear to need wave energy (averaged ovéayK) greater than 7.5 Mgso

reconfigure.

6.9.3 Rip Scale, Wave Intensity and Duration

Results suggest that rip channel scale, inten$ityawe event (i.e. wave energy) and
wave event duration are three key factors thatrasteand determine how rip
channels behave in response to waves. Resultsadgrest that rip channels do not
respond instantaneously to changes in the wavetommsl but that there is a lag-time
which depends on the combination of rip spatialescwvave event intensity and
duration. This complicated relationship betweenchannel spatial scale, wave event
intensity and duration together with its relatiopshio lag-time in rip channel
response to changes in waves shows why past attetoptorrelate rip channel
behaviour (e.g. alongshore spacing) to immediatstantaneous measures of the

wave conditions have yielded poor relationships.

Jiménez et al. (2008) commented that beaches daespbnd instantaneously to
wave forcing and that an instantaneous morphodynatate paramete©EH/(w.T))

alone does not accurately predict beach statestitati as was also observed by
Wright et al. (1985). Smit et al. (2008) hypothesishat spatial scales of morphology
observed in the surf-zone are seldom in equilibriith the instantaneous wave
conditions due to the slow response of sand-bgrs/Wright and Short (1984) noted



that during low intensity (i.e. low energy) evenssyf-zone morphology will take
longer to respond than during high intensity eventss concept of a lag-time in rip
channel response to changes in wave conditionsi@at when attempting to relate

rip channel behaviour to wave conditions.

Jiménez et al. (2008) also found that wave foréimignsity (i.e. wave energy level)
and the duration of wave events are also key fadgtodetermining the morphology
of the nearshore. It was also noted that the timtakes for a beach to reach
equilibrium morphology depends on the previous rholpgical configuration. This
observation is the same as found in this thegpschiannel morphology (spatial scale)
prior to a reconfiguration event and the wave epefigtensity) and duration

determines if and how rip channels will respond.

Jiménez et al. (2008) and Wright et al. (1985) nec®nded averagin@-values for a

period of time prior to observation to increase #iteuracy of prediction of beach-
state. Results found by Jiménez et al. (2008) sigthat the period of time over
which to averagé&-values depends on the wave energy, e.g. for l@vergy wave

conditions the averaging period should be longéiis Tdea could be used for rip
current behaviour. For example, perhaps for lowesrgy wave conditions, wave
energy could be averaged over a longer periodnoé tihan during higher energy

wave conditions.

Due to lag-time in response of surf-zone morpholtmgghanges in wave conditions,
the relatively fast-changing wave conditions magdeeprevent the beach evolving to
a state to match the conditions (Smit et al., 200Bgrefore, any beach state is likely
correlated to the sequence of past conditions raffaa to the actual conditions (Smit
et al., 2008). This relationship of morphology tspconditions is a function of the
intensity and duration of wave events and the tirequired for a particular
morphology to evolve, which is proportional to tredume of sand to be redistributed
(Wright and Short, 1984).



Smit et al. (2008) stated that to understand whj+zmne bathymetry has a certain
morphology there are three questions, which allde¢o understanding rip channel
morphology:

(1) What is the intention of the system, e.g. if wawaditions were infinitely

constant how would the morphology respond?

(2) How long does it take for the morphological resmottsdevelop?

(3) How does the antecedent morphology affect the nubogiical evolution?
There is a similar suite of questions to ask whging to understand why rip channel
morphology has a certain configuration at any ame tThese questions are explored
in the following chapter.

6.10 Summary

Rip channel behaviour in regard to change in albogs location with time was
defined as steady or unsteady (i.e. a reconfiguragvent) using a measure of
change. Significant wave height appeared to shawestelationship to rip channel
behaviour, where generally highét; appeared to correspond to reconfiguration
events. Using measures of wave energy to take aotmunt the previous wave
conditions showed a much better relationship tdogpaviour, as did the duration of
wave events. There did not appear to be one thicesiiavave magnitude for which
the duration determined when reconfiguration evecturred. This is likely due to
factors such as rip channel spatial scale, magaitidhe reconfiguration event and
the previous wave conditions. There were no ‘magimbers’ found to show if, for
example, rip channels of a particular spatial sealerespond to a wave event of a
certain magnitude and or duration. However, theniBgance of the interaction
between rip channel spatial scales, previous wamditons and the duration of wave
events is demonstrated. The next step to underdtandwave climate affects rip
channels was to develop a conceptual model for iymwhannels respond to changes
in the wave conditions. This conceptual model sspnted in the following Chapter

Seven.



Chapter Seven: Conceptual Model

7.1 Introduction

Chapter Five showed that rip currents changed fgignily and experienced
reconfiguration and partial reset events. In orsecaven a total reset of the system.
Chapter Six went some way toward characterising ripe channel and wave
conditions leading to reset events. The purpog@isfchapter is to summarise these
findings into a conceptual model for how rip chderrespond to changes in the wave
conditions. This conceptual model summarises teali® and observations made in

Chapters Five and Six.

7.2 Key Observations

From observations of rip channel behaviour preseimeéhapters Five and Six, there
are several key observations that appear to beatrih determining whether or not a
particular rip channel with a certain spatial sqake. morphology) will respond to a
change in the wave conditions, and how the rip chBnmay respond. Rip channel
spatial scale (i.e. cross-shore extent) appednave at least as much influence as the
wave conditions in determining how rips will behaBelow is a summary of key
observations made during Chapters Five and Six dppear to be key factors in

determining rip channel behaviour during wave esvent

Whether or not a rip channel will respond to a ¢eaim the wave conditions appears
to depend on the following:
i) If the waves are of a sufficient magnitude to dffée rip (which is
dependent on rip spatial scale, where bigger ripnobls require

bigger waves) and are above a threshold for acserfiti period of time.



This threshold is likely to depend on how big theve conditions are,
e.g. a longer duration is required for rips to mesp to lower
magnitude wave conditions.

i) If relatively low wave conditions remain constaot fa long enough
period of time (which is again dependent on riptigpacale, where
bigger rips require a longer period of time).

The duration for which wave conditions were gredtem a threshold affects how
rips will respond to changes in wave conditionst Egample, the duration dfi

greater than 2-3 m and wave energy averaged owerdays showed the best
relationship to rip channel behaviour. The duratiequired to cause changes in rip
channel behaviour is dependent on rip spatial sghbre bigger rips require a longer
duration. Previous wave conditions appear to bal,vé.g. in general, wave energy
averaged over 5-10 days to take into account teeiqus wave conditions showed
the best relationship to rip channel behaviour (@héehaviour refers to the
alongshore rip location stability with time). Thagltime in rip channel response to
waves depends on the spatial scale of the rip @laxampared to the magnitude of
the wave condition (for example, relatively largpsrtake longer to respond to

changes in wave conditions).

It appeared that at Tairua Beach there are two mypes of rip channel systems: (1)
a narrowly spaced system (small scale) consistirgamy (~8) closely spacing rips;
and (2) a widely spaced system (large scale) ciomgisf fewer (5) relatively widely
spaced rips. It appears that when the system mwlgr spaced, different ways of
presenting wave energy and duration compared tonglwar widely spaced system
show the best relationship to rip behaviour. Dutimg narrowly spaced system, wave
energy averaged over 1-5 days and the duratidth greater than 1 m showed the
best relationship to rip behaviour. Converselyjmythe widely spaced system wave
energy averaged over 5-10 days and the duratidth gfeater than 2—-3 m showed
the best relationship to rip behaviour. This défeee in relationship suggests that the

narrowly spaced system responded more easilydees not require wave conditions



as large) and faster (e.g. less of a lag time duentaller rips) to changes in wave

conditions.

From the above observations, a list of factors tuat likely to be critical in a
conceptual model of rip channel response to chaimg@ave conditions include:

(1) Rip channel spatial scale (morphology);

(2) Magnitude of the wave conditions (wave energy);

(3) Duration of wave event (greater than an threshold);

(4) Previous wave conditions;

(5) Lag time of rip response to change in wave conatitio
Note that these factors do not act independentlgaath other but are inherently
linked.

7.3 Reconfiguration Events

Below a summary is presented of the six reconfigomaevents found with the
associated measure of change. A summary of ripngtaand wave characteristics

prior to, during and after each event is shownabl& 7.1.

Reconfiguration Event One:Prior to Event One, the mean surf-zone width was 69
m. During the eventHs reached a maximum of 3.5 m. Wave energy reached a
maximum of 6300 kg& Significant wave height was greater than 2.5 m~f620
hours and wave energy was greater than 5008 fkgsl1 hours, both of which were
long periods compared to the other reconfigurageents. From observations of
imagery, the biggest change to the surf-zone oeduturing this event. During Event
One, half of the rips disappeared (the spacingsasxd) and the bar straightened with
a longshore trough developing in the centre oflibach (Figures 6.12a and 6.12b),
i.e. an upstate transition. Mean rip channel sgpaind spacing standard deviation

changed the most of all the events (Table 7.1).



Reconfiguration Event Two: Prior to Event Two the mean surf-zone width was 82
m. During the evenHs reached a maximum of 3.5 m and wave energy reaahed
maximum of 5000 kgé. Significant wave heightvas greater than 2.5 m for ~30
hours and wave energy was greater than 5000fégs-4 hours. Observations of
imagery indicated that during Event Two there appeédo be little change to the
surf-zone morphology (e.g. although rip currentpezienced alongshore movement
during the event, the number of rips and beacle stat not change) (Figure 6.12c
and 6.12d).

Reconfiguration Event Three: Prior to Event Three the mean surf-zone width was
83 m. Significant wave height reached a maximur of during the event and wave
energy reached a maximum of 6300 kgSignificant wave heightas greater than
2.5 m for ~40 hours and wave energy was greater 5890 kg$ for ~7.5 hours.
Observations of imagery indicate that during EvEntee there was little change to

the surf-zone morphology (Figures 6.12e and 6.12f).

Reconfiguration Event Four: Mean surf-zone width prior to Event Four was 69 m.
During Event FourHs reached a maximum of only 2 m and the maximum wave
energy was just 3800 KgsSignificant wave height was never greater th&nn2.or
wave energy greater than 5000 kg&he mean surf-zone width prior to Event Four
was relatively small, however it is important totexdhat there appeared to be two
different morphologies present: a wide, stable-gorfe to the north and a narrow,
rapidly changing surf-zone to the south. From oletésns of imagery during Event
Four, the large surf-zone hardly changed whereassthaller southern half became

wider and more rips developed (Figures 6.12g ah@hj.

Reconfiguration Event Five: Prior to Event Five the mean surf-zone width was 8
m. Significant wave height reached a maximum of @nmd wave energy reached a
maximum of 8800 kg& Significant wave heighwas greater than 2.5 m for ~100
hours and wave energy was greater than 5000 fajs~7.5 hours. Observations of

imagery indicate that during the event there wéte lichange to the surf-zone.



Table 7.1. Wave and rip channel characteristics foeach reconfiguration eventSZWis mean surf-zone width andr is mean wave period.

Reconfiguration Event number 1 2 3 4 5 6
Year 1999 1999 1999 2001 2001 2002
Julian Days (from-until) 9422 252-271 311-325 48-63 112-127 69-74
Duration (Days) 29 20 15 15 16 6
DurationHs >2.5 m (Hours) 120 40 10 0 100 0
Duration Energy> 5000 kggHours) 11 4 7.5 0 7.5 2
Energyna (kgs?) 6300 5000 6300 3800 8800 2500

Hs max(m) 35 35 3 2 5 25
WaveTax(S) 11 10 10 8 8 8
MeanSZW(before/after) (m) 69/86 a2/7 83/89 69/87 85/121 59/69
Difference (m) 17 8 6 18 36 10
No. rips (before/after) 8/5 5/5 4/6 5/7 5/5 5/9

Rip spacing (before/after) (m) 144/366 256/320 360/264 286/168 238/280 216/144
Difference (m) 222 64 - 96 -118 42 =72
Rip spacing std (before/after) (m) 72/253 81/110 110/255 114/63 88/70 1%5/4
Difference (m) 181 29 145 -51 -18 -80




morphology (Figures 6.12i and 6.12)).

Reconfiguration Event Six: The mean surf-zone width prior to Event Six wash9
The maximurHs was just 2.5 m and the maximum wave energy was 2600 kg¥.
Event Six had ndis greater than 2.5 m. The duration of wave energatgr than
5000 kg& was just two hours. From observations of imagémre was a small
amount of change to the surf-zone morphology wihrfmore rips developing
(Figures 6.12k and 6.12i). There was little chatmythe mean surf-zone width, while

mean rip channel spacing and spacing standardtaevidecreased (Table 7.1).
7.4 Upstate and Downstate Transitions

Figures 7.1 and 7.2 show that some of the recordtgnn events were upstate
transitions and some were downstate transitiores \(geght and Short, 1984). Figure
7.1 shows that with regard to mean rip channelisgathere were three downstate
transitions and three upstate transitions. Shaoiteations of highHs were associated
with a decrease in mean rip channel spacing (almrg$y and hence downstate
transitions. Longer durations of hidih, were associated with increases in mean rip

channel spacing and hence upstate transitions.

Figure 7.2 shows that with regard to the numberipfchannels, there were three
downstate transitions, one upstate transition arddases when the beach state did
not appear to change. As was shown in Figure ‘h4dtate transitions appear to be
associated with longer durations of high waves @reergy) and downstate transitions

with shorter durations of high waves.
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7.5 Rip and Wave Scales

A conceptual model was created to demonstrate whannels appear to respond
to changes in wave conditions. There are four nzambinations of rip channel
spatial scale and wave magnitude. These combirsati@ne found by comparing the
maximum wave energy (averaged over 10 days) dwawh reconfiguration event
and the mean surf-zone width (to represent rip ibloross-shore extent) prior to
each event. Small rips refers to rip channels tilak relatively small spatial scales in
relation to the wave energy that was usual at daand vice versa for large rips.
Figure 7.3 illustrates a flow diagram of the cortaep model.Table 7.2 shows a
summary of the different combinations of rip chdniseale and wave event

magnitudes.

The wave conditions prior to any reconfiguratiorevare essential as they will
determine the surf-zone morphology. The previousemeonditions can also affect
what type of rip channel system is present, feverat( Tairua) widely spaced rip
channels or more (~8 at Tairua) narrowly spacedhgnnels (both regularly spaced
alongshore). There are four basic combinationsipfand wave scale summarised

below.

(1) Same Rip and Wave Scale

Event Six had relatively small rip channel morplgyl@and small waves. Events Two,
Three and Five had relatively large rip channel photogy and large waves. When
the magnitude of the wave energy is a similar stalthe rip channel morphology
(e.g. the small spacing configuration observedhis study combined with smaller
than average waves, or rip channels with largetiasales with larger than average
waves) the rip channel may respond if the wave itiomd are constant for a
sufficient duration. The time required (the thrddhofor conditions to remain
constant to cause a rip channel response will bgelofor rips of a larger scale and
vice versa for smaller-scale rip channels. Thelé&&y to be a medium lag-time for

the response of the rip channel to the changeanmiive conditions and a medium



changes to the rip/ surf-zone morphology. The sargument applies to the
conditions described at the top left of Table 7f2ch corresponds to observations
related to Event Four (Table 7.1).

(2) Small Rip Scale with Large Waves
Event One had relatively small rip channel morpgglavhen large waves occurred.
When the scale of the rip channel morphology islsme&ative to the magnitude of
the new wave energy the rip channel will likelypesd to the change quickly (i.e.
short lag-time). Further study is required, buappeared that when wave energy was
large relative to the scale of the rip, the riproie disappeared, the bar straightened
and the beach began a complete reset (i.e. a lahgeage to the surf-zone
morphology). The beach may only reach a total réseave energy is large enough

relative to the scale of the rip channel and/ eytlast for a sufficient duration.

(3) Large Rip Scale with Small Waves
Event Four had relatively large rip channel morplggland small waves. When the
scale of the rip channel is large relative to tregnitude of the wave energy, it is not
likely that the rip channel will respond to the nba in the wave conditions. The rip
channel may only respond if the wave conditionsai@nconstant for a long duration.
The lag-time of rip channel response to a chandgkdrwave conditions for large rips
with small waves is likely to be long. There wik la small change in the surf-zone
morphology where it will likely move towards a smealscale system i.e. smaller,

more closely spaced rip channels.
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7.6 Summary

A conceptual model for the response (or lack opoese) of rip channels to changes
in the wave conditions was created. This conceptnatel was based on the
assumption that the morphology (e.g. spatial scaled rip channel is at least as
essential as the wave conditions in determiniragqnd how rip channel will respond to
a change in the wave conditions. The conceptualeinaldo noted how central the
previous wave conditions are (which in turn credtesscale of rip morphology) to
rip channel behaviour. The spatial scale of a hannel relative to the magnitude of
the wave conditions will determine whether or natpachannel will respond to a
change in the wave conditions (e.g. when wave ¢omdi are small relative to the
size of the rip current, the rip may not responkkss the conditions are constant for a
sufficient period of time). When the wave condisoare large relative to the spatial
scale of the rip channel, a response of the rimmblato a change in the wave
conditions will likely occur quickly and there wilikely be large changes to the rip

morphology.



Chapter Eight: Conclusions

8.1 Introduction

Rip currents and what drives them are still a veoprly understood phenomenon.
The lack of understanding is often attributed tack of quality long-term data-sets.
Past attempts to relate rip currents to waves hgemrerally resulted in poor
relationships. For this thesis, the general objecivas to uncover the processes
responsible for the spatial and temporal variaiod morphology of rip currents. To
achieve this goal, an improved technique was adetiiat consisted of a suite of
computer algorithms to locate rip channels as ligiensity minima in rectified,
time-averaged video images of the surf-zone. TBey8ar data-set of Tairua Beach
created with these algorithms was used to studychignnel behaviour at Tairua
Beach. Rip channel behaviour was compared to winessing on the shifts in rips
and waves. Rip channel reconfiguration events vas#ned using a measure of
change. These events were compared to wave enadtha duration of wave

events. Below a summary of the main findings oséhthesis is given.

8.2 RIip-Locating Algorithms

An improved method to locate rip channels in videagery of the surf-zone was
created. Past methods to locate rips in video imyagiech as Ranasinghe et al., 1999
and Bogle et al., 1999 have searched just one sihamg transect or a transect which
represents an average of the cross-shore lighhsityedistribution. Moreover, the
thresholds they employed did not work universaliyl @0 these methods have not
been widely implemented. An improved technique wasated in this thesis where
computer algorithms searched the entire alongsandecross-shore expanse of the
surf-zone for minima corresponding to rip channg&lse shoreline and barline were
also located using computer algorithms and ripsevassumed to exist only between
these limits. The light intensity minima were thgorted into distinct rip channels

based on connectivity of minima. Some of these reg¢paips were merged if they



were close enough together to be the same rip,wednib they were too small to be a
rip, and rips/parts of rips were removed that didl correspond to a perturbation in
the barline or shoreline, as was required by thechiannel definition for this thesis.
The algorithms were tested with a wide variety @feo images (e.g. with a wide
variety of surf-zone morphology) and they were fdua work well in most cases.
The algorithms were used on three years and fourtmoof time-averaged video
images from Tairua Beach, spanning from 1999 toilA2602. The algorithms to

locate local maxima and minima were also testeariwai Beach and appeared to

work well.

8.3 RIip Currents at Tairua Beach

Over the period of study it was found that at TaiBeach there were periods of time
when rip channel spacing appeared to be relatneglylar alongshore and stable with
time (steady), and other times when rip channetisgavas irregular alongshore and
unstable with time (unsteady\reconfiguration eventhere is much debate over
whether rip channels are regularly or irregulapgced alongshore. This study shows
that rip channels can be both regularly (such asddyy Huntley and Short (1992),
Short and Brander (1999) and MacMahan et al. (20@8¢ irregularly spaced
alongshore (such as found by Holman et al. (2086)Turner et al. (2007)). Results
found in this study appear to be similar to thamenfl by Symonds et al. (1997) who
found that rip currents could change from beingulady to irregularly spaced
alongshore.

There also appeared to be two main types of stgbkeystem behaviour: there were
periods of time when there were ~8 rips relativelysely (and regularly) spaced

alongshore at ~200 m (narrowly spaced system)pandds of time when there were
~5 rips relatively widely (and regularly) spacedrajshore (a widely spaced system)
at ~300 m. It is unclear what caused the systemate these two different stable
patterns. However, during one of the two narrowdgiced events which were stable
during 2002, the wave conditions were unusually xer the period of time when



the narrowly spaced system developed. In summasretis some evidence for
down-state transitions associated with less energetve events although more data
is needed to provide the mechanism for the swittlvéen a narrowly-spaced and a

widely spaced rip channel system and vice versa.

The presence and importance of headland rips wasmigrated at Tairua Beach. It
was found that rip channels had a tendency to fanu persist at the headlands
(Figure 5.13). Headland rips were also noted a®rtapt by Short (1985). It appears
that headlands rips are dominantly topographicadigtrolled as opposed to
hydrodynamically-controlled. The headland rips daminate average signals (such

as the mean rip current angle), and make relatipasb waves difficult to quantify.

Another observation at Tairua Beach relating toptesence of the headlands was the
development of a ‘dual surf-zone’. The offshoreamsls could shadow part of the
beach during certain wave angles, allowing rip cledson half of the beach to grow
large while rips on the other half remained snilfle presence of this dual surf-zone
showed the how central rip channel scale (i.e.scsb®re extent) is in determining
how rip channels behave. During the presence ofltia surf-zone, the smaller rips
were observed to change rapidly while the larges were very stable. This shows
the presence and importance of hydrodynamic-coatndltopographic-control of rip
channels. Topographically-controlled rip channeldl vehow a poor, if any
relationship to the current wave conditions whickeg an indication of why previous
attempts to compare rips and waves have failedit $1@85) and Turner et al. (2007)
both noted that after rips form they become raptdfyographically controlled. This
appears to be the case at Tairua Beach, when rgpdoemed/ reworked during
relatively high wave conditions then the wave ctinds become lower. This is
consistent with the suggestion by Eliot (1973) thaly some rips persist for long
periods of time and that persistent rip channedscagated during high energy events.
During 2002, some rips persisted for ~400 days wede reworked after a long
period of low wave energy. This is consistent wiith ideas of Eliot (1973) and Short



(1985) who suggested that topographically contdotips could be reworked by low

energy waves when the waves were constant forfigisat duration.

8.4 Reconfiguration Events

Past attempts to compare rip channel behaviouratewonditions have consisted of
the traditional time-series approach to correlggechannels to waves. For this thesis
it was decided to focus on periods of large chamge channel behaviour in order
to understand how they might relate to the wavelitimms. A measure of change was
used to define ‘reconfiguration events’ by measyitiow much rip channels moved
alongshore with time. Over the 3.3 year periodsstofly, the measure of change
indicated that there were six reconfiguration esefithere was also an additional
period when there was a large amount of changleetoip channel configuration that
occurred in 2000 but which was no indicated by ieasure of change. This was
likely due to missing data before and after thenéas opposed to problems with the
measure of change. ‘Reset events’ are often reféorén studies of rip currents and
sand-bars, referring to when rip currents disappedrthe barline straightens (i.e. the
longshore bar-trough beach state as defined byfwWeagd Short (1984)). At Tairua
Beach, the only time when the surf-zone appearegtdach a complete (or nearly
complete) reset was during the large storm ever20®0. This lack of reset events
shows that Tairua behaves differently from otheadhes, perhaps because it is such
a small embayed beach. The headland might causgraalof persistence of rips hot
shown in rip currents on longer beaches. For exantpblman et al. (2006) found
that reset events occurred on averaged four tireeggar at the 2km long, embayed

Palm Beach in Australia.

8.5 Rips and Waves

Past attempts to compare rip current behaviour &wvew have resulted in poor
relationships. These studies have tended to cterela channel characteristics with

immediate, instantaneous measures of the currerg w@nditions (e.g. Holman et al.



(2006) and Turner et al. (2007)). When rip charaieracteristics were compared to
instantaneousls in this thesis, a poor correlation between ripd amves was also

found.

In order to uncover how rips and waves interadfectnt measures of the wave
conditions were compared to rip channel reconfigomaevents. It was found that
although there was some relationship betweéknand when the reconfiguration
events occurred, this relationship was complicated the presence of high
magnitudes oHs during periods of time when rip channel behavias not defined
as a reconfiguration event (i.e. during steadyqas). It was found that wave energy
averaged over 2-10 days and the duration of higleveaents showed a much better
relationship to rip channel reconfiguration evethtan Hs. The importance of wave
energy and duration was also noted by Ortega-Sanehal. (2008) and Jiménez et
al. (2008). It appeared that for rip channel systea smaller spatial scale (such as
in 2002) wave energy averaged over shorter peribdS days as opposed to 5-10
days) showed a better relationship to rip recoméigan events. This shows how
essential the interaction between rip channel apatiale and how long rip channels
take to respond to changes in the wave conditisnRip channel spatial scale was
found to be critical in determining how rip charmsetspond to changes in the wave
conditions. For example, in 2001 it was found tlhave energy that was greater than
during the two reconfiguration events in 2001 did cause rip channel to reconfigure

as the mean surf-zone width was ~40 m greater.

A conceptual model was created to summarise hosvamg waves of different scales
might interact. The model focused on how a pardicuip with a particular cross-
shore extent might respond to a change in the wanditions. The conceptual model
indicated that when the rip spatial scale is reddyi small (i.e. smaller than the
average at Tairua) in comparison to the wave endhgpgse rips respond easily and
rapidly and generally result in a large amount afrphmological change to the surf-
zone. Conversely, when the spatial scale of rigarige (i.e. larger than the average

observed at Tairua) relative to the wave energgsetrips are not likely to respond



unless the conditions remain constant for a sefficperiod of time. The conceptual
model provides the building blocks for beginningutederstand how rip currents are
related to waves, however more data and furthelysisas required to quantify this

relationship.
8.6 Embayed vs. Straight Beaches

It is important to remember in discussions of fif@enel behaviour in this thesis that
the study site was a relatively small (~1.6 km lpoagbayed beach with headlands at
each end. This means that various factors thatexrgal at Tairua Beach may not be
as prominent at straight beaches. For example ldrehdips played a very important
role in the rip channel behaviour at Tairua, buteostraight beach they would be
irrelevant and on a longer embayed beach have itlgigence on the overall
behaviour of the system. Likewise a dual surf-zdne to wave shadowing is less
likely to occur on a straight beach and would lss lenportant on a longer embayed
beach.

Turner et al. (2007) compared results from a I@tgight beach (Surfers Paradise,
Australia) to results from a 2km long embayed be@@alm Beach, Australia) by
Holman et al. (2006). Turner et al. (2007) notedt thimilarities in rip currents
between the two sites included a lack of prefealedgshore rip channel locations in
general and immediately after reset events, na cle@elations between the number
of rips/mean rip channel spacing alongshore anghofe wave conditions, and
alongshore rip channel spacing was highly variapie irregular. Differences found
between the sites by Turner et al. (2007) inclutted it appeared that per km of
beach there were less rips on the long, straigattbevith mean rip channel spacing
20 percent larger. The mean duration of rip chamas much longer at the embayed
beach (46 days as opposed to 8 days) thought doidvéo more complex interactions
between the inner and outer bars at the often deodnired long, straight beach.
While there are differences in rip channel behavioetween long, straight beaches
and embayed beaches, results from this thesisdiegathe interaction between rip



channel scale, wave energy and duration are #élyl to be just as relevant and

significant.

8.7

Recommendations for Further Research

While yielding some very useful results to indichtav rip channels and waves may

interact, this study is by no means exhaustiveisuatly a step on the way to uncover

how rips and waves relate. The following are rec@mdations for further research

following on from this thesis:

)

ii)

It could be possible to refine the computer al¢nonis created to automatically
only keep rip channels accompanied by a visibléupeation in the barline or
shoreline. For this thesis rip channels were maypuamoved if they did not
have a perturbation in the corresponding barlineshmreline. An algorithm
could be created to locate perturbations in théneand shoreline and only

keep rip channels associated with these perturistio

In Chapter Five it was mentioned the possibilitytwb types of rip channel
systems at Tairua Beach: (1) a narrowly spaceesysbntains many closely
spacing rip channels with perhaps a wider surf-zand (2) a widely spaced
system consisting of fewer widely spaced rip chéméth a narrower surf-
zone. It could be useful to analyse more yearsnafges at Tairua Beach to
see if there are other cases where the two typegstéms are observed and

then see what type of wave conditions caused ffereint systems.

Development of a larger data-set and the findingnafre reconfiguration
events would be useful to begin to develop thresshédr how rips of certain
scales (cross-shore extents) and waves of differemgnitudes and durations
related to each other. More data could help tot®taesholds of rip channel
scale vs. wave energy and duration to indicate wiE may reconfigure.

This could then be fed into the conceptual modebréMdata will also be



useful to find out exactly how rip channel charastes change during
reconfiguration events such as spacing and nunabeiss.

The conceptual model that has been created inthib&s was based on data
from an embayed beach. It could be useful to alsorporate data from more
embayed beaches and long, straight beaches to eee the beach
configuration affects how rip channels respond tanges in the wave

conditions.

Further research is required of how rip channehipaters besides rip channel
spacing change with changes in the wave conditidosdo this it may be
required to find a better way to represent eachthelse parameters for
example, mean rip channel angle appears to be lioppate due to the high
level of rp channel angle variability alongshore.
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Appendix 1: Computer Algorithm Structure

Appendix 1 has a brief summary and flow diagramthva description of the
algorithms created to locate rip channels in timeraged video images of the surf-

Zone.

Programme Structure for Image Rectification

The algorithms created for the rectification pracaad the links between them are
shown in Figure Al.l.lfnagechoosewas used to select high quality images to
rectify and analyseFullrectification' was used to runUnrectify and rectify images,

then to run Blackout to refine colour intensities in rectified images.

(1) ‘Imagechoose’

Finds high quality low tide
images for rectificatic

(3) ‘Unrectify’

Rectifies a suite of image
points to a specified elevation
(i.e. mean sea level) (written

by K.Bryan, NIWA, 2001)

(2) ‘Fullrectification’

Sets up quality low tide
imagesfor rectificatior

Figure Al.1. Schematic diagram of rectification prgramme structure. Arrows indicate that the
algorithms were linked to each other. Numbers indiate the order the programmes were run in.

(4) ‘Blackout’

Removes colour intensities
that appear outside the field ¢
view during rectification

-

Note that all algorithms unless otherwise specifiedere written by the author.



Programme Structure to Locate Minima

The algorithms created for the process to locateimmeaand minima and the linkages
between them are shown in Figure Al'Poadimages was designed to run the
‘Barline’ and Shoreline’ algorithms before locating rip channels. A separat
programme calledFindrips was used to locate rip currents, with anothegpaome
called Cleanup’to remove bar and rip channel points found thdtrdit correspond
to rips or bars.

(1) ‘Makedcutfiles’

Allows digitisation of
landward @cut2)and seaward
(dcut)) limits of where to
‘look’ for shoreline and
barline

(4) ‘Shoreline’

(3) ‘Barline’ , _
Locates the shoreline using

Locates the barline by finding differences in colour
light intensity maxima intensities (modified from
S.Salmon, 2008)

(5) ‘Findrips’

(2) ‘Loadimages Locates bars and rips by

finding maxima and minima

Runs the search for maxima >
and minima of each image for in light intensity for each
transects in the alongshore and transect
cross-shore directions
(6) ‘Cleanup’

Removes maxima and minimp
outside the surf-zone

Figure Al.2. Schematic diagram of rip locating progamme structure. Arrows indicate linkages
between algorithms. Numbers indicate the order thgorogrammes were run in. Note that all
algorithms unless otherwise specified were writteby the author.



Programme Structure for Defining and Refining Rips

The algorithms created for the process to defirge rafine the minima located into
distinct rip channels and the linkages between thesnshown in Figures A1.3 and
Al.4. An algorithm called Gridrip’ was created to runLbcaterips which put
minima into separate rip channels.

Once Gridrip’ and ‘Locaterips were finished, a algorithm calledRipedit was
responsible for co-coordinating a set of algorittonrefine the rip currents found
(Figure Al.4). Ripedit first ran ‘Endpointsto merge rips, followed byrémoverips

to remove rips that were too small, followed Imyanualsplit to manually split rip
currents where required. The next step was to nilgnuaerge rips using
‘Manualmergg after which Removeripswas run again to remove rips that were too
small. Next Manualremovewas used to manually remove any remaining rifz th
appeared to not correspond to rip channels, folibviy ‘Poly which fitted
polynomials to each rip channel, calculated thereand found the rip endpoints. The
final algorithms Spacing and ‘Meanblué found the mean rip channel spacing for
each image and the mean intensity of blue ligleat rip channel.

1) ‘Gridrip (2) ‘Locaterips
»| Puts minima into separate rip

Creates a rough grid over v .
L ; channels based on proximity
minima in each imag -
of minima

Figure Al1.3. Schematic diagram of first part of rip defining algorithm structure. Arrows
indicate linkages between algorithms and numbers dicate the order in which algorithms were
run. Note that all algorithms unless otherwise spéfted were written by the author.



(2) ‘Endpoints’

Merges rips that are close
togethe

(3) ‘Removerips’

Removes rips that are too
smal

(4) ‘Manualsplit’

Allows user to manually split
up rips found

(5) ‘ Manualmerge’

Allows user to manually
merge rips into one

(6) ‘Removeripstun again
(1) ‘Ripedit here (called
‘Removeripssecond’)

Creates a rough grid over

L ; (7) ‘Manualremove’
minima in each image

Allows user to manually
remove rips

(8) ‘Poly’

Fits polynomials to each rip,
calculates Rand findsrip
endpoint

(9) ‘Meanblue’

Finds the mean blue light
intensity of the image arest
each rij

Figure Al.4. Schematic diagram of second part of pi defining algorithm structure. Arrows
indicate linkages between algorithms and numbers dticate the order in which the algorithms
were run. Note that all algorithms unless otherwisespecified were written by the author.



Appendix 2: Figures and Tables

Appendix 2: Figures and Tables

Appendix two has figures for the years 2001 and22@ach group of figures for each
year show different ways of comparing waves tocuprents during reconfiguration
events.

250

100

50

0
-1500 -1000 -500 0 a 2 4
Alongshore Location (i) Hs ()
b

d. .
Figure A2.1. This figure shows rip channel and waveéata from the year 2001. Stars in panel a.
Show the alongshore location of rip channels founty the algorithms while the circles indicate
rip channels for which the locations were manuallydigitised. Grey areas indicate periods of time
when wave energy was too low to make rip channelstéctable by automatic algorithms, red
areas indicate periods when wave energy was too higo make rip channels detectable by
automatic algorithms and yellow areas indicate reaafiguration events. b. Shows significant
wave height.
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Figure A2.2 This figure shows rip channel and wavelata from the year 2001. Stars in panel a. Show th@&ongshore Ioégation of rip channels found by the
algorithms while the circles indicate rip channelsfor which the locations were manually digitised. Gey and red areas indicate periods of time when wave
energy was too low or too high (respectively) to nk& rip channels detectable by automatic algorithmsblack areas indicate periods when no data wave
available due to camera malfunction and yellow areaindicate reconfiguration events b. Shows wave emgy averaged over 3 hours, ¢c. Wave energy averaged
over 6 hours, d. Wave energy averaged over 12 hours. Wave energy averaged over 1 day, f. Wave engrgveraged over 2 days, g. Wave energy averaged
over 5 days, and h. Wave energy averaged over 10yda
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Figure A2.3 This figure shows rip channel and wavelata from the year 2001. Stars in panel a. Show th@ongshore location of rip channels found by the
algorithms while the circles indicate rip channelghat where the locations were manually digitised. &y and red areas indicate periods of time when wav
energy was too low or too high (respectively) to nk& rip channels detectable by automatic algorithmsblack areas indicate periods when no data wave
available due to camera malfunction and yellow areaindicate reconfiguration events. b. Shows the dation of wave heights greater than 0.5 m, ¢. Duratn of
wave heights greater than 1 m, d. Duration of wavéeights greater than 1.5 m, e. Duration of wave hgits greater than 2 m, f. Duration of wave heights
greater than 2.5 m, g. Duration of wave heights geger than 3 m, and h. Duration of wave heights grdar than 3.5 m where all durations are in hours.
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Figure A2.4. This figure shows rip channel and waveéata from the year 2001. Stars in panel a.
Show the alongshore location of rip channels founty the algorithms while the circles indicate
rip channels for which the locations were manuallydigitised. b—e. Show duration of wave energy
squared averaged over 10 days where b. Shows dumati of wave energy greater than 1.3 Mgs-2,
c. Duration of wave energy greater than 2.5 Mgs-2]. Duration of wave energy greater than 3.8
Mgs-2, and e. Duration of wave energy greater thah Mgs-2. Grey areas indicate periods when
wave energy was too low to make rip channels detattie by automatic algorithms, and yellow
areas are reconfiguration events.
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Figure A2.5. This figure shows rip channel and wave data from th year 2002. Stars in panel a.
Show the alongshore location of rip channels fountly the algorithms while the circles indicate
rip channels for which the locations were manuallydigitised. Grey areas indicate periods of time
when wave energy was too low or too high to make prichannels detectable by automatic
algorithms, black areas indicate periods when no da wave available due to camera malfunction
and yellow areas indicate reconfiguration events..l5hows significant wave height.
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Figure A2.6. This figure shows rip channel and wave data from th year 2002. Stars in panel a. Show the alongshdozation of rip channels found by the
algorithms while the circles indicate rip channelgor which the locations were manually digitised. Gey areas indicate periods of time when wave energyas
too low or too high to make rip channels detectabldy automatic algorithms, black areas indicate pends when no data wave available due to camera
malfunction and yellow areas indicate reconfiguratn events b. Shows wave energy averaged greater tha hours, c. Wave energy averaged greater than 6
hours, d. Wave energy averaged greater than 12 hosire. Wave energy averaged greater than 1 day, f.ake energy averaged greater than 2 days, g.awe
energy averaged greater than 5 days, and h. Waveengy averaged greater than 10 days.
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Figure A2.7. This figure shows r?p channel and wave data from th year 2002. Stars in paenel a. Show the alongshdozation of rip channels found by the
algorithms while the circles indicate rip channelgor which the locations were manually digitised. Gey areas indicate periods of time when wave energyas
too low or too high to make rip channels detectabldy automatic algorithms, black areas indicate pends when no data wave available due to camera
malfunction and yellow areas indicate reconfiguratn events. b. Shows duration of wave heights greatihan 0.5 m, c. Duration of wave heights greaterttan 1
m, d. Duration of wave heights greater than 1.5 ng. Duration of wave heights greater than 2 m, f. Dation of wave heights greater than 2.5 m, g. Duradn of
wave heights greater than 3 m, and h. Duration of wwe heights greater than 3.5 m where all durationsare in hours.
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Figure A2.8. This figure shows rip channel and waveata from the year 2002. Stars in panel a.
show the alongshore location of rip channels fountly the algorithms while the circles indicate

rip channels for which the locations were manuallydigitised. b—e. show duration of wave energy
squared averaged over 10 days where b. shows dumi of wave energy greater than 1.3 Mds

c. Duration of wave energy greater than 2.5 Mg$ d. Duration of wave energy greater than 3.8
Mgs?, and e. Duration of wave energy greater than 5 Mds Grey areas indicate periods when
wave energy was too low to make rip channels detadtle by automatic algorithms, and yellow

areas are reconfiguration events.




Appendix 3: Paper in Press

At the date of thesis publication, this paper wagriess to be published in a Special
Issue of the Journal of Coastal Research for therrdational Coastal Symposium
2009 to be held in Portugal.
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Rip currents and their interaction with waves andarwater morphology are still poorly understooldisTstudy
presents a conceptual model demonstrating howhapreels respond to changes in wave conditions sfoglon
wave energy and wave event duration. Past attetoptate rip channels to wave conditions haverastilted
in good relationships between rip characteristcg.(rip spacing) and waves. In order to addrassptioblem, a
3.3 year rip channel data set was obtained usinmproved computer-based technique to locate rips video
imagery. In this study we show how the scale ofctipnnels (i.e. cross-shore extent), previous veawelitions
and the duration of high wave events determine hipvehannels will evolve. Observations of six eewhen
rip channels changed their spatial configuratiom @sed to create a conceptual model for how ripwetla
respond to changes in the wave conditions. Wheah@mnels are small in relation to the wave enetgse rips
are more likely than larger rips (extending lesntk70 m cross-shore) to evolve. Conversely whecohannels
are large in relation to the wave energy, theseaip less likely to evolve than smaller rips (egliteg more than
~80 m cross-shore).

ADDITIONAL INDEX WORDS: video imagery, rip channels, Tairua, surf-zone

from time-averaged video images of the surf-zondected on a
daily basis were possible. The data cover a 3.8 yedod at the

INTRODUCTION

Rip currents are fast, narrow currents that travéne surf-zone.
There have been many attempts to determine hovehgmnels
relate to wave climate. Several studies have iteicehat there is
a relationship between rip channel spacing and svajeeg.
McKENziE (1958); $i0RT (1985); and WNTLEY and SHORT
(1992)). However, there have also been studiescatidg that
there is a poor relationship between rip spacing) waves (e.g.
VAN ENCKEVORT et al. (2004); lLman et al. (2006); and
RANASINGHE et al. (2000)). There is a general consensusottnze
rip channels form, they become rapidly topograglyiezontrolled
as opposed to hydrodynamically-controlledi¢8T 1985; EIiOT
1973). Hydrodynamically-controlled rips respond edity to
changes in the wave conditions while topographyeadintrolled
rips are held in place by the pre-existing morpgplo For

example, GLVETE et al. (2007) noted that rip channel spacinqc1

does not appear to respond to hydrodynamic foralnge, but to
a more complex function linked to the pre-existmgrphology. In

general, factors that have largely been ignoretdhese studies
examining the relation of rips to waves include fdmgtime in rip

response to waves, the role of rip channel scakviqus wave
conditions and the duration of high wave events.

The objectives of this paper are (1) to define cipannel

reconfiguration events and compare rip channelescahd wave
conditions between these events; and (2) to dewelopnceptual

embayed Tairua Beach in New Zealand (Figures lalAhdThis

work introduces an improved method created to &cep

channels in video imagery, which builds on techagdeveloped
by LiPPMANN andHoLMAN (1989); RANASINGHE et al., 1999; and
BoGLE et al., 2000. The technique was used to extrpathannel
locations, from which rip reconfiguration eventsrevelefined and
categorised to provide a basi for a conceptual modemajor

finding of this study is that rip channel scale titnutes to
determining how rip channels respond to changeswave

conditions, where the previous wave energy anddimation of

wave events are more important than instantane@ \wnergy
in determining rip channel response. Rips char@eter by a
smaller than average cross-shore extent than dbnebaerved at
Tairua, are more likely respond (and to respond edfiately) to

hanges in wave conditions than larger rips. Caulgr large rips
ave a much longer lag-time in their responsecbamge in wave
conditions.

FIELD SITE

Rip channel behaviour covering the entire alongslaod cross-
shore extent of the surf-zone was investigatedgugiteo imagery
from Tairua Beach (Figures la and 1b). Tairua Besclan
embayed, steep beach composed of medium-coarse. sahe

model for how rip channels respond to changes invewa Peach state can change often, varying betweenrmtiytiongshore

conditions. The rip channel data used in this stwdye derived

bar pattern and a transverse bar a

rip
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- ngairua
&

Tairua (Tairua Beach

Shoe Island

Paku Hill

Pauanui

Figure 1. a. Map of New Zealand showing the locatib Tairua Beach. b. Cam-Era video image of TaBeach study site on Julian

day 56 at 1100 hours in 2008.

(BOGLE et al., 2000). Shoe Island is thought to partislelter

have been attempts to create automated methodsdtelrips in

Tairua Beach (RemBaNIs et al., 2004). The wave climate atvideo imagery (RNASINGHE et al., 1999; and &LE et al., 2000),
Tairua Beach primarily consists of storm and swalves from however these methods generally located rips onatmegshore
the north and east REmBANIS et al., 2004). Mean significant transect only, and difficulties were encounteredmaking the
wave height (I and period at Tairua Beach were 0.56 m and 5.8lgorithms suitable for all cases. For example, #womated

s respectively, which were derived using a 20-y&&M hindcast
(GorMmAN et al. 2003). The tide at Tairua Beach is diumih a
range of 1.2 m with little spring-neap variation.

DATA SET

Video images used to construct the rip channelsdataere
from a video camera installed as part of the Camfogramme,
set up and co-coordinated by the National Instibft&Vater and
Atmospheric Research Limited (NIWA),
Waikato (Waikato Regional Council) in New Zealaid.video
camera overlooked Tairua Beach from Paku Hill an sbuthern
end of the beach at 70.5 m above chart datum. aimea was set
up to take a snapshot of the surf-zone every 1.5Wages used in
this study were averaged over fifteen minutes toone the high
degree of variability caused by wave breaking andllow better
contrast between rip channels and sand-bar criestgyes were
ortho-rectified using the method ofEMiLLA and SiLven (1997)
where rectified images covered an area approximated km
alongshore and almost 500 m cross-shore. The datpaened
from January 1999 until April 2002. Note that tH#@ data were
mostly omitted from this paper due to discontinutysing from
low wave conditions which meant that rip channelsld not be
detected due to a lack of breaking waves (see helow

LipPMANN andHOLMAN (1989) were the first to demonstrate and

model the relationship between the bands of wihifet I(due ot
high amounts of wave breaking) in video time-expesimages
and the position of the crests of submerged sarsl bageneral,
rip currents are linked to seabed depressionsccailechannels

method of RNASINGHE et al. (1999) was found to work well in
simple cases but was sensitive to choice of paeséor more
complicated bathymetric configurations@iian et al., 2006).

To simplify the rip current algorithm, rip currentgere assumed
to lie between the shoreline and the barline amyhis study, the
shoreline in each image was found using a methoflabyion et
al. (2007), following the work of @TH and BrRyaN (2007) that
used gradients in the ratio between red and gighh (Figure 3).
The barline was located by finding the furthestised maximum
in a polynomial that was fitted to the cross-shaagation of light

and Environmenjnensity (Figure 3). To locate rip channels, locadxima and

minima in light intensity were found by searchingaiges in
which there was a sand-bar present in alongshate@ss-shore
transects. Minima that were connected by no moam th.5 m
were sorted into distinct rip channels (Figure Spme post-
processing occured including removing rips or sastiof rips that
were parallel to the shoreline, and requiring #eth rip current
be associated with seaward local maximum in theetine or
barline, a definition supported byARASINGHE et al. (2004);
WHYTE et al (2005); and ORNER et al., 2007.

Cross-shore Location

200

-1600 -1400 -1200 -1000 -800 -600 -400

Alongshore Location

(CaLVETE et al., 2007), associated with small amounts ofeva Figure 3. Ortho-rectified, time-averaged video imagf Tairua

breaking and hence low light intensities.
A suite of computer algorithms was created to leckght

Beach from Julian Day 099 at 1100 hours in 2002cBldots
show distinct rip channels located by the compuaigorithms.

intensity maxima (sand-bar crests) and minima ¢hpnnels) in | o\er (solid) line indicates the shoreline and tmper (dashed)
rectified, time-averaged images of the surf-zonethe past there |ine the barline. both located with computer algoris.
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RIP RECONFIGURATION EVENTS

Rip channel reconfiguration events were defined&igulating
the histogram of the alongshore distance betweerryev
combination of rip channels at two consective tirffes which rip
channel data were available). The number of rijmokhpairs in
the 7.5 and 15 m bin was used as a measure of ehdinis
number indicated when rip channels had changeddenably in
alongshore location which generally during high wasvents.
Over the period of study (1999, 2001 and 2002 uhtilan Day
107) there were six reconfiguration events. Eaclthefe events
were characterised by different rip channel scélescross-shore
extent), wave event magnitudes and durations (TBble

Each reconfiguration event resulted in a differ¢ygge and
amount of morphological change to sand-bars andghgmnels in
the surf-zone. Surf-zone morphological change wetified by
comparing numbers of rip channels, mean surf-zoithe, and
by visual observation of sand bar and rip chanwoelfiguration
prior to and after the events in video imagery. [€ab shows a
summary of the wave conditions and surf-zone mdguyo
changes during each reconfiguration event. Notewage energy

reconfiguration event. A short description of eaebonfiguration
event is provided.

Reconfiguration Event Oné@rior to Event One the mean surf-
zone width was 69 m. During Event Ong dached a maximum
of 3.5 m. Wave energy reached a maximum of 6306.Kgswas
greater than 2.5 m for ~120 hours and wave enemy gveater
than 5000 kg8 for 11 hours, both of which were long periods
compared to the other reconfiguration events. Fotiservations
of imagery, the biggest change to the surf-zoneuwed during
this event. During Event One half of the rips dizegred (the
spacing increased) and the bar straightened witlongshore
trough developing in the centre of the beach. Mearchannel
spacing and spacing standard deviation changeahdise of all the
events.

Reconfiguration Event Twdrior to Event Two the mean surf-
zone width was 82 m. During the eventridached a maximum of
3.5 m and wave energy reached aximum of 5000 kgg. Hswas
greater than 2.5 m for ~30 hours and wave energy gvaater
than 5000 kg&or ~4 hours. Observations of imagery indicated
that during Event Two there appeared to be lithange to the
surf-zone morphology (e.g. although rip currentgpegienced

was calculated using mean éer ten days. Below a summary is&longshore movement during the event, the numbeipsfand

given of rip and wave characteristics prior, duramgl after each

beach state did not change).

Table 1. Wave and rip channel characteristics &sheeconfiguration event. SZW is mean surf-zordilwand T is mean wave period.

Reconfiguration Event number 1 2 3 4 5 6
Year 1999 1999 1999 2001 200 2002
Julian Days (from-until) 9422 252-271 311-325 48-63 112-127 69-74
Duration (Days) 29 20 15 15 16 6
Duration H>2.5 m (Hours) 120 40 10 0 100 0
Duration Energy> 5000 kgs(Hours) 11 4 75 0 75 2
Energyhax (kgs®) 6300 5000 6300 3800 8800 2500
Hs max(M) 35 35 3 2 5 25
Wave Tnax(S) 11 10 10 8 8 8
Mean SZW (before/after) (m) 69/86 82/70 83/89 &B/ 85/121 59/69
Difference (m) 17 8 6 18 36 10
No. rips (before/after) 8/5 5/5 4/6 5/7 5/5 5/9
Rip spacing (before/after) (m) 144/366  256/320 360/264 286/168 238/280 216/144
Difference (m) 222 64 - 96 -118 42 -72
Rip spacing std (before/after) (m) 72/253 81/110 110/255  114/63 88/70 126/46
Difference (m) 181 29 145 -51 -18 -80

Table 2. Summary of conceptual model for resporisigpachannels with different scales to wave eneofyifferent magnitudes. The
scale of the rip morphology refers to the mean-garfe width prior to each event.

SMALL RIPS, LARGE WAVES
Event One
= Will almost definitely respond to waves.
= Short lag-time.
= Large change in morphology: rip channel
disappears; bar will straighten heading
towards a total reset.

»
>

LARGE RIPS, LARGE WAVES
Events Two, Three and Five
= May respond if waves are constant for a
long duration.
= Medium lag-time.
= Medium change in morphology.

SMALL RIPS, SMALL WAVES
Event Six
= May respond if waves are constant for a
long duration.
= Medium lag-time.
= Medium change in morphology: wider
trough develops.

Magnitude of Wave Energy

LARGE RIPS, SMALL WAVES
Event Four
= May respond if waves are constant for a
long duration.
» Long lag-time.
= Small change in morphology: head toward
smaller scale system.

n

»

Scale of Rip Morphology (seaward extent)'

Journal of Coastal Resear@pecial Issue 56, 2009



Video Observations of Rip Currents on an EmbayeatiBe

Reconfiguration Event Three: Prior to Event Three tean

the small spacing configuration observed in thiglgtcombined

surf-zone width was 83 m.Heached a maximum of 3 m during with smaller than average waves, or rip channelth warger

the event and wave energy reached a maximum of B§&D Hs
was greater than 2.5 m for ~40 hours and wave gnveag greater

spatial scales with larger than average wavesjiphehannel may
respond if the wave conditions are constant foruéfickent

than 5000 kg for ~7.5 hours. Observations of imagery indicateluration. The time required (the threshold) for ditions to

that during Event Three there was little changeht surf-zone
morphology.

Reconfiguration Event Four: Mean surf-zone widthoiprto
Event Four was 69 m. During Event Foug,relached a maximum
of only 2 m and the maximum wave energy was ju§io38gs>.
Hs was never greater than 2.5 m nor wave energy eréhan

remain constant to cause a rip channel respons®evibnger for
rips of a larger scale and vice versa for smabbatesrip channels.
There is likely to be a medium lag-time for thep@sse of the rip
channel to the change in the wave conditions andedium

changes to the rip/ surf-zone morphology. The samgment
applies to the conditions described at the topdefable 2 which

5000 kg¥. The mean surf-zone width prior to Event Four wasorresponds to observations related to Event Failé 1).

relatively small, however it is important to notbat there
appeared to be two different morphologies presentide, stable
surf-zone to the north and a narrow, rapidly chaggurf-zone to
the south. From observations of imagery during EVesur, the
large surf-zone hardly changed whereas the snedlethern half
became wider and more rips developed.

Reconfiguration Event Five: Prior to Event Five thean surf-

zone width was 85 m. Heached a maximum of 5 m and wave

energy reached a maximum of 8800°kgsswas greater than 2.5
m for ~100 hours and wave energy was greater th@f kgs” for
~7.5 hours. Observations of imagery indicate theler of rips
stayed the same, with one dissapearing and andthasloping.
The rips present also moved slightly alongshore.

Reconfiguration Event Six: The mean surf-zone wigitior to
Event Six was 59 m. The maximumy Was just 2.5 m and the
maximum wave energy was only 2500 kgEvent Six had no H
greater than 2.5 m. The duration of wave energgtgrehan 5000
kgs? was just two hours. From observations of imagheyd was
a small amount of change to the surf-zone morplyoleigh four
more rips developing. There was little change ® ttean surf-
zone width, while mean rip channel spacing and isgestandard
deviation decreased.

CONCEPTUAL MODEL

Rip and Wave Scales

. >
Norip |NO Duration of waves
l«—| threshold long enough to
response .
affect rip scale?

v YES
Configuration will change

v

Wave magnitude relative to
rip scale?

BIG / \ SMALL

Short lag time Long lag time

S~

Duration event/ magnitude > threshi

LARGE WAVES, SMALL WAVES,
LONG SHORT
DURATION DURATION

Almost definite May be a
reponse, short response, long
lag-time, large lag-time, small
morphologic morphologic
change change

A conceptual model was created to demonstrate hipw r
channels appear to respond to changes in wavetmnsliThere Figure 3. Conceptual model diagram of how a simglechannel
are four main combinations of rip channel spatialls and wave Wwith a paticular cross-shore extent may responahanges in
magnitude. These combinations were found by comgari wave conditions. Thresholds vary and are greaterddmer rip

maximum wave energy (running mean over 10 dayshdwach channels.
reconfiguration event and the mean surf-zone wfttitrepresent
rip channel cross-shore extent) prior to each evEmé notation 2) Small Rip Scale with Large Waves

‘small rips’ refers to rip channels that had relaly small spatial
scales in relation to the wave energy that waslusidairua and
vice versa for large rips. Figure 3 illustratedaavfdiagram of the

Event One had relatively small rip channel morpgglevhen
large waves occurred. When the scale of the ripnmbla
morphology is small relative to the magnitude of thew wave

conceptual modelTable 2 shows a summary of the differentenergy the rip channel will likely respond to tHeange quickly

combinations of rip channel scale and wave evemgnitades.

The wave conditions prior to any reconfiguratioremyv are
important as they will determine the surf-zone nhoipgy. The
previous wave conditions can also affect what typap channel
system is present, fewer (5 at Tairua) widely sgade channels
or more (~8 at Tairua) narrowly spaced rip channgsth
regularly spaced alongshore). There are four bemmsbinations
of rip and wave scale summarised below.

(1) Same Rip and Wave Scale

Event Six had relatively small rip channel morplgyioand
small waves. Events Two, Three and Five had reptilarge rip
channel morphology and large waves. When the madmiof the
wave energy is a similar scale to the rip channeiptmology (i.e.

(i.e. short lag-time). There was insufficient dédadefine a reset
that occurred in 2000 but it appeared that whenenenergy was
large relative to the scale of the rip, the riprutel disappeared,
the bar straightened and the beach began a compkte (i.e. a
large change to the surf-zone morphology). The lhenay only

reach a total reset if wave energy is large enaeggtive to the

scale of the rip channel and/ or they last forfficent duration.

?3) Large Rip Scale with Small Waves

Event Four had relatively large rip channel morphgl and
small waves. When the scale of the rip channedrigel relative to
the magnitude of the wave energy, it is not likéhat the rip
channel will respond to the change in the wave itimms. The rip
channel may only respond if the wave conditionsaianconstant
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for a long duration. The lag-time of rip channespense to a
change in the wave conditions for large rips withal waves is
likely to be long. There will be a small changetlire surf-zone
morphology where it will likely move towards a smeal scale
system i.e. smaller, more closely spaced rip cHanne

CONCLUSION

In this study an improved method of locating ripachels in
time-averaged video images of the surf-zone usiagputer
algorithms was used to create a 3.3 year data389{April 2002,
excluding 2000). Rip channel reconfiguration evemre
identified using a measure of change. These regoriion
events were used to create a conceptual modelvofipachannels
of different spatial scales might respond to change wave
conditions.

Pre-existing rip channel scale (i.e. cross-shoréergx is
extremely important in determining how rip channélghave
during certain wave conditions. With large scalp channels
(relative to wave energy), it is not likely thaethip channel will
respond to the change in the wave energy unlessvélves are
constant for a long period of time. Small rip chelsnrespond
much more easily to changes in the wave conditant there is
more likely to be a large change to the surf-zor@pmology.
Smaller rips tend to be hydrodynamically-control{ed. respond
directly to changes in the wave conditions) whiggkr rips tend
to be topographically-controlled (i.e. are predaanitly controlled
by the pre-existing rip channel morphology). Theation for
which particular wave conditions are greater thahrashold will
determine how much the rip channel changes i.eheyp extend
further seaward or retract? Do they become narrowget wider?
Do they disappear altogether?

This study indicates that the traditional time-sgrapproach for
comparing rips and waves (e.golaN et al., 2006; and URNER
et al., 2007) appears to be inappropriate. To b&agumncover the
complicated relationship between rip currents aasles, focusing
on the shifts (reconfigurations) in rip channel foguration may
be more appropriate to reveal the relationshipse tbnceptual
model resulting from this study could be used &t tand advance
the capability of rip channel numerical models.tRer research is
required to begin to quantify the interaction qf channel scale
and magnitude of wave conditions.
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