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Abstract

Field measurements of rip spacing, nearshore morphology, water surface elevation and eulerian and lagrangian flows were
made in order to investigate the morphodynamics of a large-scale rip current system at Muriwai Beach, New Zealand. Muriwai
is a high-energy meso-tidal beach characterised by modal breaker wave heights of 2.5 m and incident wave periods of 10—-15 s.
The monitored rip system was characterised by a 400 m long, 75 m wide longshore feeder channel and a 150 m wide rip-neck
channel oriented obliquely to the shore and extending over a distance of almost 400 m. During the experiment, the beach
evolved from a longshore bar—trough and rip state to a transverse bar and rip configuration. Mean eulerian flow velocities
obtained from ducted flowmeters deployed onnferginof the feeder channel and rip-neck were on the order of I hasd
instantaneous flows were commonly in excess of 2 fnMlean lagrangian surface flow velocities extending from the base of
the feeder through to the rip-head were obtained by tracking rip floaters and were on the order of . With snaximums in
the rip-neck region of 1.4 m¢. A distinct tidal modulation of rip current flow existed with maximum velocities occurring at
low tide and minimum velocities at high tide. Comparison with other rip studies suggests that although the magnitude of the
morphodynamic and hydrodynamic processes occurring within large-scale rip systems is extreme, the behaviour of these rip
systems is very similar to low-energy rips with much smaller spatial scales. There is evidence to suggest that distinct
morphodynamic scaling relationships exist between these environn@8&)0 Elsevier Science B.V. All rights reserved.
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1. Introduction Lippman and Hollman, 1990). Rips often exhibit
three interconnected components: (i) longshore feeder

Rip currents are strong, narrow, seaward-flowing currents that convey water into (ii) a narrow rip-neck
currents that begin close to the shore and extend that flows through the surf zone, eventually decelerat-
seaward through the surf zone and beyond. They ing and expanding into (iii) a rip-head seaward of the
occur on a wide range of beaches, but are particularly breakers. This circulation is driven by longshore pres-
common on beaches exhibiting pronounced bar and sure gradients enhanced by topographic feedback.
trough morphology (Wright and Short, 1984; The feedback mechanism is manifest by more intense
wave energy dissipation and set-up occurring across
mpondmg author. Faxt 64-4-463-5186. barred areas compared to the rip channels (e.g. Sonu,

E-mail addressesrob.brander@vuw.ac.nz (R.W. Brander), 1972; erght et al., 1979; Aagaard et al, 1997)-
a.short@csu.usyd.edu.au (A.D. Short). Despite their obvious importance as mechanisms for
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Fig. 1. Location of study site.

the offshore transport of water, sediments, pollutants thresholds of low-(H, < 1.5 m), moderate-(H, =
and swimmers, rips remain a poorly understood 1.5-2.5m) and high-energy(H, > 2.5 m), but no
phenomenon primarily due to the logistical difficulties commonly accepted thresholds exist. Not surpri-
involved in obtaining in situ field measurements. singly, field data from high-energy nearshore zones
Although there has been a recent resurgence of fieldare rare (e.g. Wright et al., 1978, 1982; Beach and
studies relating to rip currents (e.g. Aagaard et al., Sternberg, 1992; Davidson et al., 1993; Osborne and
1997; Symonds et al., 1997; Brander, 1999), these Rooker, 1999; Russell and Huntley, 1999), and direct
and previous studies (e.g. Sonu, 1972; Sasaki andquantitative measurements of rip currents in these
Horikawa, 1975, 1978; Short, 1985; Kraus and Naka- environments are to date non-existent. This paper
shima, 1987; Bowman et al. 1988a,b) have been describes results obtained from a field experiment
limited to relatively low wave conditions. Virtually  conducted in a rip current on a high-energy, west
nothing is known about the role of rip currents on coast swell environment at Muriwai Beach, New
high-energy coasts, which is unfortunate since most Zealand. The site was chosen since its meso-tidal
beach systems are episodically driven by high-energy tide range provided an opportunity to deploy instru-
activity across the surf zone. mentation at low tide. The aims of this paper are: (i) to
High-energy coasts are typical of storm-wave examine the morphology and flow characteristics of a
dominated and west coast swell environments large-scale rip system; (i) to assess the morpho-
(Davies, 1980), but no formal definition exists dynamic character and role of large-scale rips in a
which delineates “high” from “low” energy con- high-energy surf zone; and (iii) to investigate
ditions. Eliot (1973) used a breaking wave heigh)( potential scaling relationships between these and
of 1.5 m to distinguish the two, while Short (1986) used lower-energy rip systems.
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Fig. 2. Contour plots of the rip system for: (a) MUR1 (28/11/97); and (b) MUR2 (5/1/97) showing instrument pod (P1, P2, P3) locations.
RTD = relative to datum.

2. Field site term wave climate information is unavailable for the
site, but observations indicate incident swell periods
Muriwai Beach is located on the west coast of New of 10—15 s and breaking wave heights ranging from
Zealand’s North Island, approximately 35 km west of 2-5m. The semi-diurnal tidal regime is meso-tidal
Auckland (Fig. 1), and lies at the southern end of an and mean spring tide range is almost 4 m. The
extensive Holocene Beach and dune barrier systembeach and surf zone sediments are composed of
extending 50 km north to the Kaipara Harbour. generally fine €0.25mm) material comprised
There has been a general trend of erosion along this principally of quartz and feldspar, but with significant
beach over the past few decades and net sedimentrock and heavy mineral fractions (Schofield, 1970;
transport is generally considered to be northward. Hamill and Balance, 1985). The nearshore is gently
The experimental site was situated 3.5 km north of sloping with a gradient of 0.01. The surf zone is
the southern end of the beach, and is completely usually 400-500 m wide and consists of an inner
exposed to the dominant south-westerly wind and bar exhibiting intermediate beach state topography
swell regime. The beach is characterised by a mixed and a more dissipative outer bar (Wright and Short,
wave climate consisting of locally generated wind 1984). During high-energy storm events, the surf zone
waves and swell from more remote storms in the may exceed 800 m in width as more dissipative
Southern Ocean (Pickrill and Mitchell, 1979). Long- conditions dominate, particularly on the outer bar.



30 R.W. Brander, A.D. Short / Marine Geology 165 (2000) 27-39

3. Methods mounted az = 0.5 and 0.9 m. Additional lagrangian
information on the direction and velocity of rip flow
Data were collected on rip spacing, beach morph- were obtained using the rip float method described by
ology and morphological change, nearshore water Short and Hogan (1994), in which a person floating
surface elevation and both eulerian and lagrangian freely in the rip current is tracked by two theodolites
feeder and rip flow. Measurements of longshore rip recording positions every 30 s. A total of five rip floats
spacing along the entire beach length were obtained atwere conducted on 30/11/97.
both the beginning (27/11/97) and end (7/12/97) ofthe  All sensors were hardwired to a shore-based mobile
experiment by driving a 4WD vehicle along the upper laboratory where the data was collected at a sampling
beach face at low-tide and taking odometer readings frequency of 2 Hz for 34 min runs, each run separated
at the position of every rip-neck. Nearshore morph- by a minute. The data collection period began and
ology and topographic changes were surveyed ended around low tide on 1/12/97 with a total of 16
directly using a total station and prism at the begin- data runs obtained over a 9 h period. On 5/12/97 and
ning of the experiment (28/11/97) with subsequent 6/12/97, 22 data runs over a 12 h period were obtained
surveys coinciding with the instrument deployments encompassing a complete low—-high—low tide cycle.
(1/22/97 and 6/12/97). Surveys were conducted Measurements of the breaking wave heigh{)(and
around low tide along 15 cross-shore transects centredwave period T) in the outer surf zone were estimated
around a primary zero line and separated by a long- visually. Readings from the pressure sensors were
shore distance of 50 m, thereby encompassing aconverted to water-surface elevation using Nielsen's
700 m stretch of beach. Additional survey resolution (1989) method of local approximations. Flowmeter
was obtained by concentrating measurements alongdata were corrected for frequency-response characteris-
the banks of the feeder and rip channels. Due to safetytics using the techniques of Nielsen and Cowell (1981).
constraints, the offshore extent of the surveys was
restricted to the seaward slope of the first bar. In
order to maximise the extent of surveys in the more 4. Morphological characteristics
dynamic inner surf zone the subaerial beach and upper
intertidal zone were only surveyed on 28/11/97. This  Prior to the experiment, Muriwai Beach was
was deemed acceptable since topographic change insubjected to a severe storm event with estimated
these areas during the experiment was negligible. breaking wave heights in excess of 3—4 m resulting
Water surface elevations and eulerian longshore in extensive beach erosion and scarping of the fore-
and cross-shore current velocities were measureddunes along the entire length of beach. With decreas-
using strain gauge pressure sensors and bi-directional,ing energy conditiongH, = 1.5-2.5 m), the beach
ducted flowmeters mounted on weighted, portable subsequently went through a period of rapid morpho-
pods designed for use in the energetic surf zone. logical readjustment. On 27/11/97 Muriwai exhibited
The pods are buried up to their bases and their orien- strong longshore bar and trough morphology with
tation is checked at the beginning and end of each extensive longshore feeder channels feeding into
experiment. Despite great strain placed on the instru- rip-neck channels oriented primarily to the north-
ment cables, the pods were not dislodged during the west. The mean spacing of the 54 observed rips was
deployments. Three instrument stations, referred to as 750 m(o = 389 m). The single rip system monitored
Pods 1-3 (P1-P3) were deployed on 1/12/97 in this study was characterised by a 400 m long feeder
(MUR1), whereas only two pods (P1 and P2) were channel fully contained in a pronounced trough
deployed on the evening of 5/12/97 (MUR2). Due to between the inner bar and low-tide beachface. The
logistic and safety constraints, it was only possible to width of the feeder increased from 50 m in the south
deploy the pods at low tide and only on the landward to approximately 100 m in the north as it turned into
margin of the feeder and rip channel (Fig. 2). Pressure an approximately 150 m wide rip-neck. Rip floats
sensors were mounted at an elevatiagnaf 0.25 m showed that the offshore extent of rip flow was
above the bed. Flowmeters were mounted &t 0.6 approximately 300 m seaward of the confluence of
and 1.0 m for MUR1, whereas for MUR2 they were the longshore feeder and rip-neck channels.
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Fig. 3. Cross-sections of the longshore feeder and rip-neck channel illustrating bar migration and channel infilling between 28/11/97 and 5/12/97
for survey transects: (a) 200 m south; (b) 150 m south; (c) 50 m south; (d) 0 m north; () 200 m north; and (f) 200 m north.

By the end of the experiment, the morphological along the beach on 7/12/9h = 112 had doubled
configuration of the beach and rip systems had and the average rip spacing of 365(m= 123 m
changed significantly as the beach evolved towards was half that on 27/11/97 as the longshore bars
a transverse bar and rip state. The number of rips migrated landward and welded to the beachface in
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Fig. 4. Trajectories of the rip floats conducted on 30/11/97 with overlapping survey contour map of 28/11/97. Boxed region (dashed line) defines
the region of maximum flow velocity. RTE: relative to datum.

many locations. This is apparent from the contour plot the longshore feeder channel was clearly dominated

shown in Fig. 2b which indicates that the feeder by the landward migration of the inner bar which, as

channel experienced roughly 100 m of lateral infilling shown in Fig. 3, occurred along the entire length of the

at the southern end, and was also approximately 30 mfeeder. Bar migration rates for the period 28/11/97—-6/

narrower in most places. A narrowing of the rip-neck 12/97 varied from 2—6 mday with maximums

channel was also observed in the field, largely due to a recorded at the southern end of the system, decreasing

northern migration of the longshore bar, and this shift towards the rip-neck. As a result of this bar migration,

is apparent in Fig. 2b. the maximum morphological relief of the feeder
The cross-sections in Fig. 3 illustrate the patterns of channel (y=0m) decreased from approximately

bar migration more clearly. The position of the 1.6to 1.2 m (Fig. 3d).

landward channel bank, which was defined by a

pronounced beach step, migrated 5—10 m offshore at

the southern end of the system (Fig. 3a—c), but 5. Lagrangian rip flow measurements

migrated slightly landward near the rip-neck channel

(Fig. 3d—f). The constriction and lateral infilling of As shown in Fig. 4, lagrangian measurements of
surface flow based on tracking of rip floaters extended
Table 1 from the start of the feeder channel, through the

Summary of lagrangian rip flow from rip floats conducted on 30/11/ . . .
97. 0s = surface flow velocity over the entire rip flow trajectory; rip-neck and seaward to the rip-head over cumulative

Ugmax= Maximum rip flow velocity recorded between two points  distances of up to 650 m (Table 1). The first float was
initiated 2 h after high tide and the last ended 20 min

Float ~ Time  Totally  Usma ~ Cumulative distance  pefore low tide on 30/11/97. In general, surface flow
" ms) (msH speeds were modulated by the tide. The mean surface

1 1032  0.62 1.0 556 flow velocity (us) of the rip, over the full float extent,

2 1350  0.69 1.15 594 increased from approximately 0.6 to 0.75nts

3 1448 0.67 115 646 (Table 1) and maximum mean flow velocities

g iggg 8:;2 ig? ggg (usmay, between points along the surface trajectory,

increased from 1 to 1.4 m & from high to low tide
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Fig. 5. Spatial patterns of rip float surface velocity showing variations: (a) in the longshore direction; (b) in the cross-shore direction; and (c)
along the float trajectory. Fitted curves represent second-order polynomial functions.

(Table 1). It also appears that the surface trajectories shows all of the float velocity data in the longshore,
of the floats shown in Fig. 4 tended to flow towards the cross-shore and trajectory directions and in all cases
deeper part of the channel as tide levels decreased. Itsimilar spatial trends are described by second-order
should be noted that although the trajectories are polynomial functions. Flow velocity at the southern
influenced by the initial starting point, rip floaters base of the feedery= —150 to —50m) was
were instructed to initiate the float in the strongest relatively weak with speeds ranging from 0.1-—
region of flow. 0.4 m s, but quickly increased in strength towards
Distinct spatial patterns of surface flow velocity the north with velocities in the main body of the
along the course of the rip were also evident. Fig. 5 feeder y= —50 to —100m) on the order of
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Fig. 6. Temporal variation in water depth and mean rip flow velocity for (a) MUR1; and (b) MUR2.

0.4-0.7 m §* (Fig. 5a). Flow maximums in the rip-
neck ranged from approximately 0.8—1.2 nf before
decreasing again t60.8 m s *in the rip-head (Fig. 5a
and b). A similar velocity pattern was found along the

rip trajectory, but in this case the velocity drop-off in
the rip-head was more pronounced (Fig. 5c¢). Using an
arbitrary cut-off velocity of 0.8 ms, the polynomial

fits in Fig. 5a and b define a region of maximum
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Fig. 7. Contour plot of net volumetric change between MUR1 and MUR2. Lighter shading represents areas of net deposition. Contours are in

metres.

surface flow velocity within the rip, which is outlined

by the dashed box in Fig. 4. This region includes the
maximum lagrangian velocity measurements for each
float and is situated at the feeder/rip-neck transition
where the channel is deepest and the flow turns obli-
quely offshore. In summary, it appears that the stron-
gest flows occur over the channel thalweg. This
observation is consistent with the observations from
low-energy rip systems reported by Brander (1997).

6. Eulerian rip flow measurements

Eulerian measurements of rip flow were restricted
to the landward margin of the feeder and rip channel
(Fig. 2), outside the region of maximum flow defined
in Fig. 4. Wherever possible, resultant flow vectors
(U,) were calculated, but due to instrument failure,
this was not always possible. Early data records
from 1/12/97 were hindered by gale-force winds
from the north-west which produced a southerly
flowing current in the swash zone that inhibited the
northerly flow of the rip feeder and destroyed the
cables to Pod 1. This southerly flow was a persistent
factor throughout the deployment, but decreased in
strength following a directional wind shift to the

0

-50 -100 -150 -200 -250 -300
Longshore Distance RTD (m)

0.93ms*! 2 h before the low tide (Fig. 6a). Maxi-
mum mstantaneous velocitiesl,,) peaked at
1.8 ms . MUR2 was not hindered by strong winds,
and Iarger flows were recorded wiil} exceeding
1ms* around successive low tides (Fig. 6b) and
values of Ty, reaching 2ms'. These stronger
flows are likely a reflection of the closer proximity
of the MUR2 pods to the deeper channel and maxi-
mum flow region of rip flow (Fig. 2).

In general, flow velocities increased towards the
rip-neck and also increased with elevation above the
bed. Despite a longshore separation distance of only
20 m, values ofur at Pod 3 during MUR1 were
typically 0.2 m s* greater than those at Pod 2 (Fig.
6a). Similar spatial gradients in rip velocity have also
been recorded in low-energy rip systems (Brander,
1997). Such spatial variation is not immediately
apparent between Pods 1 and 2 during MUR2, but
longshore flow velocities were certainly less at Pod
1 towards high tide (Fig. 6b). Unfortunately, infor-
mation from Pod 1 ceased shortly before high tide
when the cables to the instruments snapped. As
shown in Fig. 6b, measurements @f at the upper
sensor at Pod 2 were consistently stronger than at
lower depths. Brander (1997) found that the strength
of rip-neck flow increased away from the bed and then

south-west at approximately 1000 h and an increase decreased towards the surface. Therefore, it is likely

in water depth with the rising tide. Despite the
dampening effects on rip flow from surface wind
drift, resultant mean flow velocitiegl,) at Pod 3

were on the order of 0.6 m $and increased steadily
with the falling tide, reaching a maximum of

thatU,, at depths in the fastest flowing portion of the
rip-neck, was in excess of the lagrangian flows in this
region, which varied from 1-1.4 m & This implies
that mean flows on the order of 1.5 m'slikely
occurred at low tide.
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Recent studies (Aagaard et al., 1997; Brander, Brander, 1999). In addition, rip measurements are
1999) have shown that rip flow velocity is tidally hindered by locational variation within the rip/feeder
modulated, with maximum flow speeds occurring channeland variety in rip system types. In general, the
around low tide and minimums near high tide. This studies mentioned above were conducted in relatively
modulation is also apparent at Muriwai Beach (Fig. low-energy environments whek, ranged from 0.5—
6). The offset timing of this modulation at low tide on 1.5 m and mean and maximum instantaneous rip flow
1/12/97 (Fig. 6a) can be attributed to both the velocities were on the order of 0.2—0.6 msand
enhanced effects of wind-driven surface drift and the 0.8—1.2 ms', respectively. In contrast, measure-
locational shifting of the region of maximum flow ments in this study were obtained in surf zones
(Fig. 4). In both deployments, the difference in whereH, was on the order of 2—-2.5 mi, on the
mean flow strength between low and high tides is edge of the rip channel reached 1 it,sand maxi-
approximately 0.4m<s. Also of interest is the  mum instantaneous velocities commonly exceeded
temporal symmetry of flow strength observed during 2 ms™*. These data are unique in the literature and
MUR?2 with G, being identical at 1 ms for both low possibly represent the strongest rip current flows
tides. measured to date. However, to be placed in a morpho-
dynamic perspective, the nature and type of rip
current system that exists at Muriwai should be
examined in further detail.

Short (1985) classified rips into three basic types:

Direct measurements of sediment transport were . N : .
not made in the rip system, but it is possible to (i) accretion rips which occur under decreasing energy
. conditions; (ii) erosion rips which occur under

make some inferences based on profile adjustments.. . N .
. : : increasing energy conditions; and (iii) mega-rips
Fig. 7 is a contour plot of net sediment volume . . . .
. : . which are topographically controlled erosion rips
changes in the rip survey grid between 28/11/97 and that persist under high-energy conditiorisl >
5/12/97. Despite the problems involved in surveying P g gy b

. . 3 m). Muriwai Beach has a dissipative outer surf
some of these areas, particularly the rip-neck, and . . . .
; L ; zone and an intermediate inner bar system, as is
inherent limitations of the contouring program,

. : ; commonly observed on multi-bar systems (Short and
several patterns are evident. First, net accretion was

. . . Aagaard, 1993). The morphodynamic conditions
dominant near the feeder channel, which experienced . . : . : :
o . observed during this study and ongoing video imaging
up to 1 m of infilling in places. Second, net erosion on

of the site (Donohoe, 1998) show that the inner surf
the order of 0.2 m over a large extent of the longshore ; L . ; i
: . . . zone typically remains intermediate, with widely
bar is evident and there is some evidence to suggest . . . .
. : spaced rips even during high wave conditions (outer
that erosion at the base of the rip-neck occurred. Gross : :
. . . . bar (H, > 5 m). During subsequent decreasing wave
estimates of volumetric sediment adjustment suggest

S . conditions, the inner bar evolves through the inter-
that infilling rates for the entire length of the feeder mediate beach state sequence described by Wright
channel were on the order of 55G aay .

and Short (1984) for single-bar systems. These obser-
vations indicate that even on high-energy exposed
8. Discussion beaches with a dissipative outer surf zone, the inner
surf zone evolves through the same bar—rip sequences
At present, there exists a paucity of flow velocity of lower energy systems, though with much larger
measurements made in rip current environments. scale bar and rip dimensions, and higher current
Those reported tend to vary due to the use of different flow velocities. Despite the size (and velocity) of the
measurement techniques such as drogues (e.grips observed during this experiment, it would be a
Shepard and Inman, 1950; Sasaki and Horikawa, misnomer to refer to them as erosion or mega-rips
1975, 1978), dye (e.g. Talbot and Bate, 1987; Huntley simply because of their scale and existence in a
et al., 1988) and various types of flowmeters (e.g. high-energy surf zone. They are simply large-scale
Sonu, 1972; Bowman et al., 1988a,b; Sherman et al. accretion rips, as verified by the changes in beach
1993; Smith and Largier, 1995; Aagaard et al., 1997; morphology.

7. Sediment transport
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Table 2
Scaling comparison of low- and high-energy rip current systems using morphologic and hydyrodynamic par&tpetdneaking wave
height; 0, = mean rip flow velocityu,.x = maximum instantaneous rip flow velocity = surf zone width

Parameter Palm Beach (ECS) Muriwai (WCS) Scaling factor
Morphology

Rip spacing (m) 200 500 25
Feeder length (m) 150 400 2.7
Feeder width (m) 20-40 50-100 2.5
Feeder relief (m) 0.6 1.4 2.3
Rip-neck length (m) 100 300 3
Rip-neck width (m) 60 150 25
Bar migration (m day?) 3 4 1.3
Hydrodynamics

Hp (M) 0.75 2 2.7
a(ms?h 0.4-0.6 1-15 2.5
Unax (M 7% 2 2 1

Xs (M) 120-150 400-500 33

Using a comprehensive database of rip spacing and parisons are therefore useful, but have been simplified
surf zone width on intermediate beaches encom- as much as possible to take into account the restricted
passing a variety of regional wave climates, Short dataset. The values for Palm Beach are given as
and Brander (1999) found that high-energy west averages and/or ranges for similar stages of beach
coast swell environments, such as Muriwai, typically state evolution. The values have not been non-
have rip spacings and surf zone widths which are 2.5 dimensionalised and, in the case of Muriwij, and
times greater than those on lower energy east coastsurf zone width X;) are based on visual estimations
swell environments. The existence of this scaling (Table 2).
relationship was linked to variations in wave Despite these limitations, the scaling relationships
power (Short and Brander, 1999). The morpholo- shown in Table 2 are similar to that found by Short
gic evolution observed during this experiment is and Brander (1999) for west and east coast swell inter-
virtually identical in nature to a recent sequence mediate beaches. In terms of morphology, the length
of intermediate beach state adjustment described and width of rip feeder and neck channels at Muriwai
by Brander (1999) on an east coast swell environ- were all very close to being 2.5 times greater than
ment at Palm Beach, NSW, Australia. A com- those at Palm Beach. The major discrepancy is
parison of the two datasets provides an excellent rip-neck length, but the values for this parameter are
opportunity to examine the validity of this scaling based on approximations since survey resolution in
relationship. this region is poor. Mean bar migration rates were

Both experiments were characterised by rapid bar similar, but it is difficult to assess this parameter
migration and feeder infilling as the beaches tended since rates varied considerably in the longshore direc-
towards a transverse bar and rip state. Similarly, both tion and reported bar migration rates in the literature
experiments found an increase in rip current flow have traditionally been quite variable (Sunamura and
velocity as the morphologic evolution progressed Takeda, 1984). More significant is the scaling
and active incision of the rip-neck channel as the relationship observed for the measured ranges of
feeders infilled. Table 2 provides a gross comparison mean rip flow velocity(d,) during the experiments
of both morphologic and hydrodynamic parameters of (Table 2). Flows at Muriwai were exactly 2.5 times
the measured nearshore and rip systems. It is difficult greater than at Palm Beach. Instantaneous rip flow
to base conclusions on relationships between only two velocities were similar at approximately 2 m'sbut
sets of data. However, the nature and quality of these this is not surprising since both rip systems were
datasets are rare and difficult to obtain. The com- observed to exhibit pulsatory behaviour.
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The existence of such a scaling factor implies that variables may be useful in the prediction of rip
the physical connection between waves, currents anddimensions and dynamics as well as future model-
morphology, both within and between beach systems, ling of rip current and intermediate beach state
are related to variations in wave energy. Specifically, behaviour.
these energy levels must in some way influence
longshore variations in radiation stress gradients
(Bowen, 1969; Bowen and Inman, 1969), mass
transport and flow discharge relationships, and
hence sediment transport patterns within the surf
zone. Unfortunately, it is not possible to provide a
rigorous analysis of these phenomena from the dat
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