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ABSTRACT _

SHORT. A.D. and BRANDER, R.W., 1999 . Regional Vari ati ons in Rip Density. Journal of Coastal Research, 15(3 ),
8 13-822. Royal Palm Beach (Florida I. ISSN 0749-0208.

An extensive dat aset combining informati on obta ined from aerial photographs of selected Australian beaches and
studies in the literature from a wide var iety of sites in Europe, the United Sta tes , J apan, South Africa and New
Zealand is used to investigate the relation ship between rip current spacing on intermediate beaches and regional
wave climate. A new param eter termed rip density (RD I is introduced which defines the number of rips per kilometre
of beach and is defined as the relationship y I l., where y, is rip spacing and L, is a nominal length of beach. The
variati on in rip density was examined for five different regional wave environments termed west coast swell (WCS),
eas t coast swell (ECS), fetch-limited wind wave with st rong tSWS I and moderate IMWS, winds, and fetch-limited
bays (SWBI. Pattern s of rip density were extremely consistent between the grouped wave climate environments with
WCS beaches cha racterised by the lowest RD of 2 rips/km and SWB and MWS beaches having the highest RD with
values ranging from 11-13 rips/km, ECS beaches have a RD of 5 with SWS lying in between the range for WCS and
ECS beaches at approximately 3 rips/krn.

The variat ion in rip density between environments exhibits dist inct scaling relati onships with RD on SWB and
MWS beaches being approximate ly 5 times grea ter than on WCS beaches and twice as grea t than on ECS beaches.
ECS beaches also have 2.5 times the number of rips on WCS beaches. Based on measurements and estimates of rip
cha nnel and surf zone width, there is evidence to suggest that these scaling factors may also be applied to the variatio n
in two-dimensional planform morphology between the environments . The result s of this study also indicat e that rip
density decreases with increas ing wave height, wave period, surf zone width, wave energy, and wave power , thu s
providing quantitative links between observed rip density and regiona l wave climate.

ADD IT IONAL INDEX WO RDS : Rip currents , rip spacing, waue climate, intermed iate beaches.

INTRODUCTION

On e of the most interesting fea tures of rip cur re nts, the
strong a nd narrow cur rents which flow seaward across the
su rf zone, is their rel atively regular spa cing in the lon gshore
direction, This commonly observed ch a racteristic wa s de
scribed by the ea rly studies of SHEPARD et a l. (1941), SHEP
AR D and INMAN (1951), INMAN a nd QUINN (1952 ) a nd
McKENZIE (1958) who gene ra lly found that the size a nd
number of rips on a beach is strongly a nd positively related
to the wave en ergy level. With la rge wav es , onl y a few la rge
rips arc produced, whereas when the waves are sma ller the
rips are sm a ller in size a nd spacing and subsequently more
numerous. Exi sting theoretical investigations of rip spac ing
have been incorporated into the various mechanisms pro
posed for rip current gen eration, such as edge waves (BOWEN,
1969; BOWEN and INMAN, 1969 ), instability theory (H INO,
1974; 1976 ), intersecting wave trains (DALRYMPLE, 1975),
and wave-current interactions (LEBLOND a nd TANG, 1974;
DALRYMPLE and LOZANO, 1978) . HINO (1974 ) suggested that
rip spacing is equal to four times the surf zone width (x) , but
other workers have shown that this value ca n ra nge from 1.5
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to 8 (BOWEN and INMAN, 1969; SASAKI and HORIKAWA, 1975;
SHORT, 1985 ) and rip s pacing can range from 50-800 m
(SHORT, 1985). In reality, most of the theoretical approaches
still lack rigorous verification in the field and no approach
has proven completely successful in predicting rip spacings
on natural beaches.

Us ing a n exte ns ive dataset ba sed on both qualitative a nd
qu antitative observation s obtained from Narrabeen Bea ch ,
NSW, Au stra lia , SHORT(1985 ) demonstrated th at rip spac ing
(Yr) wa s directly related to the dimensionless fall velocity pa 
rameter D.=H/w)' (GOURLAY, 1968) where H is the breaker
wave height, T the incident wave period and ui, the se dime nt
fall velocity (DEAN, 1973 ). The dependence of Yr on D. was re
exa mine d by HUNTLEY and SHORT (1992 ) since it seeme d
counter-intuitive that sho rter-period wav es would produce
larger r ip spa cings. They demonstrated quantitatively that
rip spac ing depends primarily upon breaker height a nd sed
iment fall velocity, and increases with increasing wave height
and surf zone width a nd decreasi ng sediment siz e, and found
a weak trend tow ards increased spacin g with increasing wave
period.

At present, however, there is st ill no ade quate explanat ion
for the variation in rip spacing between different beache s and
this is largely du e to a n overall la ck of field obse rva t ions cov-
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Table 1. Sources and locations of data used in the study. Acronyms for
various locations are given in parentheses.

and SHORT (1984), and a new dimensionless variable termed
rip density (RD) defined as:

where L; is beach length, and may encompass an entire beach
or a particular stretch of beach. In this study, L; was set to
1000 m so that RD values are equivalent to the number of
rips per km of beach. Additional variables included mean
grain size (D) and nearshore gradient (tan~). Wave climate
variables consist of either significant (Hs ) or deepwater wave
height (H), depending on availability of information, and
mean incident wave period (T).

Both the spatial and temporal sampling procedures adopt
ed by this study were largely pre-determined by the nature
and availability of data, which varied considerably, and it
was not always possible to obtain information on all of the
aforementioned variables. Data were obtained from three
sources: i ) existing data within the literature; ii) direct mea
surements made in the field; and primarily iii) analysis of
aerial photographs (Table 1). Existing information was ob
tained from a variety of locations, including California (SHEP
ARD and INMAN, 1950), South Africa (HARRIS, 1967), Florida
(SONU, 1972), Japan (SASAKI, 1977), Northern Ireland

RD = L'/Yr (1)

90 Mile Beach, VIC., Australia
(90MILE)

Discovery Bay, VIC., Australia (DIS
BAY)

Seaford, VIC., Australia (SEA)

Ramsay Bay, QLD., Australia (RAM
SAY)

Wide Bay, QLD., Australia (WIDE)

Gunyah Beach, S.A. (GUNYAH)

Stockton Beach, NSW, Australia
(STOCK)

Broadwater Beach, NSW, Australia
(BROAD)

Location

Scripps Beach, California
Torrey Pines Beach, California
Ajigaura Beach, Japan
Kashiwazaki Beach, Japan
Kashima Beach, Japan
Kujuukuri Beach, Japan
Shoonan Beach,Japan
Renkerry Strand, N. Ireland
Seagrove Beach, Florida
Virginia Beach, South Africa
Narrabeen Beach, NSW, Australia
Central Netherlands Coast
Muriwai Beach, New Zealand

Source

1) Published Data

Shepard and Inman (1950 )
Shepard and Inman (1951 )
Sasaki (1977)
Sasaki (1977)
Sasaki (1977)
Sasaki (1977)
Sasaki (1977)
Shaw (1985)
Sonu (1972)
Harris (1967)
Short (1985 )
Short (1991; 1992)
Brander and Short (in

prep.I

2) Aerial Photographs

Beach Protection Authori
ty, QLD.

Beach Protection Authori
ty, QLD.

Coastal Management
Group, Department of
Land and Water Conser
vation, N.S.W.

Coastal Management
Group, Department of
Land and Water Conser
vation, N.S.W.

Royal Australian Survey
Corps

Royal Australian Survey
Corps

Port of Melbourne Author
ity

Dept. of Lands, S.A.

Data for this study are restricted to intermediate beaches,
particularly those exhibiting transverse bar and rip mor
phology, and consist of information on beach system mor
phology, extending from the subaerial beach seaward
through the surf zone to the offshore extent of the inner bar,
as well as variables that contribute to surf zone morphology
such as wave climate and sediments. The primary beach and
rip morphometric variables consist of rip spacing (Y,.), surf
zone width (x.), beach type according to the model of WRIGHT

DATABASE AND METHODS

ering a wide-range of wave environments. It is reasonable to
assume that no single theory can adequately account for the
spacing of rip currents and that it is a combination of driving
mechanisms and physical boundary conditions which produce
the observed rip current patterns on natural beaches. Rip
currents and their associated rhythmic beach topography are
now recognised as an integral component of intermediate
beach types (WRIGHT and SHORT, 1984). Intermediate beach
es however, occur almost worldwide and exist under a wide
range of environmental conditions (SHORT, 1986). As the
scale of beach systems varies, so too does the associated size
and spacing of rip currents. Since the application of various
theoretical models towards explaining and, indeed, predict
ing, rip spacing has proven difficult, it is possible that a de
tailed examination of rip spacing on a range of beaches ex
posed to different wave climates and sediment regimes may
prove valuable in providing greater insight into the range and
possible controls of rip current spacing.

Rip spacing is important because rip currents are a major
component of the cellular surf zone circulation which char
acterises intermediate beaches (WRIGHT and SHORT, 1984).
They are usually the dominant mechanism for offshore trans
port of water and sediment within these systems (BRANDER,
1997). As such, their dimensions and spacings are both a
prominent indicator of overall surf zone circulation and sed
iment transport, as well as indicative of the prevailing envi
ronmental parameters that influence their spacing. Further
more, rip spacing is also a major factor in assessing the rec
reational hazard potential of particular beaches, as rips ac
count for the vast majority of surf rescues in Australia
(SHORT and HOGAN, 1994), the United States (GOULD, 1997),
Columbia (ZAUCHER, 1997) and Brazil (HOEFEL and KLEIN,
1998).

The aim of this study is to provide a preliminary descrip
tion of the variation in rip spacing, and hence rip density, on
intermediate beaches found under a range of regional wave
environments. Data are primarily derived from aerial pho
tographs of selected Australian beaches in contrasting wave
environments and is supplemented by suitable datasets con
tained in the literature from a variety of sites in Europe, the
United States, Japan, South Africa and New Zealand. The
dataset is restricted to inner bar rip spacings on mostly trans
verse bar and rip beaches (WRIGHT and SHORT, 1984) which
are of sufficient length not to be influenced by headland and
embayment controls (MARTENS et al., in press). An additional
aim is to suggest possible large-scale environmental controls
of rip density for these beaches.

Journal of Coastal Research, Vol. 15, No.3, 1999
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Table 2. Aerial photograph informat ion for Aus tra lian datas et. B /W =
black and white; C = colour. Acronyms are used as defined in Table 1.

Cover-
Location age
by State Dat e Scale Colour ( k m ) # RIPS

QUEENSLAND;

RAMSAY 20/7/87 1;12000 C 7 77
WID E I 31/5/62 1:86200 BIW 19 40
WID E2 6/7/67 1:86240 BIW 90 100

N.S.w.:

BROAD1 21/5/67 1:100 00 BIW 4 23
BROAD2 23/6/87 1:10000 C 27 116
BROAD3 12/5/94 1:100 00 C 27 140
BROAD4 30/6/96 1:100 00 C 30 80
STOCKI 26/10/5 1 1:28600 BIW 10 47
STOC K2 21/5/76 1;24000 C 29 48
STOCK3 17/11/76 1:8000 C 30 36
STOCK4 18/3/81 1:20000 C 24 26
STOCK5 27/1 1/81 1:20000 C 32 66
STOCK6 18/1/84 1:20000 C 24 53
STOCK7 22/5/86 1:16000 C 30 71
STOCK8 10/8/91 1:16000 C 29 24
STOC K9 19/6/94 1;160 00 C 29 67
STO CKI 0 1/12/96 1:16000 C 29 113

VICTORI A:

90MIL£ 1 7/2/65 1:86200 BIW 37 II
90MILE2 3/5/67 1:86200 BIW 18 23
D1SBAYI 8/2/66 1:86365 BIW 18 34
SE Al 7/1/60 1:7920 B/W 2 18
SEA2 30/7/60 1:7920 BIW 3 9
SEA3 29/12/68 1:7990 C 3 26
SE M 14/1/72 1:10000 BIW 5 43
SEA5 18/1/74 1:10525 BIW 3 26
SE A6 7/7/76 1:5000 C 3 23
SEA7 22/12/76 1:10000 C 4 14
SEA8 16/4/77 1:10000 B/W 3 21
SE A9 13/12/77 1:10575 BIW 5 34
SEAI0 9/12/80 1:10400 B/W 3 24
SE Al 1 4/5/81 1;10400 BIW 2 18
SEA12 12/11 /82 1:10400 BIW 9 34

South Aust ra lia:

GUNYAH I 8/2/73 1:400 00 B/W 20 32
GUNYAH2 20/2/79 1:400 00 C 14 26

(SHAW, 1985), th e cent ra l Netherl ands (SHORT, 1991 ; 1992 )
and New Zeal and (BRANDER and SHORT, in pr ep.)

Australi an beaches were used as th e prim e source of infor
mation for two reasons: i) they exhibit most, if not all, of th e
ranges of beach sca les and wave environme nts described in
thi s st udy; and ii ) th ey have satis factory aeri al photograph
coverage of th e entire coast, from which the beaches wer e
selecte d (Tabl e 2). Th e use of aeria l photo graphs provides a
relatively quick and inexpen sive mean s to obtaining a data
set th at would otherwise be logisti cally difficult, if not im
possibl e, but th er e are also dr awbacks to this approach.
While th e Australian coast ha s 100'7r spa t ial coverage , tem
poral coverage varies considerably bet ween sta tes , with New
South Wales having th e best coverage (up to 20 flights, Tabl e
2), whil e some sta tes have as few as three repetitive flights.
Th e representativene ss of the photographs is th erefore com
promi sed by th e extent of temp oral coverage.

In addit ion, othe r factors elimina ted some photographs or

parts of photographs from the st udy. Th ese included glare or
cloud cover , which obscured the surf zone, sm all scale of pho
tograph which did not permit sufficiently accur ate measure
ments, and pr evailing surf conditions. Th e latter did not al
ways reveal rip s because they were either not pre sent, or
high wav es and mor e dissip ative sur f zones made th em dif
ficult to obser ve a nd measure. As a consequence, an exha us 
tive examinat ion of ae ria l photographs from the New South
Wales coast found that only about a third of all exis t ing pho
tographs wer e suita ble for taking measurements of rip spac
ing a nd beach morphology. Therefore, th e photo se ries listed
in Table 2 represent the best data available from tho se par
ticular s ites.

Rip location was record ed for all rips visibl e on the ae rial
photo graphs and est ima te d error ran ged from ± 10 m at pho
tograph scales of approximately 1:10 000 and ± 50 m at
scales of up to 1:80000. To account for spa tial variation , the
bea ch/rip type (LBT = longshore ba r and trough; RBB =
rh ythmic bar and beach; TBR = transver se bar and rip ; LTT
= low tid e terrace) was det ermined from the bar and beach
morphology at a sa mpling interval of 1 km . Surf zone width
was measured seawa rd from the visibl e high tide mark.
Where possibl e, the longshore length of ind ividual rip sys
tems (Lrl and the width of the rip cha nne l (w ) were also re
corded. A mean value of rip spacing and rip density was com
puted for each beach se ries, but it was not un common for the
beach typ e and rip spacing to vary along th e beach. Sim ilarly,
rip spacing and bea ch typ e can vary over time, and in order
to obt ain gross representative values , x" y, and RD for a giv
en site wer e aver aged when multiple photographic se ries
wer e avai lable. Wave and sedime nt characte rist ics for th e
beaches , where available, were obtained from a variety of
sources wh ich are referred to in Tabl e 3.

RIP DENSITY AND REGIONAL WAVE
ENVIRONMENTS

Th e locations of th e various beach sites used in thi s study
a re shown in Figure 1. All of these sites are intermediate
beaches a nd all are characteri sed by the pr esence of rip cur
rents. In ord er to describ e the variatio n of rip den sity on a
globa l sca le, th e coas tal morphogeni c approach described by
DAVIES 0964; 1980 ) was used as a conceptua l basis to de
scribe four wave regim es: ( i) west coas t swell; ( ii ) east coas t
swell; (iii) trade wind; and (iv) storm wav e dominated envi
ronments (Figure 1). All of th e data obtained from th e lit er 
ature fall within th ese categories and the representative Aus
t ralian sites used for aeri al photo graphic a nalys is wer e cho
sen based on this classification . Th e beach site s correla te well
with th e cla ssification by DAVIES (980 ), but th eir globa l dis
t ribution is restricted by th e availability of data and it is em
phasi sed that th e results of this st udy are th erefore based on
representati ve sites and case examples. Th e database used
for thi s st udy is given in Tabl e 3 a nd is summa rised in Table
4. Th e latter conta ins mean values of variables wherever pos
sible in ord er to simplify compa risons betw een th e four global
wave environments. It was often difficult to find comparabl e
and consi stent wave clim ate variabl es for H and T, and in
some case estimates were used . Th e wa ve characteris t ics and
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Tab le 3. Database of wave climate and rip density variable s for field sites. H = mean breaki ng wave height : T = mean wave period; tanf3 = nearshore
gradient; BT = beach type ILTT = 2: TBR = 3; RBB = 4; LBT = .5); x, = surf zone wid th: y, = rip spacing; IT = stan dard deviati on; RD = rip density.
As terisk, denote wave height and wave period vollies based on in-si tu measllrement s. n Ia = not avai lable.

Site Type /l lm l T is) ta nl3 BT x, lm) y,l ml rr t rn ) RD

Scri pps Beach , Ca liforn ia* WCS 2.1 10.3 0.016 n/a 160 790 n/a 1.3
WCS 2.6 7.6 0.016 n/a 200 250 n/a 4.0
WCS 2.6 7.6 0.01 6 n/a 200 750 n/a 1.3
WCS 2.2 7.3 0.016 n/a 170 510 n/a 2.0
WCS 4.1 8 0.016 n/a 3 10 400 n/a 2.5
WCS 4.1 8 0.016 n/a 310 800 n/a 1.3

Torrey Pines Bea ch, Ca lifornia* WCS 1.5 12 n/a n/a n/a 553 58 1.8
Virginia Beach , S. Africa* WCS 1.5 8 0.03 1 n/a 140 560 n/a 1.8
Muriwai Beac h, N.Z. (1 ) WCS 2.5 15 0.021 5 300 741 389 1.4

WCS 2.5 15 0.02 1 3 300 357 123 2.8
Gunya h Beach, S.A. (2) WCS 2 12 n/a 3 100 524 157 1.9

WCS 2 13 n/a 3 106 505 153 1.9
Discover y Bay, Vic. (3) WCS 2 13 n/a 3 143 5 12 186 2.0

Ajigaura Beach , J ap an * ECS 1.1 10 0.018 n/a 90 413 n/a 2.4
ECS 0.8 7 0.Ql 8 n/a 50 375 n/a 2.7
ECS 0.6 7.5 0.018 n/a 70 200 n/a 5.0
ECS 2.4 10.6 0.Ql8 n/a 130 433 n/a 2.3

Kashiwazaki Beach, J ap an * ECS 1.3 7 0.018 n/a 60 190 n/a 5.3
ECS 0.8 8.5 0.Ql8 n/a 60 270 n/a 3.7

Kashima Beach, J apan* ECS 0.9 9.7 0.03 n/a 70 300 n/a 3.3
ECS 1.4 8.5 0.025 n/a 43 230 n/a 4.3
ECS 1.4 7 0.029 n/a 150 430 n/a 2.3

Kujuukur i Beac h, Japan * ECS 0.9 6.3 0.013 n/a 84 150 n/a 6.7
ECS 0.9 9.6 0.012 n/a 65 260 n/a 3.8
ECS 0.8 6 0.014 n/a 40 128 n/a 7.8
ECS 0.8 6 0.014 n/a 50 164 n/a 6.1
ECS 1.9 6.5 0.014 n/a 90 193 n/a 5.2

Katsuura Beach , J ap an * ECS n/a n/a 0.015 n/a 130 410 n/a 2.4
ECS n/a n/a 0.Ql5 n/a 30 130 n/a 7.7
ECS n/a n/a 0.015 n/a 70 290 n/a 3.4

Narrabeen Beach , NSW (4,5) ECS 1.5 10 0.03 3 80 188 100 5.3
St ockt on Beach , NSW (5,6) ECS 1.5 10 0.021 4.2 130 186 69 4.8

ECS 1.5 10 0.02 1 3.1 91 291 1148 3.7
ECS 1.5 10 0.021 2.9 106 239 102 3.8
ECS 1.5 10 0.021 3 63 177 114 4.9
ECS 1.5 10 0.021 3 90 202 104 4.9
ECS 1.5 10 0.02 1 2.7 82 200 61 5.0
ECS 1.5 10 0.021 3.1 87 216 52 3.6
ECS 1.5 10 0.021 3 95 294 64 3.6
ECS 1.5 10 0.021 2.8 61 142 110 7.0
ECS 1.5 10 0.02 1 3 71 163 82 6.0

Broadwater Beac h, NSW (5) ECS 1.5 10 n/a 3 157 177 71 5.7
ECS 1.5 10 n/a 2.9 128 204 90 4.4
ECS 1.5 10 nla 3 148 190 107 5.3
ECS 1.5 10 n/a 3.5 182 225 87 4.4

Wide Bay, QLD. (21 ECS 1.4 10 n/a 3 56 229 122 4.3
ECS 1.4 10 n/a 3.5 8 1 304 109 3.3

Ren ker ry Strand, N. Ireland ECS 1 9 0.02 1 :J 75 174 42 5.7

Centr a l Nethe r lan ds Coast SWS 1 5 0.013 2.5 80 500 :J08 2.0
90 Mile Beach, Vic. (3,7) SWS 1.6 8.5 0.002 :J 82 :J51 150 3.2

Seagrove Beach , Flor ida MWS 0.4 5 0.029 nla 20 60 n/a 16.7
Ramsay Bay, QLD. 121 MWS 0.5 4 nla :J 60 82 15 9.7
Seaford , Vic. (:J1 SWB 0.5 5 0.01 3 52 75 :J6 12.7

SWB 0.5 5 0.01 :J 6 1 108 28 9.3
SWB 0.5 5 0.01 2.7 43 62 2:J 14.7
SWB 0.5 [) 0.Ql 3.2 42 78 36 11.9
SWB 0.5 5 0.01 3.:J 53 94 :J6 9.0
SWB 0.5 5 0.01 :J :JO 67 26 14.8
SWB 0.5 5 0.01 a.s 5:J 111 :J2 9.0
SWH 0.5 5 0.01 :J 57 91 26 10.6
SWB 0.5 5 0.01 3.2 5~3 84 26 11.6
SWB 0.5 5 0.01 3.7 5~) 93 93 10.7
SWB 0.5 5 0.01 3 57 102 40 8.1
SWB 0.5 5 0.0 1 a . i 47 115 47 7.1

I I I Bran der and Short I in press ):{21Short , field data: 13 1Shor t I !f196I: {4 1Short 09851: (5 1Short (199:l I: 16 1Roy and Cra wford 11 9801:<7 1Wright et a l. (19821
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Figure 1. Loca tio n of datab a se beach locat ions and t he distr ibuti on of major world wav e environments based on t he classification of DAV IE S (19801,

patterns of rip den sity in each of th ese environme nts are now
described in detail.

WEST COAST SWELL (WCS)

Th e west and/or south coasts of th e Americas, Africa, Aus 
t ralia and New Zealand all receive north/south weste rly swell
which origina tes in th e northern/southern belt of mid -la ti 
tude cyclones, which occur seasona lly in th e nor the rn hemi
sphere, and year round in the southe rn hemi spher e (DAVIES,
1980). Typical west coast swell waves are long and moder ate
to high energy. Th ey are relatively consiste nt in occurrence
and direction (north-west or south-west) and spa n vas t areas
of the ocea n and impact most on mid to low-la ti tude west to
polar facing coasts. Th ey are considered th e most homoge
nous global wave environment , although towards the tropics
they can be affected seasona lly by trade and monsoonal win ds
an d tropical cyclones (hurricanes) (DAVIES, 1980). As shown
in Figure 1, beaches characterised by west coas t swe ll in this
st udy include sites from southe rn coastal Australi a (Gunyah
Beach , S.A. and Discovery Bay, Vic.), Southe rn Californ ia
(Scripps Beach and Tor rey Pines Beach ), th e sout he rn Natal
coast in South Africa (Virgi nia Beach) an d th e west coast of
the north island in New Zealand (Muriwai Beach).

The summa ry results in Tabl e 4 clearly illustra te th at of
all th e global wave environments, west coast swell beaches
are characterised by the largest and longest waves, the wid
est sur f zones, the greatest rip spacings, and the sma llest rip
densities. Representative WCS beaches were cha racterised
by wave heights ranging from 1.5- 3 m with fJ = 2.1 m and
incident wave periods ran ging from 8- 13 s with 1'= 11 s. Al-

though the variance in spacing wit hin sites was on the order
of 100-200 m, rip spacing was extreme ly consistent between
sites (rr = 25 m) with Yr= 545 m (Table 4). Rip den sity was
thus equally invariant , ran gin g from 1.8-2. 1 with an avera ge
RD of value of2. Th e data for Muriwai Beach (Ta ble 3) reflect
spacing conditio ns recorde d at both t he beginning and end of
an accretion sequence, but long-term video observations sug
gest that the mean rip spacing on t his beach is more com
mon ly on t he order of 600-800 m (P , OSBORNE, p ers . comm .)

EAST COAST SWELL (ECS)

The source of swell in east coast enviro nments is more var
iable than west coast swe ll regimes, and mean ene rgy levels
are rela t ively moderate in comparison eve n th ough ma ny of
these coas tlines are prone to tropical and extra-tropical cy
clones (DAVIES, 1980; SHORT a nd TRENAMAN, 1992). Al
though east coas t swell environments include the east coasts
of Africa , South-East Asia , South America, the Un ited States
and the Ca ribbea n, th is study exa mines representative
beaches from the east coast of J ap an, just north of Tokyo,
and th e east coast of Austral ia (Narrabeen Beach, Stockton
Beac h, Broad water Beach, an d Wide Bay , Fraser Island ). Al
though t he enti re Irish coastline is cla ssified as a storm wave
environment (Figure 1) by DAVIES (1980 ), Renker ry Strand
in Nor t hern Ireland is included here as an ECS envi ronmen t
since it faces nort h-west a nd receives refracted Atla ntic swe ll
(SHAW, 1985).

The resul ts summa rised in Table 4 reflect the more mod
era te en ergy conditions of east coast swell beaches in com
pa rison with west coast swell beaches in a ll respect s. Wave

Journal of Coast al Resea rch , Vol. 15, No. 3 , 1999
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Ta ble 4. Summary of wave climate and rip dens ity data . H = mean break ing wave height : T = mean wa"" period: tan{3 = nearshore gradient: BT =
beach type (LTT = 2: TBR = 3: RBB = 4: LBT = 5), x, = surf zone width: y,_ = rip spacing , sr = standard deviation: RD = rip densi ty. Asterisks denote
wave heigh t and wave periods based on in -sit u measurements. Note that" in the mai n body of the table refers to withi n variation whereas in the summary
of mean values it represents between sites variation . n Ia = not availab le.

Site Type H i m ) T is l ta n~ BT x, lm) .v. lml « t m: RD

Scri pps Beach, Californ ia ' WCS 3 8.1 0.0 16 n/a 225 583 211 2.1
Torrey Pines Beach, Californ ia" WCS 1.5 12 n/a n/a nla 553 58 1.8
Virgi nia Beach , S. Africa* WCS 1.7 8 0.02 1 n/a 143 558 137 1.8
Gu nya h Beac h, SA WCS 2 12 n/a 3 103 5 15 155 1.9
Discovery Bay, VIC. WCS 2 13 n/a 3 14:3 5 12 186 2.0
Muriwai Beach , N.Z. WCS 2.5 13 0.01 4 300 549 20 1 2.1

Ajiga ura Beach, J apan" ECS 1.1 7.9 0.018 n/a 75 269 105 4.4
Narra bee n Beac h, NSW ECS 1.5 10 0.03 3 80 188 100 5.3
Stockton Beach, NSW ECS 1.6 10 0.021 3.1 88 211 91 4.7
Broad water Beach, NSW ECS 1.6 10 n/a 3.1 84 199 89 5.0
Wide Bay, QLD. ECS 1.4 10 n/a 3.2 III 227 101 4.8
Renkerry Strand, N. Irelan d ECS 1 9 0.021 3 75 174 42 5.7

Cent ra l Nether lands Coast SWS 1 5 0.013 2.5 80 500 308 2.0
90 Mile Beach , VIC SWS 1.6 8.5 0.02 3 82 35 1 150 3.2

Seafo rd, Port Philip Bay SWB 0.5 5 om 3.1 51 90 37 10.8

Seagrove Beach , Florid a MWS 0.4 5 0.029 n/a 20 60 n/a 16.7
Ram say Bay , QLD MWS 0.5 4 n/a 3 60 82 15 9.7

----- - - - ~ - - - - - - - - - - - - - - - - - - - - - -

- ----- ______ 0 ••• _ _ 0 - -- --- - - - - - - - - --- ._---_... . -----------._- -----
MEAN WCS 2.1 11.0 0.016 3.3 183 545 25 2.0
MEAN ECS 1.4 9.5 0.023 3.1 8 1 211 31 5.0
MEAN SWS 1.3 6.8 0.017 2.8 8 1 426 75 2.6
MEAN SWB 0.5 5.0 0.010 3. 1 5 1 90 37 10.8
MEAN MWS 0.5 4.5 0.029 3.0 40 71 15 13.2

heights were much lower, ran gin g from 1-1.6 m with R =1.4
m, and wave peri ods were shorter, ranging from 8- 11 s with
T= 9.5 s. Surf zone width was also much narrower with x,=
92 m compared to 154 m for WCS beaches. Th e va ria nce in
rip spac ing within si tes was much less than on WCS beaches,
ranging from 40-100 m. Rip spaci ng was cons iderably less on
ECS beach es, but was equa lly consiste nt between site s (0' =

31 ml, with y;> 211 m. Th e increas ed number of rips on ECS
beaches is evident by the higher rip den sity value of tio - 5
that cha racterises these beaches,

WIND WAVE ENVIRONMENTS (WW)

Wind wave environme nts a re chara cte rise d by locally gen
erate d wind waves, with little or no swelL Th e wind waves
are short in peri od and, depending on the dominant wind and
fetch , can ra nge in hei ght to several met er s , and in frequ ency
from peri odic to seas onaL A distinction in mad e in thi s st udy
between wind wave en vironm ents exposed to peri odic high
velocity wind s associa ted wit h mid-latitude cyclones , and
th ose exposed to moderate velocity trade winds . Finally,
whereas seas may receive limited swell, bays receive no swell
and are the re fore t reated se pa ra te ly.

Strong Wind Seas (SWS)

Th e two st rong-wind-sea sites used in th is study are ex
posed to per iodic high velocity westerly wind s associate d wit h
the passage of mid-l atitude cyclones across th e North Sea in
the case of th e central Nethe rlands coas t (51°N), a nd across
easte rn Bass St ra it in th e case of Nin ety Mile Beach, Vic.
(38°S) (Figure 1). Both si tes are chara cte rised by inherently

compl ex wave climates and this is reflected in the results
shown in Tabl e 4. With th e absence of sign ificant swell , it is
not sur prising that values of R and T are further redu ced in
SWS environme nts at 1.3 m and 6.8 s res pectively, Similarly,
surf zone widths are narrower with i , = 81 m. The most
distinctive characteristics of SWS beaches, however , is th e
sur prisingly large rip spac ing values (Y, = 426m ) and th e
re lat ively large variabi lity in y , both within sites (0' = 150
300 m) and between sites (0' = 75 m). As a res ult, a mean
value for rip den sity of 2.6 is mor e compa ra ble to that of high
energy WCS beaches.

Th e variability of results for SWS beaches can be explained
by exa mining the wave climates of the particular sites in clos
er det aiL For exa mple, the most unusu al results are th ose
from th e central Netherlands coast (SHORT, 1991; 1992),
wher e y, = 500 m and RD = 2 (Ta ble 4), which are almost
exactly the sa me as th e results for WCS beaches, desp it e th e
fact th at Rand T a re comp letely differ ent in thi s region at 1
m and 5 s respectively. As not ed by SHORT (1992), however ,
t he North Sea wave climate is ext re mely variable and it is
not uncommon for waves to exceed 1.5 m some 30-40 tim es
a yea r. Since beach cha nge is driven by temporal vari ations
in wave condi t ions, it is likely th at the rip spacing obser ved
in this environme nt is gen er ated by th e lower frequ ency, but
higher sto rm waves, rather than modal ene rgy conditions .
Th is storminess facto r is also cha rac te ris t ic of Nin ety Mile
Beach in Victor ia , which has a complex wave climate stro ngly
influe nced by locally gene ra ted wind waves relate d to th e
passage of cyclones a nd ga les, but with background low south
ea sterly swell (SHORT, 1996 ). WRIGHT et a l. (1982) report
th at th e average interval se para t ing the occurre nce of deep-
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water waves of 2 m or more in height in thi s region is a little
less th an 3 days, so it is not sur prising that values ofy, and
RD (351 m and 3.2 respectively ) are compara ble to those
found on WCS and ECS beach es .

Strong Wind Bays (SWB)

Bays receive no swell and rely entire ly on local wind s for
wave gene ra tio n. Port Phillip Bay, Victoria, Austral ia (38°S;
Figure 1) receives no swe ll, has a maximum fet ch of 60 km
and along it s easte rn sh ore is exposed to per iodic st rong west
erly wind s asso cia ted with th e passage of mid-lati tude cy
clones, th e sa me that genera te th e bigger seas along Nin ety
Mile Beach, approxima te ly 250 km to th e west. Within th e
bay , wave peri od peaks at 5 s and heights at 3 m. Betw een
th e storm waves are longer period s of ca lms , and little activ
ity in th e surf, resulting in a modal wave height of only 0.5
m. Th e bar and rip sys te ms are ent ire ly gen erated by th e less
frequent wind waves. The Seaford site is characte r ised by a
narrow inner bar sur f zone width (i, = 51 m ) and closely
spaced rip s with y, = 90 m and a corresponding no of ap
proximately 11. Although non e have been well-documented
in th e lit erature, rip spacin g along suita ble lacustrine coas t
lin es would fall into thi s category.

Moderate Win d Seas (MWS)

Moderate wind seas exist in th e mid - to low-latitudes, par
ticul arly in th e trad e wind belt , in sea a reas protected from
ocean swell by coral reefs and by physical location in la rge
gulfs and seas . They differ from the foregoing fetch limited
sites in th at th e wind s rarely excee d 20 ms! and, conse quent
ly, waves rarely exceed 1.5 m, whil e wave periods rem ain
shor t (2-5 s). Ram sey Bay on Queen sland's Hinchinbrook Is
land (18°S; Figure 1) faces squarely into th e prevailing, mod
erate velocity, south-east trade wind s. Th e Grea t Barrier
Reef eliminates most swell and limi ts fetch to bet ween 50
100 km . Waves average only 0.5 m in height with maximums
of approximately 1.5 m and wave peri ods are on th e order of
4 seconds. Th ese conditions produced th e most regul arly
spaced rips « (J" = 15 m ) in the dataset with y,= 82 m . Sea
grove Beach on th e Florid a Panhandle (300 N; Figure 1) is
dominated by afte rn oon sea breeze condit ions during summer
with wave heights of 0.5-0.6 m and wave periods of 2- 3 s
(SaND et aI., 1973). Under simila r conditions, SaND (1972)
recorded rip currents with an average spacing a nd rip den sity
of 60 m and 16.6 respectively (Ta ble 4). By combining th e two
dataset s , this environme nt produces th e most closely spaced
rip s y,= 71 m ) and therefore, th e greates t rip den sity ino
13).

RIP DENSITY AND BEACH SCALE

While all of th e rip s ana lyzed can be clas sified as tran s
verse bar and rip types (WRIGHT a nd SHORT, 1984 ), th ey vary
in scale by over an order of magnitude, with th e most closely
spaced rips only 60 m apart (Seagrove Beach) compared to
rips identical in type averaging almos t 800 m apa rt (Muri wa i
Beach, Scripps Beach ) (Ta ble 31. Averaged rip den siti es in
turn ran ge from 17 down to 2 per kilomet re of beach (Ta ble

4). A number of oth er factors are also evident from th ese
data. First is the remarkabl e cons iste ncy in rip densities be
tween the grouped wave climate environments, with WCS rip
density ave raging 2, the ECS beaches 5, and th e wind wave
environme nts 2-3 for high-en er gy conditions (SWS) a nd up
to 11 to 13 for the low- to moderate-en ergy beaches (SWB
and MWS l (Ta ble 4). In particular , the WCS and ECS
grouped rip den sities wer e alm ost identical despite th e wide
ra nge of locations incorporate d in eac h of the data sets (Table
3). Second is th e potential sca ling relationsh ips of bar and rip
morphology betw een sites since th e mean values of r ip den 
sity for th e various environme nts shown in Table 4 indica te
th at RD on SWB a nd MWS beaches a pproximate ly 5 tim es
greate r than on WCS beach es a nd tw ice as great th an on ECS
beaches. Simil arly, r ip density on ECS bea ches is 2.5 times
greater than on WCS beaches.

To investigate whether th ese sca ling factors were applica
ble to th e ent ire beach and rip sys te ms , the varia t ion in RD
a nd y" as well as th e dim en sions of the bars, r ip channels,
and surf zone width based on both ae rial photograph and
field data wer e plotted to scale in Figure 2. For WCS a nd
ECS enviro nme nts , mean values of RD a nd x, were used (Ta 
ble 4) with rip-neck width (w,) rep resentative of the Gun yah
a nd Stockt on Beach dataset s respect ively. For fetch limited
wind wa ve environments, a composite between SWB and
MWS data is presented. Muriwai Beach is included as an
example of a WCS beach characterised by longshore ba r,
t rough and rip morphology at a large spa tial sca le.

Although Figure 2 clea rly illustrates t he mark ed difference
in rip den sity a nd spacing bet ween WCS, ECS, and WW en
vironments , it can also be argued that the sa me scaling fac
tors evident in values of RD can be applied to other as pects
of the beach sys te m. For example, typical values of to ; ranged
from an average of 56 m on Stockton Beach (551 rip s, (J" = 21
m ) up to a n ave rage of 120 m on Gunyah Beach (58 rip s, (J"

= 28 m ), which is only slightly less than the 2.5 sca le factor
between WCS and ECS beaches. Similarly, rip widths at
Ramsey Bay and Seaford were on the order of20-30 m, which
supports the sca ling factors bet ween WCS, ECS and WW en
vironments . In addit ion, th e matrix shown in Tabl e 5 illu s
trates the compa rison between scale factors based on rip den
s ity a nd th ose based on mean surf zone width (Ta ble 4). De
spite poor correlatio n in th e case of SWB environments and
WCS a nd ECS environme nts, th e results are remarka bly sim
ila r. Th e discr epancies may be expla ine d by the difficul ty in
est ima ting sur f zone width of SWB beaches (in th is case Sea
ford , Port Phillip Bay) du ring the form ation, or exist ance of
actively flowing rips, sin ce a lmost all of th e aerial photo
graphs were taken during per iods of ca lm, whe n wave break
ing is virtually abse nt. In gen eral however , since surf zone
width is a good indica tor of th e offshore exte nt of nearshore
bars, it can be a rgue d th at the planform dim en sions of bar
morphology between the globa l wave environments are char
acte rised by the sa me sca le factor s that exists for rip den sity
a nd spacing .

Of all th e globa l wave environments, sea env ironments
character ised by stro ng wind s are the most difficult to ac
count for since they are cha racterised by rip den sity variables
comparable to th ose for WCS environme nts (Ta ble 4), which
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Figu re 2. Vari ation in rip density by globa l wave environment where: SWB = strong wind bays; MWS = modera te wind seas; = ECS = east coas t
swell; and WCS = west coast swell. Shaded regions a re ri p curre nt s where x , = sur f zone width ; w, = rip width; and y, = rip spacing . Offshore dist an ce
is the sa me sca le as th e longsh ore distan ce.

see ms incongruous. Both ECS and SWS environmen ts ca n,
however, exh ibit rip den sities typical of WCS environments
und er storm cond itions, but given the almost cons tant pres
ence of swell , ECS environments have a morphological con
figuration wh ich is cons t ant ly cha nging , usually tow ards a
gre ater rip density. SWS environments , on th e other hand ,
are almost completely dependant up on a ntecede nt bar mor
ph ology (SHORT, 1992), t he scale of whi ch is itself determined
by th e ene rgy level of th e storm. It is therefore not surpris ing
th at SWS environmen ts have an average rip density value of
2.6. Simil arly, given th e variability in magnitude of storm
events , it is not sur pris ing that bea ches in this environme nt
were cha ra cte rised by the highest va riance in rip spacing

Table 5. Matrix illustrating scaling relationshi ps between global wave
enuironme nts based on rip densi ty (R DJ, shoum in lighter shad ing , and
surf zOlle wid th (x) , shown in darker shad ing .

measuremen ts within sit es with rr = 308 m for th e Central
Netherlands Coast (Table 3). Antecedent morphology is an
equally importa nt factor in SWB and MWS env ironments,
but the variance in rip spacing is reduced by the more mod
erate and cons iste nt wind regim es .

Th e amount of variance found in WCS environme nts can
be explai ned by the fact that th ese systems, as illus t ra ted by
th e Muriwai Beach example in Figure 2, exist at immense
spat ia l scales and longshore variability is th erefore inhere nt
ly la rge. In th e example shown, which rep resents cond itions
several weeks after a major storm event, th e rip system con
sists of a 400 m longshore feeder channel with a width rang
ing from 50- 100 m and a 150-200 m wide rip-neck channel
extending a pproximately 300 m offshore (BRANDER and
SHORT, in prep .), Although an exte nded period of 'calm' con
ditions (H b < 2 m) enabled th e syste m to evolve towards a
transverse bar and rip state with correspondingly shorter rip
spacing (Table 3), this la t ter scen ario is extremely rare (P.
OSBORNE, pel's. com m .) .

WCS ECS SWB MWS
POTENTIAL CONTROLS ON RIP DENSITY

WCS

ECS

SWB

MWS

As described in th e introduction, pre vious findin gs in the
literature suggest th at rip den sity should decrease with in
creasing wave height, wa ve period and surf zone width
(SHEPARD a nd INMAN, 1951 ; MCKENZIE, 1958; HINO, 1974;
SHORT, 1985; HUNTLEY and SHORT, 1992 ) and decreasing
sediment size (SHORT, 1985; HUNTLEY and SHORT, 1992). An
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Figure 3, Relat ionsh ips betw een RD and: a ) wave beight, H ; b) wa ve
period , T ; c) surf zone width, X,; d) wave energy , E (= O.125pgH2, wher e
p is density of sa lt wa te r); and e) wave power , P (= O, 25pg(HI2)2(gTI2rr)),
where g is gravity (CERC, 1984 )). Plots in th e left column show all of th e
dat a betw een sites whe reas plots on th e right column show mean va lues
for each regional wave envi ronme nt. Dat a is based on valu es shown in
Table 4, Note the logarithmic x-axis and th e H2 valu e for th e logarithmic
funct ion plotted on each gra ph ,

advantage of thi s study is that these trends can be examined
with data from a variety of sites having a wide range of H ,
T and RD as opposed to only a single locati on. Unfortunately,
it is not possible to comment on th e role of sediment size due
to lack of information, but th ere does not appear to be any
distinct trend between tanf3 and RD based on th e results
shown in Table 4. As shown in Figu re 3, however , rip density
does tend to decr ease with increa sing H, T, x" wave en ergy
(E) , and wave power (P) .

Although it is not the intention of this st udy to provide
predictive formul as for th e variation in rip density, each cas e
in Figure 3 is described well by a logarithmic function . Th ese

trend s a re all significant a t the 0.01 confidence level , but are
stronger in th e plots displaying th e mean values for each
global wave environment rather than those showing data
from all of th e sites (Table 4). In both cases, most of th e ap
parent scatter can largely be attribute d to th e dataset from
th e central Netherlands coast. This is not un expected since,
as explained previously, rip den sities in SWS environme nts
are quite inconsi stent du e to inherent climatic variability and
antecedent morphology. It is particularly encouraging that a
st rong relationship exist s between wave power a nd RD ( R2 =

0.72 and 0.92 ; Figure 3) since wav e power incorporates both
Hand T and provides a qu antitative link between global
wav e climate and rip density.

CONCLUSIONS

Rip currents are an integral part of all intermediate beach
sys te ms , and as such are a major feature of the world 's sandy
beaches. While a global classification of wave climates was
developed by DAVIE S (1964), and rip spacing has pr eviously
been related to surf zone width (H INo , 1974 ) and level of
wav e en ergy (SHORT, 1985 ), this st udy has identified a strong
relationship between rip den sity and and levels of wav e en
ergy, which in turn is closely related to regional wave climate.
Five distinct global wave climates were identified, with west
coast swell (WCS) beaches having th e lowest rip den sity of 2
ripslkm and fetch-limited bay s (SWB) and moderate wind en
vironments (MWS) having the highest at 11-13 ripslkm. Ea st
coast swell (ECS) beaches are characterised by rip den sities
on the order of 5 rip slkm , with fetch-limited wind-wave en
vironments with strong wind s (SWS) falling somewh er e in
between the range for WCS and ECS beaches.

Distinct scaling relationships were evident between global
wav e env ironments, with the gr eatest rip densiti es on se
verely fetch limited bays and moderate wind seas (RD = 11
13), whil e th e largest rips and sma llest densities (RD = 2-3)
occur in WCS and high-energy sea s, with ECS rip den sities
bein g on th e order of 5. Th ere is al so evidence to suggest that
a simila r range of scaling exis ts between the wave environ
ments and the width of th e surf zone a nd rip channel. Th e
results of thi s study a lso indic ate that rip density decreases
with increasing wave he ight, wave per iod, surf zone width,
wave en ergy and wa ve power, with ea ch relationship being
described best by a logarithmic relationship (Figure 3).

Clearly, th e ability to predict th e number and size of rip s
occurring on a beach is critical to our under standing of sur f
zone circulation, sediment transport and shoreline cha nge , as
well as th e relative hazards of th e beach to th e bathing pub
lic. Sim ilarly, th e classification pr esented in this study is
broad and simple by design , and more det ailed measure
ments of rip spacings from a range of environme nts are nec
essary in order for th e beach scaling factors and controls on
rip den sity described in th is study to be validated. Fin ally,
one needs to as k to what degree a re rip current flow velocit ies
and dynamics influ en ced by r ip size and density. Until these
qu estions are an swer ed , rips will conti nue to remain a highl y
visible, but st ill poorly und er stood component of intermediate
surf zones.
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