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ABSTRACT

LlU. J.T. and Zarillo, GA.. 1993. Simulation of grain-size abundances on it barred upper shoreface. Mar. Geol.. 109: 237-251.

Using the barred upper shoreface of Long Island, New York, as an example. this study provides a semi-quantitative
demonstration of the concept that the distribution of grain sizes in a dosed depositional system is the product of the reworking
and redistribution by the physical process and the availability of the sediment source. In the particular case of Long Island,
the physical process is represented by the agitation of sediment grain sizes by the shoaling waves under the average fair-weather
",'ave conditions as a first-order approximation. A nearby subaerial morainal deposit represents the drowned glacial deposit
on the shoreface as the sediment source. The probability of abundance of four representalive sediment grain sizes across the
upper shoreface of the study site was simulated.

The shoaling wave field over a segment of the upper shoreface of Long Island was first simulated by a numerical wave and
circulation model using deepwater incident waves under the conditions of the average fair-weather. remote ocean swells. and
a local storm. The model results were then used to estimate sediment entrainment across the upper shoreface of the study site
hy usmg an empirical formulation developed for sediment movement under progressive waves. The probability of the occurrence
of each grain size on the upper shoreface is characterized by a non-dimensional retention index. The results indicate that the
fair-weather wave climate has the highest probability for sediment retention on the seabed. The cross-shore distribution of a
grain size, which is represented by the probability of abundance (abundance index). can be simulated by multiplying the
probability of occurrence (retention index) as a result of the differential wave agitation with the availability (grain-size frequency
distribution) of the source sediment deposit. The grain sizes representing the fine sand group have the best fu between the
observed and simulated distributions. suggesting a group of grain sizes that is in dynamic equilibrium with shoaling waves,
l-or the rest of the grain sizes, the combined effects of shoaling waves and other secondary hydrodynamic processes are
important in determining their cross-shore distributions
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Introduction

The shoreface is the landward margin of the
continental shelf where the influence of shoaling
waves and other coastal hydrodynamic processes
on the seafloor become more pronounced as the
water depth gets shallower. Since the shoreface
connects the beach and nearshore to the inner
shelf. the long-term interplay between substrate

Correspondence 10: 1.T. Liu, Department of Oceanography.
Ocean Engineering and Environmental Science, florida Insti
lute of Technology, 150 West University Boulevard, Melbourne.
FL 32901-69!\8, USA.

and process on the shoreface determines whether
the adjacent coast progrades or retreats. It is of
fundamental scientific importance to understand
how sediments from various modern and relict
internal and external sources on the shoreface are
reworked and redistributed by the shoreface hydro
dynamic processes (Liu and Zarillo, ]990). Only
if the sediment movement is understood, can mean
ingful interpretations and predictions of the result
ing bathymetric and shoreline changes be achieved.

The interrelation among sediment grain size,
bottom slope and shoaling waves on the shoreface
and in the nearshore was first proposed by Corn-
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aglia (1881, 1891, in Zenkovich. 1967) in the null
point hypothesis. In this hypothesis, Cornaglia
asserted that for a particular location in the near
shore with a given slope. the gravitational force
that tends to move a specific grain size downslope
(offshore) is balanced by the force exerted on the
grain by shoaling waves that tends to move the
grain upslope (onshore), so that the grain has zero
on-offshore displacement at that location (null
point). Different grain sizes would have different
positions of dynamic equilibrium (balance) in the
nearshore. This hypothesis, therefore, suggests a
gradational change of grain-size distribution across
the nearshore. Although Cornaglia's concept was
inspirational, the roll of gravity that he proposed
for sediment movement was overestimated. Couse
quently, the seaward coarsening equilibrium grain
size distribution that he suggested turned out to
be just the opposite of what has been observed
(Johnson and Eagleson, 1966; Zen kovich, 1967;
Bowen, 1980).

However, the idea of a null-point has since
become a working theory and has been pursued
in several slightly different directions. Miller and
Zeigler (1958, 1964) studied the mean grain-size
distribution on beaches without surf zones and
found that the coarsest grain size was at the point
of wave plunge. But their attempt to relate the
mean grain size with the wave regime does not
lead to predictive capability. Graf (1976) distin
guished between coarser sedimcn ts in the surf zone,
and finer sediments in the offshore zones of shoal
ing waves. Yet. her attempt to predict empirically
or theoretically the observed grain sizes in the field
was incomplete. Komar (1976) also documented
an increase of mean sediment size at the wave
plunge point. as well as the shoreward and seaward
fining trend away from the plunge point, and a
second slight coarsening sequence over the near
shore bar on the foreshore of a beach.

rngle 's (1966) tracer studies using tagged sand
of various sizes released both inside and outside
the surf zone provided useful information on
differential sediment movements. He concluded
that the reason for different tracer-sand movements
is that each grain size will first seek its zone of
dynamic equilibrium in the on --offshore direction.
If placed outside its equilibrium Lone. a grain of
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a particular size will initially move in the predomi
nantly on-offshore direction. When it finds its
dynamic zone, it will then be retained in that zone,
and subsequently, be subject to longshore move
ment (Ingle, 1966). These studies showed that there
is a zonation of sediment grain-size movement and
distribution, which is related to the progressive
onshore change of wave hydrodynamics in the
nearshore region.

Zenkovich (1967) proposed a conceptual model
regarding the distribution of grain sizes on the
shoreface, that can be used to explain Ingle's
tracer-study results. The model shows the relation
among the different thresholds for grain-size move
ment, water depths. grain-size dynamic equilib
rium, and the asymmetrical orbital velocities of
shoaling waves. He also suggested an oscillation
equilibrium for each grain size on the shoreface in
which sediment grain sizes are moved back and
forth within their respective zones of oscillation
equilibrium as bedload transport. Zenkovich
(1967) subsequently predicted a seaward fining
seq uence for grain-size distribution, which has
been supported by several observations (Johnson
and Eagleson, 1966; Murray. 1967; Duane, 1970;
Swift et al., 1971; Gorsline and Grant. 1972: Graf,

1976; Inman et al., 1980; Liu and Zarillo, 1989).
This seaward fining sequence is characteristic of
the graded modern sediments commonly found on
inner continental shelves (Swift, 1970), which is
sometimes referred to as the wave-graded shelf
(Jago and Barusseau, 198 1).

Madsen and Grant (1976) point out that the net
movement of sediments is caused by small differ
ence between large quantities of sediments moving
back and forth with the oscillatory wave motions.
The small difference itself, depends on additional
effects such as currents. wave asymmetry, bottom
slope and wave-induced mass transport. In other
words, the primary mechanism to dislodge sedi
ment grains from the seabed is the stress induced
by oscillatory motions associated with the incident
waves (Greenwood and Osborne, 1991; Wright
et al.. 1991). Once the sediment grains have been
dislodged or entrained, their cross-shore distribu
tions are potentially subject to a wide range of
secondary and tertiary processes, which have been
summarized by Kobayashi (1988), Greenwood and
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Osborne (199 I), and Wright et al. (1991) under a
number of categories. These processes include
orbital velocity asymmetries of incident waves,
infragravitywave drift velocities. long waves forced
hy wave groups, and undertow resulting from
variations in wave setup in the surf zone.

Recently. Liu and Zarillo (1989) considered the
cross-shore distribution of 17 individ ual sediment
grain sizes in the sand fraction on the seabed of
[he wave-dominated shoreface of Long Island,
\Jew York, from the mean high water line to the
depth about 20 m. They found that according to
the characteristic distributions across the shore
face, the 17 grain sizes can be categorized into the
lower and middle shoreface species (very fine sand).
upper shoreface species (fine sand), shoreface
depleted species (medium sand), and swash zone
species (coarse sand). These groups can be spatially
associated with regions such as the swash zone,
surf zone, the trough of a lognshore bar, and the
crest of the lognshorc bar on the shoreface in
which different hydrodynamic processes dominate
WIg. I). The cross-shore locations of the maximum
abundance of these grain-size groups also dis
played consistent seaward shifting as the grains
became finer. Liu and Zarillc's observations gen
crally confirmed Zenkovichs concept of seaward

fining grain-size distribution to the seaward limit
of the shoreface. They also concurred with Ingle's
findings of equilibrium Lones in which certain
hydrodynamic processes favor the accumulation
of a certain grain sizes, Still. the question remains
as to what causes the observed grain-size abun
dance to concentrate and deplete within certain
zones on the shoreface. Subsequently, the present
paper is a continuation of Liu and Zarillos work.
I t attempts to simulate the grain-sizes distributions
reported by Liu and Zarillo (1989). assuming the
observed sediment distributions are the result of
differential response of grain sizes on the surface
of the shoreface to the reworking (agitation and
transport) by the wave-hydrodynamics. The objec
tive is to demonstrate, as a first-order approxima
tion, that the pattern of cross-shore grain-size
distributions on the shoreface of Long Island can
be described by the interplay of the hypothetical
sediment source (drowned glacial deposits) and the
fair-weather incident shoaling wave field. A numer
iced model for the nearshore waves and circulation
will be used to generate the incident wave field
utilized in the grain-size distribution sim ula tion.

Study area
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Fig 1. The four representative sediment grain-size groups and
the profile of the shoreface of the barrier island section of the
south shore of Long Island, New York (after Liu and Zarillo.
19R9).

The site of this study includes a [.6 krn-long
section of the Long Island's upper shoreface
between Moriches Inlet and Shinnecoek Inlet
(Fig. 2). A 3-D bathymetric map of the area having
a grid resolution of 5 m (on offshore) by 10 m
(along shore) was produced by using graphics
software (Fig. 3). The map is based on 34 equally
spaced shore-normal transects of bathymetric sur
vey lines. The bathymetry of the study site. which
has a terrace superimposed by an undulating near
shore bar. is typical of the upper shoreface of the
entire barrier island section of the south shore of
Long Island (ZarilIo and Liu, ]988). However, in
the middle section of the surveyed area, the near
shore bar is less developed, and thus. has a flatter
topography. Due to the complexity of the near
shore bar on both ends of the surveyed area, our
modeling efforts will be focused on a 250 m wide
segment located near the center of the surveyed
upper shoreface as noted by the shaded area on
the bathymetric map (Fig. 3).
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Fig. 2. The location map of the study area.
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fig. 3. Three dimensional plot of the bathymetry of the upper shoreface of the surveyed area. The shaded area IS the segment
chosen to he the rncdclmg domain in this study.

Methods

The methodology of this study consists of two
parts. The first part deals with assessing the physi
cal aspect of the entrainment (agitation) of the

grains of different sizes by incident wave fields,
using the wave model and empirical formulations
regarding wave-induced sediment movement. Since
the observed grain-size distributions are the out

come of a range of sediment process interactions.
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model is only briefly described here. The equations
of continuity and x- and y-momentum of this
model arc given respectively by the following
equations:

The x-axis is pointing offshore perpendicular to the
shoreline, and the j-axis is parallel to the shoreline,
pointing to the east. ~ is the time independent mean
free surface displacement, and the overbar denotes
the time average over one wave period. U and V
are the cross-shore and alongshore components of
mean transport velocities respectively, averaged
vertically and over one wave period to eliminate
wave-induced fluctuations. D is the total depth
(D = h + fJ), where h is the still-water depth. The
rigid bottom and water density (p) are assumed
constant with time. Sxx, SY}" and Sx}' are radiation
stresses. I sx and I sy are quadratic wind stresses, and

Tbx and LbJ' are quadratic bottom frictional stresses.
It is the lateral shear stress (mixing).

Wave refraction through wave- current inter
action is governed by:

(3)

(1)

(2)

t; (' 2 ii
-:.,-(UD) + -- (U D) + -- (UVD)
d ax Dy

D~ D 2- + -;::- (UD) + - (VD) = 0
at ex iiy

Nearshore Ivave and circulation model

three types of monochromatic wave climates were
simulated, including an average wave condition
for the study area, an ocean swell (long and low
waves), and a local wind storm (short and steep
waves). These wave conditions roughly represent
the range of wave condition changes one would
encounter in the study area on an annual time
scale, according to the wave information studies
ofthe U.S. Army Engineers (Jensen, 1983).

The second part of the methodology converts
the results of the sediment transport calculations
based on the physics of wave grain interactions
(in an absolute sense) to probability parameters
(in a relative sense). Since distribution of grain
sizes itself is a probability parameter. it is appro
priate to represent it as the probability of occur
rence of a certain grain size at a specific location
weighted against other grain sizes. This study also
determines which one of the three wave condition
exerts the greatest influence on retaining grain sizes
on the seabed, and thus, on the observed texture.
In other words, which wave condition agitates the
grains the least. If a certain grain size is entrained
or agitated hy waves, it will not remain immobile
on the seabed, and therefore, its probability of
occurrence (to be sampled) diminishes. Therefore.
what this study attempts to demonstrate is the
probability of occurrence of each grain size at
various locations across the shoreface under the
same wave condition. Consequently. two sets of
non-dimensional variables will be introduced in
the study, one related to the probability of entrain
ment or agitation of each grain sizes. and the
other, related to the probability of retention of

each grain size across the shoreface, compared to
other grain sizes.

where eis the local wave angle, measured clockwise

A 2-D finite difference model based on linear
wave theory for shoaling waves and wave-induced
currents in the nearshore region (Ebersole and
Dalrymple, 1979; Kirby and Dalrymple, 1982) was
used for the simulation of the shoaling wave field
over the bathymetry of the study site. For detailed
descriptions of the model, readers are referred to
the original technical reports cited above. The

{
aD I l:k} . {80 I cJk}cos () - - - -- + Sl I] 0 - + - - = 0ax k Dy Dy k (l X

ig]: tanh (kh)) 1/2 + Uk cos ()+ Vk sin 0 = 21t
T

(4)

(5)

..-
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in which the wave height H is assumed constant
in time (aH/()! = 0). Cg is the group velocity. E is
the wave energy, E=(1/8)PKH2

, and E is the wave
energy dissipation, which results in the total decay
of wave energy in the surf zone. Q is defined as:

from the +x direction. k=2n/L is the wave
number, where L is the wavelength. The shoaling
of waves, which is also affected by the interaction
of waves and currents, is governed by the following
energy equation:

A criterion is provided for checking the wave
breaking and for determining the wave heights
after breaking. The point of breaking determines
the width of surf zone, and thus, controls the set
up. In the model, if the calculated wave height is
equal to or greater than the predicted breaking
height, the wave is considered broken, and the
height of the broken wave is used for the wav~

height.
The model assumes lateral periodicity for the

bathymetry, and wave. and current fields. A no
flow condition was assumed at the shore and the
offshore grid rows. In other words, the offshore
side of the modeled area is equivalent to a solid
wall, which leads to potential seiching in the model.
To reduced the effect of seiching. as well as to

avoid shock-loading to the model. the wave height
at the offshore grid is brought up to the full value
gradually according to H= H()tanh(2r/T), where f

is the model time, T is the arbitrary period. The
wave height is commonly allowed to build up over
200 iterations. The sciching effect can also be
removed by setting ~ to zero at the offshore
boundary. On the shore grid row, flooding of the
dry beach is excluded.

2 ('"1H 2 tJH
"- -,,- + (U + Cg cos 8) --
H ot H ax

. 2 cH ill.J av
+ (V+ C sm 0)-- + -+-

g H Dy ('C,x oy
. i'0 ac

- C g SIn 8- + cos o-g
("Ix ax
DO . (1C [;

+ C; cos 0 --:::- + Sin H~ + Q = -
OJ' ('y E

J{ nu au av rlV}
Q == - Sxx~ + Sxe---;::- + Sxv- + Svv-,,-

E ox ' ()y rlX"" tx

(6)

(7)

Since this model is meant to represent the near
shore response to a constant and uniform mono
chromatic wave forcing, model results can only he
viewed as the steady-state wave field resulting from
the set of forcing conditions, Under this premise.
the time-looping scheme of the model merely deter
mines the response to a steady forcing. The updated
unknowns U, V and ~ may be regarded as iterated
values rather than advanced-in-time values.

A rectangular grid system was set up for the
model having a dimension of (107 by 26). Each
grid point corresponds to the grid point or the
segment of the bathymetry of the study area thaI
is under investigation. Subsequently. the spacings
of the model grid are dx=5 m and d,r=lO m.
Because of the possible effect of the artificial sohd
boundary at the seaward-most grid row. the last
seven seaward-most grid rows of the model output

were discarded. For each run, the model reached
the steady state after ROO iterations, and the time
increment is 0.2 s for each iteration. The longshore
and on-offshore current speeds simulated by two
different model runs were checked against the field
measurements, and the comparison was satisfac
tory. No further calibration of the model \Va~

performed.
Three types of monochromatic wave climates

were simulated by the model. The average fair
weather wave field on the south shore of Long
Island was simulated by a deepwater incident wave
height (H) of 0.72 m, wave period (T) of 7.5 ~,

and the incident angle (A) of 165' (approaching
from the southeast). Two possible cnd members
of the wave spectrum in the study area were also
considered. A storm wave field was simulated by
setting H = 2.0 m, T= 5.0 s and A = 165 , which
represents choppy seas of steep waves generated
by a local storm. The use of these wave parameters
to characterize storms is justified by the documen
tation of a northeaster storm off Outer Banks of
North Carolina, having a wind speed of over 10
m/s, which generated a wave field having the
maximum significant wave height over 2.1 m. and
the peak energy at f < 0.2 H7 (5 s) (Wright ct al.,
1986). Another wave field was simulated by letting
H=0.6 m, T= 12.0 s and A = 165'-', which repre
sents long-period low swells generated by remote
storms in the northern Atlantic Ocean.
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Entrainment index

amplitude of the oscillatory fluid motion, and v is
the kinematic viscosity of sea water, v= 1.044 crn2/'s
(for seawater at 20 G e ). u, is the grain threshold
velocity from Komar and Miller (1973. 1974):

(9)

(10)

where p~ is the density of sand. g is the gravitational
acceleration, and d « 0.5 mm) is the grain diame
ter. This threshold velocity formulation for
d<O.5 mm was supported by field observations in
the presence of wave oscillatory movements and
currents (Sternberg and Larsen, 1975) with a
slightly different constant value. In this study,
Komar and Miller's threshold velocity for
d> 0.5 mm was also used:

In order to compare the relative tendency of
entrainment (defined as grains being dislodged
from the bed) of the same grain size in different
wave climates, and also to compare differential
entrainment of all the 17 grain sizes in the same
wave climate, a non-dimensional entrainment
index (E i) is defined either for a particular grain
size in a wave climate (i) at an offshore location
(J), or for a grain size (i) at an offshore location

The sediment transport formulation by Suna
mura et a1. (Eq. 8) indicates that sediment move
ment under waves is not only a function of the
hydraulic properties of the sediments, but also a
function of the shoaling wave field. In Eq. 8, the
related threshold velocity for grain sizes (Eqs. 9
and 10) are dependent on the spatially changing
shoaling wave field. This makes the formulation
more realistic than other existing formulations to
address the differential response of grains of
different sizes in the nearshore and surf zone as
Ingle (1966) has observed. Also, the term (urn-uc)

is more sensitive to the energy expenditure in
addition to being a one-step consideration of
whether Urn is larger then u, for sediment
entrainment.

(8)

Although monochromatic waves were used in
(he simulation of the shoaling wave field, it was
assumed that the simulated wave climates represent
statistical characteristics of the wave spectrum. In
other words, the wave heights, wave numbers, and
wave lengths generated by the model were assumed
to be equivalent to the root-mean-square values
of the wave spectrum. Subsequently, the ensuing
computations of sediment entrainment will also
follow this assumption.

Sediment entrainment by H'QVeS

The steady-state shoaling wave field (wave num
bers, heights, and the total depths at each grid
point) simulated by the model was used for com
puting wave entrainment of the grain-size groups
described by Liu and Zarillo (1989). These grain
size groups are represented by 0.074 mm (for very
fine sands), 0.21 mm (for fine sands), 0.42 mm (for
medium sands) and 0.84 mm (for coarse sands).
To address the differential response of grains of
different sizes under the same wave condition, the
criteria for the formulation used to estimate the
amount of sediment entrained by shoaling waves
needed to include the following variables: the
hydraulic properties of the grain (ex pressed either
by the threshold velocity of movement or settling
velocity), the density of the grain, and the attributes
ofshoaling waves such as the period, the maximum
orbital velocity and asymmetry, and the amplitude
of oscillatory motion (Pruszak, 1989).

Among the various existing theoretical and
empirical formulations for wave induced sediment
transport (Sleath, 1984; Kajirna, 1988), an empiri
cal formulation based on flume experiments under
progressive waves over rippled beds by Sunamura
et al. (1978, in Kajima, 1988) was preferred,
because it addresses all the criteria for wave
sediment transport just mentioned above:

where q is the sediment transport rate (g/crnjwavc},
A=2.1 x 10- 6, P is the density of seawater, Tis
the wave period, Urn = aHj2sinh(kh), is the maxi
mum wave orbital velocity (rr= 2rr/T), do is the full
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Retention index

where qij is the computed amount of sediment
entrained (according to Eq. 8) by wave agitation
for a particular grain size at location (j) averaged
across the width (alongshore) of the modeling
domain. E i j , in other words, represents the prob
ability or likelihood for (1) the same grain size to
be entrained at location (j) under a particular
wave condition compared to other wave conditions
(n = 3); or (2) the proba bility for a grain size to be
entrained in the same wave climate compared to
other grain sizes at the same location (n = 17).

(12)
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Fig. 4. (a) Average cross-shore wave height of the three strnu
lated wave climates. (b) The mean bathymetric profile of the
study site. (The full arrows mark the location of breaker line
under the fair-weather and swell conditions, the open arrows
mark the locations of breaker lines under the storm conditions.)

Some of the characteristics of the wave fields
simulated by the wave and circulation model are
represented by the average cross-shore wave height
(Fig. 4). The patterns and magnitudes of the wave
heights for the fair-weather and long-period swells
are identical, showing gradual onshore increase
due to shoaling followed by rapid decay due to
breaking (Fig. 4a). The breaker line location and

Since by definition, the probability has to be a
number less than unity, subsequently, following
the definition of E ij, the probability of a certainly
grain size to be retained on the seabed (the reten
tion index) is expressed as:

0

\. ~ -1

...J
r.'.l

~ -2

~
0

Q;j -3
A

.c
Q..

-4'"Q

-5

0 100 200 300 400 500

(11 )E.=~
IJ "L.. qij

i=l./J

(J) in a particular wave climate:

In this study, no distinction is made as to how
the sediments are transported (suspension vs. bed
load) once they are entrained. Our interest is only
in the portion of the sediments that is not mobile,
or in other words, retained on the seabed. For
instance, the spatial grain-size distributions
observed by Liu and Zarillo (1989; Fig. I) are in
fact, representations of the retained portion of
each grain size on the seabed. Here the term
retention, is used in a statistical sense and not in
a dynamic sense. Naturally under a certain wave
condition and at the same location, grains are
constantly moved back and forth, and occasionally
suspended off the bed depending on the size. But
some sizes spend more time on the bed than others.
Therefore, the retention in this study, is referring
to the tendency of grains to remain immobile on
the seabed. Subsequently, another non
dimensional parameter called retention tendency
(rij) is defined to be fij = I/Eij, based on the concept
of sediment volume continuity for a particular
grain size in wave climate (i) at location (J), or
for a grain size (i) at location (j) in a particular
wave climate. The above reciprocal relation
between rij and Eij simply states that, probabilis
tically speaking, if a certain grain size is not
retained on the bed, it is agitated and entrained
by waves, and vice versa.

The values of r i j are much larger than unity.
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and fait-weather wave climates are similar, both
showing intensified entrainment in their respective
breaker and surf zones, and over the crest of the
longshore bar about 325 m offshore (Fig. 6a). The

Fig. 5. Wave and sediment hydraulic characteristics under the
three wave conditions: (a) Average wave orbital diameter. (b)
Average maximum orbital velocity. (c) The threshold velocity
of the fine sand group. (The arrows point to the breaker line
locations as indicated in Fig.4b.)

the boundary of the surf zone for the low energy
conditions is marked by the full arrows in Fig. 4.
Under high energy conditions of the storm, shoal
ing takes place farther offshore on the seaward
slope of the nearshore bar. The shoaling culminates
with the initial breaking slightly seaward of the
bar crest as pointed out by the open arrow in
Fig. 4 at about 360 m offshore. There is a narrow
zone (about 60 m wide) of breaking waves over
the crest and the landward slope of the nearshore
bar. After initial breaking the waves reform and
maintain strength over the landward slope of the
bar until they eventually break on the beachface
at about 100 m offshore (marked by another open
arrow). and decay toward the beach across the
surfzone (Fig. 4a).

The influence of the nearshore bar on the wave
field is evident in the spatial changes of wave
orbital diameter, the maximum orbital velocity,
and the threshold velocity for fine sand (0.21 rnm)
across the upper shoreface (Fig. 5). The long swells
have the greatest orbital diameters near the seabed.
Seaward of the surf zone, the average fair-weather
waves have the shortest orbital diameters. The
storm waves have the intermediate orbital diame
ters between the outer and inner breaker zones
(Fig. Sa). However, the storm waves produced the
highest maximum wave orbital velocities seaward
of the surf zone (Fig. 5b). The threshold velocity
curves (Fig. 5c) for fine sand are similar to the
curves of the wave orbital diameters (Fig. 5a) due
to the explicit influence of do (orbital diameter) in
Eqs.9 and 10, and also due to the implicit influence
of wave period and wave height as demonstrated
by Komar and Miller (1974). The range of vales

of the threshold velocities for the wave conditions
simulated are also comparable to the values in
Komar and Miller (1974).

The computed patterns and magnitude of wave
entrainment and retention for the four grain-size
groups under the three simulated wave conditions
are similar. Subsequently, only the most abundant
fine sand group in the study area was chosen to
represent all the grain sizes in the following discus
sions. Among the three wave climates, the long
swells have the greatest effect on dislodging sedi
ments across the upper shoreface of the study site
(Fig. 6a). The entrainment patterns of the swell



Fig. 6. (a) Amount of the fine sand group entrained by the
wave fields generated by the average fair-weather. long swells,
and storm wave climates across the upper shoreface of the
study site. (b) The retention indices for the fine sand group
across the upper shoreface under the average [air-weather.
swells, and storm conditions. (The arrows are the same as in
Fig. 4.)

greatest amount of sediment entrainment in the
surf zone under the swell condition is mainly
caused by the lengthened wave orbital diameters
due to shoaling. On the other hand, the steep
storm waves did not have the expected high influ
ence on the sediment entrainment. These
differential entrainments indicate that in the
absence of currents and other secondary processes,
long swells have the greatest agitating effect on
the seabed. In general, seaward of the surf zone,
sediments are entrained the least under the fair
weather wave conditions.

The retention indices of fine sand in the three
wave climates show that seaward of the fair
weather surf zone, sediments have the greatest
probability of retention under fair-weather condi-
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tions (Fig. 6b). The prominent spike on the reten
tion curve for the storm wave condition near the
breaker line inside the surf zone is indicative of
temporary deposition, which could be related to
one of the the proposed mechanisms for the forma
tion of longshore bars (Aagaard, 1988; Sallengcr
and Howd, 19R9). However. bars formed during
storms near the break-point are known to migrate
landward and eventually disappear in the recovery
stage of the storm (Carter, 198R), and thus, are
ephemeral features in the nearshore. They proba
bly do not have sustaining influence on the surficial
texture once they are gone. Consequently, the fair
weather wave field has the greatest probability to
assert influence on the distribution of grain sizes
on the seabed (surficial texture) across the upper
shoreface.

Therefore. it is worthwhile to focus in on the
cross-shore retention of all grain sizes under the
fait-weather conditions. The amount of sediment
entrained by the simulated fair-weather wave field
across the upper shoreface for the four representa
tive grain-size groups is shown in Fig. 7a. The
major peak on the sediment entrainment curves
corresponds to the Lone of breaking waves due to
intense turbulence (Shibayama and Horikawa.
1982) in addition to wave-induced bottom shear
stress (Dally and Dean, 1984). The entrainment
drops off rapidly both landward and seaward from
the break-point, and it increases again slightly over
the nearshore bar. The entrainment curves of the
four grain-size groups have identical shapes and
are not very distinguishable from one another,
suggesting either the insensitivity of the sediment
transport formulation (Eq. 8) used in this study.
or similar response of the grain-size groups. Never
theless. they do show that finer grain sizes arc
more easily entrained (higher values) by waves
than coarser grain sizes at the same locations on
the upper shoreface.

When comparing the probabilities of retention
among different grain sizes (Fig. 8) at the same
cross-shore locations, the coarse sand group con
sistently has the highest probability of retention
across the upper shoreface, the very fine sand
group has the least probability of retention, and
the fine sand and medium sand groups fall between
the two end groups. Also, unlike other sizes, the
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0.12

medium sand has a relative uniform cross-size
retention across the upper shoreface. This suggests
that the medium sand is uniformly susceptible to
the influence of the changing shoaling wave field,
which supports the claim by Liu and Zarillo (1989)
that there is a grain-size group that is in dynamic
equilibrium with the hydrodynamic processes on
the shoreface. What the present study reveals is
that the fair-weather shoaling waves are the domi
nant hydrodynamic process on the shoreface with
which this group of grain sizes is in dynamic
equilibrium. However, at the present time, it is not
clear exactly which grain sizes among fine sands
and medium sands should be included in this group
of eq uilibrium grain sizes.

In a probability model Swift et al. (1972) pro
posed that the retained grain-size frequency distri
bution at a certain location in a sediment dispersal
system is the result of the sorting by the sediment
transport process of the source material. Therefore,
the retained sediment grain-size frequency distribu
tion contains information regarding both the trans
port process and the sediment source. In this study,
the shoaling wave field is used to represent the
transport process as a first-order approximation.
In order to simulate the observed spatial grain
size distributions (Fig. 1), the sediment source also
needs to be considered. Liu and Zarillo (1990)
suggest that the modern shoreface of Long Island
is derived from the drowned glacial deposits
formed in the last low-stand of sea level. The
textural characteristics of the drowned glacial
deposits are very likely to be genetically related to
those of the subaerial Ronkonkoma Moraine on
the south shore of Long Island (Fig. 9).

Subsequently, the simulation of cross-shore
grain-size distributions of the study site is expressed
semi-quantitatively by a non-dimensional abun
dance index Au for grain size (i) at location (j).
This index is computed at A ij = R i j X Wi, where Wi
is the percent weight of grain size (i) in the terminal
moraine grain-size frequency distribution (Fig. 9).
A i j is also a probability parameter, which repre
sents the probability of availability of a grain size
on the shoreface of Long Island. Therefore,
the abundance indices are not the actual abun
dance of grain size, rather, they represent the
relative magnitude and cross-shore distribution
patterns of the actual abundance of grain-size
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Fig. 7. (a) Average sediments entrained by the fair-weather
shoaling wave field across the upper shoreface of the study site
[or the four representative grain-size groups. (b) The mean
bathymetric profile of the study site. (The full arrows are the
same as in Fig. 4.)

Fig. 8. The retention indices for the four representative grain
size groups across the upper shoreface.
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Discussion

dances in the study area are also replotted from
Liu and Zarillos (1989) data (Fig. lOb). In order
to further compare the cross-shore patterns, the
simulated abundance index is plotted along with
the observed abundance for each grain-size group
on appropriate scales (Fig. 11).
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fig. 9. The mean grain-size frequency distribution of the sub
aerial Ronkonkoma Moraine on the south shore of Long
Island (from LlU and Zarillo. 1989).

Before we proceed with the discussion, the reader
should bear in mind that although the wave model
and sediment entrainment results are assumed to
be equivalent to the sediment responses to the
modal characteristics of the wave spectrum. they
are, in fact, obtained under simplistic steady state
monochromatic wave conditions. This no doubt
affects the accuracy of the simulation. also puts
constraints on the interpretation of the results.

The overall comparison between the simulated
and observed abundances (Fig. 10) indicates that
the simulation generally reproduced the observed
relative magnitude of abundances of the four
representative grain sizes. Further scrutiny of the
cross-shore patterns of the simulated and observed
abundances (Fig. II) indicates that except for fine
sand, the comparison between the simulated and
observed is poor.

The inability to simulate the cross-shore distri
bution pattern except for the fine sand points to
the shortcomings of choosing agitation by shoaling
waves to be the only physical process for the
reworking and redistribution of shoreface sedi
ments. Although shoaling waves are the primary
process affecting sediment movements on the upper
shoreface. there are secondary and tertiary pro
cesses that also influence the sediment movement.
As Wright et al. (1991) point out. three other
groups of processes, i.e. long-period oscillations
and wave groups. mean flows, and gravity, all
influence the cross-shore sediment transport. and
thus. affect the probabili ty of retention of sediment
grain sizes on the seabed. To ignore thc effect of
other processes, although secondary, in our simula
tion of the grain-size abundance probabilities.
would inevitably affect the accuracy of the simula
tion. At present, there is no point to even guess
what these secondary processes might be, since
little is known about the differential grain-size
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groups. For the convenience of comparison, only
the simulated abundance indices corresponding to
the sampling stations of Liu and Zarillo (1989) are
plotted (Fig. lOa). The observed grain-size abun-

Fig. 10. (a) The simulated distributions of the four representa
tive grain sizes. (b) The observed distributions of the four
representative grain sizes across the upper shoreface of the
study site [replotted from Liu and Zarillo's (1989) data].
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response to different processes in space and time
(frequency) on the shoreface.

To improve our understanding of the mecha
nisms controlling the entrainment and retention of
sediment grain sizes in the future, we need to have
better quantitative descriptions of the time
dependent threshold movements of grains on the
shoreface, and to quantify the effects of time
dependent orbital velocity asymmetries of shoaling
waves on the agitation and movement of grain
sizes. There is also a need to investigate the possible
differential response of grain sizes to secondary
mechanisms such as low frequency motions
observed to be important in the surf zone (Guza
and Thornton, 1985; Oltman-shay and Guza, 1987;
Sallenger and Holman, 1987).

On the other hand, the good match between the
observed and simulated abundances for the fine
sand (Fig. 11) indicates that the agitation of shoal
ing waves is the primary process controlling the
cross-shore distribution of some grain sizes in the
range of fine to medium sands. The difference
between the good match of fine sand and poor
match of other representative sizes again points
out the fact that different grain sizes have different
responses to hydrodynamic processes. The shoal
ing waves alone are only important in the con
trolling of the cross-shore distribution of a fraction
of the grain sizes. For the rest of the grain sizes,
the combined effects of shoaling waves and other
secondary hydrodynamic processes are important
in controlling their distributions.

Despite the simplistic approach to the simulation
of cross-shore grain-size abundances, this study does
provide a reasonable semi-quantitative first-order
approximation, which demonstrates that the sedi
ment entrainment of incident shoaling waves is the
major controlling physical process for the reworking
of the existing drowned glacial deposits on the
upper shoreface of Long Island. In general, coarser
grain sizes are more likely to be retained on the
seabed then finer grain sizes across the shoreface. In
other words, the finer grain sizes are more susceptible
to the winnowing by shoaling waves.
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Fig. II. Close comparison of the patterns of the observed and
simulated cross-shore distributions for the four representative
grain sizes.

U sing the upper shoreface of eastern Long
Island as an example, this study gives a semi-
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quantitative demonstration of the generally
accepted concept that the distribution of grain
sizes in a closed depositional system is the product
of the reworking by physical processes of the grain
size frequency distributions of the source sediment
deposi ts. In the particular case of the upper shore
face of Long Island, the physical process is repre
sented by the differential agitation of grain sizes
by the monochromatic shoaling wave field of the
average fair-weather wave climate as a first-order
approximation. A nearby subaerial morainal
deposit is chosen to represent the drowned glacial
deposit on the shoreface as the sediment source.

The results show that (1) reasonable simulations
of the distribution of grain sizes (probability of
abundance) across the upper shoreface can be
achieved by multiplying the probability of occur
rence of grain size (retention index) with the prob
ability of availability (grain-size frequency
distribution) of the hypothetical sediment source,
and (2) the agitation by the shoaling waves is the
primary process controlling the cross-shore distri
bution of only some grain sizes. for the rest of the
grain sizes, the combined effects of shoaling waves
and other secondary hydrodynamic processes are
important.
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