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Past studies of coastal aeolian sediment transport have adopted a two-dimensional perspective relying on data col­
lectl'd from singll' survey t runsocts normal to the shoreline to represent wind speed and sediment flux. Although this
approach provides a useful approximation to the aeolian system, it presumes that air flow is steady and uniform and
that single-point data or t rnnscct samples represent broader beach conditions. These conditions are frequently not
sat isficd bocaus« beaches an' three-dimensional systems with substantial alongshore variation.

This study focuses on spatial vari ations in sediment transport and in surface sediment characteristics that affect
transport during offshore winds. The sedirru-nt flux was sampled over 15 minute intervals with vertical traps posi­
tinned to monitor small-scale 10-5 m), and medium-scale 10-50 m i alongshore variations. Variability in trapped sed­
iment flux is of t ho order of -+ / :,<Yf of the menn flux at both spatial scales. Alongshore variations for sediment size
(j / Ill', of' t.he menn : and carbonat" content I f/- 7 (,:' of the mean : art' too small to explain entirely the variability
in sodirnont flux. Variations in moisture content (t-/ :3" (:; of the mean I are In!'!;e enough to account for flux vari­
ability, e'spe'cially when coupled with the' potcntiallv important role of wind gustiness. The combinr-d effect of wind
gustine'", and moisture' variations produce'S non-uniform sediment transport, manifested as st.rcamr-rs, of sand that
move acro", t.lu- beach. TIl(' irregular st.rcamr-r moveme-nt results in selective interception by traps producing variable
sodimr-nt trapping rate's,

ADDITIONAL INDEX WORDS: S"d;/l/elll s!Z<'. surface moist uro, sediment trap«. uin d spec«], «trca mer«, Carricl: Fill II

Strand.

INTRODUCTION

Important goals of geomorphological fif'ld experiments in­
clude furthering our understanding of natural processes and
a"sessing the measurement accuracy of the critical parame­
ters that may control geomorphic systems. During model
evaluation, it is important to determine sources of uncertain­
ty that may influence both t.ht- measun-ment.s and the pre­
dictions. Sources of inaccuracy include spatial and tr-mpornl
under-representation of complex systems with too few sam­
pling locations and measurements. In this paper, WP explore
several sources of variation in an aeolian sediment transport
system using data collected during a study conducted from
May 12 to May 26, 1992 at Carrick Finn Strand in Co. Do­
negal, Ireland t Figure U. We f(JCUS specifically on small scale
(0--5m) and medium scale (O-50m) alongshore variability in

95187 I'('("('il'('I!:30 -Iu nc UJ94,' (wc('pl",/ ill rrt-ision !J -Iulv 1996.

beach surface characteristics; a companion paper (NOIUlS­
nWI\1 1'1 al., this volume) examines shore-normal variations.
Both studies represent components of the Aeol us Project
(SII E 1{1\1 AN 1'1 al.. 1994), invol ving a systematic effort to im­
prove our understanding of aeolian sediment transport on
beaches.

Sediment transport across a beach has been quantified us­
ing elevation change data (DAVIDSON-AHNOTT and LAW,
1990; SM{RE, 1989), sand trap measurements (ROSEN, 1979;
GA/{ES, 1990), air flow data IHsTT, 1987; RASMUSSEN, 1989),

or a combination of these (KlJRO'I'A et al., 1982; BAlTER et al..
1990; K/{()ON and HOEK ..-iT/{A, 1990), Most studies examine

sediment transport along single transects normal to the
beach and characterize the system by using spatial and tem­
poral averages. Wind speed is frequently measured at a few
points along the transect, and estimates of shear velocity are
derived [rom averaged Wind-speeds. These wind-field descrip-



674 Gares et al.

'A.
w~~~f~r.'

A

Co. Don e gal

B

S
Wind Direction ( % )

• Derrybe g

Carrick
Finn
Strand

N•o 5 km
L-L-..J

S
Wind S peed ( m 8 - 1 )

SARRE, 1988; DINGLER et al., 1992). The basic relationship
between wind flow and sediment transport is altered by char­
acteristics of the surface sediment, particularly size , shape,
density, mineralogy (WILLIAMS, 1964; WILLETTS et al., 1982).
Sediment moisture content affects the initiation of sediment
transport (BELLY, 1964; SARRE, 1988; NAMIKAS and SHER­
MAN, in press). The presence of bonding agents in the sedi­
ment, particularly salt on ocean beaches, also impedes aeo­
lian sediment transport (NICKLING, 1984). Topography af­
fects wind flow and thus sediment transport (HOWARD et al.,
1978; HARDISTY and WHITEHOUSE, 1988). Studies such as
these have established the importance of numerous param­
eters to aeolian sediment transport, and some have provided
mathematical models of the transport. None of the studies
has evaluated alongshore variations in aeolian transport,
particularly in relation to the variability of beach surface
characteristics. In this study, we focus on the effects of vari­
ations in sediment size , moisture content and carbonate con­
tent.

Figure 1. Location of the study site at Carrick Finn Strand in Co. D?­
negal, Ireland (panels A and B); wind direction and speed roses for Maim
Head, 1983-1993 (panel C}-Source: Irish Meteorological Office Records.

tors are used in sediment transport equations to predict sed­
iment flux, commonly reported using normalized units of
time and space (e.g. kg m- l h"), Beach topography is often
characterized by surveying a single profile line and by re­
porting average beach slope and sediment size . The major
assumptions associated with this approach are that air flow
is steady and uniform, that equilibrium transport conditions
exist across and along the beach, or that mean values are
appropriate.

These simplified conditions are rarely, if ever, met in field
situations (BAUER et al., this volume). Natural systems are
three-dimensional, with variations in beach topography, sed­
iment characteristics, moisture content, vegetation, and air
flow. There are often across-shore differences in beach sur­
face characteristics (MAsON and FOLK, 1958; GREENWOOD,
1978) because the nearshore system is arranged in distinct
shore-normal environments (surf zone, swash zone, back­
beach). Most evidence of the effect of spatial variation of ae­
olian transport is derived from studies focusing on cross­
shore transects (So, 1982; BAUER et al., 1990; WAL and
McMANus, 1993). Information about alongshore variability
is scant and it is often expressed in terms of long-term dif­
ferences in rates of transport, explained within the frame­
work of large-scale geomorphic features such as dune geom­
etry. Existing empirical studies show that aeolian sediment
transport varies alongshore between 73% and 126% of the
mean (GARES, 1987; DAVIDSON-ARNOTT and LAW, 1990;
GOLDSMITH et al., 1990), although the variation is not linked
to specific surface conditions.

There are numerous parameters that control the amount
of sediment moved by the wind (NICKLING and DAVIDSON­
ARNOTT, 1991; SHERMAN and HOTTA, 1990). The relation­
ship between the wind field and sediment transport has been
evaluated by laboratory and empirical studies (BELLY, 1964;

STUDY SITE

The original objective of the field experiment was to mon­
itor the transition in the wind field from the water to the
beach and to relate the sediment flux across the beach to the
air flow. We determined that the Donegal coast was a logical
place to conduct the study because it is a high-energy coast,
dominated by onshore winds from the west-southwest (CAR­
TER 1990 ' CARTER and WILSON, 1993). Long-term wind data
rec;rded ~t Malin Head, some 50 km to the northeast, shows
that onshore winds from the southwest to west occur 42% of
the time at speeds of 16-18 m S -1 (Figure 1). Offshore winds
from the east to southeast occur 28% of the time at speeds of
14-16 m S - I. The occurrence of offshore winds on several days
of the study affords the opportunity to examine here air flow
across the beach in the lee of a dune system.

Carrick Finn Strand was selected as the field site because
of its wide and relatively flat beach, a morphology that is
conducive to examining air flow under as simple conditions
as possible. The study site is located approximately in the
middle of Inishfree Bay (Figure 1) , a broad embayment 2-3
km in length, confined by rocky headlands at the northeast
and southwest. The shoreline orientation at the field site is
42/222 degrees. The beach consists of a low-tide terrace ap­
proximately 200 m wide , a 45 m wide foreshore, and 22 m
wide backbeach (Plate 1). The foreshore slope is about 4 de­
grees; the backbeach slope is about 5.5 degrees. The berm
crest and the dune toe are about 2.5 m and 4 m above the
low-tide terrace respectively. The dune crest is generally 10
m above the low-tide terrace, but peaks of 12 m occur in plac­
es. The dune system is dissected with small blowouts through
the foredune, many of which are associated with footpaths to
the beach. Vegetation density on the foredune is high, sug­
gesting a fairly stable system.

METHODS

This study involved the mea surement of wind speed, wind
direction, sediment transport, beach sediment size, and mois­
ture content. Wind speed was measured with R.M. Young
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Plate 1. Photograph of Carri ck Finn Strand looking north. Tower 1 is located at the left edge of the photo; Tower 2 is the central tower.

rotating cup anemometers fixed to masts positioned along a
shore-normal transect across the beach (Plate 1). The com­
plete instrumentation array is described in NORDSTROM et
at. (this volume ). For this study, the analysis of wind speed
will focus on data obtained from anemometers placed 0.3m
above the surface at Towers 1 and 2 because the sand traps
were located in line with these towers (Figure 2). Wind di­
rection was measured with wind vanes placed on towers lo­
cated near the dune crest and dune toe. Offshore winds of
sufficient velocity to move sand occurred on May 24 and 25,
1992. Ten sampling runs were conducted over the two days:
Runs 1-6 occurred on May 24; Runs 7-10 on May 25. All runs
were 15 minutes in duration, except run 6 that lasted thirty
minutes. Despite the difference in sampling time, we consider
that th e data can be compared to other runs because we have
normalized the transport data into units measuring kg m"
hr- I

• Wind speed was measured at one second intervals. Data
were recorded with a laptop computer serving as a data log­
ger . Wind vane malfunction prevented data collection at both
the crest and toe during Runs 1 and 2, and at the dune toe
only during Runs 9, and 10.

The amount of sediment moving across the beach was sam­
pled using cylindrical and V-shaped traps (see Figure 3 for
specifications). Both types of traps ar e vertical designs, with
part of the trap extending above th e surface and part buried
in th e beach . The cylindrical traps follow LEATHERMAN'S

(1978) design . The V-shaped traps were designed with the
objective of reducing problems seen to be as sociated with the
cylindrical traps-eddy effects on th e sides of the trap and
sediment loss when particles bounce out off the screen at the
back of th e trap .

The transport study comprised three experiments, each
with a different sampling layout (Figure 2). The first involved
the use of pairs of cylindrical and V traps placed 0.5 m apart,
each pair located at 10 m intervals along the shore-normal
instrument tower transect. Paired monitoring of the two trap
types occurred during Runs 2 to 10. The second experiment
examined small-scale spatial variations in aeolian sediment
transport with two groupings of 3-5 traps placed 1 m apart.
The groupings were placed along shore-parallel lines at dis­
tances of 30 m and 55 m from the dune toe that respectively
corresponded to the berm crest and lower foreshore, just
above the limit of uprush. These small scale studies were
conducted during Runs 6 to 10. The third experiment, mon­
itored during Runs 9 and 10, consisted of two linear, shore­
parallel arrays of 5 V-traps each, located at 30 m and 55 m
from the dune toe. Traps were spaced at 10 m intervals along
each line .

Trapping rates from all the traps are normalized by size of
trap opening and a one hour time interval, so sediment flux
is expressed as kg m" hr", Spatial variation monitored dur­
ing the second and third experiments is quantified using a
range of variation coefficient (RVC) that is obtained by divid­
ing the average of the sediment trapped values for each
grouping during each run by the maximum and minimum
values for that set. Thus, spatial variation in sediment trans­
port is expressed as a percentage above and below the mean.
We express variation as a percent of the mean rather than
an actual transport volume in order to compare results from
different runs and from different studies.

Surface sediment samples were collected on May 23, 1992
along three shore-normal sampling transects 30 m apart (Fig-
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pler 3 ern deep. Th e sampler was inserted into the beach ,
sedi ment was clea red from around the sampler , and a metal
plate was slid und erneath . Th e sa mple, weighing 70-90 g,
was enclo sed in a plastic bag to preve nt moisture loss by
evapora tion. Upon return to the labora tory, the sa mples were
weighed. oven-d ried and re-weighed . Grav imetric moisture
content was comp uted by divid ing th e difference between the
wet and dry weights by th e dry weight. The moisture conte nt
is thus expressed as a percentage of the dr y weight.

Once the samples were evaluated for moisture cont ent, 5
to 10 g splits of each sediment sample were analyzed for par­
t icle size characterist.ics using a set t ling tube with a 204 mm
diameter and a 2 m height. Th e data were t ransformed math­
ematica lly using th e Chi sta t ist ic (MAY, 1981). The mean ,
standard deviation and skewness for t.he samples were de­
termined by the method of moments with a 0.1 class interval.
The sediment dia met.er equal to the mean was computed
(GIBBS el al., 1971). Calcium carbona te content was mea sured
by weighi ng a su b-sa mple , dissolv ing th e carbonate wit h hy­
drochloric acid and re-weighing the sample. The carbonate
conte nt is expre ssed as a percentage by weight of the origina l
sample. Spatial variat ions for sediment size, moisture. and
carbonate content is exp ressed in terms of th e ran ge of vari ­
ati on coefficient (RVC), like th e sediment transport measure­
ments.

Figure 3. Technica l dimensions of t he cylindrica l pipe sediment traps
(after Lea th erma n. 1978) and th e trian gu lar traps design ed by Davidson­
Arnott .
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Figure 2. Contour ma p of Car rick Finn Strand . showing the loca t ions of
the wind se nsor towers . th e surface sedime nt sa mpling t ran sects. an d t.he
de plowment of sa nd t ra ps during exp eriment 1 (A). experiment 2 IB I. and
experimen t 3 IC I .

ure 2Al. Sampling occurred every 5 meters along each tran­
sect from the dune toe to the low tid e terrace , yielding 36
sa mples. Rather than use a s imple su rface grab, we stan­
da rd ized our sa mpling proced ur e by usin g a cylindrical sam-

RESULTS

Ons hore wind speeds varied throughout th e two sampling
days, with greater speeds occurring during run s 5, 7, 8 an d
10 (Figu re 4A). The wind speeds were greater at Tower 1,
located far ther seaward from the dune toe. In most aeo lian
st udies , s ingle, average values, su ch as those depicted in Fig­
ure 4A , are used to represent wind condi tions during the
sa mple period. However , much variation in wind speed occurs
during th e sa mple run . At Carrick Finn , this gusti ness is
demon strated with a representa tive 5 min ute portion of run
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Figure 4. A-Mean wind speed for each sample run at Towers 1 and 2,
0.3 m above th e surface, for each sampling run; B-Average wind direc­
tion for each sampling run at towers located near the dun e crest and the
dun e toe.
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Figure 6. Compari son of th e weight of sediment tr apped by V-traps and
cylindrical traps.

10, recorded at Tower 2 (Figure 5). The average speed during
thi s sub-sample was 4.1 m S -I, with a maximum of 8.6 m S - I

and a minimum of 1.8 m S -I. These data yield range of vari­
ation coefficients (RVe) of 73.8% to 209.8%.

Wind direction differed on the two sampling days (Figure
4B). On May 24 (ru ns 3-6), the average wind direction at the
dune crest for each run ranged from 135° to 160°, giving a
daily mean of 146°. On May 25 (ru ns 7-10), the average di­
rection for each run ranged from 160° to 176°, yielding a daily
mean of 170°. At th e dune toe, the average wind direction on
May 24 ranged from 184° to 212°, a mean of 199°. The two
runs for which wind dir ection data are availabl e for the dune
toe on May 25 have average directions of 181° and 182°. Al­
though the differences in average direction betw een runs is
rel atively small, variation in wind dir ection during each sam­
ple run was large at the dune crest and especially at th e dune
toe. At the dune crest, individual wind direction readings var­
ied +/- 45° from the run mean, whereas at the dune toe the
variation reached as high as +/- 330° from the run mean.

The trap comparison experiment shows that the two types

of trap gave comparable results at low transport rates, but,
as wind speed increased, the V traps captured 30%-50% more
sediment (Figure 6). The lower values for the cylindrical
traps may be due to possible loss of sediment that bounces
out of the trap after hitting the screen on the back rather
than falling down into the trap. In addition, it is possible that
greater back-pressure develops under higher wind speed re­
sulting in air flow separation around the trap and causing
sediment particles to move around the trap rather than to
fall in. .

In the small-scale study, RV coefficients for sediment
trapped range from 59.5% to 139.5% at the two sample lo­
cations for the cylindrical traps and from 73.2% to 124.4% for
the V traps (Figure 7). At a medium scale , RV coefficients for
sediment transport along each line are larger, ranging from
38.6 % to 175.1% for the two runs (Figure 8). The two runs
show opposite patterns of variation. During Run 9, the larger
RV coefficient occurs along the 55 m line, whereas during
Run 10 the 55 m line has the smaller RV coefficient. Despite
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Figure 9 . Varia t ion s in se d iment size (Al, moistu re conte nt (8 ), and ca r­
bon a te conten t ( C } measured along sho re -pa ra lle l t ransect s located at 5
m interva ls acr oss the beach.

Carbona te cont ent of the beach sediment is high on th e
whole a nd is greater at the seaward end of th e sa mpling tran­
sects th an at the landward ends (Figure 9C). The amount of
alongshore variation in ca rbona te content is consistent for
each line , with RVC rarely falling below 90% or exceeding
110% for each line . Th e aver age variation in carbonate con­
tent for th e ent ire beach is within +/- 7% of th e mean ,

I
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Di st ance from dune toe

10 15 20 25 30 35 40 45 50 55

40

At Carrick Finn Strand, th er e are large differences in sed­
iment tran sport ra tes over short distances alongshore (Fig­
ur es 7 and 81, a lthough the beach has little topographic vari ­
a t ion. For th e sma ll scale experiment (Q-5m ), th e variability
of sediment trapped averages + /- 20% of th e mean for each
run , whereas for th e medium sca le experiment (O-50m) th e
average variability is + /- 45%. These figure s include data
for both cylindrical and V-type traps. Although there are dif­
fer ences in th e amounts of sediment tr app ed by each type of
trap (Figure 6), ra nges of vari a tion for each tra p type are
comparable. The num ber of sa mple run s collected in each ex­
periment is sm all, but we feel that the runs represent typical
alon gsh ore variat ions becau se the RV coefficients for the Car­
rick Finn data a re simil ar to those computed from results of

greater sediment tran sport along the seaward-most line , th e
amount of variation a long both sampling lin es is similar .

Average sediment size on this beach is 0.20 mm , with a
standard deviation of 0.02 mm. The different shore- pa rallel
morphologic zones of the beach exhibit different alongshore
variations. At the dune toe (0-5 m), th e alongshore RVC for
sediment size is 86.2% to 116.9% (Figure 9Al. Average sedi­
ment size on th e backbeach (l0-15 m) is slightly finer th an
at th e dune toe, but th e RVC rem ains in th e 85% to 115%
range. At the seaward end of th e backbeach and at the berm
crest (20-25 rn), th e mean sediment size is the finest of a ll
zones and the RVC ha s the smallest range, 98.7 % to 102%.
Fr om the berm crest seaward (30- 55 m), th e sediment sizes
grow coarser (Figure 9Al. Between 30 m and 40 m, th e sed­
iment size RVC is again in the 85% to 115% range, but thi s
falls to the 95% to 105% range alon g lines 45 m and 50 m.
Along line 55 m, th e RVC is 89.9% to 117.0%. For the entire
bea ch, th e average ran ge of alongshore variation is within +/
- 10% of th e mean grain size.

Sediment moisture content genera lly increases with in­
creasing distance from the dune toe and the alon gshore dif­
ferences within each shore-pa ra llel zone are large (Figu re
9B). At th e dun e toe and on the back beach (0-20 ml th e
alon gsh ore moisture cont ent RVC from as low as 9.8% to as
high as 207.7% a nd the average RVC is 48.1% to 159.2%. Th e
smallest RVC range for moisture content is a t the berm crest
(25 m) where valu es betw een 93.5% and 107.5% occur. On
th e upper foresh ore (30-40 m l, the average variation ran ges
from 73.6% to 133.2%. Lower on the foresh ore (45-55 m) th e
RVC range narrows to 87.9% to 108.1%. Th e average a long­
shore variation in moisture content for th e enti re beach is
within + /-35% of the mean .
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other studies that range +/-25'X of their means (GAHES,
1987; DAVIDSON-ARNOTT and LAW, 1990; GOLDSMITH et al.,
1990l.

Spatial variations in sediment transport can be evaluated
in terms of wind flow and sediment characteristics. At Car­
rick Finn Strand, measured sediment transport generally
had a direct correlation with variations in single averages of
wind speed values recorded during the sample runs (Figures
4, 6 and 71. However, alongshore the sediment flux varied
considerably. In terms of wind flow, the flux variation may
be due to spatial or temporal variability in speed. Although
our anemometers were not distributed to monitor spatial
variation, the records do document the temporal variability
(Figure 5). These temporal variations demonstrate the wind
gustiness that occurs due to turbulence in the boundary layer
resulting from surface roughness associated with a distinct
topographic feature such as a dune (OKE, 19781. The thresh­
old wind speed for initiation of sediment transport for this
data set and the average sediment diameter for Carrick Finn
Strand is calculated to be 4.69 m s 1 (see Appendix A for
calculation procedure l. Using this criterion, about 407< of the
wind speed values in the data set depicted in Figure 5 are
below the threshold for sediment transport. The implication
of this temporal variation in wind speed is that, at any lo­
cation on the beach, there are periods of time when the speed
is insufficient to move sediment and periods when speeds are
considerable and sediment is easily put into motion. The re­
sult is that the density of the sediment saltation layer must
vary concomitantly. In particular, when the speed falls below
the threshold for a sufficient period of time, sediment trans­
port ceases. At the spatial level, turbulence in the boundary
layer also varies (OKE, 1978) producing variations in wind
speed. The combination of temporal and spatial variation in
wind speed can be expected to produce a complex pattern of
air flow over the beach (WHITNEY, 1978; CARTER, 1988l.

Alongshore variability in observed sediment transport
rates may also be explained by the spatial distribution of sed­
iment size, moisture content and carbonate content. The po­
tential effect of sediment size variations can be estimated us­
ing one of several predictive transport equations and incor­
porating the range of sampled grain sizes. Using wind speed
data from Tower 2 for Run 10, BAGNOLD'S (1941 I produces a
sediment flux estimate of 11.6 kg m 'hr ' (see Appendix A
for calculation procedure I. Incorporating the lower and upper
bounds of the range of sediment sizes measured on Carrick
Finn Strand iO.16 mm and 0.25 mm ) in the BAGNOLD (1941)
relationship gives sediment flux estimates of lOA kg m 'hI' 1

and 13.0 kg m 1 hr '. This range in predicted transport rate
represents a variation of only about lOCk of the mean flux,
which is much smaller than the observed variation in sedi­
ment trapped of about 30'X. Thus, spatial variations in grain
size alone cannot account for the observed spatial variability
in transport rates at Carrick Finn Strand.

Some of the spatial variability in transport rate may be due
to the high concentration of shell fragments in the sediments,
as evidenced by the carbonate data tFigure 9C I. The effect of
shell fragments on sediment transport is difficult to deter­
mine. Density estimates of shell fragments are highly vari­
able because of chemical differences and because shell poros-

ity varies with species (ALLEN, 1985). In general, the density
of calcium carbonate is slightly less that of quartz, but shell
porosity can reduce this estimate considerably. Smaller shell
density and the platey nature of shell fragments should make
them more easily transportable (WILLIAMS, 1964; WILLETTS
et al .. 1982l. Indeed, carbonate content in trapped sediment
was greater than in the surface bulk samples (NORDSTROM
et al., this volume) suggesting that the shell fragments were
preferentially transported at the low shear velocities that ex­
isted during the study. The carbonate content of surface sam­
ples increased greatly in the offshore direction, and this may
have had an effect on sediment transport in that direction.
However, the alongshore variation in carbonate content at
Carrick Finn Strand is only +/- 7'1" of the mean (Figure 9C),
and this variability likely contributes to sediment flux differ­
ences in only a minor way.

The alongshore variations in moisture content at Carrick
Finn Strand is +/- 359r (Figure 9B), and this factor may be
the most important in explaining the variability in measured
sediment transport rate. The moisture values are much
greater than commonly reported (NAMIKAS and SHERMAN, in
press). Large moisture contents at Carrick Finn are thought
to be related to the high concentration of shell fragments in
the samples. The high concentration of calcium carbonate
would produce a lower bulk density for the surface samples
than would be expected with typical quartz beach sand, and
this would increase the proportion by weight of water in the
sample, producing the high percent moisture values observed
here. Despite the uncertain values for surface moisture, it is
possible to conclude that the overall surface moisture content
of the beach was very high, and varied considerably in the
offshore and alongshore directions. These surface moisture
conditions, in general, impede sediment entrainment (BELLY,
1964; HOTTA et al., 1984; SARRE, 1988), but the variable na­
ture of the moisture distribution is believed to play an im­
portant role in the highly variable sediment transport pat­
terns.

From the data presented here, we surmise that the vari­
able nature of sediment transport is the result of the com­
bined effects of spatial/temporal variations in wind speed and
of spatial variations in sediment moisture content. We be­
lieve that these conditions combine to produce sediment
transport in the form of sand streamers rather than as a ful­
ly-developed saltation blanket. Our conceptual model of this
transport system (Figure 10) expands on the two-dimensional
model proposed by NORDSTROM et al. (this volume). At Car­
rick Finn, transport took the form of sand streamers less than
1 m in width that were intermittent in time and non-uni­
formly distributed in space (Plate 2). Streamer development
has been noted by others (BtJTTERFIELD, 1991; NORDSTROM
and JACKSON, 1992; McEWAN and WILLETTS, 1993). We hy­
pothesize that the development of streamers can be attrib­
uted to variable drying rates of the sediment and to structure
in the turbulent boundary layer that produces the pattern of
wind gusts evident in Figure 5. Streamers appear to be ini­
tiated over patches of sand that are preferentially dried be­
cause of slight differences in sediment size mixtures, miner­
alogy, packing, drainage, or exposure to solar radiation. Dur­
ing wind gusts, only these dry patches are able to yield en-
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CONCLUSIONS

Plate 2. Sediment tr an sport in th e form of streamers over the dri ed-out
low tide terrace. The streamers are covering over wave-created bedforms.

conditions under which transport occurr ed were highly vari­
able over the duration of the sample interval due to the gusty
nature of the wind and we assume that similar variations
occurred spatially over the beach . We observed that transport
occurred primarily as streamers of sand that moved across
the beach and that these streamers selectiv ely flowed around
the traps. This results in unequal trapping and explains why
variations about th e mean sediment transport rate of +/­
20-45% occur. At the medium scale, alongshore variations in
sediment size and carbonate content are not large enough to
affect the sediment transport variations, but alongshore vari­
ations in moisture are large and app ear to combine with the
gusty character of th e wind to contribute to variations in sed­
iment transport. These hypothesized relationships must be
examined in greater detail. In particular, it will be necessary
to examine the connection between wind gustiness and sed­
iment transport to determine if the transport respond s in a
variable fashion directly with the wind flow pattern. The pro­
cess by which sediment dri es, is put into motion , and becomes
moisturized again through capillary action must also be es­
tablished. Fin ally, it will be important to examine these is-

Higher moistu re content on lower
beach reduces ra te of se dime nt
removal and produces deposi tion

Lower shea r velocity and higher mosi ture
content res ults in no sediment transport

Higher s hea r velocity
associate d with wi nd gust
an d lower moisture conten t
at this locat ion produces a
sa nd s trea mer

This study has examined shore-parallel variations in sed­
iment transport on Carrick Finn Strand, Ireland. The air flow

Figure 10. Conceptual model of offshore air flow over a dune producing
sediment transport in th e form of sand stre amers .

trainable sediment. Sediment transported away from these
patches initiates a saltation process that is able to entrain
moister sediments downwind. However, the process can be
limited by several conditions including an increase in sedi ­
ment moisture content downwind leading to cessation of sal­
tation, an exhaustion of dry sediment from the source patch,
or a decrease in wind speed after the gust has passed. At
Carrick Finn Strand, the propensity for sand to move as
streamers was enhanced because the offshore winds during
the experiments were notably unsteady (Figure 5) and there
was a large spatial variability in surface moisture content
(Figure 9).

The predominance of sediment transport in the form of
streamers provides an explanation for the variability in
amounts of sediment trapped in the arrays used in experi­
ments 2 and 3. At the small scale (1 to 5 m), there were
differences in the amount of sand collected by traps located
1 m apart (Figure 7), and this reflects random variation in
the behavior of these streamers during the sampling interval.
Over a medium scale (1 to 50m ), surface conditions appear to
playa larger role because the variability in sediment trans­
port was greater than at the small scale (Figures 7 and 8).
The small scale variations fit into the variability recorded
over the medium scale, so that at any position on the beach
one could expect a 20% variation over a 5 m width, but there
is also potentially a 45% variation between positions located
50 m apart. Thus, when non-uniform and unsteady conditions
produce transport in the form of streamers, spatial variability
in trapping rates can be explained by trap position relative
to streamer frequency. In turn, streamer development de­
pends on wind gustiness and surface conditions.
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sues in three-dimensional space over the beach as it is clear
that considerable alongshore variation occurs.
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APPENDIX A

In order to evaluate the wind speed data in terms of the
shear velocity threshold for sediment transport, it was nec­
essary to compute a shear velocity for each individual data
value. This was accomplished by using the equation for the
wind speed profile, often referred to as the "Law of the Wall"
IVON KARMAN, 1934):

11.,. (z)11 = -In -
.' K z.,

where u . is the wind speed at elevation z above the surface,
U. 1• is the shear velocity, z; is the roughness length, and K is
the von Karman constant, assumed to Iw 0.4. Solving for 11.,
this 'equation becomes:

uk

In order to obtain an estimate for the roughness length,
the average wind velocities for Tower 2 at heights of 0.:3 m
and 0.6 mare used in the linear regression estimation meth­
od detailed by BAIIEI{ 1'1 al. 11992 \. The roughness length ob­
tained for the average condition is assumed to apply for the
entire sample run. The .:.. value is used in the Von Karman
equation with each individual wind speed data value record­
ed during the sampling run to obtain an individual "hear ve­
locity.

The threshold shear velocity for the sediment "ize" mea­
sured at Carrick Finn Strand is calculau-d from BA(;NOLI)'"

(19411 equation:

where U *' is the threshold "hear velocity. A is a constant as­
sumed to be 0.1, P. is the sediment di-nsitv, p is the air den­
sity, R is the accelerution of gravity, and d is tho average
diameter of the Carrick Finn Strand sand 10.2 mrn I. BAITEI{

1'1 al. (H1901 give repn-svntat.ivo values of lI*" and the value
for Carrick Finn Strand (0.22:3 m s I) was derived from those.

BA(;NOLI)'S equation for predicting aeolian sediment trans­
port, used to evaluate the effects of varying sediment sizes,
is as follows:

r-r

, id p I

<i = C 'D--lI.,,'
\'" g

where q is sediment transport ( kg m-I s-L ), D is a reference

sediment with a diameter of 25 rnm, d is the sediment size
at Carrick Finn Strand iO.2mm), and C is a coefficient whose
value ranges from 1.5 to 3.5 depending on the range of sed­
iment sizes in the sample. For Carrick Finn Strand, we have
assumed that sediment sizes are naturally graded and have
used a value of 1.8 for C.
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