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This study examined cross-shore differences in wind speed and aeolian sediment transport rate in relation to beach
surface conditions in the Icc of a 6 m high dune during 2 days of offshon- wind" at Carrick Finn Strand, Ireland.
Near-surface wind speed, surface moisture, carbonate content and mean grain size' incroascd in the offshore direction;
sediment sorting became slightly poorer. The rate of sediment transport was smnll from tlw dune top out to a distance
of about 20 m and then increased rapidly to about 40 111 seaward of the dune. The rate decreased seaward of this
location early each day due to a great increase in surface moisture content. Greater rates of transport occurred
seaward of this location later in the day and arc att.ributcd to drying of tho beach surface and increased wind speeds.
Rates of offshore aeolian transport on the beach in the lee of the dune an' afTected by shore-parallel zones differing
in wind speed, surface moisture and sediment characteristics thnt changt- in location through time. These zones
include a Lee-of-Dune Zone, where no aeolian entrainment occurs because of low wind speeds: an Erosion Zone, located
sufficiently far from the dune that wind is effective in entraining and removing sediments: a Transport Zone where
erosional losses are replaced by inputs from upwind; and an Accretion ZOIl(' on the moist portion of the foreshore.

ADDITIONAL INDEX WORDS: Wind speed. aeolian transport. beach, dune, sand size. sediment traps, surface mois­
ture. Carrick Finn Strand, Ireland.

INTRODUCTION

Offshore winds dominate over onshore winds in magnitude
and frequency along some coasts (GUTMfu'\l 1978; HENNIGAH
1979; N OHDSTIWM et al. 1986; GARES et at. 1993), Offshore
winds may result in locally high rates of sediment transport
to the beach or nearshore (ROSEN 1979; So 1982; AUla rSTIN­
US et at. 1990; GAHES 1990; 1992; DINGLER et al. 1992;
McLACHLAN and BUHNS 1992) and may create pronounced
topographic changes in the dunes or just landward of them
(TAYLOR and FHOBEL 1990; HUNTEH et at. 1983; GArms
1992). Despite the potential importance of offshore winds in
the coastal sediment budget, there are few detailed studies
of both wind velocity and aeolian transport on the beach in
the lee of dunes.

The focus of field studies of aeolian transport in coastal
environments is usually on onshore transport because of the
large number of coasts where onshore winds prevail and the
significance of onshore winds to the growth and maintenance
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of foredunes. When data on offshore aeolian transport are
gathered on the beach, the data may not be analyzed in detail
because of the interest in sediment input to the dune (SVA­
SEK and TEHWINDT 1974; SARRE 1989a; ARENS 1994), Stud­
ies that do provide quantitative estimates of offshore trans­
port often focus on changes within the dune zone, and the
field data may be gathered no farther seaward than the
beach/dune contact or seaward limit of vegetation IRoSEN
1979; MCCLUSK~;Yet at. 1983; NORDSTROM et at. 1986; GAH­
F;S 1992; GOLDSMITH el at. 1990 l. Previous field studies that
examine rates of transport from the dune to the beach reveal
large rates of transport at gaps in the dune, such as walk­
ways, mouths of blowouts and overwash fans (ROSEN 1979;
MCCLUSKEY et al. 1983; GARES 1992 l, but these transport

rates only quantify movement from the dune to the back­
beach and ignore sediment movement across the beach to the
water.

Studies hy So (1982), DINGLER ct at. (19921, and WAL and
McMANUS (1993) ascribe differences in aeolian erosion and

deposition to local sources and sinks within shore-parallel
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Figure 2. Wind da ta from Mal in Head 1983-1993. So urce: Ir ish Mete­
orolo gical Office Records .

toe was spa rsely vegeta ted and was ab out 4.0 m above th e
level of the low tide te rrace. Th e crest of th e dune averaged
about 6.0 m above the back beach a t the toe . The du ne had a
dense vege ta tion cover , cons ist ing principall y of Ammophila
arenaria.

Carrick Finn was sel ected because it was tho ugh t th a t th e
strong winds common to this region (Figu re 2) would enha nce
the pr obability tha t sand-m oving events would occur du ring
the period dedicated to field mon itoring. Winds from the
southwes t to west (obliq uely ons ho re at the field si te) blow
at the highest sp eeds, bu t offshore wind s from t he south a re
common and of relatively high s peed.

METHODS

Wind speeds wer e monitored using 23 rota ti ng-cup ane ­
momet er s. These were placed on three 6-m high masts locat­
ed on th e beach a t dis tances of 10, 20 and 30 m from th e toe
of the dun e a nd on one portable 1.5-m high mas t located 55
m from th e toe of th e dun e, near tbe high wa ter line. Da ta
on wind direction wer e collec ted using 2 wind vanes placed
on top of two 1.5-m high mast s located bet ween the dune
crest a nd the toe of th e dune (Figu re 1, Pla te 1l. The masts
located 10 and 20 m from the toe of the dun e had anemom­
ete rs 0.15, 0.3 , 0.6, 1.2, 1.8, 2.8 and 4.8 m above th e beach
surface. The mast located 30 m fr om the toe of the dune had
anemomete rs 0.3, 0.6. 1.2, 2.2. 3.4 and 5.8 m abo ve th e sur­
face. The mas t a t 55 m ha d ane mometers 0.15, 0.3 and 0.6
m above the surface. Da ta were sa mpled a t 1.0 Hertz a nd
recor ded over 15 min , a common averagin g interval usi ng cup
anemometers (WOLFE and NI CKLING 1993!. Dat a from the
wind vanes were used to de termine mea n wind directi on rel­
ative to shore normal.

Aeolian tr ansport was measured using vertica l cylindr ica l
t ra ps (ROSEN 1979) and V traps <GARES et at. this volume ).
Compara t ive da ta from both ty pes of traps a re discussed in
GARE~ et at. (th is volume I. On ly the data from the cylindr ica l
t ra ps a re discussed here because more of thes e t ra ps were
depl oyed across t he shore for a greater nu mber of sampling
records. Th ese t ra ps were eac h 0.4 m high, wit h a 40 rnrn
wide opening. Th e adva ntag es and drawbacks assoc ia te d
with ver tical t ra ps are discussed in J ONES and WILLETIS
( 1979 ), ILLENBERGER and RUST (1986) and SHERM AN
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F igure 1. S ite locatio n a nd position of trap s a nd meteorological instru­
ments on sa m pling line. To pogra phy is from fie ld s urveys cond ucted May
1992.

Th e st udy site (Pla te 1) is located near th e mid point of a
beach in Innishfree Bay (Figu re 1). Sh oreline orienta t ion is
42/222 deg; winds from a n azimuth of 132 deg blow directl y
offshore. At the time of ini tia t ion of the study. th e beac h had
a broad, low-tide te rr ace, a 45 m wide upper foreshore , wit h
a slope of 4.3 deg and a 22 m wide backbeach , with a slope
of 5.5 deg. The up per limit of swash j ust pri or to deployment
of equipme nt was only 22 m from th e dune toe <about 2.5 m
above the ele vati on of the low ti de terrace), but high-water
levels were consid er ably lower during the time sand trap s
wer e used to monito r transpor t. The backbeach near the dune

zones across th e beach . Th ese studies ca ll attention to the
need to rela te differences in rates of tr an sport to differences
in both spa t ia lly-va rying flow fields a nd surfa ce conditions
(source widths, sedimen t characterist ics , moisture) across
beaches. The win d condi tions th a t occurred du ring our st udy
provide an opportu nity to exa mine these rela t ionsh ips du ring
offshore winds. These data , and result s of previous st udies
a re t hen used to develop a concep tua l model of wind speed ,
sedime nt transport a nd sur face elevation cha nges in th e lee
of a high du ne under offshore wind s.

Field da ta were ga thered on a sand beach a t Ca rr ick Finn
Strand , County Donegal , Ireland (Figu re 1) duri ng the period
12 to 27 May 1992 as pa rt of the multi -exper iment Aeolus
Project (SHERMAN et al. 1994). The overa ll object ives of the
field stu dy were to exa mine cross shore var ia t ions in wind
speed. cross -sh ore and longshore variations in source width
and sediment transport. Th e cross-shore varia tions are th e
focus of this pap er , whe re as th e longsh ore variations a re dE'­
scr ibed in detail in a companion paper by GAKES 1'1 at. (thi s
volume i.
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Plate 1. Study site during field deployment. Anemometers on the masts with wind vanes in the foreground did not function properly during the
experiment.

(1990a). Efficiency of these traps is reported to be 70% (MAR­
STON 1986). Sampling inefficiencies are related to back pres­
sure and scour. These effects are assumed to have greater
significance when relating rates of transport gathered in the
field to predicted rates than when comparing relative rates
measured by the same means, as is the case in this study.

Offshore wind speeds were sufficiently great to move sed­
iment on 24 and 25 May. Five 15-min sediment-sampling
runs were conducted on 24 May; four 15-min sediment-sam­
pling runs were conducted on 25 May. Traps were placed at
10 m intervals across the backbeach along the instrument
transect on 24 May, extending seaward from the toe of the
dune. An additional trap was placed 55 m seaward of the toe
of the dune, just landward of the swash limit during the pre­
vious high tide. An eighth trap was placed 45 m seaward of
the dune toe on 25 May, at a location where data from the
previous day indicated that there was a notable change in
rate of trapping. The traps next to the anemometer masts
were offset 0.5 m at right angles to the wind direction to avoid
interference. The Ifi-min sampling period for traps was con­
sidered long enough to obtain a sample of sufficient size for
lab analysis but short enough to minimize effects of scour at
the mouth of the traps. Visual estimates revealed that scour
depths were <5.0 mm for any sampling run. Traps were ori­
ented toward the direction from which the wind was blowing
at the beginning of each sampling run.

Sediment samples, weighing approximately 70-90 g were
collected from the top 10 mm of the beach surface on 23 May
and placed in air-tight containers. Sampling was carried out
across the beach at 5 m intervals from the toe of the dune to

the location of the seaward-most trap. Gravimetric moisture
content of each sample was determined in the laboratory by
subtracting the weight of air-dried samples from the original
weight. Settling-velocity distribution of a 5-10 g split of each
sample was determined using a settling tube with a diameter
of 204 mm and a fall distance of 2.0 m. Arithmetic transfor­
mation of settling velocities was carried out using the Chi
statistic (MAy 1981). Mean and standard deviation (sorting)
of these distributions were determined by the method of mo­
ments using a class interval of 0.1. The sedimentation di­
ameter equivalent to the mean was determined using the
equation of GIBBS et ale (1971). Carbonate content of beach
samples collected 23 May and trap samples from 24 May was
determined by comparing dry weights of the original samples
with weights after treatment with dilute hydrochloric acid.
This analysis was done because the proportion of shell frag­
ments varied considerably across the beach.

Topography was measured using a transit and stadia rod
placed at representative breaks in slope on the dune, back­
beach and low tide terrace as well as at the masts. Changes
in beach surface elevations were measured on 25 May using
6.4 mm diameter steel pins, emplaced 0.5 m downwind of all
traps at 10:15. Elevations at the pins were measured before
the first trap deployment, after the first two deployments,
and after the last deployment. Accuracy of readings is esti­
mated at ± 0.5 mm.

RESULTS

Data on surface characteristics gathered 23 May (Figure 3)
reveal that the values of several variables increase across the

Journal of Coastal Research, Vol. 12, No.3, 1996
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Figure 3. Mean gra in size (A), sort ing (8) surface moisture (C) and car­
bonate conten t ( 0 ) of the beach sur face sampled 2:l May .

beach in the offshore direction, including mean gra in size
(0.19 mm to 0.27 mrn), surface moisture (0.2% to 34.0%) a nd
carbonate content (53.5% to 90.4%). Th e increase in sur face
moisture and carb onate content is considera ble, beginning
near th e location of th e contact between the backbeach and
th e foreshore at the beginning of the field deployment (22 m
from the toe of th e dune ). Sedim ent on th e foreshore is more
poorly sorted th an on th e backbeach.

Mean wind dire ction on the lee slope of the dun e, j ust sea­
ward of the crest , var ied from a minimum of 1.5 deg north of
sh ore-normal (almost dir ectly offshore) for th e record begin­
ning at 12:45 on 24 May to a maximum of 37.6 deg south of
shore-norma l for the record beginning at 18:30 on 25 May.
Except for th e record beginning at 15:15 on 24 May, wind
dire ction was always closer to sh ore-normal on 24 May than
on 25 May.

Wind-vel ocity profiles across the beach for offshore flows
are st rongly influenced by th e presence of th e blocking dun e.
Figure 4 shows two represent ative velocity profiles measured
30 m from the foredune toe on 24 and 25 Ma y. Th e upper­
most ane mometer is sepa rated from th e lower ane momete rs
by an intermediate zone of st reamline divergence and ex-

tre me shear (between about 1.5 m to 5 m elevation) associ­
a ted with vigorous downw ard flux of horizontal momentum.
Th e departure from a log-linear profile is expected on a slop­
ing beach near a dun e. The non-l ogarithmic sha pes of th e
wind-v elocity profiles imply th at standa rd regression-based
estima tes of shea r velocity (BAU ER et at. 1992) using a ll th e
anemomete rs on each mast would yield erroneous results .
Usin g data from th e lowest an emometer s (0.15 and 0.30 m)
to estima te shear velocities yield s values that are generally
below th e threshold for initiation of motion (about 0.2 m s ol)
of th e finer grain sizes on the bea ch (about 0.2 mm) ; the es­
t imated sh ear velocit ies actually decrease in the seaward di­
rect ion on 25 May.

The near- surface flow field in th e lee of the dune, revealed
in data from th e anem ometers placed 0.15 m abo ve th e sur­
face (Figu re 5), increased from sma ll velocities at the toe of
the dune to greater velocit ies far ther seaw ard in response to
th e momentum transfer coupled to th e fas t-flowing upp er air
s t ream. Th e slowest winds that cau sed ae olian tran sport on
the two days occur red during th e record of 10:25 on 24 May
(Figure 5) when mean speed was 3.2 m s" at th e location 55
m seaward of th e dun e toe. Th e plots of wind spee ds show an
increase with distance from th e dun e, although at different
speeds. Th e slopes of the plots differ for different wind re­
cords becau se the an gle the wind blows, relative to th e ori­
enta tion of the dune, affects the wind-s peed gradient in th e
lee of the dune.

Th e rates of sand trapped (Figures 6 and 7) gen erally con­
form to th e increases in wind speed. The rates are sma ll from
the toe of th e dune to a distance of about 20 m and t hen
increase in th e offshore direction. Th e rates on 24 May de­
crea se on the foresh ore at abou t 40 m early in th e day under
th e slowest winds. Compa rison of sa mpling records begin ing
a t 12:45, 13:55 and 16:30 on 24 May ind icates high er ra tes
of transport far ther out on the beach later in the day for near­
ly th e sa me wind speeds , impl ying a change in surfa ce con­
dit ions favoring t ra ns port . Thi s may be due to drying of th e

Figur e 4. Wind profiles 30 m from the toe of the du ne for sampling run s
at 13:55 on 24 May and 10:55 on 25 May .
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Figure 5. Wind speed at 0.15 m elevation for selected sa m pling ru ns on
24 May (open symbo ls ) and 25 May (closed symbo ls I.
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Figure 6. Rat es of sediment trapped on 24 May. Tim e indicates sta rt of
15 min sampling run. Wind sp eed in pa rent hes is is the mean valu e for
th e a nemometer 0.15 m above th e beac h surface 55 m from th e du ne toe.

Conventiona lly, aeolian transport ra tes are modell ed on
th e basis of sh ear velocity (e.g. BAGNOLD 194 1; Hsu 1987 ),
bu t even under relati vely simple field and lab conditions, the

ered on the beach on 23 May (Figure 8) reveals higher per­
centages of ca rbonates in th e fraction moved by wind s, im­
plyin g tha t th e she ll ha sh is more easi ly tran sported th an the
othe r fractions. The high propo rtion of carbonates on this
beach may partia lly account for th e relatively la rge transp ort
ra tes (or th e wind velocit ies monitored.

Readings at th e pins used to measure cha nges in sur face
elev ation on 25 May (Figu re 9) reveal that scour occurred on
th e lower back beach and highest part of the upper foreshore.
The seaward portion of th e upper foresho re appears to have
been a tr an sport surface characterized by littl e erosion or de­
positi on. Sediment removed from the higher beach appears
to ha ve nourished locations downwi nd of th e seaward-most
pin .

beac h surface at that loca tion or th e cumulative effect of
movement of th e more mobile dri er se dimen t populations
downwind, whe re they provide a better source for th e traps
farther from the du ne . Tr an sport rates on 24 May are great­
es t during the recor d beginning at 15:15, when wind spee ds
were rela tively hig h (F igure 5 ), Th e departure of wind direc­
tion from shore-normal was greater du ring this sampling pe­
riod th an all others during the experiment , res ulti ng in the
grea test source widths for each trap. The width of th e source
area up wind of the trap 55 m seaward of the dune toe wa s
86 m at 15:15, in contrast to the 55 , 57 an d 66 m source
widths for the records beginning at 12:45, 13:55 and 16:30
res pectiv ely.

Data for the first 2 sampling runs on 25 May (F igure 7)
indica te a higher ra te of trapping near th e toe of th e dune
th an occured on 24 May . Wind speeds were greater close to
th e dune on 25 May (Figu re 5), presumably because of the
more obliqu e angle of wind approach. Light rain occurred pe­
riodically after 14:00 on 25 May. The heaviest rain occurred
after 16:00; ra in ceased about 17:00. Low trapping ra tes dur­
ing the peri od beginning at 18:30 is a tt r ibuted to both the
light rain and lower wind speeds. Wind speeds during the
record beginning at 19:55 were th e highest of all runs du ring
the experiment. Mean speed at 0.15 m elevation was 3.7 m
S- I 10 m seaward of the dune and 5.6 m s I 55 m seaward of
th e dune (when mean spe ed at th e 5.8 m high an emometer
30 m from th e dune toe was 8.7 m S - I ) . Rates of tr apping are
thus rela tively hig h, even at the the t rap far thest out on th e
foreshore . We cannot account for the an omolou sly low
amoun t of sediment trapped 45 m from the dune toe during
t he record . It could be du e to chance spa tia l variation in sa nd
transport. Spat ial varia tion s in the longshore direct ion can
be about this order of magnitude, as discussed by G ARES et
al. (th is volum e).

Comp ari son of sed iments in th e tr aps with sediments ga th-
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Figure 7. Ra tes of sed imen t t rap ped on 25 May. Time indi ca tes s ta rt of
15 min sa mpling ru n. Wind speed is for anemo meter 0.15 m above the
beach surface 55 m from the du ne toe .

relationship between th e wind velocity profile, shear velocity
and sedimen t tr ansport can be unce rtain (SVASEK and TER­
WI NDT 1974; BAUER et at. 1990; WAL and McM ANUS 1993;
MCKENNA NEUMAN a nd NICKLI NG 1994). The decrease in
est ima ted shear velocities in th e seaward direction on 25 May
are contra ry to measurements of sedimen t tra nsport on both
days (Figu res 6 and 7). Estimates of shear velocity using th e
lowest anemomete rs are not robust. We conclude th at near­
surface mean wind speed is a better indicator of transport
potential as su ggested by LANCASTER (1987 ) until more is
und erstood a bout the characte r of boundary-layer develop­
ment and shear-velocity distributions in non-uniform flow
fields in th e lee of dunes.

Tr an sport rate distributions in the cross-sh ore di rect ion
ar e complica ted bu t explaina ble in th e con tex t of differ enc es
in wind speed as affected by beach moisture, se diment sizes ,
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source widths and carbonate conten t. Transport rate distri­
butions a re different th roug h both tim e and space because of
changes in th ese variabl es.

Sur face moisture decreases t he amoun t of sedi ment moved
for a given wind speed by increasing th e shear velocity re­
quired to initiate motion an d by trappin g se diment del ivered
from upwind sources. Previous inv esti gations ind icate that
there is a discrepancy in the effects of specific values of mois­
ture content in reducing aeolian transport , especia lly at high
moisture levels (NAM IKAS an d SHERMAN , in pr ess ). Moisture
in th e portion of th e beac h characterized by high percen tages
of calcium ca rbonate exceeds the levels for complet ely-satu­
rated sa nd reported by SHERMAN (1990b) a nd is a t t ributed
to a gre a ter percen tage of pore space with in the carbonate
fragments (GAREs et at. this volume; SHERMAN el at. 1994).
The re is no preceden t in the litera tu re for quantitative eval­
uation of the effect of moisture levels thi s high , but th ere is
no debate t hat the considerable increases in moisture in th e
offshore direction (Figu re 3) would tend to decrease down­
wind ra tes of erosion , contr ibu t ing to redu ced rates of tran s­
port (Figures 6 and 7).

The slight increase in mean grain size in the offshore di­
rection would tend to decrease rates of tran sport downwind
duri ng low wind speeds. Sl ightly poorer sorting (BAGNOLD
1941) a nd increases in source width would te nd to increase
ra tes of tr an sport , as would increases in carbonate content ,
because shell particles are more likely to be entrained a nd
moved th a t te rri genous sedimen ts in th e sa me matrix (SARRE
1989). The signi ficance of beach width as a source of sedime nt
for aeo lia n tran sport has been observed in several studies
examining onsh ore trans port (SVASEK and TERWINDT 1974;
BAU ER 1991; DAVIDSON-ARNOTT and LAW 1990; NORDS­
TROM a nd J ACKSON 1992), but th e effect of thi s variable is
obscured in studies of offshore tran sport becau se both source
widt h and wind speed increase in the offshore direction. Th e

Figu re 8. Compari son of re lative amou nt of car bona tes in sa mples from
beach tr a ps for representa tive ti mes on 24 May with sa mple s gathe red
on th e beac h at similar distances from th e du ne toe on 23 May .
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Figure 10, Conceptual model rel atin g wind speed to aeolian transport
and surface e levat ion cha nges across a beach during offshore winds . The
figure ignores th e contr ibution of sand from dun e to beach becau se the
prot otype dun e at Ca rr ick Finn is well vege tated, and wind speeds during
the experime nt wer e not high eno ugh to overcom e the associat ed reduc­
tion in tran sport poten tial.

model (Figu re 10) show s changes across th e beach in the lee
of a high dune ; wind speeds on coasts where dun es are low
or do not exist (AUGUSTINUSet at. 1992; DINGLER et at. 1992)
remain great across the beach, and tr ansport may be limited
more by sour ce characterist ics than by the tr ansport capacity
of th e wind .

Th e Lee-of-Dune Zone (Figure 10) is characteriz ed by dry
sediments , but littl e entra inment occur s when winds are of
low or moderate speed becau se wind speeds are below thresh­
old values. Th e surface of th e backbea ch and upper foreshore
above the swa sh limit is also dry . This ar ea is far enough
from the dun e that wind is effect ive in ent ra ining sediments.
Transport rates may be sm all here becau se of limited source
widths a nd relatively low wind speeds, but thi s is a zone of
net sediment loss by deflation during offshore wind s because
sediment losses a re not replaced from upwind sources. Sedi­
ments remo ved from this Ero sion Zone replace losses from
th e beach downwind of it , creating a Tr ansport Zone with
little net change. The mid foreshore is a zone of sediment
accumulation when moist and when offshore winds are gen­
tle. Th e Accreti on Zone (Figure 10) may be located her e early
in th e day or just after tidal fall , a lthough it may be displaced
downwind later in th e day due to drying of the beach surface
(Figu re 6).

High wind spe eds overcom e restrictions to sediment t rans­
port cau sed by factors such as atmospheric humidity, vege­
tation and surface moisture (SARRE 1989b ; ARENS 1994) and
will result in a downwind displ acement of the Erosion Zone,
Transport Zone and Accretion Zone as well as an increase in
rates of transport, erosion and accretion. For example, the
upp er foreshore can be a zone of tran sport during incr eased
wind speeds (Figu re 7; WAL and McM AN US 1993), and the
Accretion Zone under those conditions may be displaced all
th e way to the active swash or (a t low tide) to the water
ponded on the low tide terrace. Data from ARENS (1994) in­
dicate th at st rong offshore winds incr ease rates of transport
near th e dun e; thi s can displace the bound ary between the
Lee-of Dune Zone and th e Erosion Zone upwind .

Long-term wind data for th e study area (Figure 2) indicate
that offshore winds , particularl y southerly winds , can occur
with high frequ ency and speed. The poten tial for offshore
transport is thus greater th an ind ica ted by th e data gathered
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combined effects of spatial increas es in wind speed and
source width (along with effects of sediment sorting and car­
bonate content) a ppear to overcom e the effects of increasing
moisture at higher wind speeds, but conditions near th e
moist foreshore reduce rates of transport during low wind
speeds. ARENS (1994 ) reports a general increase in transport
rates with distance offshore of a dun e of similar height during
offshore winds, with a slight , but conspicuous, reduction in
transport rate on moist portions of th e beach. WAL and
McMANUS (1993 ) also show a decrease in rate of sa nd trans­
port on the beach face near th e water du e to moist conditions.
The increased rates of transport through tim e on the moister
portions of the beach at Carrick Finn Strand (Figu re 6) are
attributed to drying of surface sediments. Th e signific ance of
evaporation rate and speed of drying to prediction of aeoli an
tr ansport is underscored by (HOTTA 1984) and (SHERMAN
1990b).

Data from th e pins used to determine changes in sur face
elevation (Figu re 9) indi cate that sediment losses through ae­
olian transport may be compensate d by delivery of sediment
from upwind sources. The upp er beach can be a source of
sediments for the lower beach (WAL and McMANUS 1993;
DINGLER et at. 1992). Our data also indicate that shore-par­
allel zones of sources and sinks occur, although we did not
monitor surface elevation changes seawa rd of th e last sand
trap, so we cannot specify th e width of th e zone where de­
position occurred or quantify deposition at specific locations.

The relatively great height of th e dune and the high mois­
ture and carbonate cont ent of the sediments on the beach at
Carrick Finn Strand pr ohibit meaningful comparison of spe­
cific values of important variables with th ose reported in pre­
vious studies, but results can be used to develop a conceptual
spatial model of offshore transport using relative values of
wind speed, sed iment transport a nd elevation changes. This

F igure 9. Surface elevati on changes measured a t erosion pins. Data for
ea ch time period represent cumula tive change relative to initial su rface
at 10:15. Lack of a verti cal bar a t pin represen ts no chan ge, There are no
data 55 m from th e toe of the du ne afte r 10:53 (indi cated by NO) becau se
the pin was inundat ed by swas h uprush .
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for this study, but the net effect of these offshore winds in
transporting sand across the beach will be low relative to
onshore winds because of the reduction in near-surface flows
caused by the high dune. The large amount of offshore trans­
port reported in studies of shorelines where dunes are low or
there are gaps in the dunes (ROSEN 1979; MCCLUSKEY et al.
1983; DINGLER et al. 1992) may not occur in the lee of high
dunes, underscoring the role of the dunes in modifying the
local sediment budget and increasing the relative geomorphic
impact of onshore winds.

CONCLUSIONS

We conclude that, under offshore wind conditions, beaches
in the lee of moderate to high dunes are a spatially con­
strained aeolian transport system with rapid transitions in
wind speed, sediment characteristics and moisture condi­
tions. Results of this study support results of previous exper­
iments that indicate that offshore transport by aeolian pro­
cesses is affected by spatial compartmentation in shore-par­
allel zones. Our results show how the boundaries of the zones
can change under short time scales, but the complexity of
wind flow, temporal differences in surface characteristics and
the simultaneous effect of several variables influencing aeo­
lian transport in the offshore direction prevent specification
of the contribution of each factor.
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