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ABSTRACT

rn nany tldal sea areas the long-term mean sedlment transport ls the

resultant of a side range of dLfferent comblnatlons of save and tLdal

current condltLons occurrlng durlng the eourse of a year, from calm

condltLons durLng neap tl.dee to extrene events of naJor atorms coupled vlth

sprlng tLdes. It is shown, using wave and current data from the North Sea,

that the most lmportant coDtrl-butl.ons to the long-term transport are made by

fatrly large but not too Lnfrequent lraves, comblaed wlth tl.dal currents

lytng between the mean neap and sprlng maxLma. Weak currents and low waves

nake sma1l contrLbutions because, although they occur very frequently, thelr

potentl.al for eedl.nent transport Ls snall. Bqually the most extreme events

do not nake large contrLbutions becauee, although they have a large

potentlal for sedinent tranaport, they occur too l-nfrequently. As the rave

cllmate becomes effectlvely weaker, due for example to Lncreaslng the lrater

depth, the Lnportant events shlft to smaller save-hetghts and larger

current.S.
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1. Probabi l l ty distr ibutton p"(U1) of current speed at Inner Dowsing
(Pugh,  1982) ,  and the  cor respond ing  f rac t iona l  con t r ibu t lon  S" (U1)
to the long-term sedlment transport

2. Hs-Tz scatter plor for naves measured at Outer Dowsing (Fortnum,
1981),  showing number of occurrences ln each interval-  out of  a total
of 1L293 observat ions. The rms botton orbl tal  velocl ty W ,obtained
fron Eq (7) with h=10m is superl-mposed as cont.ours in ms- r

3 .  Probab i l l t y  d is t r lbu t ion  pr (W5)  o f  rms bo t tom orb i ta l  ve loc i ty  fo r
h=1Om at Outer Dowslng

4. Jolnt probabi l i ty distr ibut l -on pcw(Ui,  Wi) of  s inul- taneous
occurrence of current and wave veloctt ied fron Eq (3) for the
Dowsing data wlth h=l0m

5. Sed. iment transport  rate Qcw(U1, Wi) in gs- l t -  I  d, t .  to combined waves
a n d  c u r r e n t s  u s l n g  E q  ( g ) " i l r r f r  a j  t 3 g o e " h - 5 ,  9 = 2 a . 6  a n d  n  =  4

6. Contr lbut lons S"rs(IJ1, Wi) in ppt nade by comblned waves and currents
to the long-terrn mean sddiment transpolt for the Dowslng data and
the  Grass  fo rmula ,  fo r  h= l0m,  e1380gsfo-3 ,  FZO.6 ,  n=4.  Va lues
<lppt are not shown

7.  Var ia t ion  w i th  water  depth  h  o f  the  d ls t r ibu t ion  S" r (U1,  W3)

8 .  Var ia t ion  w i th  the  cons tan ts  (a )  n  and (b )  B  in  Eq (9 )  o f  the
d is t r ibu t lon  S" r (U i ,  Wj )





1 INTRODUCTIOT|
In many areas of coastal  and shelf  seas the most
signi f lcant sediment transport  occurs under the
conblned act lon of waves and t idal  currenEs. In
essence,  the  waves  ac t  as  a  very  e f fec t i ve  s t i r r lng
agent to uobi l lse the sediment,  whi le the currents are
necessary  to  t ranspor t  l t .

In recent years effort  has focussed on understandlng
the physics of the boundary- layer Processes under
comblned waves and currents in order to provide
improved sediment transport formulae for such
conditLons. But at any chosen sLte where sediment
transport  predict tons are requLred a large number of
combinat ions of wave and current condit lons w111 occur
during the course of a year,  ranging from calm
condLt ions coupled wlth neap t ides to major storns
coupled with spr lng t ides. Thus'  even i f  a perfect ly
accurate sedlment transport  formula were avai labl-e,
there ls di f f icul ty in dec{ding whlch wave and current
condit lons should be appl led as lnputs ln order to
provide an est lmate of Ehe long terrn transport .  This
prompts us to lnvest igate the relat ive importance,
over a long period of t ime, of currents and waves as
agents for sedinent transport .

I t  ls of ten said that sedlment transport  is dominated
by extrerne events, that is,  spr ing t ldes and/ot major
storms. But since extreme events are very infrequent,
i t  ls not c lear whether their  contr ibut lons to the
long-terrn transport  wl l l -  be more or less important.
than those provided by a successlon of weaker,  but
very frequent,  events. Slnce the effect.  of  waves at
the sea bed ls attenuated by the water depth, the
ansrders to the above questlons will- depend on the
water depth, as wel l  as on the prevai l ing current and
wave heLght /per iod  cond l t lons .

These quest ions are addressed here, usLng for
reference a part icular ly htgh qual l ty set of  wave and
current measurements at a si te in the North Sea, but
providing ans{ters whlch l t  is bel ieved wi l l  be typical
of many seas wLth strong t idal  currents and
signlf lcant wave act l -on.

The pr lnclples of the l lydraul ics Research computer
programs ORBVEL and EXTREMSED which perforru the
ca lcu la t ions  are  a lso  i l l us t ra ted .

2 FORUULATION
To examine the above quest ions l t  is necessary to work
in terms of the probabt l t t ies of occurrence of currenE
and wave condit lons at a given sl te.  The probabi l i ty
distr ibut ions for the currenEs and lsaves separately



are assumed to be derived frorn long (eg several  years)
ser ies of measurements, with each measurement Eaken
over a time lnterval whlch ls Long compared Itit,h a
turbulence time-scale or a wave perlod but short
compared w l th  a  t tda l  per iod  (eg  10  to  60  mlnu tes) .
lJe take no account here of the direct ions of el ther
the currents or the waves, sLnce we are prtnar i ly
lnterested in the amount of sedirnent transport
act lv i ty contr ibuted by a part icular current and wave
cond i t ion ,  l r respec t ive  o f  the  d i rec t ion  o f  t ranspor t .
0f  course, Ln a real-  pract ical  problen the direct ions
of  t ranspor t  n i l l  o f ten  be  a  dec ls lve  fac to r .

!{e assume that the effect of  a current on sediment
transport  can be charactertsed by i ts depth-averaged
speed U.  A  d lsc re te  p robab l l i t y  d is t r lbu t lon  ps(U1)
for U is then def ined by divldtng the U axls lnto
equal intervals,  wl- th U1 betng the speed at the cent
of the i th interval- ,  and where )  pc(Uf) = 1. The

effect of  waves on sedlmerrt  t t . f i "port  ls assumed to
character ised by W, the rms near-bottom wave orbi tal
veLoc l ty .  The d lsc re te  p robab i l i t y  d ls t r lbu t lon
pw(I^I i )  for I , [  is def lned analogously ao pc(Ui),  with
beln[ the value of L{ at  the centre of the Jth
interval,  and I  n"(W3) = f .  The widths of Lhe

Lnterva ls  fo r  d  and W are  no t  necessar i l y  equa l .

b e

wj

Consider  f i rs t ly  the case when waves are negl ig ib le,
as for  example occurs Ln a r iver .  Then the
current-only  sedi rnent  t ransport  rate Q.  is  a funct ion
only of  U,  assuming that  other  parameters such as
water  depth and sedlment  gra ln s ize are held constant .
The long- term mean sedlment  t ransport  rate,  Q"> ls
g iven by:

Q" '=  
] n " (u1 )  

Q" ( I J1 ) , ( 1 )

and the proport ion S" of  Q" > whlch is  contr ibuted by
current  speeds in the ln terval  centred on U1 ls :

( 2 )

Turnlng novt to the combined current and wave case lte

must  calculate the jo lnt  probabl l i ty  p. ,  o f  obta in ing

a current  speed in the ln terval  cenEred on U1
slmul taneously wl th a wave whose rms orb i ta l  ve loc i ty

l les in  the in terval  centred on I i l t .  Tn the general

case where the currents are par t l i  t tda l  and par t ly
wind induced,  and the waves are due par t ly  Eo swel l
f ron d is tant  par ts  and par t ly  to  local -  winds '  i t  wl l l



be di f f icul- t  to calculate the Joint probabl l i ty
dlstr ibut lon. I lowever,  ln many sea areas the current
is predominant ly due to t idal  (and hence astronomlcal)
forcing, whi le the waves are predoninant ly due to
meteorological  forcing. Under these condit ions the
currents and waves can be assumed to act
independent ly,  and the joint  probabt l i ty ls:

Pgw(U1,  WJ)  =  pg(U1)  Pq ' (w3) ( 3  )

Suppose that the sediment transport  rate whlch results
from a comblnat lon of a current U with waves of
orbi tal  veloci ty Inl  is Q.r(U, W), where other
parameters such as graln slze and water depth are held
fixed. Then the l-ong-term mean sediment transport
r a t e  i s :

P.r(r j r ,  I ' I j )  Qc\ i l (ut ,  wj) ( 4 )

The proport ion S"" of the long-term mean sediment
transport  whlch ls contr lbuted by a cornbinat lon of
current tJ1 and waves W5 is thus:

s (u. ,  w.)
c w r _ J

_ 
pcw(u t ,  V I j )  Qcrd(U l ,  WJ)

a' cw

a )= I  I' c w  
i :
1 J

(s)

RESITLTS

Our aLm is to invest lgate how S", var ies with U and W,
and al-so how the distr ibut ion of S",  var ies wlth the
water  depth  h .

A purely synthet ic example is taken as an
i l lustrat lon, with the wave and current data measured
at  d i f fe ren t  ( though no t  w ide ly  separa ted)  s i tes ,  and
ustng an arbi trary r^rater depth and sedlrnent size. The
data sets were chosen from the l i terature for thelr
high qual i ty and 1-ong durat lon, and the depths
and sediment.  type (sand) chosen so as to give sediment
transport  under a wlde range of condit ions. Borh data
sets were obtained in the North Sea off  the east coast
o f  Eng land.

The current data set was measured at the Inner Dowsing
Light Tower using an Aanderaa current met.er mounted
14m above the sea bed in a mean depth of 20n (Pugh,
1982) .  For  the  present  i l l us t ra t i ve  purposes  these
values are treated as represent ing the depth-mean
current.  The measurements extended over one year and
were recorded every l0 mlnutes, subsequent ly f i l tered
to hourly mean vaLues. The probabt l l ty distr lbut ion
pg(U1)  fo r  in re rva ls  o f  0 . tms-  I  shown ln  F ig  1  o f  th ls



repor t  i s  based on  F ig  1  o f  Pugh (1982) ,  ex tended to
extreme values by uslng hls Flg 3. The veloci ty
anpl i tudes of mean neap and mean sprLng t ides at thls
si te are 0.45 and 0.93ns- I  respect lvely (Pugh and
Vass ie  ,  1976) .  Because the  t ida l  e l l ipse  a t  th ls  s l te
is relat ively open there are no occurrences of U in
the interval  O to 0.1ms- I .  The frequency of
occurrence reaches a peak sltghtly below the maxLmurn
speed of mean neap t ides, decreases towards the
maximum speed of mean spring t ides, and tai ls of f
rapidly for larger speeds corresponding to the largest
spr ing t ides possibly superLmposed by surge currents.

One of the slnnplest forrns
transport  formula in use

Q c ( u )  =  d  u n

of current only sediment
ls a power law of the form:

( 6 )

where the coeff ic ient c has sui table dlmensions, and
may be a funct lon of water-depth, sedimenE grain-size
and denslty,  etc.  Taklng as an example n = 4 and
c  =  1380gsh-5  (see la te r ) ,  the  long- te rm mean
sediment transport  rate obtained by uslng Eq (5) in Eq
( 1 )  i s  Q " ,  =  2 4 5 g s -  h -  1 .  T h e  d i s t r l b u t i o n  s " ( u 1 )  o f
contr ibut lons to Qg> obtained from Eq (2) is shown in
Fig 1. The largest contr ibut ions are nade by currents
with speeds close to the peak speed of mean spring
t ides, wlth relat lvely smal l  contr ibut ions made by the
most extreme current speeds.

The wave data seE for the present example was measured
at the Outer Dowsing Light Vessel in a mean depth of
26m uslng a shipborne wave recorder (Fortnum, 1981).
The measurements used here were taken over three
complete years, with 12 minute records taken every 3
hours. Since the wave data ls presented in terms of
surface elevatLon i t  is necessary to convert  i t  to
bottom orbi tal  velocl t les before pw(I i l i )  can be
o b t a i n e d .  F o r t n u m  ( 1 9 8 1 ,  F i g  3 . 5 . 1 . 5 )  p r e s e n t , s  a
scatter plot  of  the number of occurrences during the
three years of waves wiEh signl f icant height I l "  and
zero-eross ing  per iod  T"  d iv tded ln to  0 .5m in te rva ls  o f
H" and 0.5s intervals of Tz, shown here ln Ftg 2. The
simpl-est means of calculatlng tr'I would be to assume
that each entry on the scatter plot  corresponds to a
rnonochromatLc wave of hetght H" and perlod T, r for
which the near-bottom orbi tal  veloci ty arnpl i tude could
be obtained by l-inear wave theory. Ilowever, in
real i ty each l l "  and T" corresponds to a spectrum of
rdaves, each frequeney of which wl l l  have a dl f ferent
attenuat ion with depth. I t  was shown by Soulsby and
Smallman (1986) and Soulsby (L987 ) that,  using l inear
wave theory at each frequency, and assunlng the waves



have a JONSWAP spectrum deflned by the two paraneters
II" and T"r the rns near-bottom orbltal vel-oclty W can
be presented Bs a single curve which ls a funct lon of
t  =  (h /g  Tr ' ) ' .  For  o  <  t  <  0 .55 ,  the  curve  is
approximated to better than lL.07. by the expresslon:

"  (n)L _ 0.2 s
H g (r+at 2) 3

S

where :

d =  fosoo +  (0 .s6  +  15 .54r )  5 lL /6 ,

( 7 )

(B )

h is the water depth, and g is the accelerat ion due to
grav i ty .  A  water  depth  o f  10n ls  chosen fo r  the  f i rs t
l l lustrat lon, which wt l l  a l low the wave act ion Lo
reach the bottom wlthout undue attent lon. Applying Eq
(7) to each combinat ion of I l "  and T, in the scatter
p1-ot,  ytelded the values of W shown superinposed as
contours in Fig 2. The number of occurrences fal l ing
lnto each O.lms- I  lnterval  of  W were then total led and
divided by the total  number of records Eo yield the
probabl l i ty distr ibut ion ps(Wi) shown in Fig 3. The
maxlmum frequency of occurrende l les ln the lnterval-
0 .1  to  0 .2ns- r ,  decreas lng  re la t l ve ly  snooth ly  as  w
increases. The l-argest recorded values of W l ie
be tween 1 .3  and 1 .4ms- I ,  hav ing  a  p robab i l l t y  o f
o.0437. .

The conversl-on of an H"-Trscatter plot  to the
probabi l - i ty distr ibut ion of W is undertaken by the
Ilydraulics Research computer program ORBVEL.

The jolnt  probabi l i ty pcw(Ut,  I { i )  obtained by
corubining pc(Ui) and p"(Wi) usi is Eq (3),  shown ln Flg
4, decreases raptdly for Sf inul taneous increases in U
and I,l. The most frequently occurrLng conbination of U
and !il ln the table occurs nearly 40 naillion times more
often than the least coflrmon combination.

As a comblned wave-and-current sediment transporL
formuLa we use that der ived by Grass (1981),  nameLy:

Qcw(u, ra) = c un [r*p<$l 2](+) (e)

The values of the coeff ic ients c and n are chosen by
matchLng the formula ln l ts currents-only l tni t  (W=0)'
g i .ven  by  Eq (6 ) ,  e i ther  to  f ie ld  daLa or  to  a  se lec ted
current.s-only fornula from the wide range available.
Using the f le ld data of Owen and Thorn (1978) measured
Ln2.5 to 7n of water over a sand bed, Grass obtalned
values of the constants: f l  = 1380 (for U and InI ln



os- I ,  Q"" ln g s- h- 1),  n = 4. For the coeff ic lent
he obtained I  = 0.08/Cpr where Cp is the drag
coef f tc ien t  de f ined by  (bed shear  s t ress)  =  &vU t .

the veloctty prof l le is logarl thmic throughout the
depth with a bed roughness length zo, then:

I f

(a = f-5-- 12-D Lln(  h/z  
o ) -1

von Karmanfs constant ,
r ipp led sand bed is  zo

( 10 )

and a typ ical
=  0 . 6 c m

w h e r e  K =  0 . 4  i s
roughness for a
( S o u l s b y ,  1 9 8 3 ) .

The Grass fornula r,ras selected for the present
purposes more for i ts s lmpltci ty and versat i l i ty than
for  accuracy .  However ,  a  compar ison  by  Bet tess  (1985)
of several  wave-and-current sediment transport
formulae (but not includlng Eq (9)) with laboratory
and f leld data showed that even the best of  them could
predict  Q", to within a factor of 10 only 50% of the
t ime. Thus there ls l l t t le reason to choose any other
fonnula in preference to that of  Grass.

For  a  depth  h  =  10m and zo  =  O.6cm,  Eg (10)  y ie lds
C D  =  3 . 9  x  1 0 - 3  a n d  h e n c e  I  =  2 0 . 6 .  U s l n g  t h l - s  v a l u e
of  B  and Grass 's  va lues  o f  c  and n  in  Eq (9 ) ,  apd
subst l tut lng lnto t t  al l  the posslble comblnat lons of
U and W, gives the variation of Q", with U and I,I shown
in Fig 5. The value of Qcw increases rapidly with
increases in both U and I ,{ .  The largest value of Qcw
ln the table ls almost 700 thousand t lmes larger than
the  smal les t .

In broad terms the probabi l t ty pcw of occurrence of a
part lcular combinat ion of U1 and I^I  . i  decreases rapidly
f ron  bo t tom le f r  to  top  r igh t  o f  F Ig  4 .  Converse ly
the transport  rate Qgrp produced by that combinat lon
l-ncreases rapidly from bottorn lef t  to top r ight of  Fig
5. Since the long-term conEribut lon nade by a
combinat ion of U1 and I{ i  to the long-term mean
transport  ls given by the product of the approprlate
entry in Fig 4 wlth the correspondlng entry in Flg 5'
the answers to our or iginal-  quest lons wt l l  depend on a
f ine balance between these two opPosing trends'

Performing the product. for each entry and summing all
the  en t r ies ,  as  lnd ica ted  by  Eq (4 ) ,  y te lds

Q " r ,  =  3 . 0  x  1 0 3 9  
" - h - l  

f o r  t h e  p r e s e n t  e x a n p l e .
this ls more Ehan 10 t imes larger than the va1ue

Q", = 245gs- h- I  obtained i f  waves are neglected.

The table of the indivldual products ls then
normal ised  by  Q"r 'accord lng  to  Eq (5 )  Eo g ive  the



contr lbut lon S.r in parLs per thousand of each
cornbinat lon of U1 and Wi to the long-term transport
(F ig  6 ) .  We see tha t  the  la rges t  con t r ibu t ions
( >10ppt) are produced by fair ly Large but not too
infrequent lvaves, combined wtth currents Lying roughly
between the mean neap and spring max,ima. These
contributions added together provide almost ha1-t (497.)
of the overal l  t ransport .  The largest observed rdaves
provide smal l  but non-negltgtbl-e contr lbut ions (up to
3ppt),  and for a more complete plcture i t  would be
necessary to extend p"(Wj) to rnore extreme values as
was done for
pq(U1). Contr lbut lons < lppt are shown blank in Fig
6. I f  al l  the contr ibut lons < lppt ln the table are
added, thelr  total  provides only 2.5% of the overal l
t ranspor t .  Th is  to ta l  l s  no t  l i ke ly  to  be  lnc reased
greatly by the addltional values whlch extend beyond
the range of the table. I t  is evident that very weak
current.s and low rdaves provide onl-y srnall
contr ibut l -ons to the long-term mean, because, al though
they occur frequent l-y,  their  potent lal  for sedLment
transport  is smal l .  l lowever,  i t  ls equal ly evident
that combLnations of the very largest waves and
currents do not provLde large contr ibut ions, because,
al though they have a large potent ial  for t ransport ,
they oecur very infrequent ly.  That ls,  the most
extreme events do not dominate ln the l-ong term. As
an aid to interpretat ion, scales of 4- and \  ate
lncluded on the waves axis,  these belng the nean
values of H" and T, for al l  the occurrences in each
lnterval of  W. The most important waves for sedinent
transport  ln thls example are seen to be those with
h e i g h t s :

1 . 3  .  E "  <  4 . 0 m  a n d  5 . 3  , T "  <  7 . 3 s .

Sini lar calculat ions have been performed using the
sane basic data sets,  but using water depths of h=5,
20 and 50m in the wave orbi tal  velocl ty calculat lons.
The values of Cp ancl hence B were also adjusted
accordingl-y (Eq 10).  The results are strmmarlsed ln
Ftg  7 ,  where  on ly  la rge  (>10ppt ) ,  med lum (1  to  10ppt ) ,
and snal l  (  <lppt)  contr ibut ions are ldent l f ied. Note
that the ordLnate on these f igures is l inear in W,
though for intercomparison purposes the i rregular
scale f"  E ls more useful .  The results are
indicat lve only,  s ince the same H"-T, scatter plot  was
used at al l  depths without any al lowance for
wave-breaking, so that the larger values of H" are
unreal lst lcal ly large for h=5 and 10n. The patterns
for h=5 and 10n are siml- l -ar,  but as the depth
increases fron 10 to 50m the important contr l ,but ions
are provided by progressively less high waves and



Drscussrotf

larger currents. As wave effects become even weaker
the distr ibut ion of S",  tends to the current-only
d is t r ibu t ion  S"  shown ln  F tg  1 .

The calculat lon of .  Q",  > and S",  (V1,Wi) f rom p"(V1)
and p, (W5) is undertaken by the l lydraul lcs Research
computer program EXTREMSED.

The lmportances or otherrdise of extreme currents and
waves for long-tern sediment transport  depends on the
rate of decay with respect t.o IJ and I,I of the product

Pgr i l (U1 '  Wi )  Qgw(U1,  V I i ) .  S ince '  as  we have seen,
there ls i  rather f lnE balance between the rates of
decrease of pcw and Lncrease of Q"",  snal l  changes ln
the form of elEher of these quant l t , les coul-d possibly
have a  la rge  e f fec t  on  Ehe d ls t r lbu t lon  S" r (U1,  W3) .
Senslt lv l ty to these forns ls now lnvest igated.

Various authors have suggested forrnulae for the
sediment transport rate Q., under combined waves and
currents, some of whlch were reviewed by Bettess
(1985) .  The dependence o f  many o f  these on  U and W is
broadly sl-mi lar,  and can to some extent be slmulated
by varying the values of the constants B and n in the
Grass  fo rmula ,  Eg (9 ) .  Because o f  the  normal lsa t ion
ln Eq (5),  the value of S.,  does not depend on the
constant a. Several  currents-on^Iy sediment transport
fornula have a dependenc. Q" -  IJ r  at  large velocl t ies
(Dyer,  1986) corresponding to n=3, whi le the Engelund
and Hanset (L967 ) formula, which is wldely regarded as
one of the more rel iable currents-only formulae,
corresponds to n=5. Taking the Dowsing data with
h=l Omr FZO.6 and n=4 as the "standard" val-ues, the
va lue  o f  n  was there fore  var ied  to  3  and 5  (F ig  8a) .
As n increases from 3 to 5 the important contr ibut ions
to S",  are provided by progressively larger (and more
lnfrequent) wave-heights, but the range of imporrant
current speeds is relat l -vely unchanged. In cases
where the effect of  waves is relaEively unimportant
(eg h=50rn, Flg 7),  one would expect the important
contr ibutLons to be nade by progressively larger
cur ren t  speeds as  n  Lnereases .

The wave-and-current sedlment transport formula of
B iJker  (1967)  used e f fec t i ve l -y  a  vaLue o f  F0 .0324/C9,
whl le Swart (1974) used F0.sfw/Cn where the wave
fr ict lon factor f ,  takes values typical ly ln the range
0.002 to  0 .3 .  Aga ln  tak ing  the  Dows ing  da ta  w i th
h=l0m, F0.08/CD=z0.6 and n=4 as the standard values,
the  va lue  o f  B  was var led  to  0 .04 /CD =  10 .3  and
O . L 2 / C D  =  3 0 . 9  ( F f g  8 b ) .  A s  B  L n c r e a s e s  f r o m  1 0 . 3  t o
30.9 the Lmportant contr ibut ions to S"r are provlded



by progressively larger wave-heights, but the
dependence ls weaker than that on n.

The Grass formuLa, in corrmon wlth some of the other
wave-and-current formulae, does not incorporate a
threshold of motion er i ter ion. I f  such a threshold
were lncorporated, as might be requlred for rransport
of gravel for example, then one night expect extreme
events to become relat lvel-y more lmportant.

Perhaps the most cr l t tcal  assumptLon made in the
present fornulat lon is fhat of  the lndependence of U
and W used ln  Eq (3 ) .  Whi le  th is  l s  a  fa i rLy  good
assumption for areas with dominant t ldal  currenEs such
as much of the Uorthwest European shelf ,  i t  wi l l  not
be vaLld in areas where wlnd-lnduced or surge currents
domlnat.e, such as the northern North Sea and nuch of
the North AnerLcan shelf .  Tt wi l l  a lso not be val ld
ln the surf zone where wave-lnduced alongshore
currents dorninate. Even tn t idal ly dornlnated areas
the most extreme currents wi l l  have a wind-indueed
component.  I f  U and I{  are part lal ly correlated, their

Joint probabi l t t ies become much larger for extreme
events, so that the distr lbut lon of S",  becomes more

biassed towards extreme events. I f  both U and W are
funct ions of the wlnd speed only,  then they are
compleEely correlated and the dlstr ibut lon of S",  is
related to the probabi l t ty distr lbut ion for wind speed
in a manner analogous to Ftg 1, but with wind speed
replaclng current speed. Ideal ly one would hope to
obtaln sfunultaneous long data-sets of U and tr'l so that
the jolnt  probabi l t t ies could be calculated direct l -y
and the resultLng distr ibut ion of S.,  eould be

cons t ruc ted .

0n1y one data set each of waves and currents has been
used, and to increase the general t ty of the results
l t  would be deslrable to use a number of di f ferent
representat ive examples. However,  to some extent the
effect of  di f ferent data sets has been sLmulated by
varying the water depths (Fig 7) and the coeff ic lent B
(F ig  8 ) .  A  decrease ln  h  o r  an  inc rease in  phas  a
simi lar ef fect to an increase in the severi ty of the
wave condlt lons relat lve to the currents. Sirnl l -ar l -y
varl-ations Ln the sedlment gtaln-sLze have been
simulated by varylng the coeffLclents c and n. I t  was
seen that none of these varlat ions changed the
conclusions qual i tat ivel-y.

The contr lbut ions to long-term sediment transport  by
dlf ferent combinat ions of waves and currents have been
calculated, using as an i l lustrat ion high qual l ty
data-sets from the North Sea. Both currents and waves

suulrARY
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were found to have lmportant roles, with waves
enhancing the mean transport  by a factor of more than
10 compared wlth transport  ln the absence of waves.
The largest cont,r l -but ions were provlded by fair ly
large but not infrequent waves, superluposed on
currents ly ing roughly between the peak speeds of mean
neap and mean sprlng t ides. Very strong currents and
very large waves were found not to make signi f lcant
contr lbut| :ns; that is,  the long term transport  is
not dominated by extreme events as had sometirnes been
surmlsed.

As water depth was Lncreased, the importaot
contr ibut lons were rnade by more extreme currents
cornbined with less extreme wave-heights. The results,
whl1e holding general ly in broad terms, were fatr ly
sensit ive to the form of sediment transport  relat lon
used, because of the f ine balance between the increase
ln transporL rate and the decrease ln frequeney of
occurrence as wave and currenE condit ions become more
severe. The above results apply to sea areas in which
the currents are dominant l-y t ldal ,  and the sedlnent is
sand. In areas with dominant wind or wave induced
cur renEs,  o r  fo r  g rave l  where  th resho ld  e f fec ts  a re
Lmportant,  a greater contr l -but ion to long term
sediment transport  f rom extreme events ls expected.

I am indebted to Dr P J l{awkes and Mr N Oliver for

thel r  assLstance wl th the comput lng.
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