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This.pap~r is intendcd to draw the'attcntionof~thösephys~caloceanographers..
iiom lCES member~countries who specialisc in currcnt m~asure~ents to thc dilemma

....•. '. . ,'e '. . .:>., ,
.' ','.' t~.at we are in, as far as the interpretation of o~ record~:in terms of residual drift

\ ( -'" ':~" - .': . ;"' '. . ' )

... /\ 'is c;oncerned. Put briefly, one side. of the dilemma i~ that';: ~om~', the~reti6ians di.aim

• ~<'th~t"c~tim~tcs of residual drift calculated fro~ a fi~cd point in spacc' (the '
~ . '.

,Eulerian frame of refercncc) can bc mislcading as far'as thc drift from point-tö~

'point: ' ~~,. space (the Lagrangian frame. 6f, rcfcr:nce ) ,is concerned ~ This is bccause

the Stokes', drift fnctor, \olhich I:1USt bc added vcctorially to thc Eulcrian drift
-. . .·t } •. . ., ' '-' . ' r; :)

estimatebefore'n s~tisfactory appröxirnatlon tb theLaira~gian,~lftis obtaincd,'
.• - .. ": '.:. :.. . , '. . t- ::.;....; ..

'can be as (large, Tf. not larger, thnn' thc' Eulerian drift,.ostimate· i tsclf•. ' . ". . . . -, . : : ", .'.:'\"" . '..,--::,.):." ...'; ''.

~ ." . :..... Ever si'nce this point of· yiew \'TaS· ?ired by, Prof~s}dr'L0!lS?et-Higgins at the

,iCES ncl,lio' meeting of' 1969 ~;. (Longuet~Higgins 1972) E~~~\~~hysical~ceanogr~phers

b·ee.~ .ü~~c that it iso 11,kcly, to'be' particu~nrly ';~~'e~önt'as far' as' rneasurememts
, .. '

in various.parts of the seas around Britain are concerned. Consequently it has, ,. ,

-.,-

,
':;~:,

~ ....\' ,
',.f~)1~.\: "have

, ,\:;.' ,,"made
_ ,.""~'V'

'~. been:

" ~, "

i •.. taken into·account·as an aside in thc report'ofthe leES WorkingGroup on'

e Pilot ~ur~ent,. M~~c~:Stations S~a~s~~r (Ed) ln· ..~rep); ....

ii. .' developed ~n c9.nsidcrClble, detail xor the lrish Sea region a's 'part of a

.;math~m~tic~l·m~d~ili~ß p;oject;
: " '!.:" , ':" . .... . ,

..\ :·iii.., ·~orkcd-up in detail in terms of the practicnl. aspects of thc· computer programs
't > " ": ;~ "'. ~ ," ,~ • .. •

\' thatwere needed xor cnIculating thevelocity gradients'at'ü given point in time'xor

'.' iv. :,. ~,'inve'stig<ltcd on 3 or 4 occasions in thc: field in that attümpts have' becn' made

to compare. th~ calculated,and mcnsured values ,of the Stokes' drift factor ror given

ureas. ,", .

';",

Now,.however, it ha:~.been:.su'ggcstcd -Co us .informally,-but very forcibly, that

. the r~'sfdual cUITe~t sp~~itüi~ts"ha~c tnde Stok(;s' Drift "a sacre:ci co"," and given' it.

.more i~por~nn~c in thcir 'proirj~mcii :of, work tha~,it' ought to havefr~m a purely

scientific p~~~t ?f'viewo Whi~h of,thesc'viewpoints is ~orrect is thc dilemma that

we nccd,to resolvcas quickly as p6ssib·le.
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We ncccpt wfthout .. qunÜ1'iCaUCin-thcit -iri'.:o.Ur-·:·case thc 'general" chnrge is true:

we have indecd .attached vary grant iLlportancc to Stokes r Drif~"a~~~he Lowestoff .,':.
, ._ .. - ..,' ' . " _.. _" . .",. . ' ... ' . " '. t·· ': -: ~ ;;. , __~ t.,.: ~ ~ ~..,.. ' ~. : -,' ' ..

Laborntory bccausc'rcsidunl drift pntterns are one of the corner stones of our
,:;. ~t.'n .. ;·~ ....•

fisheries occanography prOgramme. H6wever,·wc'are very'iritrigued by thc idea that

wo huve raised this topic to the status of <l "sacred cow" and sec the necd to review

thc general situation so <1:hat,:Hc,'can find out' for ourselves how far we huvc progressed. "

sinco 1969 and also allow same' 'form· of..objective "Peüi'Roview" to occur.
. ~:'), ,,~. I.· ..

A'·REXI~~-1 OF THE, PUBLISHED HORK TO DATE
I.··· . ",

',; It is ~ot ,'i~t~n:d~d 'ih:i:his paper to providc a vcry detailcd rcview: of tbc'
. ,I .....t r~ ·:t . 7,''''", '. :;!.;' , .' '.

,; '~"'Stckes':Driftworkthu.f·liils 'been publishcd since,1969 but rathcr to 'list 'thc' rclevant
-' , '.: ;' ~~ :".; -. : .':-.' .'~. .' .. . .

::L:. p.apers; ,emd, highlightthcir.' main points in', order to ,?c ubsolutely clear Maut the '

vurious ,Wuys: in which Stokes'. Drift has bcen intcrprctcd.< ..... we.. ~. h~Ve; listed·.in' A~n,ex 1.
·the various formulae usccl'in,'eClch CilSC. .. .. , . ,. . . '9'

::;:.," In .the SaLle volumc, in which'Longuct-Hiigins:stated. thc· '~ase for carefullY

cvaluating thc Stokes' . Drift factor relating to· any es'timates 'of rcsidu'nldrift:

calculated ,from ,noored current. mcter data,. Hill'~d:'R~~~ter'{l972)followed his"'"

suggestions and applied thüm ,to data cOllectE:d'~n'.~he:".\;~stern"Irish Scn~' Tl1ey': found
•. t., ",

that at one station thc uddition of the Stok~~!r Dr,ifi;, factoriricreased' thc' mcigriitude... ~.:. ..:,. ~~.. ,.~ . ~. ... " ..'
.. ,-~. of:... :t:hc Eulerian. drift by58%:'butthut·it.· aid' Dotsigr:i;tficuntly ~l1terits 'dircction.

. ". . . .' , l \' I. • '" . .; '" ,I",',: . ~ _', " __.

,'. At.,':five; other, stationsth'c"Stbkes '. drif.t ,was ·dccmcd insignificant·.:' Hith' thc 'beriefit

'::,t of::tlin~Si8n:t" it:is' nO\'l'cii::~~~ that thc caltula~~;ns'ad6p~e'd'{'~ this instancc' ~ere rlOt
• • .1' •• J ~ • ~ ._'. " • :

.rigorous· enough'so th<lt o'illy,"order of magnitu~e'" estinate's"werc ootaincd:;' I.;, .::

Hunter (1972) cstinuted thc Stokes' drift fron thc rcsults of his rnathematicul

. ; drogue Clnd

North Sea.·

model of,thelrish Sca'by defining:the Eulcr,iun.residual to'bc-the'm~an veiocity

and the Lagraneian drift to bc:the' mean tran~p'ort -d~",:~dcd: by thc' meun' 'depth~ ,,: -;: e
Hence.hc was ableto produce ,charts of Eulerinn and,Lngrangian vectorsgeneruted:

..... ':'. by u tidal input. Thc Stokes' drift, being thc differe·nce:betwecll'the·L.J.Brungliln:

and~Eulerinn drift, wus also derived; for eilGh point: of his ~O'dE:Ü: grid'. " i Figure' 1

show~ t~e Stokes' fuctor chart produccd by': Hunter' s' model nnd ;':iioLl' this~ it ccin! oe
,.~. ,. '''. r" ·-1

,,,,~ seen thut in thc southern and castern purts of the rcgion magnitudes öf"O';S-3 cms'

., occur. whilc' in thc' north and wcsf.''irtsignificant magnitudcs are fo~~~/" UnfortunatelY,

.: it is:. not generally acccptcd:<.that· Hunter's" formulu.tio'n: orthc:'Laera~glari:drift is'

correct ,md this has rcstricted thc generCll application of his work""[! x.' •. ,,:

. A'. rather dif'ferent n;pprou.ch~to 'thetopic 'WuS takcn by"Dooley , C1Q74?-);who compared
• • - ~ ~.: .: '.' ,. .. ..,', _.. ' ,: ~ .. .. ' ~ .. " " i I' "." ~

current :meter' mGc.sureineirt~ in relut~yq.y shu.llow,watcrs· in thcnorthern

He: listed iilÜia'11y:-:the::drawbacks;Q;. paruchutc droguc' cii~rc'ises and'wus
:·f.......,.·, . .,'. :.... " ' .. .:.,:: _",'. J.',' ,', .

. careful to·uso· only drogtiü"mdasuremcntstuken' d!lring' cnlm conditions~ "He found..~

nonetheless that the patterns of movbment wercqu~~e different and~thht estimutes
....
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of the Stokes' vclocity calcu~?tcd solcly fromthe ch~racteristics of thc tidal

wave did not" brine them into"aer9cmcnt. Insumming up his results hc states "for
L ,.' '.. -., '1 ~ .': -', .. ~ :.. ' .

an area off the east const of Scotland,an ill~defined'relationshipexistsbetween

L~grangiaI1 and E'~le~ia~':m·~~e~en~s. . Th~' component. ~ffi~~ ~hich is related to a
. ,- -, -~ ... . " ~ ... .

travclling wavc is sma~~ c~mpared with thc rectified flow ge~erated by'variable

'bottom topography. eare must.be. taken in interprctinß smal~ r.esidual flows as

mcasured by' current':met'ers'~i'ncelocal effects 'givirig'ri~etotisYmmctry of the tidal
. .-. .' . ~).' , ~. -~,-,..' . . .

stream maY,De domiriant)' . :r?ip,view .was written'Tnto thc re~ort of thc leES Working

Group on Pi.1otNorth Sen Currcnt Meter netHörks~ '''''.'
, ".

At about the same time yet a~othcrappr6nbh to the e;enera.l pr.'oblem was b'eing'

ta.ken Ly Taibot Gt' ni pn pr~p~. in thcir interpretation of current mctcrdata

g:lthercd off~ the'coast of Yorks~ürc.: Thcy ~ompnred Eulcrian estimates'ofresidual

~ drift from 3 stations situatcd at. variousdistances from thc coast withestifuates

of mass transport derived fromthe velocities recorded at each station.and coastal

tide gaugerecords. In ~t,her, words.they took, account of t~e Stokes' drift fa.ctor by

estimating the,actual amo~nt of.water flowing through each of thcir moored:currbht

~etQr ,positions\dti~i~~ ~~~h tidal cycle. " .

~n. most o~, thE:('17' comparisons the aGreement as far asrcsidual dircction'
.' . ~'" I .

was conccrned 'Wd~" dxccllent and thore,was a sm:lll:systematic.differ8nce'betwcen
• ~ _;' .... : :. \ I .•

thc two sets of/residual velocities. This suggests thcreforc that in.this'particular

area at:,least 'the' Sto~cs' factar is rclativcly' srrtall and that it could becalculat:ed

fram the ,knolID characteristics of,thetidal t1cive. Thc authors do make thepoirit·

however.thatthey:ha~enot been able to uso dQta trom all p~rts of tho~water:cölumn'
" : ;: "l' _" .. "

but huve hadto as~umethat,tho two velocity valucs they have at each station are
• I ~ L

reprcsentative of.~ constant fr..:lction ofthe tidalwatercolumn.. . ..... ":.

In 1973the pr~scnt authors rcported tc'lCES tho results of a"Stokest~ianile"

exercise (as,suggestcd by Longuet-Hisgins'in.1969) thut had been coupled with th~ ~

,t~?cking within the,trianelc of. a parachutc drogue system. This was!' to our knowledgc!,

the,first time such un cxcrcis~ had bccn·doneJ~ndthepritiary reason forour w~iting

at that time was to spread· thü, news Qfthe'practical difficulties involved and-the:type
.' . '": ":\

of results that might Le expect~d.\ We also rep6rted that we had evolved a computer
" ....

routine for'cnlculating the velocitY'gradients that took account'of all the data
.' • , I'.· • • • • •••

collccted at thc statlon;of the .trianglc'at agi~en time. Unfortunately!as 'Dooley
, , . :~. <: . . " ~ •

had suggested carlier! windagc on the surface buoy wus found to be,very'important
. .' '. ':'\' i! .:. j • • . . \. .'

and it was felt that,ll shallow water !'S~ml'low :flout" (SwalloVi) 1955) waSneeded to over-
~.. ' .. \ ~ ~"".. .. . . . \ ' . -' .

come this difficulty. Furthermore ! "thc c.:\lculations sum~ested that, the Stokes' factor

~~ thc time of ~he' ~xe~'~~~c~ \'1,hich wascarried ~ut ':rn~i<i~nta~'lY'i~ the same region as

Dooley's earliC'r'work~-was of thc snme order as the Eulerian residuals measured.
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It was;noted thnt. thcrc secmedto be no links bctwecn thc chnracter of the'

calculated Stokes.' drift and the progressive tidnT wnve' in the'a~e~'~"

"The 1~73.paper was criticised by'Dooley (lQ71rb) pri~cipaliyon thcgrounds that

eO~~lc~'b~~~~'~;.to~·ogr<lphY.will lcnd to spatial variability withi~'·th~'region'.cf ..
. ! . . '. . . . . . ,". ~" "'. .... " .. '; '.' , :...' L .'~ ~

such a·triangle of moorings.and this:will effectivüly dominntü the field'·measurements.

He a{s~; pointed out oth~r possiblc wcaknesses inthe <lpproaCllthät' ;'h~d be'e~ t~k~n:
. .',.' . '. ._.~ • ...... r~

,?-nd went on to sum:;est .that "relbble estimntion' of Stokes 'dr;ift i;' dependent" .

p~imnrily on. the homogcneous distribution of tidal·curr~nt. Thit'li~mand~ th~t '}-'
. J _... :", ;,..... ;: . '; ~ :,

currcnt meter rccords must first be examined forthc qunlityof their harmenie

constituents nnd onee the above condition' has becn verified Siekes t' drift ean' bc. . .

reiiably estimated."· He thcn 'proceeded to e'xamine 2' sets of datn' nn:d' ~;ompute St~kes'
• ,_. ",: ':. • '1'. : j"

drift from the .vnlues ofthe M
2

, 52 nnd 01 constitucnts in the'data. '. Later he

extended his system to the whole' ofthe region 'lying cast' cf" thc' Seottish cb;st' f'

to a~ fnr,as lOE'bycomputinß~hedrift from thc known character of' th~;tidal~av~

in'. the region and mnde thc telling point that.:Spring-Neap fluetuations ~eodto be'
.. ! .. • . . ..' . . .: .. '.' " ,,' -':':.

ta~e~~into nceount in anyattemptat future calculation of Stokes' drift estimntes.

It is ~ery elear that the second of Doolcy's papers has mueh'~ordi.n ~~mm~n":'
_P \. 1

with thc npproach taken,by Hunter nnd Longuct-Hieeins thnnhis first'ono~ Hencw

appenrs to suggest .thnt tllc, importance' of bottom topogrnphy is:mthcr ie~~'i~"

general terms than he had'first supposed and that reliublc estimates'of the Stokes'
l -.

füctor. ,enn be computcd;for large' sca' üreason n routine basis. <i·.

_ yor our part wo aeccp~nsjustifiedthe 'eritieisms'made Qf'various' nspe~ts

of,our 1973 paper and reiteratethat we were intcnt primarily on'public{~{~8 the'... '.~ " . ... . .

typ'~ of :fi~ld cxcrcisc thatwe feltto be nccessary at· that time: Since·then'· ~'6

have '~a~ried out two more Stokes 'triangle exerciscs in the contral North S~n and\.\-·~ _
. . . - ", " \', ':

wcst?7'nChnnnel rcspeetively; the, f.1.rst 'of these' tab.ng 'place 'in nlmost totnlly

e~l1m"conditions. rlc have.also modificd the formulü which wd 'usod 'inour previ6u~

paper in order to nllow an hourly comparison.of caleulatod and mensureddrift in:ste~d
, . ,'. '

of· the.tidal menn.comparison·previously employed. Furthcrmore as nresult of 'considering
: ;'

.,the,great spatial varinbility found in the first field experiment wc have also
, '.' . -

developed a more aecurnte "sccond order formula" for ealeulating the hourly values'
", .

of Lng7üne ian drift. The details,ofthcse formulae are'givenin Anne~ 2.

We .now find, however" that in both recent 'field experiments thora' is, if" . '.\
" {... - , \~.: .' ... • • •..• ., r . • • " ~

nnyth.1.ng, sl.1.ghtlybetter ngrecment bet.leen thedr.1.ft ofthe pariehute drogue'ünd

cal~ula~~d:'E~l~~ianresidU21ls than· exists betwcen. the ·drogt.1E;'drifiimd thc : . .!.' ,',
:'. ..' I '.

caleulated.Lngranginn estimates (Figures·2 and3)!!In neithcr of'thcse:more reeent
" :

cnses ,did we have the mnrked: spatinl vnriability withiri the triangle"of 'moo~ines':' ,
'-":1

, .~: :' ..
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our orißinal experimental set-up.

. , .

that was so apparont off thc cast coast of Scotland and conscquently there was

little"'diff~;"ertcc"lri:'fabt B'etHGC~' thc' i.hg;angi~n d;-Ü{ cci.l~Vl·~··tod by 'thd: s'ec6n'j -­

orJ'~r ;formul~~nn(Fthat:c::;rcul~tt:d fram -thc Lon8uot-Higgi'ns"f~~muia. Thi~'ia~k of .
; '. .... ,. . . :. ..:' ,~ .. ~\ ','.:, .... i .-.. " . ,.' '." .. ~ "

spat{~ivQ~i6biiity'mJst~ we fccl~ offset to somc'extent Doolcy's strictures on
.. l~ .-~. ;"-; - \' :; • '\' • ,;

Wo asrec with him~ howevcr~ that the parachute
~: l; .>~ ;; ",}', .

drogue peT' se is the Henkest part of thc experimental design ,md rcitcrateourplea'

for the desi3h' bf :ii ;'shclf;"sea' S~aiiow float that w6til~l"mova along,i~ithin-a~e~ptabic

lirriit::f': nt ·i~ast·~·tit or' hl~'sc' to'" th~ hc1ßht: abovethe se~bed'of the mo~'red'curre'n~

metors.

Finally~ in this review we would like'~todr~w att~~tion to 'n residual drift

model of the southern North Sea by one of us (Duranee',' 1975) which' su~g~s'ts that

thcLStokes'''veiocity,'as calculatcd in the sense previously dofined by H~~ter~

_ could ~lay a~ imfortailf' r~lc .in decidi,ng ~he chatilcte~. o~ t~~. ~en~r~l ~a~,~~~~s of
advect~ve dr~ft.1n othcr recentreports of ros~dual dr~ft"models of'the same or

;':':~3itni1ar' ;6ro:ls(Rondny, :"1973~'Horwood~'1974) . this p~r·Üculo.r aspect '~f ~ffai~~" ·5.s
;.~. I

,'·;··net ·6.s !clo'~elY' cxhmincd ;:15 'we f<ielit necd~' to b'Ö~ ..

D1SCUSSIOU

We think it is vcry important to stress at this point thC1t in our view thc

situation with regard to the relevance or othorwise of the Stokes' drift factor

to moored current meter measurements in the North and 1rish Seas is of fundamental

importanee to fisheries ocecnographers workinG thore: it is not simply a sacred cow.

18 Dooley (1974a) correct, for example, ''1hen hc sU8gcsts "noither drogues nor current
. : :;: .....: ...,. H. , .' "

meters C:ln adequately predict thc movement und dispersal of plankton populations" ..

and pollutants"? If he is~ are we corroct' in fol16;"'irigLonguet-Hiß8:fns, ~nd .'hY" "
imp1ication the Dooley (1974b) paper, in thinkinG that thc Stokes' drift factor

~ as calculated from the phase velocity and amplitude of the tidal wave in a given

area is the missing piece of jig-saw? 1t would seem that we need general acreement

among European current-measuring research teams regarding scvcral points. rirstly~

we need to assess whether or not Stokes' drift is likely to be of importance in our

work. Secondly, if it is of importance we must produce an agreed definition of the

Stokes' velocity and of the way in which it can bc calculated. Thirdly, He should

produce, via thc agreed definition~ estimntes of thc Stokes' drift at ncap and spring

equinoctial tides for zrid points covcring the whole of thc Europcan continental

shelf seas at most~ .:md the Irish and North Sea areas at least, so that we can all

see thc variability of thc factor under discussion. Fourthly, we might then feel

that we can "zone" thc f.:lctors that havc to be applied after thc fashion of the

velocity of sound corrections and so reduce our present dilcmma to thc status of

a correction in our computer programs that is akin to, but a little more complicated

than~ dcaling with "miJ.gnetic variation" and its cffect on current meter compasses.

- 5 -
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Finally WO neod' to re-think'our field programmll. It seoms clear tö us·that we'

need to approach the prbblei;' via "Stokes' triangles'" of various dimensions' and the

use of cither shallow water SwallOi-1 floats or the labelIed tracers ,:su8sested by

Dooley (l974b).

CONCLUSIONS

1. An lCES Working Group consistinß of theoreticians, active modellers and

field scientists should bc fürmed toexamine thc Stokes' drift concept and report

within one year as to:-

a. its importance in European Shelf seas;

b. how it shotild be defined;

c. its magnitude at neap and spring equinoctial tidcs at points over a ßrid

covering at least the lrish and North Seas,and the Channel;

d. thc possibility of producing "zones" of common Stokes' .drift~

2. Every effort should be made to produce a shelf~seas Swallow floatso that reliable

field measurements of thc Stokes'drift factor can be made in carefully chosen regions.

'.. ,',
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ANNEX 1

,Th,e f9r~ulae: usedby:all thc iluthors mentioned in this paper nre derived

from.i1 paper by, Longuot-Him~ins (Lonsuet-Hi8~ins 1969). Vlith the cxception

of the, ~e~'f ,\,lQr~ presented in this paper the startinß,point is thd formula 'for' .-

thc Stokes' velocity dürivcd by Lontluet-Higgins;, ie ,.. ".",. f" ~. .-~.':.'" .

.:·"f t; ~,-,! ': .J.;'; , . ~

~ '= I t u :Jt., u,
, ,0, "

! '

: ..'

.~ i.:'. _; . \- -.f

Where ~ is thc Stokes' velocity vector, ~ is thc Euleriilnveloc~tyvec~or,and:~.

t'is' the':tim'e;' the menn~bein8 'tnkenovc~'one or more compiete tide cycles. This

formula iso cörrect.to first örder'only, but should give a ßOod. estimate of the.

" Stökes',: velocity provided the excursion of thc water particle during' one tidal

.' cycle is small compared with the tidill wavelength. This formuln WilS adopted by
, ,

ourselves '(Ramster and Durancc, 1973) when using a triangular array of current

meter stations to monsure the velocity grauient.The Eulerian velocity was. ' . .

"'taken as the :rrieanof' thc 3 stations. Onlythch~rizcintalmotions we~e considered;

the contribution to the Stokes' velocity from thc vcrt~~al ~oti~nswas ~e81ected.

"'If'the: surface elevation and th~ horizontal velocity components are assumed. ..

to be periodic with zero mean and the 'vertical motions ilre neglected, equation

(l)can: be tr<lnsform'ed to:

u
s = ur; + 1

'Tl h

'[ , 'l"
d, . "hu f. v dt ,
Cly

vr,;' ,1 a ,', [ hu J v dt ]
h - h ax

.' I-~ .;. • •• '

t " 1.\.

,ab?ut,the c~neral validity

If in addition to :thc.,.. .

where Us' Vs are, thc ,x, ',y components for Qs;:ilnd u,' v are thc x; y components

of u. Both Hunte~ (1972),andTalbot et'al(In·Prop)'usc this formulation,

neglec~ing ,thc socond t8rm. This is justified in lOCdlitics wherc th8 tidai 'ellipse

is vcry narrow nnd the motion approaches one :limension<il~'but has led to doubts
of thc method. ' ,~ ;' ':,;: . " ,i

assumptions of', thc :prev:fotis parugraph i t ;is assurlled

that thc Motion has the form of a travellinß wave, ie 'th~ velo2ity components

are functions of (x-ct) and y only, whcre thc x coordinate is in the direction of

progagation and c i3 the phase velocity of thc wave, then equatien (1) can be

reduced to:

U
s = u

2
/ c

+ J v dt dU
dY

.,-' 8"'-



· .. '

v
s = f vdt (du

dX
+ 3v)

3y

Aeain, if the terms involving fvdt are negleeted and the wave is assumed sinusoidal,

then the formula used by Dooley is obtained:

u
s

v
s

=

=

, 2/
:2 u C,

m

o

where u is thc maximum value of u.
m

ANNEX 2

Thc ealculated Lagrnngian Drift estimates used in figures 2(b) and 3(b) are

based on the formula (Longuet-Hi8gins 1969):

u (x, t) = u (~ ,
o

t) + ft
u
t

o

(x , t) dt. u (x , t),
-0 -0

=

where x is the position of a w~ter partiele at time t, and x is its position at
-0

thc start time t. When meaned over a whole number of tidal cycles this formula
o

leads to the formula (1). Thc Eulerian Drift .§.E ean be defined by

f~ ~ (~' t) dt,
o

and the Lagrangian Drift .§.L by

=

~ Sand S are thc distances of thc particle from the point of release caleulated in
.~ -L

the Eulerian and Lagrangian sense respectivcly and cnn bo direetly compared with the

paraehute drogue position.

The integrations were earried out numerieally using thc hourly menns of the

veloeity from eurrcnt meter reeords to obtain hourly valucs of thc Euleri.::m and

Lagrangian Drifts to bo eompared with thc drogue track. Tho Eulerian velocity at

thc release point was ealeulated as a weightcd monn of the thrce current meter

records.

A more accurate formula can be obt~ined by using thc Lagrangian Drift .§.L in the

formula (2) instead of thc Eulcrian Drift S. This formula is referred to in the
-E

text as thc "Second Order Formula".

- 9 -
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FIGURE 1

Stokes residuols
Tidol input

2 cm/s

Stokes' drift in the Irish Sea calculated from tidal input. (After

Hunter 1972)
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FIGURE 2 A comparison of parachute drogue displacement and (a) Eulerian drift anJ

(b) Lagrangian drift as calculated by the Languet-Higgins' farmula fram

45 hours of data collected off Flarnborough Head in Harch 1971~.
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FIGURE 3 A comparison of parachute droguedisplacement and Ca) Eulerian drift and

(b) Lagrangian drift as calculated by the Longuet-Higgins' formula fram

13 haurs of data collected in the Western Approaches in December 1973.


