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.INTRODUCT ION' .

. There have been many ihvestigations reportcd in thcliterature concerned

with establishing a simple G~pirical relationship beVneenthe,wind.velocity,

W, and the speed, u, of thc surfacc current induccd. Most of thc investiga­

tions between th~ work of Ekman (1905) and Tomczak (1964) have been r~iewed

• by Lee and Ramster (1968), and nearly allhave assumcd a linear relationship

of the form suggested by Eknc.n

u = IGl

whe~e K i8 a wind stress factor which Ekman suggested was of· the order of

K = 1.43

in North Seu latitudes. In fact estimates of K havc ranged in value from

almost zero to 4.3 (Tomczak 1964), the 101'1est valucs found by Harvey'(1968)

in aseries of surfacedrifter experiments in the Irish Sea which showed
• ,'>" "~'. i" .

values of.. K beb/een 0.2 and :3.2. although he concluded that them,?st pr0b.able
.' ,- .

.range for K wasbetween 1.5 and 2.0. Several other studies have beencarried

. " out: since Lee and Ramster reported, includine those by Ne~~ (1968)and

Smith (1968), the latter being related to.the driftof oilfrom the TORREY

• cANYON incident where oil.was foundto.drift at 3.3 per cent of the wind

velocity.

Ekman also suggested that. the surface current was deflected at angle e
to. the right. of the ''lind direction, e increas ing wi~h .depth. Many authors

'have assumed that eapproximates zero for the surface layer as normally

.... represented.by the drift of surface bott~es, cards:and drifters, including
• ••.• • j

Meumann~ although he introduced into his calculations an element of drift due
. . .'. ". . ..•. ': ... ,

tothe underlying residual current system,. aso did Tomczak.in a rathermore

limited fashion. Smith (1968) ~btained hi~ value· of3.3 ~er ce~t·bY.~initting
.. ••• ~ '~.: •• ~ .1 " " ,

·,the residual current systems .in the 'l.festern .Approache:;; •...AlternaJi:r~~y

__. 'Brusson (1967) using avalue of.2.5 per. cent explained,the ?:iscrepancy between

, observed ·and expected drifts of the TORREY CANYOH oil by a residual current
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system. Haug (1970). refcrring to transport of surface pollutants; "concluded

, : ..tha~,.residual drift ,uas necessary in thc computation; und ~uiculated"K lis. .' .. '. . . ." . .
lying between 1.5 per cent und 4.5 per cent with u best fit "of 2.7 per cent

for an oil pat6iL Tho cxclusion 'of a residUal current sYstem und tho meuns

whereby it may be included in the estimution of K und e have seemcd to us

the most serious limitations cf, the previous .,ork. An attempt to progress

along these lines was made during two research cruises of RV CLIONE and

RV ERNEST HOLT in November 1968 and November/December 1969 resp?ctively, when

., ,:'·arrays ef' current meters vTere moered in thc Irish Sea and surfacc driftcrs

,'.::werereleased, ,üthin' the arrays •

. ,," ..; -..1. ,:,.:',

" I-IETHOD
. . " .. .

"(.' . ':'. ;. BehlOen 1,' and 17 NC?vcmber 1968, 9 current meter ~t~tions ''1ere moored

in the western Irish Sea with 3 Plesscy M021 recording currcnt meters ateach ~

station, readings being takan cvcry 10 minutes. ~he moters"e;e positioned

12 m from thc surface at 10'1 ''TUter, 4 m above the bottom and in tho middle of

thewater column. ,Tho12 hour 25.minute,mean residuals for euch of thc meters

which produced reliable records have already been published by HilI und Ramster

(1969). On 9 and 10 November 1969 a similar currcnt'metcr array of 11 stations,

with a total of 29 moters was moored on the positions shown in Pig;, 1~ which

also i..'1~lude~ thc 12 hour 25' Iün"residual vectors overthe total' peried· ef

30 days for ':Tlüch th:is array' ,vas' in pasition. Thene hTO sets 'ofresults,

't~gother ~ith the menn surfacecurrent circulation'doduced by Ramstor 'und HilI

U969), formed the basis of thc cnrrent meter input tb the computer simulation

.~~r~'the 196s' and '1969 drifter relec.so experiments. In those ciwes "There the
: ,,'. -'t· . , .. .~,~ "

"t1~~ from drifter ~elen3e to driftar recoveryexceeded the total iengthof

thc currcnt motcrrecord, the currcnt systcmucting on the drlftcr after the ~
end 0 f the meter recerd ,ms nssumod to be the mean current over ,the period of

thc' curreiltmctcr ob~ervutions inthat sector~

. Thrco tjpes of ;~rfacc drifters' lleroused in' the 1968 experiment."

250 drift ~nvclop~s,' a~used' by tho UK National lris'tithtc of Ocoanography,

'\~erÖ ;elciased ~t Sto.tion'C: (Pig. 1): on 5 November," togcther with 250 yellm'T

surfaco driftcrs of 'similar COrlstruction to' thc Iloodhcad: scnbed dri:fter, but

\leighted'\o g:Lvea specific gravity of '0.96 g/6c,'(s'imilur to'tha,t of the

ör~dc'o~i.l rc'lcascd by TORREY CANYOU). It bad. been 'found·in,'tnnk experiments

in'the:iab~rat6rYbefOrothe cruio~ thnt this would cause the mushroom-shaped

'top of th~'drift:~r t; :f1o'ilt inth'e top'2-3 cm of1'mter~ :To :tepresent the,
~~rfc~o drift of thc'top 50 cm of water~ 50 rcd'surfo.ce drogue-type driftcrs
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in 1968, 'and at each of
"the 11 current meter stations" in 1969.

. were rclcaoed at euch of the 9 currcnt meter s"tations
! '.,

The computer simulation

For the purpose of the simulation the northern Irish Sea was divided

into 11 current sectors und 5 wind sectors us sho\~ on Fig. 2. At all points

within a current Bector it was assumed that the current could be represented.. ." . . .~" ~ ..

by the near-surface current meter in'that sector, or if this meter did not

produce 'reliable records, by the mid-depth moter. If a current meter station

had/tr~tidcd r8asonable results, the current system \fUS infcrrcd or interpo­

latcd from nenrby soctors in linc with thc surface circulation eivcnby ,

Rams ter und '11i11 (1969). Thc five uind sectors rlere assUIDcd to have a s imi­

lar wind at all points witlun the sector,as 'recorded at the fivc

• meteorological stations at Valley, Squires Gate) Ronaldsway, Mull ofGulloway

und Dtiblin. '

The central point of the drifter distribution (Xl, yl) is determined

from the position six hours previously (x, y) from the equations

Xl = x + 6FC(x) + 6FK(U(x)cos a + U(y)sina)

yl = Y + 6FC(y) + 6FK(v.l(y)cos e - U(x)nina),

where C(x), C(y), W(x), W(y) are the hourly mean current arid'wind speeds in

.the north und cast directions respectively for the appropriate sector and

time, ~d,F is a unit convorsion factor. The spreud of the drifter distri­

bution about tho central point is estimated by a time dopendcnt, symetric,

bivariate ~o~ai distributio~withvariance02 increasing as

•
. '.' ~_ ..

2o = 2(T,

where € = 1.6 x 1Ö-5 Km2/secis a valuo of the diffusion coefficient obt.:rined

in dye' release experiments in the northern Irish Sea by Talbot (pers. comm.)

und T is the time after release in sees.

Thus, ateach 6 hourly step of tho computution, the centre of the patch

of drifters and its spread are determincd until the'cent~e comes within 0
, .

of a coastline. ·At this stage~ the drifter distribution is integra~ed to find

thepercentage oftho drifterswhich \lould have landed and the distri~ution

receritred offshoro andallowod to continuo movc~ent under the .influence of

the uind and current.. Tho simulation \'l'aS norma11y continued ,·until 95 per

'centor the drifters bad bcached or until the contra of the drif.ter patch
. . '. . .

passed out· cf the model area. Output is by line printer und paper tape, the

latter bcing fed to an off-line graph plotter to produce the course of each

drifter track as shown in the example at Fig. 3.
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The parameters K and e, in which we were purticulnrly interested, were

varied for each simulation run , Kranging from 1.0 to 4.5 in steps of 0.1,

and e from 0 to 25 degroes in stops of 5 degrcos, although it was not noces­

sary to use thc complete rango of euch pe'1ro.meter for all ,types of drifter.

RESULTS

The drift envelopes

The positions from which the drift onvelopcs released at.Station C were

returncd are shown in Table· 1 together 1dth the time to recovery. It. can be

. seen that a total of 198 were recovercd out of.the 250 roleased, the mnjorit,y

landing by 10 Novoniber uith scattered returns in both time und space after

12 Novc~ber. In order to obtain the best estimate of K und a for thc butch

of lnndings centred at 530 30'N ~le huve excluded those landed later than

12 November, and consider the approximately normal distribution up to that

date totalling 165 drifters. Of these 11 or 6.7 per cent landed at distunces

greater than 3t miles from the centre of lundings from which we can calculate

that the standard deviation of the obscrvcd landings was

•
a = 1.9 n.·~miles.

Thc computer simula{iün produces a standard deviation cr1 after 4t days of

a1 = 1.93 n. mil~s~ honce thore is good agreement bet~Teen the observed and

simulated returns in so far as the dispersion of drift cnv~lopes is concerned.

":.. Time, uithin the computer simulation, is reckoned from 0600 hours GNT

on 5 November so that tho cnvelopes \iere released.within the first 6 hourly

period at 0810 hours GHT, the simulation permitting the correet proportion

of the 6 hourly period for the drift of thc envelopcs. Thus "days-out"

from 0600 hcurs GJ.1.T on 5 November are also givcn under )the dates in Table •

in t daYs. In order to compare the best fit of'Kand e to the obsorved

return~ the valuos of these "parameters relative to the 50 per ;cent return

point have been shmm in Table 2, tabulated against the number of daysin

'the sea and the distunco of the centre of the simulated distribution from

the c~tral point of the observed distribution of envelopes•."From Table 1

it is"clear that 50 per cent of the 165 envelopes returnedin the initial

dis·tribution VTere returned beu,een 4+ and 4t days. Since we are working in

t day units fro· uould thcrefore expect the best fit of K and e to correspond

to a time in Tablc 2 bebleen 4* and 5 daysand"thcse aremarked by a cross.

Th~~~ritihully tho best fit of Kund a should also correspond to N = 0 but wo

have hri:inheron t inaccuracy in thc' current. and ."lind inputs. due to tho.

4



•

, .'

cr = 2.7 n. miles,

and from the simulation after 9t days, cr1 = 2.77 n. miles, which again shows

good agreement. In this case 50 per cent of the drifters landed be~~een 9t
and 9tßays after. the simulation zero. Hence ue mark a cross' against all

.cells in Table 4 for 1~hich D lies bet1'1Cen 9 and gi,and ring those where N

is le~s than some ~rbitrary level, say 6 n. miles. In fact, in Table 4,

there is rather less varicbility of N and D uithin the columns and ue might

weIl restrict D to ~ or 9t d~ys and N to less than 3 niles'which suggests

that the best estimates of. K and 3 are
:" ; .y!'

1.tffo:;:; K :;:; 2.2%,

oe = 15 •

The red drogue drifters

Only 50 red drogue-type driftcrs were released at each station so that

the return distributions were less weIl defined. However, an indication of

the ranges of K and 3 'for this type of drifter, can be obtained from those

releases in 1968 and 1969 from which recoveries wore not scattered too

1ddely, . as is shoun in'Table 5.
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Table 5 Ranges of K and e for red
drogue-type, drifters

1969

station K% ' e deg

19 (G) 1.1-1.2 5-15
13 m 1.3-1.4 15-25
12 1.0-1.3 15-25
18 1.0.;;.1.4 15-25

12 (L) 1.6-1. 9 15-25
'13 (K) 1.6-1.7 15-25 . i'

Although, K· and e are not so uoll defined as for the drift envelopesandthe

yellow drifters it seems clear that K lies betweon 1.0 per cent and 1.9 per

cent and a probably lies be~1een 150 and 250
•

In conclusion it is of, interest to note that the estimates for K and e
are consistent uith the Ekrnan hypothesis of the I'Tator velocity beine; 'to the •

right of the wind direction and deflecting furthor to the right ilithdecreas-

ing velocity aB the imter depth reprcsented. by the drifter increases.

SUMM.A.RY

i. ,A, computer simulation ilhich included a residual currontsystcm was' used

to estimD.te the,wind-iVD.ter f2.ctor, K, and deflection of the surf~ce waters to

the right of thc uind direction, e, for three types of surface drifter on t"\10
,." . .-'

current Dete~ cruises in the Irish Sea. The best estimates for K were found

,to be from 3.4 per cent to 3.8 per cent for drift 6nvelopes, representing

the top 1-2 cm of wnter, from 1.9 per cent to 2.2 per cent fO~'yellO\'1;'mush-
, '

room drift crs , with a specific gravity' similar to oil released from the"

TORREY CANYON and designed to float in the top 2-3 cm of uater, and from

1.0 per cent to 1.9 per cent for red droguo-t,y~e drift~rs, representing the

top 50 CD of water; the angle of deflection e was estimated as 5-10°, 15°

and 15-25° respectively for the three types of drifte~~,., , c.,;',

~. :.
\
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Figure 2 Grid used for computer simulation of drifter returns in the Irish Sea.
Weather stations: V - Valley, S. G. - Squires Gate, R - Ronaldsway,

M - Mull of Galloway, D - Dublin.
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Figure 3 A typical drifter simulation showing release and landing points.
- - - computerised coastline, " M M simulated drifter path,

+ release point, L landing point.
(Station K, 1969; a = 50; K = 2.0%.)



Table 1 Returns ot drift envelopes released. at Station C at 0810 GM on 5 November 1968

Date (Bovember) 7· 8 9 10 11 12 >12 Totals 3ection
totals

Computed days out 11- 2t ~ 41- 51- 6i 71-

Position
5,°22,. 060 10'W 1 1

25' .. 04' , , 15
25'- 07' , 1 7 11

5,°27, 06°09' 2 9 16 3 30
28' _ 09' 12 . 4 1 17
28' 12' 1 1
29' 01 • 1 1 167
29' 06' 1 10 25 2 1 '9
'2' 06' 9 '3 20 1 63,,' - 05.' 1 7 , 5 16

'5' 06' - 6 1 1 8
5,°45 , 06°15' 1 1

48' 14' 1 1
54°04' 06°00' , , 16

16' 05°5" 1 1
10' 52' 1 1
2" - 04°22' 1 1

Total 12 71 77 2 2 33 198



,Table 2 Variatiönof K lmd a' a'gaiilst' days:out ',(D) "and':distance
in nautical milea (N) trom central point ofobserved
drift envelope recoveries

" ~

, ~.

K a .:)
"

"

, "

0° 5° 10°
,
15°'

D N D N D N D N

"0.031 5t 1 51- 6 71- 30 71- 33

0.032 5i 5i 4 71. 30 7i 56
.-

5f 51- •-0.033' 5 x -4 3 12 6 35"

0.034 41- x -7 5 -2 5t 8 ' 1 29X 64"

~ 0.035 J • 4i x -7 4i x -3 5 x 6 6 17

0.036 41- x -9 41- x -5 5 x 5 5i 14
..
4t'% :"5

.. . ,-

. 0.037 4t % -10 '41- % 2 5 x 11
','

~ ,0.038" 41- % -6 4t % 0 41- x 5 '5!- 29

0.039 yt -9 '31- -5 4t x 2 5!- 30

-0.040", 3t -9 7t -5 5 x 17 5!- 37

0.041 7t -8 7t -4 :31- 0 5t 37

. .0.042 3 -7 3t -4 3i 0 5t 37

•. 0.043 3 -7 3 -3 3i 41- x 19

: 0~044 3 -7 3 -3 3t 4t x 19

.0.045 3 -7 3 -2 3 2

+ N = Northerly deviation
;~'N = Southerly deviation

': .




