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"INTRODUCTION :

" There have been many investigations reported in the literature concerned
with establishing a simple empirical relationship between the :wind .velocity,
W, and the speecd, u, of the surface current induced. Most of the investiga—
tions between the work of Ekman (1905) and Tomczak (1964) have been rev1ewed
by Lee and Ramster (1968), and nearly all have assumed a 11near relatlonshlp
of the form suggested by Ekmen )

u = Kv
where K is a wind stressvfactor which Ekman suggested was of the order of
K = 1 .43

" in North Sea latitudes. In fact estimates of X have renged in value from
* almost zero to 4.3 (Tomczak 1964) the lowest values found by Harvey (1968)
in a series of surface drifter experlments in the Irlsh Sea whlch showed
values of:K between 0.2 and 3.2 although he concluded that the most probable
range for K was between 1.5 and 2.0. Several other studies have been carrled
. out.since Lee and Ramster reported, including those by Neumann (1068) and
Smith (1968), the latter being related to.the drift of oil from the TORREY
- CANYON incident where o0il.was found to. drift at 3.3 per cent of the wind
velocity.- i |
Ekman also suggested that. the surface current was deflected at angle 8
-to.the right of the wind direction, @ increasing wlth,depth.‘ Many authors
‘have assumed that § approximates zero for the surface layervas normally
“.represented by the drift of surface bottles, cards.and drlfters, 1nclud1ng
* Neumann, although he 1ntroduced into his calculatlons an element of drlft due
to: the underlying residual current system,. as did Tomezak in e rather more
.1limited fashion. Smith (1968) obtained his velue:of:).B per cent by omlttlng
“the residual current systems in the Vestern Approaches.. Alternatlvely
- Brusson. (1967) using a -value of 2. 5 per.cent explalned the dlscrepancy between
‘observed -and expected drifts of the TORREY CANYON oil by a‘resrdual‘current
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system. Haug (1970), referring to transport of surface tollutent;;'ooneiuded

:“that re31dual drift vas necessary in the computatlon and calculated K as

lying between t. 5 per cent and 4.5 per cent with a best fit of 2 7 per cent

for an oil patch, The exclusion of a residual current system and the means

~ whereby it may be included in the estimation of K and § have seemed to us

the most serious limitations of“the_previous.work. 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 respectively, when

“..larrays of current meters were moored in the Irish Sea and surface drifters

owere released. within the arrays.

”;METHOD

. Between 1 and 17 November 1968 9 current meter utatlons were moored
in the wegtern IrlSh Sea with 3 Plegsey Mo21 recordlng current meterg at each
station, readings being taken cvery 10 minutes. The meterg were pos1t10ned
12 m from the surfacec at low water, 4 m above the bottom and in the middle of

the water column. .The 12 hour 25 minute mean residuals for each of the meters

X 4

which produced reliable records have already been published by Hill and Ramster

(1969). ©On 9 and 10 November 1969 a similar current meter array of 11 stations,

w1th a totdl of 29 meters was moored cn the pooltlons shown in Fig. 1, which
also includes the 12 hour 25 min’ ‘residual vectors over the total period- of

30 days for which thlo'array was in position. These two sets ‘of results,

i Ltogether with the mean surface current circulation: deduced by Ramster and Hill

(1969) formed the basis of the current meter 1nput to the computer simulation

‘for ‘the 1968 and 1969 ‘drifter reléase experlments In those cases where the

\llr

.”tlme from drifter release to drifter recovery exceeded the total length -of

the current meter ‘record, the current system dcting on the driftcr after the

end of the meter record was assumed to be the mean current over .the period of

‘hithe current meter observations in that sector:

‘Three types of uurface drifters werc used in the 1968 experiment. -

250 drift envelopes,‘aS'used by the UK National Institute of Oceaznography,

‘Were réldased at Station € (Fig. 1) on’5 November, together with 250 yellow

surface drifters of similar comstruction to' the Voodhead: seabéd drifter, but

‘”welghted to glve a spe01f1c grav1ty of 0. 96 g/cc (gimilar to that of the
crude 011 released by TORREY CANYON) It had been found.in:tank cxperiments

in the laboratory before the cruise that this would cause the mus shroom~shaped

'top of the drifter to float in the top 2-3 cn of water, ' To represent the _

surfrce drlft of the top 50 cm of water, 50 red surface drogue~type driftcrs
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'were released at each of the 9 current mcter statlono in 1968 ‘and at each of

the 11 current meter statlong'ln 1969.

The computer simulation

For the purpose of the simulation the northern Irish Seca was divided
into 11 current sectors and 5 wind sectors as shown on Fig. 2. At 2ll points

within a current sector 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 meter. If a current meter station

"~had/§¥g%ided reasonable results, the current system was inferred or interpo-

" lated from nearby scctors in line with the surface circulation given by .

Ramster and ‘Hill (1969). The five wind sectors were assumcd to have o simi-
lar wind at all points within the sector .as recorded at the five .
méteorological stations at Valley, Squires Gate, Ronaldsway, Mull of Galloway
and Dublin, - - '

The central point of the drifter distribution (x', y') is determined

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

i

x!' = x + 6FC(x) + 6FK(W(x)cos § + W(y)sina).

y + 6FC(y) + 6FK(¥(y)cos g - W(x)sing),

i

-

__Where C(x), C(y), W(x), W(y) are the hourly mean current andwind speeas in

_the nofth and cast directions respectively for the appropriate sector and

tlme, and F is é unit convcr31on factor, The spread of the drifter distri-

>butlon about the central p01nt is egtlmated by a time dependent, synetric,

) 2
blvarlate normal dlstrlbutlon with varlance C increasing as

o> = 26T,

where € = 1.6 x 10"5Km2/sec is a value of the diffusion coefficient obtained

in dye'reléase experiments in the northern Irish Sea by Talbot (pers._comm.)

'and T is the time after release in secs

Thus, at each 6 hourly step of the computatlon the centre of the patch

of drifters and its spread are determined until the centre comes within ¢

 of a coastline. At this gtage; the drifter distribution is. integrated to find

the percentage of the drifters which would have landed and the distribution

" recentred offshore and allowed to continue movement under the .influence of

* - the wind and current. The simulation was normally continued until 95 ?er

‘cent of the drifters had beached or until the centre of the drifter patch

pasééd out  of the model area. Output is by line printer and paper tape, the
latter being fed to an off-line graph plotter to produce the course of each

drifter track as shown in the cxample at Fig. 3.
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» The parameters K and @, in which we were particularly interested, were
varied for ecach simulation run, K ranging from 1.0 to 4.5 in stepé of 0.1,
and § from O to 25 degrees in stcps of 5 degrces, although it was not necces-

sary to use the complete rangc of cach parameter for all -types of drifter.

RESULTS
‘The drift envelopes

The positions from which the drift envelopes released at.Station C were
returned are ghown in Table 1 together with the time to recovery. It can be
"seen that a total of 198 were recovercd out of .the 250 reileased, the majority

landing by 10 November with scattered returns in both time and space after

12 November, In order to obtain the best estimate of K and § for the batch
of landings centred at 53°30'N we have cxcluded thosc 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 distances
gredter than 3% miles from the centre of landings from vhich we can calculate

that the sténdard deviation of the observed landings was

c=1.9 n.*miles.

The computer simulatién produces a standard deviation 01 after 4+ days of
A 01 = 1.93 n. miles; hence there is good agrcement betwcen the observed and
simulated returns in so far as the dispersicn of drift énvelopes'is concerned,
:+ Time, within the computer simulation, is reckoned from O600'hdurs’GMT
on 5 November so that the envelopes were released within the first 6 hbﬁrly
period at 0810 hours GHT, the simulation permlttlna the correct proportlon
of the 6 hourly period for the drift of the envelopeg Thus "days-out“
from 0600 hcurs GMT on 5 November are also given under ‘the dates in Table 1
: iﬁ‘% dajS. ‘In order to compare the best fit of 'K and § to the observed
returng the values of these parameters relative to .the 50 per cent return
point have been shown in Table 2, tabulated against the number of days in
‘the sea and the distance of the centre of the simulated distribution from
the central poiﬁt of the observed distribution of envelopes. . From Table 1
it is'clear that 50 per cent of the 165 cnvelopes returned in the initial
’&iofribution were returned between 4% and 4% days. Since we are working in
day units we would therefore expect the best fit of K and g to correspond
to a tlme in Table 2 between 41 and 5 days and these are marked by a cros
Theoretlcally the best fit of K and § should also correspend to N = O_but we
have an'inherent inaccuracy in the current.and wind .inputs: due to the.
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positioning and density of the measuring <*tatlon_s, which reflects in the -
irregularity of N in the columns of Table. 2. However by drawlng a line
around all cells of the table marked by a cross for which N is less than
5 n. miles, we arrive at an envelope of values for K and e, from which we
can deduce that K probably lies between 3.4 per cent and 3, 8 per cent and
p probably lies between 5 degrees and 10 degrees. ) i

The vellow drifters

A similar technique was employed to obtain the best fit for K and e

“in resPect of the 250 yellow mushroom drlfters released 51multaneously with
. the drift envelopeo. Table 3 shows that the total returns numbeéred 208 and

as before we have curtalled the distribution at 17 November so that of the

- 181 returns of the initial landlng, 35 or 19 per cent were outside a distance

of 3% miles from the centrelof landings 54015'N, 05°37'4. From this g can be

estimated as
c = 2.7 n. nmiles,

and from the simulation after 9% days, 01 = 2.77 n. miles, which again shows

good agreement. In this case 50 per cent of the drifters landed between 9%

. and 9L days after the simulation zero. Hence we mark a cross against all

-cells in Table 4 for whloh D lleg between 9 and 9—, and ring those where N

is less than scme arbltrary level, say 6 n, miles. In fact, in Table 4,
there is rather leos variebility of N and D wlthln the columns and ve might
well restrict D to 9— or 9% days and N to leos than 3 niles ‘which ouggests
that the best estimates of K and 3 are ’ ‘ :

1.9% =K = 2,2%,

0

g =15°%

The red drogue drifters N . . . L
Only 50 red drogue-type drlfter were released at cach station so that

the return dlstrlbutlons were less well defined. However, an indication of
the ranges of K and 3 for this type of drlfter, can be obtained from those
releases in 1968 and 1969 from which recoveries were not scattered too

wldely, as is shown in 'Table 5. '



Table 5 'Ranges of K and § for red
drogue—typewq;ifters

Station K% - ... @ deg
1968 19 (@) 1.1-1.2 5-15
- 13 (B 1.3-1.4 . 15-25
12 (a 1.0-1.3 15-25
18 {n 1.0:1.4 15-25
1969 12 (L) 1.6-1.9 1525 Sl
: 13 (K) 1.6-1.7 . 15-25 . L

oy

~ Although K-and & are not so well defined as for the drift enﬁeléfeé"and the
yellow drifters it»seem; clear that K lleo between 1.0 per cent and 1. 9 per
cent and 8§ probabiy lies between 15 and 25 .

In conclusion it is of interest to note that the estimates for K and 8
are con31stent with the Ekman hypothesis of the water velocity belng to the
right of the wind direction and deflecting further to the right with decreas-

ing velocity as the water depth represented by the drifter increases.

SUMMARY

. A.computer simulation which included a residual current system was used
to estimate the wind-water fector, ¥, and deflectlon of the surface waters to
the right of the Wlnd dlrectlon, 0, for three types of surface drifter on two
current neter cruises in the Irish Sea. The best estimates for K were found
-t0o be from 3;4 per cent to 3.8 per cent for drift énvelopes, fépresehtiﬁg
the top 1-2 cm of water, from 1.9 per cent to é.2 per cent fbf‘yeliowfmush_
roon drifters, with a specific gravi%y'similar to 0il released from the’
TORREY CANYON and designed to float in the top 2-3 cm of water, and from
1.0 per cent to 1.9 per cent for red drogue-type driftgrs, representing the
top 50 cn of water; the angle of deflection § was estimated as 5-100, 15°

. and ‘15—25o respectively for the three types of drifter. .. .
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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, -+—*—— simulated drifter path,
<+ release point, L landing point.
(Station K, 1969; 6 =5°; K = 2.0%.)



Table 1 Returns of drift envelopes released at Station C at 0810 GMT on 5 November 1968

Date (November) 7. 8 9~ 10 11 12 . >12  Totals Section
Computed days out 1% 2% 3% 47 5% 6% 7%
Position" : )
535%22'8  06°10'W 1 1
250 . 04! 3 3 15
25 < o7 3 1 - 7 1N
53%27"  06°09" - 2 9 16 - - 3 30
28' - 09 - - 12 4 - - 1 17
28' 12 - C - - - - - ! 1
291 01! - - - - - - 1 1 167
29! 06! 1 - 10 25 - 2 1 39
32" 06! - 9 33 20 - - 1 63
33' - 05! - 1 7 3 - - 5 16
350 1 06! - - - 6 1 - 1 8
53°45¢  06°15° 1 1
48! 14! 1 !
54°04'  06°00' 3 3 16
16" 05%3! 1 1
10! - 52! 1 1
23" 04°22! 1 1

Total St T 2 o 2 2 33 198




"t: p Téble 2 Varlatlon of K a.nd 8 against days out (D) and dlsta.nce
Lo in nautical miles (N) from central point of observed
drift _envelope recoveries :

K 8 e e :
0° 50 10° 150"

D N D N D N D I
10,031 5% 1, 5% 6 (€3 30 7% 33
©0.032 5% t st 4 T 30 T s6
;70,0337 |5 x -4\5% 3 5% 12 6 3
:1 10.034 4% x -7 \ 5. x . =2 15'} 8 6. 29
D005, 4x 1 |#x 5 | s x 6 6 17
©0.036 atx -9 | 4x 5 5z 5 | 5t 14
?6.037 4t x -0 x 5 4% x 2 5" x 1
0.038 4x -6 | 4x o0 #x 5 55 29
©0.0%9 3% -9 % 5 | #x 2 | 5k 30
£0.040 . 3% -9 . 3% -5 5 x 17 5% 37
o0 3% s 3 e 0 5+ 37
- o.082 3 % -4 3% o st
o043 3 73 -3 3% ! 4rx 19
Cloous 3 -7 . 3 -5 3% 1 4 x 19
*o.045 3 -1 3 -2 3 2

. .+ N = Northerly deviation
" .<'N = Southerly deviation - -



Table 3 Return of yellow surface drifters released from Station C at 0810Ohours GMT on 5 November 1968

Date (November) 13 14 15 16 17 18 >18 Section
o _Total
Computed days out 73 8% 9% . 10% 113 12% 13%
Pogition v ; ,
54°05'N 05°49'w . : - : | t
12 531 - 18 o 34
13 - 52! - - 13 :
15! 521 - 2
14! 38! - - - 1 - 1 3
14 40! - 1 , .
15 37 1 27 - 35 - - 16 166
15 41" - 24 ,
16! 35 - 53
18' 33' - 4
20¢ 30! - 1 .
24t 27 , . . 2 4

Total 1 131 13 36 - 3 24 208




