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The theory of the Arift currents is just as old as the I.C.E.S5. It was set up
in 1902 by V.. Ekman who was inspired by the cobservaticns made by Fridtjof llansen
on his polar drift in the "Frz In the first instance it was valid for staticnary
currents in a homogeneous, unlinited sca and led to the well-knovn "Wknqn—Spqul"
According to this the dircction of the surface current differs by 45° fron the
direction of the wind passing over the surface of the sea, the current being de-
flected to the right in the northern hemisphere., With increasing depth this angle
of deflection,d, increases, while the velocity of the drlft currends dccreaoes.

At a certain depth, called by Elkman “frictional depth", o amownts to 180°, and
the velceity to 1/2Z cf the velocity in the surface. I¢ is not casy %o ccnfirn
the theory by observations in the sea, even when toking into censideration the
supplements made later cn by Elmon, Fjeldstad, Therade and others, with respect

to the influence which changes of the wind, limited water depths, stratified water,
etc. have., The test conditions end the technique for cobserving currents in the
open sca are foced with great difficulties. In particular the values obuerved for
the angle of deflecticn are differing very considerably, namely between 0° and 60°
But also the relation between the velccity of the drift current and the wind pass-
ing over the sca deviates.. For this rclation Thorade set up the folleowing formula:

v = NW/Vein ¢
o X 5
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thich indicates a depcendence cn the geographic latitude, k = == is colled
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the wind facter. It gives the velceity of the drift current expressed in percentoge
of the wind velocity. According to observaticnal data by ifohn, Fansen, Vitting, ond
Thorade 1,5 wos considered probable for the value of k. However, as will be shown
later, %k dcees in foct -~ in agreement with mere recent observations - vary between
1.4 end 4,3.

Investigaticns perfermed by the Germon Hydrographic Institute in connection
with the contamination of the coasts ty o0il residues that drifted ashore rendered
‘an opportunity for new determinations of the wind facter k., As drift matter we
applied drift cards of the type developed in 1958 at the Naticnal Institute of
Occanography ir Vornley by Dr. Carruthers, who kindly provided us with o sanmple
card. The cards in questicn are pcst cards water-tightly wrapped in double plastic
envelopes. They arc liberated in the sea and returned by the finder, whce states
place and time of retrieval. The envelopes, the thickness of which amounts to
2 mm, swin perfectly in the tep water layer., As they do not present any particular

argets to the wind they reflect the movement of the uppermost millimevres of the
surface layer of the sea. wWithin one year we released 5000 drift cards in the
North Sea area, generally 30 in the same position. A little nore than 50% were
returncd from Norwoy, Sweden, Denmorlr and Great Britain, as well as from places
nlong the German coast. An interim cveluation made in March this year and aobout
which is now being reported referred to 2000 cards released in 42 different
positions, 948 of which had been returned. If for all cards retrieved within a
zone of o radius of about 10nm we presumed only one positicn of retrieval then
133 different places of retrieval resulted for the 948 returned cards.
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A preliminary, rough cvaluation of the results is presented in the following
table

Table 1. Wind factor k according to a rough cvaluation of the observations.

Time of drift Length of drift e  Minimum - k

t = distance between  drift presuning a mean
= time between  place of release velocity wind force of
release and re- and place of re-
tricval trieval ' v=e2:t 3 Bft 5 Bft 7 Bft
10.5 doys 152.7 14,5 m/aay 6.7 3.4 2.0
25,75 145.0 5.6 2.6 1.3 0.8
74.0 522 .4 7.1 3.3 1.7 1.0
90.256 - 679.0 7.5 3.5 1.8 1.0

The third column of the table - v = e : t - contains minimum values of the drift
velocity; the value would increase if instend of the dircct distance betvween the
place of release and retrieval the length of actual drift way could be inserted,
because it probably is not a straipght line but o meandering path, Along with this
v would increase by introducing shorter drift times. As the cards are apt to have
been driven ashore some time before they were found the true drift +imo must be re-
garded as being somewhat smaller than t, The values given in column 3 and the
k-values resulting thercfrom are comsequently most probably too small. In the he last
% colirms the respoctive values of k were computed by assuning dilferent mean wlnd
velocities during the time of drift, In case of high drift velocities, as in the
first line, higher wind forces must have prevailled. The most probable value for k
is therelfore, in this case to be found between 2.0 and 3.4. The probable k-values
of the remaining lines are also underlined. Yet, as we have seen that the underlined
k-values are only minimun values we have So conclude that the wind fector k nmust
result from our investipations as > 2.8, The anolysis of the British observations,
as carricd out by the Mational Institute of Oceanography in 1958, roughly procecded
along this principle though scmewhat more refined., As result Hughes gave the value

= 3,3,

An even morce accurabte statement will be possible when the exanct length of
drifting, e, and perhaps £ better value Lo the time of drifting, t, is taken up
into the calculations. The first is possible under certain conditions. For if both
the direction and veloeity of the wind prevailing over the relevant sea area are
known then the wny the drifting matter took can be composed out of smnll single parts.
One proceeds frem the position of release at time T and co"putcs the wny the drift-
ing matter is to complete within the next 6 hours £3r instance, inserting fixed
vqlu ﬁor < and k respectively. In this woy one obtains = position for time

In procceding from this new position cne determines for the following
6 ﬁour o position for time (7 + 12 ) etc. by inserting into bthe calculation the
wind then prevailing., At leasg after the entire time of drifting has expired the
position calculated for (T _ + t°) must be identical with the position of retrieval,

s o .
. provided the values used for « and k were correct, Should such conformity not be

achiceved then the colculation can be repeated with different values of < ani/br k
until the calculated and observed places of retrieval agree with each other at time
(T +1t7) or earlier, since the card could already have lain there before it wms
difcovered. The some calculations are vccordingly to be made for 11 other plnces
of releasce., Due to the uncertainties of the whole method it cannot be expected that
in all ecases the same o« and k-values will lead to the best results. However, if a
sufficient number of observations are avilable then the angles of defloctlon and the
wind factors decisive for the drift currents will be easily rccognized by supplying
o doninating number of instances in which the computed and observed places of re-
trieval coincide. This calculation vms carried out by us. We have simplified it,
however, by taking into acrount only one p.rancter, namely the wind factor k. For
the angle of deflection we put =(= 0. Thus we took as hasis for our calculation the
asswaption thot the uppermost 2 mm water layer moves in the direcction of the wind.
This is all the morc appropriate as on account of the freqaent changes of the wind
fields prevailing over the Morth Sea we cunnot speak of stationary conditions, The

caleulations were made by an clectronic computer.
ways

By hpplylng the method described above the correct drli*/%@rg calculated ‘for
16 different k-values between 1.5 and 5.5. The distance between the place where the
drift wny touches the coast and the place of retricvaol served as measure for the
quality of the calculations. Whenever the drift wny did not at all touch land it was
the distance between the calculated position at the time of retrieval and the place
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of retrieval which served os measure. If the distance amounted to less than o certain
value r, which stands for the "radius of the area of hit" then the cslculation for

the relevant k-value was regarded as a "hit", If the value was larger, then the
calculation was looked upon as a "failure",

Table 2 gives the number of hits for several regions of hit, with the radius r,
and different k., For the radii 20 to 80 nm an ajustment gave os the most favourable
wind factor, that is the one which achieves the most hits, k = 4.2,

Table 2., Number of hits for different values of r (regions of hit) and k (wind-factor).

PN 1.52.0 2.5 3.0 3.5 8.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 5.0 5.5
20nm 6 32 32 49 42 36 38 35 27 36 50 58 56 52 38 30

40 " 17 51 50 99102 69 T2 69 87 93 93 84 102 94 1056 65
60 " 28 74 89 130 147 141 148 126 123
go " 54 105 152 199 178 176 171 158 164
100 ™ 111 174 204 234 193 200 160 162 158

This value is almost threc times that of the factor 1.5, assumed so far for
drift currents, which is surprisingly high., An equally large value had slready been
determined in 1955 by the German Hydrographic Institute when tracing a large oil
patch., The patch that developed in the mouth of the Elbe when the Danish tanker
"Gerd Mersk" run aground was observed by ships and planes. Its southern boundary
could well be portrayed when the velocity of the o0il drift vas assumed to be 4,3%
of the prevailing wind velocity.

The following table compiles the k-values determined by several authors, com-
mencing with the low value of 1.44 by Thorade and ending up with the high values de-
termined by us, 4.2 oand 4.3. By regarding the manner in which the values were de-~
termined and by concluding from it the thickness of the waoter layer for which the
value is valid it looks as if k increases the thinner the water leyer observed becsme.

Table 3. Windfactor k determined by several authors.

futhor k Method of determination Valid for
Thorade 1.44 drift of ships thick water layer;
wind velocity > 4 m/sec
BEkman 1.85 current measurements st surface up to 6 m
5 n depth depth
Rossby/
¥Montgomery 2.53 theory of hydrodyramics "surface layer"
Stormel ~ 2.9 drifting buoys surface up to about 1 m
Hughes 3.3 drift-cards thin surface layer
van Dorn - 3,6 experiments in basins thin surface layer
(extropolated)
German Hydr. [ 4.2 drift-cards thin surface layer
Institute | 4,3 drifting oil patch thin surface layer

It is especially the apreement between the observed oil drift and the tests with
our drift-cards which shows that the transfer of wind energy to the water surface
does not immediately lead to turbulence in the water. Rdather does the thin laminar
layer seem to serve as a link between air and woter masses,




