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ABSTRACT

The progress made towards the determination of the relationship
between local wind and current, using data obtained at certain light
vessels in 1939-41, is first outlined,

The main body of this Report describes the steps by which it
was found possible, making use of data obtained since the War, to
isolate that part of the observed current which fluctuates with locsl
tidal conditions, allowing the wind-induced current, "untainted" by
periodic terms, to be compared with the local wind. By this means it
is possible to determine the value of what may be termed the basic
current, which is independent of wind and tidse,

It is shown that at three of the four light vessels considered
the wind-induced water movement at approximately 1k feet below the surface
is about 1,7% of the wind travel, but that local conditions may alter the
percentage according to the direction from which the wind blows. At the
fourth light vessel the value is only 0,9% but this is tentatively
ascribed to the vessel's position.

Pinally, the expression connecting the wind and water movement
is shown to be lineesr for wind strengths up to about Beaufort 3, but above
this it appears to be parsbolic or to obey a different linear relationship.
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THE RELATIONSHIP BETWEEN LOCAL WIND AND CURRENT IN THE

COASTAL WATERS OF THE BRITISH ISLES

1l. INTRODUCTION

For some years before the War observations of the currents in
the upper layers of the sea were made aboard British light vessels under
the auspices of the Ministry of Agriculture & Fisheries Lahoratory,
Lowestoft, first with "Carruthers" drift indicators and later with
"Carruthers" vertical log current meters. This work was undertaken by
the Laboratory as part of its normal fisheries research programme.

From 1939 to 1941 six current meters were in operation, for more
or less continuous peériods, in light vessels stationed at points betwsen
Scilly and the Humber., By the time the work ceassed owing to the War,
some 2,000 daily observations had been made aboard them.

An investigation of these data was made in the Hydrographic
Department of the Admiralty in 1950-51, under the direction of the
Oceanographer, who was responsible ab origine both for the design of the
vertical log current meter (see Appendix "A") and for the organisation
of the programme of currents observations, A certain amount of progress
was made towards discovering the relationship between the local wind and

the observed current, and several papers were published on the subject
(see Appendix "B"),

The currents measurement programme was restarted late in 1950 as
a combined commitment of the Hydrographic Department of the Admirelty,
the Royal Naval Scientific Service and the National Institute of Oceano-
graphy. The object of the programme was to gain knowledge  of the coastal
water movements not only for fisheries research work, but also for such
military purposes to which it could be applied,

By the middle of 1953 fourteen light vessels were making
continuous observations in the waters surrounding Britain.  The scheme
had largely become internationalised, the vessels taking part being eight
British, four Netherlands, one Belgian and one German.* Their positions
are shown in Fig., 1. Since by this time five of the light vessels had
completed at least two years of more or lsss continuous observations, it
was possible to continue the investigation using the post-War data only.
This gave a considerable advantage over the earlier investigation, for
between 1939 and 1941 only three light vessels had made observations for
more than twelve months continuously, and only one for more than two years.

2. CONDITIONS UNDER WHICH OBSERVATIONS ARE MADE

To obtain the observations which are the basis of this Report,
the practice has been for the current meter to be vread every lunar or
mean tidal day of 24 hours 50 minutes, The local wind direction is
estimated at three-hourly intervals to the nearest?2 points(222°) and its
strength according to the Beaufort scale,

The water layer to which the observations refer fs 5 feet in
thickness, céntred at approximately 14 feet below the sea surface in all

but Netherlinds light vessels, in which it is centred approximately 20 .
feet below,

¥ gince then, observations have been commenced in one French and three
British light vessels, and discontinued in one British vessel,

# This has now been standardised at about 6m (20% £t.) for all light
vessels,
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be emphasised that the conditions under which currents
measuingﬁzz are tgken by light vessel personnel cangot comgarehw%th ghgie
of carefully controlled experiments conducted by ?ralned scientifiv stalfl,
The currents observations suffer from the added dlsa@Vantage ?hat they
must toke second place to ordinary ship duties, particularly in bad
weather, when faulty readings tend to increase for other reasons,

The possible errors, which are either inherent in ﬁ@e methodg or
generally unavoidable and frequently undetectable, are discussed in
Appendix "C".  Because of these difficulties, it was essentlal to havo
available for investigation as many daily observations as possible (at
least 700 per light vessel) and to discard ruthlessly any which did not,
in the course of the investigation, appear to fall into line, Under
the circumstences, it argnes well for the care with which the light

vessel personnel performed their task that in fact only & small percentage
of the data had to be so discarded.

3o INVESTIGATION OF 1939-41 DATA

In 1914 Thorade (1) concluded that in the open ocean water
movement and wind are related by a parabolic expression at low wind

speeds, but that with wind speeds sbove Beaufort 3 the relationship is
linear,

As described in Appendix "A", the vertical log current meter
records the sum of all water movements which occur in each of the 4L5°
octants whose median lines are the cardinsl and intercardinal magnetic
directions. The residual water movement, or current, is obtained by

vector addition of the octantal movements at the end of each period of
okservation,

Whatever fixed period of time is selected for the observation,
part of the observed current is subject to tidal periodicity, part will

be wind-induced and part "basic", or current which is present whatever
the conditions of wind and tide,

Thus, modifying Thorade's linear expression for winds above
Beaufort 3,

- . k!

k.

Co = X.sin 4 + y.W + Cy

@0 0208V 8000V RDOONO0NC0E QSO (1)

where C, is the observed current,
x.sin 4 is the periodic portion depending upon tidal conditiong,
¥y is the percentage of wind travel transmitted to the water,
W is the wind travel
and Cp is the basic current,

The determination of the wvariables and unknowns in the above
oxpression was found to be by no means as simple as it might appear,
Various methods, fully described in the papers listed in Appendix "B", were

tried, but it was felt that the results obtained were not altogether
conclusive,

Tentative values obtained for y, using pre-War data, are shown
in Table I.
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TABLE T — TENTATIVE VALUES FOR y OBTAINED BY VARTOUS MEANS

Lt. V. y (%)
Varne 1.5 - 1.75
Seven Stones )

Royal Sovereign 1.5
North Goodwin
Cromer Knoll O.ly

The similarity between the values for the four light vessels
in the English Channel is striking, but their determination was carried
out by consideration of selected observations only, The reason for ¥y

being so low at the Cromer Knoll is tentstively ascribed to shielding by
the coast from the dominant S.W. wind.

Nevertheless, taking 1% as an average value for the wind travel
transmitted to the wa?e§, and using monthly averages of geostrophic
wind over large areas 2) instead of estimated local wind, it was found
possible to discover expressions connecting wind conditions during the
pericds when fish larvae would have been pelagic with later yields of
grown fish., What are considered to be good correlations were obtained
between wind conditions and fish harvests for six different types of fish
in eight separate fisheries, The relevant papers in which these findings
were published are listed in Appendix "D".

Attention was next directed to the possibility of eliminating the
periodic or tidal portion of the current by considering average values of
water and wind movement for calendar months, on the grounds that a
calendar month approximates roughly %o a lunation. For this it was
obviously essential to investigate data from light vessels at which current
meters had been in operation for reasonably long periods, and of the avail-
able six light vessels only three — Varne, Royal Sovereign and Seven Stones -
had taken observations for more than a year continuously.

Now at the Varne significant water movements occur in two octants
only--— N.B., and S.W,~ whatever the wind direction, and the directions of
the tidal streams diverge very little from the medisn lines of these
octants. A graph was therefore constructed of the residual watber
movement (current) for each month, N.E. or S.W.*, against the component of
the residual wind along the N,E, -~ S.W. line, as shown in Pig, 2(a)”*,
Although there is considerable scatter, there is also more then a strong
suggestion that the relationship between the two variables is linear; a
tentative regression line has been drawn. Points marked with a query are
fer months where several days! observations are missing or where an
inexperienced Master was in chargs.,

If the excursions of the points about the regression line be
plotted chronologically (Fig. 2(b)) a half-yearly periodicity emerges,
The determination of the amplitudes must be done by inspection, and it is
obviously difficult, if not impossible, to predict their values for the
future, the mein difficulty being that there are too few points per cycle,

¥ Directions given in point letters are magnetic; true diréctions are
indicated by the 0°- 360° scale,

# Fig. 2 refers to the post-War data, but follows the same lines as the
plot obtained with the earlier results,
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i i ’ ing to the original
However, taking the curve as it stands gnd applying
points the corrections indicated by the amplitude ofathe curve at each
month, this does have the effect of moving most of them closer to a
regression line (Fig. 2(c)) which is very nearly the same as that drawn
in Fig. 2(a).

Similar operations were performed upon the monthly averages for
the Royal Sovercign and Seven Stones. At the former, the uprhanngl
water movement lay in the B, octant, and the down-Chennel movement in
the S.W. octant; both water and wind movements were therefore resolved
along the reciprocal edges of these octants, E.N.E. and W.8.W, At the
latter, water movements were recorded in all octants, but predominently
in the 3. andN¥, Water and wind movements were therefors resolved

first along the N.N.E. - 8.8.W. line, then along the W.N.W. - E.S.E,
line, and the two results combined,

It will be realised that the process described had the effect
of telescoping Expression (1) tos—

,.mwm.n;‘yf w.t..u..,% w-uwy-
Co = W + Cy

O8OV YDPVOOO TSN DYOOBQ0YUN LB HOBDECED (2)

where Cy is the component of the observed current along the main
tidal direction,
y is the percentage of wind travel transferred to the water,
W is the component of the wind travel along the main tidal
direction,

and Cp is the component of the baslc current along the main +tidal
direction,

In the plots of Fig, 2, y is represented by the slope of the
regression line and Cp by the intercept, The values of the unknowns
thus obtained from pre-War data are shown in Table IT%,

TABLE IT - VALUES OF y AND Cp OBTAINED BY GRAPHICAL METHODS

i ;

i y %
Lt. V. | (%) (Miles per lunar dsy)
Varne % 1.2 1,2 : 035°
Royal Sovereign % 1.1 1,1 : 057°
Seven Stones 1.0 0.8 : 157°

4, PRELIMINARY WORK ON POST-WAR DATA

As the post-War programme progressed andd&ta accuwaulated, plots
of monthly averages of water and wind movement were constructed first
for one light vessel and then for others. The only light vessel for
which pre-War and post-War results were available for comparison was the
Varne, (Observations at the Royal Sovereign were not restarted until the

sutumn of 1952, and no plot had therefore been constructed by the time
this method of investigation was abandoned.)

% A peper entitled "Studies of Wind and Water Movement in British Seas",
giving these results and generally describing the above work, was read
befors the Challenger Society on October 17th, 1951,
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The values of y and Cy obtained from the post-iar data are
shown in Table III. It was found extremely difficult to evaluate the.
periodic terms at some light vessels, and at many of them it was impossible,
due partly to scarcity of points and partly to the incidence of "bad" or
unreliable monthly averages. Values enclosed in brackets in the table
include the periodic terms. The table gives two sets of values for some
light vessels, the one for mid-1951 to mid-1952, the other for the -
succeeding twslve months.

TABLE III - VALUES OF y AND Cy for 1951/2 and 1952/3

Lt. V. | (%) (nfg.d.) w?
1951/2 | 1952/3 19551/2 1| 1952/3 )
Varne 1.98 2,02 | 1.87 : 037° | 1.53 : 037° |
Smith's Knoll , 1.90 1,86 1.53 : 161° | 1,08 : 160°
Galloper | 0,90 0.85 | 0,63 : 2,7° | 1,05 : 217°
Dowsing (1.13) (1,60 : 140°)
S.2. | (2.06) (0.36 : 117°)
North Carr b (1.43) ~ (0,27 : 116°)
Goores (x) - (2.88) - (1.66 : 336°)
Texel (x) - (5.k) | - (4.50 & 351°)
Terschellingerbank (x) . = (7.41) S (4.26 : 027°)
; ) S ] |

(x) = from end-1951 to mid~1953

The chief conclusion reached from these results was at the time
becoming only too obvious from comparison both of the pre-War and post-War
Varne results and of the 1951/2 and 1952/3 results for the first three
light vessels in Table III. It was thaet in order to arrive at a reliable
determination of y, the percentage of wind travel transferred to the water,
and of Cp, the basic current, it was essential to eliminate not only the
short term periodicity which existed within the lunation or calendar
month, but also the periodics with half-yearly and longer cycles, -

Secondly, it appeared desirable to take into account the local
conditions obtaining at the position of each light vessel~ principally
the fetch of the wind from different directions and the general configur-
ation of the bottom, since most light vessels lay close to the coast and
in fairly shallow water,

To illustrate the effect which these conditions might be expected
to have on the water movements, Fig. 3 shows a "theoretical" wind-yater
diagram from the Varne constructed on the lines followed by Wyrtki 3)
In this type of diagram the concentric circles represent wind travel
sterting from the centre and moving with the wind, and the contours,
which at the Varne become straight lines because water movements are
recorded in two reciprocal octants, represent the associated current
travel, during a lunar or mean tidal day.
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Apart from any consideration of varia?ility gf Ehe bai;cdzgggigzg
if Expression (2) is assumed to hold good for winds from 2 : S
ziluggrrent cogtgurs should be parallel, equal}y spaced and run@gégig.igza.Ea
and the zero (nil) current contour shoul@ be displaced to one sl elot
zero wind position — the centre of the dlagramf~ by an asmount equa . o]
the basic current, Cy, which in this case 1ig taken as 1.? m,p.@. N.E,
the intercept given by the graph in Fig. 2(c). ‘ Then 8 West wind of
force 3, for example, should in theory be associated with the same
current (3.1 m.p.d. N.E.) as a South wind of the same strength,_sznce ‘
their components along the N.E.-S.W. line are identical. But inspection
of the daily observations has shown that this is by no means the case,
Other examples could be guoted, but in very few instances indeed was it

found that equivelent winds from different dirsctions produced equiva-
lent currents.

Thirdly, as wind-water diagrams constructed on the above lines
using monthly averages gave very inconclusive results, it seemed essential
to revert to the examination of the daily observations,

5. INVESTIGATTON OF POST-WAR DATLY OBSERVATIONS - "VARNE"

To avoid the dificulties already described, it was necessary to
find, for use as what might be called an intermediate step, an
oscillating variable whose phase and period corresponded, at least
approximately, with the periodicity (both short and long term) which was
apparent in the daily residual water movement or current. Van Veen (&)
has shown that correlations could be made between the tidal range at
Dover and the flood stream travel, the ebb stream travel and the total
daily water movement (flood travel + ebb travel regardless of direction)
regpectively at the Varne. It was therefore decided to assume that there
existed a like connection between the tidal range and the periodic term

contained in the daily residual water movement (flood travel ~w ebb
travel),

The Varne observations, of which some 900 hed now accumulated,
were selected for "pilot" investigation, The first step was to group
all observations according to the predicted mean tidal range at Dover
for the period which each covered. The observationg were next plotted -
one plot for each foot of mean +tidal range — by the method used by
Wyrtki and described in (L) sbove., As a very large scale had to be used,
it is not possible to reproduce the whole of each plot, but Fig. 4 shows
the most significant part - the centre — of the plots for mean tidal
ranges of 10, 13, 16 and 19 feet, covering residusl wind travels with
cerdinal components of up to 150 miles per day.

These plots show that when the mean tidal range is 10 feet, zero
wind is associated with a very slight N.E'ly current, As the mean tidal
range increases, the magnitude of the N.E- going current associated with
zero wind also increases, until at & mean tidal range of 19 feet it is of
the order of 3 m.p.d. Alternatively, at 10 feet mean tidal range winds
from south of the N.W.-S.E. line are associated with N.i~ going currents,
and winds from the north of it with S.W-going ocurrents; at 19 feet
winds from the south of the line are associated with much greater N,E-
going currents, while weak winds from north of the line are associated
with small N,E~going currents, This seems to Justify, at least partially,
the assumption made earlier,

It then became necessary to assess the mean value of the "no wind"
current (or appropriate basic current) for esach foot of tidal range., The
most regular results seemed to be obtained from a combination of two methods -
by plotting the current values of each point lying in a small src on either
side of the N,E.-3.W, line against the distance of the point from the
N.W,~S.E, line and reading the intercept of the regression line, and by
simply averaging the values of all points lying within a circle of small
diameter with the "no wind" point as centre.  The resulting plot (Fig. 5)
is reasonably linear, the "no wind" current apparently varying from about
1 m,p.d. at 8 feet to 3 m.p.d. at 21 feet, both towards N.E,
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Having got thus far, it seemed worthwhile to look for confirmation
that a freak situation did not exist at the Varme., The whole process
was therefore repeated using observations at the Galloper, where the
water movements also run very close to N.E, and $.W., but predominantly
towards S.W. A comparable result was obtained, the basic ("no wind")
current apparently fluctuating between 1 m.p.d. S.W. at high tidal ranges
and 0.3 m.p.d. S.W. at low tidal ranges.

The next move was to apply a correction to all current observations
to make them applicable to one mean tidal range — in the case of the
Varne, 1&% feet at Dover was selected, This was readily done by adding
to or subtracting from the observed currents the difference between the
basic current for 1&% feet and the basic current for the mean tidal
range of each observation. All corrected observations were then put on
to a wind-water plot of the usual type of construction.

As might be expected, although large "blocks" of currents of the
same magnitude and duration appeared in the same areas, there were a
number of cases, where, for instance, isolated high values showed up
among low values, or where S.W-going currents were found in N.E-going
current "territory", or vice versa, In view of the circumstances
described in Appendix "C", it appeared not unreasonsble to reject those
observations which could not be reconciled with their surroundings, lest
they should unduly colour the picture. In the event, not more than
H had to be discarded.

The plot as it stood was still too complicated to permit current
contours to be drawn in, and the final operation was to smooth the
results and thus reduce the mumber of points. This was done by meaning
the values in squares measuring 75 x 75 miles of wind travel, and giving
those values lying within the central 25 x 25 miles twiee the weighting
of the remainder. The average current value thus obtained was assigned
to the small central square. Fig. & shows the central portion,

covering residual winds with cardinal components up to 200 miles per day,
of' the smoothed plot for the Varne. ‘

From this smoothed plot, contour lines were constructed. They
were ‘drawn to pass roughly through the centre of large blocks of currents
of the same magnitude and direction, isolated enclaves being largely
disregarded and re-entrant curves, which might indicate less current for
more wind in some areas, being. avoided.

The complete wind-water diagram for the Varne, for winds up to
Beaufort 5, is shown in Fig. 7; current observations associated with
winds of greater strength are few and unreliable,  The "no wind" or
basic current is about 2 m.p.d. N.E., in agreement with the value given
by Fig. 5. The line of no current, however, is very different from
the NIL line of the "theoretical® diagram (Fig. 3); in effect, it lies
much more nearly East-West, except with very strong winds. It is also
evident that winds from different sides of the main tidal stream direct-
lons — N,E. and S.W. -~ which have components of the same numerical
value are not associated with equivalent currents.

It will be apparent that the magnitude and direction of the so~
called correction for any particular mean tidal range will depend upon
the time at which the series of observations is started in relation to
the local tidal conditions,  That is to say, for example, that if at
some position the series starts at H.W. when the water is about to move
to the north, then the correction will be a northwards one; but if the
series be started at L.W., when the water is about to move to the south,
then the correction will be in the opposite direction. - For other times
of starting, the corrcetion may have either direction, may be r@duced in
magnitude or may disappear. Thus this correction must now be discarded
and no further use made of it in "hindcasting" current.

The dilagram shows the combined basic and wind~-induced cur?ent which
may be expected to exist in a period of 24 hrs. 50 mins. I? is
important to remember, however, that if "hindcasts" are required over
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shorter lengths of time, the wind travel must be caloulated.on a basis of
2l hrs. 50 mins. end the appropriate current extracted; “this must then

be proportionally reduced to cover the approprlaxe tlmg 1nterv?l. For'
exemple, if a "hindcast" is required for axw1nd,of‘W miles during a perlgd
of t hours, the wind travel to use on the diagram is W x 24 5/6.  Then if
the current travel given.b% ghe diagram is X miles,'the travel during the
required period t hrs, is i

For periods greater than 24 hrs. 50 mins., a separate entry must be
made with the wind Travel appropriate to each lunar day, and any broken
period remaining must be dealt with as above; the individual water
travels can then be summed.

If it is desired to "hindcast" the position of a drifting object,
then the effect of the tidal streams must of course be taken into asccount
for all broken periods of less than 24 hrs. 50 mins,

The basic current of 2 m.p.d. N.E. compares reasonably well with the
figure of 1.5 m.p.d. towards North vhich appears to be indicated by the
similar diagram in Wyrtki's paper (3 »  The current observations used by
him were obtained by Carruthers with one of his drift indicators at a
depth of 33 feet (10 metres), while those from which Fig. 7 was constructed
refer to a mid-depth of about 1k feet. His winds, moreover, are averages

calculated for the Southern North Seca, as against estimated local winds at
the Varne.

6. INVESTIGATION OF POST-WAR OBSERVATIONS - OTHER LIGHT VESSELS

The observations taken at three other light vessels were treated in
the same memner as described above (Fig. 8). At the Galloper, off the
Thames estuary, the basic current of 0.6 m,p.d. S.W. is much less than at
the Verne., More wind is required to produce currents of comparable
magnitude, possibly because of the Galloper's position.

Water movements at the Smith's Knoll, off Great Yarmouth, occur in
all octants, the greatest in the north and south. To construct the
diagram for this light vessel, it was therefore necessary to perform each
operation twice =--- once for the N.-3, current component and once for the
E.-W. component --- and then to combine the two. The radial lines in
the diagrem represent current direction and the ellipses current travel,
The Smith's Knoll is only shielded by the land to a certain extent to the
west=-gouth~westward. The current ellipses lie with thelr major axes along
this direction, and the current direction radisls are bunched together
about the W.S.W.-E.N.E. line. This can be at least partly ascribed to
the fact that more wind is needed to produce an onshore or offshore
current than a current moving up and down the coast, and that a smell
change of wind direction, when onshore or offshore, is associated with a
greater change of current direction than when the wind is up or down the
coast, It can also be due in part to the tidal streams in this position
spending more time in the N. and S, octants than in the remainder. This
means that with winds at a considerable angle to the tidal streams, part

of the wind-induced current will not be recorded unless the winds are very
strong (see 7 below),

The German light vessel S.2 used to lie in the middle of the Southern
North Sea, almost 100 miles from the nearegst land, Her diagram should
therefore show little distortion from the "theoretical", which in a position
where the water moves in all octants consists of a series of
concentric current magnitude circles with evenly spread current direction
radials, It will be seen that at S.2 the magnitude contours are in fact
more nearly circular, and the direction radlals straighter and more
regularly spaced, then at the Smith's Knoll.

7. RELATTONSHIP BETWEEN WIND AND CURRENT

Examination of the wind-water diagrams for Smith's Knoll and S.2
reveals that winds from different directions produce different percentage
values of wind travel translated to wabter movement. If the water origin



is trensferred to the wind origin, thereby eliminating the basic current,
the water movement can be plotted against wind travel for a particular
wind direction and the relevant percentage value ascertained from the
linear section of the graph. For example, at the Smith's Knoll the
percentage value for a wind from 140°is 1.35, whilst for a wind from

240° it is 0.45 (Figs. 9(a) and (b)); these are the maximum and

mininum values associated with this particular position., The
difference between them can be ascribed to two effects:-

(1) The effect of fetch, The fetch to the 3.W. at Smith's Knoll
is only 25 miles, so that winds from that direction mey possibly
not produce such large water movements as those set up by S.E. and
N.W. winds, for which the fetch is 80 miles and 130 miles respect-
ively. Moreover, although there is a large fetch to the N.E. the
water movement to the S.W. created by a N.E. wind may not be large
owing to the land to leeward. However, the fetch ig small over

an arc between 210° and 290°, beyond which it suddenly increases,
which might be indicated by a discontinuity in the current contours.

No such discontinuity does in fact occur and hence fetch mey not be
the overriding factor.

(ii) The effect of the different times spent by the tidal movements
in each octant. It must be remembered that the directions of the
water movements are assumed to lie along the median lines of the
octents and that the resultant of water movements in opposing
octants are caleculated from their scalar difference and not their
vector sum., Hence theoretically, provided the wind is not strong
enough to "twist" a water movement out of its octent, a N. (say)
wind will not produce any recorded residual water movement whilst
the tidal movements are in the §/W octants. Thus the magnitude of
a resultant water movement whose direction lies in a particular
octant will depend not only on the wind but on how long the tidal
movement spends in that octant compared with the times spent in
other octants. At Smith's Knoll the tidal movements spend most of
the day in the N/S octants and little time in the E/W octants, and
therefore it would be expected that the percentage value along the
N/S waber movement line would be much greater than the percentage
along the E/W line.

To compute the overall percentage, neglecting the effect of fetch,
the water movement is plotted against wind travel along axes about
which the time spent in the various octants is evenly distributed; from
the wind-water diagram of Smith's Knoll such axes appear to be NNE/SSW
and WNW/ESE approximately.  The overall percentage will be the sum of
the individual percentages obtained for each axis, since the tidal
movement spends half a day in the guadrents for which the median line is
one of the axes. TFig. 9 (c¢) and (d) for the axes of Smith's Knoll give

both the individual percentages as 0.80; hence the overall percentage
is 1,60,

For 5.2 the current contours are approximately circular, with
maximum and minimum percentages of 1.00 and 0,75. This indicates that
here the time spent in each octant is more nearly the same than at
Smith's Knoll; this is borne out by reference to the Tidal Atlas,
FPigs. 10(c) and (b) for the axes of $.2 agein give both individual
percentages as 0,85, which results in an overall percentage of 1,70,
which is very similar to the situation at Smith's Knoll.

At the Varne the tidel movements spend the whole time in the N.E.
and 8.W. octants, and it is therefore only necessary to plot along the
lines which give the maximum wind/water percentages. Figsgoiﬂ(a) and
(b), which were taken along the wind directions 186° and 007°, both
revesl a percentage value of 1,75,

The procedure carried out for the Varne was used in the case of the
i . wer : : s Wi lirections
Galloper. TFigs. 12(c) and (b) were taken along the NLR@ d
182° and 015°, and give percentage values of 1,05 and 0,755 the mean
oversll percentage is therefore 0.90.
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Whereas the values for Smith's Knoll, S.2 and Virne (1'60%’kfi70% and
1.75%) are in good agreement, the value for Galloper is very much lower.
No7gigp1ete exglanatgon can be given for this, but i? migbt b@ due to tbe
Galloper's position, which is such that the surroundlgg Wlnd—lnduged water
movements may only produce o small resultent at the light vessel 1t§elf,
Tt should be noted that all the sbove values agree well with those 1n
Table IIL obtained from monthly means.

Serutiny of the four wind/water plots shows that whereas for low wind
specds the relationship between wind travel and water movement 1s
spproximately lincar (this is the section from which the percentage values
were obtained), above certain speeds it tends to become curved or changes
to another linear relationship of different slope. The latter is
especilally noticeable in the case of the Varne, where Figs,11(a) and (b)
each appear to consist of two straight lines, In most of the plots the
numbers of points representing the second relationship are small, and it
is impossible to decide whether this relationship is linear or curved.

Turning to Thorade's (1) conclusions mentioned in (3) above, his
parabolic expression connecting water movement and wind travel for winds
below Beaufort 3 does not seem to occur in the plots (or if it does the
parabola is not discernible). With wind speeds above Beaufort 3 (250
miles per mean tidal day) he suggested that the relationship is linear,
and in this the plots agree fairly well.

Thus 1if W is the wind travel, C the associated water travel and B
the basic current, Thorade's conclusions can be represented by the
following equations:-

Winds below F'OXCe 3 cessseocaserssse C = Bﬁ + Myqﬁf........ (3)

Yer - Ea s ww_:.q;w
Winds above foree 3 seesvevscrwensses U = B + yz'w cese o s (l+)

The wind-water plots suggest the following alternative extensions:-
Assuming a curved relationship, for winds above Force 3-l.,
= o ; :

G = B» + yQ:W' -+ y:iWZ, WhCI‘e y2>> y5 400 00 %S0 % HAEL e OD YO R (5)

or assuming a second linear relationship,
i

O = %’ﬁ + yZKI" + y;(W-K) PO L YD PIONOPO LI DN LEEISHOESEBE S (6)

I

where yp = percentage value obtained from the first linear relationship,

Y3

and K = vealue of wind travel at which the transition ocecurs from the
first linear relationship to the second,

i

1 L 1 1 1 Seooﬂd tt i

For the Varne the linecar relationships and transition point are
clearly defined. The mean values of yo, y3 and K from Figs. 11(a) and
(b) are 1.79%6, 425k and 310 m.p.d. It is conceivable that this
transition point is the same as that observed by Thorade in his changeover
from parabolic to linear relationship.

A suggestion regarding the curved extension appeared in the last paper
listed in Appendix B. It was made very tentatively because the evidence
consisted of one point only. The graphs now displayed give more welght to
the suggestions, but more observations under conditions of high wind velocity
will be needed before definite conclusions can be reached,

Certain of the wind/water plots suggest that the complete cxpression
connecting wind travel and water movement may take the form
g -

C = B + yol + yi® + yi0 —mmmmmm CtCe vennevnnvenee (7)

where YQﬁ} YBf%>yL_ """"""" ete.
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The values of yp for the four light vessels were obtained from

the initial linear sections of the wind-water plots in the manmer
described sbove. The following table shows the values of B and yoi=

TLBLE IV - VALUES OF B D yo GIVEN BY WIND-WATER DIAGRAMS

g O S o e £ S e L e IS B 3802 A v

Light Vessel E 3;322 zfng?t % WindéZater .é
Smith's Knoll i 0,87 - 148° % 14 60% %
| Veme  205-03° 7%
é Galloper 0,62 - 247° i 0,90% %

It should be noted that in every wind/water plot, when the water
origin has been transferred to the wind origin, the direction of the
wabter movement is to the right of the wind travel. This is in
accordance with the theories of Ekmen, who postulated that for an open
ocean in the Northern Hemisphere the wind-induced water movement near
the surface would run to the right of the wind. The angle between the
wind end water directions varies from light vessel to light vessel, and
also is variasble at a particular light vessel according to the direction
from which the wind blows.  This may naturally be ascribed to the effect
of neighbouring coastlines.

The foregoing also explaing why, in the case of the Varne, winds
having components of the same numerical value, but blowing from
different sides of the main tidal stream directions, are associated with
different currents (see 5 above).

8. VALIDITY OF RESULTS

The intention is that the wind-water diagrams should be used, inter
alie, to "hindcast" the drift of floating objects from knowledge of the
conditions of wind and tide.

Short of putting into the waber drift floats so constructed as to
be unresponsive to wind and tracking them from dey to dey, it is next
to imposgible to check the wvalidity of the cucrent valiies obtained by
the method described. The most likely source of error is ipherent in
the system itself -— the current meter measures the flow of water past
a light vessel, and the direction of flow has to be assumed to remain
constant whatever distance from the light vessel the water reaches.

In fact, it is very probable that the water may change its direction and
velocity only a few miles after passing the light vessel; at the
Galloper, for instance, the current turns gradually through about 180°,
Knowledge of the local current system can of course be used to some
extent, in conjunction with the currents indicated by the diagrams, to
obtain a more realistic idea of where an object will have drifted to in
a given period.

Some sort of check has been made, however, on the Varne and
Galloper diagrams by comparing the currents "hindeast" by them with the
actual currents recorded aboard each lightship. Table V shows the
differences between the "hindcast" and observed currents, expressed as
percentages of the total number of observations, over a period of about
one month.
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TABLE V ~ DIFFERENCES BETWEEN "HINDCASTY AND OBSERVED CURRENTS

| DIFFERENCES = DERCENTAGE OF OBSERVATIONS

% (m..3.) ‘a VARNE GALLOEER 3

o 5 oo
2~3 19 } 12 %
3=l 7 0

| b5 11 | 8
5-6 S 0 % 0 é

o ‘ oo 0

The average difference for the Varne was 1.9 m.p.d., and for the
Galloper 1.3 mep.d. The greater differences for the Varne are due to
the currents experienced being up to two or three times as great as at
the Galloper for the same wind strengths. It is very probeble that
some of the greater differences were in each case due to incorrect
operation of the current meter, but it is not possible to prove this.

The process of collecting observations and incorporating them in
revisions of the wind-water diagrams can be continuous; each

successive revision, being based on a greater number of observations
than the last, is likely to be more reliable.

9.  CONCLUSIONS

The conclusions reached as a result of the investigations described
ares -

(a) The relationship between current travel (or velocity) and
local wind travel (or velocity) is approximately linear
for wind strengths up to Beaufort 3, On average, the
water travel at a depth of sbout 14 feet is of the order
of 1,7 of the wind travel, but this average is not
1nvar1able (see (o) belcw).

(b) PFor wind strengths greater than Beaufort 3, the relation=-
ship appears to become parsbolic, i.e. equal increases in
wind strength are associated with increasing increases of

current, or to change over to another ilnear relationship
of different slope.

(c¢) The percentage of wind travel transferred to the water
may be influenced by local conditions, such as fetch, and
the position of the light vessel.

10. FUTURE OBSERVATIONS AND INVESTIGATIONS

It will be apparent that the fluctuations in the basic current are
in fact non-~existent as true current, and are in reality small "left-overs"
of tidal movement introduced through the use of a mean tidal (or Lunar)
day of 24 hrs. 50 mins, for each observation instead of the actual tidal
day. The basic current, however, exists as true current.
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As stated in Appendix "C", one of the major sources of error in the
method of computing current described herein is the uneavoidability of
having to assume that the water movement tekes place along the median
lines of each octant. The error this introduces can be considerable,
especially at lightships such as the Varne, where the water movements
occur only in the N.E. and S.W. octants. To take an example, suppose
the current meter readings on a particular day indicate a N.E. movement
of 11 miles and an equivalent S.W. movement; the observed current will
be the arithmetical difference of the two, which is nil. But if the
actual directions of N.E 'ly and 8.V 'ly water movements sre in reality
"bent", by a northerly wind, by only 25 degrees to the south of the

N E.-S.W . line, then the vector sum of the two movements results in a
S.Ee~going current of 1 m.p.d.

In an attempt to discover whether more realistic results could be
obtained by a different method of observation, the recording procedure
used in Netherlands light vessels was tried for two months during the
summer of 1954, at the Varne and Smith's Knoll. In this method hourly
readings of water travel and direction are taken, and it is assumed that
the direction remains the seame (or that the reading is the average
direction) for the hour bracketing each observation, It was found that
at both positions thg current tended to run more strongly, and more
nearly with the wind, than with the present method; this was generally
in accordance with expectations.

The use of this method also allows actual tidal days to be consid -
ered instead of mean tidal days which, it is thought, eliminates most,
if not all, of the periodicity.

A change was made to hourly observations in all British light
vessels on January 1st, 1955, VWhen sufficlent observations have been
collected, they will be analysed by the procedure described in 5 above
in en attempt to re-assess the value of the basn.o current and the effect
of the wind upon the waber movement.
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APEENDIX "'

BRIEF DESCRIPTION OF THE “"CARRUTHERS! VERTICAL LOG CURRENT METER

AND THE METHOD OF COMPUTING CURRENT

The vertical log current meter consists essentially of a cup system,
hung over the side of a vessel from a boom and rotated by the movement of
passing water. —The cup system is suspended by a chain from a ball race
in a recorder box, and is kept as nearly vertical as possible by a heavy
weight shackled to its foot. The rotation of the cup system is trans-
mitted by gearing to two counters fitted in the recorder box.

One counter is left permanently in place and thus registers the
total revolutions made by the cup system. The other counter is changed
whenever the water direction shifts from one 45° occtant to amother; the
octants are centred on the cardinal and intercardinal points.

To determine the direction in which the water is moving, and the
moments at which to change the counters, a subsidiary instrument is
provided embodying a dumb compass, over which moves a pointer revolved by
a bicycle chain., The water direction is picked up by a tasselled chain
hung from the end of a slat clamped to a toothed wheel at the end of a
framework, and transmitted inboard to the pointer via the bicycle chairn.
Before reading the water direction the dumb compass is set to match the

direction of the ship's head. The compass directions obtained are
magnetic,

At the end of the desired period of observation (normally one lunar
day of 24 hrs. 50 mins.) all counters which are or have been in use are

read. Subtraction of the previous readings gives the number of revolube
lons collected by each,

The cup system turns 300 times for each mile of passing water and
the counters throw two figures for each revolution of the cup system.
The calibration curve of the instrument is linear over all water speeds
normally encountered; this permits the counter revolutions to be
readily converted in mileages run by the water. These mileages are
assumed to have been run in the directions of the median lines of each
octant, i.e. the cardinal and intercardinal directions.

The residusl water movement, or current, is obtained by vector
addition of the mileages run in the wvarious octants,
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APPENDIX #BH

PAPERS PUBLISHED ON THE RELATTONSHIP BETWEEN LOCAL

WIND AND CURRENTS

(in the order in which they were veritfen)

CARRUTHERS, J,N, and A.L. LAWFORD - "Water Movements and Winds at the
Mouse Light Vessel, Thames Estuary", Weather, August, 1950

CARRUTHERS, J,N., A.L. LAWFORD and V,F.C. VELEY -~ "Studies of Water
Movements and Winds at Various Light Vessels. II. At the Seven
Stones Light Vessel near the Scilly Isles", J. Mar. Biol. Assoc,,
Vol, X¥IX, Februsry, 1951

-~ "Water Movements at
the North Goodwin ‘Light Vessel", Marine Observer, January, 1951

- "Studies of Water
Movements and Winds at Various Light Vessels in 1938, 1939 and 1940,

I. At the Varne Lightship and her Successors", Cons. Perm. Int. pour
1'Explor, de la Mer, Ann. Biol, Vol, VI (1949), 1950

- "Continuous Observations
from Anchored Vessels on Water Movements in the Open Sea;  Experiences
at the 'Royal Sovereign' and 'Cromer Knoll' Light Vessels", Deutsche
Hydrog. Zeitschr., Band 3, Heft 5/6, 1950
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APPENDIX "'C"

SOURCES OF FRROR IN THE OPERATION OF THE VERTICAL TOG CURRENT METER

AND TN THE METHODS USED TO COMPUTE CURRENT AND WIND TRAVEL

The operation of the current mefer, and the readings obtaired from
it, are subject to human error. Mistakes which may be made, especially
by light vessel personnel new to the work, include changing the counters
at the wrong time or failing to change them when the water direction
changes, incorrect reading of the counters, and incorrect setting of the
direction indicator compass card,

In bad weather - that is, when the wind veloeity is great -~ the
possibility of error increases to the point where it is dangerous to
life to approach the instrument.

Wind strength and directions are estimated and are also liable to
individual human error.

The wind is assumed to blow from the same direction and with the
same strength for the three hours bracketing each of the eight daily

estimations. The connection between the Beaufort scale of wind strength
and wind travel is an arbitrary one.

The rotation of the cup system of the current meter may become

slowed by fouling, and may be temporarily retarded, without detection, by
drifting weed or nets., :

While the water direction lies in any particular octent, its mean
direction must perforce be assumed to lie along the median line of that

octent., This can give considerable "colour" to the current obtained by
vecter addition of the movements in sll octants,
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APPENDIX "D

PAFERS DEALING WITH THE RELATTONSHIP BETWEEN WIND AND FISH HARVESTS

(in the order in which they were written)

CARRUTHERS, J.N., A.L., LAWFORD, B.B., PARRISH and V.F.C. VELEY -
"Variations in Brood Strength in the North Sea Haddock, in the

light of relevant Wind Conditions", Nature, 169, No. 4302,
(12.0..52)

CARRUTHERS, J.N., A.L. LAWFORD and V.F.C. VELEY - "Fishery Hydrogrsaphys
Brood Strength Fluctuations in various North Sea Fish, with

suggested Methcg‘eds of Prediction", Kiel, Meeresforsch., Bd. VII,
Heft 1, (1951)7°

VELEY, V.F.C. - "Fishery Hydrography: Brood Strength Fluctuations in
the Hake with a suggested Method of Prediction", Cons. Perm. Int.
pour 1'Esplor., de la Mer, Ann., Biol., Vol. VII, 1950 (1951)

-~ "Year-Class Pluctustions in the Sprat", Cons. Perm.
Int. pour 1'Explor. de la Mer, R. et P,-V. CXXXI, Contributions
to Special Scientific Meeting, 1951 -~ Fisheries Hydrography
(June, 1952)

%*

This paper deals with the herring, plaice and cod.,
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THE RELATIONSHIP BETWEEN LCCAL WIND AND CURRENT IN
COASTAL WATERS OF THE BRITISH ISLES

by
AL, Lawford and V.F.C. Veley, B.A.

N.I.0. Internal Report No, A3

CORRECTION to Figure 10(a)

For "Water movement E.S.E." read "Water movement W.N.W.", and
vice versa.

National Institute of (Queanography,
Wormley, Surrey.
17th July, 1956,
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