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THE BALTIC ENTRANCE PROJECT: Analysis of Currents Measured
at Lasa Nord/Trindel Lightvessel 1974 - 1977

by

Staffan LO6O6F and Artur Svanssan

National Board of Fisheries
Institute of Hydrographic Research
P.D. Box 2566
5-403 17 Goteborg, Sweden

Abstract

At the Danish lightvessel Las6 Nord/Trindel measurements of
wind and surface current were performed every three hours.

Once a day samples were taken for the determination of salinity
and total phosphorus. Daily, monthly and annual mean values

are computed and the statistical distribution is shown. For a
comparison the annual means of 1964 of lightvessel observations
in the Kattegat and the Belt Sea are presented.

Transports of water, salt and total phosphorus are computed
from lightvessel observations and compared with those computed
from section measurements. Transports are also computed using
simulated sampling occasions at a section station and light-
vessel data. Finally, the wind-current-relation is investigated.
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1. Introduction

At a section between Goteborg and Frederikshavn (GF section,

see map) 75 expeditions were carried out during August 1974 -

- December 1977. Up to November 1977 samples were also taken

at the Danish lightvessel (hereafter designated by L/U) positio-
ned close to the section station designated GF-6. Unfortunately,
the lightvessel was moved in March 1975 to a new position 5 nau-
tical miles to the south-east. The name was then changed from
LasO0 Nord to L&s6 Trindel. It was withdrawn permanently in Novem-
ber 1977.

The L/V wind, current, temperature and salinity data used in this
study were supplied by the Danish Meteorological Institute.
Samples for the determination of total phosphorus were collec-
ted once a day on board by the crew and was analysed at the
National Board of Fisheries in Goteborg. Eight times a day the
speed of the surface current was estimated (tenths of a knot)

and occasionally checked by means of a stop watch. Eight diffe-
rent directions were used by the observers. (N, NE, E etc.).
Temperature and salinity were measured once a day. (Methods

are described in Anon. 1965.)

At the GF expeditions measurements were made of among other
things current, temperature, salinity and nutrients. The current
velocity and direction were determined with a gelatin pendullum
device (Haamer 1973), which gives an instantaneous picture of
the current.

2. Current Statistics 1975-77

Fig. la shows the annual means of each of the R directions,
separated iInto 3 speed intervals. There are few cases of currents
towards E, SE and S. These currents are moreover usually weak.

Figjs 1b - 1d show the corresponding means for the individual
years 1975,-76,-77. They display similar features as that of the
total mean.



3. Monthly Means July 1974 - November 1977

Mast of L/U:s iIn the Kattegat show a current minimum during

the summer (Svansson 1975, see also Ch. 4). Table 1 displays
monthly and annual long term means at Lbso Trindel for the
period 1901-30. A spring maximum is followed by a minimum in
July - August. However, during the GF period there are some
deviating features for Las6 L/U (Fig:s 2 and 3). The spring
maximum occurs one month earlier. Furthermore, after an outflow
minimum in July a maximum takes place in August. The current
speed of the 3 months February, July and August is approx, the
same, but in July the direction is towards SE instead of pre-
dominating NW. Looking at the monthly means of each separate
year (Flg:s 4a, b and c), we find a weak inflow tendency during
the summer.

4. Currents Measured at Lightvessels in the Kattegat and the
Belt Sea iIn 1964.

Dietrich (1951) published long term means 1901-30 of surface
currents measured at Danish L/U:s. He discriminated between
outflow and inflow, without details however. Therefore L/U
measurements made in 1964 have been studied.

The annual vectorial means for 10 Danish and Swedish light-
vessels are shown in Fig. 5. Except for Anhalt N, they all show
outflowing surface water. Monthly means of currents measured at
Skagens Rev, Uinga, LSs0 and Fladen are displayed in Fig;s 6a -
- 6b. At L/U Skagens Rev during summer the current is mainly
east-going (60 cm/s), in March however, nearly N-going (60 cm/s).
At the other L/U:s in Fig. 6 there is a general tendency to a
late winter outflow maximum in February followed by a minimum
in April. During the summer there is no common trend. In Novem-
ber another minimum appears at all L/U:s.



5. Daily and Running Means of the I\i~component

Fig. 7 shows the daily means of the I\l-component together with

17 days running means during the first half of 1976. The i1nfluence
of the tide is almost neutralized in a daily mean. There 1ia

great variability, however, 1in the daily means. Due to this fact
it iIs rather difficult to compute accurate transports from but

a few current measurements.

IT the material is smoothed, e.g. by means of running means,

the rugged character disappears. In Fig:s 7 and 8 17 days
running means was chosen. ('1" indicates the one-day step.)

A frequently used running mean period is 14 days but since this
interferes with the change of crews at the lightvessel 17 days
was considered a better choice. It should, however, be remem-
bered that all changes with periods of 17 days or less disappear
with a 17 days running mean.

6. Computation of Water, Salt and Total Phosphorus Transports
6.1. Annual _Means J*c™nared_with GF-6_Measurements

Transports of water, salt and total phosphorus at the lightvessel
and at section station GF-6 are presented in Table 2. It must

be stressed that these measurements applies only to the surface
layer. (At the lightvessel surface current observations solely
were carried out.)

As mentioned earlier, the current measurements reveal a great
variability in the northern Kattegat. Hence one would expect
that there might be important discrepancies when computing
transports from two different sets of data with a sampling
frequency ratio of approximately 15:1. (When computing the
transports the one current measurement was chosen which was
nearest in time of the salinity and phosphorus sampling.)

The general trend seems to be that the GF-6 measurements give
somewhat greater net transports. However, the différencies are
not so great in 1976 and 1977, but in 1975 the net transports



computed from section data are roughly 2 to 4 times as great as
those computed from lightvessel data. Looking at the in- and
outward transports of water respectively we can sea that in 1976
and 1977 they are almost the same, but in 1975 the outward trans-
port decreased and the inward one increased iIn comparison to

1976 and 1977 giving a considerably lower resulting outward
transport. For salt, the inward transport is very much the same
for all three years whereas in 1975 the outward transport is
considerably lower. The transport of total phosphorus seems to
follow the pattern for water.

S.imul_a te d ™MDEta_ Series

In LoaF (1979) the effect of a varying sampling freguency Is
demonstrated. Salinity and total phosphorus data from the light-
vessel and from GF-6 were processed. Furthermore, different
sampling series ware simulated using the high frequency measure-
ments from the lightvessel. In the present work the data proces-
sing has been extended to calculations of transports of water,
salt and total phosphorus. The principles and criteria for the
simulation have been retained. A description is to be found in
Appendix A.

Table 3 gives the results of the calculations. |MAX] and {MIN)

Indicates the highest and the lowest value respectively of the
72 calculations.

7, Relation Wind - Current

The wind speed and direction were measured at the L/U simulta-
neously with the current. Fig. 9 shews the monthly means of
winds during the GF period (wind in the direction of the arrows).
Westerly and south - westerly winds dominate.

A frequently asked question is to what extent the surface current
is influenced by the wind. Table 4 shows statistics concerning
the wind-current relation (daily means of both parameters).



Mote that no attention has been paid to the strength of either
the wind or the current. For both parameters 8 intervals sur-
rounding the 8 main directions of the compass were used. Adding
the no wInd/no currant state a matrix of 9 times 9 elements were
set up. Then all the daily means of wind and surface current
measured at the L/U during the OF period were compared and each
time the contents of the appropriate matrix element was increased

by one.

As can be seen from the table wind from one direction often means
current towards approximately the same direction, i.e. wind and
current are apposed to each other. Northerly winds result in
currents towards N - NW, easterly winds currents towards N - NE,
westerly winds currents towards W - SW. However, southerly winds
give a more scattered pattern. - This is in rather good agreement
with the wind-surface current charts presented by Dietrich (1951).

A simple way of getting a rough estimation of the influence of
the wind on the surface currents is to compute the vector dif-
ference between the mean vector of the entire period studied and
the monthly mean vector (Palmén 1930). Probably there is no simp-
le relation between wind and surface current in the Kattegat
(Svansaon 1975). Table 5 shows this vector difference, the cor-
responding mean value of the wind and the direction difference
between the two. In most cases the surface current lies to the
right of the wind. In July there is an outstanding maximum of
vector difference, 14 cm/s. In June, however, it is only one
third as great. So it is remarkable that the corresponding mean
values of the wind are identical in June and July both in direc-
tion and velocity. Obviously, no quantitative relation exists
between wind and surface current in this case.
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Appendix A.

Principles and criteria used for simulated data series.

The choice of sampling occasions at the GF section was governed
by among other things meteorological conditions. During periods
of strong winds/rough sea it was not possible to carry out hydro
graphic expeditions with the vessel available. Furthermore, no
sampling has been performed on certain days of the week or more

frequently than once a week.

It is rather difficult to answer the question wether the choice
of sampling occasions have influenced the final result of the
investigation of the hydrographic conditions. Rough wind condi-
tions are usually associated to large mixing and water exchange.
But due to inertia the water movements do not stop abruptly

when the wind creases. So nevertheless, rough weather conditions
may sometimes be represented in the section measurements.

In LO66F (1979) it was shown how the choice of sampling occasions
influenced the result of a series of total phosphorus measurements.
To study this problem closer some simulated cruise data were
produced using the daily observations at the lightvessel. By

means of certain criteria (see below) a number of section samp-
ling occasions were simulated. Current, salinity and total phos-
phorus data at 0 m were sorted out from the lightvessel data bank

and the transports were calculated.

Criteria for simulations. 1) Invalid days: every Friday,
Saturday and Sunday, holidays
and same weekdays in associa-
tion with holidays.

2) Only one sampling per week
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3) Number of sampling occasions
per simulation: 72. This corres-
ponds to the number of cruises at
the section up to the withdrawal
of the lightvessel.

4) Highest acceptable wind velocity
(daily means) at the lightvessel:
8 m/a. A sampling occasion genera-
ted with a wind velocity exceeding
this value was rejected and a new
one was sought.

A simulation was accomplished according to the following
procedure. First a time interval was defined within which
all sampling occasions would lie. The first section cruise
took place on August 7, 1974. Therefore August 5, 1974 was
defined as the start of the period since this day was the
first valid day in the first sampling week. This date is
now transferred to a relative time scale and designated day
no. 0 (zero).

The lightvessel was permanently withdrawn on November 24, 1977.
The last day when complete casts were made was November 21, 1977
which constitutes the end of the period. This day is designated
no. 1204.

With the aid of a computor a series of random numbers in the
interval 0 - 1204 was now generated. Every number, equivalent

to a day in the period 740805 - 771121, was compared with a

table containing invalid days according to the criteria. If found,
the generated number was rejected and a new one was sought. This
was repeated until 72 valid numbers were obtained. They were
thereafter sorted in ascending order (the only reason for this

is that this will spaed up the following processing). Then the
numbers, being relative points of time, were translated into an
absolute scale. The data of current, salinity and total phosphorus
for the corresponding days were collected from the data bank

and processed.
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A complete simulation has now been carried out. The results of
the processed data nan be compared with the real measurements

at the section, i1.e. the first 72 expeditions up to the with-

drawal of the lightvessel.

It 1s of course not sufficient with only one simulation in
order to draw conclusions of how the choice of sampling occasions
influences the results of the investigation. One simulation
gives only one combination of sampling occasions. Therefore
several simulations were carried out. However, the grand mean

of a number of simulations rapidly converges towards a constant
value. A test with surface salinity data shows that a constant
value of the grand mean (taking into account the precisian of
the measurements) is obtained after 25 - 30 simulations. In this
work 26 consecutive runs were performed (no more computor time
was available at the moment).
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13.

Monthly and annual long year (vectorial) means of
surface currents (cm/s) at lightvessel LSbs Trindel.
Positive values indicate outflow, negative inflow.
Outflow defined as UI-N-ENE (from Dietrich 1951).

Obs. period: 1901/30

Month Surface
cm/s
3an 14
Feb 16
Mar 24
Apr 22
May 22
3un 14
Oui 13
Aug 13
Sep 17
Oct 22
Nov 16
Dec 17

Annual 17



Table 2.

a)

b)

©)

Water

1975

1976

1977

Salt
1975

1976

1977

Tot-P
1975

1976

1977

Transports at lightvessel

LMsS Nord/Trindel

(daily measurements) and at section station
GF-6 («w* 20 expeditions/year). Computations

from pendulum

surface current measurements.
3 2 . e

km~/year and km Las6 GF-6

IN 2520

ouT 3390

OIFF -870 -3240

IN 2220

ouT 4680

DIFF -2460 -3150

IN 2160

ouT 4560

DIFF -2400 -2730
10° tons/year and KM2

IN 54 056

ouT 85 973

DIFF -31 917 -69 774

IN 56 605

ouT 113 481

DIFF -56 876 -62 245

IN 53 366

ouT 110 061

DIFF -56 695 -53 215
10~ tons/year and km?2

IN 44

ouT 83

DIFF -39 -68

IN 40

ouT 91

DIFF -49 -64

IN 41

ouT 89

DIFF -48 -64

X Transports of water baaed on 8 observatlans/day



Table 3. Transports at lightvessel LMbs Nord/Trindel. Compute
tions from uncorrected surface current measurements.
Sampling occasions simulated according to principles
discussed in Apendix A.

Water kn® /year and km"

IN ouT DIFF
jMAXf 2763 5997 -4400
PMINj 1469 3512 ~1024
Grand Mean 2129 4278 -2149
Stand Dev 357 554 842
Cl/ % 18 13 39
Use of all ob- 226B 4192 -1924

servations du-
ring the period

Salt 106 tons/vear ang km?2
IN ouT DIFF
Imaxl 66 7DO0 126 700 -86 700
{MIN} 37 900 85 200 -20 900
Grand Mean 51 400 102 400 -51 000
Stand Dsv 8 800 10 600 17 000
CV % 17 10 34
Use of all ob- 54 900 104 400 -49 500

servations du-
ring the period

Tat. P 10° tonasyear and kmt

IN CUT DIFF
|max! 65 114 -85
LIV 27 66 -8
Grand Mean 42 as -47
Stand Dev 12 15 26
CV % 27 17 54
Use of all ob- 43 89 -46

servations during
the period



Table 4.
uind N
from

H 63
NE 54
E 42
SE 23
S 22
SU 25
W 17
NU 23
No

vinti 3

Total number of

Period of observations

Relation tilind - Current at LHsO6 lightwessel.
of observations)

NE

14
33
30
26
25

23
11

(Number
Current towards

SE

23
22
14

: Aug.

S

35
35
18

observations a 1207

SuU

14
64
61
20

1974 -

Nov.

30
87
35

1977

NU

33
23
11
18
22
19
30
50

No Current

o O o o

QD



Tab

JAW
FEB
Mar
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

le 5. THE WIND INDUCED CURRENT VECTOR

Las0 Lightvesssl, computed from data for the
period July 1974 - November 1977.

Induced Current Wind Towards Diff in

Vector (towards)

Dir Vel (cm/s) Dir Vel (m/a)

26 4 61 2 -35
351 7 346 1 +5

70 2 0

01 7 97 2 -16
300 6 0 —_—
206 5 103 3 +103
221 14 104 3 +117
360 a 9D 1 -90
154 7 52 4 +102

69 5 321 1 +ioa
125 a 26 3 +99
239 d 87 4 +152

+ Current to the right of the wind

Current to the left of the wind

17.
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Surface Current Statistics af Las0 Lighfvessel

19 cm/s 20 - 39 cm/s

Length is proportional to number of



Monthly Means of Surface Currents

July 1974 - November 1977 at L&s6 Lighfvessel

N-Component

E- Component



FIG. B

Monthly Means of Surface Currents

July 1974-November 1977 at L&sO Lightvessel



Monthly Means of Surface Currents af Lasa Lightvessel FIG. 4

b) 1976



FIG. 4c
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FIG. 6b
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FIG.

LIGHTUESSEL LASO NORD/TRINDE
SURFACE CURRENT, CM/S

N-COMPONEN7  [DAILY MEANS]
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FIG. 8
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Monthly Means of Winds

August 1974 «November 1977 af Lasd Lighfvessel

4 m/s

Monthly Means * 0 for March and May






