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An analysis of the current measurements made
: during Operation RHENO
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John Ramster and Arthur Lee

Fisheries Laboratory, Lowestoft

During the period 14 August-4 September 1965 an ICES diffusion
experiment'(Opération RHENO) was carried odt in the east central North Sea
based on the use of Rhodamlne B dye as a tracers ships from the Federal
Republic of Germany, “the Netherlands and the United Kingdom participated.
As part of'the Lowestoft Laboratory's contribution to the ICES report on
this exercise we have been analysing the ‘current measurements‘made as a
complement to the diffusion studies. This;analysis is almost completed
and we havo recently made a first draft of:our report available to our
colleagues-who are working on other aspecté of the RHENO experiment.
However, wé conolder that uome of our f1nd1ngo have an interest suffl—
cient to warrant our. mqklng them avallable to the Hydrography Committee
as a Whole, partlcularly in view of the dlgcu031ons which took place
durlng the Committee's 1967 meeting as to the deolrablllty of carrying
out at an early date an international experiment on the variability of
the current system in the central North Sea. _ ' »

Currcnt measurements at throe levels in the water column were
recorded by means of moored currént meters at each of three positions that
formed a trlangle enclosing the area of the dye patch (Flgure 1). The
mooring syotems were of the type described. in Lee and Ramster (1968),
while the instruments used were those desiéned by Hydrowgrkstatten of
Kiel for use in the b-SO metre ldyer, Staiioﬁé A ond B were laid from
R.V. "Gauss" by the Deutsches Hydrographisches Ins%itut Hamburg, and
station C from R.V. "Clione" by the Fisheries Laboratory, Lowestoft. At
station B the nid-depth instruncent did not, work and the compa of the
near—bottom neter failed after 12 days, but the other seven neters pro-
vided 5-minute values of current spced and direction over a common 10-day
period. Details of the positions, depths and operating periods of the

instruments arc given in Table 1.
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Table 1 Positions,,depths and operating periods of the recording current meters used during
B Operation RHENO - ' :

Station - Depth Depth of Position of Tine when Tine whén useful
(metres) instrunent instrunent useful data data ends (GMT)
(metres) ' begins (GHT) N
A 64 1 560131 T'N 4°29' 2"E 1532 14 hug 1531 4 Sep
36 569131 6" 4°29' 6" 2358 14 Aug 1432 4sep
50 56913 4" .'4029' 8" 1429 14 iwg 1631 ' .4 Sep
B 62 11 56946' 5" 3035t gn 0927 14 iug 0858 4 Sep
36 NO RECORD . .
52 56°46" 3°35' 3" 0702 14 kug 1527 26 iug
' v - compass failure)
C 66 10 569561 04°47'02" 0840 18 iug 1020 31 dug
25 56956 04°474 12" 0935 18 Lug 0945 31 iug
50 56956115"  04°47' 30" 1010 18 Aug 0845 31 Aug




A cursory ecxamination of the hourly means computed from ﬁhe‘dat;“wmm
‘showed ‘that the measurements at station C were very different in charsc-
ter from those at the other stations (Figure 2). In particular, .for long
periods of time during the first half of the record peak velocity values
of the ncar-surface tidal strcans did not:excced 15 cm/second conpared
“with overall levels of 20 cnm/second at station A and 35 cm/second at
station B. Furthermore, the northerly component of flow at all depths

was small atb station C, yet dominant at station B and as well developed as
the southerly component at station A. At first it was suspected that the
instruments at station C might have been malfunctioning, but more detailed
consideration of the records showed that the differences from station to
station becanec much less marked with increasing depth and. that an
uncharacteristic short-tern peak velocity of 40 cm/second found in the
near-surface record at station C was neasured at the same time at the
other stations. )

The wind-water relationship at the time of gale-force winds

‘The occurrcnce of this phenomena simultancously in all the near—surface
records pointed to close links between near-surface water movenents and the
wind regime. In fact this najor event in the ncar-surface velocity
‘records occurred during the second of the two occasions when wind velocities
- exceeded 20 knots. The first gale began some 60 hours after all the sta-

" tions had been laid when gale-force southerly winds blew for the 30 hours
preceding neap tides; the sccond, north-westerly, gale began after 152
hours and blew at a tinme of rising tides. On both occasions naximal wind
velocitics of 30-34 knots were measured. The southerly gale overwhelmed
the tidal forces in the near-surface layer at stations A and B and sus--

' tained north-going drift’occurred; at station C the pronounced
south-going conponent of flow was tenporarily halted (Figure 3). At the
tine of the north-westerly gale there was no sustained southeast-going
drift; the energy inparted to the water fron the gale force winds ‘sinply
stemmed a northeast-going stream gnd increascd the vélocity of the. follow-

“ing southﬁest-going tide. This differing response of the néar—surface
layer to the two gales would secenm to be a consequence‘of the change fronm
neap to half tides. In the nid-depth and near-botton records there is no
indication of either the sustained north-going flow resulting fron the first
gale or the short-term increase in peak velbcity agsociated with the ‘second.
In the latter casc, in fact, the roverse occurs in that at these levels
peak strean values fall significantly during the north-westerly gale
(Figurcs 4 and 5).



The residual drift

Daily mean current components at all depths have been calculated from

the hourly means by Dr Rossiter of the Liverpool Tidal Institute using
Doodson's Xo stencil: which filters out oscillations of frequency 1 cpd
and higher. The progressive vector diagrems that can be drawn from these
mean components are best appreciated when broken up into scctions situated
in time about -the periods of gale force winds and then plotted in their
true spatial relationship (Figurc 6). From this diagram it can be seen
that before and after the southerly gale the area between stations B and C
is a region of north-south shear as far as the near-surface layer is con-
cerned. At mid-depth and near-bottom levels, easterly movements prevail
at all stations. After the north-westerly gale, however, northerly move-
ments occur in the near-surface léyer at both stations B and C, while the
south-easterly trends found hitherto at station A are re-established. At
mid-depth and near-bottom levels in this period northerly trends occur at
stetion C ond north-casterly movements ab stabion A .
It is clear from the progressive vector diagrams that, of all the
records obtained from. the near-surfece layer; that at station C is the
most variable in character. . Serial temperaﬁurc and salinity data taken

in. the vicinity of this station at the beginning and end of the mcasurcments

. provide an indication of thsc cause of this variability (Figure 7). At the

beginning of .the record they show Baltic Outflow water (salinity < 340/00)
lying on top of North Atlantic water with the pycnocline extending from
T to 30 metres. At the end of the exercise central North Sca water fills
the surface layer to a depth of 21 metres and the pycnocline occupies the
zone 21-30 nctres. ‘ .

The Baltic Outflow water would appcear to be the cause of the dominant
southerly component of drift through station C. Salinity samples taken in

this area by commercial vessels for the Lowestoft Laboratory verify, first,

‘the presence of Baltic Outflow water at the beginning of the exercise in

. the region of station C and, seccond, the fact that station B lics on the

eastgrn border of the lobe of North Atlantic water where north-going resi-
duals are to be expected (Figure 8). Furthermore, these samples show that
after the north-westerly gale the Baltic Outflow has been stemmed and sug-
gest that the region of station C is now part of the general North Sea
circulation (Figqre 9). Previous papers on the nature of the Baltic
Outflow (Lisitzin 1962.and, in particular, Dietrich 1951) have all shown

it to be stemmed by westerly winds.



It appears therefore that the distinct differences'in the pattern of
near-surfaée feéidual drift betweén the three stations are best explained
with reference to the general circulation of this part of the North Sea. »
Station B always lies in or close to the lobe of North Atlantic water and
so north-going residuals are found there all the time. South-going Baltic
Outflow water moves through the near-surface Iayers at statidn C during
most of Operation RHENO, but north-going residuals appear after this out-
flow has been brought to an end. At station A thé general east-going
drift is conceivably a vestige of the main Atlantic inflow from the north
combined with part of the south-going trend through station C and
north-easterly movemerits through the German Bight. The east-going drift
below 20 metres is thought to be part of the inflow of Atlantic water to
the Baltic. ) '

Discussion

The surfaée sglinity data at our’disposal as yet are limited, butg'ds
we have sgeen, have been sufficient to indicate large-scale phenomena, such
as the prescnce or absence of Baltic Outflow water in an areg. Je do not
think, however, that we have enough data to be able to infer from our iso-
haline charts the probable current systems. Such systems were inferred by
Bohnecke (1922) for the whole of the North Sea from his examination of
monthly surface salinity values over the period 1902-14. His chart for
August (sce Figure 10) suggests that the RHENO arca is filled by a
counter-clockwise swirl as Baltic Outflow water interacts with the main
North Sea circulation. The RHENO data show no trace of this gyre and
indeed examination of salinity data for this areca since 1914 suggests that
only rarely is Baltic Outflow water found here in August. Of the six
Avgust salinity values available to thnccke, two were of less than
340/00 and three in the range 34.2-34.40/00, but in the period 1920-54
there are only two years (1921 and 1926) when Baltic Outflow water wags
found in the ICES Atlas field containing stations C and A during this
month. In the period 1932-35 the August monthly means lie in the range
34.1—34.30/00, but at all other times surface salinity values are quite
clearly thosc associated with central Worth Sca water. In Figure 10 the
relevant section of BOhnecke's chart is comparced with the trends suggested
by the RHENO data. It is appreciated that this is not a fair comparison
because of the fundamentally different sources of the pesidual patterns.
However, it serves to underline the fact that as more detailed current

neasurements are nade we shall have to adopt a more flexible approach to



the charting of re31dual currbnt sys tems that tekes account of the
reletionship between wind end surface watcr novencnts from week-to-weck
rcther thon tisnth-to-nonth.
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