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Abstract

The oceanographic conditions in the Northwest Atlantic
are considered in the paper on the basis of analysis
of the charts of dynamic topography and discharge and sa—
linity values of the Labrador Current waters on standard
hydrological sections in 1974-1975. On the basis of analy~
sis of water masses interaction (horizontal and vertical)
with application of the theory of T-8 diagrams,the criteria
for determination of water boundaries of Arctic origin
have been obtained, The regularities of seasonal variations
in discharpges and salinity of the Labrador Current waters

on section 2-A are investigated.

Material and methods

In the second half of 1974 and 1975 hydrological obser-
votions on standard sections in the Northwest Atlantic
were undertaken during cruise 10 (RV"Gemma"),cruise 13
(BV"Protsion”),cruises 12,13 and 14 (FRV"Perseus ITI"),

Egtimates of statistical characteristics and plotting
the curves of seascnal variations of discharges and salini-
ty of the Labrador Current waters on section 2-A along the
southern extremity of the Grand Bank by & 50°15'W meridian
were carried out due to the data collected by the PINRO
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vessels For 1959=1975 and ships of the Internationsl Ice
Patrol for 1936-37,1939~40,1955-70 (U.8.C.8.,Bull.,1938,

1941 ,1942,1956-58,1960~61,1963-64 and U.B8.C.8.0ceanogr.Rep.,
1965,1971-72).

Geostrophic circulation

In 1974 the hydrclogical survey of the Davis Strait was
undsrtaken in Novenber-early December,i.e. almost two months
later,than in 1975. Geoatrophlc circulation of waters in
November-December 1975 is presented in Fig.1. Comparison of
this chart with the analogous ones for September~October
1973 (Kudleo and Borovkov,1975) and for October=November 1971
(Kudlo,1973) showed the similarity of water circulation
characters in the area investigated during the period just
before winter and in early winter. In 1974,as well as in
September-October 1973 the greatest eddy in currents field
was observed in the area over the central part of the
Greenland-Canadian Swell along the strait axis.

In 1974 ,the area of the South Lebrador was covered with
hydrological observations in June-July (Fudlo and Borovkov,

1975). The previous survey of this area was carried on in

May 1974 on board the FRV "Perseus III" (Pig.2). The vor-
tex observed in May in the Hasmilton Bank area stopped its
exigtence by early ‘July and reminded sbout itself only
with flow curves,showing that in the surveys pericd the in-
tensification of the Labrador Current had been observed
in offshore waters of the bank,in location of depths slope.
Geostrophic circulation in the Newfoundland area in
June-August 1974 ias algo shown in Fig.2. A dense grid of
stations,given in Fig.2 by dots allowed to obtain a deta-
iled dynamic chart,comparable by its detailing with that
for June-August 1973 (Eudlo and Borovkov,1975).
. Dynamic chart plotted due to the date collected by RV
"Gemma"™ for Divisions 3L,5M and 3N for the period from
November 1974 to early January 1975 is presented in Pig.3,.
Compared to summer (Fig.2) a peculiarity of geostr&phic
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circulation over the central part of the Grest Newfoundland
and Flemish Cap Banks in winter is the avallability of ed-
dies with great horizontal squares,the formation of the new
ones and intensification or collapse of eddies existed be-
fore. Thig is the evidence of s great varisbility of cir-
culation elements in the investigated srea while maintai-
ning the general scheme of circulation.

Variations of the Labrador Current waters dlscharge

Water discharges of the Lahrader Current on standard sec—
tions calculated by dynamic method are given in Table 1.
The values of norms and snomslies of discharges per date
of ohservations were determimed by the average curves of
the snnusl discharge course,compiled by us eariier (Eudlo,
1973;Kudlo and Borovkov,1975). The average curve of seagso-
nel variations of the Labrador Current waters discharge on
gection 2-~4 along the 50%15'W meridian is shown in Fig.4.
The methods of its plotting are described below.

Division 2I. From mid-1974 to late 1974 on section 8-4A
8. decrease of negative anomslies of the Labrador Current
waters discharze was registered. An increase of discharges
took place from October 1974 to August 1975. In August 1975
the water discharge.was by 4'106m3/sec. higher,than that
at the pame time in 1974.

On section 6-A,situated in Divigion 3L,an increase
of current intensity was also observed up to late 1974,
that causes the appearance of positive discharge anomaly
in December. Compared to the morm (Table 1) a sharp reduc—
tion of water transport was marked from December 1974 to
June 1975,

(n the south—-eastemn slope of the Great Newfoundlsnd
Bank in Diviasion 3N,characterised with sections 3-A and
4—A a further weskening of the current was observed up %o
late 19%4.

A4



-4 -

On gection 2-A,also situated in Division 3N the Labrador
Current water discharge in 1974-1975 was close to the nomm.
However,from Jenuary to September the weakening of water
trensport of the Labrador Current was marked and by late
September the Labrador Current waters cutflow into this
area ebsolutely stopped.

Salinity variations in the Labrador Current waters on
standard sections

An gverage salinity for the 0-200 m layer on standard
sections (Table 2) was calculated for numerical characte-
ristics of water regime of the Labrador Current. Its mean
value per date of observations Yvaken from the curve of the
annual salinity course for a given section (Burmakin and
Eudle,1971; Eudlo and Burmskin,1972; Eudlo,1973) was accep-
ted for the norm.

The methods of plotting the mean long-term curve of an-
nual salinity course of the Labrador Current on section
2-A (Fig.5) is described below.

Methods of determination of characteristics of ihe
Labrador Current waters on section 2-A

Section 2~A situated in the ares of the southern extremi-
ty of the Great Newfoundland Bark crosses the sharply ex-
pressed frontal zone along the 50°15'W meridian.

Apnalygis of the horizontal interaction of waters on sec-
tion 2 -A was carried out on the basis of long=term mean
T-3 diagrame of water masses 1n the Grand Bsnk area (Koll-
meyer et.al,1965). While using the theory of T-£ diagrams
(Mamaev,1970),T-8 diagram of the boundary between the mixed
and Labrador Current waters,corresponding to their 50% mix-
t;.ure,was obtained, The location.of the southerm boundary
of Arctic origin waters was determined by meesns of the pre-

pent criterion due to all the observations on the section
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available.

The northern boundary of the main stream is at the la-
titude of 43°00'N., The spplication of the invarisble loca-
tion of the boundary of the curreat in this cage is defi-
ned by the localiration of the stream over the continental
slope and insignificant differentiation of features of the
shelf and Lebrador Current waters.

According to the results of calculationms the average
width of the Arctic waters belt on section 2-A constitutes
20 miles,but maximum one -~ 93 miles. In some cases the
waters of Arctic origin were sbsent on the section. This
means that any fixed rone of the section is not significant
while studying the water characteristics and intensity of
the Labrador Current msein streem.

Water discharges in the veriable boundaries were defined
by the dynamic method; the adduction of the dynamic heights
for the stations with different depthe was conducted by the
method of Somov,M.M.{(Zubov and Mamsev,1956). Velocities of
the current were calculated from the bottom at depths up
to 1 000 m and from & 1 000 m depth for deep water stations,
as far as the predominsmt majority of observations was limi-
ted with the present depth,

While analysing the vertical interaction of water masses
the process of "cores® mixture (Pefant,1961) in the Labrador
Current wateras (T = =1.8 + -0.8°C,5 = 32.9 + 33.1°/,0) and
North Atlantic deep wabters (T = 3.0 + 4.0°C,B = 34.9 + 55.0°/oo).

was considered. T,B index corresponding to 50% mixture of "cores'
of water masses (P = 0.6 + 1.6°C,8 = 33.9 + 34.1 °/,,) was
secepted for criterion of depth of extension of the Arctic
origin waters. Ag the calculations showed,the mean depth

of their distribution conatituted 147 m. While plotting

4his T,8 index on the average T,5 curve of the Labrador

Current waters (Kollmeyer et.al.,1965),the boundary of

the Arctic origin waters slmost coincides with a 150 m depth,
that confirmes our resulta. The 0=200 m layer containing
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in most cases (94% of & nmumber of observations for the pe-
riod 1955-75) the whole water strata of the Arctic origin
and the 0-1 000 m laysT,characterising the total discharge
were chosen for calculationa of characteristics of the main
stream of the Labrador Current.

Seasonal varlability of discharges and salinity of the
Lebrador Current waters on section 2-A

To reveal the situation concerning the seascnel varia-
tions of the Labrador Curxent characteristics,the data for
1955-75 were used.

Interannual variability of discharges and salinity of
the Labrador Current waters for a zone covered with them
on section 2~A is presented in Figs.4 and 5. Due to conside-
rable variability of discharges,the monthly velues of dis-
charge medians were accepted as su average measure for plot-
ting the curves of seasonal course. The curves of seasonal
salinity course,mean by layers were plotted on monthly
weighted average values,as far as salinity distribution
was more evenly and median and aritimetical mean for it
ars coincided.

The tendency to the changes of the mean diacharge curvs
(Fig.4) in the perfod of April~Jume corresponds to analo-
gous regularity of variation of the Labrador Current in-
tenslty on section W,revealed earlier (Boule et.al.,1961).
Lack of coincidence of mean values of discharges in the
0=1 000 m layer due to our data and to those for 1961,1is
conditioned by both the difference in methods of dischargs
estimates,and the difference in volume of material used.

For studying the frequency structure of interannual vari-
ations of characteristics of the Labrador Current the met-
hod of harmonic analysis of mean curves of amnual course was
applied. Inteneity variations of the current in the 0-1 000
m layer have a complex spectrum of fregquencies,in which the

variations with the period of 4 and 2.4 months,giﬁen 83% of
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total digpersion sre domimant. An snalogous phenomenon was
marked while analysing the intersnnusl varisbility of the
Norwegian and Florida Curreats (Eislyakov,1970). The causes
of the origin if these fluctuationa are not clesrly expres-
sed,however,there are the grounds to suppose that they are
related to the processes of cosmic character. The variati-
ong with periods of 2.9 and 3.7 months observed in solar
activity,serve,to some degree,as a confirmation of this
(Maximov and Smirnov,1971).

Annusl and semi-annual variations,summarizing effect of
which in the 50-200 m and 0-200 m layers comstitutes 87%
of the total dispersion,play the main role im the salini-
ty variations., The annual veriatior is conditioned by
the 1nfluence of the climatic factors,cbserved in variabi-
lity of the fresh water balance compoments.

According to the data from "idtlas of world water ba-
lance" (1964) in winter period in the ares of current exten-
gion minimum continental flow and maximum evaporation were
marked.

A joint effect of these reasonsg equally with the for-
mation process of ice cover in ths Labrador Ses cause a sa-
linity increase of the Labrador Curreht waters., On the con-
trary,in summer period the role of the freshening processes
increases, On section 2-A maximum amd minimum of annual sa-
linity variations caused by the effect of the climatic fac-
tors are observed in March and September,respectively.

fhe avallability of the second maximum in September,cor-
responding to the semi-annual variation of water salinity
relates to the degradation of the frontal zome in the la-
yer above the thermocline. Owing to this,salinity in the
0-50 m layer increases becsuse of flow of the mixed waters
of the Gulf Stream system. In this period a salinity in-
creage in ths 50-200 m layer is less expressed (Fig.S5) and
related with depth reduction of extension of the Arctic

origin watera.
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%o essess the influence of advective factors upon the
formation of the salinity regime of the La%rador Current
waters the method of linear correlation was applied. In
the long-term mean sense the relationship between the dis~
charges of the Lebrador Current and msan salinity of its
waters is absent. This mesans that salinity variations are
defined by the effect of amother reasons,as it is shown
above,nostly,of climatic character. The effect of gdvecti~
ve factors is sufficiently clearly observed only in Au-
gust=Octobexr,when the relatiomship between current dischar-
ges end meun salinity in the 0-200 m layer is characterised
with correlstion cosfficient amounted tc -~ ©.55. Comparison
of this value with the maximum one |r} = 0.52 at the value
level P = 0.90 (n = 11) indicates the reality of correlation.
Gontribution of different processes into the sessonal vari-
ations of salinity of the Labrador Current waters xhange
on the space of the year.

Conclusions

1,In 1974 in the sreas investigated the intensity of the
Labrador Current was decreased. Only in August on section
8-4 across the Hamilton Bank and in early May on section
6-A over the Flemish Cap Channel insignificant,but in early
Dacember on section ©-A considerable (+2.4'106m5/ sec.) posi-
tive anomalies of the discharges were observed. In August
1975 on section 8-A the dlscharge incr-ease #f the Labra-
dor Current waters was also fixed,it was much higher than
the long-term mean value (+4.5'106m3/sec.).

2.During the whole 1974 on all the standard sections
the pegative salinity anomalies prevailed,at times they
approached the norm. An skalogous phenomenon was narked
"and in summer 1975 in Divisioms 2T and 3L. In Divisions 3N
on section 2-A the increase of mean salinity in the 0-200 m
layer in Beptember 1975 was comditioned by the flow of the
Gulf Stream system waters in the upper 50 m laysr-into the
Labrador Current waters.
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3.,The width of the zons of the Arctic origin waters on
section 2-A on the average conatituted 20 milos[Varying
from zero to 93 miles.

4,.0n the basis of calcklations of dipchsrges end salinity
of the Labrader Current waters on section 2-A in varieble
boundaries the curves of seasonsl variations of water die=
chargs and salinity,average for the period 1955-1975 were
plotted,
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Table 1. Water discharges of the Labrador Current,their norms and
enomalies en standard sections im 1974-1975

Section, : Vesssl, 3 Date t Discharge .'1061113 /aec,
area, ! cruise of ! obser— : , anoma-
layar : No. : observations : ved ; DOTB 1
g—_lzu (%go) ::g:mmn','lio.%voll-os July 1974 0.17 4.3 4,1
m raeus I
Divtaton o7 NoP;:g% | '19-20 dugust 1974 5.08 4.6 +0.5
visicn b gion
No.13 1;1“30-51 October 1974 5.0 5.0 0.0
eTEEUS
No.14 *17-18 August 1975 9.05 4.5 4,5
6-A *Gapma" ,No.9 02-03 May 1974 2.61 3.1 +0.5
(H.,]GHZ) “Gemma®™,No.9 26~27 May 1974 1.62 3.2 -1.6
"Perseus III%
No.12 24-25 July 1974 3.29 3.4 =0.1
O-bottom "Gempma™ ,No.10 06 December 1974 5.05 2.6 +2.4
Division 3L "Perseus IiI‘:
No.14 2526 June 1975 Q.28 3.3 =-3.0

4-4 (I=12 s8t.) "Gemma",
26-28 April 1974

No.9 2.3
0-1 000 m T"Gemma",No.9 21-22 May 1974 2.3
Division 3N "Gemma",No.10 13 December 1974 1.9

3~4 (4~-11 st,) "Gemma™,

0-2 000 m "Gemma"”,No.9 17-18 I:g 1974 3.07 4.1 -1.0
Division 3N "Gemma”,No.10 30 December 1974 4,15 6.8 -2.7
2~A "Gemma" ,No.iQ 23 June 1974 0.00 0.7 -0.7
0-1 000 m "Gemma",No,10 01 January 1975 2.99 3.0 0.0
“Perseus III"
No.14 18-19 Beptembar 1975
O. Q.4 +0.5
Division 3N "Perseus III% i

No.14 19 Beptember -0.02 0.4 -0.
1975
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Table 2. Mean salinity of the Labrador Currsnt waters in the
0=-200 m layer,its norms and anomeliss on scme standard
sections in 1974=75

8ection, , Vessel, : of Date : Balinity (*/ee)
area . .
Drvinton | ST Tt chservetions | 4% {mom ) g2
8-A (B) " Genna™ O4=06 July 1974 33,01 33,53 +0.08
"Poreoma riTe 4 "§o.12 19-20 Angust 1974 33,36 32,40  -0,04
"Proteion” ,No.13 30-31 October 1974 35.12 33.56 =044
Division 2J
"Pargeus IIL",No.13 19 December 4974 33.70 33.70 0.00
"Perseus 1II",No.14 17-18 August 1975 33.21 33.40 -0.19
"Gemma" ,No.9 02-0% May 1974  33.63 33,80  -0.17
e-A(G) "Gemma" Eo.9' 2e-27 1574 33.75 33.76 -0.01
pivision ;Eerseus IIIYNo.12 24=25 Yy 1974 3%2.8% 33,94 ~(.11
"Gomma" ,No0.10 06 Decamber 1974 33.90 34.21 -0.351

"Porseus III™ ,Fo.14 25-26 June 1975 33.85 33.96 =0.11

4—A (o—‘|2 at.)

Gemma“,!o.9 26=-28 April 1974 33.72 34.08 «~0.36

Divisi ;gemma yH0.9 21-22 May 1974 33,69 34,02 =0.33
iviesion

" Genna®™ ,No.,10 1% December 1974 33.79 33.83 ~0.04

"Genza” ,X¥0.9 24=-25 April 1974 33.36 33.84 -0.48

Divisi ;gpmma“,lo.9 1718 1974 33,46 33.70 -0.24
ivision

“Gemna™ ,No.10 30 December 1974 33.63 34.10 -0.47

"Gemma™ ,No.9 23 June 1974 3%,09  33.40 -0.31

2=A " Gemna™ ,No,10 01 January 1975 33.52 33.48 +0. 04

"Perseus III%No.14 18-19 September
. 1975  33.02  33.52 +0.10

Division 3N
"pergseus I1IIN¥o.14 19 Beptember

1975  33.71 33.52 +0.19
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Geostrophic circulation in the Davis Strait
area in the 0-200 dbar 6 November-
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Geostrophic circulation in the South
Labrador and Newfoundland areas in the
0-200 dbar in May-August 1974

{FRY Peaseus 117, cruise 12).
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Fig. 3. Geostrophic circulation in the Newfoundland
area in the 0-200 dbar 28 November 1974-
07 January 1975 (RY Gemma, cruise 19},
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Fig. 4. Interannual variability of discharges of the
Labrador Current waters on section 2-A
{1955-1975}.
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Fig. 5. Interannual variability of mean salinity by layers
in the Labrador Current waters on section 2-A (1955~
1975); I - actual, 2- monthly mean value.
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