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ABSTRACT

.~

-Basing data‘cqllécted durtng four cruises conducted by the
*onokrystal® in 1992 ~nd early 1993 a characteristic for sali-
nity distribution and veriations in the Southeastern Baltic be-
“tween lay, 1992 and May, 1993 is given. Deviation of salia1ty
estimates from the longterm means has been calculated for the
deep-water areas of the Gotland and Edansk Basins. Data analysis
allowed to reveal the main trends in salinity variaticns in the
Southeastern Baltic. The 1993 data gave a unique'possibiaitj to
observe the advection development to.the Gdansk Basin both in the
temporal'gnd spatial scale. . ' : '
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INTRODUCTIION

Salinity characteristics at the various sea depths and ano-
_melity of ihe salinity conditions in the Baltic Sea are of
great 1mportance for assessment of the hydrological conditions
variabillty. .

It is known that in the mid-eighties the next stage of dilu-
+ion in’ the Baltic Sea began (Antonov, 1991). From this point
of view data on salinity in the Southeastera Baltic collected in.
1992 and early 1993 enable tc give qualitative and quantitative .
eutlmates ‘for the process evolution. To study character of the
galinity anomslies the selection of long-term means is a matier
of no little 1mportance. Unfortunately, unavailability of the
salinity means for the recent years enabled to calculate
anomalies only as coapared to the long-term means for 1947—1983
(Antonov, 1987). But even these data allow to trace end assess
variability of the salinity conditions over the surveyed areas
" and perlod.. - .. . ) f N

JATERIALS AND METEODS

. An&lYSlS of vertlcal salinity distribution and its temporal
evolution was made using data .collected during Iour expeditions
of R/V “Monokrystal" (May~-June and October—November of 1992 and
¥arch and April-llay of 1993). :

Hydrologlcal observations were performed from the surrace
to the bottom. Salinity determinations were made in every 5-10 m .
and in the near-bottom layer. Totally 250 hydrological siations
were made using CTD-1000 (Japan).” Besides temperature was measur
ed and at some stations hydrochemical determinations were made.,
Samples were taken by Kansen bottles.:The surveyed area-wes .
restricted by the EZ-s of Estonia in the north and Sweden in the
west. In the autum of 1992 and spring of 1993 the survey wag ' ’
partially conducted within the EZ_OI Poland (Pig. !—4).
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' . DISCUSSION lm) RESULTS

In spring of: 1992 surface salinity. changed from 6.41-7. 0°/°°
to 7.20-7.33%,. Minimum values were recorded within the ‘coastal
" zone influenced by the land run-off (to the west of Baltijsk, i
lLiepaya and the Gulf of Riga). Vertical sslinity profile-over the -
depths of less than 60-65 m was characterized by insignificant
variation of values from the surface to the bottom. Halocline
- vas only found in' the surface mayer 8% the lower border of the .
diluted water masses. Maximum salinity at the bottom did not
exceed 7.3-7. 4~°. In the deep-water part.of the area vertical sali-
nity gredients began to increase since _depth ‘of 75-80 m where - .
_salinity increased sharply from 7.2-7:4 %, %o 9.7-10. 2%, - within
the layer of 15-20 m. Maximum ‘vertical gradients (0. 37%,) were :
recorded in the Gdansk Hollow between 70 and 80 m. In the Gotland
Basin they did not exceed O. 12%, and 0.15%, per 1min the north
-and in the extreme south, respectively. : :
From May to October-November of 1992 absolute salinity egtima~-
" tes did not suffer considerable changes. Surface salinity ranged
between 6.63-7.25%, in the north.end 7. 21-7.35%, .to the south’ of
560N, Minimum values (=< 7%0) were found. in the -central. part of . i
the Gotland Basin. The so-called "diluted wave" wag observed there :
. extended from the north to the south up to 57°N. Vertical power
" of the brackish waters attained.35-45 m and correSponded to the
. thickness of the upper homothermal 1ayer. The depth where .the
) upper limit of the halocline was found increased from. the south -
to the morth from 65-75 m - to 80-85 m. Maximum’ vertical salinity-
_gradients changed from O. 12%°/m in the Gotland Hollow to 0. 26%°/m
in the Gdansk Hollow. - -
. .- General salinity increase was the main reature of the salinity
conditions found for the surface woter masses in the Southeastern
. Baltic in spring 1993. Maximum values at the. surface amounted "to

7.49-7.52%, in March end 7.45-7.49%, in April. In Morch helocline
continued to drop. In the Gdansk Bagsin and in the extreme south -

of the Gotland Hollow this process Eccompanled by increase of the
vertical salinity gradients as compared to those of the previous’
"year. In the Central Gotland Hollow maximum’ vertical salinity gro-
dienta were less than 0. 1p./m. The hnlocline upper limit in the ‘
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Gdansk Basin deepened up'to 80-85 m i.e. 10'm lower than that of -
in auturn of 1992 (Pig. 5). o : L

, Table 1 contains data on salinity variations registered in
the Central Cdsnsk Pasin from May of 1992 to May of -1993. It cen
be geen from the table that spart Lrom the salinity increase
between O and 50 n ity decreas@ was found at the lower depths from
kay af 1992 %o MNarch of 1993. The more pronounced salinity decrease
wag recorded et 75 end 100 m. In April-May of 1993 the salinity
conditions in the Gdansk Basin changed sharply (Fig. 5).

.Salinity variations over the surveyed period.(the Central-
Gotland Basin) are demomtrative as compared‘to dgté by Antonov
{1991) =nd Nehring (1989) and our data for 1992 and 1933 (Table 2)

it is clearly seen from Table 2 that absolute salirlty values
at all depths except surface had showed and pronounced tendency
to decrease by May of 1992. Compsratively high surface salinity
at the begimning of 1993 msy possibly be explained by abnormal
droughty summer in 1992, due to which fresh water discharge to the
Baltic Ses greatly reduced. "Pumping over®" the salt from the near-
bottoa layer was the fa;tor of no little importance influencing
salinity of the surface and subsurface .waters. This process had
%o take place in the Central Gotlsznd Bagin where even the maximum
vertical salinity. gradients within the halocline did not exceed
0.04-0.08%,/r:. This fact resulted in en insignificant salinity ‘
increanse at depths of 75-100 m and between d_and 200 m on .the whole.
To gtudy salinity variations oin the near-bottom waters -
observations carried out cver the depth of the 10%, isohaline
location are of appfopriate interest. This ischaline represents
the border between the Baltic end North Sea waters snd allows to
ossess volume of watera of the Korth Sea genesis. ‘
In the Central 3otland Basin the 10%, ischaline location
sorresponded to deyth of 117-123 m from May of 1992 to April of
1933+ This location vas 8-10 mm deeper as compared to that of the
late eishties end 32-38 m deeper as compared to the mean long-
ternm location.. This was iniicative of the sharp reduction of the
transformed Rorth Sea waters und conditioned low near-bottom
salinity vulnea (Tuble 4). T
- _Proa. thia point of view the. situation in the Gdansk Basin ‘
o chnrnc.crized by impcrtant peculia'ities . Frow kny of 1992
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to March of 1993 a steady deeping of the 10%, ischaline was observ-
ed, but according to the observatiions carried out in May 1993
it varied sharply (Table 3). .

"If toward the end of karch 1993 devia.ion of the 10%, iso-
haline from the long-term mean position exceeded 18-20 m, & month
later its location.as compared to the norm did not exceed é m
(Fig. 5). I

Hydrological observations ‘of April-liay 1993 gave a rare op-
portunity to record an advection of the transformed North Sea
waters to the Southeastern Baltlc and sssess both “temporal end

.sputial scale oi‘ this phenomenon. ; :

In March 1993 salinity increased up to 13. 8—14 2% in the area
of the Slupsky Channed. In October maximum.values in this very
area did not exceed 12.6%, (Fig. 6). In early spring of 1993 only
in the northern periphery of the Gdansk Besin salinity exceeded
11%,+ However, by April all the deep-wnter part of the basin had
becen occupied by waters salinity of which exceeded 12.2-12. %o
By that time they had elroady"broke off" the area of their origin
(Fig. 5).

Fig. Z, 8, 9 differences of the sallnlty values between
eutumn 1992, March 1993, April 1993 and spring 1992 for tkLe jransect
extending across the Gdansk Basin. As it was mentioned above the

. surface layer was characterized by increese ol salinity and this
resulted in the. development of the positive anomalies from the
surface to the halocline: Only some areas in the Gdansk Hollow
in lay 1933 were an exception. There negat1ve anomalies were ob-
servell between 0 end 10 m as a consequence of a high level of

r dilution. Maximum negative snomalies (:>2%°) were recorded between

‘5 and 90 'm in the area of 54°50'N in March 1993 and that fact
may be expleined by the deepening of the halocline (Fig. 5 and 8).
Variation of the halocline depfh resulted in availability of the .
positive anomelies core in Maf 1993. And, finally, veriation of -
the'sign of tke salinity anomaly within the near-bcttom layer from
negative positive reflected intrusion of high salinity waters into
the Gdansk Besin (Fig. 7, 8, 9). . .

Comparison of.data "for 1992 end opring 1993 ensbled to -
obtain & comprehensive picture of ealinity variat.on within tke
neer bottom layer in the Gdansk Hollow snd extreme southern part
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of the Gotland Basin (Pig. 10).

In spring 1993 there was no distribution of highly saline
- waters to the Gotland Hollow. However, in April a "tongue" where
salinity ranged from 11.4%, to 12.37%, was found in the near-bottom
layer to the south of 56°30'N (Fig.11). This fact proved that
advection of the saline water masses to the south of the Slupsky
Channel took place indeed. Displacement of these waters to the
Gotland Easin, possibly, occured to the west of the observatien
period or limited portion of the North Sea vwaters had flowed into
the Gotland Basin until middle of March 1993. .
) ' On the whole galinity variation within the near-bottom layer’ .
of the Southeastern Baltic from May 1992 to May 1993 is given in
Fig. 12. .

Caleulation of salinity devxatlon from the 1ong~term values
is of great.importance to assess salinity variation in 1992-early
1993. Observation made in the Gotland Basin witnessed the develop-
ment‘of considerable negative snomaslies. They achieved their maxi-
rmunm values in the near-bottom layer (Table 4). The data analysis '
showed that in spite of the saslinity increase tetwecen O and 50 m
and negative anomaly decrease in the near-bottom layei and within
the whole water column sbsolute saliniiy values as well as its
enqmnalies at depths lover than 50 m by April had exceeded the.
minimum values of the given characteristics obtained there during
the apogee of the previcus stege of freshening- (1895-1940) -
(Antonov, 1987, 1991). Thus , in 1992 and up to spring 1993 a
tendency for salinity decreose gone back to the late 1970's -early
1980's showed its further development.

Variation of selinity and its snomaly in the Casnsk Basin
are presented in Table 5. Between spring 1992 and March 1993 the-
negative anomalies were observed in that srea as well. Considersble
enomalies occured in the near-bottom layer where by late March
1993 mean salinity value was less than 9.3%,. However, by early
¥ay due to the advection of the North Sea waters salinity conditions
within the Gdensk Hollow had been changed. A considerable increase
of salinity both in the “near-bottom and intermediate layers was
found. Negative anomalies decreased by 2-7 times and did not exceed
-~ 0.2~ ~0.4%, within the whole depth range. Thus, influx of the
highly saline North Sea waters which moved through the gulfs to
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the Arkon Hollow in winter 1992-1993 resulted in considerable
variation of salinity in the Southeastern Baltic in May 1993.

CONCLUSION

1. Observations carried out in 1992 showed the development
of considerable negative salinity esnomalies in the Southeastern
Baltie, primarily in the near-bottom layers of the deep-water
hollows.

2. Absolute salinity values and salinity deviations from
the long-term estimates found for spring and sutumn 1992 and for
.April 1993 in the Gotland Basin did not exceed minimum values

occured in the area during the apogze of the previous stage of
freshening. R

3. Analysis of the location depth for the 10%, isohaline .
in 1992 and March 1993 showed no influx of the North Sea waters
to the deep-water paris of the surveyed area. By early 1993 values

of this characteristic exceeded the long-term estimates found for
32-38 m in the Gotland Basin end 14-20 m in the Cdansk Basin..

4. Two cruises-conducted in March and Mérch-April 1933 enabdled
to register considerable variation of salinity in the near-bottom
- and intermedinte leyers of the Gdansk Bay which resulted from the

April advection of the transformed North Sea waters.

5. No pronouanced advection of the saline waters to the Gotland
Basin occured in April 1993 though availability of the waters with
salinity-of 11.4-12.3%, to the south of 56930'N witnessed their
partial penetration to the area, possibly,*to the west of the
investigation zone.
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Table 1

Salinity'gt the major depth: in the Central Gdansk Basin
( P =s54050'm; R =19°20'E)

Depth, Nay Octover March ' Hay
m 1992 1992 1993 1933
0 6.8 7.3 7.5 ' 7.2
25 7.3 7.3 7.5 7.4
50 T.3 7.3 7.5 . 7.5
. 75 9.0 - 7.9 7.5 - B.6 .
* 100 10.9 © 0.4 9.8 .o12.2 .
Bottom .11.0° 10.4 10.4 ' 2.3
“Table 2

Salinity at the major depths of the Central Gotland Basin -
: in various years ’

TApril

. Depth, August . August May
m - 1987 1989 1992 . 1993
o, 7.5 - 7.3 7.3 7.4 .
25 7.5 Ted 7.3 T4
50 7.8 7.5 . 7.3 7.5
75 9.2 - 7.8 7.4 7.6
100 9.8 ~ 9.5 9.3 9.4
150 . 11.9° 11.2 - 10.7 10.5
175 * 12,1 11.4.° 10.9 10.8
190 . 12,1 < 11.6 11.0 " 10.9
9.0 © 9.1

.\ W.0-200—-"10.0 ' 9.5
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Table '3

Location_(m) of the 10%, isochaline in the Gdansk Basin
in various observation periods

May October March May

1992 1992 1993 1933
Depth, 84 - 86 ; 92 77
pth,
Table 4

Salinity ond its ancmalies in spring, sutumn 1992 and
in spring 1593 (Centrel' Gotlsnd Besin)

. Central Gotland Basin

' Ley Anomaly October-No- Anomaly  April Anoumely

e 1992

*vember 1992

P

Selinity
between 7.3
0 and 50m

Salinity

in the 1141
near-bot-
tom layer

Salinity

- for the. 3.1

whole
layer

Selinity
between 10.5
100 and

200 m -

7.1

11,0

10-5

~0.3

.21

-1.3

7.4

S 111

9.3

10.4

-0.2
-2.0
-1.4

~1.4
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Table 5

Selinity and its'énémalies(%o) in spring end sutumn 1992 and in gpring 1993
' (Gdansk Basin)

Gdansk

Basin-
Value for ,Anomaly ,Value for, Anomaly, Velue for ,Anomaly :Value iAnomaly
May 1992 Oct.1992 March 1993 for :
1] 1 ) 1 1) 'r'mwsj

Salinity et 0-50 m 7.2 -0.4 - 7.3 -0.3 ] -~0.1 7.3 -0.3
Selinity in the nesr 10.2 -1.3 9.8 ~1.9 9,1 ~2.4 11.3 -0.2
bottom layer ' i
Salinity within the 8,1 -0.6 8,0 - ~-0.8 1.9 -0.8 8.5 -0.2

whole layer

-ty -
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Schere of hydrolngicai statioLs (16.05-02.06.92).
Scheme of hydrological stations (22.10704.11.92).
Scheme of hydrological stations (18-28.03.93).
Schene of hydrolggical stntions (15.04-09.05.93).
Vertical snlinit& distribution for the transect extend-
ing across the Gdansk Basin ,
A - May, 1992, B - October, 1992, € - March, 1993,
D - May, 1993 . ‘
Vertical salinity distribution (%,) for the transect
from the Slupsky Chammel to the southern part of the
Gotland Hollow.
A - October, 1992, 'B‘~.Harch 1993 ‘i o
Saliaity veriations (%,) for the transect extending
across . the Gdansk Basin (May-October, 1992) A
Salinity variations (%o) for the transect extending

-acToss the Gdansk Basin (May, 1992-&Bndn4993)

Salinity variations (%o) for the transect extending

" scross the Gdansk Basin (Mav, ¢ﬂ992-May, 1993)

10. Salinity distribution (%,) in the near bottom layer

of the Goansk Hollow during the various observation °

periods.

LN

11. Vertical salinity Cistribution (%,) for .he transect .

extending across the Gotland Hollow (15-22.04. 93).

12. Salinity diatribut:lon (%o) in the near bottom laye“

in lMuy, 1992(1) and in April-hay. 189312).



- 13 -

0w ©° ©o0 ' of 2"
. : ; 58730"

ye Els

Tiepaya
o - )

: ;Ki}inedaj
Q: ..

- 55°

sy ¥




—---__-------Inulu|nllr|\

- 57

- 556

5431

VYentspils

- 14 -

Liepaya

Xaliningrad

Pig. 2




5
. 58’
£

. ksﬂ,iningrnd

o

& o
- )
- o
e DA ogRa® B, gl
wa i Nt 06 g
3 S P M .
> - -
R e 3
o} -a R ‘U B
®ey J Rad T ™5 R
- L1 X% .
i
v AW\ v’ e
/..3A
\ -}
T
.. ot EL
o~ [ :
. /,/ £
o3 J i 3 3
has o~ ‘.e.
: . o y
- e N
-~ ’ e ./. wa |
- - 4 ~.
. B P8 i
3 3
- o «d
re J - H
Ed N <
H H




.':15_

L 56°

5430

.

‘ao ”‘

.aA.S...Ha.

Fig. 4



He - e TR

A é.90 683 703 _ 730 7.27 7.25 7.27
. —_————— 7 --4’ ? ',

] - s\lz‘ P —— 20 J ‘
20 - __..._..--—7-3":-’/ ] \~....———\\

=== \

w1 i 4 3

e s \\\\
60 1 , 804 —~—

4 T 4 -\\\:—?»5-- ————— -
4 w \ m——
20 8/—~\\ 80 | 89’_’______,

0 - - -
7 IOM___\ 1028 4 10’30 o 1203
t)]
100 o e o ) "”m».‘% N
i Y i B
120 4 20 |
».50 X4 7.4 743 0- k,” i 4 12 39 692
°] \\ ] 227 A
E2 0 20
yg 4 / Lod \ —~— - M —_——
- \ I . \s/, 25
‘\\‘__, Ty o e s e .
so 0 —
BN SRS Rt
: — \/’/-‘
TN — 1 uss | .
%3 "M%’\'°%ﬁ ] T
] LR D Ph ] TR
~ : 1
120 ¢ : ol P

Pig. 5



VY ssu’ T’ e 50’ 550 sevs
Qe weg” 2w’ /#20° 80" J85s" s’
Hu . . R A ;
o - 138 7.52 .2 727 728 7.8

4 !
20

& k\-\
50 .
B ey "
i
g | =n ,;\ G w0l
m.SzM(

60

<
120 1 -2y
Vu 85020 s ssul xew' s
ag nros’ 17°00" 18726  18%38° 1757
0~ 3 7.8 P 138 739
20 -
.
0 4 _______.___zs\\

o e———

80 N\

80 -
80 mas® S

1. M M,__ . ™~% 33\
100 - : . ‘o

120

Pig. 6



- 19 -

—_

042
gy~

p—

0.2

(121]

aq -

w{

504 .

604

Pig. 7




09 O 4

20
30 |
40 A
50 -
60
70
80
90
10

ita 4

- 20 -

120 J

Fig. 8




- 21 -

20 ‘ 02

. 804
524

\ = :
a4 : :iiig;;;::“'“*z::;::::f:::;;;feﬂ$

16 4

IZQJ ’

Fig. 9




',.'. . . B ) ) .
LY J: -
" ALY " '~ . .
3
. A
: / y
L K

sisow

" May 1992 o R " October 1992

'uarch‘199;

Pig, 10

: A;rll—ﬁpy 1993

-cz -




- 23~

N i Y Y v s’ 5! s5%8'
g 200" 15’ B i et wo’ w3’
e n o i L 2 2 -
- X LA IS X T LE R 2.39
("} 27" o o




12 .

Fig.




