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ABSTRACT

. Basing data. collected dur~.ng four cruises conducted by the
u:':onokrystal" . in 1992 "nd early 1993 a characteristic for oa11­
nity distribution and variations in the Southeastern Baltic be-
·t~een t~y. 1992 ~nd ~~y. 1993 is given. Deviation of salinity
estimate~ !roo thc longtero menns has been calculated tor the
deep-water areas of the Gotland and ~k Basins. Data analysis
allowed to reveal thc oain trends in salinity variaticnS in the
Southeastern Baltic. The 1993 data gave a uni~ue ·possibL;itY to
observe th~ advection development ta.the Gdansk·Basin both in the
temporal·and ~patial scale•

Zezera A."snd E.Zezera

ttlantNIRO; 5 Dm.Donsk~Y;. Kaliningrad 236000 Russia

•

iud
ICES-paper-Thünenstempel



- 2 -

INTRODUCTION

Salinity characteristics at the various sea depths and ano­
cality cf the aalinity conditions in the BaHie Sea are of
great importance for assessment of the hydrological eonditions
variability.'

It 1s known that in the mid-eiehtics the next stage of dil~­

tion in'the Baltic Seabegan (Antonov. 1991). From this point
of view data on sa~~ty.in thc So?theastern Baltie eollect~d:in~

1992,and early 1993 enablc to give qualitative and quan:itative
estimates!or the procesa evolution. To study character of the
salinity anomalies the selection of long-term means 10 a catter
of no Iittle importance. Unfortunately, unavailability of the'
salinity I:lcans ~or the rcccnt ycars enabled to' ealculate
anomalien only as compared to the long-term means for 1947-1983.
(Antonov. 1987). But even these.data allon.to trace and aasess
variability of the saltnitY,conditions over the surveyed area
and period.'. • ' .

. MATERIALS' AND METlIODS

Analysis o!.vertical salinity distribution and'its temporal
evolution was "made using data.collected during four expeditions

.oo! R/V "Monokrr-itaJ." (May-June a.od October-November of 1992 and

llarch and Apr:1l-May ot 199J).
Hydrological observations were .performed trom" the surface

to the·bottom. SaJ.1nit~determinationswere made in ever,. 5-10 m
a.od in the near-bottom Wßr. Totally 250 hydrological stations
were co.de usiDg CTD-1000 (oXapan)." Beaides temperature was measur-.
ed aDd at some stations,A1.arocnemical deterQinations were made. _
Samples were taken b~ ~n bottles.' The surveyed area-was "
restricted. by thc EZ-s of E3tonia in the north and Sweden in the
west. In thc autUlllI1 of 1992 and spriIlg of 1993 thc surve,. was .
pa.rti.all.3" conduc~ed .within. the EZ of Poland (Pig." 1-4).
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DLSCUSSION .A.ND RESULTS

In sprlDg ot:1992 surfaee salinity changed trom 6.41-7.000ioo
to 7.20-7.JJ%0.' Minimum values,were recorded ~thin the cosstal
zone intluenced,by the land. run-ott ,(to the west of,Baltijsk,
Liepaya and the GuU of Riga). Vertical sal1nity profile' ove'r the
depthSof less thon 60-65 m was,choraeterizedby insi'gnificant
variation ofvalues .trom the surface to the bottom. Haiocline"

, \"'as' only tound in'" .the surface mayer at the lower border of the '
diluted water masses. Maximum salinity at' the bottom dld not
exceed 7.)-7.4%0. In the deep-water part,ot the area vertical 8a11­

, • nity gradients begen to increase eiDee, depth 'of .75-80 m where' ;'
,sa1inity increased sherply from·7.2-1~4 %0 to 9.7-10.2%0,: within
the,leyer of 15-20 m. Maximum'vertical gradiente '<0.31%0) were
recorded in the Gdansk Hollow between 70 and 80 m. In the Gotland
Bas1O,they did not exceed 0.12%0 end 0.15%0 per ,1 m in the north

, end in the extreme south, respectively.
Prom May to October-November of 1992 absolute ealinity estims-,

.. tes did not sutfer con!3iderable chonges • .' Surface salinity ranged','
between 6.6)-7.25%0 in the north end 1.21-7.J5~oto·the south,ot
56oN. Minimum values (e::;. 7%,;)'were found.'in the'centrai'pert of,
the Gotland Basin. The so-called "diluted wave" was' obs~rved there'
extended fram the north to the'south up'to 57°11.Vertical po~er,

of the br~ckish weter~ attained 35-45 m end corr~sponded to the,
thickness of the upper homothermsl layer. The depth'where ,the

, . '"upper liJ:dt or the halocline was found increased .trom.the south
to'the north trom' 65-75 I:1,' to 80-85 m. Maximum'vertical salinity'
,grad~ents chonged tram 0.12%0/I:1 in the Gotlend Hollow:to O.26%0/m
in the Gdansk Ho11ow•

•
" General aalinity increase was the l:lSin feature of the salinity

. ~onditions found tor the surface water masses in the Southeastern
, Baltic in spring 199:3. l.:axiZ::UM velues at the. surf'ace Blllounted' to

7.4:-7.52%0 in March and 7.45-7.49%0'10 April. In ~rch halocline
continued to drop. In the Gdansk Bosin and in tha extreme south .
ol the Gotland Hol1ow th1s pro~eas ac~ompanled by tncrease of thc
vertical s~linitygradientsas comp~rCd~O those.of,thc prcvious'
year. In thc Central Gotland Hollow maximum vertical' salinity gro-

'.' diente wore less thon 0.1%oim. The hnlocline. upper limit in the .
. ,

,:: " ~", ..
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Gdanak ~airi deepened up to 80-85 m 1.e. 10"m lower thän that of·
in autumn of 1992 (Fig. 5).

Table 1" contains ·date 'JD salinity variations registered in
the Central Gdansk Easin ~r~ May of 1992 to May.of·199J. It can
b~ neen ~rom!he table thatapart ~rom the salinity increase
betwoe~ 0 end 50 m Its decrease was found at thc lower depths trom
~y 0.1' 1992 to March or j99J. !he more pronou~ced salinitydccrease
WOg recarded et 75 end 100 m. In April-May·ot 1993 thc sallnity
condltlons in the Gdansk Basln chonged sharply (Flg. 5)~ .

. SalinltY varlatlonsover the surveyed period (the Central­
Gotland Basin) are de~ontrative as c~pared ·to date by Antonov
(1991) end Nehring (1989) and our data ~or 1992 and 1993 (Table

It is clearly seen fro~ Table 2 that absolute salirity values
at all depths except sur.1'ace had ahowcd end pronounced te.l"ldency
to decrease by May" of 1992. Co~porativoly high surface salinity
at thc ~egiDninb of 1993 may p~ssibly be explained by abnormal
droubhty su=mer In)992, duc to which rresh woter discharge to the
Baltlc Ses· grestly reduced. "Pumplng over" thc salt trom the near­
bottom layer vms the fa?tor oi no 11ttle importance 1nfluencing .
sslinity of the surtace end subsur.1'ace .waters.• This pro~ess had
to take place in the Central Gotlend Essln where evan the rnaximum
vertical 3alinity·gradients.w1thin the halocline dld notexeeed
0.04-0.08%o/~•. This fact resulted in an inaigniticant sslinity
lncresse at depths or 75-100 m snd between O.snd 200 m on.the whole.

To atudy salinity variations ein thc nesr-bottom waters .'
. 0

obnervationa csrried out·cver the depth of the 10%0 iaohaline
location are cf app~opriate intereat. Thia lsohallne represents
the border bctwcen· the Baltic and North Ses waters and allows to
aasess volkme of ~~ter8 cf the r.orth Sea genesis.

Inthe Central ~otland Bsoin tho 10%0 isohalinelocation
.,on-esponded to ael. th et" 117-12) m trom" tl.ay cf '1992 to April of
1993. This.location ~~s ~-10 m deeper ss compared t~ that of the
lato eightics end )2-)8 m deeper ascompared to thc mean long­
term-locatlon:. !his Voile 1n.:l1c·ot!ve of thc" sharp reducUon of the
traDsfonned llorth Zea watero und condiÜoncd low near-botto~

8Alinlty valuoo' (Tabl~ 2).
. Yro::l:Uuo' point of v"lew the· aitu:Jtlon inthe Gdan.:Jk Dasin

J.b!l ch.orncterlzed b:( 1mptrtant pecul1?ritlcs • Pro::! l:.ny ~r 1992
.,

, : ~' ,
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to Morchol 199) e steady deeping of the 10%0 isohaiine was obsezv­
ed, but accordiDg to the observations earried out in MBy 1993
it varied sharply (Table ). ,

If toward the end of March 1993 devic;ion of the 10%0 1so­
haline from the long-term maan position exeeeded 18-20 m. a month
later its loeation as co~pared to the norm did not exceed 6 m
(Fig.5).

Hydrological observations ~f April-~y 1993 gave e rare op­
portunity to record sn advection of the transformed North See

~~~ters :0, th~ s~uth,ea~t~:n,~~~~iCand 9S~~~~. bothtemporal ~nd
wspotial'scale ,of this phenomenon. , .' ,

In 1brch 1993 salinity increased up to 13.8-14.2%0 in the erea
of the Slupsky Channed. In October maximum ,values in th1s very
ares did not exceed 12.6%0 (Fig. 6'. In early springof 1993'only
in the northern periphery of the Gdansk Easin salinity exceeded ,
11%0' However. by April all the dcep-woter part of 'the basin had
be~n ~ccupied by waters salinity of which exceeded 12.2-12.3%0'
By that time .they had alrgady"broke off" the area of, their origin
(Fig. 5).

Fig. 1. 8. 9 differences of the salinity, values between
aut~ 1992. March 199). April 1993 anJ spring 1992 ror tLe Jranseet,
extending aerORS the Gdansk Basin. As it ,was mentioned above the
surface leyer was characterized by inerease 0: salinity end this
resulted in thedevelopment of tha positive anomalies from the
surface to tho halocline. Only some ereas in the Gdansk Hollow
in lIJ:Jy 1993 were an exception. There negative' anomslies were ob-
servea between 0 and 10 m as e consequence of e high level of ,

, dilution. MaximtUll negative anomalies C> 2%0)' were recorded between
4If5and'90'm in the ares of 54°50'N in ~rch 1993 and thet fact

cay be expleined by the deepening of the halocline' (Fig. 5 end 8).
Va:ietion of the haloeline depth resulted in aveilsbility of the

~ ~

positive enomDlies core in May 1993. And. finally, variation of '
thesign of the salinity ano~ly within the near-bcttom layer from
negative po~itive :eflectcd intrusion of ~igh salinity waters into
the Gdansk ~as1n (Fig. 7. 8. 9).

CO::lp:lrison'of.data 'for 1992 endapr1ng 1993 enabled to
obtain e co~prehensive picture of salinity variat.on,within ~he

neer bottom leyer in the Gd~nsk Hollow BLd extre~e southern part
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of the Gotland Basin (Fig. 10).
In oprinG 1993 there wao no distribution of bighly saline

watero to the Gotlend Hollow. However, in April a "tongue" where
oalinity ranged from 11.4%0 to 12.3/~0· wes found in the near-bottom
layer to the south of 56°30'N (Fig.11). Thio fact provcd that
advection of the saline water maoses to the south of the Slupsky
Channel took place indeed. Displacement of these ~~ters to the
Gotland Easin, possibly, occured to the west of the observation
period or limited portion of the North Sea vroters had flowed into
the Gotland Basin u.~til middle ef Uarch 1993•

. On'the wholesalinity variation within the neor-bettem loyer' ~
of the Southeastern Baltic from ~y 1992 to May 1993 is given in
Fig. 12.

Calculation ef o31inity deviation from the long-term values
is of great.importance te aosess salinity variation in 1992-early
1993. Observation ~ßde in the GotLand Bosin witnessed the develop­
ment of considerable negative anomalies. They ochieved their maxi­
mQ~ values in the neer-bottorn layer (Table 4): The dDta analysis .
showed thot in spite of the salinity increase cetwcen 0 and 50 m
end negsGive anomaly decrease in the near-bottem leyer end within
the whole water co~?IDD absolute salinity values as ,weIl as its
an~~lies at depths lover than 50 m by April hed exceed~d,the.

minL~~ values of the given,characteristics obtained there during
the spogee of the previcus stege of fres~er~g' (1895-1940)
(Antonov, 1987, 1991). Thus, in 1992 end up to'spring 1993 a
tendency for salinity. decreose gone back to thc lete 1970's -early
1980's showed its further development.

Variation of salinity and Hs ano:::lsly in thc GdIl,nsk Bssin
are presented in Table 5. Between spring 1992 and Mnrch 1993 the-. e
negative anomalies were observed in that area as weIl. Considereble
ano~lies occured in the near-bottom lsyer where by lete march

1993 z::ean solinity value was less than 9.3%0' However, by early
May duc to the advection of the North See waters salinity conditions
within the GJ.ansk Hollo\'! had been changed. A considerable increase
of salinity both in the 'near-bottom and intermediate layers wes
found. Negative anomalies decreesed by 2-7 times end did not exceed
- 0.2- -0.4:'0 within tbe whole depth range. Thus, influx of ~he

hig.lüy saline l'orth Sea waters which moved throu[;h thc gulJ.'s to
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the Arkon Hollow in winter 1992-1993 rcsulted in considcrablc
variation of salinity in the Southeastern Baltic in ~~y 1993.

CONCLUSION

1. Observations carried out in 1992 showed the developmcnt
of considcrable ne~tive salinity anomalies in the Southcastcrn
Baltic, primarily in the near-bottom lsyers of thc decp-water
hollows.

2. Absolute sslinity values snd salinity deviotions from
the long-term estimates found tor spring and autumn 1992 snd for

~April 1993 in the Gotland Eosin did not excecd minimum valucs
occured in thc area during the apoCge of the previous stage of
freshening.

3. Analysis of thc loeation depth fOr thc 10%0 isohaline"
in 1992 and ldarch 1993 showed no influx of the North Sea waters
to thc deep-water parts of the surveyed ares. By early 1993 values
of this charocteristie exeeeded the long-term estimates tound for
32-38 m in the Gotland Bosin snd 14-20 m in the Gdansk Bssin•.

4. Two cruis~"condueted in ~mrch ond March-April 1993 enabled
to register considernble variation of salinity in the near-bottorn
and intcr:nc:!iute lcyers of the Gdansk Boy which resul ted from the
April advection of the transformed North Ses waters.

5. No pronounced advection of thc saline watcrs to the Gotlsnd
Bosin occured in April 1993 thouGh availability of thc v~tcra with
solinity'of 11.4-12.3;0 to the south of 5GoJO'Nwitncssed their
partial penetration to the ares, ·poSGibly,~to the west of the
1nvestieotion zone •

•
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Table 1

Salinity at the major depth.::: in the Central Gdansk Basin
I.f> '= 54°50'N; .i\ = 190 20'E)

Depth, May Octol:ler March llIay
m 1992 1992 1993 1993

" 0 6~8 7.3 7.5 7.2

r 25 7.3 7.3 7.5 7.4
50 7.3 7.) 7.5 7.5

• 75 9.0 7.9 7.5 8.6
100 10.9 10.4 9.8 12.2
Bottom . 11.0 10.4 . 10.4 12.3

. Table 2

Salinity at the major depths o~ the Centra! Gotland Basin
, in vai-ious years

Depth, Au~st, August . May , "AprU
m 1987 1989 1992. 1993

0 7.5 7.3 7.3 ' 7.4
~

25 1.5 7.4 7.3 7.4
50 7.8 7.5 7.3 7.5
75 9.~ 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.~

.190' 12.1 11.6 11.0 10.9
.0-200----'10.0 9.5 9.0 9.1
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Table ·3

Location (0) of thc 10%0 'isohaline in the Gdansk Basin
in various observation per10ds

Depth,
m

Msy
1992

84

October
1992

86

March
1993

92

May
1993

77

:reble 4

Selinity end its oncmolies ~n spring, auturrn 1992 snd
in spring 1993 (Centrcl'Gotland Bosin)

, Central Gotland Bosin

,. tlay
.,1992

Salinity
in the 11.1
near-bot­
,ton layer

Salinity
between
o and 50m

7.)

---
,Ano:m:l1y October-No- Anor:::sly. April Anomoly

'vcmber 1992 1993

-0.3 7.1 -0.3 7.4 -0.2

-2.0 11.0 -2.1 11 • 1 -2.0

Salinity
for the_ 9.1
whole
Inyer

Salinity
oetween 10.5
100 and
200 m

-1.6

-1.3

9.0 -1.8

-1.3

9.3

10.4

-1.4

-1.4
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Teble 5

Salinity end its 'anomslies{%o) in spring and outU):Ul 1992 end in spring 1993

(Gdimsk Eesin)

Gdansk Basin

Yelue for ,Anomaly ,Velue for, Anomaly, Velue for ,Anomaly ,Value ,Anomaly
May 1992 Oct.1992 March 1993 for, ,

'lJciy 199J
Salinity ot 0-50 m 7.2 -0.4 7.3 -0.3 7.5 '-0.1 7.) -0.)

SaUni ty in Uw neer 10.2 -1.) 9.8 -1.9 9.1 -2.4 11.) -0.2
bottom l:Jyer

Sslinity within the 8.1 -0.6 8.0 -0.8 7.9 -0.8 8.5 -0.2
whole leyer

•
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:Figure -legends

Figure 1. Sehece of hydrologieeJ. statiol..s (16.05-02.0G.92).

Figure 2• Sehel:1e of hydrologieal stations (22.10-04.11.92).

Figure .3. ~cheme of hydrological stations (18-28.03.93) •
• \.Figure 4. Sehel:1e of hydrological stations (15.04-09.05.93).

:Figure 5. Vertieal salinity distribution for the transect extend-

1ng aeross the Gdansk Basin

B - October, 1992, C - March, 1993,A - May, 1992,

D - 1.lDy, 1993 .

Figura 6. Vertieal salinity distribution (%0) for the transeet

from-the Slupsky Cha~elto the southern part of the

Gotland Hollow.

•
A - October, 1992, B - March, 1993

Figure 7. Sslinlty variationn (%~) for the transect extending

ecross·the Gdansk Basin (May~October, 1992).-

Figure B. Ssl1nity 'variations (%0) .tor the" trans~ct extending'

-aoroas the. Gdansk Basin (May-,·1992~"ltIrch,1993).

FigUre 9. Sslinity varia tione (%0) for the transect extending
. - .

. across the;Gdansk Bssin (Ma~"o1992-May, 1993)

Figure 10. Sal1nit/ distribution (%~) in the near bottom layer

or the' GOensk Hollo.. during the veriouB observation'

periodE>.

Figura 11. Vertical ::lolin1ty ':lstribution (%0) rar .he transect •

extending across the Gotland Hollow (15-22.04.93).
, .. .

F1gura 12. Sslin1ty dlstribution.(%o) in the neer bottom layer

1n Litty, 1992(1} 'md in April-May,199J'2).
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