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ON LONG TERM VARIATIONS OF SALINITY
AND OXYGEN IN THE GULF OF BOTHNIA 

by
Stig H, Fonselius

Several authors have shown that the salinity of the Baltic Sea has in­
creased since the beginning of the century (Fonselius 1969, Fonselius 
et al. 1984, Matthaus 1977 etc). Fonselius (loc. cit.) has shown that 
also the salinity of the Gulf of Bothnia has increased. The purpose of 
the present paper is to study the salinity variations since World War 
II in the Gulf of Bothnia. Several international deep stations with 
long salinity series can be found in the Gulf of Bothnia. The Gulf of 
Bothnia consists of the Aland sea, the Bothnian sea and the Bothnian 
bay. For the present study I have chosen seven stations, one from the 
Aland sea (F64), one from the entrance channel to the Bothnian sea (F33), 
three from different parts of the Bothnian sea (F24, SR5 and F24) and 
two from the Bothnian bay (F9 and F2). For all stations I have plotted 
the salinity values from 1963 to 1984 for 10 m and for a chosen depth 
below the halocline. The regression line, the correlation coefficient 
and the confidence level have been computed for each series of salini­
ties. Fig. 1 shows a map of the Gulf of Bothnia with the stations used 
in the study.
Fig. 2 shows the salinity variations for the station F64 in the Aland 
sea at 0 m and 200 m. In the surface water we find a clear increase 
during the period, but the values are quite scattered due to the in­
fluence of river runoff and water exchange between the Baltic proper 
and the Gulf of Bothnia. In the deep water we can see seasonal varia­
tions of salinity. The deep water is formed through sinking of cold 
surface water in the northern 8altic proper, which flows over the sill 
into the Aland sea. This water has a higher salinity than the summer 
water, which is influenced by the river runoff. Therefore we find sali­
nity maxima in the deep water during the winter. A general increase of 
the salinity can also be seen. It reached its maximum around 1978 and 
after this maximum, the salinity has begun to decrease. The salinity is 
at present as low as in the beginning of the period.
Fig. 3 shows the salinity variations for station F33 at Grundkallen 
for 0 m and 100 m. In the surface water the salinities were extremely
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low between 1966 and 1972. The same pattern could also be observed at 
F64. We also find the decrease after the weak maximum around 1977 in 
the deep water. Due to the smaller amount of data the seasonal varia­
tions in the deep water are difficult to detect. The general increasing 
trend of the salinity in the surface water is quite clear. The deep 
water shows an increasing trend for the period, but it is difficult to 
conclude if the decrease after 1977 will continue, or if it is only a 
short period variation.

The station SR5 (Fig. 4) is located in the southern part of the deep 
area of the Bothnian sea. The figure shows the salinity variations at
0 m and 100 m. Again we find an in general increasing trend for both 
surface and deep water. The low surface salinity during the period 1966 

to 1972 can also be found here. In the deep 'water we find a maximum in 
1980 and then a decreasing trend as at the previous station.

Fig. 5 shows the salinity variations in the northern Bothnian sea at 
station F22 at 0 m and 175 m. We again find an increasing general trend 
in both water masses. The surface water shows quite scattered values 
due to the neighborhood to the entrance to the Bothnian bay. In the deep 
water we find a weak maximum in 1980 and then the same decreasing trend 
as at the previous stations.

Station F24, the Ulvö Deep is located close to the Swedish coast, but
1 have included the station because of the large amount of salinity 
measurements. In the surface water we can see the scattering of values 
due to runoff. In the deep water the salinity increase is more clear, 
than in the surface water and the variations are very small. The se­
ries are from 0 m and 150 m. In the deep water we find the salinity 
maximum in 1981 and after that a decreasing trend. It seems that it 
takes around 3-4 years for the bottom water to flow from the Alande sea 
around the Finngrundsbanks to the Ulvö Deep (Fig. 6).

Fig. 7 shows the salinity variations in the southern Bothnian bay at 
station F9 at 0 m and 100 m. Both in the surface water and the deep 
water we find a weak increasing trend. In the surface water seasonal 
variations may be seen due to river runoff during the spring. In the 
deep water some variations may be seen, which are not seasonal, but 
somewhat longer. We also find a decreasing trend from 1981 and especi­
ally during 1984.
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Station F2 finally represents the conditions in the northern Bothnian 
bay. The water here seems to be too much influenced by river runoff 
and therefore it is not possible to establish any trend in this area.
The correlation coefficients are too low for any conclusions (Fig. 8).
For the whole Gulf of Bothnia, we may draw the conclusion that the sa­
linity of the surface water is increasing since World War II and that 
the salinity in the deep water has increased until a maximum around 
1977-1981 and is now decreasing. It is not possible to establish from 
existing measurements, if this salinity decrease will continue or if 
it is a short decreasing period after which the salinity will continue 
to increase.
In the figures the asterisks after the correlation coefficients show 
the confidence level according to the t-test. Three asterisks show a 
confidence level of 99.9 %, two asterisks show 99 % and one asterisk 
shows 95 So confidence.

It has earlier been shown that there may be a decreasing trend for 
dissolved oxygen in.the deep water of the Ulvö Deep since the begin­
ning of the century (Fonselius 1969, 1971).

In order to investigate this trend closer during the period after WWII 
dissolved oxygen values in the deep water of the above mentioned sta­
tions were plotted against time from 1960 - 1984. Regression lines, cor­
relation coefficients and confidence levels were calculated for every 
station. Only for the stations F 33, SR 5 and F 24 significant decrea­
sing trends with acceptable confidence levels could be found. Fig. 9 
shows the results from these stations. It is evident that the oxygen con­
centration in the deep water of the Bothnian Sea is decreasing in the 
deepest parts.
The reason for this decreasing may be the unusually warm winters during 
recent years, which have prevented an effective vertical convection down 
to the deepest parts during the winter. Another possiblility may be inflow 
of small amounts of Baltic deep water with a very low oxygen content (Fon­
selius 1985). A third possiblility may be the increasing load of nutrients 
and easily oxidized organic matter from land (Larsson et al. 1984).



4.

References

Fonselius, S.H., 1969: Hydrography of the Baltic Deep Basins III. Fish.
Board of Sweden, Ser. Hydr. Rep. 23.

Fonselius, S.H., 1971: Om Östersjöns och speciellt Bottniska vikens 
hydrografi. Vatten 3, 1971.

Fonselius, S.H., J. Szaron and B. öström, 1984: Long term salinity
variations in the Baltic Sea deep water. Rapp. P.-v. Réun.

CIEM 185.
Fonselius, S.H., 1985: The Hydrography of the Gulf of Bothnia, Report 

from the Hydrography Group. Publ. Water Res. Inst.
(in press).

Larsson, U., R. Elmgren and F. Wulff, 1984: Eutrophication and the Baltic 
Sea - Causes and Consequenses. Ambio (in press).

Matthäus, W., 1977: Zur säkularen Veränderlichkeit des Oberfläckensaltz-
gehaltes in der offenen Ostsee. Beitr. z. Meeresk. Helft 39.



4.

References

Fonselius, S.H., 1969: Hydrography of the Baltic Deep Basins III. Fish.
Board of Sweden, Ser. Hydr. Rep. 23.

Fonselius, S.H., 1971: Om Östersjöns och speciellt Bottniska vikens 
hydrografi. Vatten 3, 1971.

Fonselius, S.H., J. Szaron and B. öström, 1984: Long term salinity
variations in the Baltic Sea deep water. Rapp. P.-v. Réun.

ClEM 185,
Fonselius, S.H., 1985: The Hydrography of the Gulf of Bothnia, Report 

from the Hydrography Group. Publ. Water Res. Inst.
(in press).

Larsson, U., R. Elmgren and F. Wulff, 1984: Eutrophication and the Baltic 
Sea - Causes and Consequenses. Ambio (in press).

Matthäus, W., 1977: Zur säkularen Veränderlichkeit des Oberfläckensaltz-
gehaltes in der offenen Ostsee. Beitr. z. Meeresk. Helft 39.



18* 20* 22* 24*

BO T H N I A N

9 NORTHERN

K VA R K

B 0 T H N I A N

S E A

southernVLkvark

• «^ F 64

ALAND SEA

FIG. 1



CLen

PMK F64 OM T I ME/SPIL I N I T Y

<■» i-r—Jf------» V ♦*-r ;? v,r> ___
vt •., / »

r » O.41

1965 70 75 80 85

H

aen

F 64 200M TIflE/SRLJNJTY

.* - -*
* * *

_ T... > .....* -t v *"• *

V - *♦ # -**
V

«%
* » r*

•»
» a*'v •*%

0.33

1965 70 75 80 85

FIG. 2



SR
Li

N
JT

Y
 

SP
LI

N
IT

Y

PMK F33 OM TIME/SRLINITY

*9 \

Yi
»*1

V% I

1965 70 75

r « 0.36**

j— --------------------------- ---------»

80 85

* ?

v>
S'# I

F 33

. j—r*—

^ j

100M TIME/SALINITY

V»

v>

r - 0.54***

1965 70 75 80 85

FiG 3



SA
LI

N
IT

Y 
SA

LI
N

IT
Y

FMK SR5 OU T InE/SRLINITY

* +. 0 v +
k-r-TrV-------^

r « 0*42

1965 70 75 80 85

vt•M

VSc*
s-

SR5 ioon time/salinity

y
us

cn ;r.... '

1965 70 75 80 85

FI



SA
LI

N
IT

Y 
SA

LI
N

IT
Y

PfIK F22 OM T I flE/SHL I N 1 TY

FIG. 5



Sf
lL

. J
N

1 
TY

 
SR

U
N

JT
Y

PMK F24 OM TJME/SHLJNJTY

1965

a »

70*

I • » 4 * „ *
**•».*'•***** 

____ * _ . *. V
'* , ,* '

♦ « «♦

■ -4 * *

4

* •

r * 0,33

75
—t—

80
—i

85

F24 15 OM T J ME/SRL JNJ TY

t .. ___ ‘v-—,--- —-i ** _£ » , *i* v*1* i»** ,♦* \ % **

r - 0.74

1965 75
------14

80
—*

85

FIG. 6



or.tn

PMK F9 DM T]ME/SflL J N]TÏ

* *

ms 70

* * 4 * * « *, j V i» »,* *•* ,
*. %t ** . mV* ‘ ^ *►

r » 0*20

75 80 85

i5 ;»1
F 9 loon T IJ1E/SP1L IN1 TY

>-
I—

a
,s «►> »’V A* *» * *

1965 70
—#—

75

r * 0.3V

80 85

FIG. 7



SR
U

N
JT

Y
 

SR
U

N
JT

Y PMK F2 OM T IHE/SRLINITY

r *» 0,11

F2 80n T IME/SRLIN ITY

FIG



O
XY

G
EN

 ML
/L

 
O

XY
G

EN
 ML

/L
 

O
XY

G
EN

 ML
/L

PilK F24 15011 T I HE/OXYGEN

1965

♦ *

* * + ♦

70 75 80

r « -0,54'***

—p~

85

PilK SR5 ÎOOM TIME/0XYGEN

r » -0.45

...

1965
r

7 0
T~

75
—j .

80 85

1965 75 85




