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Motivation

Due to the small volume of the sea, changes in forcing conditions impact the
Baltic Sea quite rapidly.

Numerous studies have reported sea surface temperature rise in the Baltic,
most of the studies are based on the remote sensing or (near) coastal time-
series.

Bottom waters of the Baltic Proper are renewed only by sporadic barotropic
Major Baltic Inflows from the North Sea. Investigations are mostly
concentrated to the areas from Danish Straits to Eastern Gotland Basin.

How deep has the warming signal reached? What are the changes in salinity,
density distribution, and stratification? Taking into account the impact of
changes in forcing components (atmospheric forcing, exchange of heat
energy and freshwater through the sea surface, and input of freshwater from
rivers and saltier water through the Danish Straits).
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Background - surface layer
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Background - GoF salinity profiles
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Background - deep layer

Absolute Salinity, S, (gkg™)
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Eight areas, data from 1982-2016
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Calculation steps

Daily mean profiles within areas
e 10-day mean profiles

« Mean annual cycle

« Anomalies from annual curves

e Monthly mean anomalies

« Annual mean anomalies and seasonal (Dec-Feb, Mar-
May, Jun-Aug, Sep-Nov) mean anomalies

« Difference in mean anomalies between periods 1982-
1991 and 2007-2016

g 2nd Baltic Earth Conference
11-15 June 2018, Helsinggr




Surface layer temperature: pentadal
averages and trends
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Surface layer salinity: pentadal averages
and trends
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Deep layer: annual averages of

temperature
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Deep layer: annual averages of salinity
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Temperature trends °C per year 1982-2016
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Temperature trends °C per year 1982-2016
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Salinity trends g/kg per year 1982-2016

N Proper
0 o
®
[ ] H
g
50t ®
[
: ®
. H
100+ o
.
[ ]
®
150 o
o
200 : : i
-0.1 -0.05 0 0.05 0.1
Bornholm
0 O
® !
[ 2 i
. H
SOE :’ ......... o e
.
. H
100+ ®..i
200 : ' i
-0.1 -0.05 0 0.05 0.1

Salinity trend (g/kg)/year)

E Gotland Basin

0 » !
. H
[ ] H
L] H
50t .. i
L H
e
100} o
. H
L
®
150 ™
L
)
N . N
200 : — :
-0.1 0.05 0 0.05 0.1
G Finland
0 il
[ J
. -
[
50 ® .
e
i L
: : ®
-0.1 -0.05 0 0.05

Salinity trend (g/kg)/year)

01

Three-layer basins
have similar vertical

| trend structure:

| Freshehing in the

upper 40 m

« No trend in the
intermediate layer

e Increasing salinity in
the deep layer

15

2nd Baltic Earth Conference
11-15 June 2018, Helsinggr



Salinity trends g/kg per year

1982-2016
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Density trends kg/m3 per year 1982-2016

N Proper E Gotland Basin

[ 4

100+ 100}

150} g | Three-layer basins:

150

H . : : . :
20—%.1 -0.65 0 O.(;)S 0.1 20—%.1 -0.(;5 O * 0.2]5 0.1 ° Negatlve denS|ty
Bornholm inlan .
0 — ; 0 R L trend in the upper
* ; ; ; a g m
ol e ] S, layer, positive
. ¢ S0 ¢ : ° 5 1 .
Kl | s density trend below

b | |00 | 1 halocline

wepuUl LIy

0.1 -0.05 0 0.05 0.1 2997 005 0 0.05 o0
Density trend (g/kg)/year) Density trend (g/kg)/year

2nd Baltic Earth Conference
11-15 June 2018, Helsinggr

17




Density trends kg/m3 per year 1982-2016
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Changes from 1982-1991 to 2007-
2016 by seasons, Eastern Gotland Basin
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Changes from 1982-1991 to 2007-
2016, Gulf of Finland
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Changes in vertical density differences
from 1982-1991 to 2007-2016
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conclusions

 The three layers have had different trends in temperature and salinity over
last 35 years.

« Upper and deep layer in the three-layer basins have been getting warmer by
~0.05 °C per year.

* Freshening of the upper layer by 0.010-0.013 g/kg per year has occurred in
most of the basins.

« The stagnation period before 1993 MBI ended up with much fresher deep
layers than any stagnation period after 1993. Thus, salinity of deep layers
has increased.

« Stratification has strengthened through both pycnoclines in most of the
areas.

You are welcome to join with your ideas and/or data
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