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Primary parameter under WATER CYCLE by Markus Meier, IOW and SMHI

Salinity and saltwater 
inflows



• Salinity is an important variable for density that controls the 
dynamics of currents in the ocean

• Due to freshwater supply from the Baltic Sea catchment area and 
due to the limited water exchange with the world ocean, surface 
salinity varies from > 20 g kg-1 in Kattegat to < 2 g kg-1 in the 
Bothnian Bay

• The dynamics of the Baltic Sea is characterized by a pronounced, 
perennial vertical gradient in salinity.

• Meteorologically driven large saltwater inflows, so-called Major 
Baltic Inflows (MBIs), sporadically renew the deep water with 
saline, oxygen rich water and are the only process that effectively 
ventilate the deep water.

Description



Mean change

• Level of confidence: low

• There are no statistically significant trends in salinity, river flow and Major Baltic Inflows 
(MBI) on centennial time scales

• However, salinity, river flow and MBIs show a pronounced multi-decadal variability with 
a period of about 30 years (part of this variability is, for instance, the stagnation period 
during 1983-1992)

• Model results suggest that decreasing salinity over ten years appear approximately 
once per century on average and belongs to the natural variability of the system

• On longer time scales, Baltic Sea salinity is under the influence of the Atlantic 
Multidecadal Oscillation with a period of about 60-90 years. Since the 1980s, 
increased bottom and decreased surface salinities were observed.

Extremes

• Level of confidence: low

• Salinity changes on time scales of days to months are caused by MBIs that do not 
show any statistically significant trend.

What is already happening 



Mean change 

• Level of confidence: low 

• An increase in river runoff would lead to a decrease in salinity.

• A global sea level rise would result in higher salinity because the water level above the 
sills in the Baltic Sea entrance area and the saltwater imports from the Kattegat would 
be higher

• Due to the large uncertainty in projected freshwater supply from the catchment area 
and in global sea level rise, salinity projections show a wide spread and robust 
changes were not identified.

Extremes

• Level of confidence: low

• The intensity and frequency of MBIs are projected to remain unchanged. However, a 
potential tendency of a slight increase in MBI frequency was suggested.

What is expected to happen 



• Due to uncertain changes in the regional water cycle 
including precipitation over the Baltic Sea catchment area 
and in global sea level and due to the large natural variability, 
the confidence in future salinity projections is low

• Changes in total salt import have not been adequately 
investigated

• Mixing in the Baltic Sea is not well understood (silent ocean 
“conveyor belt”).

• Regional variation

Knowledge gaps



• Salinity and the ventilation of the deep water with oxygen are 
important drivers of the Baltic Sea ecosystem functioning and 
structure, including reproduction of fish, e.g. cod

• Hence, the salinity dynamics is of major concern for marine 
policies (HELCOM)

• Large-scale changes in climate may affect salinity in the 
Baltic Sea

• Hence, mitigation of greenhouse gas emissions might be the 
only measure against anthropogenic changes in salinity on 
centennial time scales.

Policy relevance



Primary parameter under WATER CYCLE by Urmas Lips, Markus Meier 
(the author list requires double-checking)

Stratification and ocean 
circulation



• Stratification is determined by vertical density gradients following 
the temperature and salinity distributions in the sea water

• Stratification controls vertical and horizontal transports. The 
strongest density gradients correspond to the thermocline (strong 
temperature gradient) and halocline (strong salinity gradient).  

• In the Baltic Sea, a pronounced halocline persists over the year 
between 60-80 meters in most deep regions. During the warm 
season a thermocline develops at much shallower depths (10-20 
meters)

• The forces of the winds can potentially homogenize the water 
column fully (some shallow water regions) or partly (deep water 
regions) and thus influence stratification.

Description



Mean change

• Level of confidence: low

• Kattegat?

• During the historical past, the haline stratification was dominated by the sporadic 
inflow events from the adjacent North Sea

• No long-term trend in the Baltic Sea salinity can be robustly deduced so far (1)

• A likely trend towards increased horizontal salinity differences between the northern 
and southern Baltic Sea (1)

• Sea surface temperatures have been risen by about 0.03 °C/decade between 1856 
and 2005 (1).

• During 1982-2016, stratification has increased in the Baltic Sea: the seasonal 
thermocline and the perennial halocline have strengthened in most of the sea by 0.33–
0.39 and 0.70–0.88 kg m−3, respectively, during these 35 years (2). 

Extremes

• Level of confidence: N/A

What is already happening 



Mean change

• Level of confidence: medium

• Theoretical considerations imply that increased freshwater supply over the Baltic Sea 

drainage basin accompanied by the supply of deep salt rich waters from the North Sea 

as well as warming of the surface layer would favor stronger stratification

• The future development of stratification mainly depends on how the Baltic Sea surface 

will warm up compared to deeper layers and how freshwater supply and saltwater 

inflow will change.

• Increased vertical summer stratification due to warming has been confirmed by multi-

model scenario simulations (3)

• Projections of salinity and related haline stratification changes are rather uncertain.

Extremes

• Level of confidence: N/A

What is expected to happen 



• The complex interplay between changes in temperature, wind and precipitation

makes it difficult to project the impact of future climate on stratification

• Stratification is subject to complex and not well-known processes like mixing (e.g. 

winter convection), which may change in future climate

• Trends in surface temperature can be expected to follow the change in air 

temperature due to air sea heat exchange, but the fate of salinity is rather uncertain

• Due to the pronounced multidecadal variability in measured water temperature and 

salinity, no conclusion on long-term trends related to past changes in climate can be 

drawn.

• Mixing/circulation/stratification in the Baltic Sea is not well understood (silent 

ocean “conveyor belt”).

Knowledge gaps



• Direct consequences of increasing stratification are that 
mixing between well ventilated surface waters and deep 
waters weakens

• This makes the Baltic Sea more vulnerable against 
deoxygenation of bottom waters and affects the marine 
ecosystem such as the reproduction of cod

• An increase in thermal stratification during summer can 
additionally lower the vertical nutrient transport from deeper 
layers to the euphotic zone thereby limiting nutrient supply 
and potentially affecting cyanobacteria blooms.

Policy relevance
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Primary parameter under WATER CYCLE by Erik Kjellström, Annan 
Rutgersson

Precipitation and extreme 
events



• Precipitation can take various forms including melted (e.g. rainfall and 
drizzle), frozen (e.g. snowfall and hail) or mixed forms involving both 
snow and rain (e.g. sleet). 

• Precipitation is strongly linked to other parameters in the water cycle

• As the amount of water vapor that can be held in air depends on the 
temperature, precipitation has a temperature dependency. 

• Generally, there is more precipitation in summer than in winter in large 
parts of the Baltic Sea region

• Precipitation is strongly modified by orographic features (elevation) 
implying that the large-scale circulation of the atmosphere including 
wind direction and vertical stability are important factors

Description



Mean change

Level of confidence: High

• Annual mean precipitation has generally increased over the northern part of the Baltic 

Sea region from 1950 (Cornes et al., 2018). Changes in Scandinavia are up to 40%.

• In the southern part of the region changes are small and not significant.

Extremes 

Level of confidence: High

• Precipitation increase in northern Europe is generally associated with an increase in 

the frequency and intensity of heavy precipitation events

• Observed changes include increasing intensity and/or frequency of intense 

precipitation events, changes in duration of wet and dry spells

• Changes in more extreme events, like one in 10, 20 or 50 year events are less certain.

What is already happening 



Mean change 

• Level of confidence: ?

• A warmer climate implies increasing precipitation in the Baltic Sea region, mostly in the winter 

half of the year and in the north in summer (high confidence)

• There is large uncertainty regarding whether precipitation will increase or decrease in summer in 

the southern part of the region.

Extremes

• Level of confidence: ?

• Warmer conditions increase the potential for precipitation extremes (high confidence). Regional 

climate models indicate that 10-year return values for daily precipitation may increase by 20-

30% in large parts of the region1. 

• Recent very high-resolution climate model simulations for other regions in Europe and North 

America indicate that high-intensity summertime rainfall events may increase with up to 10-15% 

per degree of temperature increase.

What is expected to happen 



• Different methods and data sets used in national studies in the region imply 

that the picture of the precipitation climate is not fully coherent. 

• High-resolution regional climate scenarios only sample a subset of the 

climate model projections assessed by the IPCC implying that uncertainties 

of climate change are not fully captured at adequate horizontal resolution 

for impact studies.

• New, very high-resolution climate model projections at 1-3 km resolution 

are lacking for the region. Such models have shown better agreement with 

observations in representing precipitation extremes and, for other regions, 

sometimes also larger climate change signals compared to traditional 

“high-resolution” models.

Knowledge gaps



• Suppressing future changes in precipitation requires strong 

climate change mitigation action

• To reduce impacts of future changes, adaptation measures will be 

needed

• For changing precipitation this involves both increasing 

precipitation with risks for flooding and decreasing precipitation 

and risks of drought. These have implications on agricultural 

policies, urban flooding and stormwater management.

Policy relevance



Primary parameter under WATER CYCLE by Jukka Käyhkö, UTU

Run-off and extreme events



• Runoff describes long-term and/or regional processes of flowing water and 

is typically given in litres per second per square kilometre (l s-1 km-2) 

allowing comparisons between rivers of different sizes

• Alternatively, runoff can be given in millimeters per year (mm a-1) allowing 

comparisons with precipitation and evaporation. Terms inflow and 

discharge refer to channel flow and are typically given as cubic meters per 

second (m3 s-1). 

• Extreme runoff events refer to floods. Flood is an overflow of water that 

submerges land that is usually dry. In the Baltic Sea region, floods typically 

occur during spring-time snow melting period, or heavy/long-lasting rain. 

• Floods are closely linked to precipitation, temperature (evaporation), wind, 

and catchment properties (land use, topography). 

Description



Mean change Level of confidence: low

• No statistically significant change has been detected in total river runoff over 
the past 500 years (1) 

• Large decadal and regional variation occurs. For example, during 1921-2004, 
river flow to the Bothnian Bay has a statistically significant positive trend (2)

• In the northern region, runoff is strongly linked with temperature, while in the 
southern region it is associated with cyclonic and anticyclonic pressure 
systems (1). → horizontal advection

Extremes Level of confidence: medium

• The Baltic States have witnessed a significant increase in winter river 
discharge and a decrease in spring floods over the 20th century (3). 

• The same applies in the Nordic countries, where temperature increase has 
affected stream flow with a tendency towards earlier spring floods. 

• The impacts of observed precipitation changes on stream flow are unclear (4).

What is already happening 



• Level of confidence: medium/high

• RUNOFF!?

• There is a clear north to south gradient in changes in flood magnitude 
(5) with up to over 40% increase in the south and up to -60% decrease 
in the north

• Decreasing floods in the north are due to thinner snowpack. Large (100-
year) spring floods will get 8–22% smaller by the end of the century (6). 

• Increasing flood magnitudes are related to precipitation, often in coastal 
areas

• Large floods with a statistical recurrence period of once in every 100 
years will increase in magnitude more than smaller 10-year floods. ‘

• During summer, decreasing precipitation combined with rising 
temperature in the south is projected to result in drying of the root zone 
and increasing irrigation demands (7, p. 14).

What is expected to happen 



• The impact of how climate model results are transferred to the hydrological 

model is still inadequately understood

• More research is needed to quantify the accuracy and uncertainty

associated with various bias correction methods. For example, some 

projections of the total river flow will give a range of increase 1-20%, 

illustrating the large uncertainty in hydrological projections (8).

• Several uncertainties are associated with the impact modelling, including 

parameter and model structure uncertainty. The parameter values of a 

hydrological model are normally found through calibration against 

somewhat uncertain historical data, translating into uncertainty in the 

projected changes.

Knowledge gaps



• Changes in the timing of floods will have consequences in hazards and risks in 

riverside settlements

• Seasonal runoff changes will have an impact on sediment and nutrient load and 

thereby on the eutrophication of the Baltic Sea.

• Decreasing precipitation combined with rising temperature in the Southern Baltic is 

projected to result in drying of the root zone and increasing irrigation demands (7, p. 

14).

• Directive 2007/60/EC on the assessment and management of flood risks requires 

adequate and coordinated measures to reduce flood risk. Flood hazard mitigation 

requires both short-term (rescue) and long-term (planning and construction) measures.

• The HELCOM Baltic Sea Action Plan requires the reduction of nutrient loads from the 

signatory countries. However, based on the European Court of Auditors Special Report 

(9), plans by EU Member States lack ambition in implementing the directives. 

Policy relevance
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