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The sea of change
Climate change impacts are evident in
the Baltic Sea: water temperature is rising, the ice extent has decreased, and
annual mean precipitation has increased over the
northern part of the region. All this affects the nature of the sea, its ecosystems as well as the human
activities depending on it and ecosystem services
provided. For example, many wintering birds have
shifted their wintering range northwards, the numbers of warm water fish species, such as sticklebacks, are increasing, human pathogenic bacteria
infections have increased, and trawl fishing has
had an earlier onset and better opportunities to
operate in the northern Baltic Sea.
This Fact Sheet provides latest scientific knowledge on how climate change is affecting the Baltic
Sea in concise format. It is the first of a series of
successive Baltic Sea climate change fact sheets
aiming to track advances in the understanding of
how climate change impacts the state of marine
systems, drawing on the best available science for
the region.
How climate change already has and is expected to impact the Baltic Sea is described by 33 parameters that have been identified by EN CLIME as
being of relevance for policy relevance for policy.
These parameters constitute of physiochemical
parameters that are directly affected by climate
change, referred to as direct parameters (page

number reference), as well as of ecosystem and
human use parameters that are indirectly affected, referred to as indirect parameters (pages XXXX). The full list of parameters is shown in Table 1.
The Baltic Sea Climate Change Fact Sheet contains information on climate change impacts on
34 different parameters that have been identified
by EN CLIME as being
The first part of this report provides summary
information of climate change impacts on each
parameter (pages XX-XX), as well as an impact
map showing the projected regional changes for
a selected suite of parameters under a moderate
emission scenario (RCP4.5) across the Baltic Sea.
The second part of the report (pages XX-XX) gives
a more detailed, yet concise, overview of climate
change impacts on each parameter - described as
key messages.

0.1. Baltic Sea Expert Network on
Climate Change - EN CLIME
In 2018 the Baltic Sea Environment Protection
Commission (HELCOM) and Baltic Earth formed
a joint Expert Network on climate change in the
Baltic Sea region (EN CLIME). The Expert Network
involves over 110 scientists from around the Baltic Sea. The purpose of the network is to function

as a coordinating framework and a platform to
harness the expertise of leading scientists on both
direct and indirect effects of climate change on
the Baltic Sea environment and ecosystems, and
to make this expertise available to, and open up
for closer dialogue with, policy makers.

0.2. Impact map
The impact map (page xx) depicts projected regional changes for eight selected parameters under a moderate climate scenario (RCP4.5) across
the Baltic Sea. While there is also important information on the other parameters, there was a need
to reduce the total 33 parameters to the presented eight parameters for clarity of the map. The selection was made according to five criteria. Each
four parameters from the direct and indirect parameters best meeting the criteria were identified
to have both parameter groups evenly represented on the map. Ideally the presented parameters
should have a) direct societal relevance/experience and/or relevance for other parameters, b)
a hotspot sub-region in the Baltic with medium
to high confidence of patterns of the regional
changes, c) significant changes under the RCP4.5
scenario, d) medium to high confidence of the
changes relative to the noise and model uncer-

Categories

0.3. Confidence assessment
The level of confidence of statements is shown
with confidence assessments using the scale
low-medium-high. The authors were asked to
consider both the level of consensus and the
amount of evidence when defining an overall
confidence of a statement and to select the overall confidence by using the precautionary principle (e.g. in case amount of consensus is low and
the amount of evidence medium, the overall
confidence is low). For example, the confidence
assessment for what is expected to happen to the
mean sea level, is depicted in the following graph:

0.4. Parameters covered
The 33 parameters have been categorized into
seven different categories: Energy Cycle, Water
Cycle, Carbon and Nutrient Cycles, Sea level and
Wind extremes, Biota & Ecosystems, Health &
Safety and Services (or Ecosystem services and
human activities as suggested by Jens Olsson).

Overall
confidence

low

medium

high

Confidence assessment

Agreement, consensus

Biota and ecosystems
Services
Health and safety
Energy cycle
Water cyle
Carbon and nutrient cycle
Sea level and wind extremes

tainty, and be e) characterizing for the Baltic Sea.

High agreement
Limited evidence

High agreement
Medium evidence

High agreement
Robust evidence

High
confidence

Medium agreement Medium agreement
Medium evidence
Robust evidence

Medium
confidence

Low agreement
Limited evidence

Low agreement
Medium evidence

Low agreement
Robust evidence

Low
confidence

low

medium

robust

Medium agreement
Limited evidence

Evidence (type, amount, quality, consistency)

4

5

Climate Change in the Baltic Sea
Fact Sheet

s
rie
he
Fis

So
an lar
d c rad
lou ia
din tion
es
s

es
m servic
Ecosyste

on
carb
Blue apacity
c
age
stor

re
ltu
acu
Aqu

Larg
atm e-scale
osph
eric
circu
latio
n
Sea
ext ice a
rem nd
ee
ven
ts

Introduction

Tempera
tu
and hea re (sea)
thwaves

Introduction

Temperature (air)
and heathwaves

Climate Change in the Baltic Sea
Fact Sheet

d ws
an ﬂo
ity er in
n
i
t
l
Sa ltwa
sa

Tou
ris
m

and
on n
cati ulatio
ﬁ
i
t
Stra an circ
oce

Ship
pin
g

n and
itatio
Precip e events
m
extre

Ecosy
stem
funct
ion

Coastal protectio
n and
offshore structu
res

Run-off and
extreme events

trations
Nutrient concen tion
and eutrophica

Changes in carb
onate
chemistry
River
in
and a e nutrien
t
tmos
ph. d loads
ep.

d
tecte
e pro areas
Marin

Oxy
and gen co
hyp nce
oxia ntra
tion

us
eno
dig ecies
n
i
sp
Non

Pelagic
habitats

Co
mig astal an
rato
ry ﬁ d
sh

P
dem elagi
ers c an
al ﬁ d
sh

Wa
ter
bir
ds

s
and ent
ves ev
Wa reme
ext

t
men
on
Sedi sportati
tran

nity
l commu
Microbia sses
ce
and pro

Benthic habitats

6

)
ind rms
d w to
an s (s
nd e
Wi trem
ex

Se
sea a lev
lev el a
el nd
ex
tre
me
s

als
mm
a
eM
rin
Ma

7

Climate Change in the Baltic Sea
Fact Sheet

Introduction

Introduction

Climate Change in the Baltic Sea
Fact Sheet

Key issues for the subbasin
Ut harum, sum quas maxim
aut licium rae niendia
tiusda delenient, sectur aut
volorum quis dolupture
nonsequo mint, unditatur adit audae volorepe
plaborro

Climate future of
the Baltic Sea

1

Predictions for the Baltic Sea under
the the IPCC RCP4.5 climate scenario
Ut harum, sum quas maxim aut licium rae
niendia tiusda delenient, sectur aut volorum quis
dolupture nonsequo mint, unditatur adit audae
volorepe plaborro corporpore veles explaut officieniet odi in numet ad quam, cor re del iur as as
aut hario. Nempor aut velique de lam velibustis
ra iuscimusa
Aqui venis aperrovid modis aut fuga. Exerit, con
ea doloritat.
Ficae in cus nonsers picitat velecabor siminctaquos dit, te nihit accuptatiati reiciat.
Si delignisque ni remodi cullor sum quodit alisci

dollis non conempe disquibus ut quam et et qui
voles eos es sinte nos eatur aut occum, corehenihil is evel in conecta voluptio maio. Cil ea quibus
re culpa illab ipsaeptatur aut omnim que occabor
porepe imust occusanda volorio recust liquias
sequam doluptat perio. Pel is est, ullam aut autemos aniamet repti voluptati id ute peribust, cum
acepro est et essit doluptat eum lam, sunt.
As renim adit, occus pos voluptas ea dessimus
antibus doluptas quasse rerferi dolor maximolorit harcid quibusam, similiquiam aut et
fuga. Occustorio volor maio. Hent, sa comnis ex
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Key issues for the entire sea
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volorepe plaborro corporpore veles explaut officieniet odi in numet ad quam, cor re del iur as as
aut hario. Nempor aut velique de lam velibustis
ra iuscimusa
Aqui venis aperrovid modis aut fuga. Exerit, con
ea doloritat.
Ficae in cus nonsers picitat velecabor siminctaquos dit, te nihit accuptatiati reiciat.
Si delignisque ni remodi cullor sum quodit alisci
dollis non conempe disquibus ut quam et et qui
voles eos es sinte nos eatur aut occum, corehenihil is evel in conecta voluptio maio. Cil ea quibus
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As renim adit, occus pos voluptas ea dessimus
antibus doluptas quasse rerferi dolor maximolorit harcid quibusam, similiquiam aut et
fuga. Occustorio volor maio. Hent, sa comnis ex
explatemped eum sequid endiatquo quameni
Uditiunt iorecab inis acium qui officiu rions Vel
magnimodit volorum et omnis reserrum aute
odit ius, aut explicta velibus accum fugit accum
fugit quias nia voluptat est duntia doluptiam id
quatian ditempeles est, voluptatus iundi derior
alis volupta illabor enisitibus, tem faccus ma que
atemos enimin nonsequi optam ra que soluptat.
Xeria quat. Vid quos nestios ratum que veni
omnis maio. Nusa volorat emporpo rioremp
oreptatur, sandam, omnimus aperunt.
Nis ra dolo blab is estrum evenis ium eos aut od
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Assessment sub-basins
1.
2.
3.
4.
5.
6.
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Key issues for the subbasin
Ut harum, sum quas maxim
aut licium rae niendia
tiusda delenient, sectur aut
volorum quis dolupture
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plaborro

Bothnian Bay (Bothnian Bay and the Quark)
Bothnian Sea (Bothnian Sea and Åland Sea)
Gulf of Finland
Gulf of Riga
Baltic Proper (Northern Baltic Proper, Western Gotland Basin,
Eastern Gotland Basin, Bornholm basin and Gdansk Basin)
Entrance area (Kattegatt, Great Belt, the Sound, Kiel Bay, Bay of
Mecklenburg and Arkona Basin)
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Categories
Biota and ecosystems
Services
Health and safety
Energy cycle
Water cyle
Carbon and nutrient cycle
Sea level and wind extremes

Direct parameters (effects)

Air temperature
Air temperature shows the
clearest response to the
increased green-house effect.
A significant air temperature
increase in the Baltic Sea
region is seen during the
last century, larger than the
global trend, and this increase
is expected to continue. In
addition, warm extremes are
projected to become more
pronounced.

Sea temperature
The marginal seas around the
globe have become warmer
during the past 40 years. The
sea surface temperature of
the Baltic Sea has warmed
more than the average for the
global ocean and will continue
to warm. Natural variability
contributes to changes
but long-term trends are
significant.

Large Scale Atmospheric
Circulation
The climate of the Baltic Sea
region is strongly influenced
by the large-scale atmospheric
circulation, in particular the
North Atlantic Oscillation,
blocking patterns and Atlantic
Multidecadal Oscillation are
dominant patterns. All of
these patterns show strong
multidecadal variability, and
the response to climate change
is very uncertain.

Sea ice
Sea ice forms every winter,
the most important factor
being air temperature, but
also wind, snow cover and
ocean currents. Over the past
100 years, the ice winters have
become milder, the ice season
shorter and the maximum
ice extent decreased. This
reduction is expected to
continue in a changing climate.

Solar radiation and
cloudiness
The solar radiation is the
engine of the climate system,
the solar radiation reaching the
surface is strongly depending
on aerosols and clouds. There
is an indication on a decline
in cloudiness during the past
decades, for the future there is
very limited knowledge.

Salinity and saltwater
inflows
Salinity affects the dynamics of
ocean currents and ecosystem
functioning. Salinity decreases
gradually from Kattegat to the
Bothnian Bay. Inflows from the
North Sea sporadically renew
the depths with saline, oxygen
rich water. No statistically significant trends in salinity have
been found, and not much is
known about its future.

Stratification and ocean
circulation
Seawater is layered (stratified)
according to its density,
a property governed by
temperature and salinity. Over
the last 40 years, stratification
in the Baltic Sea has become
stronger. This trend may
continue in the future and
cause harm to the marine
ecosystem by decreasing the
mixing between surface waters
and deep waters.

River run-off
Runoff describes the amount
flowing water entering the
sea. The total annual river
runoff has not changed
over the last 500 years, but
a significant increase in
winter river discharge and a
decrease in spring floods has
been observed lately. The
total runoff to the Baltic Sea
may increase with warming
temperatures.

Carbonate chemistry
The carbonate system regulates seawater pH. The amount
of CO2 in the Baltic Sea surface
water changes seasonally
mostly due to biologically driven processes (photosynthesis
and respiration), which induces
seawater pH oscillations. In the
long term, atmospheric CO2
increase will raise seawater CO2
concentration and cause pH
decrease.

Riverine nutrient loads
and atmospheric deposition
External nutrient inputs from
land and atmosphere are the
major long-term drivers of the
Baltic Sea eutrophication. Substantial reductions in nutrient
loads have occurred since the
1980s, however, no large-scale
effects can be detected yet.
In future, land-based nutrient
management will have greater
effect on loads than greenhouse gases emissions.

Sea level
Baltic Sea mean level responds
to global mean sea level rise
and regional land uplift and
varies with season and climate.
Baltic Sea level is rising and will
continue to rise. Storm surges
in the Baltic Sea are sensitive
to changes in atmospheric
circulation.

Wind
The wind climate and storms
over the Baltic Sea are
determined by the large-scale
atmospheric circulation. The
large natural variability over
the Baltic Sea masks possible
trends and is apparent in the
mean and the extreme winds.
Storms are typically more
frequent and stronger during
winter.

Waves
The wave climate in the
Baltic Sea strongly depends
on the wind field and shows
large long-term variability.
Significant trends in the wave
height have not been detected.
For northern and eastern parts
of the Baltic a slight increase is
significant and extreme wave
height is projected.

Sediment transportation
Near shore sediment transport
is triggered by waves and
wind and leads to erosion and
accumulation of sediments.
Sandy beaches along the
southern and eastern
coastlines of the Baltic Sea are
especially vulnerable and rising
sea level will increase sediment
transport.

10

Precipitation
Precipitation is part of the
hydrological cycle and can
have different forms from rain
to snow. Precipitation depends
on the temperature and the
amount of water vapor in the
air. Annual mean precipitation
has increased lately over the
northern Baltic Sea while in the
south, changes are small – a
trend that may continue in the
future.
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Categories
Biota and ecosystems
Services
Health and safety
Energy cycle
Water cyle
Carbon and nutrient cycle
Sea level and wind extremes

Secondary parameters (impacts)
Ecosystem dimension

Oxygen
Oxygen concentration is controlled by physical transport
and remineralization of organic
matter. Bottom water oxygen
deficiency observed in the
vast area of the Baltic Sea is a
consequence of water column
stratification and eutrophication. Thus, future oxygen availability will depend on nutrient
loads, while projected warming
may reinforce eutrophication.

Microbial community
and processes
Bacterially-mediated processes
as well as the occurrence of
pathogenic Vibrios are expected
to increase with current environmental changes. However,
only small changes in bacterial
biomass and growth were detected during the past decades.
The potential genetic adaptation to climate change and lack
of proper models including bacterioplankton make predictions
for the future uncertain.

Marine Protected Areas
Climate change may impact
Marine Protected Areas
(MPAs) via changes in abiotic
environment causing diverse
changes in ecosystem structure
and functions, thus altering
MPAs' conservation values.
Changes are expected first in
seal and water bird populations, followed by potential
large-scale changes in benthic
habitats if salinity decrease
starts affecting the distribution
of key species.

Ecosystem function
Baltic Sea ecosystems provide
an array of functions related to
nutrient- and carbon circulation, biomass production and
regulation. Climate impacts
ecosystem functions via
temperature, water circulation,
salinity, river-discharges, and
solar-radiation. In the future,
increased productivity, stronger impact of nutrients and
reduced influence of predators
will face Baltic Sea ecosystem
functioning.

12

Benthic habitats
In the Baltic Sea, many benthic
species exist at the edge of
their distribution, and even
small fluctuations in temperature and salinity can impact
their abundance, biomass, and
spatial distribution. In concurrence with trophic cascades
and eutrophication, climate
change might lead to major
changes in biodiversity and
ecosystem functions.

Coastal and migratory fish
Coastal and migratory fish
respond to changes in temperature, ice-cover, salinity and
river-discharge. Spring and
summer-spawning species (e.g.
perch, cyprinids, pike) will benefit from increasing temperatures, whereas autumn-spawning (e.g. salmonids) may be
disfavoured. Future actions
must consider eutrophication,
fishing, food-web interactions
and habitat exploitation, for
migratory fish also in rivers.

Pelagic and demersal fish
Fish of marine origin mainly respond to changes in
temperature, salinity, water
stratification and circulation
influencing oxygen conditions.
Abundance and distribution of
cod and flatfish are predicted
to decrease in response to
climate change. Actions to
reduce eutrophication, anoxic
conditions, and fishing, while
considering food-web interactions will be important.

Waterbirds
Most obvious effects of climate
change on Baltic waterbirds
are range shifts in winter
(migratory birds stay closer to
breeding areas). Food supply
(fish, bivalves) and breeding
conditions are influenced in
various ways. Observed effects
are expected to increase, if
changes in related primary
and secondary parameters
continue.

Marine Mammals
Grey and particularly ringed
seal breeding success will be
reduced by decreased sea ice
quality and quantity. Harbour
and grey seal southern Baltic
distribution will be reduced by
flooding of haul-outs. Changed
temperature, stratification,
prey distribution, quality and
quantity will affect marine
mammals, but aggregate
effects are unpredictable.

Non-Indigenous Species
While shipping is the main
driver of new non-indigenous
species introductions climate
change related changes in abiotic environment may support
their establishment and range
expansion. Increasing water
temperature may favor species
of warm water origin and potential salinity decrease affect
positively NIS of freshwater origin, impacting likely estuarine
ecosystems.

13

Climate Change in the Baltic Sea
Fact Sheet

Secondary parameters (impacts)

Secondary parameters (impacts)

Climate Change in the Baltic Sea
Fact Sheet

Categories
Biota and ecosystems
Services
Health and safety
Energy cycle
Water cyle
Carbon and nutrient cycle
Sea level and wind extremes

Secondary parameters (impacts)
Human dimension

Shipping
Shipping is primarily affected
by ice and extreme weather,
and the potential for shipping
will increase if the ice cover is
reduced. However, shipping
intensity is more dependent
on market development than
climate change. Regulatory
measures to decarbonise shipping are increasing and driving
important adaptations across
the industry.

14

Tourism
Climate change shapes the spatial and temporal distribution
of tourism resources within and
between regions. The future
competitiveness of coastal and
maritime tourism in the Baltic
Sea region will be conditional
to the adaptive capacity of
the sector to climate change,
changing consumer values,
natural and human-made
hazards, and economic and
political disturbances.

Coastal protection and
offshore structures
The shorelines of the Baltic Sea
vary from bedrock-dominated
stable coasts in the north to
soft, sandy shores in the south,
where periods of storminess cause coastal erosion.
Declining ice cover and rising
sea level increase the potential
for coastal erosion, which can
be affected also by manmade
structures such as off-shore
wind farms.

Fisheries
Most notable impacts to
fisheries will take place in the
northern Baltic Sea. Trawl fishing season will be extended,
trawling areas shifted towards
south and shallower areas,
target species compositions
shifted towards species preferring warmer and more eutrophied waters, and winter-time
coastal fishing decreased due
to diminishing ice-cover.

Aquaculture
Description/summary of
parameter here. Ut harum,
sum quas maxim aut licium
rae niendia tiusda delenient,
sectur aut volorum quis dolupture nonsequo mint, unditatur
adit audae volorepe plaborro
corporpore veles explaut officieniet odi in numet ad quam,
cor re del iur as as aut hario.
Nempor aut velique de lam
velibustis ra iuscimusa

Nutrient concentrations
and eutrophication
Nitrogen and phosphorus
pools are controlled by loads
from land and atmosphere and
influenced by oxygen-sensitive
biogeochemical processes.
Future load changes will have a
stronger influence on nutrients
than climate change, even
though projected warming will
increase nutrient cycling and reduce bottom water oxygenation.

Coastal and marine
ecosystem services
Ecosystem services in the
north-most and coastal
semi-enclosed areas with lower
salinities will be affected first.
Most ecosystem services are
expected to decline, while only
the cultural services, connected to recreation, could gain
from the climatic changes due
to longer summers and higher
air and water temperatures.
Other anthropogenic pressures
could both offset positive and
strengthen negative trends in
ecosystem services supply.

Blue Carbon storage
capacity
Blue Carbon (BC) refers to
the carbon marine organisms
sequester in oceanic C-sinks.
Climate change effects on BC
habitats, such as effects on carbon sink capacity and changed
amount of macrophytes, are
expected to increase in the
future, with associated effects
on climate change mitigation
and adaptation capacity.
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Description
Air temperature is usually defined as
the temperature at two meters above
the Earth’s surface. Since air temperature shows the clearest response to the
increased green-house effect, the mean
air temperature is often used as the main
indicator of a changing climate globally
and regionally. Changes in temperature
extremes may inﬂuence biological and
human activities much more than changes
in average temperature.

What is already happening?
Mean change: An increase in air temperature is seen during the last century, with an accelerated increase during
the last decades (1-3). Annual mean
temperature trends during 1876−2018
indicate that air temperature has
increased more in the Baltic Sea than
globally. The increase is accompanied
by large multi-decadal variations, in
particularly during winter, but the
warming is seen for all seasons and is
largest during spring.
Extremes: During the recent decade,
record breaking heat waves have hit
the region, with an increasing trend of
warm spell duration (5, 6). A decrease
is seen in the length of the frost season
and in the number of frost days.

Energy Cycle

What is expected to happen?
Mean change: Air temperatures is projected to increase more in the Baltic Sea
region than the global mean. During the
present century, winter temperature is
projected to increase 3-8°C* in the north,
and 2-4°C* in the south. The winter
increase results partly from declining
snow and sea-ice cover enhancing absorption of sunlight by soil and water (2).
Extremes: Increase in winter daily
mean temperature, in particularly for
the coldest periods, is expected (8).
Thus, decreasing the probability of low
temperatures (9-11). In summer, warm
extremes are projected to become more
pronounced. Warm extremes presently
with a 20-year return probability will
occur around once every five years in
Scandinavia by 2071–2100 (10).

Description
As air temperature increases, also water
temperature rises (1). Starting at the surface, the heat spreads downward through
different processes and may warm up even
the deep water of the Baltic Sea. The ocean
plays an important role for the climate
because by far the largest amount of the
heat from global warming is stored in the
oceans. Due to their huge heat capacity,
oceans respond slowly and moderate
temperature increases in the atmosphere.
Oceans are also important in providing
moisture to the atmosphere, the more the
warmer the water is.

What is already happening?
Mean change: Marginal seas around
the globe have warmed faster than the
global ocean (2), and the Baltic Sea has
warmed the most (2). Climate change
and decadal variability led to average
increase for Baltic Sea surface-water
temperature of +0.59°C/decade for 19902018 (3) and between +0.03 and +0.06°C/
decade for 1856-2005 in northeastern
and southwestern areas, respectively (4).
Extremes: With reference to 2020, the
summer of 2018 was the warmest on
instrumental record in Europe, and also
the warmest summer in the past 30
years in the southern half of the Baltic
Sea (5), with surface-water temperatures
4-5 °C above the 1990-2018 long-term
mean. The heat wave has also been
recorded in bottom temperatures (6).

Knowledge gaps

Policy relevance

Knowledge gaps

Policy relevance

Temperature and temperature extremes
are to a large extent determined by the
large-scale circulation patterns. There is
limited knowledge primarily concerning
changes in large-scale atmospheric circulation patterns in a changing climate.

Rising air temperature has profound effects
on water, energy, nutrient and carbon cycles
and essentially affects all other EN CLIME
parameters. Higher temperatures trigger
marine heatwaves, and will have direct and
indirect effects on habitats, species and
populations in terrestrial and aquatic ecosystems. Higher mean temperatures and increased number of heatwaves will increase
the risks of droughts and forest fires.
Summer heatwaves also pose a risk to
human health in the current-day climate,
as people living in the Baltic Sea region and
their houses are adapted to a relatively cool
climate. Strategies to adapt to increased air
temperature will be needed, for example to
increase urban green areas and to manage
drinking water better.

The effect of aerosols in regional climate models on the temperature of the
Baltic Sea has not been investigated. More
knowledge on natural variability of Baltic
Sea temperature and its connection to
large-scale patterns of climate variability
is needed. The occurrence of marine heatwaves is projected to increase. However,
their potential to affect the ecosystem in
the Baltic Sea is not well known.

Sea temperature has profound effects on
the marine ecosystem. Climate change
mitigation is the only way to counteract
temperature increase. There are several ongoing initiatives to reduce CO2 emissions,
but no effective net reduction has been
achieved. The best adaptation response
available is to reduce environmental
pressures to the Baltic Sea, thus building
climate change resilience. The protection
of marine areas where the temperature
increase is expected to be lower, so called
climate refuges, focuses on areas where climate change impacts are not contributing
to multiple stressors (13, 14). These could
become a last outpost for climate change
affected species.

Icon and name
of parameter

Links to main policies:
SDG 13, 14
Aichi/CBD Targets
EU Green Deal
EU Directives: MSFD, WFD, MSP, Habitats
EUSBSR
HELCOM BSAP

What is expected to happen?
Mean change: Ocean temperatures are
rising (e.g. 7, 8) at accelerating rates.
Scenarios for the Baltic Sea project
a sea surface temperature increase
of 1.2 °C (0.9-1.6 °C, RCP2.6) to 3.3 °C
(2.6-4.1 °C, RCP8.5) by the end this century (9, 10), compared to 1976-2005.
Individual ensembles give consistent
temperature results that vary between
an increase of 1.6 °C (RCP4.5) and 2.7
°C (RCP8.5) (11). Sea surface temperature changes in the RCP8.5 scenarios
significantly exceed natural variability.
Extremes: The RCP4.5 and RCP8.5
scenarios project more tropical nights
over the Baltic Sea, increasing the risk
of record-breaking water temperatures (12).

*) the ranges represent the IPCC emission scenarios
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Large Scale
Atmospheric Circulation
Linked parameter:

Icon and name
of parameter

Icon and name
of parameter

Description
The climate of the Baltic Sea region is
influenced by the large-scale atmospheric
circulation. To a large extent, the atmospheric transport of air masses controls the
regional climate. The variability of the circulation can be decomposed into various
dedicated modes of variability:
1. The North Atlantic Oscillation (NAO)
describes the intensity of the westerly
flow. A positive NAO is related to mild,
wet winters and increased storminess
(1-8).
2. Atmospheric blocking occurs when
persistent high-pressure systems interrupt the normal westerly flow over
middle and high latitudes (9,10).
3. The Atlantic Multidecadal Oscillation
(AMO) describes fluctuations in North
Atlantic sea surface temperature with
a 50-90-year (2) period (11-15).
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What is already happening?
The NAO has high interannual variability
but shows no significant trend during
the last century. After a positive increase
from 1960 to 1990 (with more frequent
wet and mild winters), the NAO returned
to lower values and after 1990 the
blocking pattern shifted eastwards
(16,17) and the duration increased, with
more stationary circulation patters as a
consequence (18). Due to methodical
differences between studies there is low
confidence in the changes concerning
blocking patterns (19).
The AMO warmed from the late 1970s
to 2014 as part of natural variability. Recently, the AMO began transitioning to a
negative phase again (20). Paleoclimate
reconstructions and model simulations
suggest that the AMO might change its
dominant frequency over time (21,22).
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Authors
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Energy Cycle

Sea ice

Energy Cycle

Linked parameter:
Links to main policies:
SDG 13
EUSBSR
HELCOM BSAP

What is expected to happen?
In the future, the NAO is very likely to
continue to exhibit large natural variations, similar to those observed in the
past. It is likely to become on average
slightly more positive (more frequent
wet and mild winters) as a response
to global warming (19). Trends in the
intensity and persistence of blocking
remain uncertain (23). Even under
weak global warming the AMO is
expected to respond very sensitively,
that is, a shortening of time scale and
weakening in amplitude (24).
Recent studies indicate a certain
degree of decadal predictability for
blocking and the NAO influenced by
the AMO (25,26).
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Description

What is already happening?

XXX

XXX

Knowledge gaps

Policy relevance

Knowledge gaps

Policy relevance

While climate models are able to simulate
the main features of the NAO, its future
changes may be sensitive to boundary processes, like e.g. stratosphere-troposphere
interactions or atmospheric response to
Arctic sea ice decline, which are not yet well
represented in many climate models (19).
Most global climate models still underestimate the frequency of blocking over the
Euro-Atlantic sector (19).

The impact of anthropogenic greenhouse
gas emissions will change the large-scale
circulation that connects northern Europe
with the North Atlantic region. Small
changes in the flow would have large consequences for the climate in the Baltic Sea
region, i.e. more a maritime or continental
climate. Hence, all global policy actions
aiming at the mitigation of emissions are
highly relevant. With the help of climate
models and various emission scenarios,
projections of global (IPCC 2013) and regional (BACC II Author Team, 2015) climates
where performed to support policy making
such as the Paris Agreement.

XXX

XXX
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Description
Solar radiation is the engine of the climate
system. Total cloudiness comprises clouds
at all levels (low, medium and high) and is
related to the general atmospheric circulation as well as the water cycle. Radiation
emitted by the sun varies little, so, apart
from the variation with the time of the year
and day, radiation at the surface depends
largely on the cloudiness. A cloud layer
often reflects 40% to 80% of incoming solar
radiation. Atmospheric aerosols have a
smaller, but significant, effect on solar radiation, both directly and indirectly, through
interaction with clouds.
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Linked parameter:
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What is already happening?
Mean change: Multidecadal variations
in solar radiation, called “dimming”
and “brightening”, have been observed
in Europe and other parts of the world,
especially in the northern hemisphere
(1-3). Aerosol-induced multidecadal
variations in surface solar radiation
could be expected also over oceans
(4), but long-term measurements are
lacking. Satellite cloudiness trends
since the 1980s differ for many areas
but seem to indicate a decline over the
Baltic area (5). Records indicate a weak
negative trend (0.5–1.9% per decade)
for global cloudiness, and a significant
negative trend for northern latitudes.

Icon and name
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Linked parameter:
Links to main policies:
SDG 13
EUSBSR
HELCOM BSAP

What is expected to happen?
Mean change: Mean change is uncertain. Global climate models indicate
an increase in surface solar radiation,
highest over southern Europe and
decreasing towards north, but still
showing a slight increase over the Baltic. However, regional climate model
runs could instead show a decrease in
surface solar radiation over the Baltic
area (6). Unknown future aerosol
emissions add to the uncertainty.
Extremes: Insufficient grounds for
discussion.
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Description
Salinity is an important variable for density,
which controls the dynamics of currents in
the ocean. Due to freshwater supply from
the Baltic Sea catchment and the limited
water exchange with the world ocean,
surface salinity gradates from > 20 g kg-1 in
Kattegat to < 2 g kg-1 in the Bothnian Bay.
The dynamics of the Baltic Sea are characterized by a pronounced, perennial vertical
gradient in salinity. Large, meteorologically
driven saltwater inflows, so-called Major
Baltic Inflows (MBIs), sporadically renew
the deep water with saline, oxygen rich water and is the only process that effectively
ventilates the deep water (1-2).

Extremes: Insufficient grounds for
discussion, mainly due to limited data
records.
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What is already happening?
Mean change: There are no statistically
significant trends in salinity, river flow
or MBIs on centennial time-scales since
1850, but pronounced multi-decadal
variability, with a period of about 30 years
(2-8). Model results suggest that a decade
of decreasing salinity, like the 1983-1992
stagnation, appears approximately once
per century due to natural variability (9).
Baltic Sea salinity is also influenced by
the Atlantic Multidecadal Oscillation with
a 60-90-year period (10). Since the 1980s,
bottom salinity increased and surface
salinity decreased (11).
Extremes: The frequency of MBIs
shows no statistically significant trend
during instrumental (1886-2017) and
paleoclimate periods (2,9).

Knowledge gaps

Policy relevance

Knowledge gaps

Policy relevance

Multidecadal variations in surface solar
radiation are generally not well captured
by current climate model simulations (7,8).
The extent to which the observed surface
solar radiation variations are caused by
natural variation in cloudiness induced by
atmospheric dynamic variability (9,10), or
by anthropogenic aerosol emissions (2,
8,11,12), or perhaps additional causes, is
not well understood.

Solar radiation influences biological activity and ecosystems, through effects on phytoplankton and algal blooms. Altered solar
radiation would either increase or decrease
biological activities (e.g. photosynthesis).
Political actions to reduce air pollution will
impact the solar radiation and thus climate
change as reduced air pollution increases
the solar radiation reaching the surface.
Reducing atmospheric aerosol particle
concentrations is however important to
improve air quality and public health.
Currently there is a lively debate related
to geoengineering, including methods of
increasing reflection of solar radiation back
into space, to reduce its heating effect on a
global scale.

Due to the large natural variability and uncertain changes in the regional water cycle,
including precipitation over the Baltic Sea
catchment area, in wind fields and in global sea level, the confidence in future salinity
projections is low (15). Modelling data
show that the north-south gradient has
changed with an increase in runoff in the
north, and a decrease in the south (5). Not
much is known about changes in salinity
composition and their large decadal variability. Changes in total salt import have
not been adequately investigated. Changes
in the large-scale circulation in the Baltic
Sea are not well understood (17-18).

Salinity and the ventilation of the deep
water with oxygen that is associated with
MBIs, are important drivers of the Baltic
Sea ecosystem functioning and structure,
including reproduction of commercially
important marine fish species, such as
cod (19-20). The distribution of freshwater and marine species and their overall
biodiversity depend strongly on salinity
and oxygen concentrations (19). Hence, the
salinity dynamics is a major factor for the
implementation of marine policies (20). As
large-scale changes in climate may affect
salinity in the Baltic Sea, mitigation of
greenhouse gas emissions is likely the only
measure against anthropogenic changes in
salinity on centennial time scales.
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Energy Cycle

Salinity and
saltwater inflows

Energy Cycle
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Links to main policies:
SDG 14
UN Convention on Biological Diversity
EU Directives: MSFD
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Mean change: An increase in river
runoff will tend to decrease salinity,
but a global sea level rise will tend to
increase salinity, because the water
level above the sills at the Baltic Sea
entrance and the saltwater imports
from the Kattegat would be higher. A
0.5 m higher sea level would increase
the average salinity by about 0.7 g kg-1
(12). Due to the large uncertainty in
projected freshwater supply from the
catchment area, wind and global sea
level rise, salinity projections show a
wide spread and no robust changes
were identified (13-15).
Extremes: The frequency of MBIs is
projected to slightly increase (16).
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Description
Stratification is determined by density
gradients resulting from the temperature
and salinity distributions in the sea. Stratification controls vertical and horizontal
circulation and transport of water masses
In the Baltic Sea, the strongest vertical
density gradients correspond to the thermocline (maximum temperature gradient)
and halocline (maximum salinity gradient).
The thermocline develops at 10-20 meter
depth during the warm season, whereas
a pronounced halocline persists over the
year at 60-80 meters in most deep regions.
Wind stress working on the air-water
interface can potentially homogenize the
water column fully in some shallow water
regions or partly in deep water regions,
thus influencing stratification.
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Precipitation
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What is already happening?
In the past since observations exist,
the haline stratification has been
dominated by sporadic inflows from
the adjacent North Sea and river discharge. Long-term trends in Baltic Sea
salinity (1) or halocline depth (2) have
not been demonstrated, but a trend
towards increased horizontal sea
surface salinity difference between
the northern and southern Baltic Sea
during 1920-2005 has been detected, resulting in increased horizontal
stratification (5). In addition, sea
surface temperatures increased by
about 0.03 °C/decade from 1856 to
2005, probably resulting in increased
vertical stratification (3).
Furthermore, stratification increased
in most of the Baltic Sea during 19822016, with the seasonal thermocline

Icon and name
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Linked parameter:
Links to main policies:
SDG 13 and 14
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Theoretical considerations imply that
stronger stratification is favored by
increased freshwater supply to 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. Thus,
the future development of stratification mainly depends on how much
the Baltic Sea surface will warm
compared to deeper layers and how
freshwater supply and saltwater inflow will change. Multi-model scenario
simulations have confirmed increased
vertical summer stratification due to
warming (5) whereas projections of
salinity and related haline stratification changes are rather uncertain (6,7).
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Description
Precipitation can take various forms including liquid (e.g. rainfall and drizzle), frozen
(e.g. snowfall and hail) and 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 increases with temperature, so does
precipitation. Generally, there is more precipitation in summer than in winter in large
parts of the Baltic Sea region. Precipitation
is strongly modified by ground surface
elevation, implying that the large-scale
circulation of the atmosphere including
wind direction and vertical stability are
important factors.
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What is already happening?

Links to main policies:
SDG 13
EU Directives: MSP
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?

Annual mean precipitation has generally
increased over the northern part of the
Baltic region since 1950 (Cornes et al.,
2018). Changes in Scandinavia are up to
40%. In the south of the region, changes
are small and not significant.

A warmer climate implies more precipitation in the Baltic region, mostly
in the winter half of the year and in the
north also in summer. How summer
precipitation will change in the south of
the region is highly uncertain.

Precipitation increase in northern
Europe is generally associated with
increased frequency and intensity of
heavy precipitation events. Observed
changes include increasing intensity
and frequency of intense precipitation
events, and 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.

Warming increases the potential
for extreme precipitation. Regional
climate models indicate that 10-year
daily precipitation return values may
increase 20-30% in much of the region
(1). Recent very high-resolution
climate models for other Europen and
North American regions indicate that
high-intensity summertime rainfall
events may increase up to 10-15% per
degree of temperature increase.

Knowledge gaps

Policy relevance

Knowledge gaps

Policy relevance

The complex interplay between changes
in temperature, wind and precipitation
makes it difficult to project the impact of
future climate on stratification. The circulation and its influence on stratification is
not well understood, and the same is true
for the influence of mixing processes (e.g.
winter convection) on stratification. Sea
surface temperature can be expected to
follow the air temperature, due to air-sea
heat exchange, but the fate of salinity, and
hence vertical salinity gradients, is uncertain. Due to the pronounced multidecadal
variability in measured water temperature
and salinity, projections of long-term
trends based on past changes in climate
cannot be made.

Stratification is an important driver of
ecosystem functioning and structure,
controlling the vertical flux of oxygen
between the well-ventilated surface waters
and oxygen-poor deep waters, affecting
for example the reproduction of cod and
benthic habitats. In addition, an increased
thermal stratification during summer can
decrease vertical nutrient transport from
deeper layers to the euphotic zone, thereby
limiting nutrient supply and potentially affecting algal and cyanobacterial blooms, at
least at the species level (8). To counteract
oxygen depletion in the deep water, various
geoengineering methods such as pumping
of water below the halocline reducing
vertical stratification have been discussed,
but their effectiveness at basin-scale was
questioned (9).

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
sample only 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.

Limiting future changes in precipitation
requires strong actions to mitigate climate
change. Adaptation measures will be needed o reduce the impacts of inevitable future
changes. For changing precipitation, these
involve both increasing precipitation, with
risks for flooding, and decreasing precipitation, with risks for drought. This has implications for agricultural policies, and urban
flood and storm-water management.
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Energy Cycle

Carbonate
chemistry

River run-off
Linked parameter:
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Description
Runoff describes the amount of flowing
water, typically given in liters per second per square kilometer (l s-1 km-2) to
allow comparisons between differently
sized rivers. Runoff can also be given in
millimeters per year (mm a-1), allowing
comparisons with precipitation and
evaporation. Discharge refers to channel
flow, typically given as cubic meters per
second (m3 s-1). Floods are extreme runoff
events when water submerges usually dry
land. In the Baltic Region, floods typically
occur in the spring-time snow-melt period,
or in connection to heavy/long-lasting
rain. Floods are closely linked to precipitation, temperature (melting, evaporation),
wind, and catchment properties (land use,
topography).

Icon and name
of parameter

Icon and name
of parameter

Icon and name
of parameter

What is already happening?
Mean change: No statistically significant change in total annual river
runoff has been detected during the
latest centuries (1, 2). Large decadal
and regional variations occur (3). In
the northern Baltic Sea and the Gulf
of Finland, warmer air temperatures
are associated with larger river
runoff, while further south, rising air
temperatures are associated with
decreased annual runoff (1). Winter
discharge has increased, while spring
floods have decreased over the 20th
century (4).
Extremes: In Sweden there is no
significant trend in daily high flow
over the past 100 years (Arheimer and
Lindström, 2015).

Icon and name
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Links to main policies:
SDG 13
EU Flood directive
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Mean change: The total runoff to
the Baltic Sea has been projected to
increase from present day by 2-22%
with warming temperatures (6, 7).
The increase will take place mostly
in the north (3, 6, 8), with potentially
decreasing total runoff in the south
(9). Winter runoff will increase due to
intermittent melting (8).
Extremes: Floods are projected to
decrease in the north, due to repeated
melting and thinner snowpack, but
increase south of 60°N due to higher
precipitation (11, 12). Large spring
ﬂoods will decrease by up to 20% (11).
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Description
The carbonate system (CO2 system) characterized by the thermodynamic equilibria
between hydrogen ions (reported as pH)
and the different CO2 species (CO2, H2CO3,
HCO3-, CO32-) (1,2) is the main determinant
of the acid/base balance in seawater and of
seawater pH.
Ocean acidification is the decrease of
seawater pH, due mostly to the rising CO2
concentration in the atmosphere and the
surface seawater (2).
The exchange of CO2 between the water
and the atmosphere is controlled by the
air–sea surface difference in partial pressure of CO2 (pCO2) and the efﬁciency of the
transfer processes, with wind speed being
the dominating parameter (3,4,5).
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What is already happening?
Intra-annual variation of pCO2 in the
Baltic Sea surface waters is controlled
by biological processes (organic matter
production and remineralization) and
by changes in the mixed layer depth and
the sea surface temperature (1,2,6). Eutrophication enhanced both production
and remineralization of organic matter
and thus increased the amplitude of
seasonal changes in pCO2 and pH (7,8).
The Baltic Sea is either a CO2 sink in summer or a source in winter (1,6). Ocean
acidification in the Baltic Sea is partially
mitigated by the recently observed
increase in total alkalinity (a measure of
buffer capacity) (9).

Knowledge gaps

Policy relevance

Knowledge gaps

Policy relevance

The impacts of observed precipitation
changes on stream flow are unclear (13).
The effects of how climate model results
are currently transferred to the hydrological model are still inadequately understood. More research is needed to quantify
the accuracy and uncertainty associated
with various bias correction methods (7).
Several uncertainties are associated with
the impact modelling, including parameter
(calibration against historical data) and
model structure uncertainty.

Seasonal runoff changes will affect sediment and nutrient loads and thereby the
eutrophication of the Baltic Sea. Changes
in the timing of floods will influence hazards and risks for riverside settlements.
The HELCOM BSAP requires the reduction of nutrient loads from the signatory
countries. However, plans by EU Member
States lack ambition in nutrient reduction
implementation (14). Flood hazard mitigation requires both short-term (rescue)
and long-term (planning and construction)
measures. Directive 2007/60/EC on the
assessment and management of flood
risks requires adequate and coordinated
measures to reduce flood risk. Climate
change effects are not explicitly included in
river runoff policies. Policies for floods will
need to be continuously adapted, as new
projections become available.

Due to the high spatial and temporal
variability in seawater pCO2, it is currently
unclear whether the Baltic Sea as a whole
is a net sink of CO2 or a net source (1,2,6).
Since the origin of the currently
observed alkalinity increase in the Baltic
Sea is unclear, it is uncertain whether this
increase will continue as strongly in the
future (9).
The ecosystem productivity in the period
after the spring bloom (from mid-April until
mid-June) is not quantitatively understood,
due to an observed continuation of pCO2
decrease even after the surface nitrate pool
is depleted (1,2).
Future CO2 emissions are approximately
known only for the short term (12).

The rising atmospheric CO2 concentration
is one of the main drivers shaping the
structure of the marine CO2 system and
the dominant cause of ocean acidification,
which may influence marine organisms,
especially those building their exoskeletons out of calcium carbonate (1,2,9). A
reduction in anthropogenic CO2 emissions
on the global scale is required to counteract these processes. This is the ambition of,
for example the Paris Agreement. Locally,
implementation of BSAP resulting in comparatively low nutrient loads and favorable
oxygen conditions may minimize wintertime pH reduction (7).
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Links to main policies:
SDG 12 and 14
EU Green Deal
EU Directivess: MSFD, WFD
EU Common Agricultural Policy (CAP)
EUSBSR
HELCOM BSAP

What is expected to happen?
Future changes in atmospheric pCO2
and total alkalinity will influence seawater pCO2 and pH (2,4,7,8,9,11). Projected runoff increase to the northern
Baltic Sea may lower alkalinity and pH,
due to decreased salinity (7). However,
higher atmospheric pCO2 will enhance
weathering on land and release
alkalinity from the catchment, while
eutrophication may increase internal
alkalinity generation, leaving the net
effect unknown (7,8). Even if alkalinity
in the Baltic Sea should increase, a
doubling of atmospheric pCO2 will still
result in lower pH (7).

27

Climate Change in the Baltic Sea
Fact Sheet

List of tables and figures

List of tables and figures

Climate Change in the Baltic Sea
Fact Sheet

Authors
Oleg Savchuk, Baltic Sea Centre, SU, Sweden
Michelle McCrackin Baltic Sea Centre, SU, Sweden
Mikhail Sofiev, Finnish Meteorological Institute, Finland

Riverine nutrient loads
and atmospheric deposition
Linked parameter:
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Description
External nutrient inputs from land and
atmosphere are the major long-term
drivers of Baltic Sea eutrophication (1,2).
Land loads and atmospheric deposition
are determined by both natural (precipitation, river run-off, temperature) and
anthropogenic (demographic, agricultural,
and industrial development, wastewater
treatment, international shipping) factors.
These change both over time (changes of
seasonality, long-term trends and lags due
to the watershed processes) and space
(north-south gradients in climate and land
use, east-west gradients in socio-economic
features and climate) (3). Atmospheric
deposition is additionally determined by
long-range transport from Central, Western
and Eastern Europe and, for Gulf of Finland,
from Russia (4,5).
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What is already happening?
Substantial reductions of riverine nutrient loads have been achieved since
the 1980s (6-8). Since there are no statistically significant trends in annual
river discharges (9), these reductions
are attributed to socio-economic
development, including protective
measures, rather than to climate-related effects (7,10). The total nitrogen
deposition to the Baltic Sea has also
been substantially decreasing since
the 1980s, due to overall reduction of
European emissions (11). However,
the reduction of nitrogen emission
and deposition has slowed down
since the beginning of the 21st century
(12,13). Atmospheric phosphorus
deposition amounts and trends
remain highly uncertain (4,14,15).
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Links to main policies:
SDG 2 and 14
EU Green Deal
EU Directives: WFD, NECD
EU Common Agricultural Policy (CAP)
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Projections suggest that in the northern Baltic Sea region river discharge
will increase, while in the southern
region the discharge will decrease (9),
thus potentially increasing and decreasing waterborne nutrient inputs,
respectively. Leaking of excessive
phosphorus, accumulated in agricultural soils, will delay the effects of
mitigation measures (16). Simulations
with a range of scenarios suggest that
land-based nutrient management
will have greater effect on nutrient
loads than greenhouse gas emissions
(17-21). Atmospheric deposition can
be affected by changes in emissions
(5,22), for example by increased
ammonia evaporation due to rising
temperature (23,24).
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Sea level
Linked parameter:
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Description
Baltic Sea level rises when melt water is
added to the global ocean, when the water
expands by warming or the land sinks
(1). Baltic Sea level varies between years
and seasons (2) and is generally highest
in winter (3), especially mild winters with
above average winds (4, 5). Periods of
strong westerlies episodically fill the Baltic
Sea with extra water from the North Sea
(6). This increases mean sea level and leads
to higher storm surges. Storms also trigger
sea level oscillations (7, 21) across the Baltic Sea, meteotsunamis (sea level extremes
travelling in phase with atmospheric low
pressure systems) (14, 24), and wave set-up
where breaking waves increase the sea
level locally by up to half a meter (8).
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What is already happening?
Mean change: Global mean sea level
rose 1-2 mm/year during the 20th century (10, 26, 29). Presently rates of 3-4 mm/
year are estimated over shorter periods
(9, 10, 26, 29). In Stockholm, absolute
sea level rose by about 20 cm from 1886
to 2009 (31). Land uplift in the northern
Baltic is still faster than absolute sea level
rise so that, relative to land, sea level
there is still falling (11, 12, 28, 29).
Extremes: Storm surges are a threat to
low-lying Baltic Sea coastlines (13, 14,
15). No long-term increasing trend has
been found for the 20th century for extreme sea levels in the Baltic Sea relative
to mean changes (25, 27, 29).

Knowledge gaps

Policy relevance

Knowledge gaps

Policy relevance

Besides common uncertainties inherent to
regionalization of climate scenarios for precipitation and river runoff (9), an important
source of uncertainty is poor quantitative
knowledge on long-term response of
terrestrial biogeochemical processes, particularly changes in the soil nutrient pools,
to the climate changes (25). Phosphorus
sources and transports (4,15,16) as well
as ammonia emission and its dynamics
(11,23,24) are among the least known
processes controlling the atmospheric
nutrient deposition. How the anthropogenic drivers of land loads (land use, agricultural practices, wastewater treatment, net
anthropogenic nutrient inputs, etc.) will
change in response to both climate change
and socio-economic development is highly
uncertain (26).

Reduction of nutrient inputs is considered
the most important measure for mitigating
Baltic Sea eutrophication, both in coastal
and offshore waters (10). Implementation
of corresponding measures within the
WFD, BSAP, MSFD, and NECD has already
resulted in significant decreases of land
loads and atmospheric deposition. However, effects of climate change on the transfer
of nutrients from land to sea have not yet
been appropriately incorporated in these
policies. Additionally, the ammonia (NH3)
emissions, which unlike the nitrogen oxide
(NOx) emissions have been largely disregarded, will require large reduction efforts
and political and public support (24).

Research is needed on natural variability
in drivers of storm surges in the Baltic Sea
(15, 26, 19). How much Baltic sea level rises
compared to the global mean (16) includes
large uncertainties from Antarctic ice sheet
melting, climate change in the Atlantic and
the Baltic Sea. Sea level will rise proportionally more on the shallow shelf regions
around the continents than in the deeper,
open ocean (18), but for the Baltic Sea the
extent of this effect has not been evaluated.
Storm surges and other hazards can turn
into disasters if they coincide (22). Little
is known about the interaction of storm
surges and other extreme events.

Mean sea level rise and extreme events
are of great importance inter alia for urban
planning and commercial ports. Ports can
adapt to mean sea level rise by building
higher quays or relocating. Shipping lanes
may need to be dredged less, and ships
with a deeper draught can come to port.
Coastal flooding can be prevented by protective structures, such as the St Petersburg
Flood Prevention Facility Complex, the
Stockholm Slussen (Sluice) Project, and
levees along the German and Polish coasts.
Implementation of the COP 21 Paris agreement 2015 is needed to reduce the risk of
large contributions from melting ice sheets
to global sea level rise.
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Links to main policies:
SDG 13
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Mean change: Global sea level rise will
accelerate (2, 10, 17, 26). Current projections estimate Baltic sea level rise to
80% of the global rate (16). Estimates
for global mean sea level rise by 2100
are 43 cm (RCP2.6) to 84 cm (RCP8.5)
(26). The likely ranges for these estimates are 29 to 59 cm (RCP2.6) and 61
to 110 cm (RCP8.5) (26).
Extremes: How extremes will change is
uncertain, as they depend on the path
of future low-pressure systems (6, 16).
In the southern Baltic Sea, extremes
that are rare today will become more
common due to mean sea level rise
(23, 30).
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Description
The wind climate in the Baltic Sea region is
determined by the large-scale atmospheric
circulation. Typically, the strongest wind
speeds are associated with the passage
of strong extratropical cyclones. These
systems, and thus wind extremes, are most
frequent and intense in the winter half of
the year. In addition, strong local winds can
occur in association with thunderstorms
that are most pronounced in summer.

Energy Cycle

Energy Cycle

Wind
Linked parameter:
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What is already happening?
Mean change: Owing to the large
climate variability in the Baltic region,
it is unclear whether there is a trend in
mean wind speed. Trends in the wind
climate differ between seasons and
depend on the chosen time period for
which the trend is calculated (1,2).
For example, mean wind speeds at
the Finnish and Swedish coastlines
show a slightly negative trend since
the 1950s (3,4). However, these trends
might be impacted by internal variability (BACC II Author Team, 2015).
Extremes: Maximum wind speeds at
the Finnish coastline show a weakening trend (4), attributed to storm
tracks shifting northwards (5,6). Many
studies show contradicting storminess
trends in the Baltic region (2).
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Links to main policies:
UN Convention on Biological Diversity
EU Green Deal
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Mean change: Projected changes in
wind climate are highly uncertain due
to large natural variability in the Baltic
Sea area (8). Climate model simulations project a slight but not significant wind speed increase in autumn
and a decrease in spring (9). Some
studies mention increased future wind
speeds in areas no longer covered by
ice (8,10,11).
Extremes: Projected changes in
extreme winds are unreliable due to
differences in atmospheric circulation
among climate model projections
(10). It is projected that by 2100, severe wind gusts associated with thunderstorms can increase in frequency
by 5-40 % during summer (12).

Waves
Linked parameter:
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Description
Wind waves are generated by the action of
wind on the sea surface. In the Baltic Sea,
the highest waves typically occur during
long-lasting storms with high wind speeds
and long fetch (the distance over which the
wind blows). The wave climate is characterized by parameters such as significant
wave height, period, and mean direction.
The Baltic wave climate has a pronounced
seasonal cycle with higher waves in winter.
Breaking waves can substantially increase
coastal sea level (wave set-up). Waves are
the major driver of nearshore sediment
transport. High storm waves are the primary determinants of the extent of erosion.
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What is already happening?
Mean change: There are no significant
long-term trends in wind speed but
considerable decadal variability (1).
Correspondingly, there are no clear
indications of long-term trends in wave
height (2).
Extremes: From a long-term perspective, no robust signals of change in Baltic
wave climate can be detected (2).

Links to main policies:
SDG 13
EU Directives: MSFD, WFD, MSP
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Mean change: Changes in Baltic wave
climate are strongly linked to changes
in wind climate and are highly uncertain (3-5). Reduced ice-cover may increase fetch, and perhaps change the
wave climate (6). By 2100, changes in
significant wave height were projected
to be around 5% higher than today, in
particular in the north and east of the
Baltic Sea (5). However, such changes
are superimposed by substantial
multi-decadal and inter-simulation
variability and are not conclusive
because only one climate model was
considered (5).
Extremes: Changes in extreme waves
result from changes in high wind
speeds, which are highly uncertain (1).

Knowledge gaps

Policy relevance

Knowledge gaps

Policy relevance

Changes in wind climate are among the
most uncertain aspects of climate change
in the Baltic Sea area. This is because
there are several differing projections of
atmospheric circulation between different
climate models, reflected in a large spread
of future wind speed changes. Enhancing
the ensemble sizes and improving high-resolution climate models can be of help in
extracting possible anthropogenic signals
from the large natural variability.

Changes in wind extremes are relevant
inter alia for coastal infrastructure, coastal
tourism and shipping in the Baltic Sea.
Storm surges, which are typically associated with high wind speed events, can cause
harm to various parts of the coast and can
damage densely populated coastal cities.
Knowledge of wind extremes in combination with ice events is central for constructing and managing offshore wind and wave
energy installations. Adaptation to such
events is often considered in coastal infrastructure. Future infrastructure planning
would benefit from better wind models
and the infrastructure itself a higher wind
stress tolerance.

There are only a few projections of future
wind-wave climate, and assessments of
changes in longshore sediment transport
including its spatial and temporal variability available. Larger ensembles of scenario
simulations driven by many global climate
models are needed. Little is known on the
role of coastal processes for the development of waves, e.g. wave set-up.
Given the pronounced inter-decadal
variability, detection of significant trends
and attribution studies to disentangle
the impact of changing climate and other
drivers together with the development of
decadal predictions of wave climate would
be useful.

Changes in offshore wave climate will
directly impact shipping, fisheries and the
safety of offshore operations.
Changes in coastal wave climate will affect
coastal sea level and erosion and be of
immediate relevance for coastal protection.
Adaptation to changes in wave climate may
require for example revisiting design guidelines for ships and maritime structures at
sea and coastal protection strategies. So
far, this is not the case.
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Description
Sediment transport in marine environment
is triggered mainly by currents and waves.
Its direct consequence is erosion or accretion, leading to a gradual change of coastal
landform and seabed morphology.
Short-term, small-scale sediment transport
is driven by a variety of local conditions
including winds, water level, waves,
currents, as well as the initial state of the
system. Long-term, large-scale sediment
transport is primarily controlled by the type
of sediment and its supply, modulated by
large-scale processes, notably sea level,
storms, regional wind and wave pattern,
and local engineering structures.
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What is already happening?
Mean change: Baltic coastlines
currently show a gradient from a maximum land-rise of +9 mm/year in the
North to a subsidence by -2 mm/year
in the South (4). Dominance of mobile
sediments makes the southern and
eastern coasts vulnerable to wind-wave
induced transport (5). Dominating
westerly winds lead to mainly west-east
sediment transport and an alternation
of glacial till cliffs (sources), sandy
beaches and spits (sinks) (5).
Extremes: Many sandy beaches and
moraine cliffs are frequently eroded
by storm surges and subsequently
transported by currents (6). Land uplift
exposes shallow seafloor sediment to
erosion by storm waves and transportation by currents.

Knowledge gaps

Policy relevance

There is a lack of comprehensive understanding of the spatial and temporal variability of sediment transportation along
the Baltic coastal zone. In general, primary
sediment transport is driven by currents
and waves produced by the prevailing
westerly winds (5). However, the intensity
of secondary transport induced by easterly
and northerly winds is poorly understood
(7). Combination with changes in sea level,
storm surges (including storm tracks) and
sea ice further complicate the understanding of sediment transport (9; 11). Manmade engineering structures add to the
uncertainty in the prediction of sediment
transport and coastal erosion patterns (3).

Sediment transport, especially erosion,
is important to coastal planning, construction and protection. Management
strategies include 1) protection by soft or
hard measures and 2) leaving some parts
in an unguarded state. Soft protection
includes e.g. beach nourishment and
vegetation planting in front of foredunes.
Hard protection includes groynes, dykes,
seawalls, revetments, artificial headlands
and breakwaters. Management efforts
differ among countries and are complex
when coastal protection in one place leads
to morphodynamic changes that disrupt
downstream areas and possibly biodiversity (1). There are no synergistic measures to
address these effects if they occur in other
countries, due to differing legislations.
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Links to main policies:
UN Sustainable Development Goal 13
EU Maritime Spatial Planning Directive (MSP)
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Mean change: Global sea level rise is
accelerating (2). Consequently, sediment transportation can be expected
to increase in coastal areas. The rate
depends both on sea level rise and
storm frequency and trajectory (11).
Due to prevailing westerly winds in the
Baltic region, the dominant regional
transport pattern is expected to be the
same, but with high local variability
along coastal sections which are
featured by a small incidence angle of
incoming wind-waves (7; 8).
Extremes: Coastal sediment transport
by storms depends on surge and wave
impact level and is likely to increase as
the sea level rises (10).
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Description
Benthic habitats in the Baltic Sea are
characterized by a mixture of species of
marine and freshwater origin (1). In the
deep benthic areas, communities are
dominated by only a few invertebrate
species, whereas in the shallow photic
areas, various macroalgae and vascular
plants provide food and shelter for a
large number of invertebrates and fish
at both hard and soft bottoms. Climate
change will most likely affect the
composition, abundance, biomass and
spatial distribution of benthic species and
habitats, with potential loss of biodiversity
and ecosystem functions as a result (2).

Other drivers
Eutrophication has a major impact on
the benthic ecosystem, mainly through
enhanced primary production causing
increased water turbidity and decreasing
bottom-water oxygen (30). Nutrient
input is likely to increase with increasing
precipitation, especially in the northern
Baltic Sea (31), and in combination with
impacts of increasing temperature,
changes can be anticipated in all trophic
levels. However, success of nutrient load
reductions may have larger effect on the
benthic ecosystem than climate change
alone (28,32). Also, introductions of nonindigenous species can cause changes in
marine biodiversity (33) and ecosystem
functions (34–36). Reduction of predatory
fish might affect functionality of benthic
habitats through trophic cascades (37,38)
(39,40).
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What is already happening?
Benthic soft substrate communities
in large parts of the Baltic Sea have
drastically changed during the past
decades, with amphipods decreasing (3),
Baltic clam Limecola balthica increasing,
and the non-indigenous polychaete
Marenzelleria becoming dominant (4).
Changes have been explained by climate
related factors such as temperature,
fluctuations in salinity and oxygen, and
precipitation and runoff related changes
in pelagic food webs (4,5). Decreasing
amount of sea ice has consequences for
stratification, nutrient dynamics, and
hence benthic communities. Despite
decreasing nutrient loads, hypoxic areas
continue to prevail in the central Baltic
Sea (6) and increase in the coastal zone
(7), causing loss of communities and
ecosystem functions (8–11).
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Links to main policies:
SDG14
UN Convention on Biological Diversity
EU Green Deal
EU Directives: MSFD, Habitats
EU Common Fisheries Policy (CFP)
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Many Baltic species exist on their
geographical distribution limit, and small
fluctuations in temperature and salinity
can have a large impact e.g., bladderwrack,
blue mussel and eelgrass (12–20).
Increasing temperature affects species
turnover rates and physiology (12,21–24). In
coastal ecosystems, increased precipitation
and runoff might cause salinity fluctuations
(25), affecting species reproduction and
survival (26). Sea-level rise (27) will change
prerequisites for important environments
like shallow coastal habitats. In oxic
areas, macrozoobenthos productivity
may decrease due to decreasing oxygen
conditions (28,29). In areas with increasing
riverine load load of dissolved organic
carbon (DOC), pelagic primary production
may decrease, affecting the benthic system
(21,25).

Knowledge gaps

Policy relevance

Salinity decline has been hypothesized
to be the major driver of geographic
species shifts, but according to recent
oceanographic modelling the magnitude of
change is uncertain (41). Effects of climate
change on benthic habitats are difficult
to project, due to cumulative impacts of
stressors, as well as confounding food web
interactions (21,42). The interactions of
climate change with other stressors, are
not well known, nor is the capability of
organisms to adapt to climate change. E.g.
the keystone species bladderwrack has
in some studies been shown to adapt to
climate change (43–45), while others have
suggested that the species cannot keep
pace with the projected salinity change,
with large effects on biodiversity and
ecosystem functioning (19,36).

Benthic habitats provide a multitude of
ecosystem services. Cumulative effects of
climate change and e.g. eutrophication
must be considered. The Marine Strategy
Framework Directive requires assessing
the status of benthic habitats (46,47).
According to the Habitats Directive, the
extent of adverse effects cannot exceed a
certain proportion of the habitats (48), and
member states shall establish a coherent
and representative network of Natura 2000
areas. If climate change causes community
changes, conservation targets need to be
updated, and the network of MPAs should
be adapted to take projected changes into
account.
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Description
Fish of freshwater origin dominate most
Baltic coastal areas, some preferring warm
(perch, cyprinids) and others cold waters
(salmonids, burbot) (1). These species
often migrate back to their natal spawning
ground for spawning, resulting in many
local populations that adapt to local
conditions. Small scale environmental
variations, local fishing pressure, habitat
availability and food web interactions
influence their reproduction, recruitment,
growth and mortality.
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What is already happening?
Higher water temperature has improved
the reproduction of many spring and
summer spawners (2-10).
In contrast, the reproduction of autumnspawners, e.g. vendace and whitefish,
is disfavored by warm winters and their
distribution decreases with less ice cover
and higher winter temperatures (10-14).
Species preferring warm waters have
become more common relative to
winter-spawning species (15).
Migratory anadromous species, like
salmon, return earlier to rivers after
warm winter/spring. However, high
water temperature in autumn and
winter seems to lower the survival of
salmon migrating back to the sea (16-20).

Other drivers
Anthropogenic pressures, such as eutrophication, fishing and habitat exploitation, affect fish in coastal areas
Pharmaceutical residues and plastics
might negatively affect fish locally
Increased cormorant and seal populations consume substantial amounts of
coastal fish (25), but the impact on fish
populations is disputed (26)
Migratory anadromous fish are
affected by a similar set of pressures
as coastal fish, and in rivers also by
altered hydrological regimes, migration
barriers caused by dams, and increased
sedimentation due to land-use changes
in the drainage area (20)
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What is expected to happen?
Warmer temperatures are expected to
cause earlier spawning, faster egg and
larval development, increased larval
survival of spring spawning freshwater coastal fish species (6-9,20-22)
(Level of confidence: high), and earlier
migration from nursery habitats (6)
(Level of confidence: medium). This
may influence food-web interactions
with negative effects on piscivorous
species (27) (Level of confidence: low).
Reproduction of autumn-spawning
migratory fish is expected to decrease
with increasing temperatures, and
spawning areas reduced if ice-cover
decreases further (12-14) (Level of
confidence: medium). The effect of
water temperature on body growth
differs among species and size-classes: growth is generally expected to

Knowledge gaps

Policy relevance

Indirect and interactive effects of different
natural and anthropogenic pressures in
combination are poorly studied. To identify
causal relationships, modelling based
on monitoring data in combination with
experimental studies is needed.
The effects of some expected climate
induced changes, e.g. shrinking ice-cover
and browner waters, on coastal and
migratory fish stocks are poorly studied.
The importance of extreme weather events
under climate change for fish population
development and status is furthermore
under-studied. Follow-up studies after
extreme weather events (like heatwaves,
ice-free winters) are of key importance for
understanding the recovery and resilience
of fish populations and communities.

Coastal and migratory fish are key
elements for Baltic Sea coastal food web
structure and function, and fundamental
for small scale coastal commercial and
recreational fisheries. Current measures to
protect and restore coastal and migratory
fish populations hardly ever target and
consider climate change effects. Targeted
short-term actions, e.g. temporary or
spatial closures, could help affected fish
populations to recover from extreme
weather events. Future management
should include climate change effects in
status assessments and management
plans, targets and measures to
acknowledge and mitigate climate related
effects.
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Description
Fish of marine origin, such as cod, herring,
sprat, and flatfishes (flounder, plaice,
turbot and dab), dominate pelagic and
demersal habitats of the Baltic Sea (1). The
species occur in large, often internationally
managed, stocks.
Currently, sticklebacks make a significant
part of the pelagic fish biomass.
Climate impacts the recruitment, body
growth and mortality of pelagic and demersal fish, resulting in changes in spatial
and seasonal distributions.

Other drivers
Impacts of multiple drivers on offshore fish communities are perceivable (44,45). High nutrient discharges
have resulted in enhanced hypoxic
conditions affecting many fish species
negatively (5-10), but also benefitting
others (42,43) (Level of confidence:
high). Nutrient loads have decreased
since the 1980s, but the response in
nutrient concentrations is slow and
also affected by run-off and climate
related variables as like run-off, temperature and stratification (Level of
confidence: high) (32).
Fishing strongly affects cod, herring
and sprat. Harmful substances,
marine litter, and pharmaceutical residues might have negative
impacts on individuals while effects
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What is already happening?
Increasing temperatures and hypoxic
conditions have impaired reproduction and reduced feeding areas as
well as quality and quantity of food,
resulting in decreasing distributions of
flatfish and cod, and reduced growth
and body condition of cod (Level of
confidence: high) (2-10), while increasing temperature favors stickleback
(Level of confidence: medium) (11,12).
Periods with low salinity are connected to lower generation and survival
of young fish (recruitment) of several
flatfishes, herring and cod (high confidence) (13-18), and lower abundance
and lipid content of zooplankton
prey for herring and sprat (Level of
confidence: high) (19-22), resulting
in lower body growth, condition, and

What is expected to happen?
Increasing water temperature causes
earlier spawning and shorter development time of early life-stages of
flatfishes and cod and increased larval
survival of cod and sprat (Level of
confidence: high) (25-29).
Body growth of herring, sprat and
stickleback is expected to increase
(Level of confidence: medium)
(22,30,31).
Increasing temperature, especially
if the halocline shifts upwards and
nutrient loads are not reduced, is
expected to result in less oxygen in
water and sea bottom. This will lead to
reduced reproduction and feeding areas, increased food competition, and
dependency on shallow areas for cod
and flatfishes (Level of confidence:

Knowledge gaps

Policy relevance

Indirect and interactive effects of climate
parameters and other pressures on fish
need to be better studied (46-48). To
explain causal relationships, modelling
of monitoring data in combination with
experiments is required. Furthermore,
impacts of changes related to climate, like
ice-cover, brownification and acidification,
are poorly studied in the Baltic Sea.
The importance of average changes
relative to extreme weather events (e.g.
heatwaves vs. average temperature) are
poorly studied. There is a need to analyze
monitoring data before, during, and after
extreme events, supplemented with experiments and long-term data to understand
the recovery and resilience of fish species
and communities after extreme weather
events.

Demersal and pelagic fish are key elements
for Baltic Sea offshore food web structure
and function, and fundamental for offshore
fisheries. Current measures to protect and
restore demersal and pelagic fish populations hardly ever target and consider
climate change effects. Management of
these fish stocks, e.g. regarding quotas,
fishing closures and protected areas, needs
to be adaptive to react to long-term effects
of climate change. Targeted short-term
actions, e.g. temporary or spatial closures,
could help affected fish populations to recover from extreme weather events. In the
future, status assessments, management
plans, targets - such as maximum sustainable yields, and measures need to consider
climate change and its long-term impact
on the fish populations and communities.

Description
In total, around 100 waterbird species use
the marine area and the coastal habitats of
the Baltic Sea for breeding, staging during
migration, moulting and/or wintering. They
have different roles in the food web, being
predators of various fish and invertebrates
and foraging in different habitats as well as
providers of multiple ecosystem services
(1).

What is already happening?

In the Baltic, waterbird populations
are increasingly impacted by human
activities during the breeding season
(such as recreation (22, 23) and introduced predators (e.g. American mink,
24-26)) and the wintering season
(hunting (27, 28), fishing (29, 30), ship
traffic (31, 32), offshore wind farms
(33, 34)).
Eutrophication and fishing are strongly influencing foraging preconditions
for waterbirds (35-37).

What is expected to happen?

Many waterbird species have shifted
their wintering range northwards (2-10).

The northward distributional shifts are
expected to continue (17, 18).

Some waterbirds migrate earlier in
spring (11, 12).

Effects on waterbird food will be
manifold, but consequences are
difficult to predict (19). Rising sea level
and erosion are expected to influence
the availability of breeding habitats
(20, 21).

Effects of warming sea temperature
are inconsistent, because both positive
and negative effects have been found
regarding foraging conditions and
food quality, including invertebrate
prey and prey fish species (13-15).
As most Baltic waterbirds are migratory, they are affected by climate
change also outside the Baltic, for
example during breeding in the Arctic
and migration and wintering between
southern Europe and western Africa
(16).

Other drivers

Links to main policies:
SDG 14
UN Convention on Biological Diversity
EU Green Deal
EU Directives: MSFD, WFD, MSP, Birds, Habitats
EU Common Fisheries Policy (CFP)
EU Common Agricultural Policy (CAP)
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

Rising sea level may reduce breeding
success due to flooding of the breeding and wintering foraging habitats.

Knowledge gaps

Policy relevance

Food web complexity and interacting
natural and anthropogenic effects make
it difficult to isolate the effects of climate
change on waterbird abundance. For
some well-studied species, these effects
are demonstrated, but there is in most
cases a lack of understanding especially of
how phenological mismatches will affect
breeding and wintering waterbirds across
functional groups and life histories.

Waterbirds are an important part of the
marine foodweb in the Baltic Sea. Changes
in the phenology and distribution of waterbirds may require adapting environmental
conservation policies, notably by extending
and adjusting the networks of protected
areas and by supporting their management (38, 39) with robustly designed
monitoring of sites and populations (40).
Hunting regulations need to be adjusted in
space and time to account for distributional and phenological shifts, i.e. regulation
need adjustment where climate change
has caused increased waterbird occurrence
with therefore higher importance of the
respective locations.
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Description
Three seal species and one cetacean live in
the Baltic Sea: ringed seal (Pusa hispida),
grey seal (Halichoerus grypus), harbour seal
(Phoca vitulina) and the harbour porpoise
(Phocoena phocoena). Being at the top
of the marine food web, these predators
are sensitive to changes throughout the
ecosystem, including those related to climate. Furthermore, the extent and quality
of sea ice are important particularly to the
ice-breeding ringed seals and also the facultatively ice-breeding grey seals. In some
areas, seals are dependent on low-lying
haul-outs (land areas for resting, breeding,
foraging etc.).

Other drivers
Ice-breaking and winter shipping may
worsen effects of reduced ice on seal
breeding (14,15).
Bycatch affects marine mammals (16-18).
Anthropogenic disturbance affects seal
distribution and recruitment (19, 20).
Epidemics can reduce seal abundance
and possibly distribution (21).
Ecosystem changes and overfishing
influence prey availability (22, 23).
Contaminants may affect immune
function and fertility (24, 25).
Underwater noise may also affect
marine mammals (26, 16).
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What is already happening?
Both the ice cover and duration of
the ice season have already been
markedly reduced (1-8). The changes
are most prominent in the southern
areas where the time with ice cover
during breeding season of ringed and
grey seals has increasingly often been
either too short or completely lacking
(8). This diminishes breeding success
of ringed seals, particularly in the
southern areas.
To a lesser extent, the breeding success of grey seals is diminished.
See ‘Sea ice and extreme events’ for
further quantification.

What is expected to happen?
Projected reduction of sea ice
(9,10,4,11) for ringed seal and of snow
for pupping lairs will impact ringed and
grey seal breeding. Disappearance of
ringed seals from southern areas is possible and transfer of grey seal breeding
to land sites probable.

Links to main policies:
XXX

Description

What is already happening?

XXX

What is expected to happen?
XXX

XXX

Sea level rise (12,13) causing flooding
of haul-outs in the southern Baltic
may force out breeding seals. This will
likely cause reduction of harbour and
grey seal occurrence on haul-outs to
foraging individuals.
Changes to temperature and stratification, prey distribution, quality and quantity will affect all marine mammals, but
aggregated effects on their abundance
and distribution are unpredictable.

Knowledge gaps

Policy relevance

Seal and porpoise foraging distribution
and the relation of the former to haul-out
sites are not well known. While the reduced
breeding success of grey seals on land and
ice has been studied (27), the absolute
dependency on ice for successful breeding
of ringed seals has not been sufficiently
assessed. Land-breeding of grey seals is
not surveyed in most Baltic countries.
Breeding success of ringed seals during
normal winters, even under current
conditions, is poorly known. The aggregate effects of climate-related ecosystem
changes on marine mammals have not
been modelled.

Marine mammals are top predators in the
Baltic Sea and important as sentinels of
ecosystem health (XX) and as top-down
regulators of the ecosystem. Direct effects
of climate change are mostly impossible to
address locally. Artificial lairs may mitigate
breeding failure and haul-outs could
potentially be artificially sustained above
water. Seasonal shipping restrictions may
reduce impacts on seal breeding. There are
currently no actions to directly mitigate climate change effects on marine mammals,
but measures are in place that mitigate
human disturbance, pollution and bycatch,
and hunting is limited or prohibited.
Further mitigation of pressures will
improve climate change resilience of the
populations. Consideration of effects of climate change on the populations should be
integrated in national management plans.

Other drivers
XXX

Knowledge gaps

Policy relevance

XXX

XXX
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Nutrient concentrations
and eutrophication
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Description
Nitrogen and phosphorus pools are controlled by inputs from land and atmosphere
and modified by biogeochemical transformations. Both these nutrients cycle intensely between the water column, biota and
bottom sediments. Nitrogen fixation and
denitrification act as major biogeochemical
sources and sinks, whereas phosphorus
tends to accumulate in bottom sediments.
Furthermore, considerable amounts of
nutrients are exported to the North Sea (1,2).
Bottom oxygen conditions regulate
denitrification rates and the distribution
of phosphorus between sediment and the
water. In the Baltic Proper, the largest Baltic
subbasin suffering from hypoxia (i.e. oxygen
deficiency), concentrations of dissolved
inorganic nitrogen (DIN) and dissolved
inorganic phosphorus (DIP) had increased
until the 1980s (3,4), and have oscillated

Other drivers
Future nutrient loads will affect nutrient concentrations more than climate
change (12,13).
In the more nutrient-poor Bothnian
Sea and Bothnian Bay, future river
loads of dissolved organic carbon will
also play an important role as they
stimulate bacteria to out-compete
phytoplankton for nutrients, which can
lower phytoplankton biomass (19).
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What is already happening?
Climate change impacts on nitrogen
and phosphorus pools could not be
separarated from other pressures yet.
Effects of warming and sea level rise
are masked by changes in nutrient
loads and bottom water oxygen levels
(5,6). Nitrogen concentrations have
decreased in most Baltic Sea basins
since 1990, but phosphorus pools have
fluctuated without trend (7) (Level of
confidence: medium).
Eutrophication has made shallow areas
with restricted water exchange more
prone to hypoxic events (8) (Level of
confidence: high). Nutrients liberated
from sediments during the hypoxic
events fuel summer phytoplankton
blooms (9). Changes in stratification
and cloud cover (10) currently prolong
the phytoplankton growth season,
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Links to main policies:
SDG 2, 12 and 14
EU Green Deal
EU Directives: MSFD, WFD
EU Common Agricultural Policy (CAP)
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
The development of nutrient loads
will dominate future nutrient concentrations (12,13) (Level of confidence:
medium), with warming expected
to reduce near-bottom oxygen by
increasing internal nutrient cycling
and by strengthening thermal stratification (12–14).
Considering climate change, BSAP
scenarios project a 50% decline in the
Baltic DIP pool until 2070-2100 (15),
and decreasing DIP surface concentrations in the Baltic Proper (12).
With current loads, the DIP pool will
decline by 25% (15), with Baltic Proper
concentrations increasing slightly
(12). Surface DIN concentrations in the
Baltic Proper remain unchanged with
current and BSAP scenario loads (12)

Knowledge gaps

Policy relevance

The magnitude of future nutrient loads,
the bioavailability of their organic fraction,
as well as nutrient retention in the coastal
zone are uncertain, as are future nutrient
inputs at the Skagerrak boundary (20).
Freshening would have the potential to
increase phosphorus binding in sediments
(21), but both the magnitude of future
salinity change and the sediment response
are uncertain (20). Feedbacks between
climate change, phytoplankton community structure and sedimentation are
poorly known (22) and more quantitative
knowledge about the factors controlling
nitrogen pathways is needed, especially for
coastal areas (23). Dissolved organic forms
of nitrogen and phosphorus are important
biogeochemical components with poorly
described dynamics.

High nutrient loads cause eutrophication,
which is a major problem in the Baltic
Sea. Nutrient input is primarily coming
from agriculture and fertilizer use on land.
Eutrophication is central in the HELCOM
Baltic Sea Action Plan (BSAP) (24), the EU
Marine Strategy Framework Directive (25)
and the EU Water Framework Directive (26),
with all aiming to reduce eutrophication in
the Baltic Sea even more than the achieved
reductions.
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Coastal protection and
offshore structures
Linked parameter:
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Description
Baltic Sea coasts are under multi-stressor
impact due to climate change and various
human activities (1,2). The impact varies
regionally depending on the material of the
coast, and the processes in operation (1).
Over decades, various coastal protection
structures have been established especially along the soft sedimentary shores
in the southern coastline of the Baltic Sea,
including groins, bulkheads, seawalls,
revetments, breakwaters, sills and sand
fences (3). These structures modify natural
processes and introduce an exotic and
more static habitat into a formerly dynamic
one, raising concerns about their long-term
sustainability and ecosystem benefits (4).

Other drivers
Direct human influence often has
an impact on coastal processes via
changes in land use and land cover,
coastal and offshore infrastructure
constructions, dumping of material
and dredging. Regional demographic
development and socio-economy
inﬂuence the coastal ecosystem, as
diverse societal and economic claims
need to be integrated into regional
spatial planning policies alongside
climate change adaptation. (8)
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What is already happening?
The soft sedimentary coasts in the
south are facing the largest changes
(1) and exhibit also the most abundant coastal protection structures.
However, there is a growing understanding that “soft interventions” in
the name of integrated coastal zone
management (ICZM) – rather than
“hard” structures – may be a more
satisfactory way forward. Ecosystem
services provided by e.g., intertidal
wetlands can play a critical role in
reducing the vulnerability of coastal
communities to rising seas and coastal
hazards (5). There are examples of
abandoning traditional “hard” coastal
protection measures at the Baltic
Sea coastline to enable a recovery of
natural dynamics (6,7).
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Links to main policies:
SDG 13 and 14
EU Maritime Spatial Planning Directive (MSP)
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Coastal protection strategies have
to take increasingly into account the
effects of climate change (Schmidt 8).
Along the low coasts of the southern
Baltic Sea, sea-level rise is expected to
increase cliff erosion and to increase
the supply of sediment to the coastal
zone (9). These effects of climate
change are expected to increase
societal costs for coastal protection, losses of sediment for coastal
rebuilding, losses of valuable natural
habitats, and of economic value and
property (10, p. 19). Therefore, there
is a need for a wider use of innovative
approaches such as the Systems Approach Framework (SAF) as a tool for
the transition to sustainable development in coastal zone systems (11, 12).

Knowledge gaps

Policy relevance

Changes in land use / land cover and infrastructure construction are of crucial importance as they operate reciprocally with sedimentary processes causing unexpected
morphodynamic consequences. A regional
sediment budget for the southern and
eastern Baltic Sea is still to be constructed.
This requires interdisciplinary and international collaboration (1). In many parts
of the southern Baltic coastline, the key
question regarding the existing coastline
protection structures is their sustainability
and efficiency under changing climate and
consequently, their potential replacement,
adjustment or removal procedures (4).

Coastal processes and their sustainable
management under climate change have
extremely high policy relevance globally,
and in the Baltic Sea. Coastal protection
measures should be nationally or regionally incorporated into integrated coastal zone
management plans including physical and
ecological parameters, cost-benefit analyses, and administrative and legal structures
(13). Due to the complexity of coastal
systems and the lack of precise economic
valuations, both land and marine spatial
planning usually neglect natural coastal
protection and other important ecosystem
services (2) calling for a policy change.
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Description
Baltic Sea ecosystems provide an array of
ecosystem functions related to for example
nutrient and carbon circulation, biomass
production and regulation.
Climate-related factors structure Baltic Sea
food webs both through top-down (predation) and bottom-up (biomass production)
processes1-7 that are fundamental for
ecosystem functioning.
Climate change will likely impact several
processes related to food-web interactions, nutrient recycling and ecosystem
properties.

Other drivers
Fishing is a strong pressure on some
fish species and results in reduced
natural control of their prey (Level of
confidence: high) (5-10).
Nutrient concentrations are main
drivers of biomass production, causing negative impact on oxygen levels
and water clarity that can severely
worsen climate change-related effects
on ecosystem functioning (Level of
confidence: high) (11-13,15).
Seals and cormorants have increased
in the Baltic Sea, but food-web effects
are poorly known and uncertain (6).
Toxins, marine litter, pharmaceutical
residues and vitamin deficiency (e.g.
thiamine) have negative impacts on
individuals of different functional
groups, but the ecosystem effects at
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What is already happening?
Increasing temperature in combination with eutrophication have resulted
in increased primary production and
more frequent cyanobacterial blooms,
causing increased decomposition and
oxygen-depleted bottom sediments
(XX). Changes in ice-cover, cloudiness,
and wind condition in spring may
have resulted in changed timing of
algal blooms, affecting benthic productivity (low confidence) (1,4).
Changes in hydroclimatic conditions
in combination with fishing and
eutrophication have resulted in a shift
from larger to smaller zooplankton
(Level of confidence: high) (12-13),
stronger impact of nutrients on ecosystem structure (bottom-up control)
and reduced the regulatory capacity
of predators on ecosystem structure

Icon and name
of parameter

Links to main policies:
SDG 14
UN Convention on Biological Diversity
EU Green Deal
EU Marine Strategy Framework Directive (MSFD)
EU Directives: WFD, MSP, Habitats
EU Common Fisheries Policy (CFP)
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
Warmer water may increase pelagic
and benthic primary production (Level
of confidence: high) (1,2,11-14). Unless
nutrient loads are reduced, oxygen levels in the water and close to the seabed will decrease (15). Responses at
higher trophic levels will differ among
organism groups (Level of confidence:
low) (12,16,19,22-23).
If salinity decreases, this will likely
affect the species composition of zooplankton and fish, and the associated
functions, e.g. predation rates (Level of
confidence: medium) (13,17-19).
If inflow of dissolved organic matter
increases this may increase benthic
production, and increased bacterial
production over phytoplankton pro-

Knowledge gaps

Policy relevance

Several parameters are intercorrelated and
there are potentially indirect and interactive effects of for example oxygen, salinity
and temperature on ecosystem functioning
(6,11-13,22-23). The magnitude and interactive effects of climate change relative to
other human pressures are hence important to estimate (6). There are knowledge
gaps on how changes in Baltic Sea food
web structure, resilience and functioning
depend on long-term changes in climate
relative extreme weather events, like heatwaves. It would be important to analyze
monitoring data before, during, and after
extreme events, such as for example the
heat waves or low ice cover (24-25).

Ecosystem functions are essential processes structuring ecosystem and food webs,
including key ecosystem services to human
well-being. Management actions in general
focus on populations (fishing/hunting,
protection) or inputs (nutrients, toxic
compounds) that influence ecosystem
functions, but these hardly consider climate change effects. Current management
plans need to consider long-term impacts
of climate change on ecosystem functions,
and how extreme weather events should
trigger additional short-term actions to
avoid ecosystem regime shifts (level of confidence: medium) (2-3,13-15). Long-term
management plans and measures should
consider projected changes in primary
production and trophic structure of Baltic
Sea ecosystems (6).
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Description
The Baltic Sea has been an important route
for maritime trade since prehistory, and
is now one of the busiest maritime areas
in the world. In 2017, there were 40 391
passages into the Baltic Sea (1). In 2018, approximately 8 300 vessels operated within
the area (2). Shipping is a carbon-efficient
transport medium, but still has adverse
effects on air quality, eutrophication, and
other aspects of the marine environment
(3).
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What is already happening?

Icon and name
of parameter

Links to main policies:
SDG 14
EU Green Deal
EU Directives: MSFD, WFD, MSP
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?

In recent decades, the number
and size of ships in the Baltic have
increased. Climate has changed,
with a shorter ice season and earlier
ice break-up (Level of confidence:
medium) (4; 5), facilitating shipping in
usually ice-covered areas. Changes in
wind field have so far been small, and
depend on the time period and area
studied (6).

Modelling predicts an annual shipping
increase of 2.5% for cargo and 3.9%
for passenger trafﬁc in Europe (7). Less
ice will require less ice-breaking, but
the ice will be more mobile. The wave
climate in the northern and eastern
Baltic Sea is estimated to become
more severe, and icing by freezing
sea-spray is expected to become more
frequent (6).

Extreme waves have not changed significantly in strength or intensity (6).

Ports and shipping lanes may need to
move location or increase or decrease
dredging due to sea level rise and
increased sedimentation from coastal
erosion and river runoff.

Changes in wind and waves could
potentially influence safety and fuel
consumption.

Other drivers

Knowledge gaps

Policy relevance

Market changes and new regulations
will likely modify future shipping more
than direct climate effects. In particular
regulations to reduce emissions of CO2,
NOx, SO2, and particles will influence
ship design and change fuel types. The
changing climate may influence the
transportation pattern of traded goods,
as some commodities may start to be
produced in new locations around the
world. Hence, trade flows will shift.

There is a knowledge gap in how new
regulations driven by climate change
mitigation efforts will affect the fleet’s
composition, fuel selection, and additional
technological development. Thus,
the response of future Baltic shipping
to changes in climate cannot be fully
quantified.

Shipping is a CO2 effective way to move
goods, but still has a substantial carbon
footprint. Member States to the International Maritime Organization have
committed to reduce the total annual GHG
emissions from international shipping by
50% by 2050 (from 2008), and phase them
out entirely by 2100 (8). Increased shipping
in previously iced areas may increase
environmental pressures, but new regulations on noise and emissions may exclude
vessels from sensitive marine areas. Establishment of offshore windfarms will further
reduce available space for shipping. The
environmental impacts and CO2 emissions
of shipping and land transportation need
to be better compared and prioritized.
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Description
The Baltic Sea is an important region for
coastal and maritime tourism. The region’s
tourism industry employs approximately
640 000 people and registers over 227
million overnight stays annually (1). The
coastal areas of the Baltic Sea provide
opportunities for a wide range of tourism
forms, including spas, sunbathing and
beach activities, boating, fishing, ice-skating and recreational homes. The share of
international tourism is substantial, especially in cruise-ship tourism (2). In 2019, the
Port of Helsinki was the busiest international passenger port in Europe with a total
of 12.2 million passengers (3).

Other drivers
The tourism industry is vulnerable to
external changes and pressures, including global and regional economic
and political processes (8). The changing environmental conditions and
their local effects can either promote
or hamper the development potential
and demand for coastal and maritime
tourism in the Baltic Sea region. Although coastal tourism has long been
increasing, global health crises or
security issues may quickly reduce the
number of visits globally, regionally
and locally depending on geographical area and customer segments that
suffer the consequences. For example,
the COVID-19 crises in 2020 led to a
quick collapse of international travel.
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What is already happening?
The changing climate may either
increase or reduce the provision of
ecosystem services and resources
relevant to different forms of coastal
and maritime tourism (4). On the
one hand, warmer summers attract
increasing numbers of coastal tourists
to northern Europe. On the other,
fewer below-freezing days shorten
the winter-sports season. The growing
season of cyanobacteria has significantly prolonged during the past
few decades (5), making bathing less
attractive. Introduction of non-indigenous species alter opportunities for
fishing and recreation (6). Tourists
are rather flexible in substituting the
place, timing and type of holiday at
short notice depending on the conditions and services at the destination.
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Links to main policies:
SDG 14
EU Green Deal
EU Directives: MSFD, WFD, MSP
EU Strategy for the Baltic Sea Region (EUSBSR)
HELCOM Baltic Sea Action Plan

What is expected to happen?
The touristic importance of higher
latitude destinations (such as the
Baltic Sea region) is expected to grow
due to climate warming, and with a
higher probability of climate extremes
and health risks (such as malaria
resurgence) in the currently most
popular destinations in southern and
central Europe (7). On the other hand,
depending on the magnitude of future
mitigation efforts, the coastal areas of
the Baltic Sea may suffer from even
more frequent and extended blooms
of cyanobacteria, with related health
and image risks. The future growth of
coastal and maritime tourism in the
Baltic Sea region has the potential to
exceed the global average.

Knowledge gaps

Policy relevance

The potential for developing coastal and
maritime tourism in the Baltic Sea region
depends not only on climate change,
but also on associated socio-economic
developments, frequency and type of yet
unknown hazards, other changes in the
state of marine and coastal environments
and changing customer preferences. As
a result, it is difficult to project the future
demand for tourism services in the Baltic
Sea region, or even to assign probabilities
for different future outcomes. The relative
importance of various qualities of coastal
and marine environments for customer
destination choice is poorly understood.

Baltic Sea coastal and cruise tourism is
important for the socioeconomy of the
region. The competitiveness of this tourism
depends largely on the environmental
state of the Baltic Sea and the resilience
of tourism industry to natural, social and
economic changes. To improve the future
prospects of blue tourism, it is important to control pollution loads, including
nutrients, litter and oil spills. Other relevant
developments include multi-stakeholder
governance of coastal and marine tourism
and coordinated collection of economic,
ecological, cultural and social sustainability
indicators (8). Monitoring is required both
for the internal development of the sector,
which consists of a large number of enterprises of different sizes, and for planning
public mitigation and adaptation policies.
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Description
The commercial fishery in the Baltic Sea
includes pelagic offshore and demersal
fleets that contribute to 95% of total landings, and a variety of small-scale coastal
fisheries. The main species targeted are
Baltic herring, sprat, cod, and flatfishes.
In addition, a variety of coastal freshwater
and anadromous fish species are targeted.
Mid-water and bottom trawls, gill-nets and
trap-nets are the main gears used (1, 2).
Recreational fishing is common in coastal
areas (3). For certain coastal species, the
recreational catch is comparable or even
higher than the commercial catch (4, 5).

Other drivers
Other drivers, such as changes in
society, fish stocks, fishing regulations
and fish markets, are likely to have
as profound effects on the fisheries
sector as climate change. For example, changes in consumer demand or
termination of subsidies might affect
the profitability of fisheries. Other
environmental issues, partly interacting with climate change, such as
increasing eutrophication, if nutrient
reductions according to the BSAP are
not achieved, changes in the regulation of harmful substances, parasite
infection-rates in fish, and the dispersal of non-indigenous species, will
also affect the quantity and quality of
fish, and the demand for the catch.
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Fisheries
Linked parameter:
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What is already happening?
In the northern Baltic Sea, trawl
fishing has already seen an earlier
seasonal start in some years, with
better operating conditions due to a
shorter period of ice cover (6). Coastal
recreational ice-fishing opportunities
have been reduced (3). In much of
the Baltic Sea, small-scale wintertime coastal fishing has also suffered
from competition with seals that
find ice-free fishing sites easier to
access6. The species composition
targeted especially by the coastal and
demersal fisheries is changing due to
eutrophication and climate change
(7, 8). Also, increased effort is needed
for fishing-gear maintenance, due to
accumulating biofilm and filamentous
algae (6).
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Links to main policies:
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EU Directives: MSP
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HELCOM Baltic Sea Action Plan

What is expected to happen?
The potential trawling season in
the northern Baltic Sea will likely be
extended due a shorter ice-covered
period. The main trawling areas for
pelagic species are likely to shift
towards more southern, shallower areas (9, 10). The coastal and
recreational fisheries will increasingly
target species that prefer warmer
and more nutrient-rich waters (11).
Some winter-time fishing will suffer
from a shortage of ice and increased
conflicts with seals. The recreational
fisheries may become more popular
with longer seasons for boat-trips and
rod-fishing.

Knowledge gaps

Policy relevance

Scientific evidence for alteration in Baltic
Sea fisheries driven by climate change is
still sparse. Complicated interacting and
potentially additive effects in the environment, ecosystem and society make it
very challenging to predict the potential
consequences of climate change on different fisheries. Therefore, conclusions are
confined to the currently observed trends.

Fisheries have an important role in marine
economy, providing work and healthy
food. Fisheries activities are regulated by
the EU Common Fisheries Policy and on
national level. Fish stocks’ monitoring and
management plans should be adaptive
and adjustable to mitigate climate change
effects and ensure resilience (12). To acknowledge the potentially negative effect
on fish stocks and other factors affecting
the prospects of fisheries under climate
change, a precautionary approach has to
be applied. Climate change is only one of
many challenges facing the fisheries sector:
competition with apex predators and other
fisheries sectors, low profitability, conflicts
over shared resources, decreasing stocks of
targeted species, and harmful substances
are major concerns.
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What is expected to happen?

Links to main policies:
XXX

Description
Apart from the common classification, the
ecosystem services (ES) are commonly assessed as the supply (which is mostly related
to the biophysical or ecological characteristics of the environment), demand (mostly
societal drivers) and flow (actual provision
and use). The values of ES supply related
directly to the components of the ecosystem
4, which in turn, are altered by the climatic
changes. The assessment of ES demand
based mostly on the global societal changes
like alteration of lifestyles or climate change
induced alterations in ES supply at global
scales (e.g. further increase of summer temperatures in Southern Europe could trigger
recreational demand in the Baltic). While
ES flow functionally is a result of interaction
between supply and demand functions,
it could be, in some cases easily assessed
(even using econometric methods).

What is already happening?
Increasing air and water temperature
will affect all three main groups of ecosystem services following the already
existing trends in primary parameters
are more pronounced in the northmost and coastal semi-enclosed areas
with lower salinities.
The present trends in Cultural ecosystem services related to mainly tourism
and recreation 7,19,16 are positive but
the interplay between the different
drivers makes the relation to the
climate change uncertain.
In Provisioning ecosystem services,
there are already negative trends
in aquaculture - temperatures are
already suboptimal for rainbow trout,
mussels and algae farming (present
report key message 4-10) while impact
on fisheries is mixed (see present

What is expected to happen?
The Cultural ecosystem services
(mainly relevant to tourism and recreation including recreational boating)
in general will be benefited by longer
bathing season and increased air and
water temperatures in the summer,
while other factors could have definitely negative effects on recreational
fishery - decrease of cod stock and ice
fishing possibilities along with expected shift towards smaller but not larger
sized fish (this report). (confidence
uncertain)
The supply of Provisioning ecosystem
services (mainly the most valuable
fish stocks in the Baltic) are expected
to be decreasing both in quantity, but
especially in the quality 11, while the
aquaculture is not expected to offset

Knowledge gaps

Policy relevance

Other drivers

Knowledge gaps

Policy relevance

XXX

XXX

Several anthropogenic pressures such
as eutrophication, persistent pollution
and microplastics, fishing and habitat
degradation could both offset positive and
strengthen negative trends in ecosystem
services supply, while protection and restoration efforts could lead to the improvement. Uncertainty in the future pressures
increases the uncertainty of projections of
ecosystem services.

While in the terrestrial domain, there are
already many scientiﬁcally sound proved
biophysical ES models capable to produce
spatial coverage and provide tools for
biodiversity and natural resources management, the modeling of aquatic ES hitherto
is largely underdeveloped (18, 12). Moreover, so far there is little understanding of
the relationships and feedbacks between
aquatic ecosystems and the services they
produce resulting in the negligible impact
on the policy process of economic valuation of coastal and marine ES (14).

The introduction of ecosystem services
concept was focused on the creation of
science-policy interface, so the projection
of marine and coastal ecosystem services
supply is critical for both strategic and territorial planning in the Baltic Sea area.
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