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Executive summary

To be completed

The following tables provide an overview of the impacts described in this report:

Many of the observed physical and chemical changes are consistent with increasing atmospheric CO, and a
warming climate (e.g. rising sea temperature, reduced sea ice and acidification) but many of the causative
links to climate changes are still not well understood. It is difficult to predict the precise rate and magnitude of
change (e.g. sea level rise, slowed Atlantic circulation, reduced sea ice extent, acidification, increased
freshwater input) and direction of change (e.g. ocean uptake of CO,; salinity; storminess; nutrient
enrichment), and to map impacts at local level (e.g. coastal erosion, storminess, stratification; nutrient
enrichment). Physical and chemical changes have directly been linked to impacts on marine biota (e.g.
range shifts in plankton, fish and intertidal species communities) and are suggested to have important
secondary effects (e.g prey availability for seabirds). Uncertainties about physical changes makes it difficult
to predict effects of stratification on primary production, storminess on seabird nesting sites and nutrient
enrichment on harmful algae blooms. Our understanding of the links between climate change and impacts
on marine ecosystems remains also limited due to insufficient data (e.g. marine mammals; benthic ecology;
intertidal communities) and difficulties to establish local effects (e.g. occurrence of harmful algae blooms,
establishment of non-indigenous species).



Table .1: Predicted climate change impacts on physical and chemical aspects of the marine environment

and what has been observed

IMPACT

Increased sea
temperatures

Reducing Sea
Ice

Increased
Freshwater input

Changed salinity

Slowed Atlantic
overturning
circulation

Shelf sea
stratification

Increased
storms

Increased sea
level

Reduced uptake
of CO»

Acidification

Coastal erosion

Nutrient
enrichment

What might happen

Warming in all OSPAR areas but with
strongest warming in Region | (Xu et al.
2005, IPCC 2007a)

Region |: sea ice may disappear in the
summer in coming decades (EEA 2008)

Region I: 10-30% increase in annual
riverine input by 2100 (Walsh et al., 2005)
with additional inputs from the melting of
land-based ice (Gregory et al. 2004,
Dowdeswell, 2006)

Regional precipitation is difficult to project
but Region IV and the southern part of

Region V may experience decreases in
precipitation (IPCC, 2007a)

Region | and V: The Atlantic ocean north
of 60° might freshen during the 21°
Century (Wu et al., 2005)

Slowdown of circulation in 21% Century is
very likely (IPCC 2007a)

Regions 1l and Ill: Shelf seas may
thermally stratify for longer, and more
strongly but in the same locations (Lowe
et al., 2009).

Projections of storms in future climate are
of very low confidence.

Between 0.18 and 0.59m by 2100 mostly
through thermal expansion and noting
high uncertainty at the upper range due to
ice sheet processes (IPCC, 2007a). A rise
of 2m in a century cannot be discounted
as a possibility based upon past change
(Rohling et al., 2008).

Dependent on  water
stratification and circulation.

temperature,

During the 21% Century ocean acidity
could reach levels unprecedented in the
last few million years with potentially
severe effects on calcareous organisms
(Feely et al., 2004, Turley 2008)

Predictions are very uncertain and highly
location specific (Cooper and Pilkey,
2004)

Predictions are linked to a number of
factors
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What has been observed

Regions I-IV have warmed since 1994 at a
greater rate than the global mean (ICES
2008a)

Warming most evident in Region Il

Region |: extent of sea ice has decreased in
recent decades (IPCC 2007a).

Region I: the supply of freshwater to the
Arctic appears to have increased between
the 1960s and the 1990s (Petersen et al.,
2002, Wu et al., 2005)

Freshening in the deep waters of Regions |
and V over the last 4 decades of the 20"
century (Dickson et al., 2002)

Monitoring is now in place that will be able
to observe long term change in the Atlantic
Overturning Circulation (Cunningham et al.,
2008)

Regions Il and Ill: some evidence for earlier
stratification in recent years and onset of the
associated bloom (Young and Holt, 2007,
Sharples et al., 2006) .

Regions | - V: severe winds and mean wave
heights increased over the past 50, but
similar strength winds were also present in
earlier decades (Gulev & Hasse, 1999,
Gulev & Grigorieva 2004)

Global sea level rose on average at
1.7mml/yr through the 20" Century. A faster
rate of sea-level rise was evident in the
1990s (Nerem et al., 2006, Church and
White 2006, Rahmstorf 2007)

North Atlantic: reduced flux of CO; into
surface waters in 2002-2005 compared with
1994-1995 (Schuster and Watson 2007).

Global: average decrease in pH of 0.1 units
since the start of the industrial revolution
(IPCC 2007a)

In many areas the combined effect of
coastal erosion, infrastructure and sea
defence development have lead to a narrow
coastal zone. (Doody et al., 2004)

Regions | — IV: Drier summers may already
be contributing to a decrease in nutrient
inputs (Hydes et al.,, 2008;). Higher
nutrients inputs in wet years have caused
harmful algal blooms



Assessment of climate change mitigation and adaptation

Table 3.2: Predicted climate change impacts on biological aspects of the marine environment and what has
been observed. In all case predictions are limited by uncertainties in ocean climate projections and species
and community responses

IMPACT What might happen What has been observed

Plankton Northwards shifts in species in shelf and 1000 km northward shift of many plankton
open ocean (ICES, 2008a) species over the last 50 years (Beaugrand
Region | : Increased productivity with loss €t al., 2009)
of sea ice (ACIA, 2005) Changes in timing of seasonal plankton

blooms (Edwards et al., 2008)

Harmful Algal Potentially increasing incidence as a result Anomalous phytoplankton blooms (often

blooms of changes in sea temperature, salinity and harmful) in specific habitats affected by

(HABs) stratification (Raine et al., 2008) lower salinities (e.g. Norwegian trench) or

higher temperatures (German Bight).
(Hoepffner, 2006; Raine et al., 2008)

Fish Northward shifts in population but lack of Northwards shifts of both bottom dwelling
knowledge of the underlying mechanisms and pelagic fish species most pronounced
make projections uncertain (Pinnegar et in Regions | and Il (ICES 2008a)
al., 2008).

Increased temperature could increase the
incidence of disease for farmed species of
fish and shellfish (Pinnegar et al., 2008)

Marine Loss of habitat for mammals dependent on Data on distribution, abundance and

mammals sea ice (Evens et al., 2008) condition of marine mammals is limited
Changes in availability of prey species are ~(ICES, 2007, 2008b).
likely especially in RI due to mismatches in  Ringed seals and polar bear may already
production (ACIA, 2005) be affected by loss of sea ice (IPCC

2007b, Evens et al., 2008)

Seabirds Impacts on seabirds are likely to be more Seabird breeding failure in the North Sea
important through changes in their food has been linked to variations in food
supply than through the losses of nests availability as a result of increased sea
due to changed weather (Mitchell and temperatures (Frederiksen et al., 2006).
Fredericksen, 2008)

Non- Increased invasions and establishment Establishment of pacific oyster Crassotrea

indigenous may be facilitated by climate change and gigas and the barnacle Elminius dodestus

species pose a high risk to existing ecosystems has been linked to climate change (ICES,
(Elliott et al., 2008) 2008a).

Intertidal Continues extension and retraction of the Some warm water invertebrates and algae

communities ranges of different intertidal species have increased in abundance and extend
(Meiszkowska, 2008) ranges around the UK over last 20 years

(Herbert et al., 2003, Meiszkowska, 2008)
Benthic Benthic sessile organisms are largely Anomalous cold winter conditions have
Ecology tolerant to moderate environmental seen outbreaks of cold water species and

changes over reasonable adaptive time
scales but are very vulnerable to abrupt
and extreme events. (Hoepffner, 2006)

Récapitulatif

die-offs of warm water species. (ICES,
2008a)

Species composition changes have
occurred but not major shifts or changes in
gross productivity (Frid and Moore, 2008,
ICES, 2008a).
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1. Introduction

Why is OSPAR concerned with climate change issues?

The five OSPAR regions under review cover the north-eastern North Atlantic (east of Cape Farewell and
north of Gibraltar) and its extended system into the shelves, high latitudes and Arctic. This region is one of
key importance to the climate system on a global scale. The processes that help to govern the global climate
system also have a local impact on the marine systems within this region.

The growing realisation that human action is affecting the climate has developed at the same time as
growing recognition of the importance of naturally occurring variations in the climate. Here we will focus on
climate change as the human induced warming trend and also on the observed changes associated with
climate variability (cycles of change in climate, here principally at a decadal scale) that may be the best
indication of how ecosystems might be affected by climate change. In the marine environment time-series
measurements are mostly short, very few allow high certainty of attribution to climate change, but all have
been collected through periods of climate variability that allow some assessment of how a warmer world will
change it.

In its future work OSPAR must take changes due to climate change into account and, where necessary,
adapt current policies and objectives to support work on reducing emissions and to account for increased
vulnerability of marine ecosystems.

1.1 Climate Change

The Greenhouse and Carbon Cycle

The Earth’s climate system sets the conditions in which we live and ecological systems evolve. Greenhouse
gasses (GHG) in the atmosphere regulate the re-radiation of heat out into space balancing the incoming
heating from the sun maintaining the Earths climate through the natural greenhouse effect. Over the scale
millions of years conditions change very strongly and major epochs of the world are associated with shifts in
the climate. Since the ice sheets last retreated (10-15000 years ago) the world has been in a warm period
during which modern society and ecosystems have developed.

Solar radiation powers
the climate system.

Some solar radiation
Is reflected by
the Earth and the
atmosphere.

Figure 1.1 Schematic of the
Greenhouse effect reproduced from
IPCC-AR4 WG1 FAQl1.3 (IPCC
2007a)

About half the solar radiation
is absorbed by the
Earth's surface and warms it. Infrared radiation is
emitted from the Earth's
surface.

Since the start of the industrial revolution we have been using some of the carbon stored as fossil fuels
during earlier periods, shortcutting the geologically slow cycling of carbon. The anthropogenic input of carbon
dioxide and other greenhouse gases is recognised as posing a threat to the stability and natural cycles of the
climate and the social and ecological systems that rely on it.

How is climate change being addressed?

Facing up to the challenges and opportunities presented by climate change requires both sound scientific
evidence and an effective framework for developing international social and regulatory mechanisms (i.e.
good evidence and sound decision-making).



Assessment of climate change mitigation and adaptation

Global

The United Nations Framework Convention on Climate Change (UNFCCC) has been in place since 1994. Its
key objective is 'to achieve stabilisation of greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate system'. Member nations meet
annually at the Conference of Parties (COP), and it was at the third of these meetings in Japan where the
Kyoto treaty was negotiated, with most industrialized nations and some central European economies
agreeing to legally binding reductions in greenhouse gas emissions of around 6 to 8% below 1990 levels
between 2008 and 2012. A timetable to agree a post-2012 framework was agreed at the 2007 COP in Bali,
which aims to be completed by the Copenhagen COP meeting in December 2009. This section will be
updated when the decisions of the Copenhagen COP are made available.

Europe — target to avoid dangerous climate change

The EU has proposed a target aimed at limiting global temperature increase to less than 2 °C above the pre-
industrial level. Contributing to this objective, prior to the Copenhagen COP, the EU has aimed to cut GHG
emissions by at least 20% relative to 1990 baseline levels by 2020 (EC Climate Action -
http://ec.europa.eu/climateaction/index_en.htm downloaded 31% July 2009). Also prior to the December
2009 COP, some member states have stated further commitments (for example the UK and Germany aim to
cut emissions by 34% and 40% respectively by 2020 relative to 1990). Even if the EU target is achieved, the
global warming we are already committed to will lead to climate change impacts for which countries
worldwide will need to adapt.

Evidence base

The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2007abc hereon
IPCC-AR4) states that “most of the observed increase in globally averaged temperatures since the mid-20th
century is very likely [over 90% likelihood] due to the observed increase in anthropogenic greenhouse gas
concentrations”. This use of ‘very likely’ in the IPCC-AR4 statement represents a greater degree of certainty
than in previous IPCC assessments with regards to the direct impact of human activity on global climate.

Observed temperature changes over the 20" century agree much better with model simulations that include
anthropogenic forcing than those that do not (see Figure 3.1.2). Over the last 50 years, the warming of the
oceans accounts for more than 80% of the change in the energy content of the Earth’s climate system.
(IPCC, 2007a). Many of these changes are observed in the OSPAR maritime area and some of the large-
scale processes within this area involving its oceans and seas play key roles in climate regulation. The
evidence base is also growing to support the suggestion that these marine climate changes are having an
impact upon the marine ecosystem and the services that it provides.

The IPCC-AR4 warns that “continued GHG emissions at or above current rates would cause further warming
and induce many changes in the global climate system during the 21st century that would very likely be
larger than those observed during the 20th century”’(IPCC, 2007c).

Figure 1.2 IPCC figure of time series
showing observed 20th century climate
(black) versus climate models with (pink)
and without (blue) anthropogenic GHG.
10 [Reproduced from IPCC AR4 WG1 Chp 9
11 FAQ 9.2] (IPCC, 2007a)
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Climate Change Scenarios

In order to assess the development of climate over the next 100 years a forecast has be made of emissions
of GHG. The actual future profile of GHG emissions is currently impossible to predict as it will depend on a
number of complex interacting processes (eg population growth, economic, social and regulatory
development as well as technological advances). The IPCC use scenarios that follow six storylines of the
future developed in the IPCC Special Report on Emissions Scenarios (IPCC-SRES 2000). For a full
description of the six scenarios please see www.ipcc.ch/ipccreports/sres/emission/003.htm . Briefly and for
example B2 is a scenario with more local solutions to economic, social, and environmental sustainability; the
scenario A1B has rapid economic development with a balanced emphasis on all energy sources; and A2 is a
scenario with a divided world, self reliant nations, and a continuously increasing population. It is not possible
to assess which of the scenarios is the most likely or closest to the actual future. Until the science
understanding likelihood of future emissions is better developed, or new scenarios are developed, the IPCC-
SRES scenarios remain the main tool for considering future possible climates.

The long residence time-scales associated with GHGs in the atmosphere means that we are already locked
into a certain amount of climate change and this is reflected in the outcomes of models that show little
difference in global temperature rise until the middle of the 21% century. Later in the 21% Century the
scenarios diverge and give a range of temperature changes, for instance by the last three decades of the
century under SRES A2 and B2 Europe undergoes a warming in all seasons in the higher A2 scenario this is
estimated to be 2.5 to 5.5°C, while under emissions scenario B2 the range is lower (1 to 4°C).

Current indications are that CO, levels are actually higher than the six emissions scenarios used by IPCC to
project climate this century (Raupach et al 2007).

Climate modelling of regions, oceans and seas

The ocean has long time-scales and short space-scales that make the modelling of ocean climate variability
and change demanding compared to the atmosphere. Yet in order to model the Earth’s climate as a whole
the ocean and cryosphere have to be included in Global Climate Models GCMs.

Since the third IPCC report in 2000 the development of the oceanic component of GCMs has continued.
“Resolution has increased and models have generally abandoned the ‘rigid lid’ treatment of the ocean
surface. New physical parametrizations and numerics include true freshwater fluxes, improved river and
estuary mixing schemes and the use of positive definite advection schemes. Adiabatic isopycnal mixing
schemes are now widely used. Some of these improvements have led to a reduction in the uncertainty
associated with the use of less sophisticated parametrizations (e.g., virtual salt flux). Progress in developing
Atmosphere-Ocean GCM (AOGCM) cryospheric components has been clearest for sea ice. Almost all state-
of-the-art AOGCMSs now include more elaborate sea ice dynamics and some now include several sea ice
thickness categories and relatively advanced thermodynamics” (IPCC 2007a).
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Figure 1.3 IPCC-AR4 WG1 (Figure 10.8) Multi-model mean of annual mean surface warming (surface
air temp) for 3 scenarios (B1: more integrated, and more ecologically friendly growth aimed at global
environmental sustainability , A1B: rapid economic development with a balanced emphasis on all
energy sources, A2: a divided world, self reliant nations, continuously increasing population) and 3
time periods, change is relative to 1980-1999. (IPCC, 2007a)
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The Arctic ocean and subpolar seas present a particular challenge for climate models. Coarse resolution in
global models prevents the proper representation of local processes that are of global importance (such as
the formation of waters in the Nordic Seas that supply the deep water overflows).

Water cycle responses to climate change are particularly uncertain on the boundaries between areas of
increasing and decreasing precipitation. There are important climate processes for regional climate that are
uncertain in terms of climate change response. These include the NAO (the North Atlantic Oscillation is a
region wide pattern of atmospheric pressure), blocking (persistence of high pressure systems that can have
a strong effect on weather for a season), and the thermohaline circulation. (IPCC, 2007a)

Most models continue to have difficulty controlling climate drift, particularly in the deep ocean this drift must
be accounted for when assessing change in many oceanic variables (IPCC, 2007a).

2. Climate Change Impacts on the marine
environment

Here we examine the evidence available for climate change impacts on the marine environment and
ecosystem. Firstly we consider changes to the environment itself, in essence the changes in the marine
climate that are part of and result from changes in the whole climate system. This is followed by the impacts
of the changing climate on the biological part of the marine ecosystem.

Direct evidence of biological impacts of anthropogenic climate change is difficult to demonstrate with high
certainty due to natural variation on wide spatial and temporal scales (Hoepffner 2006). However, a wide
range of observed impacts on marine biological systems have been linked to changing climate, either directly
(through impacts of sea temperature) or indirectly through impacts on the timing, distribution and abundance
of species.

2.1 Changes to the marine environment

Sea Temperature
What is the issue

The IPCC AR4 concluded that it is ‘likely’ that anthropogenic forcing has contributed to the observed
warming of the upper several hundred metres of the global ocean during the latter part of the 20" century.
Both sea and land surface temperatures in, and bordering, the OSPAR Maritime Area have increased from
1995 to 2004 at a rate which is well above the global mean (ICES 2008a).

What has happened and how confident?

In the OSPAR Region Il (North Sea) the rate of warming is about 1-2°C over the past 25 years whereas in
the western OSPAR Regions the warming is less (0.4—-0.8°C) and evidence suggest that summer periods in
the North Sea surface waters have become longer and warmer and winters have become shorter and less
cold. The increase in temperature in OSPAR Region IV (Biscay and western Iberia) is lower in the south and
is also strongly influenced by upwelling (ICES 2008a — see their Figure 3.1.3)

The strong influence of regional weather patterns (NAO, NAM- the Northern Annular Mode is a hemispheric
scale pattern of climate variability) and ocean circulation (North Atlantic Current) means that the global
warming signal is only partly reflected in the temperatures of European Seas (ICES 2008a) and it is apparent
that natural variability is still the dominant forcing factor on temperature change in the European Seas (IPCC,
2007a).

Over a longer timescale sea surface temperature (SST; Rayner et al. 2003) for the area 45°-60°N, 3°-20°W
(the eastern part of region 5 and border with region 3) exhibits a linear warming trend of 0.38°C over the
1900 to 2007 period but very strong warming since the early 1990s, with the warmest years in the record
being 2007, 2006 and 2005 (Cannaby & Hisrevoglu 2009).

What might happen?

The IPCC projects future ocean warming to be relatively large in the Arctic, with less warming over the North
Atlantic (e.g. Xu et al 2005). However, changes in SST for the different geographic regions across Europe
are difficult to predict as the resolution of the coupled-ocean atmosphere models used is not high enough
(EEA 2008).

11
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Are there any OSPAR regional differences

The surface waters in all OSPAR regions warmed in 1999 — 2008 relative to the period 1971 — 2000 (Figure
3.1.4). The warming is most evident in Region 2.

In Region 3, work by Cannaby & Husrevoglu (2009) an analysis of a nearshore time-series (Malin Head)
exhibits a linear warming trend of 0.85°C over 1958-2006 with the warmest years in the record occurring
since 1995. They carefully attribute about half of this warming to anthropogenic climate change.

Figure 2.1 Annual mean sea surface
temperature (SST) anomaly for the
OSPAR region, showing the mean of
the period 1999-2008 minus the
1971-2000 mean. The plot uses an
extended reconstruction of global SST
data (NOAA_ERSST_V3 data
provided by the NOAA/OAR/ESRL
PSD, Boulder, Colorado, USA
http://www.cdc.noaa.gov/).

1 S S08 08 0 =0d ol 08 08 08 1

Seaice
What is the issue?

Sea ice is formed at the surface of the ocean and can persist through the summer to become multi-year ice.
The high albedo of ice means that much of the incoming shortwave solar radiation to the Arctic region is
reflected back to space without being able to warm the atmosphere, land or sea. Sea ice also directly helps
to regulate the air-sea exchange of freshwater, heat and gasses. Its effect on light and plankton in the upper
ocean leads to strong coupling with Arctic trophic structures. Changes in sea-ice also have an impact on the
uses of the sea through improved access whether for transpolar shipping routes, fishing, oil & gas
exploration or eco-tourism.

What has happened and how confident?

Satellite observations show that annual average sea ice extent has decreased by 2.7 + 0.6% per decade
since 1978 with declines being particularly marked in summer. The summer minimum has been declining at
a rate of about 7.4 + 2.4% (IPCC, 2007a) per decade. In September 2007 the lowest extent ever recorded of
about half the normal minimum of the 1950s (EEA 2008) was caused to some degree by regional warming
combined with an anomalous Sea Level Pressure pattern. It is not known what long term impact an extreme
event like 2007 can have, but the nature of the positive feedback to heating through lost albedo mean that it
could be long-lasting and strong. The minimum ice extent in the following summer (2008) had greater
coverage than 2007 but remained low compared to previous years, and consisted of relatively young and
thin ice.

Reductions in sea-ice extent have had significant impacts on the North East Atlantic ecosystem. The IPCC
AR4 (IPCC, 2007a) reported with high confidence that “the reduction of Arctic sea ice has led to improved
marine access, increased coastal wave action, changes in coastal ecology/biological production and adverse
effects on ice-dependent marine wildlife, and continued loss of Arctic sea ice will have human costs and
benefits”.

What might happen?

Rising temperatures would be expected to continue the downward trend. A recent study, based on IPCC
AR4 model simulations, projected mean reductions of annually averaged sea ice area in the Arctic by 2080-
2100 of 31%, 33% and 22% under the A2, A1B and B1 SRES scenarios(Zhang and Walsh, 2006).

The observed trend for much greater sea ice loss in summer compared to winter is a feature of future models
(see Figure 3.1.5) and it is possible that Arctic sea ice may disappear at the height of the melting season in
the coming decades (EEA 2008). In contrast, the area of seasonal (winter-only) sea-ice coverage actually
increases in many models (IPCC 2007b).

12
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Are there any OSPAR regional differences?

Sea ice is regularly evident in OSPAR Region 1. In particularly hard winters sea ice can also occur in limited
areas of Region Il

Current Arctic Conditions

Figure 2.2 Observed minimum sea-ice extent for
September 2002, and projected (2080 - 2100)
sea-ice minimum extent, together with potential
new/improved sea routes (redrawn from Instanes
et al., 2005; Walsh et al.,, 2005). From IPCC
(p.659) WG Il (IPCC 2007b)
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Freshwater input
What is the issue?

The large scale balance of freshwater is important through its impact on the thermohaline circulation but also
for riverine inputs from coasts that can strongly affect productivity (through nutrient supply) as well as local
currents and pathways (through freshwater effects on buoyancy). On an annual time-scale the whole of the
North Atlantic and its extended system into the shelves, high latitudes and Arctic, north of about 50° N
benefits from an excess of precipitation over evaporation (P — E > 0 mm/year). P — E is particularly high to
the south and west of Norway and over Iceland and south-east Greenland (Serreze et al 2008). This
aerological flux of freshwater flux into the region is balanced, with river-runoff as an intermediate step, by the
oceanic transport of ice and freshened seawater southward into regions where evaporation predominates.

What has happened and how confident?

Winter rainfall has substantially increased over Northern Europe, increasing flooding along river basins and
increasing runoff into the North Sea (Struyf et al. 2004).

Peterson et al. (2002) concluded that the average annual discharge from six Arctic rivers increased by 7%
from 1936 to 1999. The increase is linked both to Arctic warming and to the amplifying NAO/AO (NAO/Arctic
Oscillation system) from the 1960s to the 1990s. Wu et al. (2005) reproduced the trend in Arctic riverflow
using an ‘all forcings simulation’ of a global coupled climate model (HadCM3 — the UK Met Office Hadley
Centre coupled model) in which the model was forced with both anthropogenic (greenhouse gases, sulphate
aerosols and ozone) and natural (solar and volcanic) external factors. The simulated change in Arctic river
flow shows a consistent upward trend from the 1960s, ‘in very good agreement’ both in timing and amplitude
with the trend reported by Peterson et al. (2002) from river monitoring data. The trend is not evident in the
set of experiments using only natural forcings. They therefore describe it as likely that the upward trend in
circumarctic riverflow is real, part of an anthropogenic intensification of the global hydrological cycle. Curry et
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al (2003) describe evidence of the accelerated water cycle through freshening of the Nordic Seas and upper
North Atlantic while sub-tropical seas appear more saline over 4 decades.

What might happen?

Future projections give an estimated increase of 10-30% in annual river flow to the Arctic Ocean by the end
of the 21% century (Walsh et al. 2005 in IPCC 2007b) with additional inputs from the melting of land based
ice, most notably Greenland (Gregory et al., 2004; Dowdeswell, 2006).

Confidence in model projections of future precipitation is low, downscaling studies demonstrate that local
precipitation changes can vary significantly from those expected from the large-scale hydrological response
pattern. (IPCC 2007a)

Are there any OSPAR regional differences?

The IPCC (2007a, see FAQ 11.1) suggests that, while regional prediction of precipitation remains uncertain,
Region 4 and southern area of Regions 3 & 5 are more likely to experience decreases in precipitation, and
reduction in supply of freshwater in summer months, either directly or through changes in local catchments.
They also suggest that precipitation is more likely to increase over Region 1 in summer and over Regions 1
& 2 in winter.

Ocean salinity
What is the issue?

The salinity of the surface layer of the ocean (the top 100 m) is most heavily influenced by changes in
precipitation and evaporation (Josey & Marsh, 2005) and is more variable than deep-sea salinity. Ocean
salinity is important through its effect on the density of the water and resultant impacts on ocean circulation.
Reduction of sea ice, acceleration of the global water cycle and thawing of ice on land will all modify the
oceans salinity. In shelf seas, changes in salinity at the surface would have an impact on the presence or
absence of stratification of the water column and on the local circulation.

What has happened and how confident?

In the deep northern North Atlantic and Nordic seas, salinity evolved from a maximum in the 1960s to a
minimum in the mid-1990’s and in conjunction with salinification in the tropics these changes have been
suggested to be evidence of a global scale acceleration of the water cycle. (Dickson et al, 2002, Curry et al
2003). The freshening is thought consistent with these northern regions having greater precipitation,
although higher runoff, ice melting, advection and changes in the meridional overturning circulation may also
contribute (IPCC 2007a).

Hatun (2005) suggests that the salinity of the waters in Regions 3 & 5 that feed Region 1 (the North Atlantic
inflow to the Nordic Seas) is influenced by the relative importance of the subtropical and sub-polar
gyres(Figure 3.1.6). The salinity of the inflow is strongly correlated to the Sub-polar gyre index of Hakkinen
and Rhines (2004). Direct measurements of the waters of the North Atlantic Current that feed the Nordic
Seas and Arctic through Fram Strait have undergone a strong increase in salinity since the mid 1990s.
Increasing to a maximum in the observed record in 2005 (Hughes and Holliday, 2007, Holliday et al 2008).

The measurements and trends observed are of high confidence, however it is not possible to attribute them
to climate change, though they are consistent with changes that might be expected given an acceleration of
the hydrological cycle.

What might happen?

Changes in precipitation patterns, ocean circulation and ice melt would cause changes in the salinity of the
upper ocean. In the OSPAR region these could be passed onto deep water through the modification of
overflow water and the water that it entrains.

The IPCC suite of models project, with low confidence, that the Atlantic Ocean north of 60°N will freshen
during the 21st century (Wu et al 2003).

Are there any OSPAR regional differences?

Change in salinity will be strongly dependent upon location. Salinity in all the regions is strongly associated
with ocean circulation, the shelves will be more sensitive to local river runoff and catchment precipitation
while the northern and western areas of Regions 1 and 5 are sensitive to changes in the polar ice and
freshwater cycle.
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Figure 2.3 from Hatun et al 2005. Salinity of the inflows to the Nordic Seas the relative contributions of
waters from the Subpolar and Subtropical gyres due to the ‘strength’ of the subpolar gyre (Hakkinen &
Rhines, 2004)

Atlantic Meridional Overturning Circulation
What is the issue?

The Atlantic Meridional Overturning Circulation (MOC) is driven by changes in the temperature and salinity of
surface water as it moves north in the Atlantic. The cooling of warm Atlantic waters as they move polewards
leads to the sinking of dense waters which then pass south eventually supplying all the oceans of the world
with deep water. Northwestern Europe benefits from the regional warming provided by this current. As the
circulation requires water to be made dense in northern latitudes, freshwater input has the potential to slow
or stop it in its current form if the water becomes too fresh and therefore too light to sink.

What has happened and how confident?

Continuous direct measurements of the MOC have only become possible recently and they show that the
day to day variability is high (Cunningham et al 2008). This variability is high compared to the previously
available discrete hydrographic observations which had been suggested as evidence of a slowing of 30% in
the Meridional Overturning Circulation (MOC) since the early 1990s (Bryden et al. 2005).

What might happen?

Whilst the IPCC AR4 considered it ‘very likely’ (greater than 90% chance) that the MOC will slow down
during the next century (with models predicting an average 25% decrease under SRES scenario A1B),
temperatures are still expected to increase in the region as the signal from greenhouse warming will
overcome any associated cooling effect. This weakening of the MOC has been suggested to be a result of
an increase in high latitude temperatures and precipitation (reducing surface water density).

Are there any OSPAR regional differences?

The local temperature response to change in the MOC is strongest in Region 1.

Shelf sea stratification
What is the issue?

In the shelf seas some areas stratify seasonally where surface waters are made buoyant enough through
heating and addition of freshwater to overcome the mixing associated with tides. These areas of stratification
have an impact on the seas circulation and on many components of the ecosystem through nutrient supply.

What has happened and how confident?

There is some evidence of a recent trend to earlier stratification and onset of the spring bloom in European
Shelf Seas (Regions 2 & 3), largely in response to warming air temperatures (Young & Holt, 2007, Sharples
et al 2006).

What might happen?

Our understanding of how shallow seas respond to meteorology suggest that stratification and the
associated spring bloom will, on average, occur earlier in a warmer climate (Sharples & Dye 2008). Under a
medium future emissions scenario (A1B — IPCC-SRES, 2000) the UK Climate Projections (Lowe et al 2009)
suggest that most areas of shelf sea stratification in Regions 2 & 3 will not change their extent greatly but
that stratification may be stronger and last longer with earlier onset. Conversely areas of Regions 2&3 that
are stratified by salinity along the European continental coast appear to be stratified for a shorter period
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under the same future projection (Lowe et al 2009). Intensified seasonal thermohaline stratification could
lead to accumulation of organic matter in bottom layers, causing oxygen depletion in some areas. Increased
stratification will also enhance the development of flagellates, utilising nutrients from deep layers.

Increasing temperature and its impacts on stratification on algal blooms have been investigated by Peperzak
(2003) who showed the importance of increasing temperature and stratification in doubling the growth rate of
harmful algae, concluding that the risk of HABs due to climate change will increase rather than decrease in
the future.

Are there any OSPAR regional differences?

Shelf sea stratification is most important in OSPAR Regions 2 & 3. In Regions 1, 4 & 5 areas of stratification
that are controlled by bottom mixing are less evident primarily due to the restricted shelves.

Storms and waves
What is the issue?

Wind-driven waves and storms are seen as the primary drivers of short-term coastal processes on many
European coasts (Smith et al.,, 2000). Higher waves and increased storm-surge elevations would have
important potential consequences such as enhanced erosion and flooding in estuaries, deltas and
embayments (Flather and Williams, 2000; Lionello et al., 2002; Tsimplis et al., 2005; Woth et al., 2005).

What has happened and how confident?

Recent analyses of a more extensive data set confirm a significant upward trend in wave heights in the North
Atlantic, but only for the last 50 years and embedded within a pattern of multi-decadal variability over more
than a century (Gulev & Hasse, 1999; Gulev & Grigorieva, 2004).

Many of the changes in storms and waves over the last 50 years in the North East Atlantic can be
understood in terms of the behaviour of the NAO. A recent strong trend in the NAO (towards stormier
conditions) is apparently unique in its history, but it is controversial whether this is a response to greenhouse
gas forcing (Osborn, 2004).

What might happen?

At present confidence in Global Climate Models (GCMs) and Regional Climate Models (RCMs) modelled
wind field changes is very low (Hulme et al., 2002).

In light of the overall low confidence, a large number of analyses have been conducted and many GCMs
suggest a general trend towards the stormier tendency of NAO in the 21st century (e.g. Terray et al., 2004;
Miller et al., 2006). However, some Regional Climate Models suggest different and mostly weaker changes
in winds and storminess (e.g. Hulme et al., 2002; Barnett et al., 2006). Overall climate models typically
predict a decrease in the total number of extra-tropical cyclones but an increase in the number of the most
intense storms (Lambert & Fyfe, 2006).

Either a strengthening of the storm track or an increase in intense cyclones will result in a deterioration of
wave conditions (Wolf & Woolf, 2006).

Are there any OSPAR regional differences?

The size of storm systems means that variations in the path of storms across the North Atlantic would
directly affect the OSPAR regions differently. It may be that a decrease in storms over one area might
directly mean an increase in another.

Sea level (including effects on coastal habitats).
What is the issue?

Sea-level rise (SLR) can cause flooding, coastal erosion and the loss of coastal regions. It reduces the return
period for extreme water levels and threatens existing coastal ecosystems. Future impacts from SLR will be
felt most keenly on low-lying coastlines with high population densities and relatively small tidal ranges
(Kundzewicz et al, 2001). Decisions on adaptation measures (eg. defence or re-alignment) will affect coastal
communities and ecosystems.

What has happened and how confident?

Over the 20™ Century global average sea level rose at an average of 1.7mm/yr, which varies by between -
0.3mm/yr to 2.8mm/yr along European coasts depending on the region.

Tide-gauge and satellite data-sets indicate an accelerated trend in sea-level rise since about 1990 (Nerem et
al., 2006; Church and White, 2006; Rahmstorf, 2007). In 2008 the EEA report this increased rate in the
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satellite data as 3.1 mm/year during the previous 15 years. At present it is unclear whether this higher rate is
part of a continual long-term acceleration in the rate of rise or is associated with shorter timescale variability
of the climate and sea level system.

What might happen?

The IPCC AR4 projects an overall level of rise during the 21%' century of 0.18-0.59m above the 1980-2000
level but with large uncertainties attached to the upper limit associated with ice sheet dynamics. Thermal
expansion is the largest component in the IPCC projection, contributing 70-75 % for all scenarios. Glaciers,
ice caps and the Greenland ice sheet are also projected to contribute to sea-level rise but with high
uncertainty (IPCC, 2007a).

Average rates of 1.6£0.8 m per century of sea-level rise during the last inter-glacial (Rohling et al. 2008) may
give an insight to rises that cannot be discounted in the coming century, but there is no evidence to suggest
this is currently happening.

SLR projections for Arctic coasts based on SRES scenarios indicate an increased risk of flooding and
coastal erosion after 2050 but always lower than the risk in the North Sea (Johansson et al 2004, Meier et
al., 2004, 2006; Nicholls, 2004; EEA 2008).

An additional 1.6 million people living in Europe's coastal zones could experience coastal flooding by 2080
(EEA 2008).

Are there any OSPAR regional differences?

Change in absolute sea level is seen locally through changes in the sea level relative to the land. Land-level
is responding to the millennial time-scale change of glaciation where land that was covered by ice is now
rising. Relative sea-level rise is lesser in those areas experiencing isostatic uplift. The rate of uplift is not
constant and some areas traditionally thought to be at low risk of significant changes in relative sea-level
may be within range of SLR (Smith et al., 2000).

In Northern Europe, the removal of the great Eurasian ice sheets at the end of the last glacial period has led
to a post-glacial ‘rebound’ of the land. Fennoscandia and Denmark were at the centre of the former ice
mass, here the isostatic post-glacial rebound mean that Sweden and Finland are subject to uplift at a rate
that is leading to relative falls of sea level (Doody et al 2004).

By contrast, beyond the edge of the former Eurasian ice masses, in the North Sea between Norway and
Great Britain and extending through the northwestern Netherlands and northern Germany, the collapse of
the glacial ‘forebulge’, and re-filling of the ocean basins when the ice sheets melted mean that subsidence is
apparent (Lowe et al 2004 see Chapter 3).

In Iceland, melting of the four major ice caps since 1890 is leading to glacio-isostatic uplift of land in the
centre and south-east of the country (Lund & Arnadottir 2009). In Greenland, the response of the Greenland
ice sheet to glacio-isostatic adjustment (both since the last glacial and through present-day wastage) largely
leads to falling sea levels, particularly in the south-east where present day ice-loss is greatest and sea level
could be falling at rates as high as a few mm per year (Fleming et al 2009).

Air-Sea exchange of gases (inc CO2)
What is the issue?

The ocean uptake of CO, is a primary control on the level of GHGs in the atmosphere, and hence the
climate.

What has happened and how confident?

The North Atlantic is the major store of dissolved CO, in the global ocean (Sabine et al., 2004) which has
taken up about one quarter of the anthropogenic emissions of CO, in the last 200 years.

Recent evidence suggests that the flux of atmospheric CO, into the surface of the North Atlantic reduced in
2002-05 compared with that measured in 1994-95 (Schuster and Watson, 2007).

What might happen?

Uptake of CO; in the future will be strongly affected by changes in water temperature and significant
changes in circulation and stratification of the upper ocean.

Are there any OSPAR regional differences?

The exchange of CO, is different for open ocean and shelf and for cold relative to warm waters. Where sea
ice exists this will also have an impact on the exchange.
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Acidification
What is the issue?

When atmospheric CO, dissolves in the ocean, a weak acid is formed. As CO, increases in the atmosphere
so does the acidity of the ocean (its pH is lowered). These changes have a potential feedback if decreasing
pH decreases the oceans ability to take up more CO, (Turley 2008).

The effects of increased CO, in the ocean have only recently been seriously debated and the underlying
knowledge base is presently small. As recently as the 1990s awareness of the effects that acidification could
be having was limited and the 2000 QSR did not mention CO, effects directly (OSPAR -JAMP BA-3).

What has happened and how confident?

The ocean is becoming more acidic as it has taken up anthropogenic carbon since the start of the industrial
revolution, with an average decrease in pH of 0.1 units (IPCC, 2007a). Current changes in ocean carbon
chemistry are at least 100 times more rapid than any experienced over the past 100 000 years. During the
21% century this change could reach levels unprecedented in the past few million years (Feely et al., 2004).
The basic chemistry of atmospheric CO, leading to decreased pH is well understood and there is high
scientific confidence in the change in pH resulting from anthropogenic CO, increases.

Whilst there is some basic physiological understanding of processes, there is little in the way of field
observations supporting impacts of the changed pH on organisms (OSPAR JAMP BA-3).

What might happen?

Depending on the future trajectory of CO, emissions, scenario projections suggest a further reduction of
about 0.2 to 0.5 pH units (Orr et al., 2005; Caldeira and Wickett, 2003).

Changed pH will have consequences for the carbonate saturation state of the seawater and increased
difficulty for marine organisms to build carbonate shells. This would be likely to impact negatively upon some
pelagic organisms, including potential key species of phytoplankton and zooplankton (JAMP) with potential
consequences for the entire ecosystem structure (Hoepffner 2006). Impacts of pH on other organisms than
aragonitic and calcitic organisms are theoretically serious, notably through impacts on nutrient speciation
and therefore primary production and biodiversity but there has been little research on this (Turley 2008).

Are there any OSPAR regional differences?

Since the last QSR, work by Bellerby et al. (2005, Fig 3.1.7 below) on an area relevant to OSPAR concluded
that future change would not be uniform, with regional gradients associated with the transition between
Atlantic and Arctic waters.

Ocean acidification may have the greatest impact in the Arctic (OSPAR region 1) where an analysis of the
effect of doubling atmospheric CO, concentration suggested the possibility of a complete undersaturation of
aragonite by 2100 (EEA 2008). A recent study warns that the impact of acidification may be imminent in the
Arctic suggesting that periods of undersaturation of aragonite could occur in some locations of the Arctic
before 2020 (Steinacher et al 2009).

Figure 2.4 From Bellerby et al (2005) shows the projected reduction in surface pH from 1997 to 2067 in a
scenario where atmospheric CO2 doubles during that time.
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Coastal Erosion
What is the issue?

Sea-level rise and changes to storms caused by climate change have the potential to change coastal erosion
and accretion. This may cause changes in the remobilisation of sediments or lead to loss of habitat at the
coast. A plausible extreme scenario for some places is the complete loss of coastal margin.

“Living with coastal erosion in Europe: Sediment and Space for Sustainability” (Doody et al, 2004) was
published by the EU EUROSION research programme in 2004 which considered impacts of climate change,
and is the primary source of information.

What has happened and how confident?

EUROSION (Doody et al 2004) reported that the combined effect of coastal erosion, infrastructure
development and the building of defences to protect them has led to, in many areas, a narrow coastal zone.
Constructing barriers such as roads, dykes, and other coastal developments leads to ‘Coastal Squeeze’
through reduced scope for low-lying and inter-tidal areas to naturally adjust to changes in sea level, storms
and tides. This causes a direct loss of natural habitats. In areas where relative sea level is rising or where
sediment availability is reduced, there is a further coastal squeeze evident as a steepened beach profile.

What might happen?

The degree of coastal erosion that may result from sea-level rise is very uncertain (Cooper and Pilkey,
2004). Models of coastal sediment flux under climate warming scenarios shows some ‘soft’ coasts retreating
by more than 40 m per century whilst others show accretion of about 10 m per century (Walkden and Hall,
2005; Dickson et al., 2007).

Some current areas of salt-marsh, coastal dunes and wetlands will decrease and possibly disappear and
with them natural vegetation and species, affecting the ecosystem services that these areas supply. The
natural ability of wetlands to absorb nitrogen and metals discharged by rivers could be changed with the risk
of accelerating eutrophication of coastal waters.

Are there any OSPAR regional differences?

Although a large part of Europe’s coastline in the OSPAR region is robust to sea-level rise (Stone and
Orford, 2004), there are extensive subsiding, geologically ‘soft’, low-lying coasts such as in the southern
North Sea.

The IPCC (2007b) reported that, sea-level rise projections under some SRES scenarios indicate an
increased risk of flooding and coastal erosion on Arctic and Baltic coasts after 2050 (Johansson et al., 2004;
Meier et al., 2004, 2006; Kont et al., 2008).

Nutrient enrichment.
What is the issue?

The JAMP assessment (OSPAR JAMP EA2) on nutrients highlights a number of key variables affecting
eutrophication that are associated with climate. Rainfall patterns affect the level nutrients entering rivers and
subsequently discharged to the sea. Sea temperature directly impacts upon phytoplankton and seasonal
stratification with consequential changes to the availability of nutrients in the summer, extent of growth and
types of phytoplankton expected. Increasing storminess would affect turbidity and mixing of the sea, which
also influences the light climate to which phytoplankton are exposed, and may decrease overall growth in
shallow areas. These factors may also affect the growth of macrophytes and toxic algae. It is important to be
able to distinguish between changes due to climate and changes induced by anthropogenic nutrient inputs to
the sea (OSPAR JAMP EA2).

What has happened and how confident?

Drier summers may already be contributing to a decrease in nutrient inputs in European seas although it is
difficult to distinguish between changes due to the effects of human inputs (e.g. agricultural run-off) and
those that may be due to climate change through rainfall and ocean transport.

In the 1990’s, Contracting Parties were reporting climate-related effects on eutrophication. The Netherlands
noted a large increase in the toxic species Dinophysis following an unusually wet year, and Denmark noted a
significant decrease in nutrient inputs and chlorophyll levels caused by a number of uncharacteristically dry
years.

What might happen?

Overall impacts of climate warming upon coastal and marine ecosystems are likely to intensify the problems
of eutrophication (IPCC 2007b)
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In the future, drier summers may decrease nutrient inputs, although sudden storms may deliver pulses with
consequences that are difficult to predict. More intense winter storms would raise concentrations of nutrients
at the ocean surface and may increase transfer of nutrients into shelf seas. If summer stratification (reduced
mixing) becomes stronger, nutrient supply from deeper to surface waters will reduce during the productive
season (Hydes et al 2008).

Are there any OSPAR regional differences?

The main impacts appear to add a further pressure to those areas susceptible to eutrophication as such this
is of primary importance to particular areas within OSPAR regions. Suggestions of potential regional climate
impacts are discussed in OSPAR JAMP EA2.

Winter rainfall has substantially increased over Northern Europe, increasing flooding along river basins and
increasing runoff into the North Sea (Struyf et al. 2004). Nutrients in Region 2 may have been transferred to
the coastal environment more quickly.

2.2 Impacts on biology

Changes in biogeography and the distribution and extent of habitats
What is the issue?

Recent changes in ocean climate, most notably rising sea temperatures, have been linked to changes in the
distribution, abundance and phenology of marine species across the OSPAR maritime area.

What has happened and how confident?

Rising temperatures over the last decade have played a primary role in influencing the ecology of European
seas (Hoepffner 2006). This conclusion is supported by an ICES meta analysis of long datasets for almost
300 species of plankton, benthic species, fish and seabirds. This recent study identifies climate change as a
recognisably important factor in driving changes in distribution, abundance and seasonality of marine biota
across the OSPAR maritime area. (ICES 2008a, see case study for more details xx)

Evidence from the MarClim project suggests that species range expansions in response to climatic warming
is occurring quicker in marine systems (plankton, fish as well as intertidal species) than terrestrial systems.

What might happen?

Rising sea temperatures will continue to impact upon the distribution, abundance and timing of marine
species with important consequences for predator-prey relationships, could help facilitate the spread of
invasive species and also stress locally restricted species. The Arctic ocean may become ice free in the next
few decades, with important consequences for ice-dependant species in the Arctic. Sea level rise, storms
and erosion will affect coastal habitats. These changes will take place against the backdrop of increased
acidification of our seas adding further stress to marine ecosystems.

Are there any OSPAR regional differences?

Some regions within the OSPAR maritime area are more intensively studied than others, such as OSPAR
region 2 covering the North Sea.

Plankton
What is the issue?

Increased regional sea temperatures in the North East Atlantic have triggered a major re-organisation of
zooplankton species composition and biodiversity. Future warming will lead to further changes in the regional
distribution of primary and secondary production and as the base of the marine food web lead to impacts at
higher trophic levels.

What has happened and how confident?

Beaugrand et al. (2002) and Edwards et al. (2008) highlight observed changes in zooplankton distribution
and abundance, specifically biogeographical shifts of calanoid copepod communities in recent decades, with
the warm-water species shifting northwards and the cold-water species retreating northwards.

The changes that have taken place in these Northern European waters are sufficiently abrupt and persistent
to be termed as ‘regime shifts’ (Beaugrand 2004) with a northward shift in the distribution of many plankton
and fish species by over 10 degrees of latitude (or over 1000km) being observed over the past fifty years
(Figure 3.1.8). This has been particularly associated with the shelf edge current running north along the
European continental margin (Beaugrand et al, 2002; Brander et al, 2003; Genner et al, 2004)
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Figure 2.5 Maps showing biogeographical shifts of calanoid copepod communities in recent decades, with
the warm-water species shifting northwards and the cold-water species likewise retracting north, by over 10°
of latitude (Edwards et al., 2008).

In the North Sea, the regime shift is well demonstrated by the ratio of the cold-temperate Calanus
finmarchicus to the warm-temperate Calanus helgolandicus (see Figure 3.1.9). The dominance of C.
helgolandicus over the last decade is clear and it should be noted that the overall abundance of Calanus in
the North Sea has considerably declined with important implications for other trophic levels.

Figure 2.6 A simple percentage ratio
between a warm-water species (Calanus
helgolandicus) and a cold-water species
(Calanus finmarchicus) annually from
1958-2006 and total annual Calanus
abundance. Note: while the warm species
is replacing the cold water species the
actual total Calanus abundance is
decreasing (Edwards et al. 2008)
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Over the past 30 years, rising sea temperatures have been accompanied by a rise in the NAO index. This
has led to significant changes in plankton production, biodiversity and species distribution with impacts on
fisheries production and other higher predators (e.g. seabirds) (Reid & Edwards, 2001; Edwards et al, 2002;
Beaugrand et al, 2003; Richardson & Schoeman, 2004; Southward et al, 2004; Alheit et al, 2005; Heath,
2005).

The seasonal timing of plankton production has also altered in response to recent climate changes with
some species occurring up to four to six weeks earlier than 20 years ago, affecting predators, including fish
(MCCIP 2008). As responses to climate warming have varied between different functional groups and trophic
levels, this has led to mismatch in the prey-predator relationship (Hoepffner 2006).

What might happen?

With increasing temperature in the future there is an expectation that there will be a demonstrable
shift’expansion of distribution northward related to species’ biological associations and ecological
characteristics (ICES 2008a). In the northern seas of Europe, and the Arctic, the open ocean plankton
production is predicted to significantly increase in the large areas that will become ice-free in summer as the
result of higher temperatures (ACIA, 2005). Such changes in productivity will affect the biodiversity and
carrying capacity of these natural systems, as well as the potential for the use of the sea by society
(Hoeppfner 2006).

Future warming is likely to alter the geographical distribution of primary and secondary pelagic production,
affecting ecosystem services such as oxygen production, carbon sequestration and biogeochemical cycling.
These changes may place additional stress on already-depleted fish stocks as well as have consequences
for mammal and seabird populations (Edwards et al 2008).

Are there any OSPAR regional differences?

As described above, changes across all European Seas are observed associated with the ‘regime shift’ in
species composition, abundance and timing over the past 50 years.

Algal blooms
What is the issue?

Changes in ocean climate (sea temperature, salinity and stratification) could lead to changes in the incidence
of harmful algal blooms (blooms with harmful consequences due to the release of toxins or by depletion of
oxygen). For example, higher temperatures in the future could lead to better growth conditions.

What has happened and how confident?

Over the last few decades, changes in phytoplankton species in the European Seas have created a situation
of anomalous phytoplankton blooms, often associated with harmful consequences (i.e., HABs) on humans
and the surrounding ecosystem (Hoepffner 2006). This has been especially the case since the major
hydroclimatic change (regime shift) that occurred in the mid 1980s, although increases are primarily
restricted to specific habitats affected by lower salinities, such as the Norwegian Trench, and much higher
temperatures, such as the German Bight (Raine et al 2008).

The increasing frequency of blooms and the potential harmful consequences have seen the development of
regional and national programmes such as EUROHAB (Granéli et al. 1999). The EU-US scientific initiative
on harmful algal blooms (EC-NSF 2003) is an example of a thematic programme promoting new research in
this area. The development of a common approach may lead to better understanding and management of
local HAB events (Hoeppfner 2006).

What might happen?

In the future, higher temperatures may lead to better growth conditions, and increased stability (leading to
increased water clarity), with the potential to favour the growth of some toxic and other HAB species (Raine
et al 2008).

The major environmental variables associated with climate change that will affect HABs are:

. Increase in temperature.

. Increase in the frequency of storms.

. An increase in amount of flooding, particularly during the summer months.
. Alterations in the coastline due to sea-level rise.

22



Assessment of climate change mitigation and adaptation

It is, at present, difficult to assess the timescale over which such changes will occur through lack of
knowledge of the exact dependence of each species on any climatic variable (Raine et al 2008).

Are there any OSPAR regional differences?

See what has happened and what might happen sections.
Fish

What is the issue?

Demersal and pelagic species in all OSPAR regions have experienced range shifts and changes in
abundance over broad spatial areas and on multi-decadal timescales. In the time since the last OSPAR QSR
was published, these changes appear to agree more often with the expected climate effect as fishing may
have masked this effect over longer timescales (ICES 2008a).

What has happened and how confident?

The ICES advice book (2008) states that there is ‘ample evidence for changes in fish distribution and
abundance that are consistent with the expected (i) northward shift or towards deeper regions of the
distribution and (ii) increase in abundance in the northern part and decrease in the southern part of the
range’.

These changes are most pronounced in OSPAR regions | and 2 (northern seas) and have been observed in
both bottom-dwelling and pelagic species as well as in exploited and unexploited species. Whilst other
factors such as fishing prevent us from unequivocally attributing these responses to climate it is ‘highly likely’
that climate effects are contributing to this change. For example, it is reported that stocks of cod in the North
Sea are decreasing at a rate that cannot be explained by overfishing alone (Schubert et al. 2006) and also
that North Sea cod stock could still support a sustainable fishery under a warmer climate but only at very
much lower levels of fishing mortality (Cook & Heath 2005).

The 2008 MCCIP report card stated with high confidence that since 1980, the distribution of many warm
water northeast Atlantic fish species has shifted northwards to occupy latitudes at which they were once non-
existent or rare.

The rate of northward movement of a particular species, the silvery john dory, has been estimated at about
50 km/year (EEA 2008). Other species have become more common further north, Brander et al. (2003)
suggest that fish such as sea bass (Dicentrarchus labrax) and red mullet (Mullus surmuletus) have extended
their ranges to include western Norway in recent years.

What might happen?

Looking ahead, although we can expect that climate change will have far-reaching impacts on the dynamics
of fish populations, knowledge of underlying mechanisms is rather limited, especially in non-commercial
species (Pinnegar et al. 2008) Such uncertainties in making projections of fish distribution changes over the
next 20-50 years arise from both the uncertainties in projections of ocean climate and uncertainties of fish
community responses to those changes (EEA 2008). Additionally, the overall interactions and cumulative
impacts on marine biota of sea-level rise (coastal squeeze with losses of nursery and spawning habitats),
increased storminess, changes in the NAO, changing salinity, acidification of coastal waters, and other
stressors such as pollutants, are likely but little known (IPCC 2007b). In spite of these uncertainties, an
assessment of the vulnerability of the north-east Atlantic marine ecoregion concluded that climate change is
‘very likely’ to produce significant impacts on selected marine fish and shellfish (Baker, 2005).

Farmed fish and shellfish species may become more susceptible to a wider variety of diseases as
temperatures increase. Increasing harmful algal and jellyfish blooms may lead to additional fish kills and
closure of some shellfish harvesting area. There will be some opportunities for new farmed species but
storms and waves could damage aquaculture sites (Pinnegar et al. 2008).

Are there any OSPAR regional differences?

A regional warming in the marine Arctic of 1-3°C would be expected to lead to northward displacements of
fish populations (Figure 3.1.10), along with the establishment of discrete populations (e.g., cod near
Greenland) and the immigration of southern species (ACIA, 2005).
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Figure 2.7 Likely extensions of the
feeding areas for some of the main
commercial fish populations in the
north-eastern Atlantic under climate
change. The extent of the movements is
for illustrative purposes and not a
guantitative estimate of distance moved.
(modified after Blindheim et al. 2001 in
ACIA 2005)

Marine mammals.
What is the issue?

Climate change might be expected to directly impact upon Marine Mammals as continued decline in Arctic
sea ice leads to a loss of habitat for ice-dependant species (polar bears, seals, pinnepeds) (ACIA 2005;
IPCC 2007b; Evans et al. 2008). As higher predators, marine mammals might also be expected to be
indirectly impacted by climate change through shifts in prey availability.

What has happened and how confident?

Most species of marine mammals would be expected to exhibit a degree of resilience to climate change,
being warm blooded vertebrates that can cope with large changes to their external environment. The impacts
of climate change on marine mammals remain poorly understood and as a result, there has been a great
deal of speculation but without very much substantive evidence (Evans et al. 2008). ICES (2007, 2008b)
concluded that analyses of climate change impacts on marine mammals in the OSPAR maritime area are
hampered by a lack of data on distribution, abundance and condition of marine mammals. Studying small
populations of marine mammals is difficult and many published reports on trends in abundance and
distribution are inconclusive with regard to the causal role of climate change. Apparent range shifts
observed in a number of ontodonte species could be linked to changing water temperature but may simply
reflect changes of regional food resources (ICES 2008a).

Some marine mammal scientists are more confident than others that we are witnessing ecological effects of
climate change as opposed to responses of individuals and local populations to local environmental
variability. However, the statistical power to discriminate between the two remains low (Evans et al. 2008).

Loss of habitat for mammals dependent on sea-ice is already thought to be affecting ringed seals (which
need sea ice to support breeding, moulting and resting, and feed on ice amphipods and cod) (IPCC 2007b)
and their main predator, the polar bear, in the Arctic (Evans et al. 2008).

What might happen?

The greatest impacts from climate change are expected to result from loss of habitat for mammals
dependant on sea ice, especially ice breeding pinnepeds (Evans et al. 2008). The early melting of sea ice
may lead to an increasing mismatch in timing between sea-ice organisms and secondary production that
could severely affect populations of maine mammals (ACIA 2005).

Other potential impacts of climate change are mainly associated with changes in the abundance and
distribution of marine mammal prey (zooplankton, fish and cephalopods) although the relative importance of
these and their likelihood of occurrence remains unknown (Evans et al. 2008)

Are there any OSPAR regional differences?

As stated in the what might happen section, the greatest impacts are expected at the ice edge of the Arctic in
OSPAR region | through loss of habitat. Away from the ice edge sea temperature changes could impact on
the availability of prey species.
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Seabirds.
What is the issue?

Climate change has the potential to impact upon seabirds through changes in prey availability and through
severe weather affecting nesting sites.

What has happened and how confident?

Whilst quantitative evidence is lacking, the ICES 2008 advice book makes some general inferences about
how seabirds react to climate change:

* In some circumstances, a warming trend advances the timing of breeding and in others breeding is
retarded. Seabirds show some flexibility in dealing with climate change in this regard but are ultimately
constrained because of the finite (and often lengthy) time required to complete the breeding cycle;

* Because they are long-lived, seabirds are often able to ‘buffer’ short-term (< 10 years) environmental
variability, especially at the population level;

» Seabirds are vulnerable to both spatial and temporal mismatches in prey availability, especially when
breeding at fixed colony sites with the foraging constraints that these entail.

Many factors affect range shifts and it is not clear how changes in ocean climate (e.g. circulation and sea
temperature) are involved but they are presumed to be a contributing factor (Mitchell et al., 2004; Wernham
et al., 2002).

Variations in food quality is likely to be an important link between climate and seabirds. In the North Sea,
changes in plankton caused by climate variability has affected sandeel populations. This has consequences
for the breeding success of many seabirds, in particular black-legged kittiwakes. (Frederiksen et al 2006).
However it is rarely possible to identify exact causal mechanisms (Mitchell and Frederiksen 2008)

Evidence for changes in seabird demography and population dynamics is building and are summarised
below (Table 2.1).
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Table 2.1 Links between climate change and aspects of seabird condition and behaviour (ICES 2008a)
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What might happen?

Because seabirds are very long-lived, it is only possible to document and understand the causes of changes
in population size and distribution by continuous monitoring over many years.

Future climate change is likely to affect seabirds in two major ways, either directly through an increased
frequency of severe weather causing e.g. nest flooding, or indirectly through changes in their food supply.
The consensus is that the latter is likely to be more important for most species (Mitchell and Frederiksen
2008).

There is a link between wildlife diseases and climate that suggests the possibility of a future threat to
seabirds through climate change. This hypothesis remains difficult to demonstrate due to lack of baseline
data, background understanding and coincident pressures (Harvell et al 2002, Newman et al 2007).

Modelling studies predicting how seabirds will respond to climate change in the long term are still at an early
stage.

Are there any OSPAR regional differences?

Monitoring of seabird populations is highly variable across the OSPAR maritime area. OSPAR region Il
(North Sea) is much better studied than other OSPAR regions.

Non-native species.
What is the issue?

Changes to ocean climate, particular sea temperature could allow some species to expand their ranges to
become established in new regions, whilst some already introduced species could take advantage of warmer
conditions to become more abundant .

Some of these non-native species can be considered to be invasive if they spread rapidly and cause
economic or environmental harm, or harm to human health. Most introductions arrive via human intervention,
intentional or otherwise (e.g. aquaculture, ballast water).

What has happened and how confident?

The ICES 2008 advice book highlights the following non-indigenous species that have become established
(i.e. reproducing in the new location) in the OSPAR Maritime Area:

Algae (Codium fragile (a green alga), Sargassum muticum (a brown alga); molluscs (slipper limpet Crepidula
fornicata, Pacific oyster Crassostrea gigas); barnacles (Megabalanus tintinnalulum, Balanus amphitrite,
Solidobalanus fallax, Elminius modestus);and a bryozoan (Bugula neritina).

The establishment of two non-indigenous species have been directly related to warming temperatures in the
OSPAR maritime region, the pacific oyster Crassostrea gigas (an escaped aquaculture species) and the
barnacle species Elminius modestus, which has extended reproductive periods due to warmer sea
temperatures.

Crassostrea gigas is similarly enjoying longer reproductive periods, most notably in OSPAR region Il along
Belgium and British coasts, in Dutch and German waters and along the Swedish West Coast (Spencer et al.,
1994; Gollasch et al., 2007; Kerckhof et al., 2007). In the Wadden sea increases have been particularly
pronounced since 2000 to the detriment of the blue mussel Mytilus edulis. This increase appears to be highly
correlated to increased summer temperatures (Nehls and Battger, 2007).

Pacific oysters have also been found in OSPAR region Ill on southern and western Irish coasts in recent
decades (Boelens et al., 2005).

As sea ice continues to decrease, we could see a potential inundation of new organisms to the North Atlantic
from the Pacific. The Pacific diatom Neodenticula seminae arrived in the North Atlantic in 1999; after
becoming locally extinct 800,000 years ago and could be the first evidence of a trans-Arctic migration in
modern times (Reid et al. 2007).

What might happen?

The 2008 MCCIP report card assigned a high level of confidence that climate change would impact on non-
natives (MCCIP, 2008). There is a growing body of evidence from around the world that climate change can
facilitate marine invasions, and the potential risks from new introductions in the future are high and these
introduced species can have severe impacts on the existing ecosystems (Elliott et al, 2008).

Are there any OSPAR regional differences?

See what has happened section.
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Intertidal species
What is the issue?

Climate change may be facilitating the rapid migration of many intertidal species such as Bifurcaria bifurcate
(a brown seaweed) and acorn barnacle (Semibalanus balanoides). Evidence suggests that species range
expansion in response to climatic warming is occurring quicker in inter-tidal areas than in terrestrial systems.

What has happened and how confident?

The MarClim project provided strong evidence that recent climate change has resulted in changes in the
abundance, population structure and biogeographic ranges of a number of intertidal indicator species around
the UK and Ireland.

Compared with terrestrial systems, the extension of southern intertidal species northwards and eastwards
towards the colder North Sea is occurring much more rapidly, at rates of up to 50km per decade. This rate
far exceeds the global average of 6.1 km per decade observed in terrestrial systems.

Some warm water invertebrates and algae show continued increases in abundance and have extended their
ranges around northern Scotland (eg Gibbula umbilicalis and Chthamalus montagui) and eastwards along
the English Channel (eg Bifurcaria bifurcate and Osilinus lineatus)over the last 20 years (Meiszkowska
2008).

In the UK, it is likely that northern range extensions have occurred in response to climatic warming
increasing reproductive effort and juvenile survival success allowing these species to establish on suitable
habitats. Eastwards range extensions have occurred due to a combination of the proliferation of artificial sea
defences along this coast providing suitable habitat where none was previously present and greater
recruitment success of southern species in response to climatic warming.

Cold-water species such as the acorn barnacle (Semibalanus balanoides) and dabberlocks alga (Alaria
esculenta) have continued to decrease through the period 2001-2007 (Meiszkowska 2008) but the rate of
recession is not as fast as the rate of advancement in southern species.

What might happen?

In the short term, different rates of extensions and retreats will increase diversity close to biogeographical
boundaries but in the long term will return to previous levels as northern retractions lead to different species
compositions becoming established.

Continued extension and retraction of ranges would be expected in the future with rising temperatures.
Projected changes in sea level and storms may have important indirect impacts as the building of more sea
defences would allow intertidal species to unnaturally extend their range by acting as artifical rocky shores
(Meiszkowska 2008)

Are there any OSPAR regional differences?

Long time-series around UK and Republic of Ireland show extensions of ranges of intertidal species (eg
figure 3.1.11 from Herbert et al 2003) over the last five decades in OSPAR Regions 2 & 3.
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Figure 1. Distribution of Balanus perforatus in the eastern English Channel, excluding Channel Islands. Above, maximum abun-
dance measured between 1947-1964 (Crisp & Southward, 1958; A_J.S_, personal observation). For abundance scale see Table 1.
*, denotes records from the 8V ‘Manihine' (BMNH collection). Below, intertidal distribution between 1993-2001. Black triangle
indicates sublittoral record from Dunkirk in 1982 (Davoult et al., 1993].

Figure 2.8 Reproduced from Herbert et al (2003) demonstration of the shifting range of intertidal species
along the English Channel coast.

Benthic ecology and environment
What is the issue?

Climatic processes influence the abundance and species composition of seabed communities, directly
affecting the availability of food for bottom-feeding fish.

There is little information available on how benthic environments may be affected by climate change
particularly as variability is more associated with very long-term geological responses over 1000s of years.

Any alteration in the seabed communities linked to climate change could alter rates and timing of processes
such as nutrient cycling, larval supply to plankton and organic waste assimilation (Frid and Moore, 2008).

What has happened and how confident?

Benthic sessile organisms have been demonstrated to tolerate, in most cases, moderate changes over
reasonable adaptive time scales. However, they are very vulnerable to abrupt and extreme events and after
such events, the re-colonization of the benthos can take several tens of years, or even centuries, particularly
for species having less successful sexual reproduction (Hoepffner 2006)

In the ICES advice book 2007, the strongest evidence of responses in benthic taxa that would be expected
as a result of climate change was:
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a) cases (in relatively shallow waters as seen in the Wadden Sea and nearshore German Bight) where
anomalously cold winter conditions led to die-offs of species commonly associated with relatively
warmer waters, or outbreaks of species commonly associated with relatively colder water (Beukema,
1990; Reiss et al., 2006).

b) cases of benthic species being reported as expanding in areas outside their historical ranges that
are characteristic of areas to the south or more coastal than the areas into which they are spreading.

Both of these observations are consistent with climate sensitivity in the benthos, but with possibly a non-
linear response. This situation could make the benthic biota a particularly high risk community for impacts of
climate change, as changes are likely to be abrupt rather than incremental over time.

For the benthic environment itself the basic knowledge of natural sedimentary changes on timescales of
decades is generally insufficient to allow changes to be confidently identified and their significance assessed.
Away from the coast here are few conclusive observations of changes in sediments of any kind, and none
which can be definitively attributed to climate change.

What might happen?

To date, changes have been manifest through species composition but not major shifts or changes in gross
productivity, which is likely to remain the case in the short to medium term. As benthic communities are
broadly similar around the world, the system is not likely to look vastly different i.e. polychaetes, molluscs
and echinoderms will still dominate the macrofauna but there remains the possibility that ecological
processes will be severely altered (Frid and Moore, 2008).

The understanding that cold water corals are more widespread and diverse than expected is relatively
recent. They are present over a wide bathymetric and hydrographical of Atlantic European continental
margin (Dullo et al 2008). Roberts and co authors (2006) suggested that these cold water corals could be
particularly vulnerable to future ocean acidification.

The natural drivers of potential future change in the benthic environment itself include: relative sea-level rise;
wave climate; water salinity and temperature; air temperature; changes in tidal range. Identification of
possible future benthic environment impacts with attribution to climatic drivers will remain difficult.

Are there any OSPAR regional differences?
See above

Changes to benthic environments are difficult to assess but are more likely to widely affect the shallower
OSPAR regions 2 & 3 with impacts limited to the shelves in regions 1, 4 & 5.
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Case Study A - Changes in the distribution and
abundance of marine species in the OSPAR maritime
area in relation to changes in ocean climate

Source: ICES advice 2008, book 1: Chapter 1.5.5.1, An assessment of the changes in the distribution and
abundance of marine species in the OSPAR maritime area in relation to changes in hydrodynamics and sea
temperature.

Background: The overall aim of this study was to use a range of long-term datasets to examine evidence for
climate change impacts on the distribution and abundance of marine species in the OSPAR maritime area.
The study focussed primarily on effects that may be linked to changes in sea surface temperature. A meta-
analysis of almost 300 species was conducted to see if observations match expected changes in response
to the effects of climate.

Summary: Changes in distribution, abundance, and other characteristics (particularly seasonality) of marine
biota in the OSPAR maritime area are consistent with expected climate effects (see table 1). Whilst this does
not mean that all changes are consistent with a climate change effect or that climate is the only cause, it is
undoubtedly a recognisably important factor in around % of the 288 cases examined here. These species
included zooplankton (83 cases), benthos (85 cases), fish (100 cases), and seabirds (20 cases). Seabirds
showed the weakest relationship but for other species, particularly zooplankton and fish species, the
relationship was much stronger.

The majority of the cases examined here were from OSPAR Region Il and there were none from OSPAR
Region V.

Table CSA1l : Numbers are cases of change in distribution, abundance, or other characteristics (eg
phennology, seasonality). Colour coding represents the percentages that were in the direction expected as a
result of effects of climate (Red > 75%; Yellow 50-75%; Blue<50%). Note that for Plankton the OSPAR
Region 1 includes some species occurring also in Regions 1-4 (Beaugrand et al., 2002)

o

Zooplankton Benthos Fish Seabirds e
OSPAR . change
2 ; Tota in
Resion Abundanc S ; Distributio Distribution
g Distribution . Other | Distribution Abundance n Abundance and abundance egpecred
direction
7 27 74%
32 15 10 212 77%
EN - 83%
3 25 76%
Total 8 14 61 |53 32 55 45 20 288
% change in
expected 100% 64% 100% | 66% 66% 82% % 60% T7%

direction

Why use this methodology? Meta-analyses are essentially ways of synthesising studies across systems
and regions, such as the broad aggregated area covered by OSPAR. The Meta-analysis used here was
based upon one adopted by the IPCC (2007) to detect the effects of climate change and has the following
advantages.

1. It uses a recognized methodology to address the question “how strong is the evidence that changes in
distribution, abundance and condition go beyond normal?”

2. It provides a means of summarizing and adding value to the material provided by the examples available

3. It provides a direct comparison with the IPCC meta-analysis (and greatly increases the amount of marine
information beyond what was available to the IPCC);

4. It is straightforward and involves little additional computation or statistics.
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Case Study B - Arctic Sea-Ice

Sources: This case study is largely based on findings from the National Sea Ice Data Centre (NSIDC), Arctic
Climate Impact Assessment (ACIA), IPCC 4™ Assessment Report and the 2007 Arctic Report Card (Richter-
Menge et al 2008).

Background: Using recent evidence from a range of sources, we report on the rapid reduction of Arctic sea
ice extent in the past few decades and discuss implications for Arctic ecosystems, particularly in OSPAR
region |.

Summary: The continued significant reduction in the extent of summer sea ice cover illustrates the dramatic
impact increased global temperatures are having on Arctic regions. The IPCC 4™ assessment reported with
high confidence that continued changes in sea ice extent, along with warming (Figure CSB1)and acidification
of the polar oceans are likely to further impact the biomass and community composition of marine biota and
Arctic human activities.

Figure CSB1

Rise in Arctic temperatures per decade since
1981 (NASA map by Robert Simmons; data
supplied by J. Comiso Goddard Space Flight
Center.

Temperature Trend ( C/decode)

Observations: The loss of the sea-ice extent at its minimum has become evident since the early part of this
decade where the period 2000-2005 clearly showed a reduction in the coverage of ice at its late summer
minimum (Figure CSB2). In the latest available two years (2007 and 2008) the decrease has been even
more rapid and extreme (through a number of factors). It is predicted that the Arctic will be ice-free in
summer within the next few decades.

The science here is developing rapidly with a number of papers explaining the causes of change working
their way to publication.

Figure CSB2 from the NSIDC: Left panel:
minimum sea ice extent observed in 2008
compared to long term (since late 70s). Note
that both an eastern and a western sea-route
passage appear to be open. Right panel —
difference between the 2008 minimum and
the 2007 minimum which was the lowest ever
recorded. Here white areas denote ice in
2008 but not in 2007, dark-grey areas were
ice in 2007 but not 2008 and pale-grey were
ice in both years
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Biological and human impacts: Thinning and reduced cover of Arctic Sea Ice are likely to substantially
alter ecosystems (Figure CSB3) in close proximity to the sea ice. With an increase in open water, primary
and secondary production will increase south of the ice edge with benefits to important commercial fish
species in the North Atlantic such as cod and herring (IPCC, 2007, p. 669). Marine mammals such as ringed
seals and polar bears, which are dependent on sea ice for feeding and breeding, will be affected by
diminished ice extent, as will some seabirds. This could be exacerbated by mismatch of timing of marine
mammals with prey availability due to early summer ice melt (ACIA 2005).
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Rising water temperatures south of the ice edge are likely lead to an increased risk of Harmful Algal Blooms
and occurrences of marine pests and pollution, which will be exacerbated by increased shipping (ACIA
2005).

As sea ice continues to decrease, we could see a potential inundation of new organisms to the North Atlantic
from the Pacific. The Pacific diatom Neodenticula seminae arrived in the North Atlantic in 1999; after
becoming locally extinct 800,000 years ago and could be the first evidence of a trans-Arctic migration in
modern times (Reid et al. 2007).

Coastal vulnerability to storms in Arctic regions is increasing with reduced sea ice (IPCC 2007). Severe
coastal erosion will be an increasing hazard as rising seas, combined with reduced sea ice, allow higher
waves and storm surges to reach the shore. The risk of flooding in coastal wetlands is likely to increase
affecting coastal ecosystems and people, who may be forced to relocate. Reduced sea ice is likely to
lengthen the navigation season and increase marine access to the Arctic’s natural resources (ACIA 2005).
Increases in commercial activities in Arctic seas and along Arctic coasts will inevitably lead to an increase in
pollution hazards and a greater risk of alien species introductions through ship ballast water.
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Case Study C - Marine acidification: effects and
monitoring of marine acidification in the seas
surrounding Sweden.

Source: P. Andersson et al. (2008) Marine Acidification: On effects and monitoring of marine acidification in
the seas surrounding Sweden. SMHI Oceanografi, 92, pp62.

Background: This study was commissioned by the Swedish Environmental Protection Agency to assess:

e The need for monitoring acidification in the seas surrounding Sweden.
e How monitoring should be conducted.
e Where monitoring should take place.

The sites covered include two that fall within OSPAR region II.

Summary: The trend towards decreased pH in the world’s oceans is largely reflected in waters surrounding
Sweden. Even over the short timescales measurements have been taken, around 15 years, reductions are
shown to be statistically significant. Little is known of the biological, ecological and economical effects of the
current and near future marine acidification but it is predicted that these will be catastrophic.

Observations: Rates of pH change from 1993 to 2007 at 6 stations surrounding Sweden were analysed to
see if any trends could be detected. Future projections to 2050 and 2100 are estimated at 5 of the 6 sites
(see table CSC1).

Table CSC1 Overview of the rate of pH change per year, pH values, significance and forecast scenarios
(based on calculated values) in different sea areas and depths. The last column indicates the total pH
decline between 1993 and 2007 .

Sea Area Depth m pH/iyr |[pH 2007 ] pH 2050 |pH 2100 | Change pH 1993-2007
[Skagerack 0-50 -0.0028 8.15 0.136
>75 -0.0026 8.09 0.156
Kattegat 0-25 -0.0044 8.15 < 0.0001 7.96 7.74 0.06
> 30 -0.0079 8.00 < 0.0001 7.66 7.27 0.11
IS Baltic Proper 0-20 -0.0041 8.19 0.0941 8.01 7.81
30 - 60 -0.0142 7.86 <0.0001 7.25 6.54 0.2
>70 -0.0156 7.36 < 0.0001 6.69 5.91 0.2
IC & N Baltic Proper] 0-20 +0.0024 8.19 0.347
30-60 -0.0102 7.79 < 0.0001 7.35 6.84 0.14
>70 -0.0063 7.22 < 0.0001 6.95 6.63 0.09
Bothnian Sea 0-30 -0.0316 7.69 <0.0001 6.33 4.75 0.44
> 40 -0.0192 7.62 0.0006 6.79 5.84 0.27
Bothnian Bay 0-30 -0.0143 7.61 0.0133 7.00 6.28 0.20
> 40 -0.0130 7.60 0.0002 7.05 6.40 0.18

Decreases in pH over the time period covered are shown to be statistically significant at a number of
locations (based on linear regression of monthly mean values (p<0.05, see table 1)). This applies to both
surface and deeper waters. This is true for one of the two stations located in OSPAR region |l, Kattegat.
Here, projections suggest a decrease in surface pH of 0.2 units by 2050 and 0.4 units by 2100. Based on
current trends, rates of decline are projected to be double this at depths of over 30m. For the second
OSPAR site at Skagerrak, measurements do not exist from 2001-2007 so similar comparisons cannot be
made. However, a downward trend in pH is also indicated for this site.

Limitations to monitoring and recommended improvements: Few time series of acidification
measurements exist and those that do are short, especially for the OSPAR region Il site at Skagerrak.
Geographical coverage in waters surrounding Sweden is poor. It is recommended that acidification
parameters should be measured at more stations as part of the national monitoring programme, that
measurements should be taken throughout the water column at specified depths and that specific
measurements of PCO, be taken, including the use of ferryboxes. For completeness, primary production
should also be monitored.
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Figure CSC1. Overview of stations that currently measure pH and suggestion of additional stations. Those in
OSPAR region Il are highlighted in the small black box. Red dot: Monthly measurements, SMHI. Yellow
square: Winter survey, once a year, SMHI. Green dot: Monthly measurements, UMF. Cyan dot:
Measurements 3 times per year, UMF Blue dot: Measurements 24 times per year, SMF. Red circles:
Suggestion of additional stations.

Biological impacts: There is very little work on existing, or future, effects of acidification on marine
ecosystems. Results of experiments are only just becoming available and all of this data shows negative
impacts of near—future levels of acidification on calcifying species, which is consistent with earlier reports.

With specific reference to Swedish coastal waters, calcifying species such as the coccolithophorid Emiliania
huxleyi, the blue mussel Mytilus edulis, the barnacle Balanus improvisus, the cold-water coral Lophelia
pertusa, and a number of crustaceans and echinoderms (eg Amphiura filiformis), play major roles as
ecosystem engineers in the Skagerrak. Given the experimental results obtained to date and the observed
trends of declining pH in Swedish coastal waters, it is likely that significant ecosystem-wide effects will be
observed within 50 — 100 years, and possibly sooner.

Research needs: Investigations of the effects of acidification on early life-history of key ecosystem-
structuring species, and commercially important fish and shellfish; ecosystem-level impacts studies; regional-
scale modelling of acidification mechanisms and testable ecosystem-scale food-web models to compare
these regional models with.
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