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MCCIP Marine Climate Change
Impacts Partnership

Marine climate
change impacts

10 years’ experience of
science to policy reporting

This report card summarises how our understanding of marine climate change impacts
has developed since the first MCCIP report card and lessons for science to policy reporting.

“Concern about the state of our seas
has caused them to be studied more
intensively - and exiensively - than ever
before. Here is a summary of the findings.
They have never been more important.”

Sir David Attenborough

Key headlines

Short term variations in key parameters, such as temperature, over
the last decade highlight the need to communicate observed
change in the context of long-term trends.

There is evidence of some marine species responding o climate
change but not necessarily in the ways anficipated 10 years ago.

Some areas, such as human health, remain poorly understood but
there are early signs that climate change will have an impact.

Marine climate change impacts on society have been identified and
understanding for some topics, such as fisheries and coastal flooding,
is more advanced than for others.

In general, marine climate change impacts have been better studied
than ever before and ensuring integrity and independence when
translating evidence is vital fo inform considered decision making.
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What is MCCIP?

The Marine Climate Change
Impacts Partnership (MCCIP) was
created in 2005 to act as a
coordinating framework for the UK,
providing marine climate change
impacts evidence to decision
makers. MCCIP report cards provide
regular updates on the current
state of scientific understanding in
a clear and concise manner. Over
the past 10 years many leading
marine scientists have contributed
to MCCIP report cards, covering

a wide range of topics related

to changes in the climate of the
marine environment and impacts
of these changes on marine
biodiversity and society.
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Marine climate
change impacts

Annual Report Card 2006

www.meccip.org.uk/arc

Infroduction

Climate science has come a long way since the observation by the French physicist Joseph
Fourier in 1824 that the Earth would be colder if it lacked an atmosphere. There is now a
large body of evidence on climate change, including impacts on the marine environment,
with implications for policy and management. Thus the need to collate, synthesise and
interpret evidence on climate change for policy-makers is greater than ever.
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Publication year

Growth in peer-reviewed journal publications for marine climate change and ocean
acidification as well as other fopical subjects in the marine environment (as derived
from keyword searches of the Scopus database).

This report card summarises over 10 years of reporting on marine climate change
impacts in the UK, examining how understanding has evolved since the first MCCIP
report card was published in 2006.

[t reports on key lessons learned working at the science-policy interface, ensuring marine
climate science continues to be provided to end-users o inform policy and management.

Underlying evidence for this report card

This report card is based on a series of peer-reviewed papers produced by more than 50
authors, as well as drawing on previous report cards and a review by the MCCIP Report
Card Working Group entitled “Reporting marine climate change impacts: lessons from
the science - policy interface”. The papers and this report card are accessible through
www.mccip.org.uk/arc10
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1840 T
1850
1824 1860
1938 Joseph Fourier identifies 1859
Guy Callendar suggests link the warming effect of ‘Greenhouse effect’ first 1870
between rising anthropogenic Earth’s atmosphere. described by John Tyndall.
CO, and increasing global
temperature.
1880
1890
1920 1910 1900
1930
1940
1957 1896 ' ) o
Svante Arrhenius predicts emissions from
Roger Revelle and Hans Suess demonstrate ocean : . :
NP industry might someday cause warming of
1950 omdlﬁcolhor? Through ocean upfoke of CO, e aimosphers:
decreasing its buffering capacity.
A 1988 2005 2017
1960 James Hansen reports Earth Milestone report Upward frend in
is warmer than at any time from the Royal global femperature
in the history of instrumental Society on ocean continues with
1970 measurements. acidification. 2016 reported as
the warmest year
on record.
1980
1990
1960 2000
Charles Keeling 2010 2020
demonstrates o ()
atmospheric CO, ()
is rising. €05p QOO
1975 1979 1997 2015
The term ‘global warming” is 1st WMO World Climate Kyoto Protocol adopted Paris Agreement

coined by Wallace Broecker. Conference concludes
there is a link between
increased CO, and
o IPCC Assessment Report published o’rmospheric worming.

o MCCIP Report Card published
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committing State Parties
to reduce greenhouse
gas emissions.

Marine climate
change impacts

Implications for the implementation
of legis

adopted - agreeing to
limit global femperature
rise this century to well
below 2 °C above pre-
industrial levels.
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This report card examines what was reported in 2006, and how this has changed for nine key topic areas, under the broad headings of climate
of the marine environment (i.e. ocean acidification, Atlantic Meridional Overturning Circulation and femperature), impacts on biodiversity (i.e.
seabirds, non-native species, and intertidal species and habitafs) and impacts on society (i.e. fisheries, human health and coastal flooding).

For each topic the following structure is used:
headline messages from the first report card.
what the headline messages are now.

new information not reported in 2006.

Climate of the marine environment

Since 2006 the marine climate theme has covered topics related to the prevailing physical characteristics of
the marine and coastal environment (femperature, salinity, fluxes of heat and water, sea level, stratification,
storms and waves), as well as changes in ocean chemistry (ocean acidification, CO, fluxes), and large scale
components of the oceanic climate system (Arctic sea-ice and the Atlantic ocean circulation).

Key highlights are presented for ocean acidification, Atlantic Meridional Overturning Circulation and
temperature, for which the evidence base is relatively well developed and scientific and public inferest
remains high.

Ocean Acidification

Long-term ocean measurements are essential fo understand
how ocean pH varies over months fo decades. The biological
impacts of ocean acidification (for ecosystems, fisheries and
aquaculture) not only depend on site-specific physical and
chemical conditions, but also species physiology, adaptive
capacity, food availability and occurrence of other stressors.

* there is high confidence that ocean pH is decreasing, and will
continue to do so for as long as atmospheric CO, continues
to increase;

* the impacts of ocean acidification on marine ecosystems
and foodwebs are largely unknown.

* global ocean pH continues to decrease. The evidence
base is more robust, with longer time-series, and with a wider
range of physico-chemical measurements and greater
geographic coverage;

[ J
Plymouth (L4)

\ " A " Stonehaven
¢ there is evidence the overall effect of ocean acidification

on marine ecosystems will be deleterious, e.g. arisk of t
substantive reductions in shellfish growth (and harvest) within 7.7 ) . ) SmartBuoys
50 years, although some algae and seagrasses may benefit 2008 2009 2010 2011 2012 2013 2014 2015

from increased availability of CO,,.

UK pH data 2008 - 2015 for time series at L4 (off Plymouth),
Stonehaven (near Aberdeen) and for SmartBuoys in

the North Sea and Irish Seq, the red line illustrates the
frend. Modified from Ostle ef al., 2016, Carbon dioxide
and ocean acidification observations in UK waters:
Synthesis report with a focus on 2010 - 2015. doi: 10.13140/
RG.2.1.4819.4164

* ocean acidification in UK seas over the last 30 years has been
happening at a faster rate than for the wider North Aflantic;

e interactions with ofher stressors (e.g. temperature, foxic metals,

oxygen and food supply) and species-specific responses need
to be considered to better understand impacts on ecosystems.
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Atlantic Meridional Overturning Circulation (AMOC)

MCCIP reported in 2006 that:

* a 30% decline in the AMOC has been observed since the
early 1990s based on a limited number of observations. There
is a lack of certainty and consensus concerning the trend;

* most climate models anticipate some reduction in strength of
the AMOC over the 21st century due fo increased freshwater
influence in high latitudes. The IPCC project a slowdown in
the overturning circulation rather than a dramatic collapse.

And in 2017 that:

* a substantial increase in the observations available to
estimate the strength of the AMOC indicate, with greater
certainty, a decline since the mid 2000s;

* the AMOC is still expected to decline throughout the 21st
century in response to a changing climate. If and when a
collapse in the AMOC is possible is still open to debate, but it
is not thought likely fo happen this century.

And also that:

* a high level of variability in the AMOC strength has been
observed, and short term fluctuations have had unexpected
impacts, including severe winters and abrupt sea-level rise;

* recent changes in the AMOC may be driving the cooling
of Atlantic ocean surface waters which could lead to drier
summers in the UK.

What we have learned:

Measuring variability of the AMOC is key to understanding any
frends and wider implications for the UK such as extreme winters
or the seasonal-to-decadal variations in the climate.

array Mid-Atlantic
range array

Atlantic Meridional Overturning Circulation (AMOC). Red
colours indicate warm, shallow currents and blue colours
indicate cold, deep return flows. Modified from Church,
2007, A change in circulation? Science, 317(5840), 908-909.
doi:10.1126/science. 1147796

Temperature

MCCIP reporied in 2006 that:

¢ the last 3 decades have seen sea surface femperature (SST)
warming frends of 0.2 - 0.6 °C per decade around the UK;

» climate change models project that SST will continue to rise in
all waters around the UK, with strongest warming in the south-
east (1.5 - 4.0 °C over the 21st century in the southern North
Sea) and weakest in the north-west (0.5 - 2.0 °C af Rockall).

And in 2017 that:

Average SST (°C) UK coastal waters

* against the backdrop of a general warming frend, there
is variability atf regional scales and between years and
decades; e.g. between 2003 and 2013 UK coastal waters
show a decreasing trend in SST;

* projections over the 21st century continue to show SST
increases as reported in 2006, e.g. over 3 °C for most of the
North Sea, and closer to 2 °C off the north-west.

And also that:

* projections are available at a much higher spatial resolution
i.e. 12km versus 50km squares;
* decision makers need forecasts for the next 10 years (as

opposed to projections over a centfury) and our ability o
provide forecasts on these shorter timescales for SST is improving.

What we have learned:

Any short-term trends in SST, as a result of year-to-year
fluctuations, have to be understood in the context of the
underlying long-term warming frend.

1880 1900 1920 1940 1960 1980 2000

Time series of average annual SST in °C for UK coastal
waters 1870-2016. The blue bars show the annual values
relative to the 1981-2010 average, shown as the black
line, and the smoothed red line shows the 10-year running
mean. Data are from the HadISST data set.
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Non-native species

MCCIP reported in 2006 that:

* warmer UK waters over the last three decades are facilitating
the establishment of some non-native species in the marine
environment.

And in 2017 that:

* some established non-native species have expanded their
range in the UK which may be in response to warming sea
surface temperatures (e.g. Pacific oyster Crassostrea gigas,
the alga Pikea californica and the clubbed tunicate Styela
clava).

And also that:

* despite a significant amount of research activity related to
non-native species, there is no direct evidence that their
infroduction has been a consequence of climate change.

7
What we have learned:

Climate change, via warmer seas, may have contributed to
the spread of some established non-native species in the UK,
but human vectors (e.g. ballast water, ship hulls) are primarily
responsible for their initial infroduction and local conditions
determine whether they will become established.

o

Pacific.oyster (Crassostrea gigas) ;g:lovd‘ Miesk'owsko

Intertidal species and habitats

MCCIP reported in 2006 that:

* southern, warm-water species on rocky shores in the UK have
increased in abundance and range with rising sea surface
temperatures (SST) since the mid-1980s, whilst northern, cold-
water species have decreased in abundance;

* these changes are predicted to continue into the future as
SST continues to rise.

And in 2017 that:

e most major shifts in interfidal rocky shore species distributions
over the last 50 years occurred before 2000;

* annual surveys since 2000 show there have been no changes
in the distribution ranges of intertidal animals and plants on
rocky shores, which is consistent with the lack of increase in
UK SST over the same fime period.

And also that:

* the Community Temperature Index (CTI) that measures the
overdall status of the community of animals and plants on rocky
shores, in ferms of its composition of cold- and warm-water
species is likely to be a valuable indicator of SST changes.

What we have learned:

Care needs to be taken when attributing cause and

effect to shifts in distribution of infertidal species, without a
comprehensive understanding of long and short ferm frends in
SST and information on species lifestyles, life histories and their
thermal affinities.

Rocky intertidal community © John Baxter
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Marine climate change impacts on society

Since 2006 the society theme has covered topics related to both cleanliness and safety of the marine
and coastal environment (flooding, nutrient enrichment, harmful algal blooms (HABSs), pollution and
human health), as well as commercial productivity (coastal and offshore built structures, tourism, fisheries,

aguaculture, and ports and shipping).

Key highlights are presented for fisheries, human health and coastal flooding. Coastal flooding and fisheries have
been selected because of the continuing high level of political interest. Human health is an emerging area of
concern but has received less attention to date. In 2006 human health was not specifically considered in its own
right; HABs were reported in 2006 while marine pathogens were added in 2010-11.

Fisheries

* warm water commercial species such as sea bass, red mullet
and tuna are becoming more common place in our seas;

* cold water species, such as cod have declined, with a
possible link suggested between warmer sea temperatures
and reduced populations of fish at the southern limit of their
distribution range;

continued declines in abundance and northward retreat in
distribution of commercial cold water species;

new species might become available for commercial
exploitation.

* warm water species have continued to become more
commonplace, for example large numbers of bluefin tuna
have been sighted off south-west UK in recent years;

 for the past 10 years, the number of juvenile cod entering
the population has remained very low despite dramatic

decreases in fishing mortality and this sustained reduction i

nought fo be a result of climate change;

-

* changes in mackerel distribution have been linked to a
combination of factors, including warmer seas, changes in
food availability and a range expansion of the stock into
Faroese and Icelandic waters with consequences for fisheries
quota allocation and governance;

in the early 2000s, European seabass had expanded
dramatically, especially in the English Channel, and was
moving northward as a result of warming and was expected
to continue. Seabass have been observed further north than
was previously the case, although, because of overfishing,
not in the numbers originally anticipated in 2006;

despite many studies it is sfill unclear which ports and fleet
segments will be most impacted by future climate change.

There is now a substantial body of evidence supporting links
between climate change and the distribution of commercial
fish stocks. Predictions made 10 years ago about -
hanges in stocks of cold-water species, such o
have largely been borne o :
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Human health

MCCIP reported in 2006 that:

* harmful algal blooms (HABs) have increased in some areas
of the north-east Atlantic over the past 80 years, as the seas
around the British Isles have become warmer, especially since
the mid-1980s. Around the UK, there is some regional variability in
this frend with a reduced incidence of HABs off the east coast;

» there could be a higher incidence of HABs in the future linked
to higher river discharges and an increase in stratification
could also favour many HAB-causing species.

And in 2017 that:

* the relationship between climate change and HABs is
complex, with bloom events found to be influenced by
factors such as wind and current mediated fransport;

* no evidence has been found to support a higher
incidence of HABs linked to higher river discharges and
increased strafification.

And also that:

* toxin producing HABs have contfinued fo close shellfish
harvesting areas in UK and Irish waters, but a direct
relationship between these species and climate change has
yet to be thoroughly investigated;

* heatwave events have been associated with the emergence
of vibrio-associated infections in northern Europe, with
factors such as warmer weather and human exposure (e.g.
recreational swimming) driving infections;

* increased levels of human norovirus in shellfish have been
associated with the number of storm overflow events (e.g.
in a UK estuary, levels of human noroviruses in shellfish were
ten times higher during high-flow and storm ftank discharge
conditions, than during low-flow and no storm tank discharge
conditions).

What we have learned:

There is uncertainty about the effects that climate change will
have on HABs, marine pathogenic vibrios and viruses in the UK
and their possible effect on human health.

Algal blooms
© NEODAAS, P!

Enhanced ocean colour view 12-18 July 2015, showing a
reddish bloom of the harmful Karenia algae near Shetland,
and several bright/turquoise blooms of a harmless
coccolithophore.

Coastal flooding

MCCIP reported in 2006 that:

* the incidence of exireme sea levels is increasing, as a result of
relative sea-level rise;

e future extreme flood events may become more common
due tfo relative sea-level rise and increased storminess.

And in 2017 that:

* there is more evidence that the increased incidence of
extreme sea level events has been driven by the rise in
relafive sea level over the last 150 years;

* relative sea-level rise will continue and ifs rate will likely
accelerate. This will further increase the incidence of extreme
sea level events,

And also that:

* increased incidence of exireme sea level events has not
led to a corresponding increase in coastal looding due to
continued improvements in flood defences, emergency
planning, forecasting and warning.

What we have learned:

Appropriate and ongoing adaptation measures can help avoid
significant impacts on the UK’s coastal population, economy
and infrastructure. Considerable uncertainty remains in regard
fo future climate driven changes to storms and thus there is

low confidence about how the wave and storm surge climate
around the UK may alter over time.

70
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0
1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015

Example of the changing incidence of extreme water
levels: Number of hours per year that water levels
exceeded 5.75m Chart Datum at Newlyn, Cornwall.
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Reporting marine climate change impacts:
lessons from the science-policy interface

Dealing with uncertainty

Policy-makers and managers use evidence for a range of purposes including making decisions, taking action, developing policy and
drafting legislation. It is vital that an indication of the degree of certainty and uncertainty in the evidence is provided.

Past MCCIP report cards have drawn on the IPCC approach for communicating the degree of certainty in key findings by using a qualitative
expression of uncertainty that reflects: (1) the degree of agreement amongst the scientific community; and (2) the amount and nature of the
evidence available on which findings are based.

The confidence ratings in MCCIP report cards are assigned by the scientists who provide the evidence for each topic. Although a
straightforward process, it has raised challenges when changes in confidence over time are considered. For example, a deeper
understanding of a fopic (e.g. due to more information being available) can counter-intuitively lead to greater uncertainty and a lower
confidence rating.

One way to address such challenges is to manage the expectations of those using the evidence by taking the time to explain what is
meant by uncertainty for each topic. This is done by following up any MCCIP reporting with face-to-face briefings and discussions and by
encouraging the use of the more detailed peer-reviewed papers provided for each fopic.

Keeping pace with the science-policy interface

There have been numerous changes at the science-policy interface over the decade that MCCIP has been reporting on marine
climate change impacts.

For example, the implementation of marine spatial planning at different scales has highlighted the need for improved spatial and temporal
resolution of climate change driven impacts on the marine environment.

2006 Why we changed 2017

Report cards produced every

Annual report cards
few years

General reporting on all topics Focused reporting on specific topics

* Challenges around
Focus on impacts of climate change timescales of reporting Increasing focus on adaptation

Web-based backing babers * Greater expectations Citable literature, more focus on peer
9 pap review and journal publications
» Greater recognition and

Small expert review group with increased reliance on Wider range of expert authors and

generdlist knowledge what we produce specialist reviewers

* Greater range of
customer requirements,
including devolution

General UK view Regional level view where possible

Act as the source of marine climate
¢ Increased awareness of information for UK and Devolved

complexity of evidence Administrations and Crown
Dependencies requirements

Responding to initial single policy driver

Modest examination of evidence, Exhaustive examination of evidence,
limited exploration of connections substantial exploration of connections
between topics between topics
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Scientific integrity and independence

A robust and fransparent process can mitigate against accusations of a lack of integrity or of bias in reporting. MCCIP is an independent
provider of evidence for policy-makers and has developed a four-step process fo ensure scientific infegrity and independence in its products.

Step 1: Information identification

Selection bias: * Joint setting of * The MCCIP Steering Group, comprising 26 partners,
‘cherry-picking’ topics or ‘information agenda’ identify the informnation need
research areas that support

* Transparent decisions » Scope of information need is then refined through audited
pre-held opinions

discussions with policy customers and science community

Step 2: Expert identification

‘ _ Mitigation MCCIP approach

Expert bias: selecting a * Comprehensive * Provisional lead authors identified and approached
narrow group of experts expert involvement
known for promoting certain
views or hypotheses

* Lead authors are required to represent and work
¢ Clear instruction to authors with community of experts in their field regardless of
to include representative individuals’” opinions

range of opinion » Materials produced by authors are anonymously and
* Independent peer independently peer reviewed and revised accordingly

review process

Step 3: Information translation

l _ Mitigation MCCIP approach

Interpretation bias: those * Clear ferms of reference * Report Card Working Group established - individuals
responsible for franslating the and accountability mandated as experts, not representatives of
information can infroduce « Scientists cross-check their organisations
their own bias and opinion « Information and data audit * All summary information to be published shared with
lead authors for cross-checking
* Allinformation and data made publically available (online)
and any publications provided as open access in journals

Step 4: Information communication

l _ Mitigation MCCIP approach

Evidence ‘weighting’ bias: » Confidence assessment * Lead authors provide confidence rating as indication
evidence or advice may of uncertainty around fopic
be given too much credence

* Simple language used to avoid ambiguity
or credibility

Modified from Frost ef al., "Reporting marine climate change impacts: lessons from the science - policy interface."

Looking forward

The challenges posed by climate change impacts on the marine environment remain as relevant in 2017 as they were when
MCCIP was launched in 2005. MCCIP has proven to be a successful partnership, communicating peer-reviewed evidence on
marine climate change impacts to policy advisers and decision-makers.

The needs of partners and stakeholders have changed over the last decade, as has the broader landscape within which MCCIP
operates. Looking forward MCCIP intends to:

* provide a locus for discussions between scientists and policy-makers to formn a consensus view;

» confinue to work with the scientific community to provide evidence on marine climate change impacts for non-specidalists;
* facilitate discussions around adaptation;

* continue to evolve in response to changing customer requirements and new policy drivers.
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MCCIP Marine Climate Change

Impacts Partnership

MCCIP partners are:

Adaptation Scotland; Agri-Food and Biosciences
Institute, Northern Ireland; Centre for Environment,
Fisheries and Aquaculture Science; Climate UK;
Department for Business, Energy & Industrial Strategy;
Department for Environment, Food and Rural

Affairs; Department of the Environment, Northern
Ireland; Environment Agency; International Union for
Conservation of Nature; Isle of Man Government; Joint
Nature Conservation Committee; Marine Biological
Association; Marine Conservation Society; Marine
Management Organisation; Marine Scotland; Natural
England; Natural Resources Wales; Royal Society for
the Protection of Birds; Scottish Environment Protection
Agency; Scottish Government; Scottish Natural
Heritage; Sir Alister Hardy Foundation for Ocean
Science; States of Guernsey; States of Jersey;

UK Met Office; Welsh Government.

Further details and contacts

The delivery of this report card was overseen by the
MCCIP Report Card Working Group. The members of

this group are: M. Frost (MBA); J. Baxter (SNH); P. Buckley

(Cefas); S. Dye (Cefas/UEA) and B. Stoker (JNCC).

Please cite this document as: MCCIP (2017). Marine
Climate Change Impacts: 10 years’ experience of
science to policy reporting. (Eds. Frost M, Baxter J,

Buckley P, Dye S and Stoker B) Susnmary Report, MCCIP,

Lowestoft, 12pp. doi:10.14465/2017.arc10.000-arc
For further details about the work of MCCIP, go to

www.mccip.org.uk
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