
Welcome to the CERES & ClimeFish Policy Session with EC & REA
Online conference Thursday 11th of June at 10.00 CEST

Advice for the meeting:

ÅPlease, mute your microphone

ÅTurn off your video after you presented yourself

Å¦ǎŜ ǘƘŜ ŎƘŀǘ ŦǳƴŎǘƛƻƴ ŦƻǊ ǉǳŜǎǘƛƻƴǎ ŀƴŘ ŎƻƳƳŜƴǘǎ όŀƴŘ ŘƻƴΩǘ ǊŀƛǎŜ ƘŀƴŘύ



Welcome to the CERES & ClimeFish Policy Session with EC & REA
Agenda:

Å10.00-10.05      Sign-in, switch off your camera and mute your microphone 

after you say hello

Å10.05-10.20      Welcome and goals for the meeting (Zampoukas, DG RTD)

Å10.20-10.40      Marine aquaculture (Aschan, Papandroulakis, Peck)

Å10.40-11.00      Freshwater (Peck, Aschan)

Å11.00-11.10      Stretch your legs and fetch a coffee

Å11.10-11.30      Marine fisheries (Aschan, Peck)

Å11:30-11:40      General conclusions and advice (Peck, Aschan)

Å11.40-11.50      Arctic impact on weather and climate, Blue-Action, (Payne, DTU) 

Å11.50-12.00      Closing remarks (Zampoukas, DG RTD)



European CommissionςOnline 11th June2020

Prof. Michaela Aschan
UiT The ArcticUniversity of Norway

Co-creating a decision support framework 
to ensure sustainable fish production in 

Europe under climate change

Prof. Myron A. Peck
University of Hamburg

Climate change and European 
aquatic RESources

Policy Session:
BG-02-2015 - Forecasting and anticipating effects of climate change on

fisheries & aquaculture

April 2016
21 partners
677039

March 2016
26 partners
678193



RCP8.5 worst

RCP4.5 likely

RCP2.6 not likely

Two IPCC Scenarios (RCP4.5 and RCP8.5)

Paris Agreement

RepresentativeConcentrationPathway: Carbon Emissions







NorwegianSeas

CERES Storylines(ceresproject.eu)

Physics/ biogeochemistry Ecology Economics Sociology



NorwegianSeas

CERES Storylines(ceresproject.eu)
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ClimeFish

Seafood Sectors and ClimeFish Case Studies

Hungarian Pond 
Production

Northeast Atlantic 
Pelagic Fisheries

West of Scotland: 
Demersal fisheries

Lake Garda Fisheries

Northeast Atlantic: 
Marine Aquaculture

Greece: Marine 
Aquaculture

Fisheries Lakes and Ponds Aquaculture

Shellfish production in 
Galicia
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ClimeFishDecision Support Framework developed with stakeholders
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What was included in ClimeFish models?
C1F C2F C3F C5F C6F C7F C8F C9F C10A C11A C12A C13A C14A C15A

Sea	level	rise Modelled

wind	(including	storms) Considered

temperature Knowledge	gap

heat	waves Not	applicable

salinity

dissoved	oxygen

nutrients	(eutrophication)

pH

food	availability

invasions	/	HABs

diseases	/	treatment

fishing	mortality

feeding

seeding/stocking	time

seeding/stocking	den.	/size
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ClimeFish

Aquaculture



Greek marine aquaculture is a growing sector

ÅStands for more than 63% of national fish production 

Å63 companies run 318 finfish farms
ÅEuropean sea bass and gilthead seabream important

ÅEuropean sea bass and meagre (emerging)

ClimeFish studied CC effects
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E. seabass, 800 gRCP8.5Effects at the individual level

Change in days to reach 
harvest size

Å2030: no ςnegative effect

Å2050: positive effect

From 0 to + 7 %

From 0 to - 9%

Effect of husbandry on growth is higher than that of temperature and wind velocity
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ClimeFish

E. seabass, 800 gRCP8.5Effects at the individual level

Change in days to reach 
harvest size

Å2030: no ςnegative effect

Å2050: positive effect

From 0 to + 7 %

From 0 to - 9%

Effect of husbandry on growth is higher than that of temperature and wind velocity

Effect at the farm level
Extreme events

Åhigher mortality rates

Ånegative effect on biomass production

extreme event
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ClimeFish

Growth/size 
variabilty and 

mortality

Growth rates and 
yields

Increased size 
variability

Changes to growing 
season

Increased mortality

Escapees,  
predation 
and HABs

Increased Escapees 
/ Detachment

Increased predation

HABs and jellyfish 
blooms

Occurrence of 
pathogens

Suboptimal 
conditions

Increased fouling

Anoxic conditions

Accessibility and 
human safety issues

Infrastructure 
deterioration

Suitability of 
sites 

Change site 
productivity

Conflicts of space 
and farm allocation

Harvesting closures

Changes in 
productivity

Changes in 
production capacity

Changes in feed 
conversion rates

Increased 
production costs

Shared Impacts of CC across Aquaculture CS
Hungarian Ponds, North Atlantic Salmon, Mediterranean Seabass, Iberian Upwelling Shelfish 



Thisproject has receivedfunding from the EuropeanUnioń s
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A Decision Support Software



Risk assessment
Adaptation measures

2 stakeholder meetings: 
Athens, April 2018, June 2019

Stakeholders have a say!

In total 24 adaptation measures/ actions identified on 4 levels

ÅTechnical/ Industry

ÅResearch and knowledge building

ÅPolicy and Regulation

ÅFunding 



Towards a national Climate Adaptation Plan
ÅIndustry

o increase collaboration between farms in a wider organizational level 
(zones of development)

ÅResearch community
o understand the biological mechanisms implicated in response to various 

climate change drivers

ÅAdministration
o establish a flexible legal framework for the operation of the farms and 

designation of new sites 
o support research and innovation
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ClimeFish

ClimeFishin the GalicianClimateChangeStrategy
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Implementation of advice on EU level:

ClimeFish provided recommendations for the new
ά{ǘǊŀǘŜƎƛŎ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9¦ ŀǉǳŀŎǳƭǘǳǊŜέ ŀǘ 
Aquaculture Technical Seminar with the MS in Brussels 10th of October 2020.

ÅThis event was organized by DG Mare

ÅAdvice on how to include climate change adaptation into the Multi Annual 
Plans for Aquaculture in Member States and how the new knowledge can 
be utilized 



Salmon
Salmo salar

Carp
Cyprinus carpio

Seabass
Dicentrarchuslabrax

Trout
Oncorhynchusmykiss

Seabream
Sparusaurata

Blue mussel
Mytilus edulis

Mediterraneanmussel
Mytilus galloprovincialis

Cuppedoyster
Crassostreagigas

European clam
Ruditapesdecussatus

https://ec.europa.eu/fisheries/cfp/aquaculture/species_en

Top-valuespeciesto European AquacultureExamined



Impacts of ClimateChange on Growth 
Performance of AquacultureSpecies

ÅPhysiological-basedcultivationmodel
calibratedagainstspecificfarms(same 
modelfor all species/ countries).

ÅClimatechangeΨwinnersΨ andΨlosersΨ
dependingon locationandspecies.

ÅSomeshellfishfarmsdo particularly
poorlydue to warmingandreduced
primaryproductionprojectedfor 2100 
(muchlesschangeby 2050).

ÅOnlydirectandno indirecteffects
includedhere. 

CERES Synthesis Report: Chapter 5

Year 2100



ÅExamples: Disease, HABs, Jellyfish.

ÅFocus on disease ςglobal significance 
& major stakeholder concern.

ÅTools developed to study impacts 
under present day and future climate 
scenarios.

Å>20 diseases, across 6 host species 
and 10 countries investigated.

ÅOther EU and national programs 
creating short-term (1- to 2-wk) 
forecasts for HABs. More work 
needed on jellyfish.

Indirect Effects of Climate Change

CERES Synthesis Report: Chapter 5



ÅProjection of change 
in suitable days for 
specific diseases

ÅShown is example for 
Spring Viraemiaof 
carp in Poland 
(RCP8.5, 2050)

CERES Synthesis Report: Chapter 5



EconomicImpacts on Aquaculture: 
TypicalFarms

ÅTypicalfarm modelsconstructedfor species/ regions
andfour scenariostested: World Markets(WM), 
National Enterprise (NE), Global Sustainability(GS) 
andLocalStewardship(LS).

ÅProjections indicated sea bass, salmon and best-
practice trout farms were most profitable

ÅSubstantial losses in profit projected for some farms of 
same / other species (trout and carp in ponds). 

ÅLosses or gains often scenario-dependent. Results 
depend more on future social-economic trajectories 
than on direct effects of climate change.

ÅFor example, fish price relatively low in more global 
(GS) compared to nationalistic scenarios (NE & LS). 
Innovation needed to control fishmeal / oil prices.



ClimateChange VulnerabilityAssessment

ÅRanked national vulnerability based on farmed species, 
methods,  economic indicators, expert evaluation.

Åclimate-driven warming (RCP8.5, 2050) causedlittle 
reduction in habitat suitabilitybased on species thermal 
growth performance.

ÅSmall farms lacking environmental control (e.g. 
traditional trout, carp and shellfish farms) more 
vulnerable (low adaptive capacity by technological 
innovation).

ÅSE Europe vulnerable due to relative importance of 
aquaculture to GDP, smaller portfolio of species, and 
status of national climate adaptation plans.

ÅMeasures increasing economic performance (e.g. 
vertical integration, RAS) will also reduce climate 
change vulnerability.

CERES Synthesis Report: Chapter 5



Stakeholder Mind-mapping: TurkishTrout Farms

CERES Synthesis Report: Chapter 5 (mind-mappingconductedin all 24 Storylines)



Future Changesin River Flow
нлнлΨǎ

нлрлΨǎ

нлулΨǎ
RCP8.5

Worst-caseScenario

Å Rainfall pattern projected to change across Europe (drier in south)

Å River discharge projected to decrease in south and increase across 
northern Europe

Å High degree of uncertainty within ensemble of different models but 
large-scale pattern is robust

%

CERES Synthesis Report: Chapter 2



Thisproject has receivedfunding from the EuropeanUnioń s
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Biological forecasting Hungarian pond aquaculture

ÅHigher change in yield at 
lower stocking density

Å Increased evaporation, more 
supplementary water will be 
needed

Å Increasing occurrence of sub-
optimal oxygen levels
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ClimeFish

The prospectsof the industry: modelled & non-modelled forecasts
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ClimeFish

ÅMonitoring (real time diagnostics)

ÅDevelopinfrastructures to withstand floods 

ÅUse of aerators, oxygenmanipulation

ÅAdequate stocking rate and biomass management

Adaptation measures identified

ÅBreeding programmes 

ÅMonitoring and mappingdiseaseoutbreaks

ÅPreventivetreatments and vaccines

ÅMore detail in officialstatistics

Industry-level

Governance

Research& 
knowledgebuilding

Hungarian pond aquaculture
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Aquaculture: Questions?
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ClimeFish

Lake fishery: Relative change by 2050 with present day fishing pressure

+

_
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Declinein whitefishin South and Central Europe

ÅDespite potential for increased 
growth and production

ÅPredation by invading species- e.g. 
pike-perch is a threat 

ÅReduced reproduction due to 
increase in predation, siltation, 
oxygen deficit, too high incubation 
temperatures. In Czech whitefish lost 90% 

of original distribution
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Horizon 2020 research and innovation action under grant
agreementno. 677039

ClimeFish

Consequences for the good ecological status 
(GES)
ÅSalmonid fish are considered the 

indicators of GES everywhere

ÅExpect decline in ES in southern and 
central Europe

ÅSlowing or reversing this trend requires 
huge effort

ÅProtect, prevent invasive species, 
conduct (semi)artificial reproduction
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Consequencesfor the goodecologicalstatus 
(GES)

ÅCyprinid fish are considered 
the indicators of degraded 
Ecological state

ÅMany will competitively 
benefit from warming

ÅES is very likely to decline
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Natural feed 
availability 

and increased 
mortality

Affects fish 
stocks and size

Natural 
recruitment / 

Feed 
availability

Increased risk 
suboptimal 
conditions -

anoxia

HABs, 
pathogens 

and invasive 
species

Frequent 
outbreaks of 

HABs

Harmful 
bacteria and 
pathogens

Species 
replacement

Decreased 
ecological 
balance

Decreased 
water quality

Water 
turbidity

Deterioration 
of water inlet

Increased 
Evaporation

Decreased 
water 

availability

Increased 
water prices

Water 
shortage 

affects region's 
income

Costs and 
Income

Increased feed 
demand

Increased 
operational 

costs

More controls 
/ systems 
required

Shared Impacts CC on Freshwater Operations
Italian Lake Garda ςHungarian Ponds



Stretch your legs!

Marine fisheries next
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Marine Fishery

Relative change by 2050 
under RCP4.5. with 
present day fishing 
pressure

+

_

Flatfish

Mullet
Clams
Scallops

Whiting
Saithe
Monkfish

Cod

Herring
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Horizon 2020 research and innovation action under grant
agreementno. 677039

ClimeFish AnnualMeeting
24-26 April 2018 Szarvas, Hungary

Species 
composition

Northwards shift of 
species

Increased stocks: 
Mackerel, Whiting, 

Hake

Decreased stocks: 
Herring, Cod

Emerging species: 
Seabass

Species 
phenology 
and growth

Alterations year-
class

Food availability

Growth rates

Distribution 
and fisheries 

dynamics 

Catch 
composition

Spatial 
distribution

Deployment of 
gear and catch 

efficiency

Quota 
allocation, 

licenses and 
TAC

Increased
complexity in 
negotiations

Overfishing of 
shared stocks

Choke Species

Production 
dynamics 

Longer distance 
to fishing 
grounds

Reduced safety

Damaged 
infrastructure

Reduced fishing 
days / Increased 

costs

Shared Impacts CC across marine Fisheries: 
North Atlantic pelagic, WoS demersal
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Attribution - Importanceof Biological Time Series

ÅTime series analyses (11 applications) of single or multiple 
species within 8 European regions.

ÅHistorical changes in stocks mainly driven by fishing but 
climate variability has triggered (amplified or weakened) 
observed responses.

ÅCapacity to build reliable projection models requires robust 
(long, continuous, data-rich) time series for the main 
European Seas and inland waters. Such time series are 
scarce and in only a few areas.

ÅHealthy stocks will display less climate-driven variation (until 
physiological thresholds are passed) underscoring 
importance of sustainable, ecosystem-based management 
for climate adaptation

CERES Synthesis Report: Chapter 4
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ProjectedClimateChange Effects
on Marine FisheryTargets

ÅApplied 12 state-of-the-art biological 
projection models (often 2 models per 
region).

ÅProjections of shift are consistent 
across different types of models ς
shown is % change by 2050

ÅMarkedly stronger effects of RCP8.5 
(right) compared to RPC4.5 (left)

ÅWinners and losers (e.g. also when 
comparing stocks of same species)

ÅModels projectedchangefor species
currentlyin regionςfuture, novel
speciesnot considered

CERES Synthesis Report: Chapter 4

RCP 4.5 RCP 8.5
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EconomicImpacts on Fleets

ÅProfitability at 2050 tested 
under four scenarios (consistent 
narratives of environmental, 
economic, legal, technological 
and political change)

ÅChanges in policy (e.g. access) 
and economics (fuel / fish price) 
more important than direct, 
biological effects of climate 
change.

ÅShifts in profitability between 
fleet segments projected in 
Norwegian / Barents Sea.

WM NE GS LS WM NE GS LS

PelagicFleets DemersalFleets

CERES Synthesis Report: Chapter 4

άGrowth is
goodά

ά²ŜΨǾŜgot the
wholeworld in our

handsά

άPull up the
drawbridgeά

άThink local, 
act localά
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ClimateChange RiskAnalysis

ÅRegions in SE Europe and UK have highest risk to 
both fleets andcommunities (low GDP, few 
targeted species)

ÅIn other regions, risk is greatest at fleet or
community level but considerable differencesexist, 
even within a country

ÅSmallest vessels (less than 6m) had much higher 
risk than other size classes (Mediterranean -
Croatia, Bulgaria, France, Malta and Greece)

ÅIn some regions (e.g. SE Baltic) increasing resilience 
needed (e.g. creating alternative employment 
opportunitiesin community)

ÅIn regions where fleet risks dominate, prioritize 
increasing fleet efficiency / diversity.

CERES Synthesis Report: Chapter 4
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Stakeholder Mind-mapping: Examplefor dolphinfishWestern Mediterranean

CERES Synthesis Report: Chapter 4
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Stakeholder Mind-mapping: TranformativeClimateChange Adaptation
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General: outcomes and recommendations
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Key exploitable outcomes 
at case study level

Å Identified knowledge gaps (published papers)

ÅForecasting models for fish production

Å Identified risks and opportunities

ÅClimate Adaptation Plans for fisheries and aquaculture 

ÅThe ClimeFish Decision Support Framework

ÅDecision Support Software
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Key exploitable outcomes 
at EU level

ÅE-ƭŜŀǊƴƛƴƎ ŎƻǳǊǎŜ ƻƴ ά/ƭƛƳŀǘŜ /ƘŀƴƎŜ !ŘŀǇǘŀǘƛƻƴ ŀƴŘ aƛǘƛƎŀǘƛƻƴ 
ƛƴ CƛǎƘŜǊƛŜǎ ŀƴŘ !ǉǳŀŎǳƭǘǳǊŜέ ŀǘ C!h ƭŜŀǊƴƛƴƎ Academy

ÅGuidelines for establishing legal good practice 

ÅRecommendations for co-creation practices

ÅGuidelines for making  Climate Adaptation plans for fisheries 
and aquaculture - European voluntary standard (CWA)

ÅContribution to the EU Adaptation Strategy Package for fisheries 
and aquaculture
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Horizon 2020 research and innovation action under grant
agreementno. 677039

ClimeFish

Guidelines for creating 
Climate Adaptation Plans (CAPs) 

CEN Workshop Agreement      CWA 17518:2020

Good practice recommendations for making Climate Adaptation Plans for fisheries and aquaculture

2

1

3

Assess risks and 
opportunities

Identify adaptation 
measures

Operationalize CAPs

1. Evaluate current status
2. Forecasts
3. Risk assessment

4. Vulnerability assessment
5. Adaptation needs
6. Adaptation measures

7. Implementation plan

Outcomes

Main risks and 
opportunities

Main vulnerabilities

Adaptation measures 
and trade-offs

Implementation plan for 
adaptation measures
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Adaptation StrategyPackagefor EU fisheriesand 
aquaculture

Key elements:

1.Adaptation priorities
2.Regulation and policy framework
3.Funding
4.Available tools
5.Knowledge building
6.Adaptation strategies and action plans
7.Adaptation measures idenified
8.Evaluation and timeline for 

implementation
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Stakeholders that participated in the case study events



1) Integrating climate researchacrossdisciplines: It is inherently challengingto conduct

inter-disciplinaryscience,foster training programs. Need to embed social scientistsas

facilitatorsof stakeholderengagement. PerceivedN-Sgradientin Europeanemphasis.

2) Conductingtrans-disciplinaryclimate changescience: Barriersto cooperationbetween

climate scientistsand industry (aquacultureand fisheries)are disappearing. Callsneeded

that focuson artisanalfishersandfarmers.

Recommendationsfor Future Research



3) Capturing uncertainty in physical & biological projections:Multiple RCPs (scenarios), 
mǳƭǘƛǇƭŜ D/aǎ ŘƻǿƴǎŎŀƭŜŘ ǘƻ ǊŜƎƛƻƴŀƭ ƘȅŘǊƻŘȅƴŀƳƛŎ ƳƻŘŜƭǎΣ ƳǳƭǘƛǇƭŜ ōƛƻƭƻƎƛŎŀƭ ƳƻŘŜƭǎΧ 

Recommendationsfor Future Research

CERES Synthesis Report: Chapter 6



4) Spatial and temporal resolution of physical impacts: Move from regional climate change 
(sub-ōŀǎƛƴ ǎŎŀƭŜǎύΦ bŜŜŘ ǇǊƻƧŜŎǘƛƻƴǎ ǿƛǘƘ ƘƛƎƘŜǊ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴΧ ƭƻŎŀƭ ǎŎŀƭŜ

Recommendationsfor Future Research

NASO MapsGreece
https://www.google.com/maps/d/ viewer...

CERES Synthesis Report: Chapter 6



5) Direct biological effects of climate change on aquatic living resources:Gap analysis 
identified research needs on interacting factors and life stage responses.

6) Indirect biological effects of climate change need to be better represented in models 
such as (novel) food webs or future prevalence of disease.

Recommendationsfor Future Research

2050 RCP8.5

North Sea
food web 
(Atlantis)

CERES Synthesis Report: Chapter 6


