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The  CERES project is  nam ed 
a fte r the  Rom an goddess of 
agricu lture  and  fe rtility 
 
The  tota l budge t for CERES 
will be  €5.58 m illion  and  the  
project will run  over 48 
m onths (2016-2019). 
 
 
The  EU funded  a  para lle l 
p rojected  ca lled  Clim eFish  



CERES 
Clim ate  change  and  European  aqua tic RESources 



CERES 
Clim ate  change  and  European  aquatic RESources 

IPCC Scenarios 
CERES will aim to make a significant 
contribution in the next assessment report 
of the Intergovernmental Panel on 
Climate Change (IPCC) in 2020. 
 
In order to do this CERES participants must 
use climate change scenarios and socio-
economic storylines that are compatible 
with those of the IPCC. 
 
Representative Concentration Pathways 
(RCPs) are four greenhouse gas 
concentration (not emission) trajectories 
adopted by the IPCC. 
 
 
 

In CERES task 1.1 
modellers will create 
spatially and 
temporally detailed 
projections of future 
marine and 
freshwater 
conditions under 
RCP 8.5 and RCP 4.5. 

Global warming (in °C) expected under each RCP 



Physical Modelling  

1. POLCOMS-ERSEM projections for the  North  East Atlan tic and  Medite rranean . 
• one  GCM (MPI-ESM-LR), RCPs 4.5 and  8.5 
• 1960-2099 
• a lso  a  run  d riven  by obse rva tion-based  da ta , for va lida tion  purposes. 

2. RCO-SCOBI p rojections for the  Baltic. 
• 11-m em ber ensem ble , with  four GCMs, RCPs 4.5 and  8.5, th ree  nu trien t scenarios 
• 1970-2099 

3. NORWECOM projections for the  Norwegian  and  Baren ts Seas 
• One  GCM, RCP4.5 
• 2006-2070 

4. E-HYPE projections for European  rive rs 
• Four GCMs, th ree  RCPs  
• 1970-2099 
  Susan  Kay -  suka@pm l.ac.uk 
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POLCOMS-ERSEM 
RCPs 4.5 and 8.5  
1960 to 2099  
Driving model: MPI -
ESM-LR 

RCO-SCOBI 
RCPs 4.5 and 8.5  
1970 to 2100  
Driving models MPI -
ESM-LR, EC-EARTH, 
HadGEM2-ES, IPSL-
CM5A-MR (RCP 4.5 
only)  

NORWECOM 
RCP 4.5  
2006 to 2069  
Driving model: 
NorESM1-M 

Freshwater rivers  
E-HYPE 
RCPs 4.5 and 8.5  
1970 to 2100  
Driving models MPI -
ESM-LR, EC-EARTH, 
HadGEM2-ES, IPSL-
CM5A-MR (RCP 4.5 only) 

 

Susan Kay -  
suka@pml.ac.uk  



Key findings: North East Atlantic and Mediterranean  

• Sea  su rface  tem pera tu res increase  by up  
to  4°C during the  cen tu ry. 

• Grea te r increases in  the  sou th  and  east 
of the  region  than  the  north  west. 

• Increases unde r RCP 4.5 a re  rough ly ha lf 
those  unde r RCP 8.5. 

• Diffe rences be tween  RCPs on ly sta rt to  
em erge  a fte r abou t 2040.  

 

°C 

RCP 4.5 

RCP 8.5 

m ean SST 2050s-2000s m ean SST 2090s-2000s 

Susan  Kay -  
suka@pm l.ac.uk 



Key findings: North East Atlantic and Mediterranean  

Net PP  
(m g C  

m -2 d -1) 

SST 
(°C) 

Medite rranean  North  Sea  

Susan  Kay -  suka@pm l.ac.uk 
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 Task 1.1 projections for European  rive rs 

• Projected  change  in  flow 
across Europe  – reported  in  
D1.4 

o Increasing flow in  northe rn  
Europe , decreasing in  the  
sou th , bu t h igh  unce rta in ty. 

• Projections of d ischarge , N 
and  P for ind ividual basins, 
used  by WP2/3 partne rs. 

Susan  Kay -  
suka@pm l.ac.uk 
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The  pe rm uta tion  p rob lem … 

Future 
society  

Emissions 
pathway  

Climate 
model  

Regional 
scenario  

Impacts  

If we do not simplify things, 
there are literally 1000s of 
possible future states that 
must be evaluated – 
depending on different 
assumptions  

Short-, medium- and long-term 
developments in governance, social, 
technological and economic drivers 
may be just as important to fisheries 
and aquaculture as climate-driven 
changes in habitats and species. 
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Shared Socioeconomic Pathways (SSPs) 
Shared Socio-economic Pathways (SSPs) have been 
designed by the IPCC to be used alongside the 
Representative Concentration Pathways (RCPs) to 
analyse feedbacks between climate change and 
socioeconomic factors. 
 
Certain model outputs are available ‘off the shelf’ 
for each Shared Socio-economic Pathway (SSP).  
 
Vuuren & Carter (2014) provided a suggestion for 
mapping the previous generation of IPCC SRES 
(Special Report on Emission Scenarios) storylines 
onto the new framework of RCPs and SSPs.  
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What a re  scenarios??? 

Scenarios a re  imagined ‘futures’.  
 
They do not com e singly, as a  forecast would , bu t 
in  se ts of a lte rna tives. Scenarios a re  not 
necessa rily "visions" or "p lans", bu t they can  he lp  
to  gu ide  stra tegy. They describe  both  optimistic 
and problematic futures.  
 
For scenarios to  be  a  use fu l tool, they m ust a ll be  
possible, plausible and credible.  
 
Plausib ility is a  necessa ry crite rion, otherwise  it 
sim ply becom es science-fiction  
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Template handed out 
to participants at the 
CERES ‘kick off’ 
meeting on 6th April 
2016 to gather their 
own personal views 
about how the future 
might unfold under 
each of the four 
CERES prototype 
scenarios. 
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Resu lts 

The  CERES ‘report ca rd’ 
com m unicating our new scenarios 
was launched  a t a  stakeholder event 
in  The  Hague  (Netherlands) on  21-
22nd Novem ber 
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World  Marke ts [RCP 8.5, SSP5]   Nationa l En te rprise  [RCP 8.5, SSP3]  

Globa l Susta inab ility [RCP 4.5, SSP1] Loca l Stewardsh ip  [RCP 6.0, SSP2]  

“Growt
h is 
good”!  

“Pull up the 
drawbridge
” 

“Think 
local, act 
local”  

“We’ve got 
the whole 
world in our 
hands”!  
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• CERES World Markets Scenario 
(RCP 8.5 and SSP5 - A1F1): 
technology and markets fail to 
deliver sustainable solutions 

• CERES National Enterprise 
Scenario (RCP 8.5 and SSP3 - 
A2): national identity gets in the 
way of global sustainability. 

• CERES Global Sustainability 
Scenario (RCP 4.5 and SSP1 - 
B1): international co-operation 
towards global sustainability. 

• CERES Local Stewardship 
Scenario (RCP 6.0 and SSP2 – 
B2): tailored solutions for local 
problems. 
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Fish  & she llfish  consum ption  (tonnes) – by coun try… 
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What could it mean for Marine Fisheries? 

National Enterprise –  
RCP 8.5 and SSP3 (A2) 

World Markets –  
RCP 8.5 and SSP5 (A1F1) 

Global Sustainability –  
RCP 4.5 and SSP1 (B1) 

Local Stewardship –  
RCP 6.0 and SSP2 (B2) 

•Fish obtained from the cheapest sources 
•Decommissioning subsidies reduced 
•Few legal and technical restrictions 
•Only a few high-tech boats 
•Sequentially depleted fish stocks 
•More competition for resources globally 
•Low taxes, strong private sector 
•Europe outcompeted by Asia/China 
•Use of cheap immigrant labour 

 

•Fish from sustainable sources worldwide 
•Equitable and ethical are important 
•EU/international marine strategy 
•Lower meat and fish consumption per capita 
•Ecolabel certification schemes 
•EIA required for new fisheries  
•Traceability and quality standards 
•Fisheries displaced by windfarms and MPAs 
•Sustainable, low impact fishing gears 

•Maintaining national supply important 
•Frequent ‘cod wars’ 
•Decline in fish imports (import tariffs) 
•Sport fisheries ‘squeezed out’ 
•Higher fish prices and taxes 
•Little new technology 
•Food security more important than MPAs 
•Individual Transferrable Quotas (ITQs) 
•Increased disparity – rich and poor countries 

 

•‘Bottom up’ local/regional governance 
•Self sufficiency viewed as important 
•Large number of small/traditional vessels 
•Improved opportunities for ‘sport fisheries’ 
•Mosaic of different management measures 
•Not worried about downstream impacts 
•Equity and ownership are important 
•Traceability standards important 

 

These draft socio-political storylines were elaborated by CERES partners and stakeholders  

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjku7-4jurOAhWFAcAKHQA2B7IQjRwIBw&url=http://www.fao.org/fishery/fishtech/1018/en&bvm=bv.131286987,d.ZGg&psig=AFQjCNGBo5qtVdb95Tuv0fNmfjTHjd1Rrw&ust=1472679931708608
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What could it mean for Marine Aquaculture? 

These draft socio-political storylines were elaborated by CERES partners and stakeholders  

World Markets –  
RCP 8.5 and SSP5 (A1F1) 

•Huge expansion of offshore fish farming 
•Luxury product vs anonymous fish protein 
•Pangasius dominated aquaculture markets 
•Extensive use of cheap immigrant labour 
•Big businesses strive for value-for-money 
•Frequent fish kills due to pathogens & jellyfish 
•Global trading of aquaculture products 
•Technology/automation important 
•Low seafood prices, low energy prices 

 

National Enterprise –  
RCP 8.5 and SSP3 (A2) 

•High seafood prices, high energy prices 
•Less technology, more labour 
•Regional production with public subsidies 
•Genetic engineering of aquaculture species 
•Aquaculture to feed domestic tastes 
•Some countries adopt new tech., others not 
•Local certification and marketing schemes 
•Food security dominates over environment  

 
 

Global Sustainability –  
RCP 4.5 and SSP1 (B1) 

•Tight regulation of inputs and outputs 
•EIA required for new farms  
•Traceability and quality standards 
•Organic and fair-trade ecolabel schemes 
•Technology transfer to poorer countries 
•Carbon footprint considered 
•Inland, closed systems more common 
•Renewable energy powering most farms 
•Expansion of offshore production 

Local Stewardship –  
RCP 6.0 and SSP2 (B2) 

•Local/regional governance – high autonomy 
•Self sufficiency viewed as important 
•Small scale, low-impact fish farming 
•EIA required for all new farms 
•Quality and traceability important 
•Sale/marketing of locally produced products 
•Greater variety of organisms farmed 
•Strong incentives to recycle waste materials 
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• 21-22nd November 2016 CERES Stakeholder Engagement Workshop in The Hague (Netherlands). 
 

• NUIG (Ireland) carried out face-to-face interviews with aquaculture stakeholders. 
• DLO-IMARES (Netherlands) hosted a meeting for shellfish farmers on the 23rd of June 2017, glossy report card widely circulated.  
• MEU (Turkey) organised two focus-group meetings during May 2017 to share and discuss the socio-political scenarios.  
• IPMAR (Portugal) provided a presentation on the CERES scenarios to industry (Portuguese Association of Fish Farmers).  
• INCDDD (Romania) identified a list of regional stakeholders and translated the ‘glossy report card’ into Romanian.  
• ZUT (Poland) translated the Glossy Report Card into Polish to be used in future stakeholder engagement events.  
• CSIC (Spain) translated the glossy report card into Spanish and has now begun full-scale interviews with stakeholders (under WP6).  
• CEFAS (UK) event on 22nd June 2017 in London, organised by 'Seafish‘ the UK seafood industry authority and attended by 50+ 

representatives from the fisheries, aquaculture and processing sectors.  

  

Exploita tion  of re su lts 
All partne rs had  in tended  som e  sort of face -to-face  stakeholde r ou treach  activity 
unde r T1.2, bu t the  exact form  tha t tha t th is m igh t take  and  the  tim ing were  not 
known when  the  engagem ent stra tegy was first d ra fted .  
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Regionalisation 
of the CERES 
scenarios 

The  EU Project ELME has 
already provided holistic 
scenarios for each 
European Sea using a 
similar common framework  
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Standardised – for all cases 
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Regional – example North Sea (spatial fishery closures) 

National  
Enterprise 

Global 
Sustainability 
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In Task 2.3 a wide diversity of 
modelling activities focussed on 
fish and fisheries are underway:  
 
• UHAM: Work on the North 

Sea Atlantis model  
• DTU: Baltic ecosystem 

Atlantis modelling  
• IMR: Barents Sea (arctic) 

ecosystem Atlantis modelling  
• Cefas: Work to create an 

‘ensemble’ of relatively simple 
species distribution models 
(SDMs) 

• IFREMER: DEB model for 
anchovy and sardine in Biscay  

• DLO: DEB model for North 
Sea flatfish  

• CSIC: SSD-DBEM distribution 
models for dolphinfish  
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Mode ls from  large  (e .g. Atlan tis) to  low (e .g., 
sta tistica l) com plexity have  been  te sted  and  
tuned  with  h istorica l environm enta l da ta . 

UHAM ATLANTIS 
DTU 
HCMR STATISTICAL/

MEPHISTO IFREM. 

IBM-DEB DLO 

IMR 

AQUATOX INCDD 
SS DBEM 

PML 
CSIC 

Partne rs Mode ls 

Cefas 6 SDMs 
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3 Atlan tis Mode ls 

North  Sea  Baltic Sea  Baren ts/Norwegian  Sea  

  North Sea  Baltic Sea Nordic/Barents Sea  
Number of Polygons  26  29  60 
Spatial Domain  570,000 km 2 415,000 km 2 4 m illion  km 2 
Hydrodynamics  HAMSOM m ode l HBM-ERGOM NORWECOM-ROMS m ode l 
Functional groups  53 33 52 

ATLANTIS Mode ls 
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Resu lts 
• Severa l papers a re  in  p repara tion  

or published , based  on  the  
updated  m ode ls (e .g. DEB-IBM, 
Sta tistica l) 

Anchovy growth  in  d iffe ren t European  
regions, DEB-IBM, IFREMER. 

Growth  of North  Sea  
p la ice  as a  function  
of m igra tion , 
tem pera tu re  and  
food , DEB+ERSEM, 
DLO Age  (weeks) 

Weight (g) 

T (°C) 

Food (m g C cm -2day-1) 

Bio-ene rge tics Mode ls 



Future spatial distribution of fish  

- Based  on  DEB m ode l 

- Use  seasona l m igra tion  
m ode l, app lied  to  ERSEM 
forecasts 

- Requ ire s ob ta in ing ERSEM 
resu lts from  PML (T1.1)  

- Resu lts can  be  used  in  b io-
econom ic m ode ls 

- Based  on  INLA m ode l 

- Forecast d istribu tion  based  
on  curren t fit of m ode l, with  
forecasted  tem pera tu res 

ka te ll.ham on@wur.n l 
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WATER – Gilthead  in  the  Greek EEZ 

Gilthead suitability 
shows the best areas 
are fairly close 
inshore – the coastal 
zone is a complex 
multi-user seascape. 

Ignacio Catalán 
CSIC 
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Task 2.3 - Bioclimate 
Envelope modelling for 
the NE Atlantic  

Projected changes in habitat suitability for bluefin tuna (Thunnus 
thynnus) as determined by the Maxent Species Distribution Model 
(SRES A2b scenario) 

We  have  run  6 b iologica l m ode ls 
(Maxen t, Bioclim , GAMs, Random  
Forest, support vector m ach ines - 
SVMs), for 49 com m ercia l fish  
specie s and  an  ensem ble  of 11 
varian ts of a  fu tu re  clim ate  m ode l 
(SRES A2B)  [3234 runs] 
 

In  2018 we  will repea t the  m ode lling using the  CERES T1.1 
ou tpu ts (RCP 4.5 and  8.5) [392 runs] 
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49 fish  species… 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj56diYuN3ZAhUpBcAKHc1MBNwQjRwIBg&url=http://www.fao.org/fishery/species/3358/en&psig=AOvVaw1KBc5jd_Y4blqVCio8oyw_&ust=1520622982466073
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiiwqTluN3ZAhWKDMAKHaLgCq8QjRwIBg&url=http://www.hermanosgandon.com/eng/halibut.html&psig=AOvVaw1OvUQBstvJMur2PpzVfPBf&ust=1520623137561987
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi0ssebu93ZAhVKCMAKHU4XAA0QjRwIBg&url=http://www.fao.org/fishery/species/3359/en&psig=AOvVaw0MeWgUJhyrkrD-zoHrq1K5&ust=1520623795588940
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Task 4.1 Spatially-explicit bio -
economic estimates of climate -
driven changes in fishery 
access, resources, and effort 
(DLO (WR), Katell Hamon/Erik 
Buisman, M6 -36). 
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SIMFISH – North  Sea  
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- Using socio-politica l scenarios 

 

North  Sea  Fla tfish  fishe ry 

ka te ll.ham on@wur.n l 



SIMFISH - Data  needs & gaps 

Source  : D1.2 (Vanhe llem on t e t a l. 2013) 

- T1.1 curren t & RCP 4.5 & 8.5 

- Availab le  forecasted  variab le s? 

- Spa tia l & tem pora l re solu tion? 

- Pla ice  and  sole  fu ture  d istribu tion   

- Other species?  

- In te re st from  Stakeholde rs (tu rbot & brill?) 

- Data  ava ilab ility? 

- Flee t da ta  UK, Germ any  

- Fina l socio-politica l scenarios (incl. spa tia l closures) 
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WP4 
Economy 

BIOECONOMIC MODEL: 2-STAGE MODELLING APPROACH (ALL CS IN CSIC) 

within-season 
availability to 

fishermen 
(extended period?) 

Mean initial size at 
the onset of fishery 

Size-progression 
(growth)within the 

season 

WP2 

Catch 

Secondary species Revenues 

Costs Fishermen 
behavioural 

rules 
outcome 

ECONOMIC SUB-MODEL 

F t+1 

Management. Effort, selectivity, 
New? (CC-induced) 

Economic controls: 
taxes,subsidies, 
decomissions 

Fish price 

 
BIOLOGICAL 

MODULE 
(Depletion 

model) 

T0 Initial conditions 

CERES 

WP1 
scenarios 
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ISIS-fish   – Bay of Biscay 
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CERES Global Fishm eal m ode l 

Eleni Papathanasopoulou  - elpa@pml.ac.uk  
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Preparing for trade  ana lysis: socio-econom ic param ete rs  

National 
Enterprise [RCP 
8.5, SSP3] 

World Markets [RCP 8.5, 
SSP5]   

Global Sustainability 
[RCP 4.5, SSP1] 
 

Local Stewardship  
[RCP 6.0, SPP2]  

Dem and in  EU* + (m odera te  
popula tion  
growth) 

++ (h igh  popl. growth , 
com petitive  pricing) 

0 (m odera te  popl. 
growth; reduced  m ea t 
consum ption) 

0 (m odera te  popl. 
growth) 

Dem and outside  
of EU* 

-/+ (resource  
d istribu tion) 

++ (com petitive  m arke ts) + (red istribu tion  of 
food) 

+ (re la tive ly low due  to  
low per capita  
consum ption) 

Trade  costs ++ (trade  ba rrie rs 
enforced) 

- (free  trade) - (co-opera tion) + (loca l agenda  
restricts free  trade) 

FMFO dem and + (slow increase  
from  na tiona l 
sources) 

++ (fast increase  of 
aquaculture  globa lly) 

+ (m odera te  increase  
for hea lth ie r foods) 

0 (se lf sufficiency 
im portan t) 

Fa rm ing e fficiency + (restricted  
resource  
ava ilab ility) 

+ (com petitive  m arke ts) - (fa lling fish  
production) 

+ (technologica l 
advancem ent, 
trim m ings) 
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Pre lim inary FMFO resu lts under CERES scenarios 

Source : Genevie r e t a l, in  prep . 

Eleni Papathanasopoulou  - 
elpa@pml.ac.uk  
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Pre lim inary FMFO resu lts under CERES scenarios 

Source : Genevie r e t a l, in  prep . 

Eleni Papathanasopoulou  - 
elpa@pml.ac.uk  
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Conclusions … 
• In order to reduce the total number of model runs across all European 

seas, species, fleets etc. we have chosen to use a common set of socio-
economic scenarios 
 

• We have based these on the Shared Socio-economic Pathways (SSPs) 
that have been designed by the IPCC to be used alongside the 
Representative Concentration Pathways (RCPs)  
 

• We have attempted to ‘regionalise’ these scenarios – with specific 
assumptions about MSY and spatial fishery closures 
 

• We are  now evaluating these scenarios with a wide diversity of 
biological and economic models 
 



For further information 
please  contact:  

Visit us: 
ceresproject.eu  

This project receives funding  from 
the European Union’s Horizon 2020 

research and innovation 
programme under grant agreement 

No 678193.  

John.pinnegar@cefas.co.uk  
katell.hamon@wur.nl  

myron.peck@uni -hamburg.de  
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