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REGIMES – PREDICTION 

REGIMES: Interdisciplinaray investigations of ecosystem services and 
scenarios in the Svalbard Zone under a changing climate in the Arctic. 
• To investigate the effects of climate change on the Arctic marine ecosystem services 
• To study how this will affect the potential for escalating conflicts over the Svalbard 

Fisheries Protection Zone. 

 
  



The Arctic 

 Area: 14.056 million sq. km (5.4 million sq. mi.), largely frozen 
ocean. 

 Top fishing countries  Norway, Iceland, Greenland, Russia & Faeroe 
Island (based on landed values);  

 Norway – largest current landed value* (US$ 929 million); 
 



Climate is Changing 



Climate change impact on marine resources 

 ↑ Sea 

temperature; 

 ↑ Acidification; 

 Δ Ocean current 
pattern; 

 Δ Salinity; 

 Retreat of sea ice; 

 ↑ Coastal hypoxic 
& oxygen min. 
zone; 

 ↑ Sea level. 

Physical change in the 
ocean 

• Physiology 

• Growth; & 

• Body size. 

INDIVIDUAL 

•  Recruitment 
•  Abundance 
•  Distribution 

. 

POPULATION 

• Species 
composition; 

• Invasion/exti
nction. 

COMMUNITY 

• Productivity;  

• Species 
interaction.  

ECOSYSTEM 

Biological / ecological 
change in the ocean 



Source: ICES 



Ocean warming drives changes in species composition 

Credit: Pew Charitable Trust; Based on Cheung et al. (2013) Nature 



Species gain and local extinction 

• Range shifts lead 
to species gain and 
local extinction; 

• 1000 species; 

• 2050s relative to 
2000s, RCP 8.5 

Cheung et al. (2009); Jones and Cheung (2015) 

E.g., Snow crab in 
Norway; 



Climate Change Impact on Fishing Sector  

Expected in the Arctic: 

• Ocean warming has positive impacts on fisheries; 

• Ocean acidification has negative impacts on fisheries; 

• Impacts on: catches, costs, prices, revenues and jobs; 

• Impacts on fishing sector and society. 

 



Norwegian Fisheries 

 -

 500,000

 1,000,000

 1,500,000

 2,000,000

 2,500,000

 3,000,000

 3,500,000

 4,000,000

 -

 2,000

 4,000

 6,000

 8,000

 10,000

 12,000

 14,000

 16,000

 18,000
1

9
7

7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0

1
1

2
0

1
3

2
0

1
5

La
n

d
in

g 
(t

o
n

n
s)

 

V
al

u
es

 (
M

N
O

K
))

 

Value (million NOK)

Landing (tonns)



 Pelagic species: herring, mackerel, capelin, brisling 
(sprat), sandeel, Norway pout, blue whiting, etc.  

 Demersal species: cod, saithe, haddock, pollack, ling, 
tusk, halibut, etc.  

  Coastal fisheries: Conventional, coastal seiners, 
shrimp trawler. 

  Ocean fisheries: Conventional, cod trawler, pelagic 
trawlers. 

Fish Species and fisheries in Norway 



Norwegian Fishing vessels 
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Changes in Catch 

Haug et al. Fisheries Research (2017) 

E.g., Snow crab in 
Norway; 



 Ecological: Dynamic Bioclimatic Envelop model; 

 Multi-model ensemble (GFDL, IPSL, CSM 1.4, CCSM3) under IPCC SRES A2 
scenario to explore uncertainty of the assessment;  

 OA scenarios (based on Kroeker et al. 2010); 

 Monte Carlo method to determine the level of uncertainty; 

 Major species of exploited Arctic marine fishes and invertebrates are included;  

 

 Economic: production, cost, benefit 

 Projected catches – production function 

 Costs – variable and fixed costs 

 Prices (supply/demand) 

 

Methods 



Predicted future species 
distribution 

Bioeconomic Model Structure 

Dynamic Bioclimate 
Envelope Model (DBEM) 

Catch potential & 
landings (t) 

Landed 
Values ($) 

Species composition 

Fishing effort 

fishing cost ($) 

Economic rents 

Social impacts 



Dynamic Bioclimatic Envelop Model (EBEM) 

Ocean chemistry 

Salinity 

Oxygen minimum 
zones/ 
hypoxia 

Acidification 

Physical conditions 

Ocean 
warming 

Changes in 
current pattern 

Primary production 

Productivity 

Community 
structure 

Sea ice 

Dynamic bioclimatic 
envelop model 

Species composition 
in each EEZ 

Catch potential & 
landings (t) 



Economic Model Structure 

Catch potential & 
landings (t) 

Revenues ($) 

Species composition 
in each EEZ 

Fishing fleet 
dynamics 

(entry/exit) 

Price dynamics 
(demand model) 

Cost 
dynamics 

Total (variable) 
fishing cost ($) 

Economic rents 

Technology 
development 

Wide impacts on 
society 
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Mean percentage change in maximum catch potential (MCP) and revenues in the 
2050s relative to current status under RCP 8.5 scenario  

Mean 
Standard 
deviation 

% change in MCP -7.71 4.36 

% change in revenues -10.37 4.20 

% change in revenues is 35% more 
than % change in MCP 

Lam et al. (2016) 



Lam, Cheung, Reygondeau, Sumaila. (2016) Scientific Report 

Changes in fisheries revenues is 35% more than catches   

Difference maximum revenues (MRP)  
between RCP 8.5 and RCP 2.6 



Revenues from Fisheries in the Arctic 
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Change in Habitat Suitability Index (HIS) of Atlantic cod in Norway 
EEZ (area for ocean fisheries) relative to that in the 2000s under 

GFDL RCP 8.5 scenario 
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Projected revenues of Atlantic cod by conventional ocean fleet 
in Norway EEZ under GFDL RCP 8.5 scenario 
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ocean fleets under GFDL RCP 8.5 scenario 
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Projected revenues of Atlantic cod by conventional ocean fleet 
in Norway EEZ under GFDL RCP 8.5 scenario (with TAC) 
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Next, 

 Add fishing fleet dynamics (effort); 

 Cost dynamics (fishing & travel costs); 

 Price function (demand); 

 NPV; 

 Different management scenarios; 

 Winners vs. losers 
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