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Ocean warming, acidification and deoxygenation

The ocean has become:

•  warmer (an increase in average temperature of 0.2oC at the top 300 m of 
the ocean between the 1950s and1990s);

• with less sea-ice (summer Arctic sea ice extent is decreasing at 7.4% per 
decade);

• more acidic;

• less oxygenated in some area, higher sea level, changes in primary 
productivity.
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1) the productivity

2) distribution 

 of fish biomass in 
the global ocean.



Climate change implications

• It will result in changes in the following:

• Catches;

• Food security;

• Catch (landed) values;

• Cost of fishing;

• Profits to fishing companies;

• Income to fishers;

• The distribution of benefits to different countries, regions and 
groups.

Sumaila et al. (2011) Nature Climate Change



Climate change implications for 

fisheries economics and 

management
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Two contrasting scenarios

• The current high emissions trajectory 
(Representative Concentration Pathway 8.5, 
RCP8.5); and 

• A reduced emissions scenario (RCP2.6) 
consistent with the Copenhagen Accord of 
keeping the global atmospheric temperature 
increase below 2°C in the 21st century. 



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, Cheung, Reygondeau, Sumaila. (2016) Scientific Reports



Percentage change (%) in catch under 

climate change

Lam, Cheung, Swartz, Sumaila (2012): African JMS
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Impact on fisheries revenues in Pacific 

islands under RCP 8.5 in the 2050s

Global 
average 
(10.4%)

Lam, Cheung, Reygondeau, Sumaila. (2016) Scientific Reports
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Sumaila et al. (2019): Science Advances



Supply and price effects of the Paris Agreement
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• Effects on fishers’ revenues due to changes in:

Catch Price
Catch and 

price

Sumaila et al. (2019): Science Advances



Outcomes of achieving Paris Agreement targets
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Sumaila et al. (2019): Science Advances



Projected gains in 

catch if Paris 

Agreement targets 

are met (1.5°C 

relative to 3.5°C 

warming) and the 

2015 CO2 emissions 

by (A) country and 

(B) continent.

Sumaila et al. (2019): Science Advances



Management implications



Management implication of climate change 

and ocean acidification
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Example: Change in landed values 

in Mexican EEZ
SEVERE climate change scenario MILD climate change scenario

Sumaila, Lam & Cheung (in press)
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Results|Different RCP and coast (Mid 21st Century)

Mid Century
Percentage Change of MCP

Palacios-Abrantes, Sumaila, Cheung (Ecology & Soceity in press).



Implications for resource sharing/allocations



Key messages

• Fisheries are important to people;

• Even without climate change, global fisheries, 

in general, are in trouble; 

• Climate change will affect the biophysics of 

the ocean;

• It would therefore have implications for 

fisheries economics and the management 

ocean resources.



Fisheries contribution to climate change

Changes in fisheries catch, fisheries economics, fisheries 

management, food security

Changes in community structure, trophic 

interactions, biodiversity

Changes in population growth, 

abundance, species distribution

Changes in body 

size, reproduction, 

primary 
productivity, 

habitats
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Sumaila et al. (2011): Nature Climate Change; Sumaila & 2020: Frontiers in Mar. Sc.



How an ocean full of life is 

also climate action 



Ending overfishing is 

climate action

• Ending overfishing now would:
– strengthen the ocean, making it more capable of 

withstanding climate change; while contributing to 

mitigating climate change;

– Briefly on fisheries subsidies. 

• A healthy person is more likely to survive an 

epidemic than a person who is less healthy, and 

because of overfishing we have severely 

weakened the ocean’s immune system;

• In this way people and the ocean are not that 

different.
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