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Economic consequences of 
ocean acidification

• Our knowledge of the quantified consequences of ocean 
acidification is still limited, despite growing evidence that 
ocean acidification will have large and negative (but also 
variable) effects on marine organisms. 

• How this translates into population and ecosystem effects, 
and further into human welfare via services is even less 
well known. 

• Very little economic or social science research has been 
carried out in connection with ocean acidification to date, 
though some studies indicate impacts of ocean acidification 
on for instance fisheries, coral habitats that are valued by 
humans as well as general reductions in goods and services 
from the sea.
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Economic consequences of ocean acidification

• Limited knowledge of effects of ocean acidification in the 
natural environment.

• Limited knowledge of how goods and services in the sea 
are/will be affected by ocean acidification.

• Limited knowledge of values in the ocean.

• Methodological limitation as regards economic valuation of 
such goods and services.

• Scant knowledge of human preferences for goods and 
services in the ocean.

 Important to bridge these gaps in order to give input into
political agendas and choices for managing human behaviour.
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Highlights
• We estimated the economic consequences of ocean acidification 

for Norway for the provisioning service of “fisheries and 
aquaculture” and for the supporting service of “carbon storage”.

• Fisheries and aquaculture showed negative as well as positive 
effects in the range of 4 billion losses to 105 billion gains in NOK 
[2010] (700 million USD - 8,5 billion USD)

• For carbon storage,  the estimated negative impacts for the period 
2010-2110 is in the range of 165-2965 billion NOK [2010] (29-
519 billion USD)

• Large knowledge gaps make it very difficult at the moment to 
come to more accurate estimates of the consequences of ocean 
acidification.
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Norwegian marine ecosystem goods and 
services at risk from ocean acidification

• Provisioning services
– Oil and gas

– Waste disposal

– Fisheries and aquaculture

• Regulating services
– Carbon storage

– Biogeochemical cycles

– Noise absorption

• Cultural services
– Visible impacts like damaged cold water corals or 

disappearing species. 

• Supporting services
– Disruptions in the foodweb

– Habitat services
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Impact scenarios for ocean acidification in 
the Norwegian coastal waters
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Species Worst case Best case

Fish 18% increase in growth and
no changes in survival

2% increase in growth and 
no changes in survival

Bivalves/
Molluscs

3% increase in survival and 
19% increase in growth

59% reduction in survival
and 39% reduction in growth

Crustaceans 6% increase in survival and 
18% increase in growth

27% reduction in survival
and 3% reduction in growth

Fisheries and aquaculture:

Oceanic carbon storage:

Best case: constant C storage-decrease-rate of 0.56 g C m-2 a-1

Worst case: linear increase of C storage-decrease-rate 

of 0.56 to 1.44 g C m-2 a-1



Economic approach and 
applied data

• Fisheries and aquaculture: market-based approach, CO2-uptake: damage 
cost method.

• Assumptions for modelling: 

- 100 years time horizon (2010-2110)

- linear increase/decrease of impacts

- reduction rates applying with the same strength for the whole 
Norwegian coastal area

- no consideration of price changes due to supply changes

- constant prices in 2010-NOK

- modelling was done for discount rates of 0%, 2% and 4%

• The economic damage is calculated as:
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Present value (PV) = ∑At/(1 +r)t, 

At = annual damage cost in year t (positive or negative) , 

t is the time horizon and r = discount rate (e.g. 4 % ;  r = 0.04)
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Results provisioning services 
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• Using marginal damage costs per ton carbon – also termed ¨social cost of carbon¨.

• Aggregated economic impact for the period 2010-2110 in the range of 165-2965 
billion NOK [2010]. (28-519 billion USD)

Results regulating services 
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Some concluding remarks
• As regards provisioning services, our analysis includes both positive and 

negative consequences as opposed to the purely negative focus in the 
literature to date. 

• Comparison of our results only for mollusks and expressed as percentage 
of GDP are in the same range as in literature.

• Our analysis shows that costs connected to ocean acidification with 
respect to oceanic carbon uptake may be substantial, and several orders 
of magnitude greater than that of the provisioning services of fisheries and 
aquaculture. 

• The main limitation connected to our results is due to the current state of 
knowledge disallowing all ecosystem services to be considered. 
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This study Cooley and Doney
(2009)

Narita, Rehdanz et al. 
(Forthcoming). 

0.0009% 0.0006 – 0.0015% 0.004%



Take home

• Ocean acidification can have significant economic
consequences, but there is an urgent need for 
continued multidisciplinary research to reduce the
uncertainty in both impact assessment and 
economic analysis.

26.05.2014Silje Nygaard Holen 11



Acknowledgements

• The Fram Centre and the Norwegian Institute for 
Water Research (NIVA), who provided funding for 
this research topic. 

• Several colleagues at NIVA with knowledge on the 
chemical and biological effects of ocean 
acidification which supported us with their 
knowledge. 

• Kristy J. Kroeker, who provided us with the 
original data from her meta-analysis.

26.05.2014Silje Nygaard Holen 12



Literature references
Cooley, S.R., Doney, S.C. (2009) Anticipating ocean acidification's economic 
consequences for commercial fisheries Environmental Research Letters 4, 1-8.

Hendriks, I.E., Duarte, C.M., Alvarez, M. (2010) Vulnerability of marine 
biodiversity to ocean acidification: A meta-analysis. Estuarine Coastal and 
Shelf Science 86, 157-164.

Kroeker, K.J., Kordas, R.L., Crim, R.N., Singh, G.G. (2010) Meta-analysis 
reveals negative yet variable effects of ocean acidification on marine 
organisms. Ecology Letters 13, 1419-1434.

Narita, D., Rehdanz, K., Tol, R. (2012) Economic costs of ocean acidification: 
a look into the impacts on global shellfish production. Climatic Change, 1-15.

Schuster, U., Watson, A.J. (2007) A variable and decreasing sink for 
atmospheric CO2 in the North Atlantic. Journal of Geophysical Research-
Oceans 112.

Tol, R.S.J. (2008) The Social Cost of Carbon: Trends, Outliers and 
Catastrophes. Economics 2

26.05.2014Silje Nygaard Holen 13


