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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] (29519 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

Photo: Morten Harangen

– 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
Fisheries and aquaculture:
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

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

Silje Nygaard Holen

26.05.2014

6

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:
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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Economic impact in million NOK
[2010]

Results provisioning services
Total economic impact on fisheries for
2010-2110
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Economic impact in billion
NOK [2010]

Results regulating services

•
•

Total economic impact for the
period 2010-2110 for reduced
carbon-sequestration in Norwegian
waters
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Discount rate

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)
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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.

This study

Cooley and Doney
(2009)

Narita, Rehdanz et al.
(Forthcoming).

0.0009%

0.0006 – 0.0015%

0.004%

•

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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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.
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