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Aim
• Conceptualize and monetize the social and
environmental impact of aquaculture
• Combine social and environmental impact with
specific techno-economic and production models of
blue economy
• Consider data and computational resources at reach
• Distinguish between private and social costs and
benefits and incorporate social costs and benefits in
private functions
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Approach
• Drawing on the latest research, the costs and benefits associated to
aquaculture have been identified and quantified in a way compatible to the
techno-economic and cost-driven production models available in BlueBRIDGE
• The approach followed distinguishes between social, economic and
environmental costs and benefits
• Appropriate relationships are formulated which quantify and introduce the
socio-economic and environmental costs and benefits of aquaculture into the
decision support system of aquaculture management
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Economic effects of
aquaculture
•
•
•
•
•
•

•
•

Economic effects of aquaculture can be identified and analyzed in terms of income
and employment generation
The contribution of aquaculture to world GDP remains limited, despite rising
trends recorded in the recent years. Similar evidence from EU as well
Aquaculture has been the fastest growing food production sector in the world over
the last decades
Employment dependency of aquaculture can be significant
Employment emerges as a primary benefit, especially in areas of deprivation and
rural communities where large farms can be created
However it has been found that over time employment numbers may not be
maintained or reach high levels due to improvements in technology that replaces
labour
Additional economic costs and benefits are associated with the large initial capital
investments required
Aquaculture effects have also been identified in terms of the required investment
in infrastructure
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Social impacts of aquaculture
Impact

Indicative literature

Protection of traditional skills

Neiland et al. (1991), Symes et al. (2009),
Plymouth Marine Laboratory (2013)

Community stability

Burbridge (2001)

Maintenance of culture and
identity
Food security

White and Costelloe (1999)
James et al. (2009), Urquhart et al. (2013)

Livelihoods, sense of place and
Urquhart et al. (2013), Reed et al. (2013)
way of life
Food preferences and associated Govindasamy and Italia (1999), Loureiro and
utility
Hine (2002), Batte et al. (2006)
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Environmental effects of
aquaculture
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Valuation of aquaculture costs and benefits
and links to production and technoeconomic models
•
•

•

•

•

Prior to presenting the quantified costs and benefits of aquaculture the following methodological
and data considerations should be noted
SCBA comes with advantages such as being very inclusive. On the downside, environmental values
are often hard to determine, the ecological functions are subject to changes that are hard to
predict and the aggregation performed in SCBA might lead to the loss of essential information
Given the analysis and data at reach, every effort is made so as to include as many effects as
possible in the present analysis, avoiding at the same time over-identification or double-counting
issues. However the list of the quantified costs and benefits is non-exhaustive and additional
parameters can be added as research progresses
Significant data limitations: non-existence of market derived prices for the environmental quality,
inability to quantify the willingness of consumers to pay for differentiated aquaculture products
(e.g. differentiation based on food types), quantification problems with regards to utility and
opportunity costs, etc.
Social impacts vary by societal (individuals, communities) or time (current, future) scales and type
of outcome (positive, negative). Employment of evidence from similar sites is coupled with
advantages of ease of application and overcoming of data limitations. However this might subject
the analysis vulnerable to generalizations, or it might fail to capture accurately and site-specific
effects
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Introduction of socio-environmental
impact in cost-driven production models
•
•

Core idea: Introduce socio-environmental costs and benefits in the Net Present Value (NPV) function
employed by cost-driven production models
Specification of the augmented NPV function:
𝑛

𝑁𝑃𝑉 = %
𝑖

(𝐵𝐹𝑖𝑡 + 𝐸𝑆𝐵𝐹𝑖𝑡 ) − (𝐶𝑆𝑖𝑡 + 𝐸𝑆𝐶𝑆𝑖𝑡 )
(1 + 𝑟)𝑡

where NPV: Net present value, BF: Annual gross revenues, ESBF: Extended annual benefits, CS: Annual gross costs,
ESCS: Extended annual costs, r: discount rate, i: Benefit/cost category, t: time

•
•

Extended annual benefits and costs reflect the monetized value of socio-environmental impacts
Given the methodological tools and data at reach, and following the literature to date and prior
evidence, the following costs and benefits of aquaculture are quantified:
ü Investment costs
ü Production costs (fixed/variable costs)
ü Employment effects and labour costs
ü Water pollution and waste management costs
ü Emissions and climate change costs
ü Production revenues
ü Income generation (Per capita income/GDP)
ü Consumer satisfaction-Food preferences
ü Community wellbeing and biodiversity
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Introduction of socio-environmental impact
in cost-driven production models (cont.)
•

Socio-environmental costs and benefits to be included as an additional
cost/revenue (disaggregation subject to data availability) in the technoeconomic analysis model (for instance as additional cost components in
“Operation and Administration Cost”)

Extended NPV
estimations to
account for socioenvironmental
costs and benefits
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Investment and production costs

11

Labour costs
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Prices and revenues
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Climate change and
emission costs
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Climate change and emission
costs (cont.)
ETS emissions and carbon prices in the EU energy,
transport and GHGs emissions- Trends to 2050

Social cost of CO2, in 2007 dollars per metric ton CO2

5%

Discount rate
3%
2.5%

2020
12
42
62
2025
14
46
68
2030
16
50
73
2035
18
55
78
2040
21
60
84
2045
23
64
89
2050
23
69
95
• Carbon price projections to 2050 can be obtained from the EU Reference Scenario 2016
developed by the European Commission
• To ensure robustness of estimations but also to perform sensitivity analysis, can be used
additional estimations on the social costs of CO2 provided by the USA Environmental
Protection Agency
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Water pollution and waste
management costs
• Aquaculture waste comes in three general forms: metabolic, chemical,
and pathogenic
• Research shows that by choosing the appropriate feeds during the
production cycle, and paying close attention to the feeding methods and
the resulting solids production, aquaculture managers can reduce
aquaculture waste significantly
• Although the private costs are captured to some extent from the costs of
chemicals, of the production methods and of the technologies used in the
aquaculture site, incorporated in investment and production costs, the
social costs are not internalized
Internalized cost of water
pollution/prevention, in % of
private production cost
6
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Case study

Source

Trout, West Virginia
Salmon, Sweden

Smearman et al. (1997)
Folke et al. (1994)
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Biodiversity, environmental attitude and
community effects

Action surveyed, year and
country of reference

Methodology

Willingness to pay (in
2013 US dollars)

Payment
frequency

Unit

References

Improved status, Harbor
seal, 2006, Canada

Hybrid Contingent
Valuation / Choice
Experiment
Hybrid Contingent
Valuation / Choice
Experiment
Choice Experiment

78.84–201.61

Annual

Household

Boxall et al. (2012)

113.58–355.73

Annual

Household

Boxall et al. (2012)

39.26–229.47

Annual

Household

Lew et al. (2010)

Contingent Valuation

21.74–29.95

One-time

Individual

Choice Experiment

47.47–73.97

Annual

Household

Improved status, USA

Choice Experiment

39.37–72.00

Annual

Household

Protection program,
Norwegian lobster, 2006,
Spain
Protection program, Hake,
2006, Spain
Protection program,
Manatee, 2001, USA
Protection program,
Loggerhead sea turtle,
2003, Greece
Improved status, USA

Contingent Valuation

22.96

One-time

Household

Stithou and Scarpa
(2012)
Wallmo and Lew
(2011)
Wallmo and Lew
(2012)
Ojea and Loureiro
(2010)

Contingent Valuation

35.63

One-time

Household

Contingent Valuation

13.48–28.20

Annual

Household

Contingent Valuation

22.46–32.12

One-time

Individual

Choice Experiment

47.47

Annual

Household

Improved status, Beluga
whale, 2006, Canada
Improved status and
population increase, 2007,
USA
Protection program, 2003,
Greece
Improved status, USA

Ojea and Loureiro
(2010)
Solomon et al.
(2004)
Stithou and Scarpa
(2012)
Wallmo and Lew
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Biodiversity, environmental attitude
and community effects (cont.)

• Koundouri et al. (2014a; 2014b; 2016) provide detailed review and estimations. They also develop
an appropriate Decision Support Tool
• A recent study of Halkos and Galani (2016) adds to the marine and coastal ecosystem valuation
literature with particular interest in Greece (Choice Experiment, 3 areas: Volos-Pagasetic Gulf,
Rethymnon, Crete and Mytilene, Lesvos)
• Willingness to pay through increased water bill for eight years until 2020
• These estimates can provide quantified inputs with regards to the costs and benefits of aquaculture
that can enter the NPV estimations of aquaculture production models
• Of particular interest are the findings associated with availability of edible fish (the benefit per
household can be assumed to amount to 13.07 Euro annually), the costs associated with Posidonia
Oceanica State (amounting to 4.46 Euro per household annually, where aquaculture possess threat
to it) and the cost of preserving the endangered species (amounting to 7.7 Euro per household
annually).
Willingness to pay estimates per household and attribute for Greece regarding marine and coastal
ecosystem (Halkos and Galani, 2016)
Euro
Edible Fish
13.07
Charismatic species
7.7
Beach development
6
MPA Zoning
11.8
Posidonia Oceanica State
4.46
Non-indigenous species warnings
3.69
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Data requirements and data sources
Data
Site construction costs
Cost of farming equipment

Unit
Euro
Euro

Source
Aquaculture producer
Aquaculture producer

Fixed costs
Maintainance costs
Other variable costs
Wage rates
GDP growth rate
Production quantity
Price
Inflation rate
Price premium
CO2 emissions
Carbon price

Euro
Euro
Euro
Euro/hour
%
Kg
Euro
%
%
Ton CO2/kg
Euro/ton CO2

Social cost of water pollution
and waste management
Willingness to pay (marine
and coastal ecosystem)

% of private production
costs
Euro

Aquaculture producer
Aquaculture producer
Aquaculture producer
Aquaculture producer
Eurostat/World Bank
Aquaculture producer
Aquaculture producer/FAO/Eurostat
Eurostat
Literature
Literature
Reference scenario 2016, European
Commission/ USA Environmental Protection
Agency
Literature
Literature
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Thank you
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