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1. Goal and scope definition
1.1. Goal 
Goal and scope definition is the first phase of an LCA study according to the ISO standards. The definition of the goal of the study should include unambiguous statements on the intended application of the study, the reasons for carrying out the study, the intended audience and whether the results are to be used in comparative assertions disclosed to the public (ISO 14040).
Despite distinguishing the need for this first phase of LCA, the extent and coverage of it differs substantially amongst the reviewed studies. Six studies include the goal of the study, while the intended application, audience and intended use of the results are not always clearly stated. Ayer and Tyedmers (2009) specify all elements of a goal and scope definition as listed above, although they report it under different headings. Mungkung (2005) describes a complete goal and scope definition under appropriate headings.
1.2. Scope
1.2.1. Consequential or Attributional
Basic LCA thinking is commonly divided between two modes of modelling, consequential and attributional. Consequential modelling aims at describing how the environmentally relevant physical flows to and from the product system studied will change in response to possible changes in the life cycle of that product system. Attributional modelling, on the other hand, aims at describing the environmentally relevant physical flows to and from a life cycle and its subsystems (Ekvall and Weidema 2004). Schmidt (2010) states “the core differences between consequential LCAs and attributional LCAs are that (1) consequential LCA includes the suppliers actually affected by a change in demand instead of averages as in attributional LCA and (2) co-product allocation is avoided by system expansion instead of applying allocation factors”.
According to definitions by Schmidt (2010), eight of the authors of the reviewed studies applied attributional modelling. Four later publications, however, adopted a semi-consequential LCA approach (Schmidt 2010) by adopting the second difference stated by Schmidt above, applying system expansion alongside other allocation methods (Ayer and Tyedmers 2009; Pelletier et al. 2009; Pelletier and Tyedmers 2010; Iribarren et al. 2010).
1.2.2. Temporal coverage

The studies reviewed cover the period 2004-2010. Data used could not always reflect this period as background databases cover data from 1990-2010. There are also other temporal issues that may be relevant to aquaculture LCAs. For example yields, and even whole aquaculture ventures, may be subject to a broad range of reasons for variability or failure (Naylor et al. 1997; Sandweiss et al. 2004; Mungkung 2005). Although none of the authors have taken this fully into account, a few studies lack a clear distinction of the production cycle, or number of cycles, in focus. Pelletier and Tyedmers (2010), however, report year of production and present a way to take annual variations in crop cycles into account, using five year averages for yields.
1.2.3. Spatial coverage

The studies reviewed here mainly focus on production systems in developed countries. Moreover, studies by the French INRA-IFRMER research institutes and by Dalhousie University mainly focused on aquaculture systems in their country of residence (France and Canada). Three studies deal with aquaculture systems in developing countries (Mungkung 2005; Phong 2010; Pelletier and Tyedmers 2010).
Farming methods do not only differ amongst species, but also between countries and regions. This may be the result of differences in resources available, hatcheries, genotypes, climate, available water bodies, farming intensities, investments, consumer preferences, public concerns, farming traditions or just individual farmer behavior (Muir 2005; Pelletier et al. 2009). Geographical location and spatial coverage is therefore directly correlated with the performance of a system.
1.2.4. Technology coverage

Aquaculture can be divided into monoculture (one species), polyculture (several species) and Integrated Multi-Trophic Aquaculture (IMTA; several species of different trophic levels). Finfish production can, moreover, be divided by farming intensity into (Naylor et al. 2000; Crespi and Coche 2008):

· Extensive – exclusion of predators and control of competitors yielding no more than 500 kg ha-1 yr-1
· Semi-intensive – supplementary feed and fry, yielding 0.5 to 20 tonnes ha-1 yr-1
· Intensive – provision of all nutritional requirements, yielding up to 200 tonnes ha-1 yr-1
· Hyper/super- intensive – Usually pumped or gravity supplied water or cage-based, yielding more than 200 tonnes ha-1 yr-1
The bulk of finfish production still takes place in small-scale ponds in Asia (Muir 2005; Boyd et al. 2007). Most studies to date, however, focus on intensive production, except for Phong (2010) who describes integrated semi-intensive finfish production in Vietnam. Aubin et al. (2009) and Ayer et al. (2009) both focus on the trade-offs of closed systems, where the interaction between the farming medium and surrounding ecosystem is limited. Both studies conclude that while allowing for better rearing conditions and minimizing proximal environmental effects, closed systems are far more energy intensive.
Non-finfish species and integrated farming systems have limited coverage in LCA efforts to date (Mungkung 2005; Iribarren et al. 2010; Phong 2010). There are also no LCA studies yet covering extensive farming practices, although these practices are expected to have major contributors to global aquaculture production (Naylor et al. 2000; Muir 2005; Boyd et al. 2007).
2. Life cycle impact assessment
All studies reviewed, with the exception of Ellingsen and Aanondsen (2006), used a midpoint impact assessment approach, most commonly the methods described by Guinée et al. (2002). Below we discuss will discuss in-depth the impact categories adopted in these studies.
2.1. Characterization methods for baseline impact categories
2.1.1. Global Warming

The characterisation factors suggested by the international panel on climate change (IPCC) (Houghton et al. 2001) were the basis for all reviewed studies. The consistency of characterization factors for global warming potentials (GWP) allows for comparisons to be made on inventory outcomes, such as the great importance of feed in fed production systems (accounting for over 90 % in some cases)(Grönroos et al. 2006; Pelletier et al. 2009). Only in farms where ecosystem services to a large extent have been replaced by human activities do farm-site emissions contribute significantly to overall GHG score from production. The inclusion of updated IPCC GWPs (Solomon et al. 2007), in LCA studies performed after 2007, remains unclear.

Common greenhouse gas (GHG) emissions from food production systems, apart from carbon dioxide (1 CO2-eq.), include methane (21 CO2-eq.) and nitrous oxide (298 CO2‑eq.) (Houghton et al. 2001). In aquaculture systems these commonly originate from fertilizer production, agricultural practices, capture fisheries, livestock production, feed processing, fuel use on farm, electricity production, ponds, volatilization and land conversion.
It is advised to adopt the recommendations from the IPCC as this constitutes a highly resourceful centralised scientific body. As these GWPs and modelling guidelines are constantly updated, future LCA studies should keep up to date with the latest recommendations issued by IPCC.
2.1.2. Acidification

Although the INRA-IFREMER group applied average European acidification potential factors in all of their published studies, Grönroos et al. (2006) choose to include country specific characterization factors for acidification (Seppälä et al. 2006). Other studies under review applied generic acidification potentials quantifying the potential acid deposition expressed in terms of H+-equivalents (Heijungs et al. 1992; Lindfors et al. 1992).
Acidification of aquatic and terrestrial ecosystems is the result of sulphur (S) and nitrogen (N) emissions (Hicks et al. 2008). Areas subject to high levels of emissions are subject to impacts on e.g. fish stocks, forests, acid-sensitive invertebrates and diatome communities (Skjelkvåle et al. 2003; Hicks et al. 2008). The seriousness of emissions, however, depend upon precipitation, climate, soil depth, dissolved organic carbon (DOC), nitrogen saturation, deposition of marine ions and cat ion deposition (Skjelkvåle et al. 2003). However, most country-dependent characterisation factors for acidification currently only cover European countries (Amann et al. 1999; Seppälä et al. 2006; ILCD 2010) and not yet developing countries.
Due to the globally widespread origin of many aquaculture processes and the currently limited coverage of country-dependent characterisation factors, accounting for local conditions can be difficult. Detailing should therefore be done in regards to the ambition of the project, as long as the practice is consistent throughout the study.
2.1.3. Eutrophication
Eutrophication has, historically, directed much public concern towards aquaculture as a result of oxygen depletion and algal blooms (Wu 1995; Tacon et al. 2006). Aubin et al. (2009) and Ayer and Tyedmers (2009) both concluded that cage systems have larger eutrophying emissions than flow-through systems, which in turn have higher emissions than re-circulating systems. Cultivation of filter-feeding organisms, on the other hand, indicated minimal emissions of substances contributing to eutrophication (Iribarren et al. 2010). Only Grönroos et al. (2006) took regional characteristics into account, while also making a distinction between terrestrial and aquatic eutrophication. Terrestrial emissions originated almost solely (97.9%) from feed production and aquatic emissions from feed application (Grönroos et al. 2006). Eight of the other studies based their results upon Heijungs et al. (1992), who in turn founded their characterisation factors upon the “Redfield ratio”.

Eutrophication is the release of nitrogen and phosphorus into surrounding ecosystems. The consequences of eutrophying agents are, however, influenced by the characteristics of the emitting source, environmental media and ecosystem sensitivity (Finnveden and Potting 1999; Huijbregts and Seppälä 2001). Filter-feeding organisms may, moreover, achieve negative flows of eutrophying substances by removing suspended particulate nutrients through harvest or as particulate matter to the sediments (Newell et al. 2004).
As for acidification, region-specific characterization factors could be taken into account with regards to available resources, as long as the practice remains consistent. A distinction between terrestrial and aquatic eutrophication may also be considered, depending upon the production system. The potentials of net-removal of eutrophying substances by filter-feeding organisms needs to be further investigated.
2.1.4. Depletion of abiotic resources
All three studies that included depletion of abiotic resources based their results upon the Abiotic Depletion Potential (ADP) approach of Guinée and Heijungs (1995), who in turn calculated their indicators upon ultimate reserve deposits with regards to production rate. The general conclusion was similar amongst the studies, in that abiotic resources used for aquaculture systems is governed by energy use through the combustion of fossil fuels and extraction of uranium (Mungkung 2005; Ayer and Tyedmers 2009). This is also the reason why abiotic resource depletion largely overlaps with energy use.
Depletion of abiotic resources is the extraction of natural resources with finite reserves (including energy resources) such as iron ore, crude oil, phosphorous etc., which are regarded as non-living. Depletion can be assessed using different methodological approaches, depending upon the problem definition (Guinée et al. 2002; Stewart and Weidema 2005). The most commonly applied methodology is based upon reserve deposits in relation to current production (extraction; de-accumulation), while other approaches are based upon energy and material inputs, costs of recovery to initial state or aggregation of exergy/entropy impacts (Stewart and Weidema 2005). 
2.1.5. Toxicity

Toxicological effects may lead to either acute effects or subchronic/chronic concerns, with resulting consequences depending upon the type of organism and ecosystem (Owens 2002). This category is commonly divided into human toxicity and ecotoxicity in freshwater, freshwater sediments, marine water, marine sediments and terrestrial environments (Guinée et al. 2002). Toxicity modelling, and aquatic toxicity modelling of metals in particular, has received much criticism (Pettersen and Hertwich 2008; Gloria et al. 2006) as many different methods were developed using different modelling principles and having incomplete substance coverage.
The lack of consensus for this impact category is reflected by the low adoption frequency of toxicity focused impact categories (only three studies adopted human toxicity and two studies adopted ecotoxicity as impact categories). A mid-point approach based upon Huijbregts (1999b) was the most frequently used method for characterising toxicity effects. Ellingsen and Aanondsen (2006), however, applied the Eco-Indicator ’99 end-point approach (Meent and Klepper 1997).
This lack of consensus for this impact category was also part of the background for launching a Task Force on Toxic Impacts under the auspices of the UNEP-SETAC Life Cycle Initiative. The Task Force developed a consensus model called USEtox™ (http://www.usetox.org/), which will hopefully streamline the debate on and application of toxicity impact assessment methods in the future. This will also, hopefully, encourage more extensive coverage of toxicological effects within aquaculture LCAs, as antifouling paints and use of antibiotics are areas related to toxicological effects on both humans and ecosystems.
2.2. Characterization methods for non-baseline (“novel”) 
impact categories
2.2.1. Cumulative energy demand (CED)
Energy use has been frequently implemented in LCA studies of aquaculture, using the characterizations factors developed by VDI (1997). The energy inputs usually appear in the form of intensive use of machinery, feeds, transports, fertilizers, controlled growing conditions or the application of lime. The type of lime applied will be of importance as the production of hydraulic lime and quicklime consume 13 respectively 15 times more energy than milling of limestone (Ecoinvent v.3; VDI 1997; Mungkung 2005).
The extensive application of this impact category may be related a strong focus on energy inputs into the production chain in initial life cycle studies of aquaculture systems (Folke 1988; Larsson et al. 1994). Energy is, however, generally a good indicator of ecological footprint, depletion of fossil fuels and greenhouse gas emissions (Ayer and Tyedmers 2009; Huijbregts et al. 2010). Overlap with other impact categories may therefore occur, as mentioned earlier.
Cumulative energy demand may serve as a rough single-score indicator of environmental performance (Huijbregts et al. 2010). It may also be used to identify production systems sensitive to fluctuations in energy prices.
2.2.2. Biotic resource use

The application of biotic resource use was identical amongst all studies, based upon the kg of carbon from primary production needed to supply the aquatic and terrestrial inputs based upon work by Pauly and  Christiansen (1995) and Tyedmers (2000). None of the studies, however, included indirect losses of wildlife resulting from aquaculture activities e.g. fisheries bycatch (Pelletier et al. 2007).
Biotic resources differ from abiotic resources in their ability to regenerate themselves. Biotic resource use is the amount of this regeneration, commonly known as primary production, that is made unavailable for other uses. It is accounted for as the overall turnover of net primary production (NPP) in kilograms of carbon that is needed to support a production system. In aquaculture, this impact category is largely governed by the trophic level of the fish used for fishmeal and fish oil production. This because aquatic feed-chains are generally longer than their terrestrial counterparts and therefore accumulate larger requirements for biotic resources (Pelletier et al. 2009).
Development of a more standardized protocol for this impact category is recommended with regards to indirect use of biotic resource (e.g. spread of disease, amplification of parasites, deforestation, etc.).
2.2.3. Water dependency and land/sea use

Water dependency (in LCA generally addressed under the heading of “water use”) can, in accordance to the U.S. Geological Survey, be dived into use, consumption or depletion depending upon if the water is available for reuse and if it comes from renewable sources. Aubin et al. (2009) and d’Orbcastel et al. (2009) included this impact category. According to Aubin et al. (2009), water dependency “refers to the water input relative to fish production at the farm level”. Water dependency according to d’Orbcastel et al. (2009) “corresponds to the water quantity flowing into the productions system, different from the water consumption of the production system, which is not taken into account”.

Actual consequences of freshwater use are hard to estimate as it depends upon the geographical location, temporal variations in water availability, type of water extrapolation, level of water degradation and source of the water (Blackhurst et al. 2010). Bayart et al. (2010) have reviewed all relevant methods that have been proposed to address the topic of water use. They write “Current life cycle inventory (LCI) data only provide information on the volume of freshwater used for product systems, with sometimes limited information about its origin (type of water resource) and none about its fate (volume, quality, and place of release). Life cycle impact assessment (LCIA) methods hardly provide assessment schemes and characterization factors for the potential environmental impacts of freshwater use and its depletion. These methods therefore generally overlook the significant environmental consequences of the decrease in freshwater quality and availability”. This impact category, highly relevant to aquaculture production, needs further development in line with general recommendations.
Land occupation is usually expressed in m2 yr-1 (Guinée et al. 2002). The resulting environmental consequences of land use is, however, complicated to account for due to the long transition times and the fact that land rarely converts back to its original steady state (Guinée et al. 2002). Two studies, d'Orbcastel et al. (2009) and Phong (2010), choose to include this impact category, while Ellingsen and Aanondsen (2006) covered the topic in the supporting text. None of the studies reviewed included impacts on seafloor from capture fisheries, a dimension that is highly relevant for LCAs of aquaculture (Ziegler 2004; Ellingsen and Aanondsen 2006). Neither did any of the studies account for emissions related to land use and transformation, as promoted by ILCD (ILCD 2010).

Area use related to aquaculture can be either direct (the area occupied by the farm), indirect (the area occupied for supporting services, largely driven by agricultural activities) or submerged (seafloor). In lack of standardised methods to account for the full impacts of land/sea use, focus may preferably be directed towards total land area occupied for direct and indirect processes for the time being. Although standardized characterization factors for land use are currently under development (lcinitiative.unep.fr, accessed: 17-Oct-2010), seafloor disturbance may need development of its own impact category (Ellingsen and Aanondsen 2006).
3. Normalization and weighting
Ellingsen and Aanondsen (2006) and Grönroos et al. (2006) choose to normalize and weight their results. Ellingsen and Aanondsen (2006) used the normalization and weighting factors suggested by Goedkoop and Spriensma (2001), while Grönroos et al. (2006) applied individually developed country-specific normalization factors based on overall emissions and weighting factors based upon expert opinions.
4. References
Amann M, Cofala J, Heyes C, Klimont Z, Schöpp W (1999) The RAINS model: A tool for assessing regional emission control strategies in Europe. Pollut Atmos 4:41–63
Aubin J, Papatryphon E, van der Werf HMG, Chatzifotis S (2009) Assessment of the environmental impact of carnivorous ﬁnﬁsh production systems using life cycle assessment. J Clean Prod 17:354-361
Ayer NW, Tyedmers PH (2009) Assessing alternative aquaculture technologies: life cycle assessment of salmonid culture systems in Canada. J Clean Prod 17:362-373
Bayart J-B, Bulle C, Deschênes L, Margini M, Pfister S, Vince F, Koehler A (2010) A framework for assessing off-stream freshwater use in LCA. Int J LCA 15:439-453

Blackhurst M, Hendrickson C, Vidal JS (2010) Direct and Indirect Water Withdrawals for U.S. Industrial Sectors. Environ Sci Technol 44:2126-2130

Boyd CE, Tucker C, McNevin A, Bostick K, Clay J (2007) Indicators of Resource Use Effciency and Environmental Performance in Fish and Crustacean Aquaculture. Rev Fish Sci 15:327-360

Crespi V, Coche A (2008) Glossary of aquaculture. FAO. Rome, Italy. 401pp.

Derwent RG, Jenkin ME, Saunders SM, Pilling MJ (1998) Photochemical ozone creation potentials for organic compounds in Northwest Europe calculated with a master chemical mechanism. Atmos Environ 32:2429-2441

d’Orbcaster RE, Blancheton J-E, Aubin J (2009) Towards environmentally sustainable aquaculture: Comparison between two trout farming systems using Life Cycle Assessment. Aquacult Eng 40:113-119

Ekvall T, Weidema BP (2004). System Boundaries and Input Data in Consequential Life Cycle Inventory Analysis. Int J LCA 9: 161-171

Ellingsen H, Aanondsen SA (2006) Environmental Impacts of Wild Caught Cod and Farmed Salmon – A Comparison with Chicken. Int J LCA 1:60-65
Finnveden G, Potting J (1999) Eutrophication as an Impact Category. Int J LCA 4:311-314

Folke C (1988) Energy Economy of Salmon  Aquaculture  in  the Baltic Sea. Environ Manage. 12:525-537

Gloria TP, Russell AJ, Atherton J, Baker SR, Cook M (2006) Ecological Toxicity Methods and Metals – An examination of two case studies. Int J LCA 11:26-33

Goedkoop M, Spriensma R (1999) The Eco-indicator 99 – A damage oriented method for Life Cycle Impact Assessment – Methodology Report, PRé Consultants. Amersfoort, Netherlands. Available at: http://www.pre.nl/eco-indicator99/ei99-reports.htm
Grönroos J, Seppälä J, Silvenius F, Mäkinen T (2006) Life cycle assessment of Finnish cultivated rainbow trout. Boreal Environ Res 11:401-414

Guinée JB, Heijungs R (1995) A proposal for the definition of resource equivalency factors for use in product life-cycle assessment. Environ Toxicol Chem 14:917-925

Guinée JB (ed), Gorrée M, Heijungs R, Huppes G, Kleijn R,de Koning A, van Oers L, Sleeswijk AW, Sangwon S, Udo de Haes HA, de Bruijn JA, van Duin R, Huijbregts MAJ (2002) Handbook on Life Cycle Assessment: Operational Guide to the ISO Standards. Kluwer Academic Publishers, Dordrecht
Heijungs R, Guinee JB, Huppes G, Lankreijer RM, Udo De Haes HA, Wegener Sleeswijk A, Ansems AMM, Eggels PG, van Duin R, De Goede HP (1992) Environmental Lift-Cycle Assessment of  Products. Guide and Backgrounds. CML, Leiden University, Leiden, The Netherlands

Hicks KW, Kuylenstierna JCI,  Owen A, Dentener F, Seipand H-M, Rodhe H (2008) Soil Sensitivity to Acidification in Asia: Status and Prospects. AMBIO 37:295-303

Houghton JT, Ding Y, Griggs DJ, Noguer M, van der Linden PJ, Dai X, Maskell K, Johnson CA (2001) Climate Change 2001: The Scientific Basis, Intergovernmental Panel on Climate Change (IPCC), Cambridge Univ Press, Cambridge, UK
Huijbregts MAJ (1999a) Life Cycle Impact Assessment of Acidifying and Eutrophying Air Pollutants. Calculations of equivalency factors with RAINS-LCA, Interfaculty Department of Environmental Science, Faculty of Environmental Science, University of Amsterdam

Huijbregts MAJ (1999b) Priority assessment of toxic substances in LCA, Development and application of the multi-media fate, exposure and effect model USES-LCA. IVAM environmental research, University of Amsterdam

Huijbregts MAJ, Seppälä J (2001) Life Cycle Impact Assessment of Pollutants Causing Aquatic Eutrophication. Int J LCA 6:339-343

Huijbregts M, Hellweg S, Frischknecht R, Hendriks HWM, Hungerbühler K, Hendriks JA (2010) Cumulative Energy Demand As Predictor for the Environmental Burden of Commodity Production. Environ Sci Technol 44:2189-2196
Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, Tignor M, Miller HL, eds. IPCC, 2007: Climate Change 2007: The Physical Science Basis. Contribution of the Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press (UK and NY, USA).
ILCD, International Reference Life Cycle Data System Handbook, (2010) Analysis of existing Environmental Impact Assessment methodologies for use in Life Cycle Assessment, JRC, European Commission 

Iribarren D, Moreira MT, Gumersindo F (2010) Revisiting the Life Cycle Assessment of mussels from a sectorial perspective. J Clean Prod 18:101-111
ISO - International Organization for Standardization (2006). Environmental management—Life cycle assessment— Requirements and guidelines (ISO 14044:2006). International Organization for Standardization, Geneva, Switzerland

Jenkin ME, Hayman GD (1999) Photochemical ozone creation potentials for oxygenated volatile organic compounds: sensitivity to variations in kinetic and mechanistic parameters. Atmos Environ. 33:1275-1293

Larsson J, Folke C, Kautsky N (1994) Ecological Limitations and Appropriation of Ecosystem Support by Shrimp Farming in Colombia. Environ Manage 18:663-676
Lidfors L-G, Hirsbak S, Goldstein B, Pedersen B, Christiansen K, Finnveden G, Ekwall T, Schmidt A, Holten F, Abrahamsen U (1992) Product Life Cycle Assessment – Principles and Methodology. Nord 1992:9. AKA-Print AS. Århus, Denmark
Meent D van de, Klepper O (1997) Mapping the Potential Affected Fraction (PAF) of Species as an indicator of Generic Toxic Stress, RIVM report 607504001, Bilthoven

Muir J (2005) Managing to Harvest? Perspectives on the Potential of Aquaculture. Philos T R Soc B 360:191-218

Mungkung RT (2005) Shrimp aquaculture in Thailand: application of life cycle assessment to support sustainable development. Ph.D. thesis. Center for Environmental Strategy, School of Engineering, University of Surrey
Naylor RL, Falcon W, Zavaleta E (1997) Variability and Growth in Grain Yields, 1950-94: Does the Record Point to Greater instability? Popul Dev Rev 23:41-58

Naylor RL, Goldburg RJ, Primavera JH, Kautsky N, Beveridge MCM, Clay J, Folke C, Lubchenco J, Mooney H, Troell M (2000) Effect of aquaculture on world fish supplies. Nature 405:1017-1024

Newell RIE (2004) Ecosystem Influences of Natural and Cultivated Populations of Suspension-feeding Bivalve Molluscs: a Review. J Shellfish Res 23:51-61

Owens JW (2002) Water Resources in Life-Cycle Impact Assessment. J Ind Ecology 5:37-54
Pauly D, Christensen V (1995) Primary production required to sustain global fisheries. Nature 374:255-257
Pelletier NL, Ayer NW, Tyedmers PH, Kruse SA, Flysjö A, Robillard G, Ziegler F, Scholz AJ, Sonesson U (2007) Impact Categories for Life Cycle Assessment Research of Seafood Production Systems: Review and Prospectus, Int J LCA 12:414-421
Pelletier NL, Tyedmers PH, Sonesson U, Scholz A, Zeigler F, Flysjö A, Kruse SA, Cancino B, Silverman H (2009) Not all salmon are create equal: Life cycle assessment (LCA) of global salmon farming systems. Environ Sci Technol 43: 8730-8736Pelletier N, Tyedmers P (2010) A life cycle assessment of frozen Indonesian tilapia fillets from lake and pond-based production systems. J Ind Ecol 14: 467-481

Pettersen J, Hertwich EG (2008) Critical Review: Life-Cycle Inventory Procedures for Long-Term Release of Metals. Environ Sci Technol 42:4639-4647

Phong LT (2010) Dynamics of sustainability in Integrated Agriculture-Aquaculture Systems of the Mekong Delta. Ph.D thesis. Wageningen Institute of Animal Sciences, Wageningen University
Sandweiss DH, Maasch KA, Chai F, Andrus CFT, Reitz EJ (2004) Geoarchaeological evidence for multidecadal natural climatic variability and ancient Peruvian fisheries. Quaternary Res 61:330–334

Schmidt JH (2010) Comparative life cycle assessment of rapeseed oil and palm oil. Int J LCA 15:183-197

Seppälä J, Knuuttila S, Silvo K (2004) Eutrophication of aquatic ecosystems. A new method for calculating the potential contributions of nitrogen and phosphorus. Int J LCA 9:90-100

Seppälä J, Maximilian P, Johansson M, Hettelingh J-P (2006) Country-Dependent Characterisation Factors for Acidification and Terrestrial Eutrophication Based on Accumulated Exceedance as an Impact Category Indicator. Int J of LCA 11: 403-416
Skjelkvåle BL, Evans C, Larssen T, Hindar A, Raddum GG (2003) Recovery from Acidification in European Surface Waters: A View to the Future. Ambio 32:170-175
Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, Tignor M, Miller HL (eds.) (2007) Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment. Report of the Intergovernmental Panel on Climate Change (IPCC), Cambridge Univ Press, Cambridge, UK
Stewart M, Weidema B (2005) A Consistent Framework for Assessing the Impacts from Resource Use. Int J of LCA 10: 240-247

Tacon AGJ, Hasan MR, Subasinghe RP (2006) Use of fishery resources as feed inputs for aquaculture development: trends and policy implications. FAO Fisheries Circular no. 1018. FAO. Rome, Italy
Tyedmers PH (2000) Salmon and sustainability: The biophysical cost of producing salmon through the commercial salmon fishery and the intensive salmon culture industry. Ph.D. thesis. University of British Columbia, Vancouver, Canada
VDI (1997) Cumulative energy demand—terms, definitions, methods of calculation. In: Ingenieure VD. VDI-Richtlinien 4600, Düsseldorf, Germany

Weidema BP, Morteson B, Nielsen P, Hauschild M (1996) Elements of an Impact Assessment of Wheat  Production. Institute for Product Development, Technical University of Denmark, Lyngby
WMO (World Metrological Organization) (1999) Scientific assessment of ozone depletion: 1998. Global Ozone Research and Monitoring Project. Report 44. Geneva, Switzerland

Wu RSS (1995) The Environmental Impact of Marine Fish Culture: Towards a Sustainable Future. Mar Pollut Bull 31: 159-166

Ziegler F (2004) Seafloor effects of seafood production. In: Mattsson B (ed), Ziegler F (ed), Environmental Assessment of Seafood Products through LCA. TemaNord 2004:546. Copenhagen, Denmark
