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Abstract 
This thesis evaluates the governance effecTveness of the Norwegian salmon farming industry, 

analyzing how regulatory frameworks, stakeholder dynamics, and technological innovaTon address 
sustainability and growth challenges. Combining documentary analysis and stakeholder interviews, it 
assesses current mechanisms and the Aquaculture White Paper (Meld. St. 24 (2024-2025))’s potenTal 
to ensure long-term industry viability. SecTon 2 examines Norway’s licensing regime and traffic light 
system, which aim to promote sustainable growth but face enforcement inconsistencies and 
adaptaTon challenges. SecTon 3 explores stakeholder percepTons of the White Paper. While it offers 
environmental and welfare improvements, its predictability for growth is debated. An unclear socio-
economic model and divergent views highlight the need for inclusive governance and be^er 
knowledge-sharing. Finally, secTon 4 invesTgates BiOceanOr’s oxygen monitoring system, 
demonstraTng how real-Tme data and predicTve analyTcs can enhance environmental management. 
However, supporTve policies are criTcal for widespread adopTon. Key findings are that (1) simpler and 
coordinated regulaTons are essenTal for effecTve governance, (2) the White Paper’s success depends 
on clear implementaTon to balance growth and sustainability, and (3) BiOceanOr’s technology could 
bridge governance gaps by enabling proacTve compliance, improving fish welfare, and fostering 
evidence-based decisions. 

 
Key Words: Sustainability, Growth, Governance effecTveness, Norwegian salmon farming, Aquaculture 
White Paper (Meld. St. 24 (2024-2025)), Stakeholder percepTons 
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List of abbrevia>ons 
AbbreviaJons DefiniTon 

 
ACS Grouping of concessions for salmon aquaculture [Agrupacion de Concesiones para la 

Salmonicultura] in Chile 
ASC Aquaculture Stewardship Council 
BW BarentsWatch 
BtoB Business-to-business 
BtoG Business-to-government  
DO  Dissolved oxygen (in water), expressed in concentraTon (mg/L) or percentage of air 

saturaTon (%) 
DoF Directorate of Fisheries [Fiskeridirektoratet], agency of the Norwegian Ministry of 

Trade, Industry and Fisheries 
ENGO Environmental non-governmental organizaTon 
FAO Food and Agriculture OrganizaTon of the United NaTons 
FHF Norwegian Seafood Research Fund [Fiskeri- og havbruksnæringens 

forskningsfinansiering]  
GS Governing system 
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IMR InsTtute of Marine Research [Havforskningsins>tu?et] 
MAF Ministry of Agriculture and Food [Landbruks- og matdepartementet], Norwegian 

ministry with chief responsibility for food policy and agricultural policy 
MAB Maximum Allowable Biomass 
MCE Ministry of Climate and Environment [Klima- og miljødepartementet], Norwegian 

ministry responsible for carrying out the environmental policies of the government 
MLGRD Ministry of Local Government and Regional Development [Kommunal- og 

distriktsdepartementet], Norwegian ministry responsible for the Planning and Building 
Act, local government finances and local administraTon, rural and regional policy, and 
other related responsibiliTes 

MTIF Ministry of Trade, Industry and Fisheries [Nærings- og fiskeridepartementet], 
Norwegian ministry responsible for the trade, industry, and ocean policy 

NASF  North AtlanTc Seafood Forum  
NEA Norwegian Environment Agency [Miljødirektoratet], agency of the Norwegian Ministry 

of Climate and Environment 
NFSA Norwegian Food Safety Authority [MaFlsynet], joint agency of the Norwegian Ministry 

of Agriculture and Food, the Ministry of Health and Care Services, and the Ministry of 
Trade, Industry and Fisheries  

NOBF Nice Ocean Business Forum 
NSC Norwegian Seafood Council [Norges sjømatråd] 
PO ProducTon zone or area [produksjonsområde], refers to the 13 producTon zones 

defined in the TLS 
SaaS Solware-as-a-Service 
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SDGs Sustainable Development Goals (United NaTons) 
SG System-to-be-governed 
SLO Social license to operate  
SMA [Superintendencia del Medio-Ambiente], agency of the Chilean Ministry of the 

Environment 
SMEs Small and medium-sized enterprises 
TLS Traffic Light System, refers to the regulatory system currently regulaTng growth of the 

Norwegian salmon aquaculture 
UNOC3 3rd United NaTons Ocean Conference 
VI Norwegian Veterinary InsTtute [Veterinærins>tu?et] 
WP Aquaculture White Paper “The Future of Aquaculture – Sustainable Growth and Food 

for the World” [Meld. St. 24 (2024-2025) “Frem>dens havbruk – BærekraTig vekst og 
mat >l verden”]. NB: “WP” specifically refers to this parTcular Aquaculture White 
Paper. 
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1. Introduc>on 
1.1. Context and defini.ons 
The importance of the Norwegian salmon farming industry 

The Norwegian salmon farming industry has experienced rapid growth since its beginning in 
the 1960s (Hersoug, 2021), establishing Norway as a global leader in aquaculture. Norway produces 
over half of the world's AtlanTc salmon, Salmo salar (herealer: salmon), yielding approximately 1.5 
million tonnes of salmon annually since 2021 (MTIF, 2025a; Appendix 1). The industry is characterized 
by its industrialized and capital-intensive nature (Liu, Chuenpagdee, & Sumaila, 2013), dominated by 
mulTnaTonal companies such as Mowi, SalMar, Lerøy Seafood, and Cermaq, which collecTvely control 
the majority of the producTon capacity (MTIF, 2025a).  

Moreover, the industry strongly supports the Norwegian economy. In 2023, Norway set a new 
record for salmon exports, valued at NOK 122.5 billion. It is the second-largest export sector aler oil 
and gas. The record was driven by a weak krone, but it sTll highlights the strength of Norwegian seafood 
abroad (NSC, 2024). 
 
Sustainability and growth goals 

Sustainability and growth are pivotal goals for the Norwegian salmon farming industry. 
However, the industry faces significant environmental challenges, including sea lice (Lepeophtheirus 
salmonis) and fish escapes from open net-pens, which pose threats to wild fish stocks (Grefsrud et al., 
2025; Thorstad & Forseth, 2025; MTIF, 2025a). Sea lice are parasiTc copepods that a^ach to salmonids, 
causing wounds and increasing suscepTbility to infecTons. The increasing producTon in open net-pens 
has exacerbated the spread of sea lice, impacTng both farmed and wild salmon populaTons (IMR, 
2018). Treatments for sea lice, while necessary, can compromise the welfare of farmed fish, further 
complicaTng sustainability efforts. Fish welfare is a growing concern for stakeholders. The naTonal fish 
mortality rate has risen, reaching 16.7% in 2023, which translates to 62.8 million dead farmed salmon 
during the sea phase (Appendix 2; Sommerset et al., 2024). These challenges have contributed to a 
negaTve public percepTon of the industry, affecTng its social acceptance and highlighTng the need for 
improved sustainability pracTces (Eriksen & Mikkelsen, 2024). 

The Norwegian government has set ambiTous targets for the industry, aiming for sustainable 
aquaculture by 2030 and aligning with the 2030 Sustainable Development Goals (SDGs) (FAO, 2024). 
Efforts to achieve these goals include reinforcing environmental regulaTons and reducing fish mortality 
rates. The Aquaculture Act stresses that aquaculture must be “operated in an environmentally sound 
manner” (Aquaculture Act, 2005), and the Norwegian government aims at reducing the fish mortality 
rate dramaJcally down to 5% for all fish species in aquaculture. However, the Tmeline and methods 
for achieving this remain uncertain (MAF, 2024; MTIF, 2025a). 

AddiTonally, the industry and government share ambiTous growth targets, envisioning a 
fivefold increase in the value of the seafood sector by 2050 compared to 2010 (Misund & Tveterås, 
2019). Growth should contribute to providing sustainable food to a growing global populaTon and 
supporTng Norway's transiTon to a "post-oil" economy (Misund & Tveterås, 2019; Johansen et al., 
2019). Aquaculture is also expected to sTmulate coastal development and employment (Aquaculture 
Act, 2005; MTIF, 2025a). However, since 2012, the producTon of salmon and rainbow trout has slowed 
down (Appendix 1). Achieving the fivefold increase in producTon seems impossible with the classic 
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open net-pens technology, making innovaTon and new producTon methods essenTal for industry 
growth (Larsen, Jakobsen, & Steinmo, 2025). 
 
Governance and the Aquaculture White Paper (Meld. St. 24 (2024-2025)) 

EffecJve governance is essenTal for balancing sustainability and growth in the salmon farming 
industry (Hersoug, 2021). The current regulatory framework includes tools such as the Maximum 
Allowable Biomass (MAB) at firm and site levels, producTon and locality licenses, and the Traffic Light 
System (TLS) for regulaTng growth based on the impact of sea lice on wild salmon stocks (Aquaculture 
OperaTon RegulaTons, 2008; Jensen, Tveterås, & Nielsen, 2024; Aquaculture Act, 2005; 
Trafikklyssystemet, 2025). It is debated for its effecTveness in creaTng a good environment for 
sustainability and growth. The framework is seen as complex, with a lack of environmental 
sustainability, which in turn makes the industry less socially acceptable (Hersoug, 2022). 

To address these challenges, the Norwegian government (herealer: “government”) published 
an Aquaculture White Paper (WP) in April 2025, proposing radical changes to the regulatory 
framework (MTIF, 2025a). The WP includes a new sea lice regulaTon system and a different licensing 
regime, aiming to improve sustainability and growth. However, the WP's ability to achieve these goals 
is quesToned by several stakeholders, reflecTng the complexiTes of governing a rapidly evolving 
industry. The Norwegian parliament (herealer: “parliament” or “StorTng”)  has called for further 
assessment of the WP's consequences and the introducTon of a technology-neutral “Environmental 
Technology Scheme” (miljøteknologiordning) (author’s transl.) by autumn 2025 (StorTnget, 2025). 
 
Key concepts and definiJons: 

Sustainability, in the context of this study, is defined broadly, encompassing environmental, 
social, and economic dimensions. It aligns with the Brundtland Report's definiTon of sustainable 
development (Brundtland, 1987), meaning that the industry and its acTviTes as a whole should be 
understood as interlocked with the surrounding social and poliTcal, natural, and economic 
environment (ChrisTansen & Jakobsen, 2017). In parTcular, environmental sustainability is discussed 
as the level of overall environmental impacts of aquaculture, as well as the extent to which the 
producTon cycle eliminates waste and polluTon (Schøning, Hausner, & Morel, 2023; Ellen MacArthur 
FoundaTon, 2013). This holisTc approach to sustainability is crucial for understanding the 
interconnected challenges and opportuniTes facing the Norwegian salmon farming industry. 

 
Governance refers to the act or process of governing or overseeing the control and direcTon 

of an enTty, in this case, the aquaculture industry (Merriam-Webster, n.d.). Governability, the overall 
quality for governance, includes the processes, insTtuTons, instruments, acTons, and resources that 
together contribute to making the coastal space and actors governable (Jensen, Sønvisen, & Johnsen, 
2025). Governability consists of three main components: 

- a governing system (GS), in this case, the insTtuTons and regulatory tools and mechanisms; 
- a system-to-be-governed (SG), in this case, the aquaculture industry, other users, and 

stakeholders of the marine environment and nature itself (Osmundsen et al., 2022); 
- and the interacTons between these two (Kooiman, 2008).  
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Finally, innovaJon refers to the introducTon of new ideas, methods, or technologies that 
create value. Business innovaJon acJviJes include all developmental, financial, and commercial 
acTviTes undertaken by a firm that are intended to result in an innovaTon for the firm (OECD/Eurostat, 
2018). InnovaJon ambiJons relate to how firms approach short- and long-term perspecTves of 
innovaTons influenced by present and future regulaTons (Larsen, Jakobsen, & Steinmo, 2025). While 
the grow-out phase primarily occurs in open net-pens (inshore), innovaTve producTon technologies 
such as offshore farming, closed-containment systems, and land-based recycling aquaculture systems 
are increasingly being adopted (Afewerki et al., 2022; Jensen, Sønvisen, & Johnsen, 2025; Føre et al., 
2022). 

 

1.2. Problema.c and objec.ves of the study  
This master's thesis explores the governability of the regulatory framework of the Norwegian 

salmon farming industry from the perspecJve of various stakeholders. The research aims to address 
the following quesTons: 

• How can the governance of the Norwegian salmon farming industry enable predictable and 
sustainable growth, according to the stakeholders? 

• How do stakeholders perceive the future governance of the industry, parTcularly in light of the 
recently published WP? 

• In this global context, how can a firm like BiOceanOr deliver value to the industry? 
The study seeks to understand stakeholder reacTons to regulatory changes and the differing interests 
among parTcipants. It provides insights into the strategies required to govern the salmon farming 
industry effecTvely, parTcularly within the framework of the WP process. 
 

Companies like BiOceanOr, operaTng in this dynamic context, must integrate regulatory 
changes into their strategic planning to effecTvely target and capitalize on emerging opportuniTes. 
BiOceanOr is a technology company that leverages the Internet of Things and machine learning, 
combined with oceanography and biology, to offer "bio-guided services" and support decision-making, 
parTcularly in the aquaculture sector. The company has developed a Solware-as-a-Service (SaaS) suite 
named AquaREAL, which delivers real-Tme and predicTve analyTcs for water quality (BiOceanOr, n.d.). 

Currently, BiOceanOr focuses primarily on predicTng dissolved oxygen (DO) levels in the water 
column at aquaculture sites. In Chile, the company has iniTated a project called PREDIMAR in 
collaboraTon with the Chilean Environmental Agency (SMA). This project aims to offer a data-driven 
soluTon for salmon farmers by forecasTng dissolved oxygen variaTons up to 48 hours in advance on a 
regional scale (SMA, 2025). BiOceanOr aims to expand its presence in the Norwegian salmon farming 
industry. To achieve this, the company needs a deeper understanding of the industry's evoluTon and 
governance. 
 

1.3. Methodology and structure of the work 
The study employs a mixed-methods approach, combining literature review and semi-

structured interviews. The literature review encompasses scienTfic and grey literature, news arTcles, 
websites, to provide a comprehensive understanding of the governance history, current regulatory 
framework, stakeholder relaTonships, and recent changes, including the WP. The interviews, detailed 
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in Appendices 3 and 4, involve stakeholders from the GS and the SG of the Norwegian salmon farming 
industry. Anonymized interviews enable to create a relaTonship of trust thus collect views on sensiTve 
subjects, and to establish contact between the interviewee and BiOceanOr for potenTal future 
partnerships. Interviews parTcularly allow the interviewee to develop its argument on relevant 
subjects. ThemaJc analysis is used to idenTfy recurring themes and pa^erns in the qualitaTve data 
collected through interviews. 
 

In addiTon, I parTcipated in two business fairs with BiOceanOr to aid their business 
development: the North AtlanTc Seafood Forum (NASF) 2025 and the Nice Ocean Business Forum 
(NOBF) as part of UN Ocean Conference 3 (UNOC3). By managing the booth alongside my colleagues 
at NASF, the world's largest seafood business conference (NASF, n.d.), I gained insights into the 
aquaculture sector's challenges, which helped contextualize my study and establish valuable contacts. 
I also visited three fish farming sites post-event, further grounding my research in real-world contexts. 
At NOBF, a significant event for the blue economy (Métropole Nice Côte d'Azur, 2025), I pitched 
BiOceanOr and engaged with various stakeholders. Overall, these experiences deepened my 
understanding of BiOceanOr's strategic vision and market opportuniTes within the Norwegian salmon 
farming industry. 
 

The study is structured as follows: 
• SecJon 2 examines the current regulatory framework, its tools, and stakeholder interacTons 

to understand the challenges and needs for governance changes. 
• SecJon 3 presents stakeholders' percepTons of the proposed future governance, focusing on 

environmental sustainability, fish health and welfare, industry growth, and the socio-economic 
model promoted in the WP. 

• SecJon 4 offers business and strategy-related proposiTons on how BiOceanOr can deliver value 
to the aquaculture industry in Norway. 

This structure aims to address the research quesTons and provide a comprehensive analysis of the 
governability of the Norwegian salmon farming industry. 
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2. The current governance of the Norwegian salmon farming industry 
produces limited governability and requires changes  

2.1. Licenses, MAB, taxes, and spa.al planning are the main regulatory tools 
Historical context and regulatory framework 

The Norwegian salmon farming industry began in the late 1960s as a complementary acTvity 
for the fishermen (Afewerki et al., 2022). IniTally, the producTon volumes were very modest, around 
500 tonnes of salmon and trout in 1970 (SSB, 1991). The first successful net-pen, introduced in 1970, 
represented a criTcal radical innovaTon that remains the most popular producTon method today 
(Afewerki et al., 2022). This innovaTon sparked significant interest (Hersoug, 2021). 

From the beginning, the authoriTes intend to use the new industry as a lever to support rural 
development as the rural coastal areas are facing severe challenges (Hersoug et al., 2021). Ownership 
is thus an essenTal concept in the regulatory framework. To regulate the emerging sector, a temporary 
fish farming act, introduced in 1973, dealt with the issuing of fish farming licenses for salmon and trout 
(Hersoug, 2022). The licensing system was designed to create a small-scale industry, keeping large-scale 
industrial capital outside the new development, with the declared policy of “one man, one license” 
(Hersoug, 2021). The policy was to ensure regional development and secure local ownership (Liu, 
Chuenpagdee, & Sumaila, 2013). The industry conTnued to evolve, and in 1985, a new aquaculture act 
liberalized ownership regulaTons. This act removed the "owner-operator" principle, although 
maintaining that the owners must be “local” and must not control majority interests in more than one 
farm. In 1991, the ownership requirements are further liberalized, towards an “as far as possible” local 
ownership and permi{ng owners to have majority interests in several farms thus facilitaTng the 
growth of larger, more professionalized salmon farming companies (Hersoug, 2022). 

The current Aquaculture Act [akvakulturloven] of 2005 aims to promote the profitability of the 
aquaculture industry while ensuring sustainable development. It sets out the condiTons for obtaining 
a license to operate and sTpulates that aquaculture must be operated in an "environmentally sound 
manner”. This act regulates aquaculture overall, including both aquaTc animals and plants, and is 
designed to balance economic growth with environmental protecTon (Aquaculture Act, 2005). 
The Aquaculture OperaJon RegulaJons [akvakulturdriTsforskriTen] of 2008 further emphasize the 
importance of creaTng value on the coast, ensuring good fish health and welfare, and prevenTng and 
limiTng polluTon and waste problems from aquaculture operaTons (Aquaculture OperaTon 
RegulaTons, 2008). The interviewees highlight several key principles of the regulaTons, including it 
being “knowledge-based” (Regulator 5; Regulator 6; Market player 1) and “technology-neutral” 
(Regulator 5; Regulator 1; Regulator 6). The principle of technology neutrality is parTcularly important, 
as it allows for innovaTon and flexibility in the industry, but SecJon 3 of this study shows that this 
principle is quesToned by the interviewees. 
 
Licenses 

Aquaculture licenses have been a cornerstone of the regulatory framework since 1973 and are 
solidly entrenched in the governance of the industry. These licenses are twofold: producJon licenses, 
which give the opportunity to have a certain producTon volume stated as tonnes of MAB at any Tme, 
and site (locality) licenses, which give the opportunity to produce in a given area according to the 
coastal zoning plan of the given municipality (Hersoug, 2022). Both types of licenses are required to 
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farm fish. As environmental concerns rose in the 2000s due to sea lice and escape events, the regulaTon 
adapted to be^er manage these environmental challenges. To promote the development of new 
technology to alleviate the negaTve environmental impact of fish farming, special purpose licenses 
have been introduced gradually since 2013 (Osmundsen et al., 2022). These include licenses for 
research, exhibiTon, and educaTon (DoF, n.d. a). Furthermore, "green" licenses were introduced in 
2013 as ordinary licenses, while "development" licenses were introduced in 2015 as special purpose 
licenses, both with focus on environmental risks and technological innovaTon in fish farming 
(Osmundsen et al., 2022; Larsen, Jakobsen, & Steinmo, 2025). Examples of innovaTons include lice 
skirts, traps, filters, laser technology, and vaccinaTons (Afewerki et al., 2022). 

However, with many types of licenses that differ in terms of purpose, management, and 
restricTons, Hersoug argues that the licensing regime has increased significantly in the period 1973-
2021, thus making the system overall very complex and difficult to control (Hersoug, 2022). The 
licensing regime is seen as an administraTve burden with long-lasTng award processes that lack 
transparency and predictability (Osmundsen et al., 2022). Jensen,  Sønvisen, and Johnsen also 
underscore the complexity of the coastal governance system thus the complexity of introducing 
innovaTve technology (Jensen, Sønvisen, & Johnsen, 2025). 
 
Maximum Allowable Biomass 

The MAB is a key regulatory tool in place since 2004. It is defined as the maximum biomass of 
live fish that can be kept at any given Tme on one locality (Aquaculture OperaTon RegulaTons, 2008). 
The introducTon of MAB was supported by science, administraTon, and farmers' organizaTons, with 
the main arguments in favor being improved fish welfare and biological sustainability, relaTve ease of 
control, increased flexibility, and robustness regarding poliTcal and market condiTons (Hersoug, 2021). 

The MAB is restricted at both firm and farm site levels as described in Appendix 5. Each firm 
owns a number of licenses with a specified MAB, which detail the farm site and producTon area where 
the license can be used. Usually, firms own a higher total MAB at farm site level than at firm-level. In 
fact, this is necessary to achieve sufficient MAB capacity uTlizaTon at firm-level since firms must have 
fallowing periods with no producTon at a farm site (Jensen, Tveterås, & Nielsen, 2024). Historically, 
local differences in Norway have been considered with the MAB by se{ng the standard license to 
different tonnages based on regional water temperatures and growth rates. For example, the standard 
license is set to 945 tonnes in Troms and Finnmark due to lower water temperatures and slower growth, 
and to 780 tonnes everywhere else (DoF, n.d. b; Hersoug, 2021). 

The MAB system is designed to ensure that fish farming operaTons do not exceed the carrying 
capacity of the environment. It provides a mechanism for controlling the density of fish in net-pens, 
thus contribuTng to improving fish welfare and biological sustainability. The MAB also allows for 
flexibility in response to changing market and environmental condiTons, making it a robust regulatory 
tool (Hersoug, 2021). 
 
SpaJal planning and coastal development 

Coastal municipaliTes and county municipaliTes play a key role in the GS of the Norwegian 
salmon farming industry. The Planning and Building Act of 2008 gives these municipaliTes the 
responsibility for managing coastal space through coordinated water and coastal zone planning 
(Planning and Building Act, 2008; Jensen, Sønvisen, & Johnsen, 2025). They decide to what extent they 
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want to allocate space for aquaculture and where, ensuring that the industry is integrated into the 
broader coastal management framework. Planning becomes an essenTal acTvity in the Norwegian 
aquaculture governance system (Jensen, Sønvisen, & Johnsen, 2025). This planning process is essenTal 
for balancing the needs of the aquaculture industry with other coastal acTviTes, such as tourism, 
shipping, and conservaTon. It involves a range of stakeholders, including local communiTes, 
environmental organizaTons, and governmental agencies, who work together to develop 
comprehensive coastal zone plans. 

To ensure that municipaliTes and county municipaliTes benefit economically from welcoming 
salmon aquaculture in their coastal waters, an Aquaculture Fund (Havbruksfondet) was established, 
with its first payments made in 2017 (DoF, n.d. c; Misund et al., 2023). The fund is financed through a 
fee on the producTon of salmon, trout, and rainbow trout, and it distributes a share of these fees to 
the municipaliTes based on their shares of the site producTon capacity. The municipaliTes receive 80% 
of the fund, while the county municipaliTes receive the remaining 20% (DoF, n.d. c). This extra income 
should encourage municipaliTes to allocate more areas to salmon farming (Eriksen & Mikkelsen, 2024), 
supporTng the growth and sustainability of the industry. 
 
The ”salmon tax” 

The salmon farming industry contributes to society through various taxes, including the 
controversial "salmon tax" introduced in January 2023. This ground rent tax is designed as a cash flow-
based tax, where investments in the sea phase of the value chain are deducted immediately from the 
gross income (Norwegian Tax AdministraTon, 2025). As for the Aquaculture Fund, the salmon tax 
should ensure that the society benefits economically from salmon aquaculture by receiving a part of 
the yield created by the exploitaTon of common natural resources.  

 The salmon tax has been extremely controversial (iLaks, 2024a; IntraFish, 2025). An industry 
actor argues that it creates unpredictability and has dramaTc consequences for fish farmers, such as 
freezing projects and investments due to high uncertainty linked to the tax (Producer 1; iLaks, 2024a). 
Moreover, the actual benefits of the salmon tax have not been as high as expected, which has 
contributed to its perceived failure (Gu^ormsen, 2025). In 2024, the government collected 
approximately 868 million NOK from the tax, instead of the 5 billion NOK expected (IntraFish, 2025). 
This shor|all is largely due to the reorganizaTon of fish farming companies, which have adapted to the 
tax by creaTng separate enTTes to minimize their taxable income (MTIF, 2025a; Producer 1; 
Gu^ormsen, 2025). As the Aquaculture Fund and the salmon tax are not quesToned in the future 
governance, these aspects are not further discussed in this study.  
 

The regulatory framework of the Norwegian salmon farming industry, comprising licenses, 
MAB, spaTal planning, and taxes, aims to balance growth and environmental sustainability. However, 
the complexity and administraTve burden of these regulaTons pose significant challenges. The 
interplay between these regulatory tools and their impact on the industry will be further explored in 
the context of stakeholder dynamics and the TLS in the following secTons. 
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2.2. The play between the stakeholders is complex: The locality license 
applica.on process (case study) 

 
Figure 1. Stakeholder roles and interacTons under the aquaculture locality license applicaTon process 
(Source: NEA, 2025; KPMG Law Norway, 2023). 

 
Roles of the actors and the locality license applicaJon process 

The governance of the Norwegian salmon farming industry involves numerous stakeholders, 
each with disTnct roles and responsibiliTes. These stakeholders include industry actors such as fish 
farmers, suppliers, and market enTTes, as well as poliTcal authoriTes, governmental agencies, research 
insTtutes, and environmental non-governmental organizaTons (ENGOs). The government sets the 
overarching policies and goals, organized into several ministries. For instance, the Directorate of 
Fisheries (DoF) and the Norwegian Food Safety Authority (NFSA) fall under the Ministry of Trade, 
Industry, and Fisheries (MTIF), while the Norwegian Environment Agency (NEA) is under the Ministry 
of Climate and Environment (MCE). 

The process of applying for a locality license is a complex interacTon among these stakeholders, 
as illustrated in Figure 1. When a salmon farmer applies for a new locality license, the county 
municipality (fylkeskommune) coordinates the process, ensuring the quality of the applicaTon while 
the municipality makes it public. The municipality then sends the applicaTon to the relevant 
authoriTes, including NFSA, the county governor (indirectly to NEA), DoF, the Norwegian NaTonal 
Coastal AdministraTon (Kystverket), and, if necessary, the Norwegian Water Resources and Energy 
Directorate (NVE). Each of these authoriTes assesses the applicaTon based on their specific scope and 
prioriTes, defined by regulaTons such as the law on food producTon and food safety (matloven) for 
NFSA. The county municipality plays a crucial role in clarifying whether the locality fits the coastal zone 
planning. Furthermore, NFSA, Kystverket, and the county governor possess a "veto right" on the 
awarding of a locality license. This means that if any of these authoriTes respond negaTvely to the 
applicaTon, the locality license will not be issued (Regulator 2). The final decision rests with the county 
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municipality, which must weigh the various inputs and advice from the different authoriTes (County 
official 1). 

 
Other stakeholders interact in the governance of the Norwegian salmon farming industry. 

Research insTtutes play a crucial role in producing background informaTon on aquaculture, climate 
change, water quality, and many other subjects, working closely with management and regulatory 
bodies (Researcher 4; Regulator 4). Two major research insTtutes interact with the stakeholders of the 
salmon farming industry: the Veterinary InsTtute (VI) and the InsTtute of Marine Research (IMR) (MTIF, 
2016). VI interacts indirectly with the governance system by working on how regulaTons affect disease 
situaTons, providing input to NFSA, and producing the yearly fish health report, which is a valuable 
document for many stakeholders (Researcher 5; Researcher 1). IMR is the main knowledge provider 
and insTtuTonal cooperaTon partner of DoF, providing experTse and knowledge on the impacts of 
aquaculture (Regulator 4; Regulator 6; Regulator 1). 

Fish farmers have several roles in the governance system. They are dependent on each other, 
especially regarding sea lice management, and collaborate with researchers and ENGOs (Producer 1). 
However, the relaTonship between fish farmers and regulators is olen seen as insufficient, with a lack 
of dialogue and understanding of each other's needs and constraints (Researcher 2; Researcher 3). 

PoliTcal organizaTons and ENGOs play roles in poliTcal acTviTes like lobbying and campaign 
adverTsing. They either decide on acTons or try to influence decisions. ENGOs are typically more 
poliTcal than governmental agencies and research insTtutes, represenTng and advocaTng for opinions 
and visions. They inform stakeholders, communicate with poliTcal parTes, and serve as alternaTve 
sources of informaTon, especially for internaTonal media (ENGO 1). 
 
Complexity and criJques of the governance system 

The governance system, especially the locality license applicaTon process, faces several 
criTques from the stakeholders. One of the main criTcisms is the complexity and lack of coordinaJon 
among the different actors. A regulator highlights the "poor coordina>on between the actors' ac>ons," 
quesToning, "when should what concern be priori>zed?" (Regulator 3). This lack of clear hierarchy and 
the conglomerate of actors can create conflictual situaTons, parTcularly regarding the power of the 
municipaliTes (Regulator 2; Expert 2). 

Another criTque is the inefficiency and lack of transparency in the licensing process. Some 
actors argue that the process takes too long and that the requirements for a successful applicaTon are 
not clearly communicated, leading to inefficiencies and frustraTons (Researcher 2; Researcher 3). A 
state agent agrees that the cooperaTon and dialogue with the fish farmers is of great value for the 
agencies, especially DoF, because the fish farmers have a pracTcal approach and may provide useful 
background informaTon as a good introducTon to the issues to be dealt with (Regulator 4). However, 
the relaTons may be skewed by power imbalances as the farmers hold (or believe they hold) more 
knowledge than the regulators (Researcher 3; Expert 2). A state agent further explains that although 
"there is a general established truth that everything is difficult to do and takes >me," this is normal and 
should be understood. In fact, they remind that salmon farming in Norway is "living animals produced 
industrially with many evolving technologies which requires enormous exper>se," in addiTon to the 
huge responsibiliTes given to the governmental agencies (Regulator 5). 
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The GS tries to handle the complexity of the governance system. Recent reorganizaTons and 
modificaTons in the regulatory framework have paved the way for the WP and more globally a new 
management. For instance, NFSA underwent a reorganizaTon in September 2024, creaTng an 
"aquaculture supervision division" to shil from a regional approach to a naTonal organizaTon with 
specialized supervision divisions. This reorganizaTon aims to improve governability and efficiency 
(NFSA, 2025; Regulator 3). Similarly, DoF was reorganized at the end of 2022, transiToning from an 
organizaTon based on tasks to one based on funcTons to enhance governability (Regulator 4).  

Regarding the right to pollute, if an economic acTvity pollutes, it must obtain a parTcular right 
to do so (Regulator 5). Before 2024, the county governor had to give individual emission permits 
according to the PolluTon Control Act (forurensningsloven) (Producer 2; Regulator 6; County governor 
of Trøndelag, 2024). However, a new polluTon regulaTon for aquaculture was implemented in February 
2024 to simplify the process (Regulator 6). CondiTons in permits under the PolluTon Control Act to 
prevent and reduce polluTon and waste from aquaculture are replaced by standard requirements in 
the aquaculture operaTon regulaTons (Producer 2; Regulator 6; County governor of Trøndelag, 2024). 
The new requirements aim to ensure that the industry receives standardized requirements that are 
updated and adapted to current knowledge about the environmental impact of aquaculture in the sea 
(County governor of Trøndelag, 2024). 

Furthermore, to support the fish farmers in transiToning from tradiTonal open net-pens to zero 
and low emission technologies the "NOU 2023:23" report proposes a "Flexible Environmental 
Scheme" (miljøfleksordning) (author’s transl.) (MTIF, 2023; Regulator 4). Although this scheme is sTll 
not implemented, it paved the way for further changes in the regulatory framework, as proposed in 
the recently published WP (Regulator 5; ENGO 1; Regulator 4). 
 

The interacTons among stakeholders in the governance of the Norwegian salmon farming 
industry are complex, parTcularly during the locality license applicaTon process. The roles of the main 
stakeholders are detailed, and the complexity and criTques of their relaTonships are highlighted. 
Recent reorganizaTons and new regulaTons aim to improve governability, but challenges remain, 
parTcularly in terms of coordinaTon and efficiency. The next secTon will invesTgate the TLS and its 
criTcisms to understand the radical proposals in the WP and their possible consequences.  
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2.3. Most actors perceive the Traffic Light System to be ineffec.ve in allowing 
predictable and sustainable growth 

 
Figure 2. The map of the PO for salmon, trout and rainbow trout and their coloring according to the 
TLS  for the period 2024-2025 (Source: MTIF, 2024; DoF, n.d. d). 
 
What is the Traffic Light System? 

The salmon farming industry in Norway is regulated by a management system called the Traffic 
Light System (TLS). The goal of the TLS is to tackle the problem of sea lice in the salmon farms 
specifically, and it should allow predictable and sustainable growth for the aquaculture industry 
(Trafikklyssystemet, 2025). As illustrated in Figure 2, it uses a color-coded scheme—green, yellow, and 
red—to indicate the potenTal for growth in the different producTon areas (PO). The colors are 
determined according to an environmental indicator which is the esTmated aggregated sea lice-
induced mortality of wild salmon smolts (DoF, n.d. d; Jensen, Tveterås, & Nielsen, 2024). Each color 
corresponds to specific regulatory measures affecTng the MAB as described in Appendix 6. The 
coloring is reassessed every two years by MTIF (MTIF, 2024). 
 
CriJques of the Traffic Light System: 
IneffecJveness in controlling sea lice 

Although the TLS is only a few years old, most stakeholders quesTon its efficiency in allowing 
predictable and sustainable growth for the aquaculture industry. Sea lice and escapes are sTll major 
environmental challenges not solved yet. The fish mortality rate is sTll too high and has not improved 
either (MTIF, 2025a; Appendix 2). This is a shared view amongst the interviewees (Regulator 5; 
Regulator 2; ENGO 1; Regulator 1). The TLS regulates the growth of the industry according to one single 
indicator, sea lice levels in the PO, which shows how impac|ul sea lice is for the industry.  

The fundamental problem with sea lice is that it threatens the fish welfare of both the farmed 
and wild salmon. Studies show that one of the major threats to the wild salmon and trout is the sea 
lice from the farmed fish (Thorstad & Forseth, 2025; Appendix 7). Several industry actors thus feel like 
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the fish welfare of the wild salmon and trout populaTons is considered more of a problem than that of 
the farmed salmon because, to improve the wild salmon stocks, “the farmed salmon must suffer” 
(Regulator 2; Industry representaTve 1; Producer 1; Expert 2). On the other hand, an ENGO finds that 
the threshold values are “s>ll too high to ensure good survival of the wild smolt", and thus that the 
protecTon of the wild salmon is not successful either (ENGO 1). 
 
Lack of flexibility and adaptability  

The TLS is also criTcized regarding the socio-economic issues it leads to. The regulaTon at PO-
level is highly controversial. For many actors, this level of management is "too global" not enabling to 
differenTate and reward the "good fish farmers" as they should (Researcher 4; Expert 1; County official 
1; Expert 2). A regulator adds that the TLS is hence "counterproduc>ve in regards of fish welfare" as it 
does not contribute to "punish the bad players" (Regulator 2). It even escalates to the point of the TLS 
being judged "uncons4tu4onal" by some actors, pu{ng forward that the reducTon of MAB imposed 
by the TLS to all fish farmers in a red PO, is a form of collecJve punishment based on individual acTons 
(Expert 2; Producer 1; Industry representaTve 1). 

Schøning, Hausner, and Morel show that the legislaTon is complicated, "including sectoral 
regulaTons (specific to the acTvity in quesTon), regulaTons targeTng parTcular environmental impacts 
(such as polluTon), regulaTons targeTng parTcular resources (such as water), and planning laws and 
regulaTons" (Schøning, Hausner, & Morel, 2023). Some authors and stakeholders find the current 
regulatory framework complex and layered (Hersoug, 2022; Osmundsen et al., 2022; O17; Expert 2; 
Regulator 3). The regulaTons and management tools add up. To some extent, the regulators agree with 
the farmers that the current regulaTon is "overlapping" (Regulator 5), "patched" (Regulator 6), and 
"fragmented" (Producer 1; Expert 2). According to a regulator, this is due to the different authoriTes 
coping with regulaTons that do not necessarily have the same goals (Regulator 1).  
 
Economic and operaJonal challenges 

The TLS should allow sustainable growth for the salmon farming industry, but projecTons of 
the current system show that all PO are likely to steer towards yellow light in the long-term meaning 
no growth (MTIF, 2025a). A state agent provides an interesTng explanaTon, saying that the TLS neither 
regulates the size of the localiTes nor how the MAB at firm-level is distributed between the mulTple 
localiTes in the different PO (Regulator 1). A fish farmer adds that growth is difficult because of the 
high price of the locality licenses at aucTon and the limited producTon licenses which push towards 
buying out other farmers for one company to grow (Producer 1).  

Moreover, the TLS is applicable to adjust ordinary producTon licenses only (DoF, n.d. d). In an 
industry with high profitability and strong barriers to further growth, Hersoug et al. warn against the 
use of special licenses as they may undermine the ordinary regulatory system if they are not “limited, 
closely circumscribed, and controlled” (Hersoug et al., 2021). In fact, as of February 10, 2025, about 
20% of the total producTon of salmon, trout, and rainbow trout comes from such licenses (MTIF, 
2025a), not subject to the TLS, which is considered significant or too much (ENGO 1; Regulator 1; 
Regulator 4; Regulator 2).  
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Social license to operate and environmental sustainability 
Environmental and fish welfare concerns are prominent criTques of the TLS, which can impact 

the industry's social license to operate (SLO) (Eriksen & Mikkelsen, 2024). SLO is thus a criTcal concept 
in the governance of the salmon farming industry. It refers to the level of acceptance or approval of a 
given social unit like the local communiTes and the public regarding industry operaTons.  

Although sustainability and social acceptance are important challenges faced by the industry, 
these are not always sufficiently considered in the regulaTon as such. Schøning, Hausner, and Morel 
invesTgate the role of law in acceleraTng the transiTon towards (environmentally) sustainable 
aquaculture acTviTes in Norway, finding quite few regulaTons in place that accelerate the transiTon 
even though both the government and the industrials promote it. The authors find no regulaTon that 
requires posiTve contribuTons to any of the six environmental objecTves used as transiTon criteria 
(Schøning, Hausner, & Morel, 2023). Some stakeholders further argue that the system does not go far 
enough in addressing the broader environmental impacts of salmon farming, such as sludge and feed 
waste (Regulator 5; Expert 2). The need for a "paradigm shi:" in the industry is olen discussed, 
emphasizing the importance of moving towards new aquaculture pracTces (Expert 2; Regulator 2; 
Researcher 1). 

 
 

 

Figure 3. Key aspects and challenges of the governance of the Norwegian salmon farming industry. 
 
Summary of SecJon 2 

The governance of the Norwegian salmon farming industry is a complex interplay of various 
stakeholders and regulaTons. Figure 3 shows key aspects and challenges of the current governance. 
The TLS is a key component of this governance, aimed at controlling sea lice contaminaTon. However, 
the TLS faces significant criTques regarding its effecTveness, flexibility, economic impact, and 
environmental consideraTons. The interacTons among stakeholders, as detailed in the previous 
secTon, highlight the challenges and complexity of the GS. Recent reorganizaTons and new regulaTons 
aim to improve governability, but challenges remain. 
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The WP proposes changes to the governance and regulatory framework, aiming to balance 
growth, technological innovaTon, environmental sustainability, and fish health and welfare. The 
expectaTons and reacTons to it vary among stakeholders, with differing views on the future of the 
industry. The next secTon will delve into the broader implicaTons of these governance and regulatory 
changes, exploring the potenTal impacts on the industry's growth and sustainability. 
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3. The stakeholders ques>on the future governance, and hold different 
views on whether the WP could improve governability 

The Aquaculture White Paper (Meld. St. 24 (2024-2025)) is Ttled “The Future of Aquaculture 
– Sustainable Growth and Food for the World” (MTIF, 2025a). In the WP, the government formally 
presents several changes in the regulatory framework and hence iniTates a rather long process before 
its implementaTon in about 3 years from now (Bryde MarTn H., 2025). The sea lice regulaTon is to be 
based on sea lice quotas, with a fee on exceeding emissions. The regulatory basis would be the 
esTmated total emission of sea lice larvae. The threshold value should be determined according to the 
environment’s carrying capacity. Furthermore, the WP changes the licensing regime by suggesTng 
removing the MAB at firm-level. The government wants to establish a “one license, one locality” policy 
meaning there would be only one producTon license a^ached to each locality. The WP proposes a fee 
to handle the issues with “lost fish”, meaning dead and escaped fish. Finally, a more comprehensive 
area planning should be allowed through stronger knowledge and central government planning 
guidelines for the planning of coastal areas (MTIF, 2025a). The government reminds that this new 
management system should make it more profitable to operate with low environmental impact and 
good animal welfare (MTIF, 2025b).  

Most actors are very surprised by the WP and how radical the proposals are though. This 
secTon invesTgates the reasons why, and what the stakeholders suggest to improve the governability. 
In this way, this work provides addiTonal informaTon on strategies required to govern the salmon 
farming industry, also within the frame of the WP process. 
 

3.1. The WP has poten.al for improved sustainability and fish welfare, but a 
lack of knowledge and common understanding creates disagreement 

A strong focus on sea lice 
The WP's strong focus on sea lice is well-received by the stakeholders who recognize sea lice 

as the "biggest challenge" in the industry (Regulator 2; ENGO 1). This focus is seen as crucial for 
improving the environmental sustainability of salmon farming and ensuring the health and welfare of 
both farmed and wild fish populaTons. The regulator further explains that sea lice should remain a 
regulaTng factor "as long as there is no vaccine, no efficient medicines, or un>l the produc>on systems 
physically separate the fish from the sea lice" (Regulator 2). Regarding the indicator proposed in the 
WP, the total amount of sea lice larvae emi^ed from a farm, it is “decisive” for determining the impact 
on the wild salmon according to a researcher. In that sense, the WP is more impact-based than the TLS 
(Researcher 5). This perspecTve is shared by several other stakeholders, including an ENGO and 
researchers, who believe that the WP's focus on sea lice will incenTvize be^er management pracTces 
and ulTmately lead to improved fish health and welfare (ENGO 1; Researcher 5). 

Removing the MAB is another significant change proposed in the WP. This change is viewed 
posiTvely by many stakeholders, as it is expected to provide more flexibility for fish farmers and 
encourage producTon strategies that are more aligned with the environment's carrying capacity 
(ENGO 1; Producer 2). The fish farmer employee explains that removing the MAB could lead to a shil 
in mentality, where fish farmers focus on producing more in areas with a be^er capacity to sustain 
polluTon instead of polluTng where the company has “more rights to pollute” as it is most olen the 
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case today. This change is seen as a way to give fish farmers more responsibility to "be?er work with 
nature" (Producer 2).  
 
Environmental and fish welfare consideraJons 

The WP's emphasis on sea lice is also seen as a step towards achieving the quality standard for 
wild salmon stocks (kvalitetsnorm for villaks), which is a priority for many stakeholders, including 
ENGOs and research insTtutes (Thorstad & Forseth, 2025). The urgency of improving wild salmon stocks 
is underscored by recent events, such as the closure of 33 “salmon rivers” in June 2024 due to low wild 
salmon populaTons (NEA, 2024). AddiTonally, the AtlanTc salmon's status was changed from Least 
Concern to Near Threatened on the IUCN Red List in 2023, further highlighTng the need for immediate 
acTon for an ENGO (IUCN, 2023; ENGO 1). However, there are also concerns that the focus on sea lice 
may overshadow other environmental issues that also need to be addressed, such as emissions of 
nutriTonal salts, feed waste, and sludge (Researcher 1; Regulator 6; Expert 2). 

There is also ongoing debate about the link between sea lice in farms and their impact on wild 
fish populaJons. Some industry actors quesTon the scienTfic basis of this relaTonship and argue that 
the research is not thorough enough to jusTfy the focus so strongly on sea lice (Industry representaTve 
1; Expert 2). They point to independent research projects, such as Salmon Tracking 2030, which aim to 
provide a more comprehensive understanding of the factors affecTng wild salmon populaTons (Salmon 
Tracking 2030, n.d.). An industry representaTve finds that the public research is a bit misinforming for 
the poliTcians and authoriTes because Salmon Tracking 2030 shows that there is most olen enough 
wild fish in the rivers to enable their reproducTon, but not always enough fish to fish. They quesTon 
the economic importance of the fishing acTvity compared to the aquaculture industry. For them, 
pu{ng the fishing acTvity forward leads to nonsense (Industry representaTve 1). However, other 
stakeholders, including a state agent and an ENGO, argue that the link between sea lice and wild fish 
populaTons is well-established and that the focus on sea lice is jusTfied (Regulator 2; ENGO 1). 
 
QuesJons on operaJonal challenges  

While the WP aims to improve environmental sustainability, there are concerns about its 
economic and operaTonal implicaTons. Some stakeholders worry that the proposed changes could 
lead to even greater costs to monitor the environment (Producer 3; Producer 2). There are quesTons 
about how the sea lice emission quotas will be monitored and enforced, and whether the fees for 
exceeding these quotas will be sufficient to incenTvize good pracTces (Regulator 2; Researcher 5). The 
regulator further argues that as much as the quota for sea lice emissions must be set at a low enough 
level to incenTvize good pracTces, the fee for exceeding the quota must be high enough to discourage 
non-compliance. They explain that the goal is to ensure that fish farmers do not simply "pay themselves 
out of the sea lice problem" (Regulator 2).  

Similarly, there are concerns about the proposed fee on "lost fish" which includes both dead 
and escaped fish. A researcher highlights the ambiguity in defining a "lost fish", parTcularly in cases 
where fish are intenTonally killed to prevent the spread of disease. They point to a recent example 
where millions of fish were killed to prevent the spread of pancreas disease in PO8, raising quesTons 
about how such cases would be handled under the new regulaTons (Researcher 5; iLaks, 2024b). 
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Defining sustainability 
The WP's proposals have sparked discussions about what consTtutes sustainable aquaculture. 

Schøning, Hausner, and Morel highlight the importance of clear sustainability standards and end goals, 
staTng that "without clear sustainability or environmental standards or end goals, there is no direcTon 
for how the aquaculture actors should adapt". This senTment is echoed by several stakeholders, who 
emphasize the need for a shared definiTon of sustainability that can guide the industry towards more 
sustainable pracTces. In fact, if what sustainability means is either not defined or does not cover the 
same meaning and goals for all the stakeholders, then the la^er cannot work efficiently together 
towards sustainability (Schøning, Hausner, & Morel, 2023).  

Some stakeholders define sustainability in terms of environmental impact, emphasizing the 
need for zero emissions and minimal impact on the environment (ENGO 1; Regulator 2). Others 
highlight the importance of fish health and welfare, arguing that sustainable aquaculture should 
prioriTze the well-being of both farmed and wild fish populaTons (Regulator 2; Researcher 5; 
Researcher 1). While environmental sustainability is a key focus, there is also recogniTon of the need 
to consider the economic and social aspects of sustainability, with some stakeholders arguing that a 
strong economy is essenTal for enabling posiTve environmental acTons (Producer 1; Industry 
representaTve 1; Producer 3). 

Furthermore, sustainable producTon is also defined in regard to how important the salmon 
farming industry is for the poliJcians parTcularly as they are the ones to decide what an “acceptable 
level of pollu>on” is (Regulator 5). Furthermore, a fish farmer employee underscores the power of the 
consumers in acknowledging what sustainable producTon is (Producer 1). In fact, the la^er “have never 
had as much knowledge as today” (Producer 1). The ideal is to find a balance between environmental 
sustainability and growth of the industry (Regulator 5; Producer 2), but finding such an equilibrium is 
the biggest challenge for both fish farmers and policymakers (Liu, Chuenpagdee, & Sumaila, 2013).  

The role of cerTficaTon schemes in defining and operaTonalizing sustainability is also 
discussed. Some authors argue that cerTficaTon schemes, such as ASC and GLOBALG.A.P., have taken 
on the role of defining sustainability standards and operaTonalizing them within the industry. However, 
there are concerns that these schemes may not address sustainability as a whole, focusing primarily 
on environmental and governance indicators while neglecTng cultural and economic issues 
(Osmundsen et al., 2020). For two label representaTves, this is explained by two reasons. Firstly, the 
label they work for “tackle[s] the biggest impacts first, [namely] the environmental and the social 
impacts [of the industry]”. Also, the economic aspects are more difficult to assess, although they 
acTvely work on this (Market player 2; Market player 3). In this way, the cerTficaTon schemes acquire 
a high degree of structural power “by devising the standards and operaTonalizaTons, and granTng or 
withholding cerTficaTon of compliance”, thus becoming “the arbitrators of what sustainability means”. 
This challenges the governability (Osmundsen et al., 2020).  
 

The WP's proposals are seen as a step towards improving the environmental sustainability of 
the Norwegian salmon farming industry. However, there are concerns about the need to address other 
environmental issues and define sustainability more broadly. The lack of knowledge and common 
understanding among stakeholders creates disagreement and highlights the need for further 
assessment and scienTfic consensus. 
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The next secTon will further invesTgate the possibiliTes for growth under the WP, exploring 
how the proposed changes could impact the industry's ability to expand while maintaining a focus on 
environmental sustainability and fish health and welfare. 
 

3.2. Debate on the WP's growth and predictability poten.al 
Removing the MAB: A radical change with mixed percepJons 

The WP proposes significant regulatory changes, notably the removal of MAB at firm-level. This 
change is viewed as a radical shil that could potenTally boost producTon by removing what is seen as 
a cap on producTon and allowing salmon farmers to increase their net biomass. The government's 
raTonale is that the MAB becomes unnecessary with the new sea lice management system in place 
(MTIF, 2025b; MTIF, 2025a). Some stakeholders see this as an opportunity to enhance producTon 
efficiency and fairness in regulaTon. For instance, a fish farmer employee and an ENGO note that this 
change could theoreTcally allow for unlimited biomass for "good farmers" who maintain low sea lice 
levels, independent of their neighbors' performance (Producer 1; ENGO 1). This individual approach is 
perceived as more just and could lead to more efficient producJon and industry growth by enabling 
fish farmers to fully exploit their localiTes’ carrying capacity (Producer 3). 

However, the opTmism surrounding the removal of MAB is tempered by several pracTcal 
limitaTons. Stakeholders highlight significant biological constraints, including environmental limits, 
spaTal restricTons, and the current reliance on open net-pen technology. Concerns about a "biological 
collapse" in certain coastal areas suggest that ecological limits have already been exceeded, making 
unrestricted growth unsustainable (Regulator 2; Researcher 1). AddiTonally, challenges such as feed 
sourcing and smolt producJon pose substanTal barriers to sustainable growth. An industry actor 
points out that the current feed sources are insufficient to support a fivefold increase in salmon and 
trout producTon, and the environmental impact of feed producTon is a significant concern (Expert 1). 
Furthermore, the producTon of smolt in hatcheries is already under pressure according to a researcher, 
and increased demand could exacerbate these issues (Researcher 3). 

Despite the removal of MAB, other regulatory measures, such as those Ted to the localiTes' 
carrying capacity, may act as de facto limits on producJon growth. A fish farmer employee believes 
that these regulaTons could effecTvely replace the MAB, thereby limiTng the potenTal for unlimited 
growth (Producer 3). Thus, while the removal of MAB is seen as a step towards greater flexibility and 
efficiency, the actual impact on industry growth may be constrained by these underlying biological and 
regulatory factors. 

 
ValuaJon and financial implicaJons of removing the MAB 

The removal of MAB at firm-level represents a radical change with significant financial 
implicaTons for the salmon aquaculture industry. ProducTon licenses are a major asset for aquaculture 
firms. In fact, the aucTon in 2024 priced a regular license of 780 tonnes at 273 million NOK (SanT, 
2025). These licenses serve as criTcal security for banks and investors, as they are owned and can be 
pledged and mortgaged, facilitaTng financing and investment in the industry (KPMG Law Norway, 
2023). The potenTal removal of this regulatory cap raises important quesTons about how firms will be 
valued in the future and what assets will serve as collateral for financing. This uncertainty could 
destabilize the market and stock exchange, creaTng significant challenges for industry stakeholders 
(Producer 3; Industry representaTve 1). 
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Industry representaTves further argue that poliTcians may not fully understand the connecTon 
between regulatory changes and their economic and financial consequences. The removal of MAB 
could eliminate a significant revenue stream for the state, although this might be offset by fees 
associated with sea lice quotas and locality licenses (Producer 3). However, the overall impact on 
industry growth remains uncertain, and stakeholders are skepTcal about whether this change will 
genuinely sTmulate growth. A thorough assessment of the financial and operaTonal consequences of 
removing the MAB is seen as essenTal to understanding its potenTal benefits and drawbacks (Producer 
3; Industry representaTve 1). 

 
Predictability: A crucial factor for industry growth 

Predictability is a crucial factor for the salmon farming industry, influencing investment 
decisions and risk management. A stable and predictable regulatory environment enhances 
stakeholders' confidence and willingness to invest in new projects and technologies (Producer 1; 
Industry representaTve 1; Producer 3). Documents such as the Animal Welfare White Paper (Meld. St. 
8 (2024-2025)) and the WP provide a common direcJon for the industry, improving governability and 
fostering a sense of stability (Producer 1; Regulator 2). For example, the Animal Welfare White Paper's 
goal of achieving a 5% mortality rate is seen as a clear target that can guide industry pracTces (Producer 
1). 

However, the aquaculture industry faces significant unpredictability due to delayed 
implementaTons and frequent regulatory changes. The Flexible Environmental Scheme 
(miljøfleksordning), a temporary arrangement aimed at reducing the industry's environmental impact, 
has been long awaited by the stakeholders but has yet to be implemented. This delay, along with the 
introducTon of new regulatory frameworks such as the MAB in 2005 and the TLS in 2017-2018, 
highlights a “10-years regulatory cycle” that offers neither predictability nor conTnuity according to 
some stakeholders (Hareide Henrik, 2025). This unpredictability is seen as harmful to the industry, as 
it creates uncertainty and deters investment (Industry representaTve 1). For instance, the salmon tax 
introduced in 2023 caused significant disrupTons and led to the freezing of investments due to high 
uncertainty (Producer 1; iLaks, 2024a). 

The WP's proposals, including the introducTon of sea lice emission quotas and fees for "lost 
fish" add further layers of regulatory complexity and uncertainty. Stakeholders quesTon how these new 
regulaTons will be monitored and enforced, and whether the fees will be sufficient to incenTvize good 
pracTces (Researcher 5; Regulator 2). The ambiguity surrounding these issues adds to the overall 
unpredictability and could deter investment in the industry. Thus, while predictability is essenTal for 
industry growth, the current regulatory environment is seen as unstable and harmful to investment by 
most industry actors and some other stakeholders. 

 
Technological innovaJon and technology neutrality 

Technological innovaTon is crucial for addressing the aquaculture industry's challenges, 
parTcularly in reducing environmental impacts and improving fish health and welfare. Stakeholders 
agree on the necessity of invesJng in new technologies, such as land-based, offshore, and closed 
containment systems, to achieve zero or low emissions. These technologies are seen as essenTal for 
maintaining or increasing producTon volumes while diminishing the industry's environmental footprint 
(ENGO 1; Expert 1; Researcher 1). 
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However, invesTng in new technologies is expensive and risky, especially in an unpredictable 
regulatory environment. The high costs and technical risks associated with new technologies, coupled 
with the need for regulatory approval, pose significant challenges for industry stakeholders (Producer 
3). For example, this fish farmer employee highlights the case of a semi-closed post-smolt facility that 
was never approved by the authoriTes, resulTng in a significant financial loss for the company. 
Moreover, they argue that “the poli>cal sphere has not shown interest in s>mula>ng technology 
development un>l now”, but that “the government [now] wants [the fish farmers] to transi>on quickly” 
(Producer 3). The biological risk (the risk of losing fish) is also a burden for the fish farmers when tesTng 
new technologies as they can cause lower producTon and higher mortality (Producer 3). In addiTon, 
the risks are olen dependent on the local environment, meaning that more tesTng and more risks are 
always needed in each locality (Producer 1). This underscores the risks associated with invesTng in new 
technologies and the need for a more supporTve regulatory framework (Expert 1; Producer 3). Finally, 
although new technologies are part of the soluTons, they pose significant challenges, for example in 
regard to the fish health and welfare (Researcher 5; Expert 1) and the equipment and energy required 
to funcTon (Producer 3; Regulator 2).  

The principle of technology neutrality is also debated among stakeholders. While some 
support the push for low-emission technologies, especially closed-containment systems (ENGO 1; 
Expert 1), others argue that the current regulatory framework does not provide genuine technological 
neutrality, as it favors certain producTon methods over others (Industry representaTve 1; Producer 3). 
This raises concerns about the financial and operaTonal feasibility of adopTng new technologies and 
the potenTal impact on the industry's compeTTveness (Industry representaTve 1). Thus, while 
technological innovaTon is necessary for addressing the industry's challenges, a more gradual and 
supporTve approach to implementaTon is seen as essenTal to facilitate this transiTon. 
 

Stakeholders' percepTons of the WP's ability to enable growth in the Norwegian salmon 
farming industry are mixed, reflecTng the complex and mulTfaceted nature of the challenges involved. 
While the removal of MAB is seen as a potenTal opportunity for greater flexibility and efficiency, 
pracTcal limitaTons and regulatory uncertainTes temper this opTmism. Predictability is crucial for 
industry growth, and the current regulatory environment is seen as unstable and harmful to investment 
by most industry actors. Technological innovaTon is necessary but requires significant financial support 
and a more gradual approach to implementaTon. This reminds of Asche and Smith’s idea that 
innovaTons in the GS are as important as technological innovaTons for an environmentally and 
economically sustainable seafood industry (Asche & Smith, 2018). Jensen, Sønvisen, and Johnsen draw 
a similar conclusion by highlighTng the need for technological and insTtuTonal innovaTons happening 
in concert with each other (Jensen, Sønvisen, & Johnsen, 2025). In that sense, the “Environmental 
Technology Scheme” pushed by parliament, should help support the transiTon (StorTnget, 2025).  

Overall, stakeholders emphasize the need for a balanced approach that addresses both 
environmental sustainability and economic growth, ensuring the long-term viability of the aquaculture 
industry. Further assessment and scienTfic consensus are needed to develop a regulatory framework 
that can support the industry's growth while ensuring its long-term sustainability. By incorporaTng 
stakeholder percepTons and addressing the underlying challenges, the WP can provide a more robust 
and effecTve foundaTon for the future of the aquaculture industry. 
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3.3. An unclear socio-economic model promoted in the WP and expected 
company strategy shiRs  
The WP challenges various aspects of the Norwegian salmon farming industry, including 

environmental sustainability, technology and innovaTon, growth, predictability of governance, and the 
roles of stakeholders in the regulatory framework. These changes are expected to lead to shils in the 
socio-economic model of the industry. However, the socio-economic model promoted in the WP 
remains unclear to many stakeholders. 
 
Comprehensive area planning and locality licensing 

A more comprehensive area planning is presented as a priority in the WP, with many 
stakeholders agreeing on its essenTal nature (Regulator 3; Regulator 1; County official 1; Regulator 5; 
Regulator 2; Producer 3). A state agent emphasizes the need for clear poliTcal decisions regarding the 
prioriJzaJon of coastal acJviJes, such as aquaculture, tourism, and infrastructure, parTcularly in 
terms of area use (Regulator 3). Although technology is expected to aid further growth and 
environmental sustainability, aquaculture requires more space and be^er exploitaTon of the given 
space (County official 1; Regulator 1; Regulator 5). The current locality structure tends to shil from 
several smaller localiTes to fewer but larger ones, which may not be an opTmal use of space (County 
official 1; Producer 2). The Hardanger ~ord is olen cited as an example of an aquaculture "hotspot" 
with "too many sites" and increasing environmental problems, necessitaTng a rethinking of its area use 
(Regulator 5; County official 1). The locality structure as a whole needs revision, especially considering 
new technologies that require different spaces, such as offshore or land-based areas (Regulator 1). 

In the future system, company strategies regarding area use may change. With the potenTal 
removal of MAB at the firm-level and a "one license, one locality" policy, having several smaller 
localiTes could give fish farmers more flexibility, parTcularly in terms of the local carrying capacity of 
the environment (Producer 2). Conversely, a state agent suggests that localiTes may become larger to 
opTmize economies of scale, but with greater distances between them (Regulator 3). A veterinarian 
researcher agrees with this trend but expresses uncertainty about its wisdom from a disease dispersal 
perspecTve, given the likely high density in these localiTes (Researcher 5). Two technology researchers 
perceive that the use of localiTes without the firm MAB could lead to many more localiTes being 
uTlized, and they quesTon whether the GS expects the balance between localiTes to create itself 
without sufficient regulaTon (Researcher 2; Researcher 3). 

The value of locality licenses in the future system is a topic of debate. For a state agent and a 
fish farmer, the carrying capacity of localiTes will be crucial in determining which technology to 
implement, with healthier environments sustaining more open technologies and others requiring zero-
emission technologies (Regulator 6; Producer 3). If the firm MAB, the current "currency" for growth 
and exchanges, is removed, the value of aquaculture will increasingly lie in locality licenses. This shil 
could lead to two risks: the privaJzaJon of coastal areas if locality licenses are aucToned as suggested 
in the WP, and the cemenJng of the locality structure (Bryde, 2025; Producer 3). The fish farmer 
employee explains that responding to the unpredictability of governance by keeping localiTes "as long 
as possible" could create even greater pressure for space and be counterproducTve (Producer 3). 
 
SMEs vs. big companies: Advantages and challenges 
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The innovaTon effort required to "survive" in the future system raises quesTons about the 
socio-economic model favored by the regulaTons. The model is partly based on the size of salmon 
farming companies, with larger companies like Mowi, Salmar, and Lerøy Seafood being mulTnaTonal 
and listed on the stock exchange, controlling a significant porTon of the industry's producTon capacity 
(MTIF, 2025a). Although the WP regulaTons are designed to be neutral, some stakeholders believe they 
favor larger companies in pracTce. SMEs olen struggle to meet the increasing requirements and higher 
investments needed to maintain or increase producTon, leading to periodic buyouts (County official 1). 
AddiTonally, several large fish farmers have holdings of just under 50% in other fish farming companies 
(MTIF, 2025a), and smaller companies are seen as more "vulnerable" (Expert 1; Producer 1). Research 
by Larsen, Jakobsen, and Steinmo found that SMEs are less capable of developing innovaTons and face 
disTnct regulatory challenges compared to their larger counterparts. If environmental regulaTons are 
uniformly imposed, smaller firms bear “a disproporTonate burden” (Larsen, Jakobsen, & Steinmo, 
2025). 

However, stakeholders also see possible advantages for SMEs compared to larger companies in 
the WP. Larsen, Jakobsen, and Steinmo found that SMEs pursue radical innovaTons, contrasTng with 
earlier studies that suggested larger firms were the ones pursuing radical innovaTon in response to 
regulaTons (Larsen, Jakobsen, & Steinmo, 2025). A researcher notes that some medium-sized 
companies are ahead in technology (Researcher 5). Eide Fjordbruk is an example of SME leading in 
closed-containment technology development with its closed unit called Watermoon (Wilcox, 2024). 
SMEs may also have be^er control of their localiTes if they have fewer of them (Producer 1; Producer 
2). As costs rise, the new regulaTons will require more investment per fish, meaning that larger 
companies producing more biomass will be more affected than SMEs (Producer 3). In reality, the size 
of the company does not determine everything; the geographic area will likely determine the 
investments and level of producTon more than the company size (Producer 3; Industry representaTve 
1; Producer 2). 

Some stakeholders argue for the importance of maintaining diversity in the industry, 
parTcularly in supporTng SMEs due to their local investments. Locally-owned companies, olen SMEs, 
tend to invest more locally, supporTng coastal development and the rural economy (County official 1). 
A fish farmer employee in a mulTnaTonal company acknowledges the importance of "buying local 
services as a larger company" to maintain territorial anchoring and increase the SLO through be^er 
relaTonships with the local economy (Producer 1). Therefore, an interesTng quesTon is whether the 
regulaTons following the WP should allow for a diversified salmon farming industry and emphasize 
social aspects to help SMEs sustain their compeTTveness and the wider sustainability impact of the 
industry naTonally and globally in the long run (Larsen, Jakobsen, & Steinmo, 2025). 

 
Roles and stakeholders in the WP: Importance of local governance 

The WP raises quesTons about the interplay between stakeholders and governance, although 
some stakeholders believe it does not address this sufficiently (Industry representaTve 1; Regulator 2). 
The WP was expected to invesTgate the responsibiliTes of governmental agencies and other 
stakeholders but does so to a limited extent (County official 1; Regulator 3). No actor possesses a 
"sheriff star", meaning superior decisive responsibility for making decisions, such as awarding locality 
licenses (Industry representaTve 1). There have been discussions about creaTng an independent 
governmental agency, the "Fisheries and Aquaculture Directorate" (Fiskeri- og Havbruksdirektorat), to 
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consolidate the responsibiliTes of different regulatory bodies, assess and award localiTes, and simplify 
regulaTons. However, this idea is not addressed in the WP, which is a disappointment for some actors 
(Industry representaTve 1; Regulator 2). The parliament seems to have idenTfied this regret and asks 
the government to invesTgate this idea further (StorTnget, 2025). 

Other stakeholders argue that while the structure of the GS is important, the design of new 
regulaTons is even more crucial (County official 1; Regulator 3). A state agent quesTons the extent to 
which authoriTes should be grouped, highlighTng that stakeholders, parTcularly poliTcians, only 
consider the reducTon of coordinaTon effort between agencies but underesTmate the other 
consequences of merging agencies (Regulator 3). For example, the state agent emphasizes the role of 
NFSA in market access and sales, with food safety and product quality being “top criteria in the market”, 
along with taste and healthiness according to a market actor (Market player 1). NFSA contributes to 
creaTng trust, especially in internaTonal markets, and this could be altered if NFSA is grouped with 
other agencies. If a Fisheries and Aquaculture Directorate were to be created, the state agent argues 
that it should only group responsibiliTes for area management and keep NFSA separate for these 
reasons (Regulator 3). 

A poliTcal organizaTon representaTve and a fish farmer employee underscore the importance 
of local governance and relaTonships in increasing the level of SLO (County official 1; Producer 1). The 
poliTcal representaTve specifically quesTons the central government planning guidelines proposed in 
the WP and their implicaTons for local and municipal governance. They emphasize the importance of 
governance at the municipal level, parTcularly in conflict resoluTon (County official 1). The fish farmer 
employee further highlights that SLO operates on two levels, local and global, and that creaTng and 
nurturing relaTonships with local stakeholders helps on both levels. Early, open, and honest 
communicaJon is key, with the employee staTng that "nothing is worse than having informa>on first 
released on [a Norwegian tabloid]’s front page" (Producer 1). 
 
PoliJcal debate and prioriJes for the industry 

The quesTons and debates surrounding the WP fuel the poliTcal discourse on the salmon 
farming industry and its priority. State agents tend to remind that the WP is a "poli>cal ma?er" 
independent of their work (Regulator 1; Regulator 6; Regulator 4; Regulator 2). Although the 
government clearly states its support for the development of the industry, many stakeholders quesTon 
this commitment, ciTng a lack of concrete follow-up and a mismatch between announcements and 
measures taken (County official 1; Industry representaTve 1; Producer 1; Producer 3). The industry 
representaTve finds a mismatch between regulaTons and what is pracTcally feasible, as well as 
between the prioriTes of governmental agencies (Industry representaTve 1). Two fish farmer 
employees even quesTon, "Maybe it is impossible to do aquaculture?" and "To be or not to be? [Is the 
aquaculture sector in Norway] the future industry of the younger genera>on?" (Producer 3; Producer 
1). They express anger and disappointment towards naTonal poliTcs and wish for a true focus on the 
salmon farming industry, staTng that "the [government and the central poli>cians in Oslo] need a wake-
up call" (Producer 1). 

 
In conclusion, the socio-economic model promoted in the WP is unclear to the stakeholders, 

with numerous quesTons regarding localiTes, technology choice, company size, governance level, and 
the priority given to the aquaculture sector. The WP's lack of clarity and concrete follow-up fuels 
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poliTcal debate and disappointment among industry stakeholders, highlighTng the need for a more 
robust and effecTve foundaTon for the future of the aquaculture industry. 
 

3.4. Conclusions and discussion 
Aspect Summary Stakeholder percepJons 

Environmental 
sustainability, 

fish health 
and welfare 

The WP proposes new 
methods for protecTng the 
environment and ensuring fish 
health and welfare. 

Most stakeholders believe the proposals may 
improve environmental sustainability, but there 
is disagreement on the impacts of aquaculture 
on the environment and wild fish. 

Growth and 
predictability 

The WP aims to boost industry 
growth and provide 
predictability in governance. 

Most stakeholders disagree that the WP will 
boost growth, raising concerns about the 
predictability of growth and regulaTons. 

Technology 
and 

innovaJon 

Technology and innovaTon are 
seen as key soluTons for 
achieving sustainable growth. 

Stakeholders agree on the necessity of invesTng 
in new technologies but face challenges in 
implementaTon and risk management. 

Area planning 
and locality 

licensing 

Comprehensive area planning 
is highlighted in the WP. 

Stakeholders agree on the need for be^er area 
planning but have mixed views on the future 
structure of localiTes and the value of locality 
licenses. 

Local 
governance 

and SLO 

The importance of local 
governance and maintaining a 
SLO is highlighted. 

Stakeholders emphasize the need for local 
engagement and communicaTon to build trust 
and improve SLO. 

Socio-
economic 

model 

The WP may introduce changes 
to the socio-economic model 
of the industry. 

The socio-economic model promoted in the WP 
is unclear to many stakeholders, leading to 
uncertainty about how companies will adapt. 

Roles and 
stakeholders 

in governance 

The WP raises few quesTons 
about the responsibiliTes of 
different stakeholders. 

There is a need for improved cooperaTon among 
stakeholders. 

PoliJcal 
debate and 

prioriJes 

The WP fuels poliTcal debate 
on the priority and future of 
the salmon farming industry. 

Some stakeholders express disappointment and 
call for a clearer focus on the industry's 
development and support. 

Table 1. Key aspects of the governance and stakeholder percepTons in Norwegian salmon farming. 
 
Summary 

The WP introduces significant proposals across various aspects of the Norwegian salmon 
farming industry, grouped in Table 1. Stakeholders have mixed percepTons regarding the WP's 
potenTal to improve environmental sustainability, boost growth, and implement technology and 
innovaTon. The lack of a unified definiTon of "sustainable producTon" or "sustainable growth" among 
stakeholders complicates predicTons about the future regulatory framework's performance. Concerns 
about predictability and the socio-economic model promoted also arise, leaving uncertainty about how 
companies will adapt to future governance and highlighTng the need for further dialogue and 
cooperaTon among stakeholders. 

While there is consensus that the TLS has not been successful, stakeholders are cauTously 
opTmisTc about the WP. There is considerable uncertainty about its ability to improve governability, 
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with many details yet to be defined. The intenTons behind the WP are generally perceived as 
supporTve of sustainable industry growth, but the translaTon of these intenTons into effecTve 
regulaTons and management systems will be crucial. 
 
SuggesJons to improve the governability based on the needs of the stakeholders 

To enhance governability, several needs and suggesTons have emerged from stakeholder 
percepTons. There is a clear need for more informaJon and knowledge on various themes. The impact 
of sea lice on wild salmon populaTons remains debated, with stakeholders using different informaTon 
sources and having varying prioriTes. For instance, DoF required more Tme to assess sea lice quota 
models, but the government opted for “the most radical alterna>ve” (Berge, 2025; Producer 3), 
highlighTng uncertainTes even within regulatory bodies (Producer 3). Therefore, establishing a 
consensus on the knowledge base is essenTal before implemenTng new systems like those proposed 
in the WP (Hareide, 2025). Defining sustainability should be a collaboraTve effort, focusing on 
environmental and governance aspects while also considering financial and socio-economic factors. 

Other environmental issues, such as climate change and its impacts on aquaculture, ocean 
dynamics, and feed-related issues, need further exploraTon and understanding. DocumenTng and 
gaining more knowledge about new technologies and their environmental and economic efficiency is 
also crucial, as stakeholders agree that producTon methods must evolve. However, industry actors feel 
that they bear all the risks—technological, financial, and biological—and that this pressure is not fully 
understood by the GS. Improving cooperaJon among stakeholders is essenTal for several reasons. 
Industry actors regret that other stakeholders, parTcularly poliTcians, do not fully grasp the realiTes of 
operaTng an aquaculture farm (Hareide, 2025). They recognize the need to inform and educate others 
(Producer 3). Improved cooperaTon could help define concrete, precise, and useful common goals. 
Enhanced communicaJon, dialogue, and openness between governmental agencies and fish farmers 
are key to improving cooperaTon. 
 
Discussion 

This study, based on semi-structured interviews, reveals the complexity and diversity of 
stakeholder percepTons regarding the current and future governance of the Norwegian salmon 
farming industry. While the methodology may introduce biases due to a non-representaTve sample, it 
successfully highlights the varied perspecTves and aims to reach data saturaTon. 

Several improvements could enhance this work. Interviewing a more diverse range of fish 
farming companies, including those using different technologies (land-based, offshore, closed, and 
submerged cages), could provide a more quanTtaTve understanding of industry senTments toward the 
WP. AddiTonally, interviewing different hierarchical levels within companies (from field operators to 
strategic management) might reveal further insights. Geographical diversity in interviews could also 
provide a more comprehensive view, as percepTons may vary by region. For example, fish farmers in 
PO with different statuses under the TLS may have varying views on the WP (Producer 3).  

The WP is part of a longer process, with final implementaTon expected around autumn 2028 
(Bryde, 2025). Several poliTcal parTes agreed in June 2025 to introduce a new Aquaculture strategy 
but with certain amendments to the original proposal (StorTnget, 2025). This ongoing process 
underscores the dynamic nature of governance in the salmon farming industry and the need for 
conTnuous dialogue and adaptaTon among all stakeholders. 
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4. In this context, BiOceanOr can help making DO an opera>onal 
parameter for decision making and suppor>ng governability 

4.1. BiOceanOr leverages the DO data into ac.onable analy.cs and forecasts 
Dissolved oxygen as a factor of growth, appeJte, digesJon, and stressors 

The governance of the Norwegian salmon farming industry aims to enable more growth and 
environmental sustainability (MTIF, 2025a). The WP highlights the need for knowledge on several 
aspects and be^er cooperaTon among stakeholders, parTcularly in data sharing (County official 1; 
Regulator 1). BiOceanOr's experTse fits into this context as the company focuses on the impact of the 
environment on aquaculture, enabling fish farmers to improve fish health and welfare and increase 
producTon.  

BiOceanOr specializes in analyzing and predicTng water quality parameters, parTcularly 
dissolved oxygen (DO), at site-level. DO is a crucial factor for the growth of AtlanTc Salmon. Research 
by Me^e Remen has shown that oxygen reducJons negaJvely influence the producJon performance 
and welfare of salmon (Remen, 2012). To maximize the growth potenTal of AtlanTc salmon in the on-
growing phase in open sea cages, the DO level must exceed the minimum DO required for maximal 
feed intake (DOmaxFI). Studies demonstrate sustained appeTte with decreasing DO unTl a threshold 
level (DOmaxFI) is reached, at which point appeTte gradually decreases. Both the maximal level of feed 
intake (DFImax) and the DOmaxFI are highly dependent on temperature (Remen et al., 2016). 

Furthermore, research on the effects of hypoxic periods on the feeding behavior and 
physiology of AtlanTc salmon post-smolts suggests that 70% O2 may represent a threshold for reduced 
growth and that 60% O2 represents a minimum O2 saturaTon for the welfare of AtlanTc salmon post-
smolts subjected to cyclic hypoxia at 16°C. Acute reducTons in oxygen to levels below 60% O2 induce 
oxygen shortage and a generalized stress response in fed fish (Remen et al., 2012). Hypoxia thus acts 
as a stressor for AtlanTc Salmon, severely impeding digesTon and growth (Nuic et al., 2024). 

AdjusTng feeding according to DO levels and other stressors, such as delousing operaTons, is 
essenTal in the salmon farming industry. OpTmizing feed usage is not only economically beneficial for 
fish farmers but also crucial for limiJng biological risks, such as mass mortality events due to low DO 
levels (Salmon Business, 2024). Feed is the single largest cost for Norwegian salmon farmers, 
accounTng for approximately 50% of the industry's unit producTon costs (Asche & Oglend, 2016). 
Efficient uTlizaTon of feed is important both economically and from a sustainability perspecTve, as it 
reduces environmental polluTon through feed waste (Newton & Li^le, 2018). 
 
BiOceanOr: Helping adjust feed according to predicted DO levels 

BiOceanOr offers a SaaS soluTon that leverages DO data into acTonable analyTcs and forecasts 
for fish farmers, making this parameter a decision-making tool. The predicTve model provides fish 
farmers with predicTons over the next hours on DO levels, including early warnings for levels under a 
defined threshold, as illustrated in Figure 4. This forecasTng tool enables fish farmers to guarantee 
good DO levels for salmon in a commercial environment and decide when to turn on oxygenators, for 
example. BiOceanOr also works on designing "best feeding windows", indicaTng opTmal periods for 
feeding during the day based on DO levels and planned operaTons that could cause stress to the fish. 
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Figure 4. Example of a DO forecast Tme-series by BiOceanOr at a salmon farming site in Norway. 
 

By helping fish farmers feed salmon in the best possible condiTons for feed intake and 
digesTon, BiOceanOr contributes to improving fish health and welfare. The company enables opTmal 
use of resources, whether energeTc, economic, or environmental, by reducing feed waste. The 
installaTon of the service requires minimal effort from fish farmers, as measuring DO in net-pens is 
mandatory in Norway (Aquaculture OperaTon RegulaTons, 2008), and most sensor systems capture 
mulTple environmental parameters, including DO saturaTon, temperature, current speed, salinity, and 
turbidity (Berntsson et al., 2024). Via an API, BiOceanOr leverages this data to opTmize producTon 
efficiency. 

BiOceanOr is acTvely working on several improvements to its services, including enhancing the 
predicTve model to incorporate more key factors and increase the precision of outputs. The company 
is also developing a data consistency tool to improve the quality of data collected, making its analysis 
and predicTons more accurate. 

 
Growing interest in DO analysis and forecasts in Norwegian salmon farming 

AdjusTng feeding according to DO is essenTal in the salmon farming industry, parTcularly in 
the context of the WP and climate change. The DO dynamics inside net-pens are olen unknown 
(Regulator 3), especially with new producTon methods expected in the future. The complexity of DO 
dynamics, influenced by factors such as sea water temperature, current, density straTficaTon, fish size, 
health and metabolism, biomass density and distribuTon, topography, producTon rouTnes, and farm 
configuraTon, underscores the need for be^er understanding and monitoring. With growing data 
collecTon and complex phenomena, there is increasing interest in implemenTng digital technologies 
and uTlizing big data analyses in aquaculture operaTons (Berntsson et al., 2024). Several interviewees 
expressed a desire to be^er understand DO dynamics in commercial environments, supporTng 
BiOceanOr's efforts. While water quality, parTcularly DO, is not currently considered a limiTng factor 
in Norwegian salmon aquaculture, stakeholders recognize the importance of controlling and 
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monitoring as many factors as possible, including DO, to ensure opTmal condiTons for fish health and 
welfare (Expert 1; Researcher 1; Expert 2). 

Climate change and new dynamics observed and expected in the natural environment further 
emphasize the need for growing interest in water quality. A researcher in oceanography finds that three 
evoluTons of the marine ecosystems are expected in the future, namely more nutrient salts in the 
water, less light coming through the water, and higher sea water temperatures (Researcher 4). IMR 
expects marine heatwaves to likely occur more frequently with climate change (Grefsrud et al., 2025). 
Regulators and researchers regret the lack of discussion about water quality in Norwegian salmon 
farming, with concerns about deterioraTng water quality inside net-pens and the potenTal impacts of 
climate change on DO levels (Regulator 3; Regulator 2; Researcher 4; Researcher 1). Warmer water 
temperatures, associated with high densiTes in net-pens, could lead to more problems with DO in the 
future, affecTng not only DO levels but also sea lice pressure, bacterial diseases, and string jellyfish 
pressure (Grefsrud et al., 2025; Researcher 5; Producer 1; Producer 2). 

In the context of climate change, new producTon methods, and a growing need to improve 
SLO, stakeholders expect requirements and regulaTons to evolve towards more monitoring of the 
water environment, with DO being one of the indicators to be monitored (Regulator 3). CerTficaTon 
schemes already ask fish farmers for more demanding monitoring than regulaTons, and the evoluTon 
of standards is in line with the increasing expectaTons for sustainability and environmental 
responsibility in the industry (Market player 2; Market player 3). 
 

In conclusion, as AtlanTc salmon depend on DO to survive and grow, managing DO is essenTal 
for welfare and growth (Berntsson et al., 2024). BiOceanOr contributes to creaTng knowledge about 
water quality and DO dynamics in commercial environments, emphasizing the importance of these 
aspects in the context of the WP and climate change. By using DO as an indicator of good water quality 
and fish welfare, BiOceanOr helps fish farmers opTmize feed uTlizaTon, improve producTon efficiency, 
and align with the spirit of regulaTons that aim to minimize unnecessary suffering for fish (Expert 2). 
AnTcipaTng risks linked to water quality can be more efficient than reacTng to “incidents”, and 
stakeholders suggest exploring other aspects of water quality, such as the forecast of harmful algal 
blooms (HABs), diseases like infecTous salmon anemia, and string jellyfish pressure, for further 
improvements in the industry (Expert 1; Producer 2). 
 

4.2. Enhancing environmental knowledge with BiOceanOr 
Dissolved oxygen as an indicator of carrying capacity 

The WP states that it is the effecTve capacity of the environment to sustain polluTon locally 
that should drive how much aquaculture, thus polluTon, is "acceptable" in each locality (MTIF, 2025a). 
However, the WP doesn’t clearly establish what indicators should be used and how the carrying 
capacity is to be determined. Some scholars argue that DO levels should be “the criTcal parameter for 
determining carrying capacity esJmaJons within a ~ord” as reviewed by Quiñones et al. (Quiñones et 
al., 2019). 

DO is an important indicator of water quality, directly reflecTng an aquaJc resource's ability 
to support aquaJc life. While each organism has its own DO tolerance range, generally, DO levels less 
than 5 mg/L are considered stressful for fish, and levels less than 3 mg/L are too low to support fish. 
DO levels below 1 mg/L are considered hypoxic and usually devoid of life (US EPA, 2025). Moreover, if 
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the DO levels are already low in a locality without aquaculture, the addiTonal life brought into the local 
system, especially in open net-pens, could further weaken the ecosystem. 

In Chile, a significant environmental impact of salmon farms is the increase in organic ma^er 
load to the seafloor, which can decrease DO in the water column and the oxidaTon-reducTon potenTal 
of the sediments. High flows of organic ma^er can create hypoxic or anoxic condiTons in surface 
sediments, prevenTng survival of oxygen-dependent macrofauna. DecomposiTon of excessive organic 
ma^er increases microbial oxygen consumpTon in bo^om waters, ulTmately forming toxic hydrogen 
sulfide under anaerobic condiTons (Quiñones et al., 2019). 

Oxygen is thus essenTal for proper mineralizaTon and degradaTon of organic ma^er, facilitated 
by mineralizing bacteria at opTmal temperatures. Poor DO levels negaTvely influence the nitrogen 
cycle, rendering an environment less capable of sustaining aquaculture polluTon. Many stakeholders 
note decreasing oxygen levels on the seabed in areas like the Hardanger ~ord, where aquaculture 
localiTes are densely located (County official 1; Regulator 5). The county governor has even halted the 
review of new locality applicaTons due to oxygen problems at the bo^om (County official 1). 
Stakeholders recognize that this trend implies the environment may soon be less able to sustain 
aquaculture polluTon (Regulator 1; Regulator 5; County official 1). Thus, DO could serve as an indicator 
of the environment's ability to sustain aquaculture polluJon, such as feces and feed waste. 
 
Growing interest in science and knowledge among industry stakeholders 

Furthermore, there is a growing interest in science and knowledge in the industry. With climate 
change and marine heatwaves to be expected more frequently, some industry actors are aware that 
there could be drops of oxygen more frequently (Producer 2). They quesTon their knowledge on the 
phenomena linked to climate change: "[The stakeholders] could know more about [climate change] 
even though [they] might not be able to do anything about it" (Producer 3), and "there is a lot [the 
stakeholders] do not understand [of the underwater environment and the rela>onship between the 
intensity of the produc>on ac>vity and the water environment]" (Producer 2). For them, this should 
change, and they wish to understand why and how the environment behaves also outside the net-pens, 
and why and how the environmental problems occur (Producer 2; Producer 3). 

The interest of the industry actors as well as other stakeholders is also linked to the new 
producTon methods and parTcularly those that explore new spaces like offshore and submerged (open 
or closed) systems. The industry is expected to use new spaces for salmon farming, where the water 
quality, especially the DO dynamics, is not well known. The carrying capaciTes and risk factors along 
the coast are different (County official 1; Producer 1; Producer 2). A state agent quesTons these 
aspects: "What is water quality at sea? How to ensure good water flow through the offshore facili>es?" 
(Regulator 3). These developing technologies boost the interest in science in the industry. According to 
researchers in aquaculture technologies, it is "a myth, a rumor, that the fish farmers do not use science", 
and they do even more especially because of the new technologies (Researcher 2). They further explain 
that "it is exci>ng [as researchers] to par>cipate in projects with fish farmers [because] they are very 
interested" (Researcher 3). The researchers nuance their opinion explaining that the interest of the fish 
farmers highly depend on the subject. As an example, the researchers menTon projects on water 
chemistry as projects that parTcularly interest the fish farmers. However, if the project requires too 
much effort, handles very sensiTve issues, or if the fish farmers can already buy an exisTng technology 
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to solve the issue directly, the interest in the research project is much lower (Researcher 2; Researcher 
3). 

The external environmental is linked to the dynamics inside the net-pens, especially for open 
systems, which also explains the interest of the industry actors. It’s high Tme the stakeholders stopped 
talking about "incidents" when a rare but not unknown event occurs like a drop of oxygen or an algae 
bloom (Expert 2; Producer 2; Regulator 3). Such events olen explain much of what is happening in the 
open net-pens, and they can also explain the dynamics in semi-closed, closed, and submerged systems. 
In this way, BiOceanOr can help the fish farmers and other stakeholders "gain situa>onal awareness" 
and understand the phenomena and why they are happening (Expert 2; Producer 2). 
 
The role of BiOceanOr 

With the experTse of BiOceanOr on the analysis and modeling of DO dynamics in commercial 
environments, the company could help building environmental knowledge with and without 
aquaculture. This would primarily be of interest for the GS in order to determine typical carrying 
capacity of the environment based on DO. With its experTse in forecasTng and predicTve modeling, 
BiOceanOr could also contribute to the discussions on the impact of climate change on aquaculture 
and to considering mulTple temporal scales of the capacity of the environment to sustain aquaculture 
as emphasized by Weitzman, Filgueira, and Grant for a holisTc carrying capacity process (Weitzman, 
Filgueira, & Grant, 2021). By building knowledge on these aspects, BiOceanOr could help the fish 
farmers and other stakeholders to work on climate change adaptaTon on the one hand, and 
understanding new spaces and the risks linked to them on the other. 

Other indicators are surely important like those assessed in the B and C-surveys to monitor the 
impact of aquaculture on the seabed condiTons (DoF, n.d. e). Further invesTgaTng the correlaTon 
between the seabed condiTons and the water quality in the water column could be of interest for the 
GS to assess whether DO is actually an important factor to determine the carrying capacity of the 
environment.  
 

4.3. BiOceanOr can help support governability and accompany the paradigm 
shiR: The PREDIMAR project in Chile (case study) 

What is PREDIMAR? 
BiOceanOr primarily operates in the salmon farming sector. Chile, the second largest producer 

aler Norway, produced about 703,000 tonnes in 2024 (FAO, n.d.; SUBPESCA, 2024). Salmon producTon 
concentrates in the regions of Los Lagos and Aysén, represenTng about 85% of salmon producTon in 
2024 (SUBPESCA, 2024). The Chilean salmon farming industry frequently faces mortality events due to 
low DO levels. Linford et al. reveal the mechanisms leading to hypoxic condiTons in various ~ords of 
Patagonia, driven by the advecTon of low-oxygen waters, organic ma^er degradaTon from freshwater 
inputs, and phytoplankton blooms (Linford et al., 2024). This context and stakeholder awareness of 
these issues explain why BiOceanOr has been able to easily penetrate the Chilean market. 

BiOceanOr is further exploring its market opportuniTes by developing a business-to-
government (BtoG) model between the company and the public sector. The PREDIMAR project aims 
to develop a tool for predicTng the evoluTon of water quality for salmon aquaculture in Chile, with a 
focus on predicTng DO variaTons in water. The project will enable authoriTes and fish farmers to 
anTcipate environmental situaTons that put at risk the health, survival, and growth of salmon. 
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BiOceanOr should develop a tool able to predict the variaTons of DO in sea water in aquaculture 
faciliTes up to 48 hours in advance, and the forecasts will be delivered at the ACS level (regional level) 
(SMA, 2025). The beneficiary of the project is the SMA, an agency of the Chilean Ministry of the 
Environment responsible for environmental monitoring and inspecTon of environmental instruments 
(SMA, n.d.). Financial support for the project was obtained through the FASEP program, running from 
February 2025 to September 2026 (SMA, 2025). 
 
Enhancing governability and accompanying the paradigm shio through a PREDIMAR-like project: 

The PREDIMAR project is interesTng for several reasons, and BiOceanOr wishes to highlight 
how this project can bring value to other salmon-producing countries such as Norway. 
Useful 

A project like PREDIMAR requires comprehensive structuring of water quality data, which is 
essenTal for extracTng valuable informaTon. As a researcher points out, "The be?er the measurements 
[of environmental parameters] today, the be?er the results of the predic>ve models" (Researcher 4). 
This improved data structuring could enhance the quality of annual reports on salmon aquaculture, 
such as the risk report by IMR. PREDIMAR's real-Tme data complements such long-term analysis, 
enabling short-term risk anTcipaTon. Fish farmers could also find significant value in this approach for 
their monitoring acTviTes. AddiTonally, such structuring is valuable for the fish farming companies 
facing issues with data quality. 
 
Easy to implement 

ImplemenTng a project like PREDIMAR in Norway is feasible due to the exisTng infrastructure, 
where fish farmers already use real-Tme sensor networks to measure environmental parameters like 
DO levels (Berntsson et al., 2024). This setup allows for immediate data collecTon, forming a strong 
foundaTon for the project. 

The project would require enhanced data sharing and standardizaTon though, aligning with 
the industry's digitalizaTon goals and contribuTng to the objecTves outlined in the WP (MTIF, 2025a). 
StandardizaJon is crucial for effecTve data sharing and must accompany the digitalizaTon of the 
industry (Expert 2). Fish farmers are increasingly open to sharing data, which can improve cooperaTon 
and predicTve accuracy without compromising sensiTve informaTon (Researcher 3; Researcher 2; 
Researcher 4). 

PREDIMAR represents a "digital regulaTon innovaTon", requiring minimal new infrastructure. 
BarentsWatch (BW) could serve as a potenTal pla|orm for integraTng this data. BW is a public common 
soluTon where data from several governmental agencies are collected and are accessible to the user. 
Its goals are precisely to establish and develop digital services for data sharing and cooperaTon that 
contributes to using and managing the Norwegian ocean and coast in an efficient, sustainable, and 
well-coordinated manner (Røeggen, n.d. a). BW is a facilitator for growing collaboraTon, between 
public agencies as well as between the public and private sectors (Røeggen, n.d. b). IntegraTng a service 
for water quality and DO measurements into BW could further enhance its uTlity and support the goals 
of PREDIMAR. 
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BtoG beneficial for both parJes 
BiOceanOr argues that a BtoG project like PREDIMAR is beneficial for both the GS and the SG, 

mainly the industry actors. For the GS, the project could help define water quality standards, especially 
for DO. Berntsson et al. emphasize the importance of high-quality environmental data for animal 
welfare and producTon opTmizaTon (Berntsson et al., 2024). DO forecasts at a regional level could 
provide fish farmers with real-Jme water quality informaJon, aiding operaTonal decisions like 
feeding. For more precision (at site-level), BiOceanOr sTll offers its BtoB services. This project could 
foster new ways of cooperaJon and relaTonships between fish farmers and regulators. 

 
Good Jming due to the WP 

The situaTon in Norway seems ideal for implemenTng such a project, aligning with the 
government's ambiTons in the WP for digitalizaTon and environmental sustainability (MTIF, 2025a). 
The PREDIMAR project is possible in Chile due to SMA's specific regulaTons requiring detailed DO 
measurements and data sharing (Chile, 1989; SMA, 2020). A new data-sharing rouTne in Norway could 
enable similar benefits of a PREDIMAR-like project. 
 

In summary, the PREDIMAR project is useful for stakeholders and easy to implement in Norway, 
where digitalizaTon is advanced. This BtoG project benefits both the GS and the industry actors, 
inspiring new ways of cooperaTon. BiOceanOr aims to leverage Norway's governance changes, 
although social acceptance of private-public collaboraTons may pose challenges. Engaging pla|orms 
like AquaCloud into the project could facilitate easier entry. 
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5. Conclusion and discussion 
Summary of the findings 

The master’s thesis has explored the governability of the regulatory framework of the 
Norwegian salmon farming industry, focusing on the perspecTves of various stakeholders. The findings 
reveal that the current governance system, characterized by tools such as the MAB, licenses, and the 
Traffic Light management system, faces significant challenges in balancing sustainability and growth. 
The industry, while being a crucial economic sector for Norway, struggles with environmental issues 
like sea lice infestaTons and fish welfare concerns, which have led to a negaTve public percepTon and 
calls for improved sustainability pracTces. The introducTon of an Aquaculture White Paper in April 2025 
proposes radical changes to the regulatory framework, aiming to enhance environmental sustainability 
and fish welfare. However, the WP's effecTveness is debated among stakeholders, with concerns about 
its potenTal to achieve the intended goals of sustainable growth and predictability. The study highlights 
the complexity of stakeholder interacTons and the need for a more cohesive and transparent 
regulatory approach. 

 
The research quesTons guiding this study were: 
1. How can the governance of the Norwegian salmon farming industry enable predictable and 

sustainable growth, according to stakeholders? 
Stakeholders perceive that effecTve governance requires a balance between environmental 

sustainability and industry growth. The current regulatory framework is seen as complex and layered, 
with a need for simplificaTon and be^er coordinaTon among regulatory bodies. The WP's proposals, 
such as the removal of MAB and the introducTon of sea lice emission quotas, are steps towards this 
balance but require careful implementaTon and stakeholder engagement to ensure success. 

2. How do stakeholders perceive the future governance of the industry, parJcularly in light of 
the recently published WP? 
Stakeholders have mixed percepTons of the WP's potenTal to improve governability. While 

some view the WP's focus on sea lice and environmental sustainability as posiTve, others express 
concerns about the lack of clarity and the potenTal economic and operaTonal impacts. There is a 
consensus that the WP's success will depend on its ability to address the broader environmental 
impacts of salmon farming and to provide a clear and predictable regulatory environment. 

3. In this global context, how can a firm like BiOceanOr deliver value to the industry? 
BiOceanOr, with its experTse in real-Tme and predicTve analyTcs for water quality, especially 

DO, can contribute to supporTng the industry's transiTon towards more sustainable pracTces. By 
providing acTonable insights and forecasts, BiOceanOr can help fish farmers opTmize producTon 
efficiency, improve fish welfare, and align with regulatory requirements. 

The company's involvement in projects like PREDIMAR in Chile demonstrates its potenTal to 
enhance governability and accompany the paradigm shil in the industry. By leveraging its experTse in 
data analyTcs and forecasTng, BiOceanOr can help the industry adapt to regulatory changes, improve 
environmental sustainability, and achieve predictable growth. 

The company's role in building knowledge on the environment and its carrying capacity can 
further support the industry's efforts to address environmental challenges and comply with regulatory 
requirements. BiOceanOr's predicTve models and data consistency tools can provide valuable insights 
for stakeholders, fostering a more collaboraTve and informed approach to governance. 
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LimitaJons and future research 

This study has several limitaTons that should be acknowledged. The research is based on a 
mixed-methods approach, combining literature review and semi-structured interviews. While this 
approach provides a comprehensive understanding of the governance challenges and stakeholder 
percepTons, it may introduce biases due to the non-representaTve sample and the subjecTve nature 
of qualitaTve data. Future research could benefit from a more diverse and representaTve sample of 
stakeholders, including fish farming companies using different technologies and operaTng in various 
regions. AddiTonally, interviewing different hierarchical levels within companies could provide a more 
nuanced understanding of the industry's challenges and opportuniTes. 

In conclusion, this study highlights the complex interplay between regulatory frameworks, 
stakeholder percepTons, and industry pracTces in the Norwegian salmon farming industry. By 
addressing the governance challenges and leveraging the experTse of companies like BiOceanOr, the 
industry can move towards a more sustainable and predictable future. The findings underscore the 
need for conTnuous dialogue, collaboraTon, and innovaTon among stakeholders to achieve the shared 
goals of environmental sustainability and industry growth. 

 
Other aquaculture producing countries are currently reviewing their regulatory framework. For 

instance, Chile has recently proposed a “traffic light” system for its salmon industry, similar to Norway's 
approach, which categorizes producTon areas based on environmental impact levels to manage and 
miTgate risks (Appel, 2025). This raises quesTons about the global relevance and adaptability of 
governance models in aquaculture, demonstraTng how different countries are addressing similar 
challenges. 

Furthermore, sustainability of salmon farming should be understood in a broader manner. The 
WP mainly focuses on the producTon phase of salmon and trouts, but other aspects of the governance 
could be discussed. Sustainability is not just for the grow-out phase, but also the smolt producTon, 
slaughtering, transport, and distribuTon. Aquaculture involves the producTon of aquaTc organisms, 
yet discussions rarely encompass other aquaculture producTons. Interviewing stakeholders and 
considering their suggesTons for improved governability of the enTre value chain could provide 
valuable insights for enhancing sustainability across the sector. 
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Appendices 
Appendix 1. Sales of AtlanTc salmon (Salmo salar) and rainbow trout (Oncorhynchus mykiss), and 
employment, from 1998 to 2024 (Source: DoF, 2025, h^ps://www.fiskeridir.no/staTsTkk-tall-og-
analyse/data-og-staTsTkk-om-akvakultur/akvakulturstaTsTkk-laks-regnbueorret-og-orret-offisiell-
staTsTkk). 
 

 
 
 
Appendix 2. Annual fish mortality rate (percent) in the sea-phase for salmon producTon, from 2014 to 
2023 (Source: MTIF, 2025a). 
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Appendix 3. Example of an interview guide used to collect data on stakeholder percepTons.  
 

Interview guide for: Governmental authori'es  
Ini=al instruc=on: How should the Norwegian salmon farming industry be governed to reach its goals of 
sustainability and growth? What is the role of the ins'tu'onal actors, and to what extent do they provide 
support for governability? To what extent are the environment and water quality included in your work? 
Thema=c focus Ques=ons Aim 

The play 
between the 
stakeholders 

Rela'onship with industry actors (fish farmers, suppliers) 
- What are the industry actors expec=ng from you?  

Rela'onship with regulators 
- Do you have a (in)direct connec=on with the other authori=es? 
- If not, what are the legal/administra=ve and strategic hurdles 

which prevent such a collabora=on? Would you have wanted 
more collabora=on? 

- Did you engage in the WP (& how)? 
Rela'onship with other interest groups 

- Do you work with ENGOs, research ins=tutes, other 
organiza=ons (& how)?  

- What is (or should be) their role in the regula=on? 
- What do they expect from you? What do you expect from 

them? 
PREDIMAR: Would such a program improve the rela=onship between 
the farmers and the authori=es? What would you expect from such a 
program in Norway? 

Understand 
the role of the 
governmental 
authori=es in 
the 
governance. 
 
Understand 
to what 
extent 
governmental 
authori=es 
are important 
for the other 
stakeholders. 

Changes in the 
regulatory 

framework: the 
Aquaculture 
White Paper 

(WP) 

Expecta'ons vs. reality 
- To what extent are your expecta=ons met with the WP? 
- To what extent would such new regula=ons affect your work? 

Efficiency of the measures announced 
- Will it be more efficient to reach the goals of sustainability and 

growth (& why)? 
- Do you think it will solve the problem of a complex and layered 

regula=on? More efficient? 
- Is it too radical? Quick enough? 
- Do you think it will make the governance more adaptable, and 

more efficient to an=cipate changes? 

Understand 
their reac=on 
to the WP 
(globally 
posi=ve, 
nega=ve, or 
neutral). 

(Environ-
mental) 

sustainability 
and fish welfare 

Defining sustainability in the governance 
- What is ‘sustainability’ for you? Do you think it’s the same for 

the other stakeholders? 
- To what extent should (environmental) sustainability be 

integrated into the global governance? Is that its place in 
today’s regula=on? 

- In the WP, do you find the concept more or less central in the 
governance (& why)? 

From volume to impact-based regula'on:  
- The government wants to incen=vize low environmental impact 

produc=on systems. Is it actually enabled with this regula=on?  
- Is the defini=on of “low impact” too focused on some issues 

(sea lice, escapes, and not the whole ecosystem)? 
- Is there an overwhelming focus on sea lice and escapes? What 

other environmental issues are not dealt with (& why)? Is it 
problema=c?  

Fish welfare (mortality): Is a fee for ‘lost’ fish as announced by the 
government the most efficient way of reaching 5% mortality (& why)? 
What risks? 
Water quality  

Understand 
their vision of 
sustainability 
and how they 
opera=onalize 
it. 
 
Understand 
their reac=on 
to the impact-
based 
regula=on 
announced by 
the 
government. 
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- To what extent is it important to monitor/predict DO in Norway 
(& why)? 

- To what extent do you acknowledge the rela=onship between 
good DO levels, feeding, and fish welfare? 

- Do you think BiOceanOr, providing DO forecasts, can add value 
to op=mize the feeding/produc=on? 

Growth and 
technologies 

challenging the 
governance 

Do you agree that technology is the (only) way to both improve 
(environmental) sustainability and s=mulate growth?  
 
Technologies challenging the current governance 

- To what extent do new technologies and innova=on challenge 
the governability? 

- Do you think suppliers (like BiOceanOr) can improve 
governability? 

A new framework for growth and innova'on 
- “The TLS doesn’t give the industry strong enough incen4ves to 

develop, invest in, or implement more environmentally friendly 
produc4on methods.” (Minister of Fisheries and Ocean Policy)  
=> Do you agree?  

- Are removing the MAB, selling new licenses, and crea=ng a 
more global spa=al planning the solu=ons to s=mulate growth? 

- The government says it “openly supports the development of 
the industry and crea4ng as much total value as possible” 
(Minister of Fisheries and Ocean Policy) => To what extent does 
the WP create a good framework for new technologies and 
innova=on?  

- How does the current or future regula=on help with risk 
management? 

Data u'liza'on and sharing 
- Is data sharing more/less important in this new context?  
- Most farmers collect data on water quality/DO => To what 

extent do they use it? Would BiOceanOr provide valuable help 
by leveraging this data? 

Understand 
whether the 
governance 
actually 
enables 
growth and 
innova=on. 

Social license to 
grow and 

industry image 

Challenges with SLO 
- Does the industry lack social license to grow? 
- Do the fish farmers expect you to improve SLO? 
- Do suppliers (like BiOceanOr) have a role in improving SLO (& 

how)? 
- Benefit sharing to encourage the municipali=es to give space to 

aquaculture; Is the resource rent tax s=ll controversial? 
- With the WP, will the resource rent tax make more/less sense?  

Socio-economic model favored by the WP 
- To what extent does the WP consider socio-economic aspects?  
- Arguing that the government lets the farmers “choose their 

produc=on methods”, what types of produc=on are actually 
possible in this context?  

- Big vs. small companies: Does the regula=on favor a certain 
socio-economic model? Is the regula=on as ‘neutral’ as 
announced by the government? 

Are the socio-
economic 
aspects 
considered? 
 
Although a 
certain socio-
economic 
system isn’t 
directly 
supported, is 
it true in 
prac=ce? 
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Appendix 4. Stakeholder interview details and corresponding text references. 
 

Interviewed stakeholders In-text citaJon Interview before or aoer the 
WP, and virtual or in-person 
(by default) 

Industry actors (producer & 
industry organizaJon) 

Producer 1 
Producer 2 
Producer 3 
Industry representaTve 1 

Aler * 
Aler (virtual) 
Aler (virtual) * 
Aler * 

Industry actors (experts) Expert 1 
Expert 2 

Before (virtual) 
Before (virtual) * 

Industry actors (market)  Market player 1 
Market player 2 
Market player 3 

Aler * 
Before (virtual) 
Before (virtual) 

Governmental authoriJes 
(regulators): DoF, NEA, NFSA 

Regulator 1 
Regulator 2 
Regulator 3  
Regulator 4 
Regulator 5 
Regulator 6 

Aler (virtual) 
Aler (virtual) 
before (virtual) * 
Aler  
Aler  
Aler 

PoliJcal authority: county 
municipality 

County official 1 Aler * 

Researchers: IMR, SINTEF, VI Researcher 1 
Researcher 2 
Researcher 3 
Researcher 4 
Researcher 5 

Aler 
Aler (virtual) 
Aler (virtual) 
Aler * 
Aler * 

ENGO ENGO 1 Aler * 
 
ExplanaTon: 

- Anonymity and limited data: Industry actors, the county municipality, and the ENGO 
interviewed are not specified. 

- A total of 22 people were interviewed, with 16 interviewed individually and 2 pairs for 
technical reasons (Market players 2 and 3; Researchers 2 and 3). 

- Interviews conducted before the publishing of the WP took place between March 17, 2025, 
and April 10, 2025. These interviews aimed to complete the readings and refine the study’s 
focus (involving Expert 1, Expert 2, Regulator 2, and Market players 2 and 3).  

- In-person interviews aoer the WP took place between April 23, 2025, and April 29, 2025), 
primarily in Bergen and Oslo.  

- Virtual interviews aoer the WP occurred between April 24, 2025, and May 15, 2025.  
- 10 “second interviews” were conducted between June 5, 2025, and June 17, 2025, all of which 

were virtual and are noted with an asterisk (*). 
- Interviews were conducted in Norwegian (naTve language) and translated into English (naTve 

language) by the author, except for that with Market players 2 and 3, which was conducted in 
English. 
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Appendix 5. Maximum Allowable Biomass (MAB) for firms, farm sites and producTon areas (Source: 
Tveterås, R., Misund, B., Roche Aponte, F., & Pincinato, R. B. (2020). RegulaTon of salmon aquaculture 
towards 2030: IncenTves, economic performance and sustainability. Stavanger: NORCE Norwegian 
Research Centre AS. 82 p. h^ps://hdl.handle.net/11250/3050414 ).  
 

Level Comment 
Firm 
 
 
Farm site 
 
ProducJon area (PO) 

Each firm owns a number of licenses with a MAB, which specify the farm 
site and PO where the license can be used.  
 
The MAB at the farm site level is restricted.  
 
Since MAB licenses owned by firms specifies the PO where they can be 
used, the total MAB at the PO level is also restricted. 

 

 

 

 

 

Appendix 6. Overview of the salmon lice regulaTon in Norway (Source: Jensen, Tveterås, & Nielsen, 
2024). 
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Appendix 7. Various human-induced risk factors to wild salmon in an impact and risk diagram (Source: 
Thorstad & Forseth, 2025). 
 

 

 

ExplanaTon:  
The diagram shows human-induced risk factors to the wild salmon stocks. Horizontal axis: Risk of 
further damage. VerTcal axis: Level of impact. The background color indicates the severity (dark color 
being the most severe). The colors of the points symbolize the degree of certainty in the assessment, 
based on how well-documented the effect is, and how consistent the documentaTon and experts are 
in the assessment, using a five-point scale (5 being the most certain). For more details, please refer to: 
Thorstad & Forseth, 2025. 




