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ABSTRACT

Great efforts have been made in order to manage the fisheries more sustainably, but so far, most of these
efforts have failed. This is putting the welfare of current and future generations at risk. The fishing fleets
have catching capacity that well exceeds the rate at which ecosystems can produce fish, and thus many
fish stocks are being overexploited.

One of the objectives of the Norwegian government is to manage the fisheries in accordance with
sustainable development. Sustainable development and risk management are frameworks with some
mutual qualities. In the Norwegian petroleum industry, risk management of Health- Safety and
Environment (HSE) is based on functional or goal-oriented regulations. Functional regulations focus on
the result without describing in detail how it may be attained, e.g. an acceptable safety level at a
petroleum installation.

This paper discusses the possibility of transferring experience and knowledge of risk management and
functional regulations from the Norwegian petroleum industry into the Norwegian fisheries management
in order to increase sustainability in the fishing fleet. An important research question is the connection
between an acceptable sustainability level in the fisheries, and transforming the fisheries regulations into
functional regulations based on management objectives.
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INTRODUCTION

In a global perspective, the overcapacity in the fishing fleets is considered as the most important reason
for overexploitation of the world's resources. Both globally and nationally, overcapacity leads to misuse
of the production resources in the society. Thus, capacity adjustment is necessary to obtain a sustainable
exploitation of the marine resources. Capacity adjustments have been and still are an important challenge
in the Norwegian and international fisheries politics [1].

Most of the Norwegian regulations have been introduced as a consequence of resource- and capacity
problems. Despite the efforts of limiting an additional expansion of the fisheries, the catch capacity has
continued to increase. Standal [2] has found that even though the number of vessels has been reduced
within a regulated regime, factors like new gear technology, larger boats, more engine power etc. have
contributed to more effective fishing vessels. In order to reduce overcapacity, various policy instruments
have been introduced over time in the different fleet groups. Voluntary structural means have been carried
out to adjust the capacity, but the challenge is to make sure that these instruments have the intended
effect.

A small quota foundation for the fishing fleet leads to low profitability, which again reduces the ability
for renewal in the fleet. Old vessels may reduce the fleets' ability to compete for qualified employees;
they reduce the safety, the catch effectiveness, and the quality of the fish meat. Another consequence of
overcapacity is complex and detailed regulations, with high inspection and administrative costs [1].
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The past decades have been a difficult period of adjustment for the Norwegian fisheries management. The
early Norwegian regulations were based on the use of licenses, but were later on expanded to total quotas,
group quotas, and individual vessel quotas. Broadly speaking, all kinds of regulations have been tried;
limitations to number of boats, licenses, size of vessels, type of fishing gears, replacement regulations,
etc. [3]. The problem is that the fishers compensate for the regulations by a process called technological
creep. This means that the fishers adapt their gear, vessels and behavior to maximize profit when effort
restrictions are imposed, a process that leads to little reduction of catch effectiveness [4]. Today, the
Norwegian regulations are mainly aimed at controlling catch capacity by use of licenses and vessel
parameters, at controlling resource exploitation by use of quotas, by limiting access, by restricting gears,
and by allocating resources between vessel groups, gear groups, regions, and with regard to the delivery
situation in the fishing industry [5].

The regulations imposed, have been based on a mutual understanding between the authorities and the
fishers' own organizations. Nevertheless, the regulatory system has been much criticized. One of the main
problems is that the system is complicated, difficult to follow, cost-driving, and very detailed [3], [5], [6].
[7]. In 2003-2004 the goal achievement in fisheries management was evaluated by the Office of the
Auditor General. The report concluded, among other things, that the Ministry of Fisheries and Coastal
Affairs has only to a very limited extent carried out systematic analyses of the effectiveness of regulations
and various arrangements [8].

The problem of overcapacity necessitates consideration of technology as a dynamic process in the
fisheries. The discussions of systems engineering principles in fisheries management integrate the
technological dimension with the prevailing scientific disciplines of biology, economy and social sciences
[9], [10]. In systems engineering the whole is more than just the sum of its parts, which in most cases
implies a top-down perspective of the system.

The objective of this paper is to discuss new approaches to regulations of the fishing fleets that may
simplify and improve the current regime, by applying a top-down perspective. Simplification of the public
regulations in the business sector is on the Norwegian government's agenda through the plan of action
“Simplifying Norway” (In Norwegian: “Et enklere Norge”) [11]. The discussion in this article brings in
experiences from the functional legal requirements within health, safety , and environment (HSE) systems
in the Norwegian petroleum industry, where the detailed regulations have been replaced by functionally
oriented requirements. This article concludes that a technological perspective on rule development in the
fishing fleet through the systems engineering perspective, especially on those rules affecting the
technological development, may lead to increased sustainability and reduced complexity in fisheries
management.

MANAGEMENT OF THE NORWEGIAN FISH RESOURCES

The Norwegian public regulations regarding the fisheries are divided into three phases: Admission to
catch fish, the fishing itself, and landing of fish. The regulations are complex and there are comprehensive
demands to reporting. The complexity has increased due to the closing of the commons, introduction of
technical regulations, quota and control systems. Problems related to complicated regulations are well
documented [5], [7], [12]. Simplification and harmonization is an ongoing process with high priority in
fisheries management [6].

The fishers' main criticism of the regulations is that the set of rules is so complex that it is difficult to
understand the content of the rules, and to know which rule applies at what time. Thus, violation of the
rules may occur without intention [7]. A simpler set of rules for fisheries management is considered to be
a prerequisite for industrial and commercial development by removal of obstacles to such development,
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without sacrificing a responsible management of the resources. Parts of the regulations are already
examined, and the work continues [1].

In Norway “paragraph vessels” is a remark which is used partly to describe obstacles to the fishers'
effective adaptation in the fisheries, and partly to express an effective policy instrument preventing
unprofitable overcapacity in the fishing fleet. Since the 1970's, the number of “paragraph vessels” in the
Norwegian fisheries has increased as a result of the technological development. The fisheries
management has put limitations to physical parameters of the vessels, such as length and gross tonnage
weight, in order to adjust the catch capacity to the available resources.

The regulations concerning the “paragraph vessels” generate considerable side effects. The fishers, ship
owners, and consulting engineers use their creativity to adapt the design of the vessels and evade the law.
Besides, many fishers have quota rights in different fisheries, and thus try to design the fishing vessel for
dual operation. Investors seek to maximize catch capacity. These various priorities have caused the
development of “paragraph vessels” with a negative impact on the stability of the vessels, on the working
environment for the fishers, on profitability, and on fuel consumption [13].

The formal procedures and politics in fisheries management is further described, e.g., in [7], [14].
A SYSTEMS APPROACH TO MANAGEMENT OF THE NORWEGIAN FISH RESOURCES

The ecosystem approach has been agreed on as a management principle by the Norwegian parliament
[15]. The framework for the ecosystem approach, that the Ministers at the 5th North Sea Conference in
Bergen in 2002 agreed on, has 5 components [16]:

o Objectives or targets based on the overall condition of the ecosystem

e Monitoring and research, necessary to provide relevant information about the status and
development of the ecosystem

e Assessment of the current situation in the ecosystem

e Advice to be used in the decision-making

e Adaptive management, which means that measures are adapted to the current situation in the
ecosystem in order to achieve the stated objectives

The marine fisheries are complex adaptive ecosystems, difficult to understand completely and even harder
to control. An ecosystem-based management of the marine resources recognizes that nature is integrated,
and it promotes decision-making in a holistic perspective.

In a system theory perspective, a core concept is “wholeness”, which means that a system is not
understandable by evaluation of the constitutive parts in isolation [17]. The Norwegian fisheries
regulations constitute a complex system that has evolved in a time period of major technological
developments. Since the technological development in the fisheries is an ongoing, dynamic, and
continuous process, the solutions that yesterday were considered to be up-to-date, may already tomorrow
be out-of-date. It is impossible for the authorities to be ahead of the development, which may imply that
the regulations should not be too detailed [18]. Still, the existing regulations have been imposed as a
result of a stepwise development and a crisis-driven process, so that the system today is constituted by
several individual decisions instead of a planned whole where implemented efforts are adapted to each
other [7].

Holistic problem-solving may characterize the systems engineering process, which starts by identifying
the user or the stakeholders' needs. There are several stakeholders of varying relevance to the fisheries,
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e.g., the fishers, the management, the society etc. Stakeholders and their relation to fisheries management
in a systems engineering perspective, is further discussed in [9]. Based on the needs of the stakeholders,
the requirements to the system may be determined and specified, conflicting objectives may be traded-off,
and the chosen solution may be designed, tested, and verified [19].The objectives of the various
regulations in the fisheries may be related to requirements and specifications to the fisheries system
performances. The top-down approach of the systems engineering process, should not be confused with
the characteristic of a centralized, top-down management in the fisheries.

Systems engineering may be used to integrate a technological perspective into fisheries management.
Further discussions of the systems engineering process related to fisheries management may be found in
[9], [10].

SUSTAINABLE DEVELOPMENT AND RISK MANAGEMENT IN THE FISHERIES

Sustainability and risk may be seen as complementary concepts for studying and managing environmental
consequences of human actions [20]. Both concepts are much discussed, still the most authoritative
definition of sustainable development may be that of the Brundtland commission’s: “Development that
meets the need of the present without compromising the ability of future generations to meet their own
needs” [21]. “Risk” may be described as the potential that a physical loss will occur, where uncertainties
are integrated in the measurement of risk. Mainly, risk management deals with risk in terms of the
probability of given undesirable outcomes [20].

Table I: A comparison between risk management and sustainable development, based on [20].

Feature Risk Sustainabality
Main focus Loss Benefits and
system linuts

Type of potential  Mainly human/ Envirommental,
loss considered  biological/physical economuc, social
Uncertainties Explicitly calculated Implicit

Level of analysis  Individuals/ To systems

of potential loss  groups

Time reference Short to Medium- to
medinm-term future long-term future

Feature Risk management Sustamnable development

Decision-making  Risk-benefit The Precautionary

approach assessment/optinuzation  principle

Context Management Development (change)

Increased added value in the marine sector is an overall objective in Norwegian fisheries politics. In order
to achieve this goal, the fish resources have to be managed in a sustainable way [1]. Sustainable
development in the fisheries means to establish a system that fulfills the needs for fish both for present
and future generations. Such a system should prevent hazards that may threaten the sustainability. Risk
management is a tool that may be used to measure and reduce potential hazards [22]. Table I sums up the
similarities and differences between risk management and sustainable development, based on [20].
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FUNCTIONAL RULES, PRESCRIPTIE RULES, INTERNAL CONTROL, AND THE TOP-
DOWN APPROACH

The current trend in development of rule systems is to move from detailed prescriptive rule solutions
towards functional rule solutions directed at decision-making and management [23], [24]. A goal-oriented
or functional rule states what the legislator means the result should be, e.g., “a fully responsible working
environment”, without specifying how the result is to be achieved. This implies an increased use of
internal control principles that represent more hierarchical strategies to rule system development.
Functional rules require frequent evaluations of performance, which may be carried out by use of
performance indicators. The focus of such rules may be directed towards technical equipment, human
performance, and organizational conditions [23].

Internal control as the main principle for controlling safety was first introduced in the Norwegian offshore
petroleum activities in the 1980’s. The reform was made mandatory for all private and public enterprises
by new regulations in 1992 [25]. At the same time, the internal control was extended from major hazard
control and occupational safety to promote improvements in the working environment and safety in
enterprises, prevent damages to health or disturbances to the environment from products or consumer
services, protect the external environment against pollution, and improve treatment of waste [26].

The Norwegian Internal control regulations define internal control as “Systematic measures designed to
ensure that the activities of the enterprise are planned, organized, performed and maintained in conformity
with requirements laid down in or pursuant to the health, environmental and safety legislation”.
Compared to a control regime of detailed regulations, the internal control regulations focus on the
obligations of the responsible person of the enterprise, on systematic and documented actions based on
principles for written HSE objectives, on system deviation control, and on system audits as a control tool
for the enterprise and for the authorities [25].

Various types of regulation regimes have advantages and disadvantages depending on the content of the
rule and the stakeholders involved. Functional regulations presuppose that the rule-imposer knows what
the desired goals are and that the rule-follower knows how to achieve those goals. Functional regulations
combined with clear specifications of responsibility, may contribute to fulfillment of the rule objectives.
Complexity, technological development, and rapid adjustments may complicate updating of the
regulations. Thus, functional regulations handle rapid development better than detailed regulations,
because the focus is on the legislative objectives, and not on the instruments [23], [27]. Functional based
requirements presuppose detailed knowledge about the requirements to the system and how the system is
supposed to function. This may be related to the functional analysis, which is the process of translating
system requirements into detailed design criteria, in the systems engineering process [19].

Every system is made of components, and every component can be broken into smaller components, in a
hierarchical structure. The total system, at whatever level in the hierarchy, consists of all components,
attributes, and relationships needed to achieve an objective. The systems engineering process is based on
a top-down approach (deductive), however, most projects will first reduce the complexity by reducing the
system into its elements, and then bottom-up design (inductive) to realize the elements for that system
[28]. In rule development, this implies that prescriptive or detailed rules should be derived from higher
order goal-oriented rules. According to Hovden [25], internal control means both a top-down approach
and a bottom-up approach, represented by the top management and democratic stakeholder participation.

A functional set of rules will obviously be of smaller format than more detailed regulations. Still, general
requirements should be avoided, because generalization makes the regulations more difficult to
understand so that instructions may be needed instead. If many instructions are needed, the total amount
of regulations may be large and too complex. Inspections and control under conditions of functional
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regulations require a high level of competence and knowledge, and may also face challenges related to
clarification of the content in the regulations. Very general regulations may cause problems for the police
and law courts, as rule violations are difficult to determine so that equality before the law may be
undermined.

Detailed or prescriptive rules describe how to respond in certain situations. The disadvantage with
detailed regulations is that the rules may be complex, fragmented, and that they may slow down the
progress in regulated areas. The ambition level may also be lower than the potential in the industry.
Detailed regulations require a continuous update in order to follow the developments [27].

FUNCTION-BASED MANAGEMENT IN THE NORWEGIAN OFFSHORE PETROLEUM
INDUSTRY

When the offshore petroleum industry in Norway started, in the mid 1960s and early 1970s, the safety
equipment and emergency response systems had to be regulated. At that time, the Norwegian Petroleum
Directorate made detailed prescriptive regulations, similar to those commonly used in shipping.
Gradually, it became apparent that another approach was necessary if further safety improvements were
to be achieved, and the detailed regulations were replaced by functionally oriented requirements. The new
requirements encourage extensive use of analysis and risk-based approaches, and an increased flexibility
in the choice of solutions. The changes were implemented to achieve focus on accident prevention instead
of protection, but also to benefit from improvement processes in a modern industry dedicated to
“management by objectives” [29].

The Norwegian internal control reform was an attempt to develop new approaches and means to handle
problems and misfits between technology development and regulations in the offshore petroleum industry
in the 1970's [25]. In order to match regulatory risk problems and means, the Norwegian Petroleum
Directorate (NPD) decided that the operating companies on the Norwegian continental shelf should take
responsibility to design the most appropriate solutions. The reason for this was to ensure the safety of
each single activity, based on risk and emergency preparedness analyses. The success of such a decision
presupposes dedicated and sincere companies that really wish to improve safety. Unfortunately some
companies have misused their increased freedom to cut “needless” and costly emergency response
resources [29].

In 2001 it was decided to include all relevant requirements from the pollution and health authorities into
one set of health, safety, and environment (HSE) regulations for petroleum activities. From 1990-1993, all
previous regulations were replaced by 14 new regulations, which proved to have common organizational
and management components, operational and maintenance requirements, and general safety principles,
such as barrier requirements. In 2001, four groups were developed, and the common requirements
became four new regulations:

e Duty of information regulations. Requirements related to the information to be submitted to the
authorities

e Management regulations. Requirements related to health, safety and environment management
systems

o Facility regulations. Requirements related to design and outfitting of facilities

e Activity regulations. Requirements related to the conduct of activities

The companies operating on the Norwegian continental shelf have obtained their licenses on the basis of
mutual trust; a section about safety culture is included in the new regulations in order to emphasize
management commitments to safety.
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FUNCTION-BASED MANAGEMENT IN THE NORWEGIAN FISHERIES

Sustainable development and risk management have common characteristics. The trend in risk
management is a change from detailed prescriptive regulations towards goal-oriented functional
regulations. The HSE regulations in Norway have forced the companies operating on the Norwegian
continental shelf to participate proactively in the process of increasing the safety level. Ecosystem-based
management in the fisheries recognizes the need for a holistic decision-making, which implies more long-
term planning in the fisheries. The overcapacity in the fisheries is a major problem that has to be reduced
in order to increase the sustainability level in the fisheries. The technological development and the
problem of overcapacity indicate that use of goal-oriented or functional regulations may be applicable in
the Norwegian fisheries management, not only as means to increase, e.g., safety?®, but as means to increase
the overall sustainability in the fisheries.

One attribute of a sustainable fishing fleet is fuel consumption or the amount of greenhouse gasses
emitted [30]. Fuel consumption is an important attribute in a technological perspective of sustainability
[10]. Despite the Norwegian regulations restricting the technical fishing vessel parameters, and a
substantial reduction in the total number of fishing vessels in the time period 1980-2004, the total engine
power (hp) in the fishing fleets has increased [31] (Figure 1 and 2). Engine size may be considered as an
important characteristic of a fishing vessel’s catch capacity [2].
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Figure 1: NUMBER of fishing vessels by length group. 1980-2004 [32].
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Reduction of greenhouse gas emissions from the fishing fleet is on the agenda of the Norwegian
government as Norway is committed to international agreements such as the Gothenburg protocol [33].
Also, some vessel groups, e.g., the shrimp trawlers, experience serious profitability problems due to the
increasing fuel prices [10]. Thus, a suitable question is if the technical vessel parameter restrictions and
the Norwegian system of vessel quotas, that put limitations to the design of fishing vessels, should be
replaced by regulations that are aimed at reducing the energy consumption.

In 2001, the Ministry of Fisheries proposed free green-house gas emission quotas for the fishing fleet
[34]. The quotas are suggested to be estimated and allocated based on the fuel consumption of the most
effective vessels in each vessel group. This means that most vessels will be assigned too small quotas, so
that they have to pay for excess emissions. The proposition would probably lead to increased taxes for the
fleets, which today are exempted from COz2 tax. Such a system is a very interesting issue, because it may
encourage use of less energy intensive catching methods.

A system of emission quotas would most likely have to be based on the vessels reported consumption of
fuel. A goal-oriented regulation regime requires a system for internal control, which means that the vessel
owners have to document their solutions to the objectives in the regulations, e.g., how they comply with
their emission quota. Internal control means that written documentation has to be available for
inspections, which may be carried out regularly or on grounds of suspicion.

Such documentation could be related to the design of the vessel. When fishing vessels are admitted to the
fisheries, an overall objective should be to construct the vessel with the aim at achieving the lowest
possible consumption of fuel. The ship owner would then have to document that the vessel is fitted with
the most suitable equipment and fishing gear, that the vessel is as safe as possible, and that the fuel
consumption is as low as possible. In order for such regulations to be effective, there must exist penalties
and other sanctions for those not complying with the rules.

Use of energy or emission quotas as a replacement for limitations to technological vessel parameters or
the vessel quota system could be considered as an attempt to introduce more functional legal regulations
in the fisheries. The fishers would have to decide for themselves how to catch the most fish with as little
fuel as possible, and the technological development could possibly be moved towards an increased focus
of achieving sustainable solutions.

DISCUSSION

Several efforts have been made in order to manage the fisheries more sustainably, but few if any attempts
have succeed, as overexploitation and overcapacity in the fishing fleets still are huge problems. The main
focus of fisheries management is on biological estimation methods and assessments, and on economic
profitability. Overcapacity may be related to the continuous process of improving vessels and catching
gear technology, which indicates that the technological dimension should be further integrated into
fisheries management.

Fisheries management is a huge and complex area, struggling with many stakeholders promoting
conflicting objectives. In Norway, the imposed fisheries regulations have been ad hoc solutions to
problems when they have occurred. Thus, the regulations have become very complicated. Simplification
of public regulations is on the agenda in Norway, including the fisheries. Projects have tried to reduce the
complexity in the regulations [6], [12], [35], of which a few have used a goal-oriented approach to
propose more user-friendly HSE-regulations within the fish industry [36].

A political goal in Norway is to maintain a diversified fishing fleet structure [3], [35]. The Limited Entry
Act has structural effects, because certain conditions have to be fulfilled in order to gain access to
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participation in a fishery. Quotas are allocated between the different vessel groups. Abandoning or
changing the restrictions to the technical vessel parameters and the system of vessel quotas, are
controversial issues, because they affect fishery politics. Still, if Norway is to comply with international
agreements such as the Gothenburg protocol, efforts of reducing the green-house gas emissions from the
fishing fleets have to be implemented. The increasing fuel prices also cause problems of reduced
profitability in some fisheries, which indicates that the fuel consumption should be lowered.

Internal control related to the operation of the fishing vessels, requires documentation of how the ship
owners comply with the rules. The existing regulations demand several documents to be completed in
order to gain admission to the fisheries. Internal control documentation should therefore be a replacement
for some of the existing requirements to documentations, and not as an addition to existing regulations.

The question raised is very complex, and there are no final conclusions. Even though functional legal
regulations have worked for risk management in the Norwegian offshore petroleum industry (even though
the subject has been and is thoroughly debated), the fisheries is a sector with different characteristics and
challenges than those of the petroleum sector. Also, risk management and sustainable development have
differences. Blakstad [23] concludes in her Ph.D. dissertation, about adaptation of rules in the Norwegian
railway system towards a more risk based approach and a modernization of existing rules [23], that the
modification process abandoned the intentions of hierarchical and risk-based approaches. The main
reason was that the new approaches did not sufficiently integrate existing railway knowledge, found to be
important for the safety performance, into a new risk-based approach system. Existing knowledge and
prescriptive rules were used as a foundation in the safety work.

Drangeid [29] concludes that if the new regulations were made more detailed and prescriptive again, the
safety level in the petroleum industry would hardly lead to improved hazard management. Hovden [25]
argues that the Norwegian system of internal control, especially of that applied in the offshore oil
industry, has been regarded as a model for other industries to follow. However, this reputation was
deserved in the eighties, but in the nineties safety was increasingly sacrificed due to cost cutting. Safety
depends more on the political and economic context than it does on the technicalities of the regulatory
regime.

The discussion in this paper is based on the idea that a systems engineering perspective on rule
development in the fisheries, with a holistic approach to problem solving, especially on those rules
affecting the technological development in the fishing fleet, may lead to increased sustainability and
reduced complexity in fisheries management. Functional or goal-oriented rules may be considered as
means to integrate a more holistic management system, as risk management and sustainable development
have common characteristics. Thus, such approaches to regulations and management may be applicable to
discuss and evaluate. The discussion here is by no means a conclusion on how the management regulation
system should be transformed. Risk management and measurement of the current risk level at a petroleum
installation, is a more concrete task to do than measurement of the level of sustainability in the fishing
fleet. Still, reducing complexity in the fisheries management requires a holistic perspective in the
decision-making and problem solving.

FURTHER WORK
The issues raised in this paper should be further explored and related to practical implementation. The

consequences of a transformation to more use of functional regulations in fisheries management should
also be thoroughly evaluated.
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ENDNOTES

? Safety may also be considered as an important attribute of a sustainable fishing fleet [11].
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