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Preface

Few doubt the impact from human activities on global warming and the negative consequences of rising temperatures for both terrestrial and marine ecosystems. Efficient policy instruments are needed to change the development. Fisheries are, as is marine shipping, exempted from fuel taxation which causes higher fuel consumption than optimal. Economic instruments such as CO2 taxes and emission trading systems might be introduced to reduce fuel consumption, but fisheries managers also have other instruments at hand. Large fish stocks and efficient fleets might reduce fishing effort and still maintain catch levels. In the report The Impact of Abolishing Fuel Tax Concessions in Fisheries policy instruments for reducing CO2 emissions are empirically analyzed for fisheries in the Nordic countries Sweden, Denmark, Norway, Iceland, Greenland, Faroe Islands and Finland. The aim of the report is to provide input to the work on reducing the climate impact from fisheries. The intended readers are civil servants, politicians, researchers, and stakeholders with an interest in fisheries and climate issues.

The report is part of the project Ekonomiska konsekvenser av ett avskaffande av bränslesubventioner för fiskefartyg (Economic impact of abolishing fuel tax concessions for fishing vessels) funded by the Nordic Council of Ministers. Additional funding is provided by the Swedish Research Council Formas, and the AgriFood Economics Centre. The project is coordinated by Staffan Waldo at AgriFood Economics Centre, SLU. Case studies for each country are provided by national research groups. Responsible for the Danish case study is Max Nielsen and Frank Jensen, both University of Copenhagen. The Greenlandic case is provided by Daniel Schütt at Statistics Greenland, Max Nielsen, and Frank Jensen. The Icelandic case is provided by Jónas Hallgrimsson at University of Iceland, the Faroese case by Hans Ellefsen at Faroese Ministry of Fisheries, and the Finnish case by Fredrik Salenius at University of Helsinki. The Norwegian case is provided by Ola Flaaten and Nguyen Ngoc Duy at University of Tromsø, and Øystein Hermansen and John R. Isaksen at Nofima. Sweden has two case studies, one provided by Staffan Waldo and Cecilia Hammarlund at AgriFood Economics Centre, and the other by Staffan Waldo and Anton Paulrud (Swedish Agency for Marine and Water Management).

The authors acknowledge input from participants at the seminar “Energy Efficiency in Fisheries” in Lysekil, Helena Johansson, Roger Martini, Ronggang Cong, Johan Blomquist, Cecilia Carlsson, and Dadi Már Kristófersson.

Ewa Rabinowicz

Head of unit, AgriFood Economics Centre
Swedish University of Agricultural Sciences (SLU)


Summary

Fuel use is a main contributor to the environmental impacts of fisheries, accounting for about 1.2% of global oil consumption and resulting in 130 million tons of CO2 emissions. Since fisheries are exempted from fuel taxes and existing trading systems for CO2 emission rights, the incentives to reduce fuel consumption are smaller than justifiable from a climate perspective. This results in higher fuel use than is optimal. But emission levels are also determined by fisheries policies such as stock sizes and fleet efficiency. This report uses models that integrate economics and biology to analyze how CO2 emissions, fleet structure, economic performance and employment opportunities are affected by efficient fisheries policies and by imposing fuel taxes or CO2 trading schemes in Nordic fisheries.

Four different scenarios for imposing the costs of CO2 emissions on fisheries are analyzed. The first scenario in the project is a “baseline” scenario in which the fuel tax concessions are maintained,1 but the stock and fleet sizes are managed in order to generate the maximum economic outcome. In the second scenario (“EU”) the fishery is assumed to be part of the EU trading system for CO2 emission rights, and the additional cost of fuel is thus the cost of buying emission rights in the market. In the third scenario (“Stern”) a tax corresponding to the cost of CO2 emissions, as calculated in the Stern report, is imposed on the fisheries, and in the fourth scenario (“National”) fuel is taxed in the same way for fishers as for private citizens in the country.

To get a representative view of the Nordic fisheries, the analysis contains case studies from all the Nordic countries: Sweden, Denmark, Nor-way, Iceland, Greenland, the Faroe Islands and Finland. All data is from 2010. The 18 fleet segments analyzed range from coastal small-scale trap nets for salmon in Finland, with a total turnover of about EUR 0.2 million, to large off-shore Norwegian and Icelandic trawlers, with a turnover of more than EUR 325 million. The three models used here are all well established in the literature. They differ in how they model the fisheries, the time frame, the interaction between fishing and stock development, etc. and thus contribute different dimensions to the analysis. In all, the report models 7 countries, 18 fleet segments, 25 fish stocks, one full-scale national fishery (Sweden), and one extension where the processing industry is included in the analysis (Greenland).

Currently, several of the analyzed fisheries have negative economic outcomes, and paying for CO2 emission rights or fuel taxes will further reduce their economic viability. Others are more robust to increased fuel costs and will still be able to generate income to society. Still, managing Nordic fisheries in an economically optimal way will increase both economic viability and fuel efficiency substantially compared to the present management systems. Optimal fisheries management implies that the fleet size is set to an efficient level, and that stocks are rebuilt to maximize the economic performance of the sector. This would reduce fuel consumption from 473 to 336 thousand m3 (29%) decrease the analyzed fishing fleet from 1,345 vessels to 737 vessels (45%), and improve economic performance by over 100%.

Introducing fuel taxes or an emission trading system in an optimally managed fishery will have limited effects on CO2 emissions, fleet size, economic performance, and employment opportunities. Imposing fuel taxation corresponding to national fuel tax levels on the optimally managed fishery would imply a reduction of the fleet by approximately 80 vessels in total, and a reduction in fuel consumption of 39 thousand m3. Thus, the well managed fishery is robust to changes in fuel prices and the fishery will be able to pay its external costs for CO2 emissions.

The increase in fuel efficiency in optimal management is due to healthy stock levels and fishing fleets without over capacity, and is obtained without investments in new gear technology or management measures restricting fuel-intense fishing methods. However, the analysis also shows that an optimal fishery in some cases might imply increased use of fishing techniques with higher fuel use per volume caught. This is the case for the Icelandic fishery, which is already run with high efficiency.

To summarize, the analysis shows that optimizing the fishery by stock recovery and reducing excess fleet capacity is an efficient instrument to both reduce the climate impact of the sector and improve the economic outcome. Introducing fuel taxes or an emission trading system in the optimized fishery will have small effects on CO2 emissions, fleet size and employment opportunities.


1. Introduction

Fuel use is a main contributor to the environmental impacts of fisheries (Avadí and Fréon, 2013), accounting for about 1.2% of global oil consumption and resulting in 130 million tonnes of CO2 emissions in the year 2000 (Tyedmers et al. 2005). The role of CO2 emission in global warming is well documented, and several attempts have been made to reduce emissions on a global level. Two regulatory instruments for doing this are taxes and trading systems for emission rights. This increases the cost of fossil fuel for private companies, and thus creates incentives to lower the level of emissions. However, since fisheries are exempted from fuel taxes and existing trading systems in the Nordic countries,2 the incentives to reduce fuel consumption are smaller than justifiable from a climate perspective. This results in higher fuel use than is optimal.

Fuel tax exemptions fall within both the OECD and WTO definitions of a fisheries subsidy (OECD, 2006), and the topic was raised in the WTO trade round of negotiations in Doha (WTO, 2005; Sumaila et al. 2007; Sumaila, 2013), as well as in the public debate (WWF, 2007). Global fisheries subsidies amount to between US$ 25 and 29 billion, of which 15– 30% consists of fuel subsidies (Sumaila et al., 2010). This is the largest share of what the authors define as capacity-enhancing subsidies, i.e. subsidy programs that lead to overfishing.

Abolishing fuel tax concessions will generate incentives to reduce fuel consumption; e.g. van Marlen et al. (2009) show that technological adaptations in the European fisheries could generate energy savings between 5 and 20% in most cases (with some fisheries reaching 40%). An adaptation to lower fuel use has already started due to high world market prices for oil (Cheilari et al., 2013), and both public and private investments are being made to reduce fuel consumption (see e.g. Parente et al., 2008; Matsushita et al., 2012; Priour, 2009). Further, fuel use is strongly related to fishing gear and target species (Thrane, 2004, Ziegler and Hansson, 2003; Schau et al., 2009; OECD, 2013), where passive gear is more fuel efficient. Thus, the fundamental choice of using fishing technologies based on active (e.g. trawl) or passive (e.g. gill-net, hook or traps) gear is important for fuel use in the fishing sector.

However, technology is only part of what determines fuel use, and e.g. Ziegler and Hornborg (2013) point out that stock size is highly important for fuel use. Excess capacity and over fishing are well known issues in fisheries management, and many Nordic fisheries are far from optimally managed regarding both stock size and fleet efficiency. Since large stocks and efficient fishing fleets will increase the catches per fishing effort, a biologically and economically well managed fishery is expected to reduce fuel consumption in addition to having positive effects on fleet profitability and stock status. Thus, to obtain an optimal fishery, the management should consider both the traditional problem with stock and fleet sizes and the costs of CO2 emissions from fuel consumption.

The aim of this report is to provide fisheries managers with information regarding how abolished fuel tax concessions will affect CO2 emissions and the industry structure, and to relate these to effects of management measures improving stock status and fleet efficiency. This is done in two steps. The first is a calculation of how additional fuel costs would affect the economic outcome in the current fleets. This is based on account statistics (no bio-economic models are used). This approach reflects a “static” situation when the tax is imposed, and does not take into account the fact that fishing will adapt to the new conditions in the long run. In order to analyze long-run changes, bio-economic models are needed. The second step of the analysis estimates the optimal management with regard to stock size and fleet structure. This is compared to the current situation and to a situation with optimal management combined with regulatory instruments for CO2 emissions. Thus, the analysis will show the climate benefits of optimal fleet and stock management, as well as further climate benefits and changes in fleet structure etc. due to CO2 regulatory instruments. This will provide information about how the Nordic fisheries will adapt to the different management measures. Indicators used for describing the development are CO2 emissions, fleet size, fleet structure, employment, economic performance (resource rent), and fuel efficiency (catch/liter and value/liter).

Ideally, a CO2 tax should reflect the costs of emissions for society, but these costs are difficult to calculate, and in practical climate policies different systems are in place simultaneously. In this report, four different scenarios for imposing the cost of CO2 emissions on the fishery are analyzed. The first scenario in the project is a “baseline” scenario in which the fuel tax concessions are maintained, but the stock and fleet sizes are managed in order to generate the maximum economic outcome. The analysis compares this to both the current fishery and to optimized fisheries with different fuel costs. In the second scenario (“EU”) the fishery is assumed to be part of the EU trading system for CO2 emission rights, and the additional cost for fuel is thus the cost of buying emission rights in the market. In the third scenario (“Stern”) a tax corresponding to the cost of CO2 emissions, as calculated in the Stern report, is imposed on the fisheries, and in the fourth scenario (“National”) fuel is expected to be taxed for fishers in the same way as for private citizens in the country. This typically involves both a CO2 tax and an energy tax.

To get a representative view of the Nordic fisheries, the analysis contains case studies from all the Nordic countries; Sweden, Denmark, Nor-way, Iceland, Greenland, the Faroe Islands and Finland. The 18 fleet segments analyzed range from coastal small-scale trap nets for salmon in Finland, with a total turnover of about EUR 0.2 million, to large offshore Icelandic trawlers, with a turnover of more than EUR 325 million. The data is from 2010. The three models used here are all well established in the literature. They differ in how they model the fisheries, the time frame, the interaction between fishing and stock development, etc. and thus contribute different dimensions to the analysis. In all, the report models 7 countries, 18 fleet segments, 25 fish stocks, one full-scale national fishery (Sweden), and one extension where the processing industry is included in the analysis (Greenland).


2. Market Failures and CO2 Emissions in Fisheries

According to economic theory free markets allocate resources efficiently. However, this is not the case in the presence of market failures. External effects (externalities) are examples of market failures which occur when an activity imposes a cost on others, and the cost is not borne by the one causing it. This report analyzes two externalities in fisheries. The first is the well know common pool problem where open access to a fish stock will lead to excess fleet capacity and over fishing (Clark, 1990). This externality occurs in a situation where fishermen have unlimited access to a limited resource. The second externality is the fuel tax exemption where fisheries do not pay the full cost of CO2 emissions, which results in too large emission levels. Both externalities need to be addressed when formulating public policies.

An extensive literature exists on governmental policies addressing the common pool problem in fisheries (see e.g. OECD, 2013b). Although many solutions exist, the most commonly used in Nordic countries are vessel licensing and quota systems with varying degrees of individual tradable quotas (ITQ). We do not go further into the discussion on ITQs and other management systems, but note that there exist ways of introducing a management scheme that ensures efficient resource allocation. This is presented here as an optimally managed fishery.

As mentioned above, not paying the full cost for CO2 emissions is defined as an externality. Since CO2 emissions are costly to society due to global warming, and since fisheries do not pay CO2 taxes, the emissions in this study fall within the definition. The size of the externality is difficult to estimate, and three different levels are discussed in the chapter on Fuel Cost Scenarios.

Since fisheries do not pay for CO2 emissions, they do not need to include these costs in the calculations when deciding when, where and how to fish. In order to reduce emissions, fisheries need to face the true social costs, i.e. the emission cost for society should be included in the price of fuel. There are two ways of doing this. The first is taxation and the second is emission trading systems. By taxing fuel at a level that reflects society’s costs for emissions, these costs will be paid by the industry. National fuel taxation is common and used to varying extents by all countries in this study except the Faroe Islands. However, in all the countries but Iceland, fisheries are exempt from CO2 taxation. In an emission rights trading system a cap on total emissions is defined, and companies need to buy emission rights on the market. This kind of system is implemented in the EU, but fisheries are currently not included. Both taxation and emission trading require that the regulatory instrument (the tax rate and emission quota) is optimally set. This is not necessarily the case with the present management in Nordic countries, since CO2 costs to society are difficult to estimate, and fuel taxes are used for fiscal reasons as well as environmental.

The effects of public policies that correct the externalities discussed can be illustrated graphically. In figure 1 the open access situation as well as optimal management with emission is shown.

Figure 1. Open access and optimal management

[image: Image]

The figure shows a standard bio-economic model with effort on the x-axis and costs and revenues on the y-axis. C is the cost of fishing and R is the revenue. For any given level of effort, the resource rent is the difference between revenue and cost. The open access equilibrium, which is where there is no resource rent in the fishery (R=C), occurs at effort level eoa.3 In optimal fisheries management the resource rent is maximized. This corresponds to effort level eopt where the difference between the R and C curves is largest. Compared to open access, effort and costs have decreased and resource rent increased. As mentioned above an externality arises with fuel consumption. This is a social cost which shifts the cost curve to C´. The new optimal management would be at e’opt, i.e. effort is further reduced.

As the figure is drawn, the change in effort and catches (revenues) is considerably larger from optimizing the fishery than when fuel consumption externalities are included. This will, however, depend on the size of the externality and on how close the fishery is to open access and optimal management. In a well-managed fishery the changes in going from current to optimal management will be small compared to a fishery that is managed closer to the open access situation. In the chapter on Estimated Impact we compare the current situation (without externalities), with the optimal management without externalities (baseline) to evaluate how close current management is to optimal. The baseline is compared to three scenarios with CO2 management options for taking externalities into account.

A topic that is not illustrated above is technological adaption. Higher fuel costs will affect fuel-intense fishing gear more than other gear. Typically, trawling is more fuel intense than passive gear such as gill-nets and hooks. Thus, we could expect fishermen to adjust to the new situation by using more passive gear. On the other hand, in many cases trawling is more economically viable than passive gear, and might therefore be more robust to higher costs. The total effect on the fleet will be an empirical question.

It is important to note that imposing fuel taxation or a trading system on Nordic fisheries alone will make the sector less competitive on the international market. If this causes fish production to move to countries with lower fuel costs, or if fuel bunkering in international waters were to take place, the effect on global warming might be small. However, moving production might be more difficult in fisheries than in many other industries, since the resource cannot be relocated. We do not elaborate further on this topic in the analysis.


3. The Models

This section provides a short description of the three models used in the analysis. The first model, developed by Nielsen et al. (2012), is used by all the countries except Finland. In the Finnish case, a special model for salmon fisheries is used. To complement the analysis, the Swedish fishery is analyzed by an additional model (the Swedish Resource Rent Model for the Commercial Fishery, SRRMCF) that covers the entire Swe-dish fishing fleet. By using three alternative models we ensure that the results are robust to the different modeling approaches. For the interested reader, the models are described in the annexes and in the scientific literature.

3.1 Model Descriptions

The same model is used for Sweden, Denmark, Norway, Iceland, Green-land and the Faroe Islands. The model optimizes the long-run economic performance (given exogenous input and output prices) for included vessel segments by changing the fishing effort until fishing takes place where the stock is at the Maximum Economic Yield (MEY), and the fishing fleet is efficiently utilized. Thus, the model includes both biologic and economic components. The biological part of the model allows changes in the stock size in order to maximize the economic outcome of the fleets. This part is less developed than the Finnish salmon model, but more than the Swedish SRRMCF model. On the other hand, the model contains more fleet segments than the Finnish model, but is less detailed than the SRRMCF model. For example, all the segments are assumed to be inflexible regarding which stocks they utilize, and will thus always fish the same share of each species as observed in the data. The model is implemented in Excel and both multiple stocks and multiple fleet segments are allowed. For further information, see Nielsen et al. (2012) and appendix B.

The Finnish salmon model (Kulmala et al. 2008) is presented in the Finnish case study in appendix C. This is an age-structured model that takes the entire life cycle of the Torne River salmon into account: from smolt in the river, following the migratory pattern throughout the Baltic basin, and back to the spawning grounds and the birth of new generations. The objective of the model is to maximize the Net Present Value of the salmon fishery over a 50-year period. The Finnish salmon model has the most developed biological part of the three models, but, on the other hand, only includes one fishing segment and one species.

The analysis of the Swedish fleet is complemented with an additional model, the SRRMCF model. The model covers all Swedish fleet segments and commercially utilized stocks. Focus in the model is on an economically efficient utilization of available catch quotas. The model includes about 200 fishing operations (métiers) which are defined from gear used, target species, fishing areas, etc. (Waldo and Paulrud, 2013). The objective of the model is to maximize the total economic performance of the fleet. The biological dimension in the model is reduced to agreed quotas, a simplification which makes it possible to perform an in-depth economic modeling of the fleet behavior. The fleet segments are assumed to be fully flexible to choose among métiers that are possible for the type of vessels included in the segment (e.g. trawler, gill-netters), and therefore able to adjust their catch composition in accordance with what is optimal for the new conditions imposed by abolishing fuel tax concessions.

3.2 Profit and Resource Rent

All the models in the analysis are used for estimating both profit and resource rent. Profit is the profitability observed by the fishery, while resource rent is the economic rent from the fish resource. In the appendices both profit and resource rent estimations are presented, but in the report below all figures are from resource rent estimations. In previous reports for the Nordic Council (Nielsen et al. 2006) the resource rent is defined as “the net surplus that, at a given time, remains for the remuneration of capital and labor above the rate that is achieved in other businesses.”

The remuneration to labor and capital are calculated differently for profit and resource rent. As an illustrative example of the concepts, assume an employed fisherman earns a wage of EUR 1,000 from a fishing operation, while the remuneration in alternative employment for the same time spent working, all other things equal, is EUR 700. In the calculation of profitability the observed wage EUR 1,000 is included as a cost, but EUR 300 of this is actually “surplus” from the fishery that is allocated to the fisherman. He/she would not be able to get this wage anywhere else. In the calculation of resource rent this is taken into account and EUR 700 is used as the wage. The difference of EUR 300 is defined as being surplus from the fishery that benefits society (in this case the benefit to society is allocated to the employed worker, being part of the intra-marginal rent). The calculation of resource rent applied in this report includes intra-marginal rent and therefore over-estimates the rent to the resource.

3.3 Fuel Taxes in Current Fisheries

The models analyse the outcome in a fishery with optimal management. However, many Nordic fisheries are far from optimally managed. To get a picture of the economic viability of current fisheries in a situation with fuel taxes, the performances of the fleets are calculated based on account data. This is done by subtracting the additional fuel costs from the current economic result, assuming that all other things are equal. This is a short term analysis where the fishermen do not change their fishing behavior. Thus, the aim of this calculation is not to estimate changes in fleet structure etc. Such changes need to be estimated with the bioeconomic models.

3.4 Interpretation of Model Results

Bioeconomic models like the ones presented above are simplified versions of actual fisheries that attempt to include relevant relations between economic and biological factors. Of course, it is not possible to include all aspects of a fishery that influence the economic and biological performance. Thus, the results should be interpreted with caution, and we do not focus on Euros or kilos of catch in the analysis, but rather the direction in which the fishery will move; to some extent we compare the magnitude of the change between scenarios. Each country is provided with a baseline scenario which is interpreted as the optimal fishery according to the model with the present fuel costs. In the baseline scenario the stocks and fleets are allowed to adjust in a way that maximizes the economic outcome of the fishery. We compare the current fishery to the baseline in order to evaluate the effects of implementing an optimal fisheries management as compared to the current one. Further, the effects of changes in fuel costs are compared to the baseline situation in order to evaluate the effects of taxes and emission rights in optimal management.


4. Data

Fishing segments suitable for the analysis have been identified for each country. The segments are important fisheries for the national fleet, and are chosen to represent both active and passive gear. Active and passive gears are expected to have different fuel efficiency and different importance for local employment opportunities etc. A short description of the fleet segments used in the analysis is presented below, followed by utilized fish stocks, and physical and economic data.

4.1 Fleet Segments

For Sweden, two models with different fleet segments are used; the Nielsen model and the SRRMCF. In the Nielsen model four fishing segments are analyzed: Vessels 10–12 m using passive gear and vessels 12–18 m, 18–24m and 24–40 m using active gear. The vessels using passive gear primarily fish with gill-net and hook while the vessels using active gear primarily use trawl. The analysis is restricted to Bal-tic Sea fisheries and the main target species is cod, but herring and sprat are also included in the analysis. The SRRMCF model contains the entire Swedish fleet represented by 24 fleet segments fishing all stocks available for Swedish fishermen.

For Denmark, three fleet segments are analyzed: Net/hook <12 m, gill-net and hook 12–18 m, and trawl <18 m. The target species are cod, sole, plaice, Nephrops, sand eel and sprat in both the North Sea and the Baltic Sea.

For Norway, two fleet segments are analyzed: Coastal vessels 11–15 m and ocean trawlers >30 m. The target species are cod, saithe, haddock and monkfish. The coastal vessels primarily use gill-net and longline on the Norwegian coast, while the trawlers fish in both the Norwegian and Barents Seas.

For Iceland, four vessel segments are analyzed: Small vessels with 10– 200 GT (gross tonnage) primarily using passive gear, medium sized vessels with GT >200 primarily using trawl, trawlers, and freezer trawlers with on-board processing. The main species are cod, haddock and saithe.

For Greenland, two fleet segments are analyzed: In-shore trawlers and off-shore trawlers. Both segments utilize the Northern shrimp stock (NAFO subareas 0 and 1). The two trawling segments have different management regulations, where the off-shore trawlers process 75% of the harvest on board, leaving 25% for on-shore processing in Greenland, while in-shore trawlers are obligated to land 100% for onshore processing.

For the Faroe Islands, two fleet segments are analyzed: Trawlers and long-liners, both targeting cod, haddock and saithe at the Faroe Plateau.

The Finnish analysis is based on one fleet segment fishing for Torne River salmon and using trap-nets along the Finnish Baltic Sea coastline in the Gulf of Bothnia.

4.2 Fish Stocks

The analyzed fisheries contain 25 stocks in the North Sea, Baltic, Skagerrak, Kattegat, North-east Arctic, Faroe Plateau, West of Greenland, and Icelandic waters. The stocks targeted are presented in table 1 together with information on the sustainability of current fishing mortality.

Table 1. Fish stocks
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*See appendix C for discussions and sources.

Of 25 stocks (observe that the two Baltic cod stocks are targeted by both Swedish and Danish vessels) 8 are considered to have fishing mortality above target, 12 appropriate or below target and 5 undefined. Although only a minority of the stocks is being over fished, the current fishing mortality should be reduced in eight cases for the fisheries to be long-run sustainable.

4.3 Physical and Economic Data

Table 2 contains the number of vessels, full time employment (FTE), days at sea per vessel (DAS) and turnover.

Table 2. Physical and Economic Data, 2010
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In total 1,345 vessels with 6,794 full time employees and a turnover of over 1.5 billion Euro are modeled in the case studies, and 690 vessels with 900 employees in the Swedish SRRMCF model. Notably, the Norwegian and Icelandic fisheries are considerably larger than the others, and together constitute about 60% of the vessels and 70% of the employees in the analysis. Thus, Norway and Iceland will have a large impact on results that are presented as an aggregate of all the countries in the analysis.


5. Fuel Cost Scenarios

The analysis is based on the four scenarios in table 3. The first scenario is a benchmark with no fuel taxes. This corresponds to the present fuel tax situation where fisheries do not pay taxes or for emission rights. Iceland is an exception; the fishery pays a CO2 tax of EUR 35.5 per m3 in the present fuel tax scheme. In the second scenario the fishermen are assumed to buy emission rights in the European Emission Trading System (ETS; see European Parliament, 2011). In 2009 the price in the ETS was approximately EUR13 per tonne of CO2, which corresponds to about EUR 34 per m3 diesel. The third scenario is based on Stern’s (2006) estimated costs for CO2 emissions, which correspond to EUR 159 per m3 diesel. The fourth scenario is defined as fisheries paying the same taxes as other users of fuel in the country, i.e. all tax exemptions are withdrawn. This scenario differs between countries and the national tax levels range from 0 to EUR 627 as presented in table 3. Both energy and CO2 taxation are included in the national taxation.

Table 3. Definition of Fuel Scenarios
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*The Finnish tax is high since it is based on petrol engines, not diesel.

Of course, there are numerous alternative possibilities for defining the scenarios. The literature on costs of CO2 emissions has suggested other levels than Stern (Nordhaus, 2007), and the price of EU emission allowances has varied considerably over the years. However, including additional scenarios would only marginally benefit the analysis, since they will be within the range of values already defined in the scenarios. Additional scenarios with low CO2 costs would not differ substantially from the baseline, and the national scenario with both CO2 and energy taxation covers high cost alternatives. The OECD (2012) provides an international comparison of fuel tax concessions.

6. Estimated Impact
Introducing fuel taxes/emission costs to the fishery will have effects on CO2 emissions and on the economic and social sustainability of the fishing sector. Indicators of this, for the optimized fisheries, are found in the section for model results. However, the result section starts with the economic performance of current fisheries in the presence of fuel taxation.
All the figures in the results section are for the resource rent calculations, unless profit is explicitly stated. The resource rent represents the fisheries’ economic contribution to society. The calculations for profitability can be found in the case studies in appendix C.
6.1 Short Term Impact
The first step in the analysis is the sensitivity of the resource rent in current fisheries to different estimates of society’s cost for CO2 emissions. These are represented by the fuel scenarios. The calculations are based on account statistics (i.e. no bio-economic maximization) where the additional CO2 cost is subtracted from the current resource rent. In table 4 “+” represents a positive resource rent and “-” a negative one.
Table 4. Resource rent in current fisheries in different emission cost scenarios, “+” implies a positive resource rent and “-” a negative one
[image: Image]
Of course, fisheries with negative resource rents, such as the Finnish and most of the Swedish, will also have negative rents in the fuel scenarios. A more interesting pattern that emerges in table 4 is, however, that fisheries with a positive resource rent in the current situation also tend to have positive rents in the fuel scenarios. In these cases society’s benefits from the sector are larger than the costs, even in high cost scenarios. For the National scenario, the resource rent is approximately 30% lower than without CO2 costs.
Iceland, Norway, Greenland and the Faroe Islands, where fishing is a relatively large share of the national economy, also tend to have fisheries with positive rents when imposing the highest CO2 costs. Important is that the resource rent is calculated with the wage rate in alternative employment, and that in these countries the observed wages are higher in fisheries (i.e. part of the resource rent is allocated to wages rather than the vessel owners). If calculating the profitability, i.e. using observed wages, a larger share of the fisheries will face negative numbers.
6.2 Long Term Impact
The long term impacts are based on the model results. For Sweden, two models have been used. Unless the SRRMCF model is explicitly stated, the results are for the model developed by Nielsen et al. (2012). The SRRMCF model is not included in the calculation of “total” in the tables. Since some Swedish segments are included in both the SRRMCF and the model by Nielsen et al., these would be counted twice.
6.2.1 Fleet and Employment Effects
In the long run, fleet size, fleet structure and employment opportunities will change due to management changes. The effect on the fleet size is shown in table 5.
Table 5. Number of vessels, current (2010) and scenarios
[image: Image]
The overall pattern in table 5 clearly shows that an optimized fishery (baseline), with an efficient number of vessels operating at MEY, implies that the total fleet size is substantially reduced compared to the current fishery in all cases. Imposing CO2 costs on the condition that the fishery is optimized only has a limited effect on the number of vessels. The total number of vessels operating in the analyzed fleet segments is reduced from 1,345 to 737 when optimizing the model, but the reduction from a situation with full tax exemptions to the case with national taxation is only 82 vessels. The interpretation of the result holds for all of the three models that are used. The increase in number of vessels in the Icelandic EU scenario compared to the baseline is due to the fact that the Icelandic CO2 tax in the baseline is higher than the EU price for emission rights. The increase in vessels in the Swedish SRRMCF model is due to a reallocation to smaller vessels.
The significant reduction of the fleet in the optimization, and the small changes due to fuel scenarios will also affect the employment opportunities in the fisheries sector. The full time employment is presented in table 6.
Table 6. Full time employment
[image: Image]
The full time employment is reduced by about the same magnitude as the reduction in the fleet size. In total the fleet is reduced by 45% and employment by 38%. The difference is explained by a restructuring of the fleets where smaller vessels leave the fishery to a larger extent, while larger vessels with high employment stay. As an example, the Greenlandic fleet is estimated to be reduced by almost 80%, but employment only by about 40%. This is due to the large factory trawlers being more efficient, and the fact that, in an economically optimal fishery, the smaller in-shore trawlers with fewer employees will leave the fishery.
Figure 2 shows the share of vessels using passive gear and/or fishing in-shore for each country and fuel scenario.
Figure 2. Share of vessels using passive gear and/or fishing in-shore
[image: Image]
The share of passive/in-shore vessels is reduced in the model optimizations as compared to the current situation for all countries except Ice-land. In Iceland the share of small vessels is increasing as a result of the combination of small efficient vessels staying in the fishery and trawling being concentrated to large freezer vessels.
Vessels using passive gear tend to be more fuel efficient (Avadí and Fréon, 2013), and higher fuel costs are thus expected to increase the use of passive gear compared to active. We find such effects in the data, but the increase is marginal and does not apply to all countries and scenarios. However, although the share of trawlers might be stable or even increase when fuel costs increase, this could be due to a more frequent use of smaller (and more fuel efficient) trawlers as is the case for e.g. Sweden.
Combining Fuel Taxes and Social Considerations
Many countries have policies to facilitate the development of the small-scale fleet and/or to protect it from being bought out from the fishery by larger vessels in a system with tradable fishing concessions. The aim of this is to keep local employment opportunities, keep harbors open, attract tourists, etc. Using the SRRMCF model, we illustrate the combination of such policies with fuel taxation policies for the Swedish national fleet. The Swedish quotas for cod and Norwegian lobster are split between passive and active gear in order to improve the situation for the small scale passive fleet.
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Country Current Baseline EU co2 Stern National
Sweden 112 39 39 36 34
Denmark 319 131 131 128 122
Norway 386 184 182 177 171
Iceland 383 327 328 320 294
Greenland 40 9 9 9 9
Faroe Islands 46 18 18 18 18
Finland 59 29 28 24 7
Total 1,345 737 735 712 655
Sweden — SRRMCF 690 210 216 208 190
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Country Current Baseline EU CO2 Stern National
Sweden 167 79 77 71 67
Denmark 269 129 129 127 125
Norway 2,646 1,398 1,379 1,311 1,235
Iceland 2,650 2,075 2,083 2,015 1,813
Greenland 572 332 329 321 331
Faroe Islands 432 119 119 118 119
Finland 59 29 28 24 7
Total 6,795 4,161 4,144 3,987 3,697
Sweden — SRRMCF 900 603 607 471 431
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Country Species Sea Area Fishing mortality 2010~
Sweden Cod Baltic 25-32 Appropriate
Herring Baltic 22-24, llla Appropriate
Herring Baltic 30 Appropriate
Sprat Baltic lid Below target
Cod Baltic 22-24 Above target
Herring Baltic 25-29 Above target
Denmark Nephrops Skagerrak, Kattegat 3A Appropriate
Cod Baltic 3D Appropriate
Plaice North Sea 4 Appropriate
Sole S,K,WB 3 ABC Below target
sole North Sea 4 Above target
Cod North Sea 3AN+4 Above target
Cod Baltic 3BC Above target
Sand eel North Sea, Skagerrack 3A+4 Not defined
Sprat Baltic 3BC At risk
Norway Cod North East Arctic 1,2 Appropriate
Saithe North Sea 4,3A,6 Appropriate
Haddock North East Arctic 1,2 Appropriate
Saithe North East Arctic 1,2 Not defined
Iceland Ccod Iceland, East Greenland Va Appropriate
Haddock Iceland, East Greenland Va Not defined
Saith Iceland, East Greenland Va Not defined
Greenland Shrimp West of Greenland NAFO 0/1 Above target
Faroe Islands Cod Faroe Plateau Vb1 Above target
Haddock Faroe Plateau Vb1 Above target
Saithe Faroe Plateau Vb1 Above target
Finland Salmon Baltic 22-31 Appropriate
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Country Segment Vessels FTE DAS per vessel Turnover

(EUR million)

Sweden Passive 10-12 m 55 36 96 23
Trawl 12-18 m 15 23 91 3

Trawl 18-24 m 29 79 109 1.1

Trawl 24-40 m 13 28 97 6,5

Denmark Net/hook <12 m 130 103 99 23
Net/hook 12-18 m 42 61 143 24

Trawl <18 m 147 105 141 96

Norway Coastal 11-15 342 855 196 80.4
Ocean traw! 44 1,791 299 348.3

Iceland Small 10-200 bt 255 950 250 1311
Medium >200 bt 68 750 250 149.9

Trawl 25 400 250 107.9

Freezer traw| 35 550 250 3255

Greenland In-shore traw! 31 251 168 41.2
Off-shore trawl 9 321 294 110

Faroe Islands Trawl 30 211 241 59.9
Long-line 16 221 246 236

Finland Trap-net 59 59 55 >0.2
Total 1,345 6,794 - 1,5445
Sweden SRRMCF Demersal traw| 205 402 397
Passive gear 422 281 152

Pelagic traw! 63 216 397

Total 690 900 947





OPS/images/f0027-01.png
Scenario Country Euro / m3 diesel  Definition of national taxes
added to fuel price
1. Benchmark 0
2. EEX EU emission allowances 2009 EUR 34.
3. Stern EUR 159

4. National taxation Sweden EUR 421 Energy tax, CO2 tax

Denmark EUR 366 Energy tax, CO2 tax

Norway EUR 311 Basic-, CO2 -, and NOx-tax

Iceland EUR 362 CO2 tax, Energy tax

Greenland EUR 13 Energy tax

Faroe Islands 0 No taxation

Finland EUR 627* Energy tax, CO2 tax,

stockpile fee
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Country Segment No CO2 cost EU Stern National
Sweden Passive 10-12 m - - - -
Trawl 12-18 m + + + -
Trawl 18-24 m - - - -
Trawl 24-40 m - - - -
Denmark Net/hook <12 m
Net/hook 12-18 m + + + +
Trawl <18 m + + + +
Norway Coastal 11-15
Ocean trawl! + + + +
Iceland Small 10-200 bt + + + +
Medium >200 bt + + + +
Trawl + + + +
Freezer traw! + + + +
Greenland In-shore trawl + + + +
Off-shore traw!
Faroe Islands Trawl + + + +
Long-line + + + +

Finland

Trap-net
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Country Current Baseline EU CO2 Stern National*
Sweden -4.98 7.94 7.78 7.02 6.74
Denmark 75 234 234 229 222
Norway 55.4 106.3 104.5 97.8 91.2
Iceland 249 315 317 305 269
Greenland 34.0 89.7 88.7 85.4 89.3
Faroe Islands 12.0 56.1 55.9 55.4 56.1
Finland -0.005 0.042 0.039 0.029 0.003
Sweden — SRRMCF 3.10 332 320 28.4 26.0
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