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Executive summary
Abstract
The main objective of this project is to deliver supporting information to UK Ministers prior to their
negotiations with European Ministers in December when they meet to agree total allowable catch and
days at sea limits for cod, whiting and haddock in the North Sea. In collaboration with vessel owners
in the North East of England ports, the study has examined management and financial accounting data
over a period of years from which a financial and economic model of whitefish vessels has been
constructed. The primary purpose of the model is to describe how the profitability of vessel ownership
and operation vary with effort (days at sea) and total allowable catch (quota), and to show the extent to
which they are sensitive to key variables such as the price of fish, financial liabilities and fuel price.
The effects are estimated by adding together the impact on each cost and revenue component while the
effects on the market prices of quota, days at sea, licences and fish are estimated indirectly via the
marginal product of a day at sea or tonne of fish landed and an iso-elastic demand curve for fish. The
study reviews and selects metrics for profitability and economic performance of fishing vessels and
reports these in the model. The study was commissioned by Defra and supported by the National
Federation of Fishermen’s Organisations. In addition, the effects on profitability of charter work and
investment in ringfenced quota are considered. The study gives Ministers insight into the effects of
different future restrictions on vessel-level profitability. The model can be used in the future to explore
the relationship between prices and profit should stocks begin to recover and restrictions be relaxed.

Findings
The measures of profitability that are of prime interest to fishermen and vessel owners are the cash
income return to crew, skipper and owner and cashflow which is related to the indicator, net profit.
However, the performance of the owner’s investment is more accurately defined by the return on
equity and the profitability of new entry by the internal rate of return on new investment. Together,
they reveal the financial health and conditions for investment within the sector.
The most important determinants of profitability are the price of fish and the catch rate. For the crew
and the owner, while it is important how many days the vessel goes to sea, with additional days
generating additional profit, also of importance is the size of the entitlement of days to go to sea and
the amount of quota owned.
There is a strong discontinuity in the incentive faced by crew and skippers at the point where quota
and days at sea owned are exhausted and additional rights have to be leased. The leasing of quota and
days dramatically reduces the incentive to fish. There is thus a significant effect on the incentive to
fish from the size of entitlement given to a vessel. This discontinuity widens as the price of fish and
the catch rate increase.
There is also a significant effect on profitability from reducing the supply of fish to the market. If
demand is elastic, then the compensation from higher prices is less than the loss from reduced sales
and the revenue to the sector falls as a result of quota and effort restrictions. Profitability also falls as
vessels have to lease in additional days and quota unless some vessels exit and their entitlements are
donated to remaining vessels. However, there is some uncertainty as to the price elasticity of demand
for fresh cod. If the demand for fish should prove to be inelastic, then reduced supply leads to a higher
price and increased sales revenue. In these circumstances, a vessel is largely compensated for reduced
allocations of quota and days at sea, and also for the costs it incurs from having to lease more quota
and days.
There is a strong link between quota and effort prices. Given the potential encouragement that tight
quota restrictions and high quota prices engender for highgrading and cheating on quota, there may be

merit in reducing allowed days at sea in order to moderate quota prices. This effect is shown in the
model results.
The profitability of vessels is affected by their ability to maintain a sufficient number of days at sea. If
the available number of days and associated quota is cut, the profitability of the sector as a whole is
improved by redistribution of effort to the more efficient boats. Hence, there is an incentive for less
efficient boats to sell their days at sea rights to more efficient boats. However, the profitability of a
boat is substantially weakened if it is prevented from going to sea, and should it have sold some of its
rights, it might then wish to exit the market. At the present time any exit strategy carries a major
penalty, since part of the value of the boat is tied up in its days at sea rights, which are associated with
the licence. Although days at sea rights are attached to licences and can be transferred to other vessels,
they cannot be traded separately from the capacity to fish, and therefore an exit of capacity necessarily
involves giving up days at sea rights. Neither is the licensed capacity fully divisible—it cannot be
transferred in parts and traded. These arrangements ought to be changed.
Quota prices tend to become highly volatile towards the end of the year and a small proportion of
quota remains unused at the end of the year. These effects impose costs on fishermen which would be
avoided if a small amount of quota could be banked from one year to the next or if the quota were
issued on a rolling basis.

Contents
1.

Introduction

1

2.

Description of whitefish vessel accounts and cost structure

3

3.

Market prices

11

4.

Behaviour

18

5.

Framework for estimating the prices of quota and days at sea

23

6.

Operation of the model

27

7.

Results

33

8.

Conclusions

49

9.

References

52

List of tables
Table 1

Change in vessel value with age

17

Table 2

Assumptions used to obtain the illustrative results

33

Table 2 continued

Assumptions used to obtain the illustrative results

34

Table 3

Effect of a 25% increase in fish prices

35

Table 4

Effect of a 20% increase in days at sea

36

Table 5

Effect of a change in price elasticity of demand for fish

37

Table 6

The effect of days at sea restrictions on revenue and costs

40

List of figures
Figure 1

Fuel price movements

5

Figure 2

Typical shares of costs of running a vessel

9

Figure 3

Prices received by sample vessels (money of the day)

12

Figure 4

Quota leasing prices for North Sea cod (money of the day)

14

Figure 5

The value of second-hand North Sea whitefish vessels (ex-licence) from the Scottish
decommissioning auction 2003
16

Figure 6

Utilisation of demersal trawlers (number of vessels spending more than a given
proportion of 280 days at sea in the Cod Recovery Zone)
22

Figure 7

Willingness to pay for fishing rights

23

Figure 8

Representation of an assumed relationship between Ld and Q/D

26

Figure 9

Screen view of model ‘Summary’ sheet

28

Figure 10

Screen view of ‘Assumptions’ sheet

29

Figure 11

Screen view of ‘Summary’ sheet

31

Figure 12

Effect of days at sea reductions on income of crew members

39

Figure 13

Effect of days at sea reductions on wealth generation of vessel for owner

41

Figure 14

Effect of days at sea reductions on net profit before depreciation

42

Figure 15

Effect of days at sea reductions on quota and days at sea prices

43

Figure 16

Effect of days at sea reductions on income of crew members

45

Figure 17

Effect of days at sea reductions on wealth generation of vessel for owner

46

Figure 18

Effect of days at sea reductions on net profit before depreciation

47

Figure 19

Effect of days at sea reductions on quota and days at sea prices

48

1. Introduction
1.1. Purpose
Of the three main public interest issues in fisheries, namely, the environment, nutrition, and economic
performance, there has been relatively little effort expended on evaluating economic performance.
Much of Defra’s research effort has understandably focussed on the biological science underpinning
these objectives. This report helps to redress the balance.
The harvesting of whitefish in the North Sea is controlled by restrictions of days at sea and total
allowable catch. The scientific community and environmental movement, even after substantial cuts
over recent years, have called for further dramatic reductions in the fishing mortality of North Sea
whitefish, particularly that of cod, and there are indications that restrictions on fishing will become
tighter. There is an inevitable trade-off between restrictions and speed of stock recovery. This study
seeks to show Ministers the ways by which the trade-off will impinge on vessel owners, derived from
a sound understanding of the economics involved. From these results, Ministers can draw further
conclusions on the viability of ports, up-stream (eg fish processing) and down-stream (eg vessel repair
and construction) fishing infrastructure, and skills.
A firm grasp of vessel-level economics is of fundamental importance to an understanding of the
behavioural response of vessel owners facing new restrictions and is a basic requirement of Regulatory
Impact Assessment when statutory instruments are amended. For both these reasons, an approach that
is grounded in real vessel management accounting data is helpful, and allows the effects of policies
upon the industry to be reported in vessel-level terms that are meaningful to both vessel owners and
their crew with whom they can be discussed.
The analysis which has been carried out in this study also provides a foundation for future more
sophisticated work on concepts such as maximum economic yield and tradable rights.

1.2. Technical objectives
The first technical objective is to identify suitable measures of economic performance of relevance to
vessel owners and crew.
The second technical objective is to devise methods of estimating these measures from management
and financial accounting information.
The third technical objective is to explain how restrictions on effort and catch across whitefish species
affect the measures of economic performance via their changes in accounting inputs such as particular
components of revenues and costs.

1.3. Analysis
The analytical framework has been developed following interviews with fishing vessel owners,
discussions with Defra, and a review of relevant economic literature. It focuses on translating effort
and catch restrictions into changes in fishing vessel use, and thus vessel costs and revenues. The
interviews and discussions have been crucial to identifying changes in vessel use.
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1.4. Outcomes
The study will be of benefit to Defra in negotiating effort and catch restrictions in December and in
providing foundations for future investigations of long-term sector management strategies. It will be of
benefit to industry in enhancing the understanding among policy-makers of the vessel- and crew-level
financial consequences of policy measures. This may result in combinations of measures which
achieve fishing mortality targets with minimal impact on fishing economic productivity. Finally, it
will benefit consumers both by helping to secure policy outcomes that deliver an efficient fishing fleet,
thus keeping prices down, and by securing long-term recovery of stocks with consequent
improvements in availability and the price of fish, which will also keep prices down. The benefits of
good fisheries management extend to consumers’ health, especially in lower income groups, and
savings on household grocery purchases.

1.5. Structure of this report
The sections of this report are as follows:
•

Section two describes the income and cost structure of whitefish vessels and the way in which
the crew share and boat share is calculated.

•

Section three reports recent market prices of fish, quota, days at sea and vessel licences.

•

Section four discusses the incentives facing the crew, skipper and owner and the
circumstances that may trigger the purchase or sale of vessels.

•

Section five derives a model of the relationship between effort and quota prices.

•

Section six explains how the model works and is operated.

•

Section seven presents the results of a number of quota and effort restriction scenarios.

•

Section eight contains the conclusions.
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2. Description of whitefish
vessel accounts and cost
structure
This section describes the activity of whitefish vessels and the structure of their sales, costs, financing
and ownership.

2.1. Income and activity
2.1.1.

Oil and gas guard ship services

Oil and gas guard ship services are provided to the oil and gas sector by NFFO Services, which
contracts individual vessels to provide the service. The NFFO is a statutory consultee on undersea
developments, so is able to co-ordinate its response on the impact on fisheries with the protection of
infrastructure under development.
The vessels carry the same complement of crew as for fishing, but (usually) no gear and have lower
fuel costs. They bid for the work, and the amount they are paid reflects any specialist equipment (such
as radar) which they are required to carry.
Vessels have been chartered by the oil and gas industry since the early 1980s to divert other fishing
vessels away from exposed sub-sea pipelines and equipment prior to burying. The total number of
days of work has varied with the level of relevant exploration and production activity in the southern
North Sea. In addition to the benefit of protecting the sites, the income for the boats involved is
viewed as compensation for loss of fishing grounds for the duration of the obstruction. Other work
includes seismic surveys, grab sampling and environmental studies.
Between January and September 2006 there were 2,137 guard ship days contracted to boats berthed
between Lowestoft and Hartlepool. These were on contracts ranging from a few days to a whole year.
Around one third were undertaken by boats operating from Grimsby, with smaller numbers from the
ports of Lowestoft, Bridlington, Scarborough, Whitby and Hartlepool. In 2006 a total of 2,600 days
were chartered. To give an idea of scale, this equates to 40 days per year for every boat over 17m in
length in the licensing ports of Grimsby, Lowestoft, North Shields and Scarborough, MFA (2005).
Those involved in the charter market believe that prospects for 2007 are similar to 2006, although the
notice of demand for work is not usually more than six months ahead so prospects are quite
speculative.
Over the last year or so, the Langerled interconnector and Balgzand Bacton Line have been under
construction. Although these have been major international gas connection projects, this year they
have only demanded around 500 charter days in total and benefited fewer than 20 boats. The
completion of these projects this year is therefore not expected to have a major impact on demand for
guard vessels next year.
While the oil industry informs government of its production plans 5 years ahead, these plans are fluid
and they do not contain detailed information on the new connections that might require guard ship
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duties. Furthermore, the next four years will see several dozen new fields developed, which is a higher
rate than the early 2000s.
Some vessels also carry out other charter work, participating in seismic surveys, collecting samples
from the sea bed, surveying the environment, and taking sport fishermen and divers for leisure trips.

2.1.2.

Catch rate

The catch rate is the tonnes of fish that are caught for each unit of fishing effort. The rate is dependent
on the skill of the crew and the abundance of fish. If there is a particularly good year class (age cohort
of fish) or year classes of fish then the catch rate is higher. This increases the profitability of a day at
sea.

2.1.3.

Gear type

The boats examined for this study use trawl nets with mesh greater than 100mm. These are not the
only types of boat catching cod in the North Sea. Others include prawn boats towing gear with a
smaller mesh size and boats using gill nets.

2.1.4.

Activity levels

Trawlers typically operate for 45–46 weeks per year, with the balance of the year, 6 to 7 weeks,
accounted for by bad weather, re-painting, repairs and holidays. Most boats do not operate at the
weekends. This gives a maximum of 225 to 240 fishing days per year although most boats fish fewer
days than this and some are known to fish 330 days per year using a shift system.
The amount of time spent steaming to the fishing grounds varies but is typically 4 to 12 hours, with 12
hours equating to about 100 miles offshore. The return leg takes the same amount of time. If landing
fish mid-week, the boat arrives and leaves on the same tide, so the time spent in port is quite short.

2.2. Costs
2.2.1.

Levies, dues and commissions

The vessels pay harbour dues which is a levy of around 4.5% of gross sales, payable to the Local
Authority, for provision of safe harbour, navigation and landing facilities. Wharfage, i.e. the charge for
the berth, is an additional fixed charge of around £500 per annum.
The vessels pay landing agent’s commission of around 4.5% of gross sales, which covers the costs of
settling (running the vessel accounts and payments), landing and auctioning of fish.
The vessels pay a commission to the Producer Organisation of between 0.75% and 1.5% of gross sales
in return for which the PO provides quota management and sector representation services. The higher
end of the range of commission is charged by POs who play an active role in purchasing ring-fenced
quota on behalf of their members.

2.2.2.

Boxes and ice

Boxes are charged at a fixed rate per stone, around 15 pence/stone or £1 a box, and are therefore in
proportion to weight of fish landed. Ice is consumed at roughly 0.7 to 1.0 tonnes per tonne weight of
fish landed, and amounts to approximately £40–60/tonne.
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2.2.3.

Fuel

Fuel is priced by the litre and is not subject to fuel duty. As a consequence, fuel prices closely mirror
crude oil prices and have been volatile over recent years, but are similar between ports. Figure 1 shows
fuel price movements over recent years.

Figure 1

Fuel price movements
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Source: vessel fuel invoices.

The proportion of fuel used for steaming in comparison to fishing is around 10–20%. There is little
economy to be had from steaming more slowly, given days at sea restrictions, nor from steaming more
quickly, which reduces the life of the engine. Charter days at sea involve 25–30% or less of the fuel
consumption of fishing days at sea. A boat may use 600–700 litres per day fishing and 80–120 litres
on charter work.
Pair trawling is a significantly more fuel-efficient method, with fuel costs about half of those for single
rig. Twin rig is used mainly for prawn fishing.

2.2.4.

Repairs

Repairs are primarily related to engines, winches, hydraulic pumps and chillers and electronic
equipment and are related to use and size of boat. These costs are met by the owners. The largest
individual item is engine replacement which is in the order of £70–100k and takes place every 5 to 10
years.
Certain repairs are covered by insurance, so owners have a choice between claiming on insurance and
paying for repairs themselves. Repair bills are typically very low for the first 10 years of a vessel’s life
and higher thereafter.
Combined with fuel, the cost of repairs is a major indicator of the overall cost of running one boat in
comparison with another.
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2.2.5.

Gear mending

Mending and replacement of nets is related to days at sea fishing and size of nets (boat power) and is
paid out of revenues before the crew share (see sub-section 2.3.4) is distributed.

2.2.6.

Groceries and sundries

It is unusual for crews to buy their own food for consumption at sea. It is more usual for the boat to
provide the food and for its cost to be expensed before calculation of the crew share. In addition to
food, the main other consumable is cleaning materials. The cost of food is proportional to days at sea
and the cost of cleaning materials is proportional to days at sea fishing.

2.2.7.

Storage

Some boats rent storage space at or near the quay-side where gear and other items are kept.

2.2.8.

Radio and radar

Radio and radar equipment may be rented or incur outlay arising from regular maintenance and
replacement expenditure. It is a fixed cost, but 75% of the cost is expensed before the crew share.

2.2.9.

Insurance

Insurance covers personal injury, third party liability, collisions, loss of vessel and major malfunctions
such as gearbox or engine failure and propeller fouling. The cost of insurance is related to the value of
the boat, the repair and claims history of the boat and the age of the boat. The premiums also vary with
the excess, which can be around £10,000 per claim, with no-claims bonuses available up to around
50% of the full premium. If a boat has had major components replaced, this is taken into consideration
and the insurance premium may be reduced.
It is common for 50%–75% of the insurance cost to be deducted before the crew share to incentivise
the crew to control the risk of malfunction and repairs.

2.2.10. Quota
Vessels receive an allocation of quota and days at sea, which they may trade. In addition to the quota
derived from the track record (Fixed Quota Allocation) of past fishing activity, which may be received
directly or via a Producers’ Organisation, the vessel and the Producer Organisation may own ‘ringfenced’ quota which has been bought from other vessel owners and is usually held as an asset on the
balance sheet. Ring-fenced quota is viewed as an asset and is seen as a long-term investment in the
future of the Producer Organisation’s or owner’s fleet.
Month by month, the Producer Organisations allocate quota to their members. They do so in an
attempt to create a uniform landing of fish and fish prices throughout the year, to the benefit of the fish
processing industry downstream and fishermen, rather than allowing markets to achieve the same
result by themselves.
To balance the vessel’s position on quota, the owners may need to buy or sell tonnes of certain
species. The cost of any additional quota or days at sea purchase is expensed before calculating the
crew share. Based on the evidence obtained for this study, the opportunity cost of the original quota
entitlement received by the vessel is not charged to the crew.
When a tonne of quota is leased, the ‘tonne’ refers to the right to land a tonne in that year. However,
when a tonne of quota is purchased, the tonne refers to a tonne of track record, and therefore a lesser
amount (for example, for cod and other whitefish) or a larger amount (for example, for nephrops) of
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fish that can be landed. This means that while the prices of quota leased and purchased are both
expressed in £/tonne, the tonnes are not equivalent. Note that one Fixed Quota Allocation unit was
originally around 100 kg.
The quota is area- and species-specific. The quota relevant to vessels fishing from the North East of
England ports for whitefish is cod, haddock, whiting and a few mixed species, in area IV. Area IV
covers most of the North Sea and stretches north beyond the northernmost point of Scotland.

2.2.11. Days at sea
All boats receive an allowance of kiloWatt days at sea which is the same for each vessel using a
certain gear type. The original allocation of days at sea for vessels towing gear of mesh size greater
than 100mm (types 4A4 and 4A5) in area IV was 15 days a month in 2004, but it has subsequently
been reduced to 14 days a month. This equates to a received total of 163 days a year. Vessels using gill
nets and long lines (types 4C1–3 and 4D) received 140 days in 2006, and those using mesh of 70–99
mm (4A2 and 4A3) 227 days.
Vessels may trade their entitlement as they wish within the year. Some boats choose to buy
entitlement in order to go to sea for more days. Others choose to sell entitlement and spend more time
on non-fishing activities or in port. However, unlike quota, they may not permanently transfer
entitlement, so some vessels are kept available in order that their days at sea may be transferred to
vessels that are actively fishing. Unlike quota track record which may be held by ‘dummy vessels’ or
‘inactive vessels’, days at sea may only be held by real, active vessels.
A vessel may hedge (offset) the risks of quota price and allocation fluctuations by holding an
entitlement to days allowed at sea. It can do this because days at sea prices move in an opposite
direction to quota prices as restrictions when total days or quota are changed independently of each
other. This investment involves the running of less active vessels which receive days at sea
entitlement. Since the fixed costs of maintaining the vessels in operation are high, the vessel owners
have invested more heavily in quota than days at sea and are not well hedged. They remain overexposed to changes in quota prices and allocation.
While dummy vessels or inactive vessels enter the market every year to lease quota to real vessels,
there is no similar supply of days at sea, so the market for days at sea exhibits lower trading volumes.
Days at sea that are leased by the boat owner are expensed before the crew share is distributed. The
practice is the same as that for quota and the incentives for the crew are also the same.

2.3. Finance
2.3.1.

Debt

The enterprises owning new boats and second-hand boats purchased recently may have bank loans,
usually of a seven- or ten-year term. The term may be extendable to 15 years for new vessels, but not
for second-hand vessels. The rate of interest is typically 1.75–2.0% above base rate and payments are
made at a constant level throughout the loan period.
The bank may impose a charge over (hold as security) the vessel and any ring-fenced quota. In
addition, some of the equity (share capital) in the business, most commonly that held by the skipper,
may be financed by borrowing secured against the personal assets of the owner, usually the skipper’s
residence.
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Since banks take charges over ring-fenced quota, the following situation may arise. If the value of
ring-fenced quota were to fall, taking account of both the price per tonne and the actual tonnes that can
be landed per tonne of track record, the value of the charge held by the bank would fall. If the total
charges held by the bank fell below the value of the loan, then the bank may decide to seek additional
security or to call in a proportion of the loan. If the vessel were not making healthy profits and there
were no additional security (such as track-record quota) available, then it would become insolvent.
Although some enterprises owning older boats have no outstanding financial liabilities associated with
the purchase of the vessel, many do have substantial borrowing. There is a tax advantage and
improvement in rate of return, albeit with higher risk, in maintaining some level of borrowing.

2.3.2.

New vessel costs

For an equivalent length, new vessels are broader and heavier and carry more power than their
predecessors. Vessels made of steel and those with full length shelters are more expensive than those
made of wood or with three-quarter length shelters. There is little difference between the price of
vessels equipped with twin and single rig, for equivalent power.
Taking either single or twin rig examples, and including an allowance for the cost of electronics, the
cost of a new vessel with full-length shelter is around £2,100–3,100 per kW. New vessels are exempt
from Value Added Tax.

2.3.3.

Capital value and depreciation

The capital value of the boat is often the historic book value and is not updated for inflation or
depreciation. In some cases, depreciation is applied and the capital value decreases over time. While
many boats now in circulation were built with a contribution from government grants, grants are no
longer available for new build, although they are still available for improving fish handling and
quality, and for safety.
The balance sheet may also contain valuations for the vessel licence and ring-fenced quota. These are
reported at historic book value and are not subject to revaluation or amortisation.
Engine replacement is occasionally capitalised and depreciated over around 5 to 7 years and can
involve expenditure of £70k–90k.

2.3.4.
2.3.5.

Wages and income to owners
Crew share

The crew members are self-employed share fishermen and are paid through the crew share. The
skipper and crew each receive an equal share, for example, between one third and one sixth, depending
on the size of the crew. The crew share is a fixed proportion of revenue after deducting variable costs.
The proportion that is paid to the crew is typically between 30% and 50%. The variable costs include
fuel, commissions, groceries, boxes and ice, and mending of nets. Some repairs may also be deducted,
in spite of the fact that they are variable costs, although they are more usually deducted later, before
distributing the boat share.
The crew is often paid by settling agents, who settle the bills for the variable costs from the boat’s
sales.
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2.3.6.

Boat share

The boat share is the remainder of revenue, after deducting fixed costs such as interest, depreciation
and repairs. The boat share is divided between the owners according to their share of the ownership of
the enterprise. The ownership of the boat is traditionally divided in 64 parts, with the skipper owning
up to half, 32/64ths.

2.3.7.

Cost shares

The cost structure of a vessel depends on its age, financial structure and endowment of days at sea and
quota. A newer vessel carrying more debt will have higher financing but lower repair costs, but the
levels of many of the other costs will be common across many vessels. Figure 2 shows a typical set of
cost shares, with labour (crew share) around a quarter of costs, fuel one sixth, commissions and repairs
each around a tenth, and interest and depreciation one sixth.

Figure 2

Typical shares of costs of running a vessel

Depreciation
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Interest
10%

Fuel
18%

Purchase of quota
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3%
Ice and boxes
4%
Gear
3%

Crew share
25%
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10%
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6%

Repairs
12%

Source: vessel accounts and settlement records.

2.4. Externalities
The engines of fishing vessels burn diesel and at current prices fuel is the second largest cost after
labour. The diesel attracts no fuel duty, unlike road transport fuels. The burning of diesel releases
greenhouse gases which impose a cost to society of perhaps $85/tCO2 (equivalent to £43–55/tCO2
depending on the Sterling-US Dollar exchange rate), HM Treasury (2006). Since each litre of diesel
releases 2.63 kgCO2 when burned, the social damage cost per litre is 11–15 pence/litre. This represents
an increase of 30% to 100% of the price of fuel. If the social damage cost were included (internalised),
it would increase the annual cost of running the vessel by about 6–10%.
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A potentially important economic factor not captured in the vessel’s economic account at present is the
opportunity cost of taking fish out of the sea. A tonne of fish that has been landed, discarded dead or
damaged during fishing is no longer part of the reproducing biomass nor is it growing to a greater
weight as it grows older. The opportunity cost is the lost value from future growth of that tonne of
fish. At a low stock level, the biomass grows quickly, provided that the stock is not at risk of collapse,
and the market price is high. At a high stock level the biomass grows slowly or not at all and the
market price is low. Thus the opportunity cost of taking a tonne of fish depends on the stock level.
More precisely, the definition of the marginal value of a tonne of fish is the change in value of the
optimal path of stock recovery as a result of that tonne having been removed. This cost should be
factored into the economic account before the social economic profit of the activity is estimated. The
method for making the calculation is well known, witness the climate change literature, where it plays
a central role. Unfortunately, no estimate appears to be available for North Sea white fish. This ought
to be a priority for future research, because it shows whether it is better to catch a fish (retain quota
levels) or to leave it in the sea to reproduce (cut quota levels).
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3. Market prices
3.1. Price of fish
3.1.1.

Fresh fish prices

There is a limited extent to which the skipper can respond to changes in prices by targeting or avoiding
one species. For example, by steaming further offshore, the number of cod caught is reduced and a
greater proportion of haddock and whiting is captured. By fishing near to shore the proportion of
haddock in the mix can be reduced.
For the sample vessels in total, over the six years 2000–2005, 27% by weight of the catch landed was
cod, 26% haddock and 18% whiting. In terms of value of sales, cod contributed 34%, haddock 16%
and whiting 8%, i.e. whitefish constituted 58% of sales. The largest other contribution to sales was
nephrops (more commonly known as scampi or Norwegian Prawns). The average prices received by
these boats over the six years was (in 2005 money) £1,530/t for cod, £760/t for haddock, £500/t for
whiting and £1,200/t on average across all species. Prices in money of the day are shown in Figure 3.
These prices are for live weight fish. To convert to heads-on gutted weight, use the rule that one tonne
of head-on gutted mixed white fish is equivalent to 1.16 tonnes of live fish.
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Figure 3

Prices received by sample vessels (money of the day)
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Source: MFA, Vivid Economics calculations.

In this sample of vessels, nephrops consistently represent about 20% by value of the catch and about
10% of the weight. These proportions remain fairly constant throughout the sample period, with the
exception of the first year, when they were one third lower.
Fishing News, the newspaper, reports prices by port. The following are example prices from the last
two weeks of October 2006. The figures below relate to gutted fish with heads on. In Grimsby, the
overland cod were fetching £2.60/kg for medium-large fish and for medium fish, £2.20/kg. Haddock
were fetching £2.70/kg for jumbo and £2.15/kg for medium, and whiting achieved £1.50/kg. In
Fraserborough, the price of cod was £2.30/kg, the price of haddock was £1.20/kg and the price of
whiting was £0.90/kg. For cod and haddock, the price of large fish is 10–15% higher per kilo than the
price for medium and small fish. Cod is the most precious fish of the three, and commands a price
about 80% higher per kilo than haddock. Cod achieves about two and a half times the price of whiting.

3.1.2.

Price elasticities

In 2002, Seafish, SEERAD and Defra commissioned an econometric analysis of the retail demand for
fish products. This extensive study included unconditional Marshallian price elasticity for demand
estimates for fresh demersal fish species. The values for cod, haddock, whiting and other demersal fish
were –1.125, –0.99, –0.565 and –0.624 respectively, Reven (2002). Combining these by the sales
shares for each type, gives a weighted average of –0.85 for fish landed by demersal trawlers.
Fresh whitefish is only around 10% of total whitefish landed, and there is evidence of whitefish being
displaced by farmed salmon in the household diet. Moreover about one quarter of fresh whitefish is
imported from Iceland and the Faroes, so the market is complex. To some extent, a reduction in fresh
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whitefish landings will be redressed by imports of frozen fish, but the market for frozen fish does not
appear to interact strongly with the fresh fish market.
A second study commissioned by the same parties from MOR Research Ltd in 2002 suggests a higher
price elasticity for cod, –1.4, and a lower figure for whiting in the short run, –0.44, with a higher
figure in the long run, –1.9.
Defra selected an elasticity of –1.5 for use in the model runs presented in sub-sections 7.3 and 7.4.
Sensitivity analysis was carried out using an elasticity of –0.9 in sub-sections 7.5 and 7.6.

3.2. Price of charter days
The price paid for a day of charter work varies from just under £1,000/day to just under £2,000/day.
The prices vary with location, type of work, the facilities offered by the boat and the season. A typical
price for charter work in the southern North Sea is £1,200–1,300/day.

3.3. Quota prices
3.3.1.

Quota leasing prices

Quota is traded bilaterally between individual vessel owners or through trading companies. There is no
over-the-counter market, so price information must be obtained from individual transactions. There is
some anecdotal evidence that market liquidity displays an annual cycle. In the first four months of the
year, in the period between the determination of the Total Allowable Catch and the official notification
of vessels as to their individual entitlements, there appear to be very few transactions. The number of
transactions increases towards the end of the year, as vessel owners find themselves needing to
balance their end-of-year position as it becomes clearer what their final end-of-year requirement for
quota will be. Although there is legal provision for banking and borrowing of quota between years, it
has not been permitted in recent years for cod, haddock and whiting.
The market price should be tested at times when liquidity is relatively high, and not during periods
when there are very few transactions. However, even in the absence of periods of low trading volume,
prices may vary through the year as the probability that the Total Allowable Catch will limit landings
and the extent to which it will do so becomes apparent. These are affected by stochastic events, such
as the weather, as well as market conditions, such as fuel and fish prices and the availability of charter
work.
The data for cod quota leasing, presented in Figure 4, show large movements of prices from month to
month in the last quarter, with much smaller movements between months in other quarters. This
pattern is consistent with a fine balance between demand and supply of quota as the year end
approaches, and is consistent with a market which is largely bilateral and has low volumes of trading.
It is also possible to see stable prices as the year end approaches when the demand and supply of quota
are not so finely balanced.
There is no clear trend of cod quota prices between years, with mid-year prices falling within the range
£200–400/tonne and earlier years spanning the same range of prices as later years. However, prices as
high as £600/tonne and as low as £100/tonne have been seen. Anecdotal evidence suggests that above
£400/tonne crews begin discarding smaller fish (highgrading) in order to increase the value per fish
landed.
At prices between £550 and 600/tonne, some boats might discard cod, or stop fishing for cod and
pursue prawns if they are able, or bid for charter work. The quota weight refers to live weight of the
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whole fish whereas market prices for fresh fish are quoted either as live weight or gutted with heads
on.

Figure 4

Quota leasing prices for North Sea cod (money of the day)
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Source: Recorded prices of a sample of transactions.

3.3.2.

Ratio of quota purchase to quota leasing prices

There are too few observations of contemporary transactions for quota leasing and rental to establish
with confidence the ratio of purchase to lease price. However, for the few transactions there are, the
ratio is given by the price paid per tonne for purchase (adjusted from Fixed Quota Allocation or track
record units to actual tonnes that can be landed) divided by the price paid per tonne leased (for which
no adjustment is needed). The ratio appears to be around 7 to 10 for cod.

3.4. Total allowable catch
The UK total allowable catch for cod from areas east and north of the UK’s east coast (I, IIa, b, IV)
has been stable at around 20 kilotonnes per annum for the last three years. The situation for haddock is
similar, albeit with a higher allowed catch of 40 kilotonnes per annum and whiting has been increasing
by around 10% each year over two successive years to 9 kilotonnes per annum in 2006. The ratio of
catch of these species is thus 1:2:4 whiting:cod:haddock. However, the only area relevant to the east
coast trawlers in the sample is area IV.

3.5. Days at sea prices
The number of kiloWatt days at sea in the Cod Recovery Zone is restricted. Trading of days at sea
began in 2005. The relevant days at sea relate to the use of gear with a mesh greater than 100mm,
which is suitable for the prosecution of whitefish.
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For the last two years, transactions occurred at around 40–50 pence/kWday, with the average being 45
pence/kWday.

3.6. Vessel licences
Unlike days at sea which are specific to the Cod Recovery Zone, licences may be used to prosecute
fish in a variety of fishery areas. The value of a licence thus depends not only on the profitability of
whitefishing but may also reflect a value from alternative deployment in other sectors, such as
nephrops.
Trades in licences are triggered by the construction of a new vessel or the purchase of a vessel from
outside the UK or through demand from other sectors, notably the pelagic fleet. In 2003, licence prices
were around £450/vcu, whereas in 2004 they were £420/vcu and by 2005 had fallen to £380/vcu.
Vessel capacity unit is abbreviated as vcu and is an index reflecting the power and fish catching
capacity of the vessel
Licence prices are higher for mid-sized vessels, but lower for smaller and for larger vessels. For
example, an 85 vcu licence may retail at only 60% of the value per vcu of a 250 vcu licence, and a 140
vcu licence at a 10% discount per unit to a 250 vcu licence. This phenomenon is attributable to the
indivisibility of licences, i.e. licences can be combined but not sub-divided.

3.7. Value of second hand vessels
When a second-hand vessel is sold, it may be advertised in the classified section of the Fishing News
or on a fishing website. The advertised price, if there is one, may not be the price at which the vessel is
sold, and sometimes the owner does not receive an offer as high as they would like and the vessel is
withdrawn from the market. The registry of vessel ownership does not record the purchase price. Thus
there is no official record of prices for second hand vessels.
When transactions take place, they are recorded in the accounts of the partnerships or firms of both the
buyers and sellers. Inquiries were made of a couple of firms of accountants in the East of England and
the East of Scotland, both of whom have a number of fishing partnerships and companies as their
clients. These firms do hold information on second-hand vessel transactions, but reported them to be
very few and thinly spread. Furthermore any exercise involving mining for data on these transactions
would also have to trace the vessel details to determine the vessel’s basic characteristics and type of
licence.
An altogether more convenient and rich source of data is available within the Scottish Executive from
the 2003 auction for the combined decommissioning of vessels and retiring of their licenses. Nearly
two hundred bids were received by the Scottish Executive, for a range of North Sea whitefish vessels
between 10 and 40 years old, of differing lengths, power, capacity and other attributes. 156 of the bids
were accepted and 23 were rejected. Of those that were accepted, 41 were later withdrawn by the
vessel owners. Figure 5 shows the pattern of bids in each category and a line of best fit through the
bids that were accepted and not withdrawn. These bids have been adjusted to remove the value of the
vessel licence, which was obtained from licence transactions in 2003.
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Figure 5

The value of second-hand North Sea whitefish vessels (ex-licence) from the Scottish
decommissioning auction 2003
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There is a fairly wide spread of prices per vcu received in the decommissioning auction for any given
age cohort of vessels, particularly for the oldest vessels. However, the data set shows a smooth decline
in value and a polynomial line has been fitted using Excel’s least sum of squares function. It gives a
new value of £1,600 per vcu. In comparison, the new build cost for a modern equivalent vessel is
£2,100–3,100 per vcu,
A parabolic curve gives a better fit to the data than a straight line and accords with the pattern of
depreciation for second-hand road vehicles where there is a faster decline in value for younger
vehicles than older vehicles. This line of best fit is translated into a reduction in value for each year of
the vessel’s life, divided up into five-year segments, shown in Table 1.
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Table 1
Age, years

Current value, £/vcu

Change in vessel value with age
Current value as proportion of
original value

Reduction in original value per
annum

0

1,573

100%

3.2%

5

1,325

84%

2.9%

10

1,100

70%

2.6%

15

899

57%

2.3%

20

722

46%

2.0%

25

569

36%

1.7%

30

439

28%

1.4%

35

332

21%

1.1%

40

250

16%

Source: Vivid Economics calculations based on Scottish Executive data.
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4. Behaviour
4.1. Incentives
4.1.1.

Well-aligned incentives

The incentives to the crew, skipper and owner are well aligned to the control of risk. The crew pays a
substantial proportion of the variable costs of the boat and receives a substantial share of the sales. It is
well motivated to catch more, achieve a high value per tonne and minimise costs. The controls
available to skippers or crew to reduce variable costs include fishing less distant grounds (to reduce
fuel use and repair bills), fishing with greater care (to reduce mending and repair bills), and teaming up
with another boat for pair trawling (to reduce fuel and repair costs). The ways in which they might
improve their sales are by improving their catch rate by becoming better at finding fish, high grading
(if it is beneficial to do so), and selective targeting of high-priced species through choice of fishing
location (selecting for cod inshore or for haddock offshore).
The owner(s), for their part, also have an interest in overseeing the performance of the crew on sales
and costs, and in managing the trading position of the vessel in respect of quota and days at sea rights,
risk management through insurance, and capital investment.

4.1.2.

A discontinuity

It appears that the incentives of the crew are asymmetric with respect to the trading position of the
vessel in quota and days at sea rights, in the following sense. When the crew takes to sea fewer than
the number of days available, then it receives no compensation for unexploited days, which the owner
can sell. However, when the crew goes to sea for more days than the boat holds, it pays for the leasing
of those extra days. The crew has a strong incentive to fish the full number of days held by the vessel,
but a much weaker incentive to fish further days. The same applies to the vessel’s position on quota.
Once the vessel’s initial allowance of days and quota have been exhausted, the crew has an increased
incentive to pursue charter work which consumes neither days nor quota. The size of this discontinuity
depends on the prices of days at sea and quota. The higher the prices, the greater the discontinuity.

4.1.3.

Incentives to highgrade

High grading is a means by which the crew can reduce the cost of consuming quota per pound of sales
by discarding smaller fish which have lower value per unit weight. It is not a costless activity: there is
the expense of higher costs of catching because of the need to shoot the net more times for each tonne
landed. The incentive to high grade depends on the relative costs and benefits of high grading. When
the quota price is high, highgrading becomes more profitable, when the days at sea price is high, it
becomes less profitable. In terms of the returns to society, the external cost of fishing (in terms of
bycatch and discards) rises as the quota price rises and falls as the days at sea price rises. Discarding
has a public cost to all fishermen and society since it increases fish mortality per tonne landed. The
fisheries manager ought to consider this effect when setting the controls that lead to high quota prices.
A remedy is to use effort restrictions to moderate prices in the quota market.

4.1.4.

Unused quota

The records of catches landed show that less than 100% of the quota allocated is used although
generally almost all of it is used. When the quota allocation for a year is determined, no account is
taken of the amount of quota consumed in previous years and thus there is no incentive to use the full
allocation in order to preserve the allocation in the subsequent year. This is as it should be. Were the
allocation in one year to be linked to the use in a previous year—a ‘use-it-or-lose-it’ rule—there would
be an unhealthy incentive to maximise use in order to gain future entitlement to quota.
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As described previously, the quota market appears to involve quite small volumes of trading. In such a
market each vessel owner will hold or lease enough quota to cover their expected level of landings.
Since it is profitable to go to sea even when leasing quota, they will tend to contract long (to hoard
quota), that is to hold more quota than they expect to use. This is because it is cheaper for them to risk
wasting quota than to risk wasting days at sea. In the case where they contract long, the likelihood is
greater than 50% that they will land less than their quota, and in the second case it is exactly 50%. So
even though some vessel owners will find themselves short of quota, overall there will be a few
percent of quota that is not used up. The greater the inefficiencies in the market due to small volumes
of leasing transactions and uncertainty over landings in the closing weeks of the compliance year, the
larger the amount of unused quota will be as a percentage of issued quota.
The prohibition on banking or borrowing is the cause of both the volatility in quota prices towards the
end of the compliance year and of the presence of unused quota. If an amount of banking (or
borrowing) were allowed, or a rolling quota period were adopted, then there would be no date at which
all quota in the market suddenly expired and became invalid, becoming worthless. A limited amount
of banking, or a rolling quota period should be adopted. It would smooth quota prices and reduce costs
for vessel owners. The same logic applies to the treatment of days at sea. Days at sea ought to be
allocated on a rolling basis or it ought to be possible to carry over (bank) a proportion from one year to
the next.
The allowed number of days at sea also affects the amount of unused quota. If the number of days
constrains fishing activity, then there may be quota left unused because there are insufficient days to
catch and land the allowed tonnes of fish. In this case, the presence of unused quota would not be an
indication that too much quota had been issued, but that the allowed days at sea is controlling fishing
activity.

4.2. Profitability, Entry and Exit
4.2.1.

Entry and exit

To the crew member with no stake in the boat share, the only measure of the financial success of the
boat is his wages, which are a fraction of the crew share. It is likely that the crew member assesses the
ongoing performance of the boat against the historic level of his wage packet and against wages
available in alternative employment. If wages fall in absolute terms, the crew member may feel
dissatisfied: if the wages fall below the wage available in alternative employment, he may be tempted
to quit and take another job. There is anecdotal evidence of crew members entering the sector from
other sectors with similarly tough working conditions such as mining and leaving it for other sectors
such as the oil industry, motivated by differentials in pay and availability of work. There is also
evidence of the fishing industry attracting crew members from East European countries where wage
levels are lower, in place of crews of British origin.
There is no doubt that some, and possibly the majority of vessel owners and skippers look keenly at
the absolute level of cash income from the boat after all expenses and interest costs have been paid.
These owners have an expectation of the level of cash generation which accompanies a successful
vessel. Should the cashflow become negative for a period of more than a few months, then it would be
likely to trigger a review of a vessel’s viability, and the vessel might be diverted to prosecute other
stocks, sold, or retired. The more optimistic the owner is that the situation will improve, the longer
s/he will tolerate diminished or negative cash flow.
Cash ratios such as gross margin do not seem to be in wide use. The gross margin would indicate the
cushion between positive and negative cashflows, but imparts little information that the absolute
cashflow does not offer. It is of little interest to the owner or to us in this report.
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However, when an owner is evaluating an option to build a new vessel or to buy a second-hand vessel,
one ratio is of principal practical and theoretical importance—the internal rate of return (IRR). The
IRR is the discount rate at which the present value of the investment (in a new boat) is zero. In an
investment like a fishing vessel, an internal rate of return higher than the cost of capital indicates a
profitable investment. If the investment is not profitable, then owners will not upgrade to newer and
brand new vessels. New purchases affect second hand boat prices too. A new purchase may trigger the
sale of an older boat, and then the sale of another, and so on, until either the fleet is increased by one
vessel or one vessel retires. In circumstances where the IRR is below the cost of capital, this cascade
of asset investment does not occur and the asset stock declines slowly. Given that the economic life of
a vessel is around 30 years, then the rate of decline in the asset stock is around 3% per annum unless
there is new investment taking place.
At the present time, a new boat receives no entitlement to days at sea and must arrange for them to be
transferred from another vessel. The licence and days at sea are often transferred from a donor vessel
or vessels held by the same owner. The model reflects this circumstance and no value is attributed to
the transfer. Thus, the IRR is calculated as a return on the cost of the vessel itself only, excluding the
value of any necessary investment in days at sea or licence. This assumption could easily be changed
so that the capital cost of the enterprise includes the cost of buying days at sea and a licence as well as
the vessel itself.
Although vessel owners have equity tied up in their vessels, they do not appear to compare the returns
available from leaving their equity in the vessels against the returns available from alternative
investments. For an investor who is not interested in alternative investments, there is little point in
estimating the return on equity, except if it is negative, even if there is a real opportunity cost
associated with a low return. To accept this argument, one would have to believe that owners behave
economically irrationally (by not maximising their wealth) or that there are other factors at play. Here,
the most likely factor is a cost of exit.
Since, it would be dangerous to assume that commercially astute fishermen behave irrationally, the
focus must be on possible candidate costs of exit. One candidate is the potential loss of the weaklydefined right to a future share of days at sea and quota, and the costs of re-entry. The right to a future
share of days at sea is currently attached to the licence and the quota to track record. A new entrant
does not receive a share of days at sea other than through holding a licence. Quota can be sold upon
exit and re-purchased upon entry. All that is lost during a period of absence is the change in value of
the quota and licence, and if the quota is held in a dummy vessel, then even that is not lost. However,
loss of effort rights is a cost of exit of capacity, which occurs when the licence is retired. In summary,
there is little cost of exit for a vessel, but substantial cost of exit for capacity.
A second candidate cost of exit is the possibility of a subsidised decommissioning scheme which
would create demand for second-hand vessels and increase their realisable value. If owners believe
there to be a high likelihood of another decommissioning round, then they will keep vessels in
circulation until the round takes place. This effect operates through the expectation of the owner that a
decommissioning round will happen soon, and the way to remove the cost of exit is to make a clear
policy commitment not to undertake another decommissioning round.
Another candidate cost of exit is the crystallisation of negative equity if the assets are less than the
financial liabilities. This situation may occur in boats or for skippers with high leverage, but there is
no data on the prevalence of this situation and it is probably not common.
A further plausible explanation is that owners expect any economic rent available in the future to be
expressed in the value of the license or fishing and landing rights. If they are optimistic that the stocks
will recover and that controls will be relaxed and thus the rights to the rent increase in value, then the
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only way to capture this increased value is to remain in the sector. To the extent that the rights attach
to a vessel licence and no new licenses will be issued, then in order to maintain their share of the
future rent, they must keep the vessels in operation now even when the returns on equity are low, in
the hope that returns will increase to super-normal levels in the future in compensation. There is a
grand opportunity for optimism bias here, in the following way. If the owners over-estimate the
likelihood of stock recovery and relaxation of controls, they will be prepared to absorb excessive
losses while waiting for the recovery. Optimism bias is common in investments across many sectors,
and it is notably discussed in the Treasury’s Green Book in the context of public sector construction
projects. Sometimes it is attributed to imperfect incentives between owner and manager (the principalagent problem), but here there are two factors which could contribute; over-optimism in the
assessments of the size of stocks (which has historical precedent) and a strategic advantage from
talking up the health of the stock to sway politicians to relax controls.
The cost of scrapping a vessel, which is around £5,000 to £10,000, is unlikely to be an important
factor.
Finally, there is claimed to be, by owners and skippers, a cost attached to disbanding a crew, in that it
is difficult to assemble a new crew and weld them into an efficient team. While there is undoubtably
truth in this, it is difficult to prove whether this is or is not a significant and influential cost. There is
also the attraction of the fishing lifestyle. This may weight heavily in a decision whether to continue
fishing, but it lies outside the scope of this study.

4.2.2.

Utilisation

The amount of time that trawlers spend in the North Sea Cod Recovery Zone varies across the fleet.
Some fish exclusively in that area and record up to 330 days per year in the zone, others fish
exclusively in that area but record fewer days, and some fish partly in that zone and partly outside it.
The overall pattern of time spent in the zone is shown in Figure 6. The effect of reducing quota and
days at sea is a combination of maintaining utilisation by leasing days at sea, reducing days spent at
sea and hence utilisation, diversification by prosecution of alternative species or fishing in alternative
geographic areas and exit from the sector. The model developed for this research (presented in
subsequent sections) can either be run so that the vessel maintains its utilisation by leasing days at sea
or so that it reduces its days spent at sea and hence utilisation.
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Figure 6

Utilisation of demersal trawlers (number of vessels spending more than a given
proportion of 280 days at sea in the Cod Recovery Zone)
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Source: Vivid Economics calculations based on MFA statistics.
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5. Framework for estimating
the prices of quota and
days at sea
In the next few pages, a relationship between quota and days at sea prices is explored and formalised
in an algebraic expression.

5.1. Willingness to pay for allowed days or tonnes
The numbers used in the following examples are not intended to be realistic. They are intended to
illustrate the relationship between the prices of quota and days at sea.
Consider a vessel with marginal costs of £8/day. Suppose it catches 2 tonnes per day, which it sells for
£10/tonne. At the margin, the vessel makes a profit of £12/day or £6/tonne.
If quota prices were zero, then the vessel would be prepared to pay up to £12/day for the right to fish
an extra day.
If effort prices were zero, then the vessel would be prepared to pay up to £6/tonne for the right to land
an extra tonne.
The relationship between the vessel’s willingness to pay for quota and willingness to pay for days at
sea is shown in Figure 7.

Figure 7

Willingness to pay for fishing rights

Quota (£/t)

marginal profit
per tonne landed

Effort (£/day)

marginal profit
per day at sea
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This relationship can be expressed algebraically and then derived from accounting data, as follows. If
a vessel can catch t tonnes per day, sell it at a price per tonne of pf and has marginal costs per day of
cd, then it makes a profit per day of, Πd = pf .t – cd or per tonne of Πt = pf – cd/t
If quota prices, pq, were zero, then for the right to fish an extra day the vessel would be prepared to
pay up to
WTPd = Πd

(1)

If days at sea prices, pd, were zero, then for the right to land an extra tonne the vessel would be
prepared to pay up to
WTPt = Πt

(2)

The vessel owner is prepared to pay no more than a linear combination of these prices.
pq = a – b. pd
From (1), pq = Πt – b. pd,and rearranging yields:
pd = (Πt – pq)/b

(3)

From (2), if quota prices were zero, then pd = (Πt)/b = Πd, and therefore
b = Πt/ Πd

(4)

Substituting (4) to (3) reveals that the full equation relating pd to pq is
pq = Πt – (Πt/ Πd). pd
Replacing the profit expressions with Πd = pf .t – cd or per tonne and Πt = pf – cd/t gives:
pq = (pf .t – cd) – pd/t

(5)

The vessel with the lowest marginal willingness to pay that can still afford to pay is the marginal
vessel. This equation relates to the costs per day and tonnes per day characteristics of the marginal
vessel.

5.2. Uncertainty
If it were certain that quota is constraining and surplus days are available then pd would be zero.
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If it were certain that effort was constraining and surplus quota is available then pq would be zero.
The value of either allowance is equal to the limiting value (when it is constraining) multiplied by the
probability that it is constraining.
If probability of quota being constraining is Lq, then the probability that effort is constraining is Ld = 1
– Lq. Assuming that the effort market reflects risk-neutrality, it follows that the price of effort will be
given by
pd = Πd . Ld, which is equal to
pd = (pf .t – cd ).(1 – Lq)
Substituting this back into (5) gives
pq = (pf .t – cd) – (pf .t – cd ).(1 – Lq)/t
which can be written as
pq = (pf .t – cd).{1 – (1 – Lq)/t}

(6)

5.3. Estimation from market data
At the beginning of a trading year, the closing position will not be known and it will not be known
whether quota or effort will be binding. Neither will it be known which vessel is the marginal vessel,
setting prices.
In equation (6), the prices pq and Pf are known from market data, Πd = pf.t – cd is known from vessel
accounting data, and t is known from MFA vessel statistics. This would allow Lq to be estimated, if
there were a sufficient collection of data available, but days at sea restrictions are too recent an
introduction.
Similarly, Ld can be estimated from market data and then the identity Ld = 1 – Lq can be tested to
ensure that the assumptions behind our modelling approach are an adequate approximation to reality.
There is price information for pd and pq for the years 2004, 2005 and 2006 collected from bilateral
trades. There is also information on the total abundance of quota, Q, and days at sea, D, from Defra.
This allows us to make a comparison between Lq and the ratio Q/D by plotting a scatter of the two on a
chart. If this generates a clear relationship, then this relationship can be used to give Lq as a function of
Q/D, ie. Lq = a – b.Q/D over a limited range of values.
Since there is insufficient data available to test this hypothesis, the model allows the user to define a
relationships for use in scenarios using reasonable assumptions, in this case, by assuming a straight
line change of Ld with Q/D and setting the slope of the line (the spread parameter).
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Figure 8

Representation of an assumed relationship between Ld and Q/D
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5.4. Application in the model
The following notes set out the steps involved in applying this approach to the model.
I. The price of fish is read off the demand curve given the quantity of fish landed while the marginal
cost per day of fishing is estimated from the accounting data. The parameter t is taken from the MFA
statistics.
II. The parameter Lq is calculated from the ratio Q/D. Ideally, one would use price and quantity data
observed in the quota market to derive the functional relationship between Lq and D. Having obtained
this relationship, one would then set a negotiation scenario of Q/D and predict Lq. In practice,
however, both the quota and days at sea markets are volatile due to low volumes of trading and the
expiry of allowances at the end of each year. Consequently, the relationship has been assumed and can
be adjusted in the model through the sensitivity or spread parameter shown in Figure 8.
The inputs Q and D also determine the grandfathered amount of quota and days at sea.
Note that this approach assumes that the marginal vessel is invariate with Q and D and that the vessel
accounting data used spans the characteristics of the marginal vessel.
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6. Operation of the model
6.1. Model structure
The model is designed for static comparisons. It does not contain dynamic components nor any
representations of distribution of characteristics in the sector. On the one hand, this makes it
immediately possible to see how the results derive from the cost profile of the vessel and there is no
mysterious black box of dynamic optimisation. On the other hand, there is no adjustment of the
vessel’s characteristics to reflect changes in fishing practice (such as pair trawling), in part because it
may necessitate a large statistical exercise to estimate the likely responses and in part because the
changes envisaged in the scenarios are incremental and are not expected to involve major disruptions
to fishing practice.
The model has several sequential parts. The user sets up a profile of a vessel, selecting its
characteristics of size, catch rate, cost structure and financing. This profile is then grouped into
variable costs and fixed costs. Having done this, the figures are taken forwards in two ways. On the
one hand they are divided through by tonnes of fish landed and days at sea so that the marginal profit
from a day at sea and tonne of fish is obtained. This is later used to estimate quota and effort prices.
On the other hand, the fixed and variable costs are sub-divided into costs that are expensed before and
after the distribution of crew share, to obtain the income to the crew and to the boat. This income is
reported in a summary sheet.
Each operation is carried out in a separate sheet:
•

‘Assumptions’ introduces the vessel profile;

•

‘Vessel costs’ groups the costs into variable and fixed categories before and after crew share,
and by tonne and day at sea;

•

‘Assets and finance’ calculates the interest and depreciation costs, change in equity value and
net position on days at sea and quota leasing;

•

‘IRR’ finds the discount rate at which investment in a new vessel has a present value of zero.
It finds the solution using Excel’s ‘goal seek’ function when a macro button on the summary
sheet is clicked.

•

‘Vessel profitability’ reports the income to crew, skipper and owner;

•

‘Markets’ calculates the market prices of fish, quota and days at sea.

•

‘Summary’ reports the final figures.

In the calculation sheets, there is one set of sheets for the base case and one set with the suffix
‘scenario’ for the scenario case.
The user will need to set up the vessel profile on the ‘Assumptions’ sheet and set up the scenario on
the ‘Summary’ sheet and press the IRR macro button, labelled ‘C’ in Figure 9. The results can then be
seen on the ‘Summary’ sheet. Although some interpretation of the results is automatically given on the
‘Summary’ sheet, the user may wish to look at ‘Vessel costs’ to understand how the cost structure is
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affected by his or her chosen assumptions and scenario, ‘Vessel profitability’ to understand which
income and cost streams contributing to income have changed, and ‘Assets and finance’ to see the
quota and days at sea trading position.

6.2. Setting up the scenario
The scenario is defined on the ‘Summary’ sheet. The user can independently increase or decrease the
quota and days at sea allocated to the vessel by any percentage positive or negative, but it is only
intended that changes of up to about +/–30% will be examined, and the model may not function
properly if much higher percentage changes are applied. These percentages are entered into the
yellow-shaded cells, labelled ‘A’ in Figure 11.

Figure 9

Screen view of model ‘Summary’ sheet

The model works out how much fish can be landed in the sector as a whole under the days at sea
restriction which the user has opted to input and under the allowed quota. It takes the smaller of the
two amounts in tonnes to be the actual amount landed. This value is put into the equation of the
demand curve for fish to find the price of fish.
The user can choose, by ticking or clearing a check box, labelled ‘B’ in Figure 9, whether the vessel
will continue going to sea for the same number of days as chosen in the vessel profile (for the base
scenario) or whether it will scale back its fishing days in line with the reduced landing of fish in the
market as a whole. The first case is reflective of a vessel which survives the change, and would imply
that there are vessels which exit the sector as a consequence of the change. The second case is more
reflective of the average effect of the change across all vessels presuming that none exits the sector as
a consequence of the change.
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6.3. Critical assumptions
There are several assumptions which are set by the user which have a significant effect on the results.
These are labelled in a view of the ‘Assumptions’ sheet shown in Figure 10 and are described below.

Figure 10

Screen view of ‘Assumptions’ sheet

The initial price of fish (D) has a direct effect on boat revenue and therefore wages, profit and returns.
It also, through the marginal profit from a day at sea or tonne landed, has a direct effect on the price of
quota and price of effort. The simplest way to increase the profitability of a vessel or both quota and
effort prices is to increase the price of fish. However, the average price received per tonne landed for a
whitefish boat is recorded in the MFA statistics, therefore caution should be exercised if making a
substantial deviation from these figures.
The price elasticity of demand for fish (E) has an important influence on the effect of a change in
restrictions on vessel revenues. If tonnes landed are reduced, the price of fish will rise. If the price
rises faster than the tonnes landed is reduced, then revenue will increase, but if the price rises more
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slowly then the revenue will decrease. Thus a reduction in tonnes landed can be manipulated to seem
profitable or unprofitable through the choice of elasticity. For the East of England whitefish fleet, the
fish is landed fresh, not frozen. The relevant price elasticity is therefore the market for fresh whitefish.
The relative tightness of the quota and days at sea restrictions (F) in the base case together with the
sensitivity (G) of the likelihood of days or effort restrictions biting determines the balance between
quota and days at sea prices. The relative tightness of the quota and days at sea restrictions is a
comparison between the weight of fish that can be landed under the quota and the weight that could be
landed using the allocated days at sea. The weight that can be landed per day at sea is the catch rate
(H). If the quota is set below the weight that can be caught with the allocated effort, the quota price
will be high and the effort price low. The quota price will be higher—the smaller the percentage set
using the sensitivity parameter. If the sensitivity parameter is x% and the quota weight is more than
x% less than the weight that can be landed with the allocated effort, then the effort price will be zero.
The converse case also applies.
The number of crew (I) sets the number of ways that the profit at settling is split. If one were to
assume a crew size of 5, the reported wages for each person would be smaller than if a crew size of 3
or 4 were chosen. Similarly, the skipper’s share in ownership (J) of the vessel will affect his cash
income and changes in wealth. At a low share, he will fare similarly to a crew member, but at a high
share, his income will look similar to that of the vessel owner. He may, of course, be the sole owner of
the vessel.
The age of the vessel (K) has a great effect on the cost of financing the vessel, either on the interest
charges or on the amount of equity employed or both. It may also have some effect on the costs of
operation through lower repair costs albeit offset partly by some higher elements of insurance cost.
The financial structure (L) affects the drain on cash from interest charges and loan repayments thus
the size of the boat share. A boat that carries no debt will deliver a much higher boat share than a boat
that is highly geared (leveraged or indebted). However, it may be more tax efficient to carry some
debt. The model does not consider the effects of tax. If boats were to avoid debt in order to strengthen
their free cashflow as a strategy for weathering years of reduced quota and allowed days at sea (when
cashflow may be low), then there may be a tax liability.

6.4. How to interpret the results
The ‘Summary’ sheet reports key financial and economic indicators. These are labelled in a view of
the ‘Summary’ sheet shown in Figure 11 and are described below.
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Figure 11

Screen view of ‘Summary’ sheet

The first set of performance indicators on the ‘Summary’ sheet are the cash income (M) figures for a
crew member, the skipper (with a part share in the vessel) and the vessel owner. The cash income is
the sum of the payments of crew share and boat share receivable by each party. These can be
compared with the wages available in alternative employment for a crew member and the skipper. If
income is not competitive with wages available in alternative employment, then there will be an
incentive for crew members to leave the sector or the crew share will have to rise.
The skipper and vessel owner also experience changes in the value of their assets (N), through
depreciation, changes in financial structure and changes in the value of quota and days at sea
entitlement. The value of these entitlements is affected by changes in volume allocated as well as
changes in price. The two effects are linked and opposing, but do not cancel each other out. Here, the
relevant factor is that if the changes in asset value are negative and the owners do not expect
improvement in future years, then they will exit the sector.
At the vessel level, the gross margin (O) (profit before interest) and the cashflow (profit after
interest) are two important indicators of profitability. Skippers and owners have a keen eye for an
acceptable gross margin, and a healthy cashflow is required to accommodate occasional expenditure
on a major repair and to give a positive boat share. If the cashflow becomes negative, the owners have
to lend to the vessel and this is something they are unlikely to be willing to do unless they see both the
high likelihood of being repaid and of the vessel’s profitability being much improved in the future.
The returns from equity invested in the vessel ought to be the key indicator for the owner to assess
the performance of their investment. This indicator allows the owner to compare his or her investment
against alternative investments he or she might make, for example, in shares of publicly-listed
companies. The return can be compared against investment benchmarks.
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The internal rate of return is the standard (together with the present value, if the investor’s discount
rate is known) for assessing the profitability of an investment. It is the appropriate test for the viability
of the construction of new vessels. If the IRR is less than the weighted average cost of capital (the
weighted average of the cost of debt and cost of equity) then one expects no new vessels to be built.
Finally, the market prices of fish, quota, effort and licences (P) are all of reported. The higher the
market price of fish, the less affordable these species of fish become to those on lower incomes, which
may affect performance against broad social policy objectives. If quota prices rise above a certain
level then highgrading becomes more prevalent and the efficiency with which the fish stock is
exploited decreases both in a biological sense (in the number of tonnes of biomass consumed per tonne
of fish landed) and in the economic sense (in terms of cost incurred per tonne of fish landed). If effort
prices rise high then the non-equivalence of property rights between quota and effort becomes more
important and may lead to inefficient behaviour, such as the hoarding rather than retiring of
uneconomic vessels. The market price of a licence probably reflects the value of the share in the days
at sea entitlement of a vessel, hence the same arguments apply as for effort prices.
The model automatically presents comments on each of the above in a column headed ‘conclusion’
(Q).

6.5. Note on model operation
Note that when assumptions which affect the profitability of the vessel are changed, then the base
scenario prices of days at sea and quota need to be checked to ensure that they reflect recent market
prices. If it is necessary to adjust them, this is best done by changing the total number of days at sea
issued.
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7. Results
7.1. Assumptions and scenarios
The results shown below illustrate, for a suite of scenarios, the range of results that are obtained from
the model. This set of results was obtained using the assumptions set out in Table 2.
Table 2

Assumptions used to obtain the illustrative results

Assumption

Value

Vessel characteristics
Capacity (vcu)

255

Power (kW main engine)

290

Quota owned in 2006 (actual tonnes)

190

Days at sea owned in 2006 (days)

163

Number of crew (including skipper) (persons)

4

Age of vessel (years)

20

Operating variables
Days at sea: fishing (days)

200

Days at sea: charter work (days)

20

Tonnes per kW.day at sea (t/kW.day)

0.00334

Proportion of insurance expended before crew share

0.75

Administration (£)

1,220

Radio, radar and electronics (£)

2,076

Rent and utilities for store (£)

1,010

Variable Costs
Fuel use (litres per kW.day at sea---fishing)

2.84

Ratio of fuel per day fishing to fuel per day charter work

3.5

Fuel price (pence per litre)

30

Landing agent’s commission (% of gross sales)

0.045

Harbour dues (% of gross fish sales)

0.045

Producer’s Organsition commission (% of gross sales)

0.015

Ice and boxes (£/t)

50

Repairs (£/vcu.day)

0.75

Gear mending and replacement (£/vcu.fishingday)

0.20
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Table 2 continued

Assumptions used to obtain the illustrative results

Financing
Cost of equity (%, pre-tax, nominal)

0.1

Tax rate on equity

0.3

Leverage for this vessel (debt / debt + equity) (%)

0.5

Typical leverage for a new vessel (%)

0.75

Bank base rate (%, nominal)
Rate of inflation
Risk premium for bank borrowing (%)

0.0495
0.02
0.0175

Term of bank loan (years) (max. 10 for 2nd hand boat)

10

Cost of new build including Value Added Tax (£/kW)

3,000

Depreciation profile
Crew share (%)

0.495

Skipper's boat share (%)

0.496

Other
Earnings of crew in alternative employment (£/day)

77

Earnings of skipper in alternative employment (£/day)

114

Price of charter work (£/day)

1,200

Allowances
Deviation where value is unity or zero (%)

0.32

Ratio of purchase to leasing price for quota

8.1

Ratio of purchase to leasing price for effort

8.05

Ouput (whitefish) market
Price elasticity of demand (no units)
Price (£/tonne)

7.1.1.

-0.9
1,590

Scenarios

Two sets of scenarios were run. In the first, the cod quota was reduced by 10% and in the second it
was reduced by 15%. In both sets, the days at sea were progressively reduced by 10%, 15%, 20% and
25%. These sets of scenarios were tested twice, once with elastic demand and once with inelastic
demand.
Note that in none of these scenarios is the catch rate changed. Over time, if stocks improve as a result
of management controls, the catch rate may improve. The financial performance of the boats is
sensitive to the catch rate, so an improvement of, say 5% or 10% in the catch rate, as already reported
in some fisheries over recent years, would have a significant impact on the results discussed below.

7.2. Sensitivity analysis
A sensitivity analysis has been carried out on the assumptions above, to explore the effect of changing
the price of fish, the number of days at sea and the price elasticity of demand for fish on the
profitability of a vessel.
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7.2.1.

An increase in the price of fish

A 25% increase in the price of fish from £1,600/t to £2,000/t dramatically improves the economic
performance of a vessel, see Table 3. It raises a crew member’s income from £27k to £35k, a 30%
increase. The increase is more than proportionate to the increase in revenue because only the costs of
commission and leasing quota and days at sea have increased, with other costs staying the same.
The skipper fares even better, experiencing a 65% increase in cash income. The boat owner fares the
best, with a 150% increase in cash income.
The net profit after depreciation improves from £3,100 to £35,800 and the return on equity jumps from
12% to 28%. The internal rate of return for a new vessel increases from 3.9% real to 8.7% real.
Table 3

Effect of a 25% increase in fish prices

Results with fish price of
£1,600/tonne

Results with fish price of
£2,000/tonne

Percentage increase

Wages per crew member

26,600

34,600

30%

Skipper's cash income

37,200

61,500

65%

Vessel owner's cash
income

10,800

27,300

150%

net profit (before
depreciation)

20,100

52,800

160%

net profit (after
depreciation)

3,100

25,800

—

returns to equity in vessel

12%

28%

130%

internal rate of return for
a new vessel (real)

3.9%

8.7%

120%

Indicator

7.2.2.

An increase in the number of days at sea

A 20% increase in the number of days fished from 200 days to 240 days improves the economic
performance of a vessel, see Table 4. It raises a crew member’s income by only 1% from £27k. The
increase is less than proportionate to the increase in days because additional revenue is diluted by the
cost of leasing additional days and quota and other variable costs.
The skipper fares somewhat better, experiencing a 10% increase in cash income. The boat owner fares
moderately well, with a 7% increase in cash income.
The net profit after depreciation improves from £3,100 to £4,900 and the return on equity changes
little. The internal rate of return for a new vessel increases slightly from 3.9% real to 4.1% real.
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Table 4

Effect of a 20% increase in days at sea

Results with 200 days at
sea

Results with 240 days at sea

Percentage increase

Wages per
crew member

26,600

27,300

3%

Skipper's cash
income

37,200

40,800

10%

Vessel owner's
cash income

10,800

11,600

7%

net profit
(before
depreciation)

20,100

27,900

40%

net profit (after
depreciation)

3,100

4,900

60%

returns to
equity in vessel

12%

12%

0%

internal rate of
return for a
new vessel
(real)

3.9%

4.1%

5%

Indicator

7.2.3.

Effect of elastic demand for fish

Now the demand for fish is switched from an elastic demand response, an elasticity of –1.5, to an
inelastic response, an elasticity of –0.9. The indicators are shown again in Table 5, after a 20%
reduction in quota and days at sea from the base case.
When the quantity supplied falls, the price rises. When the elasticity is –1.5 it rises from £1,600/t to
£1,700/t. When the elasticity is –0.9 the price rises more, from £1,600/t to £1,780/t, than it does when
demand is elastic. The gross fish sales of the vessel are £300k in the first case and to £315k in the
second.
When the quota and days at sea restrictions are applied under conditions of inelastic demand, the
vessel’s income rises, but under elastic demand it falls. At the same time, the costs borne by the crew
increase as they have to lease more days to maintain the number of days spent at sea. Overall the
crew’s income falls if demand is elastic and falls much less if demand is inelastic, with increases in
revenue more than offset by increases in quota leasing cost. The income to the skipper and boat owner,
and the return on investment fall similarly.
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Table 5

Effect of a change in price elasticity of demand for fish

Base case

Base case with 20% reduction in quota
and days allowed, inelastic demand (e =
–1.5)

Base case with 20% reduction in quota
and days allowed, elastic demand (e =
–0.9)

Wages per
crew member

26,600

24,000

25,100

Skipper's cash
income

37,200

31,700

34,900

Vessel owner's
cash income

10,800

7,800

10,000

net profit
(before
depreciation)

20,100

13,900

18,300

net profit (after
depreciation)

3,100

(3,100)

1,300

returns to
equity in vessel

12%

8.5%

11%

internal rate of
return for a
new vessel
(real)

3.9%

2.8%

3.6%

Indicator

7.3. Effects of simple quota cuts (elastic demand, e= –1.50)
7.3.1.

Price of fish and allowances

The initial effect of reducing the level of quota by 10% and 15% while holding days at sea constant, is
to raise the average price of fish landed from £1,600 to £1,640 and £1,660 respectively. The price of
quota rises both because of the higher price of fish and the linked effect of the greater scarcity of
quota, moving up from £310/t in the base case to £370/t and £400/t in the two reduced quota cases.
The price of a day at sea declines from £0.44 to £0.37 and £0.33 as the quota becomes more
constraining relative to the number of days at sea.

7.3.2.

Income to crew, skipper and owner

The increased fish price raises the boat’s sales and hence the crew share per person from £26,600 to
£27,200 and £27,400, if the boat is able to maintain the number of days it goes to sea by leasing quota.
The adoption of this assumption implies that the boat is more profitable than the average boat in the
fleet. If, however, it is forced to scale back its activity in line with the quota cuts, then the crew share
does not rise, instead it falls slightly, from an initial level of £26,600 to £26,300 and £26,100
respectively for 10% and 15% reductions in quota allocation.
The owner, who previously enjoyed an increase in wealth of £21,500 per annum, experiences an
increase in income, rising to £22,600 and £23,600 respectively if the quota is cut by 10% and 15% but
the activity of the boat continues at its original level. If the activity of the boat is reduced
proportionately, then the owner’s wealth increase is held constant, at £21,600 and £21,500 per annum.
The skipper’s position is similar, being part crew and part owner. He sees his change in wealth rise
from £47,700 per annum to £49,400 and £50,300 if activity is maintained, or £47,500 and £47,300 if
activity is reduced.
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7.3.3.

Net profit

The net profit before depreciation of the boat increases from £20,100 to £22,400 and £23,600 for 10%
and 15% cuts in quota with maintained activity, and remains constant at £20,300 and £20,300 with
reduced activity. The level of the net profit is sensitive to the initial assumptions used, and these
negative figures are not an indication that all boats are experiencing negative cashflow. Some are
making healthy profits while some are not.

7.3.4.

Value of rights assets

The boat’s quota rights appreciate in value from £447k in the base case, to £540k and £580k in the
quota cut scenarios. As a partial counterbalance, the value of the days at sea entitlement falls from
£170k to £140k and £120k respectively.

7.4. Effect of quota cuts combined with days at sea cuts (elastic
demand)
Now, if on top of the quota cuts, the number of days at sea is reduced by up to 25%, several effects are
observed.

7.4.1.

Income

First, if the boat maintains its activity level, as the crew would wish, then the crew’s income is
reasonably well protected as the price of fish rises in response to falling supply. However, if the boat’s
activity declines in line with allowed quota and effort, then the crew experiences significant income
reduction. These results are shown in Figure 14.
When the days at sea are reduced by 20% or more, days at sea is the binding constraint and there is no
difference between the 10% and 15% quota reduction scenarios.
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Figure 12

Effect of days at sea reductions on income of crew members

30,000

utilisation
maintained

Crew member's income (£)

29,000
28,000
27,000
26,000
25,000
24,000

utilisation
reduced

23,000
22,000
0%

-10%

-15%

-20%

-25%

Reduction in days allocated
same activity, -10% quota
reduced activity, -10% quota

same activity, -15% quota
reduced activity, -15% quota

The v-shaped trend seen in Figure 12 for the maintained utilisation scenarios arises as follows. As the
allocation of days at sea is cut back, the number of days at sea leased in order to maintain utilisation
rises and the price of leased days also rises, so the cost of leasing days rises steeply, shown in the sixth
column of Table 6. The price of fish does not begin to rise until the quantity of fish landed begins to
fall. There is little effect on fish prices until the number of days at sea becomes the binding constraint,
which involves cuts of more than 15% days at sea. For cuts in days at sea above this level, the rise in
revenues (column three) outweighs the rising cost of leasing additional days. The net effect is shown
in the last column; in moving from 0% to 15% cut in days at sea the net effect is negative (increases in
costs outweigh increases in revenues), and in contrast, in moving from 15% to 25% the net effect is
positive.
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Table 6

The effect of days at sea restrictions on revenue and costs

Cut in days

Price of fish

Revenue

Cost of
commission

Cost of quota
leasing

Cost of days
at sea leasing

0%

1,600

310,000

32,500

1,100

4,600

15%

1,640

317,000

33,300

2,300

14,500

25%

1,780

344,000

36,200

1,800

31,600

0% to 15%

7,200

800

1,200

9,800

(4,600)

15% to 25%

28,000

2,900

(500)

17,100

8,000

Net effect

Change from

Note: figures may not sum due to rounding. The results shown are for a 10% cut in quota with a constant number of days
fishing.

The owner is financially better off if the activity level is sustained rather than is allowed to fall, as
shown in Figure 13. The absolute level of income is sensitive to many factors and the opportunity cost
of capital employed is excluded.
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Figure 13

Effect of days at sea reductions on wealth generation of vessel for owner

30,000

Owner's change in wealth per annum (£)

utilisation
maintained
25,000

utilisation
reduced

20,000

15,000

10,000
0%

-10%

-15%

-20%

-25%

Reduction in days allocated
same activity, -10% quota
reduced activity, -10% quota

same activity, -15% quota
reduced activity, -15% quota

Note: these figures excluded the opportunity cost of capital employed

7.4.2.

Net profit

The absolute effect on net profit before depreciation is a roughly £5k increase for successive 5%
reductions in days at sea beyond a 15% reduction, if activity levels are maintained, but a decline in net
profit of about £2k for successive reductions if the activity level falls, as shown in Figure 14.
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Figure 14

Effect of days at sea reductions on net profit before depreciation

35,000

Net profit before depreciation (£)

30,000

utilisation
maintained

25,000
20,000
15,000
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reduced

10,000
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0
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-10%

-15%

-20%

-25%

Reduction in days allocated
same activity, -10% quota
reduced activity, -10% quota

7.4.3.

same activity, -15% quota
reduced activity, -15% quota

Prices of quota and effort

As days at sea are cut, days at sea prices rise to levels much higher than previously seen in the market
since days at sea controls were introduced. There is a corresponding weakening of quota prices, as
shown in Figure 15.
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Figure 15

Effect of days at sea reductions on quota and days at sea prices
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7.5. Effects of simple quota cuts (inelastic demand, e = –0.9)
7.5.1.

Price of fish and allowances

The initial effect of reducing the level of quota by 10% and 15% while holding days at sea constant, is
to raise the average price of fish landed from £1,600 to £1,660 and £1,700 respectively. The price of
quota rises both because of the higher price of fish and the linked effect of the greater scarcity of
quota, moving up from £310/t in the base case to £380/t and £430/t in the two reduced quota cases.
The price of a day at sea declines from £0.44 to £0.38 and £0.35 as the quota becomes more
constraining relative to the number of days at sea. These changes are larger than for elastic demand.

7.5.2.

Income to crew, skipper and owner

The increased fish price raises the boat’s sales and hence the crew share per person from £26,600 to
£27,700 and £28,200, if the boat is able to maintain the number of days it goes to sea by leasing quota.
The adoption of this assumption implies that the boat is more profitable than the average boat in the
fleet. If, however, it is forced to scale back its activity in line with the quota cuts, then the crew share
does not rise, instead it changes only slightly, from the initial level of £26,600 to £26,700 and £26,800
respectively for 10% and 15% reductions in quota allocation.
The owner, who previously enjoyed an increase in wealth of £21,500 per annum, also experiences an
increase in income, rising to £23,600 and £24,700 respectively if the quota is cut by 10% and 15% but
the activity of the boat continues at its original level. If the activity of the boat is reduced
proportionately, then the owner’s wealth increase is only slight, to £22,500 and £23,000 per annum.
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The skipper’s position is similar, being part crew and part owner. He sees his change in wealth rise
from £47,700 per annum to £50,900 and £52,500 if activity is maintained, or £48,900 and £49,400 if
activity is reduced.

7.5.3.

Net profit

The net profit before depreciation of the boat increases from £20,100 to £24,400 and £26,600 for 10%
and 15% cuts in quota with maintained activity to £22,300 and £23,200 with reduced activity. The
level of the net profit is extremely sensitive to the initial assumptions used, and these negative figures
are not an indication that all boats are experiencing negative cashflow. Some are making healthy
profits while some are not.

7.5.4.

Value of rights assets

The boat’s quota rights appreciate in value from £447k in the base case, to £570k and £620k in the
quota cut scenarios. As a counterbalance, the value of the days at sea entitlement falls from £170k to
£150k and £130k respectively.

7.6. Effect of quota cuts combined with days at sea cuts (inelastic
demand)
Now, if on top of the quota cuts, the number of days at sea is reduced by up to 25%, several effects are
observed.

7.6.1.

Income

First, if the boat maintains its activity level, as the crew would wish, then the crew’s income falls for
cuts in days at sea of less than 15%, but recovers for larger cuts. However, if the boat’s activity
declines in line with allowed quota and effort, then the crew experiences significant income reduction.
These results are shown in Figure 16.
When the days at sea are reduced by 20% or more, days at sea becomes the binding constraint and
there is no difference between the 10% and 15% quota reduction scenarios.
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Figure 16

Effect of days at sea reductions on income of crew members
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The vessel owner’s income is slightly declining in response to cuts in the days at sea allocation but
recovers for large cuts, unless the vessel’s activity level falls. The owner is financially better off if the
activity level is sustained rather than is allowed to fall, as shown in Figure 17. The absolute level of
income is sensitive to many factors and the opportunity cost of capital employed is excluded.
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Figure 17

Effect of days at sea reductions on wealth generation of vessel for owner
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Note: these figures excluded the opportunity cost of capital employed

7.6.2.

Net profit

The absolute effect on net profit before depreciation is a roughly £5k increase for every 5% reduction
in days at sea beyond cuts of 15% if activity levels are maintained, but a gradual reduction in net profit
for smaller cuts or if the activity level falls, as shown in Figure 18.
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Figure 18

Effect of days at sea reductions on net profit before depreciation
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7.6.3.
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Prices of quota and effort

As days at sea are cut, days at sea prices rise to levels much higher than previously seen in the market
since days at sea controls were introduced. There is a corresponding weakening of quota prices, as
shown in Figure 19.
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Figure 19

Effect of days at sea reductions on quota and days at sea prices
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8. Conclusions
This report identifies measures of economic performance, and then examines how those measures are
affected by changes in the quota and effort management regime.

Measures of economic performance
The three key measures of economic performance in the sector are a crew member’s income, the net
profit (vessel owner’s income), and the internal rate of return for new build. These can all be estimated
from vessel accounting data and can be used as the basis for appraising the overall merit and
distributional impact of policy options.

Revenue and the demand for cod
There is little that a fishing enterprise can do to change the costs incurred in fishing, other than change
the vessel. However, there is greater control over revenue. The most important controllable factor is
the number of days at sea fishing and the greatest influence on revenue and thus profitability of a day
at sea is the price received per tonne landed.
When quota and days at sea controls are tightened, the tonnes of fish landed by UK-registered boats
will fall. These vessels represent most of the landings of fresh cod in the UK. Hence, the price of fresh
cod will rise, although its rise is tempered by consumers switching their demand to frozen fish, other
whitefish species, and to a lesser extent, salmon and meat. How much spending increases depends
upon the price elasticity of demand for fresh cod, where the evidence is inconclusive.
The implications of the elasticity of demand for cod are profound. If consumer spending on fresh cod
rises when the supply of cod falls, the average revenue per day at sea will increase but if it falls then
average revenues will fall and profitability will follow largely the same pattern. So long as the stock
does not decline further, the catch rate will remain the same or improve and thus the cost of catching
every tonne will be the same or fall. Since the profit is the surplus of the revenue and cost, profits will
increase.

Effect on value of allowances
The value of a day’s fishing is the profit that can be made from fishing that day, and similarly the
value of a tonne landed or licence is related to the profit of each activity. If the profitability of the
vessel increases, the combined value of these allowances increases and the market prices at which they
are traded will rise. These prices are linked together. If the price of days increases, then, all other
things being equal, the marginal profit from a fishing licence or extra tonne landed is reduced and visa
versa. The division of value between the three allowances depends on the likelihood that each
constrains the total profit of the system. If the amount of one right is reduced, its price will rise relative
to the prices of the other two rights. At the moment, quota is most constraining, and there are rather
too many vessel licences in circulation.
Thus if the quota allocation is reduced, quota prices will rise, increasing the incentives for highgrading
and cheating on the quota rules. However, if the days at sea are simultaneously reduced, quota prices
will be moderated. The amount by which days at sea have to be curtailed to achieve this outcome
depends on the catch rate and the propensity of vessels to diversify their activities into other species,
geographical areas and charter work. The opportunities for the latter, however, are fixed by a level of
demand for charter work that is driven by activity in the oil and gas sector outside the influence of the
fishing industry.
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The effect of fixed costs
The effect of fixed costs in the sector is that vessels may be making losses (their net profit being less
than zero) even while it is profitable for them to go to sea fishing. The crew is paid by a share of the
profit of each day at sea, less some contribution towards fixed costs, while the boat owner (and skipper
to the extent that he is part-owner) receives a share of the profit less the majority of the fixed costs.
The lower the gross sales, the lower the crew’s income and the greater the likelihood that the net profit
is small or negative, and the operating surplus is wiped out by fixed costs. Failure to cover fixed costs
is an indication that utilisation is too low (or the fish stock and therefore catch rate is too low) and that
some vessels should exit the sector in order to improve the utilisation of the remaining vessels in the
short term and that landings should fall to improve the catch rate in the long term. This study has
reported some evidence, though it is inconclusive on its own, that vessel utilisation in the cod recovery
zone is substantially below the optimal level. The stock is well known to be below its optimal level
(the level of the maximum economic yield).

Exit and property rights
In order for utilisation to be improved, some capacity should exit the market. There are some barriers
to this happening. A potentially significant economic barrier is the inability of owners to realise the
value of their days at sea rights other than by sale of the vessel licence. This effectively prevents the
owner selling their days at sea rights other than when there is a simultaneous increase in fishing
capacity equal to the capacity that they wish to retire from the sector. It is a zero sum game, and the
gains to efficiency from greater utilisation are lost. If this restriction were removed, owners could
extract value by exiting and the incentive to exit would be much greater. Indeed, the effect of exit in
enhancing the profitability of the remaining fleet may be as great or greater than the effect of changes
in the allocation of quota and days at sea rights on reducing that profitability. This is shown in the
model results.
Aside from the effect of exit, the income received by a crew and owner is affected equally by
equivalent changes in quota or days at sea allocations, given comparable effectiveness of enforcement
and no practice of highgrading. Other than by observing the market prices of effort and quota, and the
catch rate, it is difficult to assess the relative tightness of effort and quota. Thus the outcomes of
scenarios of future relative tightness of days at sea and quota restrictions have to be inferred from
current market prices for quota and days at sea. These scenarios appear to have quite small impacts on
crew income if utilisation is maintained, but much larger impacts otherwise, and in all circumstances
can substantially reduce net profit.

Entry and property rights
There is one area where quota and days at sea have quite different characteristics—entry and exit. The
effect on exit has already been described above. The effect on investment is similar. A number of
vessel owners and other participants in the sector have invested in buying more quota rights as the
quota allocations have reduced, in order to maintain the utilisation of their vessels without having to
lease in quota. This increases the operating profits and the fixed costs of the vessels. Comparable
investments in days at sea rights, if they have occurred at all, have been achieved by keeping old
vessels in service in order to keep their days at sea entitlement available for the vessels that will
actually go to sea. There is a cost to this—the cost of keeping the vessels in service. If the owners were
permitted to sell or scrap these vessels without loss of days at sea rights, incumbents who own several
boats would be able to consolidate their assets and invest in days at sea at lower cost.
However, this change would widen the inequality of costs for new entrants and incumbents. Indeed, it
is a problem that may be more severe in the fishing industry than in most other rights-trading sectors
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because of the rather low current level of utilisation of capacity, and because of the investment overhang that has been the consequence of years of reducing activity without shedding capacity, resulting
in a large volume of exit and smaller but significant volume of entry in the years following. There is a
potentially large distributional effect associated with a large volume of rights exchanging hands
between those exiting the sector and those entering it. This report does not address this topic further
except to note that rising stocks and rising resource rents may provide a relief from the problem.
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