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0. Introduction

The study was carried out as part of the EU funded project: "The Significance of Economic Incentives in Fisheries Management under the CFP" (FAIR CT97 3936). The views expressed in the paper are those of the authors and do not necessarily represent those of the European Union.

The paper is composed of 5 sections. The first one describes the Danish legal basis for fisheries regulation, and the most important specific rules in detail. The second section describes the monitoring and penalty system. The third section outlines the conditions for optimal allocation of individual quotas and makes a rude distribution of quota rations on vessels types according to the criteria for optimal allocation. In section 4, the incentives to derogate from effort and quota restriction are calculated by use of linear programming model applied on the Danish Baltic Sea trawl fishery. Finally, section 5 concludes.

1. The legal basis

1.1 Government orders

The regulation for 1998 is based on Government Order (GO) 852 of Nov. 20 1997, and this order is the basis for the description of the design and the implementation of the Danish regulation, in particular, with respect to output regulation such as catch quotas and input regulation such as effort limitations determined by time restrictions and permits to participate in certain fisheries. In general the principles for the Danish regulation for 1999 and 2000 are the same. The order does not comprise effort limitations with respect to capacity reductions. 

The order refers to the Danish legal act 904 of Nov. 30'th 1993 which endorse the EU Council Regulation no. 3760/92 of Dec. 20 1992  (OJ no. L389, 1992) about the Common Policy for fisheries and aquaculture to be effective from Jan. 1'st 1993.   GO 852 also refer to Council regulation no. 3094/86 of Oct. 7 1986 with subsequent amendments (OJ No.  L 288, 1986) about technical management measures, and the annual council regulation fixing the total allowable catch for the coming year.

The content and the implementation of the Danish regulation is organised as a Chinese box system with:

1. General specifications, definitions and permit allocations

2. General limitations about

A. Fishing and landings

B. Technical measures

C. Rations on short time periods

3. Specific regulations of demersal species

4. Specific regulations of pelagic species 

5. Specific regulations of 3. Countries’ fishing zones

6. Control and punishment

The GO is rather detailed, and specifies first the implementation area, the products (fish) and the fishermen concerned. The changes in the conditions for fishing that the Danish authorities (The Ministry for Food, Agriculture and Fisheries, MFAF) can impose are not less important. In view of the catching, supply and demand condition the MFAF issues detailed notices during the year about:

1. Changes in quantities for specific periods (quotas)

2. Changes in quantities or number of fishing days allocated to fishermen for specific periods (rations)

3. Changes in requests for permits to conduct certain fisheries

4. Changes in demands for certain fisheries being conducted by certain vessel categories

5. Command about landing conditions including geographic areas

6. Command about how the landings are used

7. Command about stopping certain fisheries

8. Command about reduction in landings in certain period to adjust to market demand

1.2. Permits

The MFAF uses permits to manage specific fisheries extensively. The permits contain rather detailed specifications about the condition for the specific fishery, and it is important to say that the permits are normally issued for short periods, less than a year, and they can be changed if necessary to adjust to the stock and market conditions. The fishermen have to apply for a permit, and they can give it up at any time on the condition that the catches for the permit period do not exceed a share of the total permitted catches for the whole permit period that is equal to the time the permit was held relative to the whole permit time period. This is meant to prevent fast exploitation of the allocated amount of fish and then moving on to the next fishery. The permit often contains an obligation to register landings in advance, and transfer of catches to another vessel is normally forbidden. A permit to land fish for vessels above 12 metres is also required if the daily landings exceed 50 kg. 

1.3. Technical measures.

The Danish fishermen have to obey the technical measures adopted by the EU Council of Ministers. On top of that a number of specific Danish measures have been adopted normally after an agreement with the fishermen's association. The most important are that in the Western part of the Baltic Sea and in the Belts a horse power limitation at 300 HK is imposed, in the same area week-end stops for fishing with trawl and seine is imposed, and variations of week-end stops are used also in the Kattegat and in the Skagerrak. Fishing with purse seine is forbidden totally from the Kattegat down to the Baltic Sea. All these general technical measures have been adopted to make the quotas last longer and to protect small vessels. The MFAF enforce the regulation, and it is working well because it includes a large amount of self-control. The majority of fishermen in these areas are fishing with smaller vessels, and because the have proposed the regulation to the MFAF the have an incentive to stick to the rules.

1.4. Ration limitations

Generally, this is the most important way of regulating the Danish fishery in the short run. The system implies that the annual quota for a specific management stock (area) is subdivided into smaller rations be it a month, a fortnight, or a week. The general rule is that it is not allowed to start fishing on next periods ration, if the ration for the current period has been caught, until the start of the next period. A vessel can shift between fisheries only if the ration for the current fishery has not been caught, cf. above about permits.

1.5. Specific regulations of demersale species
For the Kattegat a trial has taking place since 1994 (commenced December 1993) under the heading: Effort regulation. The characteristics of this regulation are that no rations are used to regulate the fishery in the Kattegat for certain species. The fishery is regulated by use of fishing days. Briefly the system is functioning in the following way:

1. All vessels are allowed to apply for a permit.

2. When the number of vessels are known, the number of fishing days are fixed for a certain period

3. The number of fishing days are determined subject to the number of vessels with a permit and the (implicit) quota restrictions for the relevant species

4. Once the permit has been granted it cannot be cancelled by the fisherman (vessel) in the permit period 

5. The vessel can participate in fisheries in other areas than the Kattegat (except cod in the Baltic) but have to obey to the number of days allocated for the period specified in the permit

6. If fishery take place in other areas the vessel has to obey the regulations for that areas such as generally specified rations relative to vessel size

The trial took place for three years, and the Danish Ministry assessed the trial internally and forwarded the result to EU Commission. All quota limits had to be adhered to, but in order to make the system operational the quotas for the Kattegat species, in particular for sole, were made more flexible. 

Regulation by fishing days was continued for the Kattegat in 1997 and 1998. Fishermen could apply for fishing days, which exempted them from allocated rations.  

Moving further into the Chinese box system one arrives at ration fisheries for a number of specific species. In general terms, first the quotas are distributed on time periods, then a given amount of catches is determined as a function of vessel size measured in length. The description is not exhaustive with respect to species. Emphasize is put on cod, herring and reduction species.
1.5.1 Specific ration fishery. Cod in all areas.

Cod is the most important Danish species for human consumption and the it is managed differently for the different areas taking into account seasonal variation in the stocks and the size of the vessels, cf. table 1.1, 1.2, 1.3. For the North Sea and the Skagerrak the cod quota is distributed evenly over the year. This is not the case for other waters.

Table 1.1. Allocation of the cod quota over time. Per cent.

Time period
North Sea
Skagerrak

1. Jan - 30. Apr
33.0
33.0

1. May – 31. Aug
33.0
33.0

1. Sep - 31. Dec
33.75
33.0

Small vessels landing on the beach
0.25
1.0

After the time allocation rations are allocated to each individual vessel according to vessel length. The ration periods are 2 month starting with January. The rations are fixed and published according to the so-called annex 6 provisions saying that rations are fixed and changed currently during the year reflecting the development in the fishery.

With the aim to build in flexibility the ration in each sub-period may be exceeded by up to 20%. The excess volume is then deducted from next periods ration. The last period’s ration must not be exceeded, which means that transfer to next year is not possible. In general it is not possible to transfer quantities that have not been caught within the relevant ration period. Only for the summer month July-August is it possible to transfer quantities that are not caught but only up to 20% of the period’s ration. This means that basically the ration is an individual annual vessel quota that is adjusted through the year. 

An incentive to catch haddock is build into the cod fishery. If haddock constitutes at least 40% of the cod ration a bonus of cod may be granted.

Table 1.2. Allocation of cod rations on vessel size. May-June ration period. Tonnes

Vessel size Loa in metres
North Sea
Skagerrak

9 m and below
8.5
10.0

9 – 12
15.5
17.5

12 – 16
26.0
29.5

20 –24
31.5
36.5

24 - 
35.0
40.0

Note: The left interval limit is included apart from the category 9-12

The rations are fixed arbitrarily. The numbers in table 1.2 are plotted against each other in figure 1.1 to show the allocation as a function of length. It shows that the small vessel categories are granted relatively larger rations than the bigger ones. This reflects that cod is relatively more important for the smaller vessels.

Figure 1. 1 Ration as a function of vessel length 
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Source: Table 2

From an economic efficiency point of view the distribution on vessels should reflect marginal profit. This is not the case however, as shown later.

For the Kattegat the distribution over time and the allocation of cod differ from the North Sea and the Skagerrak. This reflects the different stock and fishing conditions in that water cf. table 1.3 and 1.4.

Table 1.3. Allocation of the cod quota over time. Per cent.

Time period
Kattegat

1. Jan - 31. Mar
40

1. Apr - 30. Jun
20

1. Jul - 30. Sep
20

1. Oct - 31. Dec
20

Table 1.4. Allocation of cod rations on vessel size. Ration per fortnight1). Tonnes

Vessel size Loa in metres
Kattegat

Below 12 
4

From 12 and above
6

1) 1997 figures

For the Baltic Sea a permit to catch cod is required. Once a permit is granted the vessels holding the permit must not fish outside the Baltic Sea. With a permit two choices exists:

· Ration fishery or 

· Annual individual non-transferable allocations. 

The main difference between the two systems is the planning period. While the annual allocations make it certain for the fisherman how much he is allowed to catch and when, the rations may change over time and ration for one period cannot be transferred to other periods. The initial allocation on type of regulation is as follows from table 1.5:

Table 1.5. The initial allocation of the cod quota in the Baltic Sea to the type of regulation.  

Type of regulation
%

Annual allocation
33.4

Ration fishery*
63.4

  Jan. 1. - Jun 9.
  87.5

  Jun. 10. - Aug. 20.
    1.7

  Aug. 21. - Dec. 31.
  10.8

By-catch for industrial fisheries
  1.1

Stationary gear
  1.3

By-employment fishermen
  0.8

* Rations allocated per fortnight

The rations differ over time. The initial rations for various vessel sizes are shown in table 6 in the January column. When 3000 tonnes is left of the quota for ration fishery the rations are changed. This happened in May, and the rations increased because it was doubtful whether the annual quota could be caught. The allocation of rations for the Baltic Sea cod, cf. table 1.6, differs from the one in the Kattegat. 

Table 1.6. Baltic Sea. Allocation of cod rations on vessel size. Ration per fortnight. Tonnes

Vessel size Loa in metres
January -
May -

6 m and below
0.5
0.6

6 – 9
4.0
6.0

9 – 12
7.0
11.0

12 –14
9.5
14.5

14 – 18 
12.0
18.0

18 - 
13.5
20.5

Note: The left interval limit is included apart from the category 6-9

1.5.2 Annual allocations. (Årsmængder)

The annual allocation is the proprietary right of the fisherman/owner of the vessel. It is not transferable however. Vessel that have been fishing in both 1996 and 1997 on annual allocation is granted the amount caught in the best of the two years with an addition of 25 % but not more that the initial allocation in table 1.7. A vessel is granted, if applied, additional amounts if the vessel have caught at least 80 % of the initial allocation before June 10’th and the conditions shown in the table columns for minimum catch are fulfilled, but not more than the total catch for all areas specified in the column: Total catch. 

Table 1.7. Annual allocations. Initial and additional catch allocations, and total annual allocation. Tonnes


Initial allocation
Initial allocation
Minimum catch for add. catch
Minimum catch for add. catch
Total catch

Vessel size Loa in metres
Area 22-32
Area 23-32
Area 22-32
Area 23-32
All areas

Below 6 m
4.0
5.0
3.8
4.8
6.0

6 - 8 m
24.0
29.5
22.8
28.0
38.5

8 - 10 m
39.5
49.5
37.5
47.0
65.0

10 m – 
47.5
59.0
45.1
56.0
76.5

Vessels that are granted an annual quota cannot obtain a permit to fish on ration fishery conations. They are not allowed to fish outside the Baltic Sea in the period of the permit.

If the vessel does not catch the allocated annual quantity, a reduction may happen in 1998. The vessels may give notice of removal for one or several specified month. That is costly, however, because the annual allocation is reduced with 10%. For June, July, august (low season) notice of removal can only be given for all three month with a 10% reduction in total annual allocation to the vessel.

If the vessel have caught less the 50% of the annual allocation (AA) before June 10’Th, the vessel is forced to return the difference between the catch and 50% of AA. In the same way, the 15’Th of October, the vessel has to return the difference between the catch and 80% of the AA. If a vessels have applied for less than entitled to, cf. table 7, and caught less than 80% of AA the return is the difference between the catch and what it was entitled to.  

1.6. Pelagic species

1.6.1. The Herring and Mackerel fishery in the North Sea.

The general rule is that a permit to fish herring and mackerel is required. The permit could be issued either as an annual allocation for the whole year or a ration per calendar month. The permit follows the calendar year. 

Of the total herring and mackerel quotas, by far the largest part, 85%, is determined for annual allocation, which in fact is individual non-transferable quotas. The rest, 15%, is determined for ration fishery.

The annual allocation is based on landings of the individual vessels in 1994, 1995 and 1997 with the best year in terms of quantity as basis. If a vessel has participated in herring and mackerel fishery only in 1997 this year serve as basis.

The allocation is divided in two parts. First 50% of the total quota meant for annual allocation is granted to the vessels. A vessel is allocated a share equal to the share the vessel landed of the total landings in the vessel's base year.  Secondly, the other 50% of the total quota is distributed on the vessels according to the length, cf. table 1.8:

Table 1.8.  Herring and mackerel allocations (quota shares) for the North Sea 
Length of the vessel overall, metres
Share

Below 25 m
2

25 – 30
3

30 – 35
4

35 – 40
5

40 – 45
6

45 – 50
7

50 – 60
8

60 and above
9

If a vessel has not landed it share for 1997, a reduction in the allocation for 1998 is carried out, however only if the vessel is more than 50 tonnes below its allocation.

The quantity that is a function of the length of the vessel becomes effective from January 1'st, while the rest based on earlier years landings becomes effective from March 15'th (herring) and February 15'th (mackerel).

The information about the vessel's landings in the years 1995, 1996 and 1997 are submitted to the vessel owners after the Directorate of fisheries have received the application. Within a certain time limit, the owners of the vessels can apply for a change in allocation with reference to the circumstance that the fishery in the base years took place as a shared (pool) fishery. This reallocation could be considered a controlled trade with the vessels' individual quotas, and taking into account that a vessel is not loosing quota shares because other vessels caught its share for one reason or another. The relevant vessels in the reallocation, however, all have to approve the change.

Pool fishery is permitted for a group of vessels at 7 as maximum. In shared fisheries the other vessels than the one that hold the quota are allowed to land its share. All vessels in a pool have to be active in herring and mackerel fisheries. A pool may include, after dispensation form the Fisheries Directorate, more than 7 vessels.

If a vessel participate in:

· Herring fishery for human consumption in the Baltic Sea

· Sprat in the North Sea

· Sand eel in Norwegian zone if ration limitation are used

the vessel have to sign off from herring and mackerel fishery. The herring/mackerel individual quota is then reduced by 1/24 for every 15 days other fisheries take place. If the vessels are conduction pool fishery all vessels re required to deposit their permits if only one of the pool vessels are conducting fishery for one of the species mentioned above.

Vessels are allowed to withdraw from the pool. In that case, the leaving vessel is allocated a share of the remaining pool equal to the share the vessel landed of the total pool before it left. A redistribution of the leaving vessel's share to the other remaining vessels in the pool is possible after application if all participating pool vessels accept. 

The smaller vessels that have an interest in a flexible fishery that allows them to shift quickly between various fisheries mainly conduct ration fishery. No specific restrictions are imposed. The rations are allocated as shown in table 1.9 per period only for two length categories.

Table 1.9. Rations allocated to herring and mackerel vessels for the North Sea and the Skagerrak. Tonnes per calendar month.

Vessel length over all, metres
Tonnes

14 m or below
75

Above 14 m
150

1.6.2 Herring in the Kattegat

Herring fishery in the Kattegat and in the Baltic Sea are rather closely linked because of the production technology. However, because of the different management stocks in these waters, the fisheries are managed differently with respect to the rations fixed for the individual stocks. But basically, the management systems are the same.

First, a permit is required to fish for herring in the Kattegat. The permit is issued either for the Kattegat or for the Kattegat and the Baltic Sea. Fishing for herring implies that fishing for other species is not allowed. This means that the vessel owner has to apply for each ration period, cf. table 1.10 and state how many fishing days is wanted. The allocation of quantity is calculated from the quantities fixed in table 11 for the whole ration period. It is possible to sign off but only for 7 days as a minimum. The rations to the individual vessels are determined from previous years landings and if the ration per calendar month is not caught there might be a reduction in next years allocation.

Table 1.10. Distribution of the herring quota over time

Time period
Per cent

January - February
20

March – May
15

June - September
35

October - December
30

If the permit is granted for the Kattegat and the Baltic Sea the rations are the same as a starting point as the ones stated in table 1.11. The distribution between the Kattegat and the Baltic Sea may change over the year if the quota conditions require so. Herring fishery in June and July is prohibited.

Table 11. Rations per period*.

Vessel length over all, metres
Tonnes

12m or below
150

12 –24m
300

24 or above
400

* The ration periods are shown in table 10

1.6.3 Herring in The Baltic Sea

The distribution of the quota over time for the Baltic Sea is shown in table 1.12. A larger share of the quota is allocated to the first 5 month for the Baltic Sea relative to the Kattegat allocation. With reference to the situation in the ration periods in table 1.10 and 1.12 the ministry can change the permit's distribution of herring on the Kattegat and the Baltic Sea.

Table 1.12. Distribution of the herring quota over time for area 23-32 (Baltic Sea)

Time period
Per cent

January – February
25

March – May
25

June – September
20

October – December
30

The ration in the Baltic Sea per time period allocated according to vessel length is dependant on whether allowances in other waters are granted as well. Three options are possible.  

· If a vessel holds a permit for herring fishery in the Kattegat and in the Baltic Sea a common quota for the two areas is granted, see the Kattegat chapter. The rations are shown in table 1.13. 

· If a vessel holds a permit only for the Baltic Sea and the Belt the ration is shown in table 1.14. 

· If a vessel holds a permit only for herring fishery in the Eastern part of the Baltic Sea table 1.15 applies.

Table 1.13. Rations per period* with a Kattegat permit.

Vessel length over all, metres
Tonnes

12m or below
150

12 -24m
300

24 or above
400

* The ration periods are shown in table 10

If a vessel does not hold a permit in the Kattegat the ration granted for area 23-32 is smaller as shown in table 1.14. 

Table 1.14. Rations per period in area 23-32 without a Kattegat permit 

Vessel length over all, metres
Tonnes

Below 24 m
200

24m or above
300

Vessels that hold a permit to fish only in the Eastern part of the Baltic Sea are granted a higher quota, however, cf. table 1.15.

Table 15. Rations per period in area 24-32 east of 14 degrees E.

Vessel length over all, metres
Tonnes

Below 24 m
300

24m or above
450

1.7. Fish for reduction

1.7.1 General permits

Fishing for reduction requires a permit, issued for the whole year. In fishing takes place in other waters than the North Sea, the Skagerrak, and the Kattegat. This means effectively that in the Baltic Sea and adjacent waters special permits are required for the specific species. 

If a vessel obtains a special privately agreed permit to fish in 3. Country waters the permit for fishing for reduction will have to be returned. This would be the case if a Danish vessel obtains e.g. a right to fish, say, on a Baltic State sprat quota. 

Vessels fishing for reduction have to register in advance before unloading. 

1.7.2 Sprat

Specific permits are required for fishing for sprat in all waters except for the North Sea in addition to the general permit. The specific permits are issued for the English Channel, the Skagerrak and the Kattegat jointly, and the Baltic Sea.

For the North Sea the allocation of the quota over time is made so that the main part of the fishery is taking place in the summer month July-September, cf. table 1.16.

Table 1.16. The North Sea. Distribution of the sprat quota over time

Time period
Per cent

January – June
30

July - September
50

October - December
20

For other waters the quota is not allocated over time but restriction are introduced either per week or per trip. For the North Sea the catches per week is dependent on length of the vessel, cf. table 1.17.

Table 1.17. The North Sea. Sprat rations per week  

Vessel length over all, metres
Tonnes

14m or below
50

14 – 25m
150

25 – 35m
300

35m and above
400

The gear defines sprat fishery in the Skagerrak and the Kattegat. Vessels fishing for sprat are allowed to carry only one type of gear with a mesh at 32mm or above. Fish caught in other waters are prohibited on board. No length allocation is implemented. Vessels carrying a permit are allowed to land 50 tonnes or less per week, and only once a day as a maximum. The quota is distributed on time according to table 1.18. 

Table 1.18. The Kattegat. Distribution of the sprat quota over time

Time period
Per cent

January – March
30

April
10

May - August
0

September - December
60

In the Baltic Sea (23-32) sprat may be used either for human consumption or for reduction. The quota is distributed over time according to table 1.19. 

Table 1.19. The Baltic Sea. Distribution of the sprat quota over time

Time period
Per cent

January – March
50

April - December
50

 A specific permit is required in both cases but fishing for reduction is permitted only east of 14 d. E and the ration per trip is as shown in table 1.20.

Table 1.20. Eastern Baltic. Sprat for reduction rations per trip in area 24-32 east of 14 degrees E.

Vessel length over all, metres
Tonnes

24m or below
200

24m and above
450

In the Baltic Sea sub area 22 herring and sprat is subject to independent allocation and the quotas are fixed according to appendix 6. The quotas are distributed over time with 50% for the first half year and 50% for the second half year. The main purpose is for human consumption, but vessels are allowed to land for reduction if they hold a general permit for fishing for reduction. 

1.7.3 Other species for reduction.

The species sand eel, Norway pout and blue whiting are managed according to appendix 6 provisions if the species are subject to quotas. In general this means that as soon as 75% of the volume is caught, and if this happens before October 1’st, MFAF issues prescription about how the fishery is managed for the rest of the year. 

2. The penalty system.

The dominant opinion among fishermen was that the regulatory system was complicated. On the other hand several groups in particular within the herring fishery i.e. purse seiners and big trawlers conducted pool fishing that was subject to rather complicated systems. The individual vessel quotas were not subject to trade, but unofficially rumours said that trade would have taken place if not prevented by the Ministry. The incentive to buy out a participant in the pool was obvious in those areas where the vessel had an alternative fishing opportunity. 

The Danish Directorate for Fisheries is responsible for the enforcement and control of the quotas and derived types of regulations.   The control activities are reported in national documents and synthesis reports are forwarded to the Commission every year. The activities of the Danish inspection at sea are reported in table 2.1.

Table 2.1. Inspection of Danish fishing vessels


1995
1996
1997
1998

No. of observed vessels
4,083
4,141
3,746
3,456

No. of  boardings
604
941
1,020
893

Source: The Danish Fisheries Directorate

The observed vessels are controlled by collaboration of the inspection at sea and in the ports. Inspection at sea comprises:

· Control of logbooks

· Control of fishing gear, 

· Control fish on board (composition and quality) 

· Control of hold conditions.

Relative to a system with economic incentives to influence fishermen to behave according to the regulation, the system with enforcement, control, prosecution and finally punishment is a very slow and in some sense very indirect system. The time lag is long and the whole procedure resource demanding. 

Infringements by the fishermen are reported by the inspection, which is part of the Fisheries Directorate. It is then decided what infringements should be subject to public prosecution and these cases are handed over to the police. The police have the power to institute prosecution and bring the fishermen to trial.  The cases are brought to the City Court. However, a number of cases are appealed and then brought to the High Court.  That prolongs the process even further.

Because of the time consuming procedure and the time lags it is not easy to relate cases to one particular year or type of infringement. Communication with officials from the Fisheries Directorate related to the control items above indicate that log-book infringements with missing reporting delay submission to the Fisheries Directorate is very common.

Missing cooling of the fish according to prescriptions are normal, but from the court reports it is not possible to identify the species, where and when it was caught.

Although it is not possible within this project to investigate the volume cases brought to trial, the court decisions, and possibly appeal and result, it is possible to put light on the general rules that have been developed and applied if the fishermen are found guilty.

The more “costly” cases to the fishermen are the cases where they have violated the individual allocations (quotas) – either exceeded the rations or been fishing in waters without permission.

A fine and a confiscation of the value of the excess landing minus landings costs compose the total penalty to the fisherman. The fine depends on certain criteria:

If catches are not recorded in the log-book:

· If the skipper is the owner: 33% of the landing value

· If the skipper is not the owner: 25% of the landing value

If catches are recorded in the log-book

· All cases: 10% of the landing value

The following case study shows the methodology for two pair trawlers that have exceeded their individual allocation. The case is complicated by the circumstance that one of the vessels was fishing with two different skippers – one of them being the owner. Both vessels recorded the excess landings correctly in the logbook. The case in table 2.2 is for an infringement in 1997, and the court decision is from November 1999. In the case an individual vessel quota is granted. 

Table 2.2. Results from studying a penalty case


Vessel # 1
Vessel # 2



Skipper
Skipper # 1
Skipper # 2
Total

1. Licence allocation 1)



Kilo: 672000

2. Licence allocation 1)
DKK: 2215250
DKK: 2215250

DKK: 4430500

3. Landings 1)



Kilo: 930112

4. Landings 1)
DKK: 3066117
DKK: 3066117

DKK: 6132234

5. Excess landings
Kilo: 129056
Kilo: 33752
Kilo: 95304
Kilo: 258112

6. Excess landings
DKK: 850867
DKK: 222527
DKK: 628340
DKK: 1701734

7. Landing costs



DKK: 221225

8. Net revenue 2)
DKK: 740255
DKK: 740255

DKK:1480509

9. Fine 10%
DKK: 74000
DKK: 21300
DKK: 52400
DKK: 147700

10. Total penalty
DKK: 814225
DKK: 761525



11.  Item 10/item 4
26.6%
24.8%



1) The licenses are probably not allocated evenly, but the sharing of the landings is

2) The net revenue is confiscated

Source: The Danish Fisheries Directorate

The skippers explained to the court it was his expectation that the license could be increased towards the end of the year or alternatively the excess volume would be deducted from next year’s licenses. That may explain the correct recording in the logbooks.  The court, however, put emphasise on the circumstance that the vessels did not have on the time of infringement the necessary permissions – and may not even be granted any. The total penalty relative to the total revenue is 26.6% if the vessel owner of vessels # 2 also pays for the hired skipper. If the fine (item 9) is put relative to the profit after crew remuneration and depreciation but before interest payments the fine is about 15% of the profit. The profit relative to the gross revenue for this vessel category is about 22% (Danish Institute of Agricultural and Fisheries Economics: Statistics of Fisheries Accounts 1997). The fine would have been three times as high is the excess landings were not recorded in the logbooks.

It is worth noticing that the fine is calculated from the gross revenue less landings costs but before crew wages. This implies that the confiscation of excess landings is a heavy burden for the owner of the vessel if he cannot make the crew return their salaries, which is probably not the case because many cases are decided years after the infringement. From an incentive point of view this system entails that the crew have no incentive to persuade the skipper/owner to violate the restrictions.

The risk of being detected is very high if the landings legal and illegal are recorded. The risk of being detected if the illegal landings are not recorded is lower but it is only a matter of resources (costs) because much of the information could be retrieved from the buyers of the fish.

Finally, the purchaser of the fish is punished as well if he is detected. The general rule is that the contribution to the margin from the illegal fish is confiscated. In addition to that a fine is imposed, and these fines range from 100% of the contribution to the margin to 500%, in other words rather substantial relative fines.

3. Short analysis of ration and annual allocation management systems and information problems

The rations described in chapter 5 and 6 are arbitrarily fixed by the Ministry from proposals from the Fishermen’s Association based on the association’s experiences. The annual allocations of cod in the Baltic Sea are fixed on a historical level for each vessel applying. A calculation is carried out with the aim to elucidate the size of the rations relative to the ration that are fixed according to the marginal profit, which should be considered a benchmark for ration allocation. The result of the calculation is shown in table 23. The determination of rations over time is from the point of view of economic optimality very difficult. 

To determine the rations for each period let’s assume perfect information and a ration fishery with two ration periods: 1 and 2, for simplicity. Let y1i and y2i denote catches in period 1 and 2 for fisherman i, and E1i and E2i the effort in the two periods for fisherman i. Furthermore, we ignore the possibility of exceeding the ration by 20%, as possible in the cod fishery in the North Sea and the Skagerrak. We assume that the accessibility of the fish is different for the two periods. Call q1(x) the accessibility coefficient for period 1 and q2(x) the accessibility coefficient for period 2. The fish stock abundance is x. Since y1i  =  q1(x)E1i the ration restriction corresponds to q1(x)E1i < Q1i. Further assume that the fisherman ignores any other effects of fish resource restrictions. If p is the price on fish, fisherman i maximises:
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For period 1 and 2 there are several possibilities. This can be analysed using restricted optimazation (Kuhn-Tucker conditions). Assume first that (2) and (3) are binding. In this case the first-order condition for period 1 is:
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(4)

where (1i is the Lagrange multiplier (( ( 0) for period 1 for fisherman i. Optimality requires that ( = (1i = (2i  = (1j = (2j  for all j ( i. In other words the shadow prices must be identical between vessels and periods.  

The information requirements of this system are enormous, and as the ration fishery currently is managed in Denmark, optimality will certainly not be reached, since the allocation schemes are arbitrary. Some practical consequences of this point are explored further below in table 23.

Assume that the ration restriction in period 1 is not binding. In this case the first-order condition for period 1 is:


[image: image6.wmf]i

i

i

E

E

c

x

pq

1

1

1

1

)

(

)

(

d

d

=






(5)

This corresponds to the open access condition, and therefore rations have no effect on the instantaneous effort.

If the problem is slightly reformulated it is possible to address the case of annual allocations (årsmængder) that is an alternative option to rations for the Baltic Sea cod fishery. The rule apply, that the period (year) 2 allocation is reduced in the case where catches in period 1 are less than 80% of the allocation, Q1i. The restriction that applies in this case is:
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Because of changes in stock abundance it is reasonable to assume that the accessibility coefficient changes. Assume that q1(x)E1i < 0,8Q1i. In case q1(x) ( q2(x) the restriction in period 2 is not binding, and no opportunity costs exist. If q1(x) < q2(x) the restriction in period 2 can binding. In this case:
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In this case the fisherman faces an opportunity cost for fishing less that 80% of the ration in period 1. This cost is the loss of fishing opportunity in period 2. To avoid this cost (loosing the opportunity) the fisherman should fish more and, therefore, he has an incentive to fish at least 80% of the ration even if it is not rational. On the other hand, fishermen that in year two before June 10’th have caught 80% of the (smaller) allocation for this year can apply for more. This makes the system flexible. However, the management with annual allocations and the 80% rule is not optimal in welfare terms because the adjustment of the allocations takes place on a non-market oriented basis.  

In defence of the annual allocation fishery it could be mentioned that the 80% rule exists because the vessels are heterogeneous, and the managers realise they do not have full information. If some vessels are not willing or able to catch at least 80% of the ration it is removed from them. Doing that it is attempted to remove the value of the remaining 20% (or so), to avoid possible “grey” trade. Further without reallocation, some fishermen opposed to ITQ systems where trade is possible will be opposed to annual allocation system since they fear it may be followed by an ITQ system. On the other hand fishermen who favours the ITQ system would be opposed to annual allocation management if this option for reallocation did not exist. There may, therefore, be distributional arguments for the rule. 

In theory the optimal allocation of rations secure that the marginal profit (resource rent) is equal between vessels and periods. The information requirements of such an allocation scheme is, as mentioned above, enormous, so a proxy must be found.  With the available account statistics such an allocation can be performed, and the rations allocated to each vessel within different vessel categories are in better accordance with the principle of optimising the rent from the fish resources given the current vessel technology than any determination of rations based on other proxies. 

A very rough proxy based on economic information at hand is that the fleet segments share the annual total contribution to the margin from the relevant species TR – VC, where TR is total revenue of output and VC is variable costs of output. Formally, if there are five fleet segments i =1…5, segment one’s share of the ration for each species s is:

Annual ration segment 1 = 
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In order to highlight the inefficiency of the existing quota system such calculations have been done for cod. The annual segment ration is divided by the number of vessel registered in each vessel segment. The results are summarized in table 2.3.

Table 2.3: Rations for cod based on contribution to the margin (revenue-variable costs) 1998 for different vessel segments. 1000 DKK.


Trawler


Danish
Gill net


Vessel size in GT/GRT 1)
- 50 GT
50-199 GT
200 GT -
Seine
- 20 GT
20 GT -

App. vessel size in metres 1)
- 17 m
17 – 32 m
32 m -
12 – 20 m
- 13 m
13 m -

A. Gross output for cod 
553.5
950
267.4
1241.7
587.8
1949

B. Gross output in total 
1552.2
4187.8
11077.7
2529.8
880.2
2494.5

C. Share of cod (%)
36%
23%
2%
49%
67%
78%

D. Total costs 
1138
3602.7
8757.6
1920.5
618.7
1959.4

E. Variable costs
1310
3360
7707.66
2391.74
772.7
1635

F. Variable costs of cod
471.89
772.80
154.15
1172
517.72
1276

G. Vessel profit of cod
81.61
177.20
113.25
69.75
70.10
673

H. Number of vessels
422
114
122
94
396
74

I. Total segment profit for cod
34400
20200
13816
6567
27759
49831

J. Share of total profit (%)
23%
13%
9%
4%
18%
33%

K. Groups ration (tonnes) 2)
19586
11070
7664
3406
15328
28101

L. Vessel ration (tonnes)
46
97
63
36
39
380

1) The estimated equations are based on the Danish Fisheries Directorate’s vessel file:

Below 12 m: GT/GRT = - 14.433 + 2.652*length

R2=85%

12-24 m: GT/GRT = - 78.888 + 7.570*length

R2=90%

24 m and above: GT/GRT = - 219.198 + 13.26687*length
R2=69%
2) The total Danish quota for cod was 85155 tonnes for 1998

Note: C is calculated as A/B; F = C*E; G = A – F; I = G*H; J is the share of K divided by the total profit; K = J *85155, and L = K/H

Source: Danish Institute of Agricultural and Fisheries Economics: Fisheries Account Statistics 1998.

The calculations are based on the assumption that the vessels within the categories are homogeneous, and that they can fish in all waters. In practice, the vessel will fish in the water where it belongs. For cod in the North Sea, the Skagerrak and the Kattegat application for rations is not compulsory but the landing are registered and monitored individually by the Fisheries Directorate; the rations in table 1.2, 1.4, and 1.6 applies to all vessels. 

Compared to the ration in table 1.2, 1.4, and 1.6 aggregated to the whole year, the figures in table 2.3 reveal that large gill net vessel receive too small a share in reality. On the other hand big trawlers has the option to receive a larger share. It should be remembered, though, that the rations are allocated after application. It raises the question in the first place, why have a general ration (time based quota) regulation if application is compulsory. The other question is: to what extend is incentives to circumvent the quotas created by the general ration system? It appears that for cod some vessel types (can) catch more than they are allowed to, while others have the opportunity to catch more than they actually do. In that case it is questionable if the 80% limit can prevent grey trade with the un-caught quantity.     

In general, because of severe information problems it is difficult to allocate rations (individual quotas) in an economical optimal way for shorter periods than a year. Some of the information problems are addressed with the 80% rule and, in particular, the system of application for rations in the Baltic Sea annual allocation system (årsmængder). But still the system, as it implemented opens up for moral hazard problems (cheating with ratios) as explained by the Court case above. Adverse selection problems (hidden information) may not be profound with the current system because it is not designed to make the fishermen reveal the true type i.e. trawl, gill net etc. They cannot gain much unless the can place the vessel in a larger size category. This would however, in the long run, create an incentive to re-measure the vessel into a larger size category.  But that is taken into account in the GO because changes in vessel length have to be approved by the Fisheries Directorate.

4. Incentives to derogate

In fisheries where constraints are imposed, hidden values are created. Those hidden values reflect that the fishery is not allowed to adjust to the point where marginal revenue is equal to marginal costs. In a fishery where the management takes place by limiting the maximum number of fishing days for a vessel to a smaller number than corresponding to where the revenue from the marginal day is equal to the cost of the marginal day, a shadow value is generated showing the contribution to profit from an extra fishing day, cf. equation (5).

Further complications arise in a system where the principal (manager) and the agents (fishermen) share the same objective: to maximise profit, but where maximising is subject to different constraints. 

The fisherman’s objective is to maximise profit of the fisherman’s vessel(s). Because the crew is remunerated with a share of the landing value the crew share is included in the profit entailing that the remuneration of labour (and owner’s profit) is maximized.  For a vessel in fleet segment k:
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(9)

The principal’s objective is to maximise profit (rent) from the whole fishing ground, therefore the principal’s function also includes the number of vessels. It could be argued that labour remuneration should be subtracted in the objective function, this is not done in this case however. There are no effects of fish stock changes in the objective function:
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(10)
NOFD: number of fishing days per time period and vessel segment

V: number of vessels per segment

pi:
price on species i

qtik:
catch per day on quarter t, species i, and vessel segment k

cdk:
cost per day at sea coefficient (fuel, provision, etc.) for fleet segment k

cvk:
landing value cost coefficient for fleet segment k

clk:
landing volume cost coefficient for fleet segment k

cfk:
fixed costs per vessel for fleet segment k 

In a system where effort regulation (number of fishing days) is applied, the constraints differ for the fisherman and the manager. The fisherman faces a limited number of days per time period while the manager faces a resource constraint expressed in fish stock yield per species. 

The fisherman’s constraints are physical and economic constraints. In the short run in this calculation the time period are fixed at quarters of the year, therefore:
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Where NOFD per quarter is 90 days at maximum but normally lower. Restrictions imposed by the manager are designed to control the amount of capital e.g.:
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Where U is the maximum number of vessels in a segment for one reason or another. Contribution to the margin in the short run and the profit in the long run has to be larger than zero. Otherwise the fisherman will not continue:


(,( > 0
(13)

The manager’s restrictions are that the quota must not be exceeded: 
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The incentives are calculated by use of an optimisation model (linear programming) applied on catch, costs and earnings data for the Baltic Sea for 1997. The selected fleet is the trawler fleet that is dominant in the Baltic Sea. The model is linear in effort measured in days at sea. Therefore the fisherman will push effort to the physical limit, given the limitations in inputs into the vessel. It is assumed that the manager controls these inputs.

The model contains three fleet segments and five species groups. The average crew including the skipper is segment A: 2, segment B: 3, and segment C: 4. The catch composition of the fleet segments is made up of these species in different compositions. The model maximises the remuneration to the crew excl. the skipper/owner and the net profit. This is chosen because a collective decision between skipper and crew is assumed if derogation (poaching) from the restrictions is going to be accomplished successfully.

The economic characteristics of the three fleet segments are displayed in table 1. Revenue and costs are shown for an average vessel, and the costs are distributed (dependant) on number of fishing days (NOFD), landings in volume (Costs (LAND)), value (Costs (VLAND)),  and fixed costs.  

Table 4.1. Economic characteristics of Danish trawlers fishing in the Baltic Sea  


Fleet segments


A
B
C


12-14m
14-24m
24m-


Euro

Revenue
168501
431335
637762

Costs (NOFD)
21879
58773
79737

Costs (LAND)
988
4964
6203

Costs (VLAND)
17149
40906
64789

Fixed costs 
19172
67599
179553

Labour remuneration
109312
259093
307480

Note: All cost items are excl. labour costs

Source: Accounting Statistics, Danish Institute of Agricultural and Fisheries Economics

The costs are extracted from the statistics on an annual basis and recalculated to unit costs e.g. per fishing day, per kg landed, per unit value landed. Crew wages are dependant on revenue from the landing, and the percentage share is calculated based on the annual figures. Multiplied by the number of fishing days, the figures in table 4.1 appear. The number of fishing days is shown in table 4.2.

Table 4.2. Maximum number of fishing days per vessel (Gtk).


Fleet segments


A
B
C


12-14m
14-24m
24m-

1. Quarter
55
60
75

2. Quarter
55
60
25

3. Quarter
55
60
0

4. Quarter
55
60
60

The vessels in the large segment C do not fish in the Baltic from May until October; therefore the number of fishing is fixed at a low level. The catch composition on an annual basis in shown in table 4.3, while a specification on quarters is found in annex 1.

Table 4.3. Landings of species in tonnes per year per vessel 1)


Fleet segments


A
B
C


12-14m
14-24m
24m-

Plaice
4
4
1

Reduction
119
812
1399

Herring
4
116
1442

Cod
121
273
136

Other
21
22
31

1) The catch composition for an average vessel

Source: The Fisheries Database of the Danish Marine Institute

There are two immediate ways to restrict effort, either to restrict number of vessels or number of fishing days, or both. As the total costs per unit of landings are larger that the variable costs per unit of landings, the optimal solution will reduce the number of vessels and maximise the number of fishing days. The total landings of the trawlers in the Baltic fleet
 have to be within the agreed quotas. These quotas are shown in table 4.6 below. The quotas are allocated to the vessels as described in table 1.5 and 1.6. This means that in principle it is possible to break the cod quota down on individual vessels. This is not done because the actual number of vessels that wishes to take part in the fishery can vary and the individual quotas are calculated depending on the actual number of vessels. Only by accident this quota allocation would comply with the optimal incentive structure (marginal costs equal to marginal revenue).

The complexity of the problem may be illustrated further with respect to two restrictions in the principal-agent approach: 1) the participation constraint and 2) the self-selection constraint. On average all fleet segments comply with restriction 1) cf. table 4.1 about remuneration of labour. If the number of fishing days have to be restricted and are allocated based on profit (or productivity) assuming linearity most days will have to be allocated to the largest segment C. This would almost certainly entail that all quotas are not caught e.g. the manager is not maximising rent. Because of the catch is composed by many species the identification of type is not sufficient by using only length. As long as catch restriction are linked to the fish stocks some element that associates effort with the stock imposed restrictions is necessary. The problem may be illustrated by looking at table 4.4. The table shows the productivity per fishing day on average for the three fleet segments in question. It appears that if measured in cod only fleet segment B is the most productive in all four quarters. Therefore they could claim the largest number of fishing days. The high herring catches per day reflects that it is actually possible to catch that value, but because the big vessels have better opportunities many of them will not fish, i.e. the self selection (incentive compatibility restriction) is not fulfilled.

Table 4.4. Productivity measured in landing per day in Euro



Fleet segments



A
B
C



12-14m
14-24m
24m-

1. Quarter
Plaice
33
36
14

1. Quarter
Reduction
43
52
1156

1. Quarter
Herring
0
77
648

1. Quarter
Cod
973
1689
1438

1. Quarter
Other
193
279
106

1. Quarter
All
1242
2133
3363

2. Quarter
Plaice
27
6
0

2. Quarter
Reduction
60
246
1763

2. Quarter
Herring
8
64
459

2. Quarter
Cod
541
1531
719

2. Quarter
Other
105
49
11

2. Quarter
All
742
1897
2952

3. Quarter
Plaice
23
25
0

3. Quarter
Reduction
70
480
376

3. Quarter
Herring
0
77
4534

3. Quarter
Cod
340
745
23

3. Quarter
Other
60
77
817

3. Quarter
All
493
1403
5750

4. Quarter
Plaice
31
34
0

4. Quarter
Reduction
87
660
376

4. Quarter
Herring
6
121
4534

4. Quarter
Cod
319
624
23

4. Quarter
Other
137
128
817

4. Quarter
All
579
1568
5750

Year
All
3055
7001
17815

If adjustment of the allocation of fishing days by trade or some other type of exchange were not provided for it would be extremely difficult to arrive at any allocation for which it could be said that this is better relative to doing nothing. 

The optimal solution in order to maximise profit form the Danish Baltic Sea fishery advise that the number of vessels in each fleet segment should be 16, 192, and 5 respectively with the production technology in 1997, cf. table 4.5. The vessel and segment profits include net profit and wages but excludes all other costs. 

Table 4.5. The optimal number of vessels and performance of fleet segments.


Fleet segments


A
B
C
TOTAL


12-14m
14-24m
24m-


Number of vessels
16
192
5
214


'000 Euro

Revenue
169
311
638
1117

Costs (NOFD)
22
44
80
146

Costs (LAND)
1
4
6
12

Costs (VLAND)
17
29
65
111

Fixed costs
19
68
180
266

Vessel labour remuneration
109
166
307
582

Segment labour remuneration
1770
31801
1641
35212

This number of vessels is not the actual number of vessels that were fishing in 1997 but the number that, given the conditions in 1997 was the optimal composition with respect to maximising profit. The extend to which the quotas were taken is shown in table 4.6 together with agreed and arbitrarily fixed quotas. 

Table 4.6. Landings and total agreed or arbitrarily fixed Danish quotas for the Baltic Sea. Tonnes

Species
Total landings (tons)
QUOTA (tonnes)

Plaice
628
2700

Reduction
160000
160000

Herring
27000
27000

Cod
35000
35000

Other
2449
200000

Note: The quota of “Other” is fixed at a very high level in order not to restrictive. There is no quota on “Other” in practice, and alternatively it could be excluded from the restrictions.

Source: The Danish Fisheries Directorate: Statistical Yearbook
The optimazation procedure produces along with the economic results further information, which is of importance with respect to evaluation of incentive structures and the way a principal-agent relation ship could be assessed. A series of shadow prices are produced from the fisherman’s and the manager’s point of view, respectively.

The result is shown in table 4.7 from the fisherman’s point of view. The table shows the marginal contribution to the remuneration of labour (after fixed remuneration of capital) from extra vessels and fishing days. The solution is limited by the number of fishing days that is fixed by the manager for the each vessel in each fleet segment but there are no other restrictions. Because only one vessel operates within each fleet segment the marginal contribution to each vessel is the same as the overall marginal contribution to the manager (e.g. the whole fishery). This will be the case until one of the resource restrictions is reached (see below in table 4.8).

Given profit maximising behaviour of the fisherman he would add DKK 2.28 millions
 to the remuneration if he employed one more vessel of type C. If the type C vessel could be employed one more day in the second quarter he would add DKK 20.8 thousand. If the same vessel was employed in the third quarter no contribution was obtained because this type of vessel would either not catch anything in the third quarter because of natural low stock availability (physical restriction) or the opportunity costs (revenue form other fisheries) would be too high. Assuming profit maximising behaviour it is obvious that the fisherman would try to expand his fishery. It cannot be ruled out totally that the fisherman’s marginal income preference is approaching zero once all cost are covered, but in that case he would then have stopped fishing before reaching the landings volume recorded in the statistics.

Table 4.7. Marginal profit and wages on single vessel basis with respect to fishing day restrictions 

Variable name
Solution value
Marginal remuneration
Marginal remuneration per crew


No of vessels
DKK
DKK

NUMVES A 12-14m
1
812189


NUMVES B 14-24m
1
1925058


NUMVES C 24m-
1
2284576



No of days at sea
DKK
DKK

1. Quarter A
55
7531
3765

1. Quarter B
60
11587
3862

1. Quarter C
75
18318
4580

2. Quarter A
55
4191
2096

2. Quarter B
60
11192
3731

2. Quarter C
25
20805
5201

3. Quarter A
55
2533
1266

3. Quarter B
60
8499
2833

3. Quarter C
0
0
0

4. Quarter A
55
3103
1551

4. Quarter B
60
9178
3059

4. Quarter C
60
28744
7186

Source: Annex 2 multiplied with annex 3.
If the problem is considered from the manager’s point of view (sole owner), the results are different because of the fish stock limitations. From biological calculations, the size of the fish stock and subsequently the yield is exogenously given. This is invoked in the model as restrictions for the whole fishery.

The results are shown in Table 4.8. Given the resource restrictions and the catch compositions of the fleet segments, the optimal solution is the number of vessels and fishing days in the quarters as shown in the table. The remuneration of labour is different from table 7 because – given the restrictions – an addition of one more vessels in any of the segments would only lead to reduction in other segments. The manager (sole owner) would have no interest in increasing the number of vessels, while this would be the case for an owner of a single or more vessels because he could earn more profit. There is a conflict of interest between the manger and the individual fisherman because the fisheries have to adjust subject to restrictions.

The table further informs the manager that a change in fishing days restrictions e.g. allocating 61 fishing days to fleet segment B in the fourth quarter would contribute with DKK 947.5 thousands in total subject to the resource restrictions. This is DKK 4.9 thousands per vessel in segment B while the individual vessel owner in this segment would think he would contribute with DKK 9.2 thousands, (compare with table 4.7).  

Table 4.8. Marginal Profit and wages with respect to vessels and fishing days with fish stock restrictions 

Variable name
Solution value
Marginal remuneration


No of vessels
DKK

NUMVES A 12-14m
16
0

NUMVES B 14-24m
192
0

NUMVES C 24m-
5
0


No of days at sea
DKK

1. Quarter A
55
8308

1. Quarter B
0
-47559

1. Quarter C
75
28200

2. Quarter A
55
8672

2. Quarter B
60
137185

2. Quarter C
25
67427

3. Quarter A
55
4042

3. Quarter B
60
523495

3. Quarter C
0
0

4. Quarter A
55
20911

4. Quarter B
60
947539

4. Quarter C
60
55324

The manager’s limitation with respect to the fish stock is shown in table 4.9. It is shown how much is caught of each species or species group and whether the quota limitation is exhausted or not. If the marginal remuneration (the Lagrange multiplier in constrained optimisation) is positive the quota is exhausted and the figure shows the marginal remuneration of labour from one more tonne of fish. One more tonne of cod contributes with DKK 6653 equal to 6.6 DKK/kg. Reduction contributes the least. Therefore a derived long run objective for the manager is to keep the cod stock in good shape.

Table 4.9. The effect of fish stock restrictions with respect to catches and marginal remuneration of labour 

Species 
Total catches
Marginal remuneration


Tonnes
DKK

Plaice 
628
0

Reduction 
160000
22

Herring 
27000
936

Cod 
35000
6653

Other 
2449
0

Although the fishermen and the manager may pursue the same objective, the ways of pursuit are different. The incentives to act in certain ways are determined by the marginal remuneration from relaxing restrictions or circumventing restrictions. This is shown in table 4.10.

Table 4.10. Marginal remuneration of one employee from individual vessel’s point of view and from the manager’s point of view 

Variable name
Vessel point of view
Manager’s point of view


DKK
DKK

NUMVES A 12-14m
812189
0

NUMVES B 14-24m
1925058
0

NUMVES C 24m-
2284576
0

1. Quarter A
3765
257

1. Quarter B
3862
-83

1. Quarter C
4580
1321

2. Quarter A
2096
268

2. Quarter B
3731
238

2. Quarter C
5201
3158

3. Quarter A
1266
125

3. Quarter B
2833
908

3. Quarter C
0
0

4. Quarter A
1551
646

4. Quarter B
3059
1644

4. Quarter C
7186
2591

While the skipper and the crew of a vessel look at the fishing days restrictions from a vessel point of view, the manager looks at the fishing days from a “global” point of view. If the manager would reallocate the number of fishing days relative to the initial (in case it is possible for physical reasons) he would grant one more day to fleet segment C in the second quarter where DKK 3158 is gained per fisherman in that segment. This number is smaller than DKK 5201, which is what the crew think they could earn if they had one more fishing day. The reason for the difference is that DKK 3158 shows the overall net contribution of one more fishing day in this quarter from this segment. In order to achieve that, the number of cheaper fishing days elsewhere has to be reduced. The fishermen are not aware of that because they do not possess that kind of information.

If it were assumed that the fishermen have equal, constant income preferences the crew would first of all try to get more fishing days in the fourth quarter in fleet segment C. The contradiction in interest is clearly displayed in the first quarter in fleet segment B. The fishermen think the contribution is DKK 3862, while the manager, if he limits the fishery in order to stay within the fish stock constraint, would se an overall loss at DKK –83 if they were allowed to do so and other fishermen would have to be constrained. 

5. Conclusion
In this study an attempt has been made to bring the theoretically optimal solution with respect to allocation of quotas (and fishing days) together with practically possible allocation based on costs and earnings statistics. 

The model used for this purpose is linear, but it is questionable to what extend much could be gained by using non-linear equations. However, an obvious area would be to make the catch per day a function of the number of fishing days. The rationale would then be that the fisherman would over a quarter of the year or the whole year selects fishing days sequentially because he from experience would know the “ranking” of the days subject to a limited number of days. If the catch per day is made a function of the number of fishing days costs and revenue would automatically become non-linear.

The main problem of the analysis is rather the ad hoc type of regulation that is used. The individual vessel quotas are change from period to period dependant the number of vessels that wants to participate and the development oven time in catches and landing. The target in the end is to stay within the total quota for each species. 

The impact of the changes in the fish stock size over time is not considered important. It has proven almost impossible to forecast stock development in the sense that recruitment is a function of the stock size, therefore is is impossible to carry out long run  optimisations based on empirical data.

Annex 1. Landings per vessel (kg)

Fleet segments


A
B
C

Period
Species
12-14m
14-24m
24m-

1. Quarter
Plaice
1217
0
809

1. Quarter
Reduction
20265
0
662670

1. Quarter
Herring
5
0
205962

1. Quarter
Cod
57943
0
115789

1. Quarter
Other
9113
0
7897

2. Quarter
Plaice
939
253
7

2. Quarter
Reduction
28046
151368
512403

2. Quarter
Herring
2455
24266
72004

2. Quarter
Cod
29784
90585
18897

2. Quarter
Other
4321
2914
545

3. Quarter
Plaice
830
1043
0

3. Quarter
Reduction
32303
271111
0

3. Quarter
Herring
81
33966
0

3. Quarter
Cod
18754
46405
0

3. Quarter
Other
2808
2598
0

4. Quarter
Plaice
1225
1597
0

4. Quarter
Reduction
38432
361437
224269

4. Quarter
Herring
1575
41908
1163775

4. Quarter
Cod
14623
31207
1296

4. Quarter
Other
4846
4605
22308


Total
269565
1065262
3008633

Source: The Fisheries Database of the Danish Marine Institute

Annex 2. Catch per day per vessel. Tonnes


Fleet segments



A
B
C

Period
Species
12-14m
14-24m
24m-

1. Quarter
Plaice
0,022
0,023
0,011

1. Quarter
Reduction
0,368
0,465
8,836

1. Quarter
Herring
0,000
0,271
2,746

1. Quarter
Cod
1,054
1,739
1,544

1. Quarter
Other
0,166
0,199
0,105

2. Quarter
Plaice
0,017
0,004
0,000

2. Quarter
Reduction
0,510
2,523
20,496

2. Quarter
Herring
0,045
0,404
2,880

2. Quarter
Cod
0,542
1,510
0,756

2. Quarter
Other
0,079
0,049
0,022

3. Quarter
Plaice
0,015
0,017
0,000

3. Quarter
Reduction
0,587
4,519
3,738

3. Quarter
Herring
0,001
0,566
19,396

3. Quarter
Cod
0,341
0,773
0,022

3. Quarter
Other
0,051
0,043
0,372

4. Quarter
Plaice
0,022
0,027
0,000

4. Quarter
Reduction
0,699
6,024
3,738

4. Quarter
Herring
0,029
0,698
19,396

4. Quarter
Cod
0,266
0,520
0,022

4. Quarter
Other
0,088
0,077
0,372

Source: The Fisheries Database of the Danish Marine Institute 

Annex 3. Prices 
Period
Species
DKK/kg
Euro/kg

1. Quarter
Plaice
11,23
1,51

1. Quarter
Reduction
0,86
0,12

1. Quarter
Herring
1,99
0,27

1. Quarter
Cod
6,88
0,92

1. Quarter
Other
8,68
1,16

2. Quarter
Plaice
11,99
1,61

2. Quarter
Reduction
0,88
0,12

2. Quarter
Herring
1,35
0,18

2. Quarter
Cod
7,44
1,00

2. Quarter
Other
9,99
1,34

3. Quarter
Plaice
11,33
1,52

3. Quarter
Reduction
0,89
0,12

3. Quarter
Herring
2,25
0,30

3. Quarter
Cod
7,42
0,99

3. Quarter
Other
8,73
1,17

4. Quarter
Plaice
10,24
1,37

4. Quarter
Reduction
0,92
0,12

4. Quarter
Herring
1,47
0,20

4. Quarter
Cod
8,94
1,20

4. Quarter
Other
11,57
1,55

Annex 4. Cost input parameters to the model


Fleet segments


Parameter
A
B
C

Cost type
Name
12-14m
14-24m
24m-

NOFD
cdk
0,738928
1,819518
3,702774

LAND
cvk 
0,027237
0,03006
0,015318

VLAND
clk 
0,101775
0,094836
0,101588

Fixed*
cfk
142450
502260
1334080

*) Interest rate 7% plus 4% depreciation of insurance value

� A smaller number of gill net vessels participate in the Baltic sea fishery as well


� The shadow values are expressed in DKK because the relative values are important, not the absolute values
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