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Abstract.

The Council of Ministers which is responsible for European �sheries manage-

ment, has set ine�ciently generous total allowable catches (TACs) in the past. To

study why this has been the case, we develop a model which describes the annual

voting on TACs as a dynamic game with feedback strategies in discrete time. We

consider two types of ministers, with one type being more patient than the other

one. We show that the resulting TAC levels are ine�ciently high and can even be

close to open access levels. The underlying cause for this `common-pool problem

in the Council of Ministers' is the uncertainty about future majorities and decision

making in the Council. We conclude that more sustainable �shery management

requires binding long term commitments instead of annual votes.
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1 Introduction

According to the European Commission (2009), 88% of European �sh stocks are

over�shed, a third of them is outside safe biological limits. Over�shing is not

only a problem of recent years but has caused the European Union's concern

for over thirty years now. In order to reduce the over�shing problem and to

implement a sustainable �shery management, the Common Fisheries Policy (CFP)

was introduced in 1983 (European Council 1983). It comprises several instruments,

including technical standards for ships and �shing gears, limited �shing seasons

and marine protected areas. The most important instrument, however, are the

total allowable catches (TACs) which limit the amount of �sh that can be caught

legally from a certain stock in a year.

The ongoing over�shing shows that there has not been any remarkable success

in improving the situation of the European �sh stocks so far. The main reason for

this failure are too high TACs (Khalilian et al. 2010). O'Leary et al. (2011) show

that the TAC exceeds the scienti�c advice in 68% of all cases with TACs exceeding

advice by 33% on average. Even more puzzling is the fact that often TACs are

not restrictive at all for �shing activities. For an e�cient and properly enforced

TAC, the landings from a �sh stock should equal the TAC, i.e. the ratio between

landings and TACs should be 1. Data1 for 45 European �sh stocks from Baltic

Sea, North Sea and North East Atlantic show that the ratio between landings and

TACs has been less than 95% for 53% of these stocks (�gure 12). A ratio less than

1 clearly indicates �sheries mismanagement as the regulation has no e�ect at all if

the TAC is not binding. A ratio greater than 1 implies an exceeding of the TAC

which is in most cases due to lacking or insu�cient control of the enforcement of

1The data was taken form ICES advice sheets from 2012 and European Council regulations

on �shing opportunities.
2The codes for the stocks are explained in the Appendix.
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the �shing regulations. In this paper we focus on the former case.

Figure 1: Averages of landing-TAC-ratios for 45 �sh stocks over the period they

have been managed by TACs (till 2011).3

The main institutions involved in the CFP are the European Commission and

the European Council of Ministers. Based on the input of several EU- and non-

EU-research groups the Commission formulates a proposal for TACs and hands

it over to the Council of Ministers. The Council consists of the 27 national rep-

resentatives responsible for �sheries in member countries of the European Union

and decides with quali�ed majority4. The Commission's proposal is not binding

for the ministers. While for other topics of the CFP the European Parliament can

intervene in the discussion or even reject a Council's decision, it has no legislative

3The codes for the stocks are explained in the appendix.
4According to the Treaty of Nice in 2001 (European Community 2001), a quali�ed majority

in the Council is currently de�ned as 255 of the total 345 votes (73,9%) if the decision is on a

Commission's proposal. Before, roughly 70% of the votes were necessary. The exact number

alternated due to adjustments in case of EU enlargements.
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power in the TAC issue. As a consequence, the Council of Ministers is free to

choose the TACs. Hence, the failure of the CFP can be traced back to the wrong

motivations or incentives of the ministers determining their decision on TACs in

the Council. The question arises how the ministers' behaviour can be explained.

In the literature, it is widely assumed that the ministers act in favour of their

nation's and their personal short-run interests (Froese 2011, Khalilian et al. 2010).

Accordingly, they would push towards high TACs to increase �shing bene�ts in

the short run. Franchino and Rahming (2003) examine the internal structure

of the Council and show that ministers, despite their obligation to implement

sustainable �shery, are more concerned with short-run bene�ts for the �shery than

with environmental issues. In addition, Daw and Gray (2005) argue that a lack

of acceptance of �sheries science and its recommendations for the CFP by the

ministers contributes to the choice of high TAC levels. Also, due to di�erent

concerns on national and EU level, national research institutes can give advice

to the ministers that contradicts the Commission's proposal. However, none of

these contributions gives a clear-cut explanation why the ministers fail to take

into account the long-term bene�ts of binding TACs.

In this paper we argue that the set-up of the decision-making process con-

tributes to the ine�ciently high TACs. We model the decision-making process in

the Council as a dynamic game in discrete time. There are two types of minis-

ters di�ering by their time preference rates, with one group being relatively more

interested in future bene�ts. We show, that despite dynamic optimization and

forward-looking behaviour of all ministers in the council, the resulting TAC levels

can be higher than optimal and even close to the open access level. The fundamen-

tal reason is the uncertainty about future decisions about TACs in the Council,

as majorities can change over time. This is why the `common-pool problem in

the Council of Ministers' arises. We conclude that substituting the current an-
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nual votes by binding long term management devices could improve the CFP's

performance.

The paper is structured as follows. The model is set-up in section 2. The

theoretic framework is then used to explain the choice of TAC (section 3.1) and

the common pool problem in the Council of Ministers (section 3.2). Section 4

examines the e�ect of long term management on the common pool problem using

empirical data. Section 5 discusses our �ndings and draws a short conclusion.

2 Model

We assume that the ministers' interest is mainly focused on economic issues, i.e.

bene�ts from �shing.

For the �sh stock dynamics we consider the standard biomass model in discrete

time (Clark 1990). The growth of biomass xt from time step t to t+ 1 is described

by the equation

xt+1 = g(st), (1)

where st = xt − ht is escapement, i.e. the biomass that remains in the sea after

harvesting a quantity ht. The biomass growth function is assumed to be increasing

for su�ciently small escapement levels, with g′(0) > 1, and concave, g′′(s) < 0.

Fishing pro�ts over an entire �shing season are given by (Clark 1990)∫ xt

st

(p− c(x)) dx ≡ π(xt)− π(st). (2)

We impose the standard assumption that π′(g(s)) g′(s)/π′(s) is non-negative and

decreasing in s (Reed 1979).

There are two types of ministers who only di�er by their discount factor ρ.

Impatient ministers (indicated by i) have a lower discount factor than patient

ministers (indicated by p), i.e. ρp > ρi.
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Ministers with the same discount factor build a homogeneous group, i.e. have

identical objective functions. Each group will choose an optimal harvest level for

each period. There is no cooperation between the groups. The �nal harvest is

chosen by the ruling majority, which can be either group. Since there are two

kinds of ministers the majority m can take two values:

m =

{
1 if impatient ministers are in majority.

0 if patient ministers are in majority.
(3)

Due to elections on national level impatient can be replaced by patient ministers

(and vice versa), and hence the majority in the Council can change from period

to period. We use q to denote the probability that impatient ministers rule, such

that patient ministers rule with probability (1− q).

Each group of ministers aims at maximizing the expected present value of

pro�ts. We use v(x,m) and V (x,m) to denote the value functions of the dynamic

optimization problems for the impatient and patient ministers respectively, both

of which depend on the two state variables in the model, namely the current size

x of the �sh stock and the current majority m = {0; 1}.

3 Analysis and Results

3.1 Optimal �shery management

As a benchmark case we characterize Pareto-optimal �shery management here, i.e.

the management that maximizes the payo� of either group of ministers j ∈ {i, p}.

This is found by assuming that group j has full control over the �shery and chooses

escapement levels such as to maximize their present value of payo�s, i.e.

max
{sj}

∞∑
t=1

δt−1j (π(xt)− π(st)) subject to (1). (4)
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It is well-known (Clark 1990) that the optimal feedback policy in this case is a

most rapid approach to a constant escapement level s?j ,
5 i.e.

s?j(x) = min
{
x, s?j

}
, (5)

where s?j is implicitly given as the solution of

π′(s) = ρj g
′(s) π′(g(s)). (6)

The assumptions imposed on π(s) and g(s) imply that s?j is increasing in the

discount factor ρj. Hence, the optimal escapement level for the impatient ministers

is strictly smaller than the optimal escapement level for the patient ministers.

As we assume here that the majority will not change over time, the development

of the harvest levels will be as shown in �gure 2.

In each period, the stock x will be reduced to the optimal escapement level s?j .

Fishing will stop and the stock grows again. The stock of the next period is then

given by g(x−h?j) = g(s?j). In t = 2, again the optimal harvest level will be �shed,

then the �shing will stop and the stock can recover.

3.2 The Common Pool Problem in the Council of Ministers

We now turn to the analysis of management decisions in the Council of Ministers

where majorities can change between periods. We use a game theoretic approach

where the two groups of ministers can be seen as two players with di�erent prefer-

ences that have to pick a strategy, i.e. decide upon the escapement level. Since the

majority in the Council can change, the two groups have to consider the case that

in the next period the escapement level is set by the other group with a certain

5The technical reason for this result is that due to the additive separability of the objective

function in xt and st, and because the next period's stock depends only on st, the optimal

feedback solution is independent of the current state of the �shery.
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Figure 2: Development of the harvest level over time without change of majority.

probability. This is taken into account by including the other group's feedback

strategy as a constraint in the own optimization. In this setting, we use Bell-

man equations to derive the pro�t maximizing escapement level for each group of

ministers. The Bellman equations depend on the majority m and the stock size

x. There are two Bellman equations for each group of ministers, depending on

whether they are currently in the majority (m = 1) or not (m = 0). We denote

the Bellman equation for the impatient minsters with v(x,m) and for the patient

ministers V (x,m), respectively.

If the impatient ministers are in the majority (i.e. m = 1), they choose the

escapement level such as to maximize the present value of pro�ts, and the Bellman

equation is

v(x, 1) = π(x)− π(ŝi(x)) + ρi (q v(g(ŝi(x)), 1) + (1− q) v(g(ŝi(x)), 0)) , (7)
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where ŝi(x) is the optimal feedback policy chosen by the impatient ministers. The

�rst two terms on the right hand side (RHS) describe the pro�ts of the current

period. The term in brackets gives the present value of future pro�ts at the impa-

tients' discount factor ρi. q and (1− q) denote the probability of an impatient and

patient majority in the next period, respectively. In both cases the future stock is

determined by the optimal escapement of the impatients, ŝi via equation (1). If the

impatient ministers do not rule (i.e. m = 0), they face the decision on escapement

by the patient ministers, ŝp(x), which is the analogously de�ned optimal feedback

policy for the patient ministers. The corresponding Bellman equation is

v(x, 0) = π(x)− π(ŝp(x)) + ρi (q v(g(ŝp(x)), 1) + (1− q) v(g(ŝp(x)), 0)) . (8)

Again, the RHS consists of the sum of current pro�t and discounted future pro�ts

weighted with probabilities for the di�erent majority scenarios. Here, the future

stock depends on ŝp, because in the current period the patient ministers choose

the escapement level. Similarly, the two Bellman equations determining the value

function for the patient ministers are

V (x, 1) = π(x)− π(ŝi(x)) + ρp (q V (g(ŝi(x)), 1) + (1− q)V (g(ŝi(x)), 0)) (9)

V (x, 0) = π(x)− π(ŝp(x)) + ρp (q V (g(ŝp(x)), 1) + (1− q)V (g(ŝp(x)), 0)) . (10)

The corresponding total allowable catches are then given by x− ŝi(x) if the impa-

tient ministers rule and x− ŝp(x) is the patient ministers rule.

As in the case of optimal management, the equilibrium feedback strategies are

characterized by most rapid approach paths to constant escapement levels.

Lemma 1. The optimal feedback policies are given by

ŝj(x) = min {x, ŝj} (11)

with constants ŝp > ŝi > 0.
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Proof. See Appendix.

Our �rst theoretical result is that the management decision by the patient

ministers is not a�ected by the non-cooperative setting in the council. If they

have the majority, they will choose their optimal feedback policy.

Proposition 1. The patient ministers always choose their optimal feedback policy,

ŝp(x) = s?p(x). (12)

Proof. As ŝi < ŝp, we have V (x, 1) = π(x) + C1 with some constant C1. Further-

more, V (x, 0) = π(x) +C2 with another constant C2. Using this in equation (10),

we have

V (x, 0) = max
s
{π(x)− π(s) + ρp (q π(g(s)) + (1− q)π(g(s)) + q C1 + (1− q)C2)} .

This Bellman equation is solved by s?p(x) (Clark 1990).

For the impatient ministers, this result does not hold. Our central theoretical

result is that the impatient ministers would choose a lower escapement level than

optimal if the discount factors are su�ciently heterogeneous.

Proposition 2. A threshold level ρ̄ in discount factors exists such that the im-

patient ministers choose their optimal feedback policy if ρp − ρi ≤ ρ̄ and a lower

escapement level than their optimal one if ρp − ρi > ρ̄.

Proof. If the discount factors are heterogeneous enough that g(s?i ) < s?p, it follows

from Proposition 1 that v(g(s?p), 0) = C3 with some constant C3. Using this in (7),

we have

v(x, 1) = π(x)− π(ŝi) + ρi (q π(g(ŝi)) + (1− q)C3) ,
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where ŝi < s?i is determined as the solution of

π′(ŝi) = ρi q g
′(ŝi) π

′(g(ŝi)). (13)

A change from an impatient to a patient majority implies stronger �shing

restrictions in the next period, because the patients' optimal harvest will be smaller

than the impatients', i.e. hi(g(s)) > hp(g(s)) because of ρi < ρp. Hence, in

the next period the impatient ministers will not be able to �sh as much �sh as

would be optimal for them, but less. The change in majority translates into

harvest shortfalls in the next period for the impatient ministers. This has an

important implication. From the impatients' point of view, potential majority

changes introduce potential losses in the future. Knowing about that risk the

impatients try to compensate this risk. The only option for compensation they

have is to generate more bene�t in the current period to outweigh the expected

reduction in the next period. Consequently, this will lead to a higher harvest in

the �rst period compared to the case without majority change.

In other words, due to the uncertainty regarding the majority and its choice of

harvest of the next period the impatient ministers tend to choose higher current

�shing income (which is safe) rather than uncertain future �shing incomes. This

is what we refer to as 'the common pool problem in the Council of Ministers'. The

ministers face the common pool problem in every period when they have to set

the harvest level for that period.

Figure 3 illustrates the common pool problem. The rise of the harvest level in

the current period because of a potential change in majority in following period

translates into a stronger reduction of the stock. In the �rst period, the impatient

ministers choose a higher harvest ĥ′i (solid red line) compared to the situation

where they are sure to get the majority in the next period (dashed blue line), h?i .
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In case of a change in majority (with probability (1− q)) the patient ministers set

their preferred TAC, such that total harvest is only h?p if g(ŝ′i) > x− h?p in t = 2.

If the stock size is below x − h?p the patient ministers will even enforce a �shing

stop (solid green line). If the majority does not change (with probability q) the

impatient ministers will �sh their harvest ĥ′i. The di�erence in the harvest levels

is related to the potential losses the impatients are facing in the second period.

Figure 3: Common Pool Problem. Development of the harvest level over time with

potential change of majority in t ≥ 2.

The reduction of the stock due to the common pool problem is in�uenced by

two components: q and ρp. If the impatient ministers can be (relatively) sure that

they will keep the majority in the second period, i.e. q is su�ciently large, the

incentive to choose a higher harvest level will be damped. We have the following

result.

Proposition 3. If ρp−ρi > ρ̄, the optimal harvest level for the impatient ministers

11



increases with the probability that there is a majority of patient ministers (1− q),

dŝi
dq

> 0. (14)

In other words, the optimal escapement of the impatients increases if the prob-

ability of an impatient majority (q) increases.

Proof.

ĥi = x− ŝi ↔ ŝi = x− ĥi (15)

From proposition 2:

v(x, 1) = π(x)− π(g(ŝi)) + ρi(q(π(g(ŝi)) + (1− q)C3)) (16)

π′(ŝi) = q ρig
′(ŝi)π

′(g(ŝi)) (17)

q ρi =
π′(ŝi)

g′(ŝi)π′(g(ŝi))
(18)

The RHS is increasing in s (Reed 1979). Thus, if q increases, s has to increase,

too.

In chapter 3 we have shown that the set-up of the decision-making process

upon TACs, i.e. the annual updating, leads to the common pool problem if (1)

the majority is impatient and (2) the di�erence of the time preferences of the two

minister groups is su�ciently large. Then, the uncertainty about future regulations

increases the TAC level in order to outweigh more restrictive �shing regulations

due to a possible change in majority.

We now turn to the actual situation in the Council of Ministers. We focus on

two European �sh stocks as empirical examples to show that the common pool

problem appears under the annual TAC regime. We then examine the success of

an alternative management strategy the EU has implemented for the two stocks

under consideration in order to avoid the common pool problem.
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4 Case Studies: Eastern Baltic cod and North Sea

plaice

When making the decision about TACs the ministers in the Council face a situation

that is similar to the scenario in the �rst period of our model. The ministers can

�x the TAC for the current period, but they are uncertain about the next period's

�shing opportunities. Since for half of the stocks the TACs are too high and hence

ine�ective (see �gure 1), we can assume that the majority is (or has been) rather

impatient. As shown before, the common pool problem will then appear if the

di�erence in the discount factors of patient and impatient ministers is su�ciently

large.

In order to check that, we use two exemplary stocks: the Eastern Baltic cod

and the North Sea plaice. We chose these two stocks for three reasons. First,

their ratio of landings and TACs is on average 0.926 which indicates that TACs

have not been binding and thus have been set at too low levels. Second, for these

two stocks we have the required data to calculate the critical discount factor ρ̃i.

The critical discount factor is the discount factor of the impatients' that should

be exceeded in order to avoid the common pool problem, i.e. the minimal ρi that

ful�ls ρp−ρi ≤ ρ̄. Third, for both stocks the management changed a few years ago

as described below. Hence we can examine in what way the common pool problem

is e�ected by an alternative management.

For calculating the critical discount factor of the impatient ministers we assume

a patient discount rate of 3%. This is the average of the social discount rates for

Denmark, Germany, The Netherlands and Sweden (European Union 2008). We

use biomass growth functions and cost functions from the literature (Quaas et al.

2012). Given these numbers, we calculated the optimal escapement of the patient

6See 'cod-2532' for Eastern Baltic cod and 'ple-nsea' for North Sea plaice in �gure 1.
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ministers, sp by solving (6) for s given that ρj = ρp. This yields an optimal

escapement of the impatients of sp = 1038000 tons for both stocks. Then, we

determined s̃i that ful�ls g(s̃i) = sp using the inverse growth function

s̃i = g−1(sp) =
Bmax

2r
(1 + r −

√
(1 + r)2 − 4r

sp
Bmax

) (19)

with Bmax being the equilibrium stock in the absence of harvest and r being the

intrinsic growth rate. For every si > s̃i the common pool problem will not appear

because then g(si) > sp and the impatient ministers will not implement a �shing

stop. Solving (6) for ρi given s̃i the critical discount factor ρ̃i of the impatient

ministers is 0.77 with a corresponding discount rate of 29% (standard error =

1.1%) for both stocks. Thus, the avoidance of the common pool problem requires

a discount factor greater than 0.77 or a discount rate less than 29%, respectively.

Accordingly, a discount rate of more than 29% ful�ls the condition for the common

pool problem.

Based on experimental data Andersen et al. (2008) estimated a discount rate

under risk neutrality (as in our model) of 25.2% (standard error = 1.2%). The

con�dence intervals (α = 0.05) of Andersen's estimated discount rate and our

result overlap which allows to assume that ρi is indeed in the range of these two

values. Quaas et al. (2012) use empirical data for European �sh stocks to calculate

the shadow interest rates (SIR) of �sheries. The SIR re�ects the interest rate which

the �shermen indirectly accept to pay if they continue �shing beyond the maximum

sustainable yield level in the current period and thus "borrow" �sh from the future.

The increase in �shing pro�ts is o�set by the interest rate that has to be paid back

in the next period. In the optimal case, the SIR should equal the market interest

rate of 6%. The authors �nd a SIR of 66% (standard error = 3%) for the Eastern

Baltic cod and 56% (standard error = 3%) for the North Sea plaice, respectively,

which is well above our critical value.
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Hence, it is justi�ed to assume that the condition ρp− ρi > ρ̄ is ful�lled for the

two stocks under consideration. Consequently, the common pool problem is likely

to appear in the Council of Ministers and could be the mechanism which increases

the TAC level for the Eastern Baltic cod and the North Sea plaice.

The main driver of the common pool problem is the uncertainty about future

�shing opportunities. This uncertainty arises because of the annual TAC setting.

By substituting annual for binding long term regulations the uncertainty could be

reduced and the common pool problem avoided.

Since the reform in 2002, the CFP includes the instruments of long term man-

agement plans (LTMPs) for major commercial �sh stocks (European Commission

(2001), European Council (2002)). Those plans de�ne the TAC for a stock for

a longer period of several years by limiting the variation of the TAC level. The

long term plans have to be applied until a certain target value (for example �shing

mortality rate7) is reached.

The Commission's motivation for this change in management was to increase

the stability of TAC levels from year to year which is in favour of the �shing

industry and to reduce the in�uence of short term interests (e.g. from politicians)

(European Commission 2012). The annual TAC setting allows the ministers to

update the TACs according to their current short term interests. This short-

sightedness in management increases the uncertainty of future �shing opportunities

and therefore motivates the common pool problem (i.e. the overcautious choice

of high TACs in order to outweigh potential future harvest shortfalls). LTMPs

have the potential to reduce the common pool problem by promoting a long term

strategy.

7With �shing mortality rate we refer to the instantaneous rate of �shing mortality F. F is

equal to the instantaneous total mortality rate multiplied by the ratio of �shing deaths to all

deaths (ICES 2013).
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For both, the Eastern Baltic cod (European Council 2007a) and the North Sea

plaice (European Council 2007b) a LTMP has been approved and implemented

by the Council of Ministers in 2007. The plans are structured in two phases. In

phase 1 the replenishment of the stock (which is the main intention of the LTMP)

should be realized, i.e. the stock should be in safe biological limits. In phase 2 a

management according to maximum sustainable yield should be implemented. For

both stocks, the target �shing mortality rate then should be less or equal to 0.3.

Before the implementation of the LTMP the �shing mortality rate was on average

0.94 (Eastern Baltic cod) and 0.52 (North Sea plaice). TACs are still set annually,

but according to the harvest-control-rule implied by the target �shing mortality.

Furthermore, both plans restrict the variability of the TACs by stating that the

next year's TAC may only di�er by 15% from the TAC the year before. The

�uctuation of TACs is therefore limited and sudden �shing stops due to changes

in the majority can be excluded. That reduces the uncertainty of future �shing

opportunities and therefore dampens the e�ect of the common pool problem.

Hence, under a LTMP one would expect that the level of TAC decreases. This

should be re�ected in an improvement of the ratio between landings and TACs.

Lower TAC levels allow the stock to recover which implies an increase in the stock

biomass. Combined with constant (or - due to stronger �shing restrictions - even

decreasing) landings this should lead to a decreasing �shing mortality rate.

Figures 4 to 7 show the development8 of the total stock biomass (TSB), the

landings, the TACs and the �shing mortality rate F9 of the cod stock and the

plaice stock, respectively, before and after the implementation of the long term

8In the period from 1966 (cod) and 1957 (plaice) until 2011. TACs were set from 1989 (cod)

and 1987 (plaice) on.
9Mean of the �shing mortality rate of the age groups 4 to 7 (cod) and 2 to 6 (plaice).
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management plans in 200710.

Figure 4: Development of the total stock biomass (TSB), the landings and TACs

of the Eastern Baltic cod.

Before the LTMP in 2007, the landings of cod follow the development of the

total stock biomass. The TACs are higher than the landings for two thirds of the

years in that period. The average ratio from 1989 to 2006 is 0.91. After 2007,

TACs and landings stay rather constant at a low level, as a consequence of the

LTMP. The LTMP was successful, as the stock could recover, with a signi�cant

increase in total stock biomass.

For the North Sea plaice, the development of the total stock biomass and the

landings is not as parallel as for the cod. It can be seen that the e�ectiveness of the

TAC management changes over time. The average ratio from 1987 to 2000 is 0.85

while from 2001 to 2011 it is 0.98. The more e�ective management starting in 2001

and being continued with the LTMP facilitates an increasing total stock biomass.

The LTMP prevents a sudden jump in landings parallel to the development of the

10The data is taken from 2012 ICES reports.
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Figure 5: Development of the �shing mortality rate F of the Eastern Baltic cod.

Figure 6: Development of the total stock biomass (TSB), the landings and TACs

of the North Sea plaice.

total stock biomass what results in a continued decrease of the �shing mortality

rate (�gure 7).
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Figure 7: Development of the �shing mortality F of the North Sea plaice.

The examples of the Eastern Baltic cod and the North Sea plaice con�rm the

expected e�ects of LTMPs, that is decreasing TAC level and �shing mortality rate,

improved total stock biomass and a tendency of the ratio between landings and

TACs towards one. In addition the LTMPs seem to be more e�cient since they

achieved in a few years what could not have been realized with the annual TAC

management the decades before.

The uncertainty driving the common pool problem is reduced by long-term

management. Thus, TACs are not driven upwards to outweigh potential future

harvest shortfalls due to stronger �shing restrictions. The common pool problem

therefore does not arise under long-term commitment. The increased certainty

about future �shing opportunities even seems to make lower TACs more attractive.

Otherwise the members of the Council would not agree on the implementation of a

LTMP. That is in line with Penas (2007) who states that the willingness to accept

a LTMP increases with an increasing steadiness of TACs.
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5 Conclusion

In this paper we presented a model in order to explain what motivates the ministers

in the Council to choose too high TACs. According to our model the reason for

the too high TACs is the uncertainty of the next period's majority and its choice

of TAC if the initial majority is impatient.

We argue that this problem could be solved by implementing long term binding

regulations instead of annual TAC setting. Using the examples of the Eastern

Baltic Sea cod and the North Sea plaice we show that the common pool problem

is reduced for stocks with long term commitment to more conservative TACs. This

is due to the limitation of TAC variability in long term management plans which

reduces the uncertainty regarding future �shing opportunities. In addition, long

term management seems to be more e�cient than annual TAC updating because

target �shing mortality rates were reached within a few years under the LTMP in

contrast to several decades of mismanagement under the annual TAC updating.
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A Appendix

In order to proof 1 we �rst of all show that a constant escapement s?j is optimal for

T − 1. Then, we show that s?p > s?i . Finally, we show by backward induction that

s?j is always the optimal choice of escapement in our setting which is the claim of

1.

A.1 optimal escapement in T, T-1

General Bellman equation for impatient (v) and patient (V ) ministers:

v(x, 1) = π(x)− π(si(x)) + ρi[qv(g(si(x)), 1) + (1− q)v(g(si(x)), 0)] (20)

V (x, 0) = π(x)− π(sp(x)) + ρp[qv(g(sp(x)), 1) + (1− q)v(g(sp(x)), 0)] (21)

For t = T :

vT (x, 1) = π(xT )− π(si(xT )) (22)

VT (x, 0) = π(xT )− π(sp(xT )) (23)

22 and 23 are solved by s∞.

For t = T − 1:

vT−1(x, 1) = π(xT−1)− π(si(xT−1)) + ρi[π(g(si(xT−1)))− π(s∞)] (24)

− dπ
dsi

+ ρi
dπ

dg

dg

dsi
= 0 ↔ dπ

dsi
= ρi

dπ

dg

dg

dsi
(25)

(25) is solved by ŝi = min{x, ŝi} (Clark 1990).

VT−1(x, 0) = π(xT−1)− π(sp(xT−1)) + ρp[π(g(sp(xT−1)))− π(s∞)] (26)
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− dπ
dsp

+ ρp
dπ

dg

dg

dsp
= 0 ↔ dπ

dsp
= ρp

dπ

dg

dg

dsp
(27)

(27) is solved by ŝp = min{x, ŝp} (Clark 1990).

A.2 di�erent escapement because of di�erent discount fac-

tors

ρj =
π′(s)

π′(g(s))g′(s)
(28)

In (28) the RHS is increasing in s (Reed 1979). Hence, an increasing ρ leads

to an increasing s. Thus, ŝp > ŝi because of ρp > ρi.

A.3 optimal escapement in T-2

For impatient ministers, plug in optimal escapement in (24).

vT−1(x, 1) = π(xT−1 − π(ŝi)) + ρi[π(g(ŝi))− π(s∞)] (29)

vT−1(x, 1) = π(xT−1)− C1 (30)

Same for patient:

VT−1(x, 0) = π(xT−1)− C2 (31)

For t = T − 2:

vT−2(x, 1) = π(xT−2)− π(si(xT−2)) + ρi[q(π(g(si))− C1) + (1− q)(π(g(si))− C2)]

(32)

vT−2(x, 1) = π(xT−2)− π(si(xT−2)) + ρi[π(g(si))− C3] (33)
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dπ

ds
= ρi

dπ

dg

dg

ds
(34)

(34) is solved for ŝi = min{x, ŝi} (Clark 1990). Same for p.

Then,

vT−2 = π(xT−2)− C4 (35)

VT−2 = π(xT−2)− C5. (36)

(35) and (36) can be plugged in vT−3(x, 1) and VT−3(x, 0). Leads to ŝj =

min{x, ŝj} for j = {i, p} and so on. In each period ŝj will be the optimal escape-

ment with ŝp > ŝi. Accordingly, ĥj = x − ŝj will be the optimal harvest strategy

in every period.

A.4 Fish Stock Codes

code stock ICES division

cap-icel Capelin IIa (Norwegian Sea), V (Iceland and Faroer

Grounds) and XIV (East Greenland)

cod-2224 Cod 22 - 24 (Western Baltic Sea, Belts and

Sounds)

cod-2532 Cod 25 - 32 (Eastern Baltic Sea)

cod-347d Cod IIIa (Skagerrak), IV (North Sea) and VIId

(Eastern English Channel)

cod-7e-k Cod VIIe-k (Western English Channel, Bristol

Channel, Celtic Sea, Southwest of Ireland)

cod-arct Cod I (Barents Sea)and II (Norwegian Sea,

Spitzbergen, Bear Island)
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cod-coas Cod Norwegian coastal waters

cod-iceg Cod Va (Iceland Grounds)

had-34 Haddock III (Baltic Sea, Kattegat, Skagerrak, Sounds

and Belts) and IV (North Sea)

had-7b-k Haddock VIIb-k (West and Southwest of Ireland, En-

glish Channel, Celtic Sea, Porcupine Bank)

had-arct Haddock I (Barents Sea), II (Norwegian Sea, Spitzber-

gen, Bear Island)

had-iceg Haddock Va (Iceland Grounds)

had-scow Haddock VIa (West of Scotland)

her-2532-gor Herring 25-32 (Eastern Baltic Sea) without Gulf of

Riga

her-30 Herring 30 (Bothnian Sea)

her-47d3 Herring IIIa (Skagerrak), IV (North Sea) and VIId

(Eastern English Channel)

her-noss Norwegian

spring-spawning

Herring

coastel waters of Norway

her-riga Herring 28.1 (Gulf of Riga)

her-vasu Spring-spawning

Herring

Va (Iceland Grounds)

her-vian Herring VIa (West of Scotland)

hke-nrtn Northern Hake IIIa (Skagerrak), IV (North Sea), VI (West of

Scotland, North Ireland, Rockall), VII (Irish

Sea, West and Southwest if Ireland, English

Channel, Celtic Sea, Porcupine Bank) and

VIIIa,b (Bay of Biscay North and Central)
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hke-soth Southern Hake VIIIc (Bay of Biscay South) and IXa (East

Portuguese Waters)

hom-soth Horse Mackerel IXa (East Poruguese Waters)

hom-west Horse Mackerel IIa (Norwegian Sea), IIIa (Skagerrak), IVa

(Northern North Sea), Vb (Faroes Grounds),

VIa (West of Scotland), VIIa-c (Irish Sea,

West of Ireland, Porcupine Bank), VIIe-k

(Western English Channel, Bristol Channel,

Celtic Sea, Southwest of Ireland)and VI-

IIa,b,d,e (Bay of Biscay)

mac-nea Mackerel IV (North Sea)

mgb-8c9a Megrim VIIIc (Bay of Biscay South) and IXa (Por-

tuguese Waters East)

nop-34 Norway pout IIIa (Skagerrak) and IV (North Sea)

ple-celt Celtic Sea Plaice VIIf,g (Bristol Channel, Celtic Sea North)

ple-ech-comb Plaice VIId (Eastern English Channel) and VIIe

(Western English Channel)

ple-iris Plaice VIIa (Irish Sea)

ple-nsea Plaice IV (North Sea)

sai-3a46 Saithe IIIa (Skagerrak), IV (North Sea) and VI

(West of Scotland and Rockall)

sai-arct Saithe I (Barents Sea), II (Norwegian Sea, Spitzber-

gen, Bear Island)

san-nsea Sandeel IV (North Sea)

sol-bisc Sole VIIIa,b (Bay of Biscay North and Central)
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sol-celt Sole VIIf,g (Bristol Channel, Celtic Sea North)

sol-eche Sole VIId (Eastern English Channel)

sol-echw Sole VIIe (Western English Channel)

sol-iris Sole VIIa (Irish Sea)

sol-kask Sole IIIa (Skagerrak)

sol-nsea Sole IV (North Sea)

spr-2232 Sprat 22 - 32 (Baltic Sea, Belts and Sounds)

whg-47d Whiting IV (North Sea) and VIId (Eastern English

Channel)

whg-7e-k Whiting VII e-k (Western English Channel, Bristol

Channel, Celtic Sea, Southwest of Ireland)

whb-comb Blue Whiting I-IX, XII and XIV (all waters except X

(Azores Grounds), XI and XIII (have been

defunct as subareas, now incorporated in the

Eastern Central Atlantic))
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