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Abstract

This paper treats illegal landings as a mora hazard problem that arises, since
individual catches are unobservable to society and hence private information. A
tax/subsidy mechanism taking into account the asymmetric information prob-
lem is formulated as a solution to problems with illegal landings. The incentive
scheme uses fish stock size as the tax variable, and can be seen as an dternative
to a control policy. Rough estimates from a smulation study suggest that the
incentive scheme is potentialy useful. The incentive scheme also has potential
application as an instrument to the solution of by-catch and discard problems.
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1. Introduction

Regulating industries by output control where output is costly to observe can
run into problems with unreported outputs (for example pollution). In fisheries
this problem arises as illegal landings, discard and by-catches, see Clark (1985)
and Copes (1986). In figure 1 hhe magnitude of this problem is illustrated for
cod in the North Sea.

Figure 1: Intended and actual fishing mortality for the North Sea cod
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It is seen that the actua fishing mortality is generally much higher than the in-
tended fishing mortality. This is partly due to misreported landings and discard.
Indeed Svelle et al (1997) claim that for cod in the North Sea discards are 22%
of the catch weight and 51% of the number of caught fish. Discard is aso a nme-
jor problem within te European Union (EU) (Commission (1992a)), and at a
global level Alverson et al (1994) show that by-catches and discard pose prob-
lems. The main purpose of a quota system is to conserve the resource stock and



unreported catches undermine this purpose. This leads to threaten stocks and
low economic returns in the sector.

In the literature there is, however, some confusion with respect to the content of
the concepts of illegal landings, by-catches and discard. Following Alverson et
al (1994) illega landings are defined as catches in excess of the quota sold
through out illegal channels. Discard is the portion of the catch returned to the
sea and by-catches are discard plus incidental catches, where incidental catch is
retained catch of non-targeted species. High grading arises when the less profit-
able part of a catchesis discarded.

In this paper attention is restricted to illegal landings even though the economic
incentive scheme analysed here has potential application to the solution of
problems associated with discard and by-catches. The problem of illegal land-
ings is viewed as a problem that arises because individual catches cannot be ob-
served. In effect thisis a moral hazard problem, since an endogenous variable is
unobservable, see for example Laffont and Tirole (1993). Based on the work of
Holmstrom (1982) on moral hazard in teams and Segerson (1988) on non-point
pollution, a stock tax/subsidy mechanism is presented, smulated and discussed.
The proposed mechanism is similar to the mechanism proposed in Sergerson
(1988). In both cases an individual pays on the basis of the full damage an ac-
tivity courses in order to eliminate free-riding. However, there are four differ-
ences from Segerson (1988). Firstly, for example, Kolstad (2000) argue that the
mechanism functions best in small groups. This point is easily seen from the
analysis in this paper. Secondly, the mechanism is ssimulated, and the simulation
results show that the variable tax is surprisingly low. Thirdly, the tax structure
is different because of the resource stock restriction. It is shown that the tax
must be based on the user cost of the resource stock. Fourthly, another informa-
tion structure is assumed. Segerson (1988) assumes that one variable is unob-
servable to both actors. In this paper individual catches is unobservable to soci-
ety and the stock size is unobservable to the fishermen. This difference is due to
different policy problems analysed.



Some comments on the economic literature on discard and by-catches are use-
ful. Copes (1986) discusses possible solutions to high grading problems. It
might be possible to reduce discarding to a tolerable level by fine tuning regul a-
tions. Separate quotas might be given for different species or for different fish
sizes that have different values per unit weight. Anderson (1994) analyses the
economics of high grading in terms of the operating decisions of individual ves-
sels. The study shows that it can be socialy optimal to high grade with landing
constraints that are costly to relax, and that individual transferable quotas
(ITQs) can cause high grading when it is not socially optimal. Arnason (1994)
develops a dynamic model that explicitly considers different grades of fishes to
examine the catch discarding problem. The study shows that in a differentiated
fishery discarding of catch may be socialy optimal. Sampson (1994) develops a
model for selection of fishing locations by a fisherman faced with two species
whose dengities vary with distance from the port. The study shows that trip quo-
tas can be effective in protecting a species only when the two fish stocks are
reasonably well separated. Boyce (1995) considers two fisheries — one for atar-
get species and one for a by-catch species. The by-catch rate is positively re-
lated to the harvest rate of the target species. The study shows that a competi-
tive ITQ system is capable of maximising social welfare, but that there must
exist quota markets for both target and by-catch species. The approach taken in
this paper is different from these approaches since tt is argued that individua
catches are unobservable due to illegal landings. Indeed, the existing literature
fails to acknowledge that illegal landings and discard arise because catches are
unobservable.

Some comments on the literature of illegal landings are also worth mentioning.
Based on the economics of crime (Becker (1968) and Stigler (1971)), the litera-
ture studies fishery enforcement (Andersen and Sutinen (1983), Sutinen and
Andersen (1985), Milliman (1986), Anderson and Lee (1986), Anderson (1987)
and (1989), Neher (1990b), Sutinen (1993) and Charles (1993). Two fundamen-
tal results are established. Firstly, with costly enforcement it will not be optimal
to ensure complete compliance. Secondly, in such situations it can be expected
that illegal activity occurs on the basis of margina returns to individual deci-
sions. The approach taken makes it necessary to have a control policy, and the
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world wide policy response to the problems associated with illegal landings
have been such a policy. In the EU, the control policy is judged to be ineffec-
tive, see for example Commission (1992b) and Jensen (2000). It is therefore
important to search for aternatives to a control policy, and the mechanism pro-
posed in this paper can be seen as an alternative.

In section 2, a theoretica anaysis of the proposed mechanism is presented,
while section 3 contains a smulation study of the incentive scheme. Problems
associated with the mechanism are discussed in section 4, and section 5 con-
cludes the paper.

2. lllegal landings and the incentive scheme

Imagine an industry consisting of n fishermen and let society impose a total
guota on the industry. No matter which alocation scheme is chosen, there will
be a compliance problem with atotal quota system, see Copes (1986).

In the present paper, individual catches are assumed to be unobservable due to
illegal landings, whereas total catches are assumed to be observable due to
measurement of the fish stock. This setup is similar to individual pollution in
the non-point pollution literature, see Hanley et al (1997) for an overview.? Itis
well known that there are random fluctuations and errors in measuring the stock
size. However, two points are worth mentioning in this respect. Firstly, the
problem is aso considerable in the measurement of pollution in the non-point
pollution literature. Secondly, observable catches are partly the basis for the
stock calculations. Therefore, part of the measurement problem associated with
stock size is due to unobservable catches. By using the gock tax proposed here,
al catches are made observable, and therefore the stock estimate will become
more precise. In other words the proposed mechanism can be used to reveal the
private information about catches that the fishermen have.

2 Non-point pollution is defined as the case, where individual pollution cannot be measured.
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Segerson (1988) proposes a tax/subsidy mechanism as a solution to non-point
pollution problems. This mechanism is analysed here and the scheme is as fol-
lows:

it (x*-X) for x >x*
=
Tk +t.(x*-x) for x <x*

T.(x) (1)

where:
X isthe observable actual size of the fish stock.
x* isthe optimal stock size.

T; (X) is the tax function for fishermen i. Note that the fish stock is the basis for
the tax, since individual catches cannot be observed.

t; isthe tax/subsidy rate, which can vary between fishermen.
ki is afixed penalty.

The proposed mechanism functions as follows. At the start of the year, society
announces a tax/subsidy formula, and at the end of the year society may for ex-
ample collect the tax. Two interpretations of the tax are possible. Firstly, soci-
ety can announce x*. In this interpretation (1) becomes an alternative to a total
guota policy. Secondly, on the basis of a growth function, the optimal aggre-
gated catches, h*, can caculated and a total quota on h* can be announced in
combination with (1). In other words, both h* and x* are announced. Now the
stock tax is an alternative to a control policy. The second interpretation is cho-
sen, since it is probably easier for the fishermen to understand a total quota,
since catches, and not stock size, istheir choice variable.
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What is of interest is calculating t and k; (section 2.3).% In order to calculate the
variable tax rate and the fixed penalty, the optimal catches must be calculated
(section 2.1). Further a model for fishermen behaviour is needed (section 2.2),
since the first-order condition for a fisherman must be set equal to the condition
for optimal catchesin order to find t; and k.

2.1. Optimal catches

For society, individual catch for fisherman i, h, is assumed to be a stochastic
variable because of the compliance problem associated with the total quota. eis
a random variable associated with individua catches, but in the notation eis
submitted. Society is assumed to be interested in maximising expected long-run
economic yield in steady state.* In other words, the interest is in maximising the
sum of expected resource rents, subject to the restriction that the natural growth
rate equals the sum of expected catches. The assumption regarding the individ-
ual cost function, g(x, h), is that costs are linear in x and h up to a capacity
limit h.> It is assumed that dc/dh > 0 and dci/dx < 0. The choice variables are
catches and stock size, see for example Neher (1990a). Therefore:

3  Theimplication of thisisthat x* need not to be derived, when the variable tax rate and the
fixed penalty is calculated. x* isonly of interest if T; (x) isto be calculated.

4 By focusing on steady-state, discussions of adjustment to equilibriumisexcluded. If exoge-
nous pricesand linear cost functions are assumed the optimal adjustment path will be abang-
bang control, see Conrad and Clark (1991). If, for example, costs are assumed to be non-
linear, agradual adjustment to steady-stateisoptimal. An approximation to the optimal ad-
justment path in the non-linear case can be obtained by using afeed-back control, where the
next period’s optimal stock sizeisrelated to current variables. An example of using afeed-
back ruleisto be found in Sandal and Steinshamn (1997). Theoretically, there is nothing
wrong with cal culating optimal compliance taxes, as proposed in this paper, by using feed-
back rules. However, the fundamental principleismoreeasily illustrated by restricting atten-
tion to the steady-state equilibrium. A further restrictionisthat the discount rateisassumed to
be zero. In most advanced fishery economics society is assumed to maximise present val ue of
futurer esourcerents, see Clark and Munro (1978). Optimal stock exploitation canbegivena
capital theoretical interpretation and optimal control theory can be used to solvethe problem.
Aswith the discussion of adjustment toward steady-state equilibrium, it is possibleto con-
struct compliance taxes that include discounting. However, in order to avoid unnecessary
complications, this analysis focuses on the long-run economic yield.

5  The assumption about the cost function may be seen asarbitrary, but is selected in order to
makethe cal culationswith expected values as simple aspossible. Furthermore acost function
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Maxd (Eq (ph, - ¢ (x,h,) )

i=1

St.
E4 (G- & h)=0 ©
where:

p IS an exogenous price.

G(x) is the natural growth rate. It is assumed that G'(x) > 0 for x < »ysy and
G’ (x) < 0for X > xysy. Furthermore it is assumed that G (x) < 0.

Egis an expectation operator for society with respect to fishermanii.

An implication of the maximisation procedure is that G"(x*) < 0, because dc/dx
<0.°

Because of the assumed linearity of the objective function the maximisation
problem may be written as:’

Max;‘g"\ (PEq (1, - € (%, Eq () (4)
St.
G()- 8 Es(h)=0 (5)

i=1

with acapacity limitisused in Conrad and Clark (1991). However, the assumption is by no
means critical, and it is theoretically possible to work with a more general cost function.
6 Sincedci/dx <0, thederivative of the aggregated cost function with respect to stock sizewill
also be negative, and G"(x*) < 0.
7 If x isastochastic variable, aruleisthat E(a+ bx) = a+ bE(X).
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(4) and (5) may be solved with a standard Lagrange method.2 However, because
the paper wishes to compare the optimal solution with the model for fishermen
behaviour, another method is used. In this method (5) is solved to yield:

x=M(Eg (h),Es;(h)) (6)

where Eg;i(h;) is a vector consisting of al other fishermen's expected catches.
(6) is an expresson for how the steady-state stock is related to expected
catches. Using M(Es(h), Es.i(h,)), a biological response function dM/dEgi(h)
may be constructed. The biological response function indicates how the steady-
state stock responds to changes in expected individua catches. In optimum it
will be the case that dM/dEg(h)< O.

Substituting (6) into (4) yields the following maximisation problem:

Maxén. (pEs (hi) - G (M (ESi (hi)’ ES-i (h-i ))’ Es‘ (h|))) (7)

Thefirst-order conditions are:®

dac, dc, dm o dc; dMm
R -8 (8)
s(h) dMdEg(h) I dM dEg(h,)

P

p — dc/dEgi(h) is the expected marginal resource rent, and the marginal resource
rent will be positive in optimum. This occurs before the capacity limit. dc/dM
dM/dEg(h) + adc/dM dM/dEg(h) is equal to the expected marginal user cost
of the stock. This can be seen if (4) and (5) are maximised by using a standard
Lagrange method. The first-order condition for catches can be set equal to (8),
and the result is reached so that | = dc/dM dM/dEg(h) + & dc/dM dM/dEg(hy),
where | is a user cost for the fish stock. The expected marginal user cost con-
tains two dfects. Firstly, increased catches will decrease the steady-state stock

8  Thereby n+ 2 equationsand n + 2 unknownsis obtained. In thisway it is seen why maximi-
sation with respect to x is necessary.
9 It is assumed that dEg(h;)/dh; = 1. This assumption is also adopted in Segerson (1988).
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and thereby decrease the margina cost reduction of the stock for fisherman i.
dc/dM dM/d Eg(hy) captures this effect. Secondly, increased catches for fisher-
man i will decrease the margina cost reduction of the stock size for al fisher-
men other than i. & d¢/dM dM/dEg(h) captures this effect.

2.2. Fisherman behaviour

In this model, it is assumed that the stock size, not catches, is a stochastic vari-
able. The reason for this assumption is that the stock size depends on the collec-
tive actions of the fishermen. Furthermore, it is not reasonable to make catches
a stochastic variable — the fisherman must be assumed to know their own illegal
and lega landings. There is thus a difference between the information structure
assumed in Segerson (1988) and the information structure in this paper. Seger-
son (1988) operates with one variable that is stochastic for both actors. Here,
stock size is stochastic for the fishermen and individua catches for the society.
The difference in information structure reflects the fact that different policy
problems are analysed.

The stock size is governed by arandom variable, m which is submitted in what
follows. Furthermore, it is assumed that the fishermen maximise the expected
resource rent minus taxes (the expected net resource rent). An assumption
regarding the fish stock is also necessary. Since the regulator taxes the stock, it
IS reasonable to assume that the stock size is not an exogenous variable as &
sumed in fisheries economics. One solution could be to let the maximisation
take place over h and x. However, x is not a traditional endogenous variable,
since it depends on the collective actions of the fishermen. Instead, a function
for fisherman i relating stock to catches is postulated (Ni(h, h;)= E(X), where
Er is an expectation operator for fishermen i). N(h, h;) is an expression for
how fishermen i perceive that the expected stock size is influenced by catches.
An example of N(h, h;) may be found in the formulation used in Jensen and
Vestergaard (1999), where maximisation of the net resource rent occurs subject
to the restriction G(x) — h = 0. Jensen and Vestergaard include the restriction
due to dtruistic preferences. Here it is included due to the fact that the regulator
taxes the fishermen on the basis of the fish stock. Arnason (1990) operates with
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a model that is similar to this nodel, since the fishermen includes a resource
restriction. However, Arnason assumes that M(h, h;) = N(h, h;), so the model
presented here is more general, since a possibility is that M(h, h;) * N(h, h;).
Furthermore, the stock tax analysed in this paper is a good argument for the as-
sumption that the fishermen includes a resource restriction. dNi/dh; is fisherman
I”s perceived biological response and it is assumed that dN;/dh < 0.

Since stock taxes are studied as an alternative to a control policy, a control pol-
icy can be excluded. The implication of this is that the fishermen in principal
are free to choose their catches. In other words, the fishermen can exceed the
total quota, as they will. Let us assume that the fisherman receives the same
price for al landings. With expected net resource rent as the objective for fish-
erman i, and the assumed linearity of the objective function, the maximisation
problemis:

Max(ph; - ¢ (Eg (x),h;) - E5 (T, (X)) (9)
st
Er (X) =N(h;,h_;) (10)

(9) can be rewritten. Let us call pi(Eq(x), x*) fisherman i’s perceived probability
that the expected stock is larger than the optimal stock. It must be expected that
dp/dEs(X) > 0. From (1) the expected total tax for fishermani is:

E (T(0)) = tx* -t Eq () +K, (L- Py (Er (), X*)) (11)

Substituting (11) into (9), and (10) into (9), yields the following maximisation
problem:

Max(ph, - ¢ (N, (h;,h_),h) - (tx*-t,N (h,h ) +k, (@- p, (N (h,,h ), x*) (12)
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The first-order condition with Cournot-Nash expectationsis:

p- dCi - dCi dNi +(ti +kiﬁ %:0 (13)
dh, dN, dh, dN,” dh,

Neglect for a moment the tax component in order to interpret the first-order
condition and compare the condition with the socia optimal condition. In this
case it must be assumed that dNi/dh = 0 — the fisherman neglect the resource
restriction. Now the fisherman will catch where the marginal resource rent (p -
dc/dh) is zero. This occurs at the capacity limit, h. From before h* < h and the
social optima individual catch is less than the catch the fisherman wants.
Therefore, a tax is imposed in order to secure that the individual optimal catch
falls in line with the social optimal catch. (t + k; dpi/dN;)dN;/dh; is the expected
margina tax costs for the fisherman and dc/dN; dNi/dh is the user cost of the
fish stock as perceived by the fisherman. It is assumed that dc/dM dM/dEsi(h)
+ adg/dM dM/dEg(h) > dc/dN; dNi/dh. In other words the social user cost is
larger that the user cost as perceived by the fisherman. A difference between the
social optimal first-order condition and the first-order condition for the fisher-
man is that the effect that catches has on other fishermen is not reflected in (13).
This captures a basic problem with illegal landings. Each individual fisherman
does not take into account the effect that illegal landings have on other fisher-
men.

Now t and k that will secure the optimal individual catch and thereby remove
the incentive to land illegally can be calcul ated.

2.3. Optimal tax structure

First Q = dc/dN; dNy/dh - dc/dM dM/dE(h) - a dc/dM dM/dEg(h) is defined.
Q can be said to measure the marginal net expected social benefit of having the
fisherman exceeding the optimal catch (illegal landings). As mentioned above
there will be a difference between the expected user costs for fisherman and so-
ciety. dc/dN; dNi/dh, — dci/dM dM/d/Eg(hy) - & dc/dM dM/dEg(h) captures this
effect and the difference is negative. Therefore, there is an expected net social
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cost associated with having the fisherman exceeding the optima catches
through illegal catches.

Note now that dc/dh = dci/dEg(h) because of the assumed linearity of the cost
function. By equating (13) and (8) the result is reached that the tax may be set
in four ways to secure the optimal catch and thereby compliance with the tota
quota:

a k =0andt. =i

|

e TN

: o

! _ Q _

b, k=g gy dt =0

i dN, dh,

}' Q- kP O (14)
Tc. k, abitrary andt, = dN, dn,
! | | oN;

: dh,

i 0-t dN

: d k= I ot arbitrary
7 dp dN, !

] N, dh,

The possible tax structures are as follows. Firstly, the fixed penaty may be set
to zero and the variable tax rate to the marginal expected net social costs from
exceeding the optimal catch divided by the fisherman’s biological response.
The fisherman’s biological response must be included since the tax influence
catches though out the stock effect. Secondly, the variable tax rate may be set to
zero and the fixed pendty to Q divided by the margina probability change mul-
tiplied by dN;/dh. Thirdly, the fixed penalty may be set arbitrary and { to the
expected margina net socia cost minus the fixed penalty multiplied by the
marginal probability change times the fisherman biological response divided by
dNi/dnh. Fourthly, the variable tax rate may be set arbitrary and the fixed penalty
to Q minus the variable tax rate multiplied by the fisherman biological response
divided by the margina probability change multiplied by dNi/dh. Segerson
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(1988) aso arrives a a tax formula with four possibilities. However, a differ-
ence is that the response functions is reflected in the tax in this paper. The rea-
son for thisis restrictions on the maximisation problems.

Note that the tax structure eliminates free- riding. To see this, let us concentrate
on tax structure a, and assume full information so that the expected values van-
ish in the tax formula. In this case:

dc, dN, dc, dM g dc; v
_dN dh dvdh, S v h
ti - ﬂ (15)
dh,

From (15) it is seen that the fishermen pay on the basis of the difference in user
costs. Therefore the fisherman aso pays for the damage that he imposes on the
other fishermen and thereby the full margina costs that illega landings gener-
ate. In this way free riding is eliminated and compliance with the total quotais
ensured — the incentive to illegal landings is avoided. If a fixed penalty is in-
cluded, k does not distort the margina incentives, so free-riding is still elimi-
nated. In the more genera case, with asymmetric information, free-riding is
also eliminated, since the fisherman pay on the basis of the full marginal costs
that illegal catches generate. These results are analogous to the result in Seger-
son (1988).

On the basis of (15) a criticism of the suggested tax can be raised. It can be a-
gued that the margina cost reduction, due to a margina increase in the stock
size, will be little when calculated on an individual level (dc/dN; and dc/dM
will be numerically small). Therefore, the value of the variable tax rate will be
so small that it does not influence margina incentives to exceed the optimal
catch. For this reason the tax works best when the fishery is restricted to alim-
ited number of fishermen. Therefore, the smulation results in section 3 are
conducted for cod in the Kattegat. However, this criticism is not correct. When
dc/dN; and dci/dM is numerically small the biological response for fisherman i
(dNi/dh) will also be numerically small. In other words, when the stock size
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does not have much influence on the fisherman’s profit, the fisherman will not
take much account of the effect that catches have on stock size. This effect will
tend to make the variable tax rate larger and therefore there are two effects of
opposite directions. It can therefore be concluded that when comparing a low
and high numerica value of dc/dN; and dc/dM, nothing definite can be said
about t;, because of differencesin dN;/dh.

3. Simulation results

Now some simulation results for cod in the Kattegat are presented. The reason
for selecting cod in the Kattegat is that it is arelativly small and restricted fish-
ery. Concentration is put on tax structure a and full information is assumed. The
interest is to get a rough indicator for the magnitude of the variable tax rates.'°
For this reason individual variable tax rates have been calculated for six vessd
groups.

- Nettersunder 20 GT.

- Netters over 20 GT.

- Danish Seiners.

- Trawlers under 50 GT.

- Trawlers between 50 GT and 199 GT.
- Trawlers over 200 GT.

10 Inprincipleaninterest could also beto calculatetotal tax costs. Thiswould, however, not be
reasonabl e for the following reasons. With the assumed non-linear cost function agradual ad-
justment to x* will be optimal. Thereforeayear must be selected wherex iscloseto x*. For
cod in the Kattegat, alogistic growth function has been estimated on the basis of stock size
and aggregated catchesreported in appendix 1. ThisyieldsK = 170496 tonnes (see appendix
1) and therefore xysy = 85248 tonnes. Since F"(x*) < 0, x* > 85248 tonnes, but the actual
stock sizeisof maximum 44 856 tonnes. Thereforethe actual tax costswill be seriously over-
estimated. Thisconclusion holdsfor another reason. The procedurein section 2 wasthat the
regulator announced atax formula ((1) and (15)) at the start of the year and then collected
taxes based on observable variables at the end of theyear. By using this procedure society se-
curesthat x are closeto x* - intheory x = x* and total tax revenuefor society will be zero. By
using actual stock sizesto calculatetotal tax costs, the effect that announcement of atax for-
mulawould have on x, is excluded.
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Individual variable tax rates have been calculated for the average vessal within
these groups for 1971-1998. If the vessels are assumed to be homogenous
within these groups, the taxes are also variable tax rates for the other vesselsin
the groups. Six groups have been selected since an interest is in focussing on
the size of the tax difference that eliminates free-riding.

It may be concluded that the fishermen face avariable tax, not a variable sub-
sdy, every year. In appendix 1 alogistic growth function is estimated and K =
170496 tonnes. Now xysy = 85248 tonnes and in optimum G’ (x*) < 0, so x* >
85248 tonnes. But x is in the period 1971 —1998 at maximum 44856 tonnes, so
X* > X.

Some assumptions have been adopted in order to keep the simulations smple.
A more general cost function is introduced. It is assumed that dc/dh > O,
d’c/dh? > 0, dc/dx < 0, d’c/dx?> > 0 and d°c/dhdx < 0. Furthermore, it is a-
sumed that there is full information for both actors, and that Ni(h, h;) = s M(h,
h;) withs < 1. s= 1isthe case described in Arnason (1990), but s< 1 alow for
the fishermen to take some notice of the biomass growth constraint. This will
result in larger catches and hence illegal landings. For cod in the Kattegat four
cases have been simulated:

-s=1.

-s=0.8.
-s=0.6.
-s=0.4.

The smulations require knowledge of an individual cost function. The follow-
ing cost function for cod have been calibrated:

c(x,h)=la, +¥ (16)
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Appendix 1 contains al the details regarding the calibration including the en+
pirical model for the calibration of the parameters, and the data is also presented
in appendix 1. Table 1 summarises the results.

Table 1: The calibration results

Group l;a; (1000kr/tonnes)|l;b; (1000kr/tonnes)
Netters under 20 GT 150.07 2174.822
Netters over 20 GT 426.456 918.013
Danish Seners 198.51 1575.591
Trawlers under 50 GT 195.75 869.868
Trawlers between 50 GT and 199 GT 233.29 744.623
Trawlersover 200 GT 31.820 4305.97

Call n the number of vessels in group i. Now the variable tax formular for an

individual vessel ingroupi is.

de, dN, dc, dM o n_ﬁd_M
. = ON, dn, "dMdh, T, ' dM dh,
! dN,

dh,
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Now the simulation results can be presented, seefigure 2 - 7.

Figure 2: Nettersunder 20 GT
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Figure 4: Danish Seiners
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Figure 6. Trawlers between 50 GT and 199 GT
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Figure7: Trawlersover 200 GT
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A striking feature is that the variable taxes rates are low compared to the sales
price — maximum 1200 DKK. per tonnes the actua stock size is below the gp-
timal stock size* This suggests that the tax is potentially useful. It is seen that
if sislow, §ishigh. Thisresult is not surprising. If sis low, the market failure
will be larger, and the variable tax rate must be large. The variation in taxes
over time can be explained by variations in h and M(h, h,). By differenting the
tax function it can be shown that if catches is increased, the variable tax will
also increase. Furthermore if M(h, h;) is increased, the variable tax rate will
decrease. These facts explains why the variable tax rate decreases over time.
Note, however, that the proportion a vessel catch of the total catch is fixed at
the 1997 level because of the lack of time series for h. The variation in variable
tax rates between vessel groups tends to eliminate free-riding. The difference is
very low, which could indicate that a uniform tax could be used. However, the
simulation results are based on simple assumptions about the individua bio-
logical response function.

To sum up, the incentive scheme has potential application as a solution to com-
pliance problems associated with illegal landings within a total quota system.
However, the following discussion points highlight some problems with the
scheme.

4. Discussion

Some aspects of the incentive scheme proposed here must be discussed further.
It is a well known fact that fishermen are opposed to taxes since at least a part
of the resource rent is exhausted, see Anderson (1986). The same conclusion
applies to the mechanism discussed here, if the actual stock size is below the
optimal stock size. Therefore, taxes has traditionally been seen as impossible
within the fishery. Clark (1990) proposes a combination of a tax system and a
system of ITQs to secure a fair sharing of the resource rent between society and
the fishermen. Another solution could be to pay back at least a part of the col-
lected resource rent to the fishing industry as alump-sum transfer.

11 Asalready mentioned calculations of total taxes are meaningless.
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A criticism of Segerson’s mechanism has been that it does not secure budget-
balance. This criticism is part of the motivation for the work by Xepapadeas
(1991) and Govinsdasmy et al (1994) on non-point pollution. Xepapadeas pro-
poses a random penalty mechanism to the solution of non-point pollution prob-
lems, while Govinsdasmy et al suggest an environmental ranking tournament.
Even though it is relevant to discuss the environmental ranking tournament and
the random penalty mechanism for a renewable resource, a fairly smple solu-
tion to the budget-balanced problem is to pay back the social benefit from fal-
ling in line with the optimal catches to the industry. Thereby, budget-balance
can be secured.

Furthermore the information requirements of the proposed tax mechanism
could be discussed. This point is part of the motivation for the previoudy men-
tioned work by Xepapadeas and Govinsdasamy et al. Within fisheries econom-
ics, taxes has traditionally been criticised for posing to many information re-
guirements, see Arnason (1990). The tax structure proposed here raises even
greater information requirements, since society at minimum must have informa-
tion about individual biological responses. This information can be obtained in
surveys, but it is also possible to reduce the information requirements by adopt-
ing simplifying assumptions as in the smulation study. However, the informa-
tion demands is in practise not larger than the necessary information needed
when the ambition is to regulate in an optimal fashion. Note also that the in-
creased information requirements are due to the fact that more realistic assump-
tions about the information structure are alowed. In other words, the paper is
conducted within what Russell (1994) calls complex regul ation. Under complex
regulation more redlistic discussions of regulatory regimes are alowed by
dropping some of the smplifying assumptions traditionally used. The price of
the increase in reality is increased complexity. The issue of complex regulation
arises in another way. The regulatory structure that is proposed here is complex,
since it combines the use of total quotas and taxes. However, it must be re-
marked that the regulatory structure within the EU fisheries is at least as com-
plex, see Jensen (1999) and Holden (1996).
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The last point that must be discussed is the assumption that fishermen react to
the stock tax by Bking some account for their effect on the stock. If the fisher-
men do not react in this way the tax would be ineffective — the fishermen would
interpret it as a lump sum tax, which does not influence the margina incentive
to catch illegally for example.

5. Conclusion

In this paper an economic incentive scheme as a solution to problems associated
with illegal landings is presented. The economic incentive scheme is based on
the work of Holmstrom (1982) and Segerson (1988), and can be seen as an d-
ternative © a control policy. Since there are problems associated with illegal
landings, it is assumed that society has imperfect information about individual
catches. The stock size is assumed to be observable and is used as a tax base. It
Is argued that the incentive scheme makes all individual catches observable and
therefore the estimate of the stock size becomes more precise. If the actua fish
stock is above the optimal stock fishermen i receive a subsidy equa to the dif-
ference in stocks multiplied by a variable individual subsidy rate. In the case
where the actua fish stock is below the optimal stock, society taxes the fisher-
men. The total tax is equal to the difference in stocks multiplied by a variable
tax rate plus an individua fixed penalty. By the right selection of the individual
tax/subsidy rate and the fixed penalty optimal individual catches can be se-
cured. Note aso that free-riding is elimnated since the total marginal social
cost of exceeding the individual optimal catch is the basis for the calculation
basis of the tax/subsidy. Thereby, compliance with the TAC is reached. Simul a-
tions for cod in the Kattegat reveal a striking result. The variable tax rates arein
some cases only 3% of the sales price. Note, however, that the results of the
simulations are very rough estimates of the actual tax rates.

Two assumptions are worth repeating. Firstly, the analysis is based on maximi s-
ing economic yield in steady-state. Therefore, the subjects of discounting and
adjustment toward equilibrium are excluded. Theoretically, for example, feed-
back rules could be used in the calculations of the economic incentive. This
constitutes an area for future research. Secondly, it is postulated that the indi-

28



vidual fisherman reacts to a stock tax by taking some account of the resource
restriction. This assumption is most likely to be fulfilled if the total quotais d-
located to small groups of fishermen.

In the introduction it was pointed out that by-catches and discard also pose
problems with compliance to total quotas. The tax mechanism can also solve
these problems, and this also constitutes an area for future research. Another
promising area for future research isto alow for non-linear objective functions.

29



Literature

[1]

[2]

[3]

[4]

[S]

[6]

[7]

[8]

[9]

Alverson, D.L., Freeberg, M.H., Murawski, SA. and Pope, J.G. (1994): A
global assessment of fisheries by-catch and discards, FAO Fisheries tech-
nical paper no. 399.

Andersen, P and Sutinen, J. G. (1983): Fisheries law enforcement and in-
ternational trade in seafood. In Proceedings of the international Seafood
trade conference.

Anderson, L.G. (1986):. The economics of fisheries management, The
John Hopkins University Press.

Anderson, L.G (1987): A management agency perspective of the econom-
ics of fisheries regulation. Marine Resource Economics, pp. 261-277

Anderson, L.G. (1989): Enforcement issues in selecting fisheries man-
agement policy. Marine Resource Economics, 261-277.

Anderson, L.G. (1994). An economic analysis of highgrading in ITQ fish-
eries, Marine Resource Economics, pp. 209-226

Anderson, L.G. and Lee, D.R.: Optima governing instruments in natural
resource regulation: The case of the fisheries. American Journal of agri-
cultural economics, pp. 261-277

Arnason, R. (1994): On catch discarding in fisheries, Marine Resource
Economics, pp. 189-207.

Arnason, R. (1990): Minimum information management in fisheries, Ca-
nadian Journal of economics, pp. 630-653.

30



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Becker, G.S. (1968): Crime and punishment. An economic approach.
Journal of political economy, pp 169-212.

Boyce, J.R. (1995): An economic analysis of the fisheries by-catch prob-
lem. Fairbanks. University of Alaska.

Charles, A.T. (ed) (1993): Fishery enforcement: Economic analysis and
operational models. Halifax: Ocean institute of Canada.

Clark, C.W (1990): Mathematical bioeconomics. The optimal manage-
ment of renewable resources, John Wiley and sons.

Clark, C.W. (1985): Models of fishery regulation in Mirman, L.J. and
Spubler, D.F.: Essays in the economics of renewable resources, North-
Holland publishing company.

Clark, CW. and Munro, G.R. (1978): Economics of fishing and modern
capital theory: a simplified approach, Journal of environmental econom-
ics and management, 2, pp. 92-106.

Commission (1992a): Beretning om genudsagninger i EF-fiskeriet.

Commission (1992b): Report on member states monitoring of the com:
mon fisheries policy.

Conrad, JM. and Clark, C.W. (1991): Natural resource economics. Notes
and problems. Cambridge University press.

Copes, P. (1986): A critical review of individual quotaasadevicein fish-
eries management, Land economics, 63, pp. 278-93.

31



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Govinsdasamy, R.J.,, Herriges, JA. and Shogren, J.F.(1994). Nonpoint
tournaments in Dosi, C.and Tomasi, T.: Nonpoint source pollution regu-
lation: issues and analysis, Dordrecht: Kluwer Academic publishers, pp.
87-104.

Hanley, N.J., Shogren; J.F. and White, B. (1997): Environmental econom-
icsin theory and practices, London: Macmillan press.

Holden, M. (1996): The common fisheries policy. Oxford: Fishing News
Books.

Holmstrom, B. (1982): Mora hazard in teams, Bell journal of economics,
13, pp. 324-340.

Jensen, F. and Vestergaard, N. (1999): Regulation of renewable resources
in federal systems: The case of fishery in the EU, IME Working paper, No
3.

Jensen, C. L.(1999). A critical review of the Common Fisheries policy ,
IME Working paper No 6.

Laffont, J.J. and Tirole, J. (1993): A theory of incentives in procurement
and regulation, Cambridge, USA: MIT Press.

Kolstad, C.D. (2000) Environmental economics, Oxford University Press.
Milliman, S.R. (1986): Optimal fishery management in the presence of
illegal activity. Journal of environmental economics and management, pp

363-381.

Neher, P.A. (1990a): Natural resource economics. Conservation and
exploitation, Cambridge University Press.

32



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Neher, P.A. (1990b): Fishing with costly management. in Rodrigues, A.;J,
M. G.(ed) : Operations research and management in fishing, pp 99-110,
Dordrecht: Kluwer Academic Publishing.

Russell, C.S. (1994): Complex regulation and the environment: an econo-
mist’ s view , Paper presented on a conference in Copenhagen.

Sampson, D.B. (1994): Fishing tactics in a two-species fisheries model:
The bioeconomi cs of by-catch and discarding, Canadian Journal of Fish-
eries and aquatic Science, pp. 2688-2694

Sandal, L.K. and Steinshamn, S.I. (1997): A Feedback Modd for the Op-
timal Management of Renewable Natural Capital Stocks. Canadian Jour-
nal of Fisheries and Aquatic Sciences, 54.2475-2482.

Segerson, K. (1988): Uncertainty and incentives for nonpoint pollution
control, Journal of environmental economics and management, 15, pp.
87-98.

Stigler, G. J. (1971): Theories of economic regulation. Bell Journal of
economics, pp. 3-21.

Sutinen, J.G.: Recreational and commercial fisheries allocation with
costly enforcement. American Journal of agricultural economics, pp.
1183-1187.

Sutinen, J.G. and Andersen, P.: The economics of fisheries law enforce-
ment. Land economics, pp 387-397.

Svelle, M, Aarefjord, H., Heir, H.T and @verland, S (1997): Assessment
report on fisheries and fisheries related species and habitats issues.

Vestergaard, N. and Jensen, F. (2000): The optimal quota for cod in the
North Sea, IME working paper (forthcoming).

33



[40] Xepapadeas, A.P (1991): Environmental policy under imperfect informa-
tion: incentives and moral hazard, Journal of environmental economics
and management, 2, pp. 113-12611

34



Appendix 1: Calibration of the cost function and
estimation of a growth function

In this appendix the model on which the cost functions is calibrated is pre-
sented. Furthermore, a logistic growth function is estimated and an expression
for M(h, h.) isfound.

1.a Calibration of the cost function

First to the model used for calibrating the cost functions. A model from Vester-
gaard and Jensen (2000) is adopted. The profit function for fishermani is:

p.(h,,x) =p,h, - ¢, (x,h,) (1)
where p; is a constant price.
The cost function is assumed to be linear in effort:
c,(x,h,)=1.e(h;,x) (2)
where:

l; isthe cost per unit of effort.

e(h, X) is a effort function which specifies the effort needed to take a given
catch with a given stock size.

The effort function is assumed to be:

e(h,x)=a, +% (3
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Inserting (3) into (2), and (2) into (1), yields:

P =p - la, - <20 4)

Data is only obtainable for three years. Therefore data for 1997 is used to cali-
brate the parameters l;a; and |;b;.

There is data on average prices (p;), costs (s) and harvest (h). Hence an LP-
model can look like:

Max ((pi - Si)hi) (5)
St
h, £h, (6)

The constraint reflects that rations regulate the cod fishery.
The first order condition of the LP modd is:

p.-s-1,=0 (7)

o - 2l.b.h, 0 (8)

Combining these expressions gives:

byl =% (9)
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(10)

By running the LP model, a value for | ; are found. Together with estimates for
h and x (table A.3), the parameters can be found.

Information about average prices is obtained from Anon (1997). The average
price of cod is caculated from information on revenue and catches. The vari-
able costs include all costs except depreciation and interest. The share of cod of
the gross output is used to find the variable cost of cod. Table A.1 summarise

the data

Table A.1: Data for the calibration, 1997

Netters| Netters|Danish |Trawlers | Trawlers [Trawlers
under |over 20 | Seiners |under 50 |between |[over 200
20GT |GT GT 50GT GT
and 199
GT
Gross output, cod| 368.4| 14245 | 571.7 | 555.4 710.6 132.4
1000DKK/ ton-
nes
Catch cod 34.9| 1053 50.9 67.5 82.7 14.8
Tonnes
Average price, 10.6 135 11.2 8.2 8.6 8.9
cod, 1000DKK/
tonnes
Variable costs, 670.8| 2327.9 | 1820.9 | 1233.5 3059.6 7002.9
1000 DKK
Share of cod 49.74| 4874 | 26.56 | 38.49 19.01 14
Variable cost, 333.7| 1134.6 | 483.6 | 474.8 581.6 98
cod 1000 DKK
Cost per tonnes, 9.6 10.8 9.5 7 7 6.6
1000 DKK

Source: Anon (1997)
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The LP model provides the shadow pricesin table A.2.

Table A.2: Shadow prices, 1000 DKK

Netters [Netters |Danish Trawlers |Trawlers | Trawlers
under 20 [over 20 |[Seiners |under 50 |between |over 200
GT GT GT 50 GT GT
and 199
GT
| 1 2.7 1.7 1.2 1.6 2.3

Inserting these into (9) and (10), gives the estimates in the text.

1. b Estimation of a growth function

From Anon (1998) information about x and aggregated catches, h, for the pe-
riod 1971-98 is available. Table A.3 reports these.
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Table A.3: Stock size, aggregated catches and natural growth rate

Y ear X, tonnes h, tonnes G(x), tonnes
1971 42372 15732 16985
1972 43625 17442 18673
1973 44856 18837 14996
1974 41015 21880 14667
1975 33802 15485 19293
1976 37710 16275 14467
1977 35902 20119 14479
1978 30262 13390 14924
1979 31796 14830 12205
1980 29171 13509 10209
1981 25871 15337 9876
1982 20410 12465 12869
1983 20814 12828 12873
1984 20959 11886 9958
1985 19031 12706 8575
1986 14900 9096 7306
1987 13110 11491 7890
1988 9509 5527 7320
1989 11302 8590 5879
1990 8592 5936 6833
1991 9489 6834 8374
1992 11029 6271 8160
1993 12918 7013 12829
1994 18734 7802 2942
1995 13874 8165 4322
1996 10031 6126 10416
1997 14321 9461 6934
1998 11794 6835

Source: Anon (1998)

It is now possible to calculate a proxy for h in year y by the formula
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&0/ gh y (11)
h1997 (%]

Thistime seriesisreported in table A 4.

Table A.4: Time seriesfor individual catches

Y ear Nettersun- | Nettersover |Danish Sei- | Trawlers Trawlersbe- | Trawnlers
der 20GT, |[20GT,ton- |ners,ton- under 50 tween 50GT | over 200
tonnes nes nes GT,tonnes |and 199 GT, |GT,tonnes

tonnes

1971 58 175 85 112 138 25

1972 64 194 94 124 152 27

1973 69 210 101 134 165 29

1974 81 244 118 156 191 34

1975 57 172 83 110 135 24

1976 60 181 88 116 142 25

1977 74 224 108 144 176 31

1978 49 149 72 96 117 21

1979 55 165 80 106 130 23

1980 50 150 73 96 118 21

1981 57 171 83 109 134 24

1982 46 139 67 89 109 19

1983 47 143 69 92 112 20

1984 44 132 64 85 104 19

1985 47 141 68 91 111 20

1986 34 101 49 65 80 14

1987 42 128 62 82 100 18

1988 20 62 30 39 48 9

1989 32 96 46 61 75 13

1990 22 66 32 42 52 9

1991 25 76 37 49 60 11

1992 23 70 34 45 55 10

1993 26 78 38 50 61 11

1994 29 87 42 56 68 12

1995 30 91 44 58 71 13

1996 23 68 33 44 54 10

1997 35 105 51 68 83 15

1998 25 176 37 49 60 11
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Now to some considerations regarding the growth function. The data for x is
from 1/1 in a year and the data for h is from 31/12 in a year. It is therefore db-
tained that:

G(Xt) =Xpg = X ht (12)

The data serie for G(x) is also reported in table A.3. On the basis of the datain
table A.3, a standard logistic growth function can be estimated:

G(x) =rx(1- %) (13)

where:

ristheintrinsic growth rate
K isthe carrying capacity

Non-linear least square is used since parameters are correlated. The resultsis:

r = 0,54 (6,96)
K = 170496 (tonnes (1,79))

With:

R? =051

Note that K isinsignificant. The reason for thisisthat K islarge compared to x.
1.c. An expression for M(h;, h;)

The steady state equation may be written as:

-%Hx-én_hizo (14)

i-1
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Solving with respect to x and concentrating on the largest root, since F (x*) < 0,
yields:

ar@h)
(r+ (rz _ il—<l )0,5
M(h,,h. )= 5 (15)
K
M(h, h) isthe function that is analysed in section 2.
Differentiating with respect to h yields:
4rén h,
M _ (2 i-1 -05
P K (16)

To calculate the variable tax rates reported in section 3, information is also
needed about the number of vessels in the six groups. These are reported in ta-
ble A.5.

Table A.5: The number of vessels fishing cod in Kattegat, 1997

Netters Netters Danish |Trawlers |Trawlers [Trawlers
under 20 |over 20 Seiners|under 50 |between |[over 200
GT GT GT 50 and GT
199 GT
Number 61 3 32 113 32 1

Source: Fiskeridirektoratet (2000)

Now the variable tax rates can be calcul ated.
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