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Preface

In recent papers (Weitzman 2002; Jensen and Vestergaard 2003) price
regulation (via landing fees) has been compared with quantity regulation
(via tradable quotas) under biological and economic uncertainty in the
spirit of Weitzman (1974) with mixed results. We attempt to clarify the
reasons for this mixture and then introduce into this literature the problem
of compliance and enforcement as a potentially more important source of
uncertainty and information asymmetry. We adduce evidence that com-
pliance and enforcement problems within fisheries management are wide-
spread and involve substantial portions of total catch. We show that this
type of information asymmetry implies that taxes are always more effi-
cient than tradable quotas.

We thank Ragnar Arnason and Stein Ivar Steinshamn for valuable
comments on an earlier draft of this paper. All remaining errors are, of
course, our own responsibility.

Lars Garn Hansen
January 2006
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1 Introduction

Many managed fisheries are regulated with quantity restrictions. Indeed,
Wilen (2000) notes that over 55 countries use quantity regulation while
price regulation is not used at all. Until recently fisheries economists have
also focused on quantity measures in their research, and recommendations
for the use of individual transferable fishing quotas (ITQs) are common
(see e.g. Moloney and Pearse (1979) for an origina contribution and
Grafton et al. (2000) for arecent overview). Tax regulation seems to have
been dismissed as a management alternative for at least three reasons.
First, it is argued that taxes imply substantial information requirements
(see Arnason 1990) making it difficult for a regulatory authority to calcu-
late the optimal tax rates correctly. The optimal tax rate is equal to the
user cost of the fish stock, but in a complex, dynamic and non-linear bio-
economic setting calculation of the user cost is not a trivial task. Second,
public appropriation of al or part of the resource rent through payment of
tax revenue may be considered unfair or politically unattractive (see Clark
1990). Third, since the optimal tax rate varies over time with variations in
the stock size (see Clark 1990) optimal tax regulation may aggravate in-
come fluctuations of fishermen and, thus, impose extra risk.

These arguments for dismissing taxes may, however, be questioned.
First, even though optimal taxes imply substantial information require-
ments so would an attempt to regulate in an optimal fashion with indi-
vidually transferable quotas (ITQs). Indeed, essentialy, the same infor-
mation is required by the regulator when calculating the optimal tax rate
as when calculating an optimal total quota in an ITQ system (see e.g.
Clark and Munro 1978). Second, if public appropriation of all or part of



the resource rent seems undesirable the regulator can design a budget-
balancing tax system or simply recycle tax revenue back to the fishing in-
dustry in alump-sum manner.* Third, although the optimal tax rate varies
over time so does the optimal total quota in an ITQ system (see Sandal
and Steinshamn 1997). Thus, there is no reason to expect the income fluc-
tuations generated by optimal tax regulation to be greater than the fluctua-
tions generated by an optimal ITQ system.? In line with this train of
thought, serious consideration of taxes as an instrument for fisheries man-
agement was (re)introduced into the fisheries economics literature in a
paper by Weitzman (2002). In a follow up paper Jensen and Vestergaard
(2003) continued this line of research.

These papers consider a specific structure of the regulator's un-
certainty about the cost, benefit and biological functions® characterising
the industry using arguments in the general spirit of the seminal paper on
prices versus quantities by Weitzman (1974). For afishery where margin-
al fishing costs only depend on stock size*, Weitzman (2002) shows that
tax regulation performs better than ITQs under ecologica uncertainty (i.e.
where the regulator is more uncertain than the fishermen about the stock-
recruitment relation). Jensen and Vestergaard (2003) study a schooling
fishery where marginal fishing costs only depend on harvest®. Here quo-
tas are preferred under economic uncertainty (i.e. where the regulator is
more uncertain about the cost and benefit functions than the fishermen).
However, as we see in the following section, these results have not been
generalised to the more common search fishery type where marginal fish-
ing costs depend on both harvest and fish stock®.

The main purpose of our paper is to introduce into this literature the
problem of compliance and enforcement as a potential source of uncer-
tainty and information asymmetry. It seems that compliance and enforce-
ment problems within fisheries management are widespread’ and we will
argue that the uncertainty generated by compliance and enforcement
problems constitutes an important (perhaps the most important) source of
Information asymmetry between the regulator and the fishermen in fisher-
Ies regulation. Furthermore, we show that for a search fishery where mar-
ginal fishing costs depend on both harvest and fish stock this type of in-



formation asymmetry implies that taxes are always more efficient than
ITQs.

In chapter 2 the recent literature on price versus quantities instru-
ments is reviewed. Chapter 3 discusses relevant parts of the compliance
and enforcement literature within fisheries and Chapter 4 presents the

main result of our paper. The main conclusions are summed up in Chapter
5.



> Previous Fisheries
Economics Results on
Prices vs. Quantities

Fisheries are an example of a renewable resource use where economic
overexploitation may result if harvest is not regulated. Without regulation
the individua fisherman does not have an incentive to take account of the
resource constraint and so finds it profitable to increase harvest above the
optimal level. When a fisherman disregards the effect that his harvest has
on the harvest of other fishermen through the resource constraint a stock
externality arises that in general will have both current and future conse-
guences (see Anderson 1986). To mitigate this externality regulatory au-
thorities have in a number cases applied some form of individual gquota
system.? However, as noted in the introduction, two recent papers have
reconsidered taxes as an alternative to individual quotas — a line of re-
search that we extend in this paper.

Weitzman (2002) revived interest in the investigation of the use of
taxes in fisheries management by considering ecological uncertainty in a
stock-recruitment model where marginal harvest costs only depend on
stock size. The regulator must fix the value of the regulatory instrument
(i.e. alanding fee or a total quota) under what Weitzman calls ecological
uncertainty. That is, when the landing fee or total quotais set the regula-
tor knows the distribution of a stochastic fish stock variable for the com-
Ing period, but not its actual value. Fishermen, on the other hand, are as-
sumed to observe the realised fish stock variable before deciding how
much to harvest. It is this asymmetry in ecological information that drives
the result in Weitzman (2002)°. The regulator’s problem is to induce fish-
ermen to harvest an optimal portion of the realised fish stock (or, as
Weitzman puts it, to leave an optimal portion for the next period(s)). In-
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tuitively, if the realised stock is lower than the expected fish stock it
would be optimal to reduce the total quota below its expected optimal
value. Under ITQs thisis not possible since the total quota is set prior to
observing the realised fish stock. With the tax instrument, on the other
hand, this is possible by decentralising the harvest decision to fishermen
who observe the realised fish stock value.

Weitzman’'s model and result are illustrated in figure 2.1a where we
have fish stock on the x-axis and marginal value on the y-axis. The z°(x)
curve indicates discounted expected margina profit from escapement (the
part of stock that is not caught, but left to parent future fish generations).
Escapement is measured from the origin and we have that expected future
marginal profit falls as escapement increases. The z°(x) curve indicates
marginal profit from current harvest, where harvest is measured from the
current period’'s recruitment (i.e. if the realisation of the stochastic re-
cruitment variable for the current period is R thisisthe total stock of fish
available at the beginning of the fishing periods. Marginal profit of the
first fish caught then is the indicated value for this fish stock and the rele-
vant harvest measure isH,). As more fish are caught the remaining fish
stock falls (moving towards the origin) and margina profit falls (since
fish become increasingly scarce and, therefore, harder to find). At the in-
tersection of the two curves (point A) marginal profit of harvest just
equals the expected marginal profit forgone from reducing escapement.
Therefore, point A indicates the optimal escapement level (measured
from the origin) and the optimal harvest (measured from the realised re-
cruitment for the current period, e.g.R). The key assumption made by
Weitzman is that the marginal profit function only depends on current
stock so variations in realised recruitment do not shift the marginal profit
curve. This means that irrespective of the realisation of the stochastic re-
cruitment variable (in figure 2.1a three such realisations are indicated
byR, R, andR,) the margina harvest profit function is described by the
same z°(x) curve (the only difference being the initia fish stock/starting
point for harvest/profit measurement). Since the z°(x) curve is not af-
fected by variation in recruitment the optimal level of escapement (the in-
tersection of the two curves at point A) is always the same so that it is op-
timal to let all variation in recruitment be absorbed by harvest. If such a
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fishery is regulated through a landing fee, with optimal rate, @, inde-
pendent of realised recruitment, it becomes unprofitable for fishermen to
harvest fish below this stock level irrespective of the realised recruitment,
and fishermen realize this because they are assumed to observe actua
stocks in real time, so desired escapement is ensured. If the regulator im-
poses atotal quota, Q, instead of atax , then it is harvest that is held con-
stant (equal to Q) and deviations in recruitment are absorbed in escape-
ment (as indicated in the figure' s escapement points E; and Es that corre-
spond to realisations R; and R; of the recruitment variable). This is not
optimal, illustrating the pro-tax result in Weitzman (2002) under ecologi-
cal uncertainty for a fishery where the single marginal cost function de-
pends only on recruitment (current stock). Furthermore, Weitzman (2002)
suggests that ecological uncertainty may often be the more important in-
formation asymmetry and speculates that even when economic uncer-
tainty is more significant a result favouring quotas would only be found
when marginal costs are unresponsive to changes in fish stocks.

Figure
2.1
Figure 2.1a Figure 2.1b
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This theme is taken up by Jensen and Vestergaard (2003) who compare
taxes with ITQs under economic uncertainty in a smpler steady-state
model where the seminal Weitzman (1974) prices versus gquantities re-
sults are applied. For a schooling fishery where marginal costs only de-
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pend on the harvest level (and so are completely unresponsive to changes
In the fish stock), it is clear that quota regulation is the preferred instru-
ment in accordance with Weitzman's prediction'®. Though the static
model used here is different from Weitzman's (2002) dynamic stock re-
cruitment model we may think of this result as applying to a profit func-
tion of the form z°(H)in a model similar to Weitzman's (2002) where
there is uncertainty about the current profit function rather than about re-
cruitment.

The pro quota result for such a model is illustrated in figure 2.1b
where we again have fish stock on the x-axis and marginal value on the y-
axis. The ~°(H,w)curves indicate marginal profit from harvest, where
harvest is again measured from the current period’'s recruitment (now a
known point R since there is no uncertainty about recruitment). Note that
marginal profit falls as harvest increases and so margina profit like in
figure 2.1a also falls with the fish stock (though of course the functional
mechanism is different). The alternative current profit functions illustrate
uncertainty about the cost function parameter o ™. The z°(x, @) curves in-
dicate discounted expected margina profit from escapement (measured
from the origin). In figure 2.1b we have drawn the curves corresponding
to a situation with no discounting where it then becomes optimal always
to achieve maximum sustainable yield (MSY). Intuitively, sustaining
MSY is optimal since, on the one hand, increasing fish stock over the
MSY level does not reduce harvest costs and so there is no gain from re-
ducing sustainable yield in this way. On the other hand, reducing fish
stock below the MSY level, in effect swapping smaller future for larger
current harvest, is not optimal either since there is no discounting. In ef-
fect, uncertainty about z°(H,w) implies uncertainty about ~°(x,w) that is
correlated so that optimal escapement always equals the MSY stock level.
In this case the quota instrument can ensure optimal escapement despite
the regulator’ s uncertainty about the cost function because the same opti-
mal escapement (the MSY level) applies for al values of the w-para
meter. On the other hand, since the price instrument works by adjusting
marginal fishing incentives the regulator’ s cost function uncertainty gene-
rates uncertainty about the resulting catch and escapement. Since the
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price instrument is less precise in this case the quota instrument is pre-
ferred.

Assuming the same type of cost information asymmetry, Jensen and
Vestergaard (2003) also consider the more general search fishery type
where the shape of the marginal cost function may depend on both stock
Size and e.g. capacity utilisation. For this type of fishery they find that it
IS not clear which regulatory scheme is preferred. It is aso fairly straight-
forward to show that the specific pro tax proof used by Weitzman (2002)
does not apply to this more general search fishery type (see appendix I1)
though we can not rule out the possibility that Weitzman's result might
generalize using some other proof strategy™®. As it stands now, irrespec-
tive of whether there is information asymmetry regarding recruitment or
costs, the literature contains no clear guidelines telling us which policy
instrument should be preferred for a general search fishery where the
marginal cost function may depend on both stock size and capacity utili-
sation.

Further, and perhaps more important, it is not clear how important
these information asymmetries are in practice. When considering the re-
cruitment asymmetry it is clear that typically there is substantial uncer-
tainty about the underlying ecological relationships. However, it is less
clear that this uncertainty is substantially greater for the regulator than for
the fishermen, when the decisions are made by each party, which is the
key assumption. Fishermen must base decisons about on how much to
harvest (whether to start a fishing trip or whether to continue it) on ex-
pected returns, but they are of course able to update their estimates of ex-
pected returns during the fishing period. For this reason fishermen may be
better informed than the regulator was when instrument values were
picked. However, updates of estimates of expected returns must be based
on realisations of a highly stochastic variable (see e.g. Clark 1985) ob-
served by individual fishermen during the period. Though this probably
does give fishermen some informational advantage it is not clear how im-
portant this advantage is compared to the information advantage that
regulatory authorities presumably have over fishermen in collecting and
processing data and predicting recruitment. That is, though fishermen
may have an advantage in being able to update expectations during the
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fishing period the regulator may have the advantage of a less uncertain
initial estimate of recruitment.

It is also not clear that cost information asymmetry applies generally
to search fisheries. On the one hand, each individua fisherman presuma-
bly has better information about how his own costs relate to his own catch
than the regulator can collect. Thus, fishermen probably have a generd
Informational advantage in this respect, even though, the regulator’s esti-
mate of the aggregate (or average) relationship between marginal cost (or
profit) and catch may be reasonably precise for many large fisheries. On
the other hand, it is not clear that fishermen have an informational advan-
tage when estimating how the fish stock affects costs. Here the regulators
may have a superior ability to make stock estimates and to estimate the
complex relationships between cost, catch and stock (and other variables
of importance). Thus it is not clear how widely the cost information
asymmetry applies to search fisheries characterised by important affects
of stock on costs.

In conclusion, the existing literature suggests that taxes may be the
preferred instrument for some of the many search fisheries that today are
regulated with quotas while quotas may be preferred for others. On the
other hand, neither ecological nor economic information asymmetry gives
rise to a generally applicable argument for using either taxes or ITQs in
the regulation of the more common search type fishery where the mar-
ginal cost function may depend on both stock size and e.g. capacity utili-
sation. It is also not clear if one generally should expect search fisheries
to be characterised by important ecological and/or cost information
asymmetries.
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s The Compliance
Problem in Fisheries
Regulation

Though non-compliance has been shown to have complex implications
for instrument choice in the pollution control literature (e.g. Harford
1978; Schmutzler and Goulder 1994; Schmutzler 1996; Sandmo 2002)*
the potential effects of compliance and enforcement problems have not
been studied in the existing prices versus quantities literature. Both the
original Weitzman paper on the implications of cost uncertainty for the
choice of regulatory instruments and his more recent fisheries paper as-
sume perfect compliance with whatever instrument is chosen by the regu-
lator. Nevertheless, it seems that non-compliance is a widespread problem
within fisheries management. Anecdotal evidence is plentiful and studies
that have tried to estimate illegal landings seem to confirm this conclu-
sion. Table 3.1 lists estimates of illegal landings from a number of studies
we have surveyed covering a variety of countries, species and types of
regulation. Except for the Australian Gulf of Carpentaria banana and tiger
prawn fishery, illegal landing shares are estimated to be close to or in ex-
cess of 20% of total landings. Thus, including non-compliance problems
in amodel of fisheries regulation would seem relevant in its own right. In
addition, (and, in our context, of primary importance) the reported esti-
mates are not very precise, with confidence bounds typically spanning be-
tween 15 and 20 percentage points. Thus, in addition to illegal landings
being an important problem in many fisheries, the studies also indicate
that illegal landings may constitute an important source of information
asymmetry between the regulator and the fishermen. Let us, therefore,
give this suggestion a more formal structure through an explicit model of
non-compliance behaviour.
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Table
3.1

On the basis of the general literature on the economics of crime (see
Becker 1968; Stigler 1971) the incentives and motives underlying non-
compliance behaviour with fisheries regulation have been modelled by a
number of researchers (see e.g. Andersen and Sutinen 1983; Sutinen and
Andersen 1985; Copes 1986; Milliman 1986; Anderson and Lee 1986;
Anderson 1987 and 1989; Neher 1990a; Charles 1993; Charles et a.
1999; Hatcher 2005). Based on the theory of choice under uncertainty this
literature models criminal activities (non-compliance) by the individual
fisherman as the result of an evaluation of the gains from non-compliance
against its expected cost (essentially the perceived probability of detec-
tion times the designated punishment when non-compliance is detected).
The profit maximising level of non-compliance perceived by the fisher-
man will be where the marginal gain equals the expected marginal cost.

Estimates of illegal landings
Year | Country Area and Type of Reference Estimated | Bounds
species regulation share of for share
illegal estimate®
landings®
1992 | U.S.A. and Cod line Individual Triumble et al. 0.22 0.15-0.30
Canada fishery in the non-tradable (1993)
Bering Sea qguotas
1992 | U.S.A. Aleutian Licence Sullivan et al. 0.21 0.18-0.26
Island (1993)
rockfish hook
fishery
1994 | Australia Gulf of Individual Alverson et al. 0.11 0.05-0.20
Carpentaria tradable (1994)
banana and quotas
tiger prawns
1997 | Denmark, UK, | North Sea Effort regula- Svelle et al. 0.22 0.10-0.30
Germany, the plaice fishery tion?, ITQs, (1997)
Netherlands Licence®,
Rations”
1997 | Denmark, UK, North Sea cod | Effort regula- Banks et al. 0.18 0.10-0.30
Germany, the | fishery tion?, ITQs, (2000)
Netherlands Licence®,
Rations*

Source: Banks et al. (2000).
Y Estimated illegal landings do not include discard (legal or illegal).

2 Effort regulation is a limit on the number of days at sea and is used in Germany for plaice and
cod harvested in the North Sea.

% Licences, used by the UK for regulating fisheries in the North Sea, essentially correspond to
monthly (for cod) and quarterly (for plaice) individual non-tradable quotas.

) Rations, used by Denmark for regulating cod and plaice in the North Sea, also correspond to
(normally monthly) individual non-tradable quotas. While entry control is practiced under the UK
licence system this is not done under the Danish ration system.
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In this paper we compare two types of instruments, landing fees and
ITQs. For the fee, non-compliance consists in avoiding payment for some
part of the catch, for the quota it involves catching over the limit.™® Let Hy;
denoteillegal landings undertaken by a representative fisherman in period
t and let P; denote the value (in monetary units) of the expected penalty
perceived by the representative fisherman (that is the penalty perceived if
Illegal landing is detected times the perceived detection probability). We
assume that the expected penalty is a function of the amount of illega
landings and a parameter, ¢,, characterising the fisherman’s perception of

enforcement efficiency in period ti.e.:
R=P(H,.6) (1)

This functional relation is obviously conditiona on the current enforce-
ment effort and the fines and other punishments currently stipulated in
statutes and regulations. However, in the following anaysis we will as-
sume these to be unaffected by the change in regulatory instrument™®. Fur-
thermore, since the empirical studies we have surveyed indicate that the
estimates of illegal landings are typically highly uncertain, this must also
be the case for the penalty functions that can be deduced by a regulator
from these estimates. Thus, while (1) describes the expected penalty func-
tion perceived by the representative fisherman, the estimate thereof avail-
able to the regulator is uncertain. In the following we capture this by as-
suming that the regulator does not know the value of the parameter ¢,
characterising the fisherman’s perception of enforcement efficiency. The
regulator only knows a probability distribution for possible ¢ values de-
scribed by the density function g(4,). This is the key information asym-

metry that will be analysed in the following.
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+ The Model and Main
Result

In the following we insert the possibility of illegal landings into a genera
stock-recruitment model'” of a search fishery where marginal costs are al-
lowed to depend on both current fish stock and harvest'. This type of
model is attractive since it encompasses the fundamentally dynamic na-
ture of the fisheries management problem and allows the introduction of
uncertainty in a natural way. In our case it has the additional attraction of
facilitating a comparison with the Weitzman (2002) paper™.

Using the notation in Weitzman (2002) recruitment (R) is the stock
of fish available at the beginning of fishing period t. Let ¢ denote sto-
chastic effects on the ecosystem (here particularly the fish stocks) from
variations in, for example, water temperature and weather, and let S.; de-
note the stock available at the end of period t-1. The biological core of the
model is a stochastic stock-recruitment equation:

R=F(S..&) 2
where the stock of fish available at the beginning of period t is afunction
of the stock available at the end of the previous period and stochastic ef-

fects reflecting natural growth. Harvest, denoted H,, reduces fish stock
during the period so that:

S=R-H, 3)

Here we use a general search fisheries model of profit for the representa-
tive fisherman:
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H(Ht’R): th_C(Ht’R) (4)

where total profit from harvest is revenue (pH,) less fishing costs
(C(H,,R)) which are rising in harvest and falling in the recruitment®. In

the following we use expected profit and costs extensively and for ease of
exposition define an expected profit function 1*(H,,R) =E, [II(H,,R)] and

the expected cost function C*(H,,R) =E, [C(H,,R)] Where expectations are
taken over ¢, (the stochastic component to R)).

The regulator’s problem is to maximise the sum of discounted ex-
pected future profit, i.e.:

> a M5 (H, R) (5)

subject to (2) and (3), where a is the discount factor.

Following Weitzman (2002) the regulator’s dynamic programming
problem for period t corresponding to (5) is conditional on recruitment at
the beginning of the period (R). If the regulator were al powerful and
could set harvest (H;) directly this problem becomes:

VI(R)= (I (H,R) + 3, [V (F(R ~H, £.,)) (6)

where V' (R) is the expected sum (taken over ¢, ,¢,,...) of discounted fu-

ture profit under the optimal policy, conditiona on the distribution of R,
V'(F(R -H,¢,,))Iis the corresponding expectation (taken overe,,,¢,.,--.),

conditional on the realisation of R, and the distribution of R..1. and E[.] is
the expectation taken over g (the stochastic component of R). Under

standard convexity assumptions this problem has a unique solution,
which we denoteH; . This is the first-best policy reference point that we

use in the following to evaluate the policy instruments actually available
to the regulator™. To facilitate this eval uation we define the function:

V(H,,R)=T1%(H,,R)+aE, [V (F(R-H, £.,) ] (7)
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It follows that:

V(H,R)=V'(R)
and (8)
V(H;,R)>V(H,,R) for H, #H;

Though the regulator has the information needed to calculate H; the op-

timal harvest cannot be implemented directly. Instead the regulator must
choose between two indirect regulatory instruments of implementation,
landing fees or ITQs. Both are subject to non-compliance in the form of
illegal landings for which either the landing fee is evaded or the total
guota is exceeded. Under a landing fee the regulator’s problem is to de-
termine the optimal landing fee, given that there is non-compliance. With
| TQs we assume a competitive I TQ market so that quotas are allocated ef-
ficiently between fishermen. Thus, the regulator’ s problem under this sys-
tem is to determine the optimal total quota given that there is non-
compliance. The chosen instrument is applied in combination with a
given enforcement system (and a given level of enforcement effort) that
generates expected penalties for illegal landings as described in equation
(1) in the previous section®. Given this, the representative fisherman
chooses how much to harvest legally (H,,) and how much to harvest ille-
galy (H,). Therefore, the total harvest in period t becomes:
H, =H,+H,,.

ITQ Regulation

With ITQs combined with the enforcement incentives described in equa-
tion (1), the representative fisherman’s profit maximisation problem be-
COMeS.

MaX(HS(HLt’HIt’R): p(HLt+ Hlt)_CE(HLt + HIt’R)_P(HIt’af))

HLI’Hll
st. 9
H,<Q

The fisherman receives a price p for both legally and illegally landed fish,
fishing costs are a function of total harvest and recruitment while the ex-
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pected penalty is afunction of illegal harvest only. The total quotafor pe-
riodt, Q, isaconstraint indicating the maximum value of legal harvest®.

Assuming that the quota is binding, first-order conditions for profit
maximisation are:

H,=Q

p_CE(Hn+HLt’R)_PHn(H|t’9t):0 (10)
where C()and R, ()indicate first order derivatives of C®()and P()re-
spectively. Thus, legal harvest is given by the total quota, and the profit
maximising H,; isimplicitly given as an expectation over R, depending on
Q and ¢ Letting H2(Q,,R,8,)denote this expectation we have that profit

maximising total landings also becomes an expectation depending on
Q.6 and thedistribution of R i.e.:

H*(Q.R.6)=HP(Q.R.6)+Q (11)

We now return to the regulator’ s implementation problem. If the regulator
knows the value of ¢, it would be possible to calculate the value of the

regulatory instrument, Q _that implementsH; from (11)**. However, if the
regulator only knows a probability distribution for ¢,, as we assume, this
IS not possible. Instead, the regulator must solve the following dynamic
programming problem for period t corresponding to (6):

VO(R)=Max[(M*(H?@Q,R.8).R)+aE, [VO(F(R-HI(QR.6).2..) |)da(€) (12)

Let Q denote the solution to this problem, and let He =H?(Q,R.6,). The
important point here is that the regulator cannot expect to implement H;
with certainty. The regulator’s perceived distribution, g(6,), over possible
6, values implies a corresponding density function over implemented
harvest that we denote f(H?). Clearly if 4 is known (i.e. all probability
mass is concentrated at oneg, value) the corresponding f(H?2) distribution
concentrates all mass atH; . If, on the other hand, the regulator is uncer-
tain of ¢ the f(H?) distribution will not be degenerate.
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We now prove the following proposition:

Proposition |: V?(R)<V'(R) for all non-degenerate distributions g(4,)

over possible g values.

Proof: By definition V°(R) <V’ (R)implying that
Ve(F(R-HQ,¢e.,)) <V (F(R-HQ ¢, for all R so that:

E,[VO(F(R-H2,6.)) |<E [V (FR-H2&.))]
=

M(H2,R)+E, [VO(F(R -H2,£.1) [STTF(H,R)+E, [V (F(R-HZ,&..) |

for all H®so that
VO(R) < [V(HE, R)df (H?) (13)
where we have inserted definitions (7) and (12). By (8) we know that
V(HR,R)<V'(R) VHR#H/

so that for all non-degenerate distribution f (H?) (i.e. distributions that do
not concentrate all massatH? = H; ) we have that
[V(H2,R)df (H?) <V*(R) and so by (13) we have:

Ve(R)<V'(R)

Thus, unless the regulator has perfect knowledge of the penalty function,
management with ITQswill be sub-optimal.

Tax Regulation

With a landing fee combined with the enforcement incentives described
in equation (1) the representative fisherman’s profit maximisation prob-
lem becomes:

MaX(HCIIE)(HLt’ Hlt’ R): p(HLt + Hlt)_CE(HLt +Hlt’Rt)_thHLt _P(Hniet)) (14)

As under ITQs the fisherman receives a price, p, for both legally and ille-

gally landed fish, fishing costs are a function of total harvest and recruit-
ment, while the expected penalty is a function of illegal harvest only. The
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difference is that instead of a quota constraint the fisherman now pays a
landing fee (®,) per unit of legally landed fish.

Thefirst order conditions for profit maximisation are:

p—CE(H|t+HLt,R)—q>t:O (15)
p_CH(HIt+HLt’R)_PHn(HIt’0t)=O
From the top condition profit maximising total harvest (H,=H, +H_) is
implicitly given as an expectation over R, depending on @, (but not ong,).
Let H®(®,,R)denote this expectation. According to the second condition,
profit maximising illegal harvest isimplicitly given as an expectation de-
pending on®,, ¢ and the distribution of R. This expectation is denoted
H?(®,,R,8). Although both the optimal amount of illegal harvest and the
optimal amount of legal harvest depend on the parameterg,, their sum

does not (see figure 4.1b for the intuition of this result). Optimal total har-
vest H®(®,,R)only depends on the R distribution and so the fee value

that ensures optimal harvest can be found by setting:
H®(®,R)=H, (16)

Equation (16) can be solved for @, even though the regulator does not

know the parameterg. Thus using a landing fee the regulator can imple-
ment optimal harvest with certainty even if he does not have perfect
knowledge of the penalty function. Therefore, when the regulator solves
the dynamic programming problem corresponding to (6):

M
VPR)= o J(ME(HE(@.R).R)+aE, [VA(F (R - HP (@R ).4.) ) do(6) (17)

he can set @, so that H®(®,R)=H, in al periods which makes it possible
to ensurethat v®(R)=V"(R). Using this and proposition | we have that:

Ve(R)<V*(R) (18)
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Result and Intuition
Asthe main result of this paper we conclude that if compliance uncertain-
ty is the dominant type of information asymmetry then tax regulation is
always more efficient than ITQ regulation. We stress that this result ap-
plies to the general search type fishery where marginal fishing costs are
allowed to depend on both stock and harvest and so would seem to be a
generally applicable result. On the other hand, we utilize two simplifying
assumptions that may be important for our result: that the expected pen-
alty function perceived by fishermen does not differ between quota and
landing fee systems; and that fishermen’ s efforts to avoid discovery when
they are not complying with the regulatory system can be ignored.
Dropping time indices the intuition of this result isillustrated graphi-
cally in figure 4.1a and 4.1b using essentially the same set up asin figure

2.1a and 2.1b. We have fish stock on the x-axis and value on the y-axis.
The z°(x) curve indicates discounted expected margina profit from es-

capement (measured from the origin), while the z°(x,R) curve indicates
marginal profit from harvest (measured from recruitmentrR). The inter-
section of the two curves indicates the optimal escapement/harvest level.
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Figure
4.1

Figure4.la Figure4.1b

Here there is no information asymmetry regarding recruitment or costs so
both z°() , #°() and R are known®. Instead, there is information asym-
metry regarding the expected penalty function generated by the enforce-
ment and control system. In both figures the margina penaty function
parameter expected by the regulator is denoted 6, while g and ¢, denote
low and high parameter estimates held by the regulator.

Figure 4.1a illustrates the situation for the representative fisherman
under quotaregulation. Since legal fishing within the all ocated quota does
not impose extra costs on the fisherman, illegal landings are only consid-
ered after the entire quota Q has been used. When the quota has been
landed legally he will continue fishing illegally until marginal expected
penalty on the next fish reduces marginal profit to zero. We have assumed
that the regulator sets Q so that optimal total harvest is reached when the
expected marginal penaty function applies. Clearly, if the actual margina
penalty function deviates from the regulator’s expectation so will illegal
harvest. Since legal harvest is given by the quota these deviations carry
over into the total harvest causing it to deviate from optimal harvest (as
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the results for the g and ¢, penalty function parameters illustrate). Thus,

unless the regulator knows the marginal penalty function expected by the
fisherman with certainty he expects to incur a welfare loss under gquota
regulation.

Now, consider regulation by landing fee illustrated in Figure 4.1b.
Since legal fishing now has a cost equal to the landing fee, the fisherman
first considersillega landings. He will continue fishing illegally until the
expected margina penalty equals the landing fee. From this point on ex-
pected profit from legal harvest exceeds expected profit from illegal har-
vest and so the fisherman continues to harvest legally until marginal
profit equals the landing fee. We see that this cut-off point is not affected
by variation in the marginal penalty function since it is given by the land-
ing fee rate,® . Deviations from the expected penalty function affect the
distribution of total harvest between legal and illegal harvest — but tota
harvest remains constant at the optimal level given by the landing fee
rate. The flavour of this result is like that of the result in Weitzman
(2002), but the mechanism driving it is different.

27



s Conclusion

The current literature on instrument choice (landing fees vs. quotas) for
fisheries regulation has considered special cases and arrives at mixed re-
sults. Depending on the type of information asymmetry (ecological or
economic) assumed and whether marginal profit is specified as a function
of current fish stock or current harvest level either landing fees or quotas
are preferred. In this paper we have argued that for the more common
search fishery (where margina profit is a function of both current fish
stock and current harvest level) neither the ecological nor the economic
information asymmetry assumptions driving these results may, in fact, not
be especially important, since neither the regulator nor fishermen seem to
have sharply better information about stocks and how they affect profits
In the current period. On the other hand, based on a number of empirical
studies, we argue that regulator uncertainty about fishermen’'s non-
compliance with regulations (fees or quotas) may be an important infor-
mation asymmetry in many fisheries. When this is the case we show that
price regulation can perform better than quantity regulation and that this
result does apply under the more general search fishery specification of
the marginal profit function (i.e. when margina profit is a function of
both current levels of fish stocks and the current harvest level).

Along the way to the proof, we have made two smplifying assump-
tions that seem potentially problematic: (1) that the expected penalty
function perceived by fishermen does not differ between quota and land-
ing fee systems; and (2) that fishermen’s efforts to avoid discovery when
they are not complying with the regulatory system can be ignored. These
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assumptions seem to be worth further exploration, both as to their empiri-
cal validity and their importance to the results presented here.
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Appendix |

The starting point here is the steady-state formulation of the regulator's
problem presented by Jensen and Vestergaard (2003) equation (6) and (7)
adjusted to a schooling fishery®:

MaxE|[B(q, 4) - C(q, )]
st. (Al.1)
F(X)=q

whereB(q, z) andC(q, w) are benefits (income) and cost of catch, . These
are also functions respectively of the parametersu andw, for which the
regulator holds only distributions, which are assumed to be independent.
F(x)is the (concave/single maximum) natural growth function of fish
stock X, and the constraint implies that in steady-state catch must equa
natural growth. Note that costs are independent of the fish stock and so
the only link between catch and fish stock for this fishery is through the
resource constraint. With no discounting it is obvious that expected wel-

fare is maximised by settling on the fish stock that allows the maximum
sustainable yield (q,,,) as long as marginal benefits are greater than mar-

ginal costs at this catch level®’.

The regulator may choose between setting a quota gor a pricep.
When a quota is set fishermen are assumed simply to catch the quota (we
assume it is binding), and so the resulting catch is known with certainty

despite the regulator’ s uncertainty about the benefit and cost function pa-
rameters « andw. When a price is set fishermen solve their maximisation
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problem, Max pg—C(q,w), and the resulting catch is a function q(p, ). Af-
q

ter setting the price the regulator does not know the resulting catch with

certainty, since his uncertainty about the » plays into the resulting catch.
Let §(w)denote the distribution describing possible resulting catches im-

plied by the distribution of « after having set the price instrument. Since
there is no regulator uncertainty about the maximum sustainable yield
(a.,) this can be implemented using the quota instrument (i.e. setting

4=0,, iN steady-state) and so using the quota instrument in this way will
maximise welfare for all combinations of realized values of zandw. On

the other hand, this is not generally possible with the price instrument,
since q,,, cannot be implemented with certainty. By definition all other

sustainable yields are smaller than q,,, and so G(w)<q,,, for all » imply-
ing that B(G(w), 1) - C(G(®), @) < B(Q,,, #) —C(0,,,, @) for al combinations of
realised values of x andw. Thus except for a degenerate o distribution
E[B(G(®), 1) — C(6(@), @)] < E[ B(Gy,» ££) ~C(Ghy, @) | implying that the quota
Instrument is aways preferred.

To see specifically where Jensen and Vestergaard (2003) go wrong
consider their equation (15) for relative advantage of price over quantity
regulation (denoted 4 ):

»=E[B(d(@), 1) ~C(d(@), ) - B(@G.1) + C@.)] (Al 2)

and their second order Taylor series approximations (their (16) and (17)):

C(6.0) = a(e) + (C*+ a(@)(A-E)+=-(a &)’ (Al3)
B(0.4) ~b(u) + (B B)(a- ) + = (-6’ (Al.4)

whereE[a(w)] = E[3(w)] =0. This then gives rise to the following marginal
cost and benefit functions:

C,(0,®) = C'+a(w)+C"(q-§) (Al.5)
B,(q,4) = B+ () +B"(q-8) (A1.6)
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Inserting Al.3 and Al.4 into Al.2 gives.

a=E[(B+ S(w))(a(e) - 4) +%(Q(w) - §)°

- (A7)
~(C a@)(A(@) - 8) = (a(0) -8’
=
a= B(E[q(e)] - 8) +% E[(a(@) - &)?] (A1.8)

~C'(E[q(@)] -0) - Ela(@)q(w)] —% E[(a(@)-8)°]

Jensen and Vestergaard now make the following assumptionE|[g(w)]=§

A

which then implies that G(6) = q_@. After inserting into (Al.6) they de-

rive the Weitzman equation:

_B"+C"

A= W E[(a(w))°] (AL.9)

leading them to conclude that for a linear benefit function where B"= 0
we have »>0 since c"> 0 and so the price instrument is preferred. The
problem here is the E[d(w)]=¢§assumption. Since §(w)<q,, =q for al »

then for al non-degenerate distributions of » we must have that
E[d(w)]< §. Bearing thisin mind we can now retrace the derivations from

(Al .7) which reshuffles to:

- E[(Z(B'+ (1) + BY(A(®) - G) - 2(C (@) - C(q(@) - d))—(q("’;‘ﬂ

=

o= E[([(B'+ (1))~ (C+ ed@))] +[(B*+ B(1) + B(q(@) - 6) - (C*+ (@) ~ C "(q() —a>])‘q‘“’—;‘q)}

By assumption marginal benefits are greater than marginal costs for all o
values a g, =4 and S0 B, () >C,(d,w) which using Al.4 and Al.5 im-

plies that [(B'+ B(w))-(C'+a(w))]>0for al » and since §(w)<§ aso that
[(B*+ (1) + B"(q(w) - ) - (C'+a(w) + C"(q(w) - §))] > 0 for Al w.
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Since (q(w)-§) <0 for al o the expectation r<0and strictly less than

O for all non-degenerate distributions implying that quotas are always pre-
ferred.
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Appendix Il

The starting point here is the Weitzman (2002) formulation of the regula-
tor’ s optimisation problem under quotas when the regulator knows the re-
alisation of a stochastic variable for the coming period t, ¢, but not the

realisation of the stochastic variable for the following periods, ¢, (equa-

tion (24) in Weitzman (2002))?%. We assume that the total quota is bind-
ing and so that we have:

F(S‘St)

V'(S.6) = [ m(ydx+aE, [V (F(Sle)-Q.6.)] (AllLD)
Qt F(Sle)-Q -

where variables have the same interpretations as in Weitzman (2002) and
the present paper.

The corresponding marginal condition for optimal escapement (the
part of recruitment that is not harvested), S, is obtained directly as:

7(S)=2E,, [V (S .&.)] (All.2)
where v (S ,¢,,) =9V (S ,¢,,)/9S . We note that optimal escapement, 5, is
independent of ¢ . The solution to (All.1) isthe quota, @, that ensures op-

timal escapement which implies that:

Q =F(§le)-9 (AlL.3)
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The corresponding optimal tax, ®;, ensuring zero marginal profit at opti-
mal escapement implied by (All.2) is:

@, =7(S) (All.4)

The core of the result in Weitzman (2000) is that Q" depends on the reali-
sation of ¢ as seen from (All.3) so that, when the regulator does not
know ¢, expected welfare resulting from any value of Q isstrictly lower
than the welfare level associated with Q. On the other hand, @; isinde-
pendent of ¢ as seen in (All.4) and maximum expected welfare can,

therefore, be induced with a tax even if the regulator does not know the
realisation of &,.

Now let us generalise the model by allowing margina profit to de-
pend on harvest volume (z(x,H)). Introducing this into (All.1) and re-

membering that optimal harvest H; =F(S|¢)-S implies that the marginal
condition corresponding to (All.2) becomes:

7(S.F(Sle)-S)=aE, [V(S.&.)] (All5)

We note that optimal escapement § now depends on ¢ . Thus, the opti-
mal tax equation corresponding to (All.4) becomes:

@, =7(S,F(S|8)-9) (All.6)

implying that optimum no longer can be induced with certainty if the
regulator does not know the realisation of ¢ . This again implies that ex-

pected welfare under tax regulation no longer can be shown always to be
greater than expected welfare under quota regulation using the proof
strategy chosen by Weitzman (2002).
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Sammenfatning

Priser kontra maengde — regulering af fiskeri, nar
der er handhaevelses- og overholdelsesproblemer
Januar 2006

Lars Garn Hansen, Frank Jensen og Clifford Russell

| flere nyere bidrag til den fiskerigkonomiske litteratur sammenlignes ef-
ficiens af fiskeriregulering baseret pa fangstafgifter med fiskeriregulering
baseret pad omsadtelige fangstkvoter. Dette sker under usikkerhed om fi-
skebestandens vakstforhold, og nar der er usikkerhed om fiskefladens
indkomst- og udgiftsforhold. De hidtidige resultater peger ikke entydigt
paet af deto instrumenter som det bedste. Her introducerer vi overtrasdel -
ses- og handhaevel sesproblemet som en potentielt mere vigtig arsag til
usikkerhed og navnlig informationsasymmetri og viser, at denne type af
usikkerhed altid farer til, a regulering med fangstafgifter er mere effi-
cient end regulering med omsadtelige kvoter.

Forskningen, der har fert til denne publikation, er finansieret af SSF/
FSE og akf. Endvidere takker vi Ragnar Arnason og Stein lver Steins-
hamn for nyttige bemaakninger til tidligere udkast af papiret. Alle tilba-
gevaaende fgl og mangler er alene forfatternes ansvar.
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Notes

10.

42

For fisheries with a small number of participants the incentives generated by lump-sum
revenue recycling may be significant, requiring these to be taken into account explicitly
through a budget-balancing tax mechanism (see for example Govinsdasamy et a.,
1994). However, for large fishing industries the incentive effect of recycling is small
and can reasonably be ignored so that revenue can be recycled simply through lump-
sum transfers.

If, for example, ITQs are grandfathered to fishermen using the same criteria as for
lump-sum tax revenue recycling it is easy to show that the income effects generated in
the two regulatory schemes are the same.

Weitzman calls uncertainty about biological functions “ecological uncertainty” and un-
certainty about profit/cost functions “economic uncertainty”.

This means that marginal costs rise as the fish stock is reduced by catch, but no other
causes of rising marginal costs are allowed. E.g. the extra costs that might arise as ca-
pacity utilisation levels increase are assumed to be negligible in Weitzman’s model and
so margina costs do not depend on the volume of harvest other than through the effect
of harvest on fish stock.

So, in this fishery marginal costs do not depend on the current fish stock as such, but
they may rise with the catch level, e.g. because of rising costs associated with increas-
ing capacity utilisation.

Neher (1990b) argues that in most cases fishing costs do depend importantly on both
harvest and stock size. Similar arguments are presented in Anderson (1986).

In section 3 we present empirical evidence to this effect.

Fisheries regulators do not often use the language of economics in discussing their
problems and solutions. It is rather more common for them to stress the ecological
situation being addressed, such as a population crash, and the strategy recommended to
deal with it, such as areduction of catch levels over some period.

Note that other papers have considered effects of “ecologica” uncertainty on growth of
fish stocks (see e.g. Roughgarden and Smith 1996; Sethi et al. 2005), but these do not
consider the implications of information asymmetry for instrument choice.

Jensen and Vestergaard (2003) actually state that tax regulation is preferred over ITQs
in this case — but this statement is based on a misinterpretation of their analytical re-
sults. In appendix | we show formally that a pro quota result appliesin this case and in-
dicate where Jensen and Vestergaard (2003) go wrong in their original analysis.



11.

12.

13.

14.

15.

16.

17.

18.

19.

While boat type and gear may be observed by the regulator, asymmetric information
between the regulator and fishermen could, for example, involve the fishermen’s skill
levels.

It is not clear whether Weitzman's result also holds with more general profit function
specifications that allow for e.g. costs associated with increasing capacity utilisation
(i.e. the specification 7°(x, H) ). In appendix Il we show that the proof used in Weitz-
man (2002) breaks down with a more general profit function specification. On the other
hand, we have not off hand found clear cut examples contradicting a pro tax result so it
may be possible to show this using another proof strategy.

Note that what is of importance here is the information asymmetry about the average
cost function (i.e. when comparing the average cost function estimated by the regulator
with the average of the individual cost functions estimated by fishermen).

Other authors (e.g. Y ates 2002; Spubler 1988; Segerson 1988) consider optimal regula-
tion of pollution with asymmetric information.

Other choices of regulatory instruments imply other meanings for non-compliance.
Thus, gear restrictions are violated when forbidden gear is used. Limits on fishing time
are violated when the time limits are exceeded.

Note that an important insight from the cited literature is that the optimal level of en-
forcement should be found as part of the optimal dynamic control problem where the
optimal total catch isfound. Thus, a change in regulatory instrument may affect the op-
timal enforcement effort. In this paper we focus on the problem of choosing between
taxes and ITQs, and for reasons of parsimony we hold enforcement constant. This is
strictly speaking not optimal. However, including the resulting adjustment of optimal
enforcement effort in the dynamic control problem of the regulator (though easily done)
complicates derivations without, we believe, affecting the results in any substantia
way. We also assume that avoidance costs (costs incurred by fishermen so as to
avoid/reduce the probability of detection) can be ignored. These assumptions and sim-
plifications, especially the last one about avoidance costs, may be important for our re-
sults and raise interesting issues for further research.

See e.g. Reed (1979) for an original presentation of this mode.

So in addition to allowing marginal costs to depend on the current fish stock (reflecting
the effect of catch on fish stocks), marginal costs may also be affected by the catch
level for other reasons, such as costs associated with increasing capacity utilisation.

There are essentialy two modelling approaches within fisheries economics differing as
to whether the (dynamic) adjustment to steady-state equilibrium is modelled explicitly
or not (see Conrad and Clark (1991) for a classic presentation). The so-called Shaefer
approach (Schaefer 1954) focuses on changes in long-run equilibrium stock found as
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20.

21.

22.

23.

24,

25.

26.
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the stock size where natural growth equals harvest. This approach has the advantage of
simplicity, giving rise to compact and intuitive models that in many situations capture
the effects of primary importance. The second approach is the so-called Berverton-Holt
model where the dynamic adjustment to steady-state is modelled explicitly through the
stock-recruitment relation (hence this approach is often simply called the stock-
recruitment model). Using this modelling approach a number of papers have introduced
stochastic recruitment as away of generating uncertainty about the natural growth func-
tion (a modelling tradition called stochastic bioeconomics). Both Weitzman (2002) and
our paper fall within this tradition.

Thisis ageneralisation of the constant marginal cost assumption (Cpy =0) in Weitzman
(2002) since we alow Cyy >0.

Weitzman (2002) focuses on biological uncertainty (i.e. information asymmetry regard-
ing recruitment) and so assumes that fishermen observee, prior to determining harvest
while the regulator does not observe ¢ prior to setting the value of the regulatory in-
strument. Here the focus is on the information asymmetry implied by the penalty func-
tion and we assume that neither the regulator nor the representative fisherman ob-
servese, a priori so that our first-best policy is not conditional one, . Alternatively, we
could eliminate the biological information asymmetry by assuming that both regulator
and fisherman observe ¢, a priori, which would not affect the results derived in the fol-
lowing.

Note that we have assumed enforcement effort to be exogenous to our decision problem
so that it need not enter into the regulator’s social welfare function. We also assume
that the penalties imposed on fishermen for illegal landings take the form of monetary
transfers without real cost to society and so they can also be excluded from the social
welfare function (i.e. issues of tax distortion and double dividend are ignored here).

With an ITQ-market the representative fisherman sees a quota price and so does not
perceive a quantity constraint as such. However, since the quota market price adjusts so
that the quantity constraint is always satisfied the representative fisherman behaves as if
he were quantity constrained. Following Weitzman (2002) we use this formulation.

This has a unique solution with standard convexity assumptions.

Strictly speaking only the expected value of R is known by the regulator as well as by
fishermen, so Ris this expectation, and 7°(X, R) is expected current profit.

The notation used in this appendix corresponds to the notation developed in Jensen and
Vestergard (2003), to which the reader is referred for precise definitions of variables
and functions.



27.

28.

Thisis astandard result in the literature (see e.g. Neher 1990b). The only exception be-
ing if marginal benefits become smaller than marginal costs at a catch level lower than
0, 1N Which case regulation is unnecessary — so we disregard this possibility.

The notation used in this appendix corresponds to the notation developed in Weitzman
(2002) and in the body of the present paper, to which the reader is referred for defini-
tions of variables and functions.
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