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ABSTRACT 
 
If fisheries management is supposed to affect behaviour, it has to be enforced. Fisheries 
enforcement has generally been found to be quite costly compared to the attainable rents from 
the fishery. This has a number of important implications. First, obviously, it is economically 
important to operate the enforcement activity at or close to the optimal level. Second, due to 
enforcement costs, it may not be optimal to seek full compliance to management measures. 
Third, a sensible choice of fisheries management systems as well as fisheries management 
measures within given fisheries management systems must take account of the associated 
enforcement costs. Thus, management systems or measures that appear promising when the 
enforcement aspect is omitted from the analysis may well turn out to be severely wanting when 
the necessary enforcement activity is included.  
 
 This paper concerned with these problems. To lay a proper foundation for dealing with 
them, the paper begins by setting out certain basic elements of the theory of fisheries 
enforcement. On this basis, the fishers’ behaviour under enforcement, the so-called enforcement 
response function can be derived. This defines the fishers’ actions, e.g. catch levels, as a function 
of the enforcement effort and the level of penalties. Compliance is then given as the difference 
between the real actions and the targeted action. Given costly enforcement, obviously full 
compliance is generally not optimal. At the same time, fisheries management is essentially 
transferred from setting targets, e.g. a TAC, to deciding on the level of enforcement. Indeed, as 
far as published targets are concerned, the main thing is to make them more binding than what is 
actually aimed at. The paper goes on to discuss how the practicalities of setting the optimal level 
of enforcement in real fisheries on the basis of empirical data.  
 
Keywords: Fisheries enforcement, theory of fisheries enforcement, fisheries management, 
optimal fisheries management 
 
 
 
INTRODUCTION 
 
Fisheries management systems may be seen as collections of fisheries management tools. 
Fisheries management measures are specific values of these tools. Fisheries management 
consists of setting and enforcing fisheries management measures. For the fishing activity to 
generate long term or sustainable economic benefits, some form of fisheries management is 
necessary (Gordon 1954, Harding 1967). It follows that a major task of fisheries economics is to 
design fisheries management systems and propose fisheries management measures to maximize 
the economic benefits from the fisheries. Unfortunately, it turns out that fisheries management is 
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quite costly compared to the attainable benefits (Schrank et al. 2002). This further complicates 
the fisheries management problem. 

 
This paper examines one aspect of the fisheries management problem, namely the 

enforcement of fisheries management measures. More to the point, the paper attempts to set out 
the basic theory of fisheries enforcement. In order to cover the essentials while still remaining 
within the stipulated length limitations of the paper, the following important simplifications are 
made: 
 

• There is no attempt to distinguish between the enforcement requirements of different 
management systems.  

• The dynamics of the fishery situation are modelled in a very simple manner employing a 
resource depletion charge, λ, which of course can vary from period to period. 

• The number of variables entering the description is kept as small as possible. In other 
words, I employ as simple a model as possible while still managing to convey the 
essentials of the theory.  

 
All of these modelling restrictions, as I hope the reader will realize, are comparatively easy to 
relax, but at the cost of substantially complicating and lengthening the presentation. 
 

The paper begins by setting out the basic modelling components of fisheries enforcement. 
It then goes on to analyze the implications for fishing behaviour, compliance to fisheries 
management measures and optimal enforcement of the same measures. Following the theoretical 
analysis, the paper briefly discusses the empirical requirements for applying the theory and 
presents a simple example of its application. The concluding section summarizes and discusses 
the main results of the paper.  
 
 
BASIC MODELLING COMPONENTS 
 
The social benefits from fishing are defined as: 
 
(1) B(q,x)-λ⋅q. 
 
The function B(q,x) represents fishers’ private benefits from fishing (profits, surplus salary etc.). 
The variable q represents extraction and x biomass. B(q,x) is assumed to be a jointly concave 
function, monotonically increasing in x and at least ultimately declining in q. It is convenient for 
representational purposes to assume B(q,x) to be differentiable. The variable λ represents the 
shadow value of biomass, so λ⋅q is the social resource depletion charge.1 
 

The management tool in this context is q. This, obviously, corresponds exactly to a TAC 
fisheries management regime. Note, however, that all fisheries management systems attempt to 
control q directly or indirectly. For instance, mesh size regulations and time-area closures 
attempt to do so by making certain segments of the stock less accessible to the fishers and effort 
restrictions attempt to do that by controlling effort—an important determinant of q. 
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Once a value for the management tool has been selected, i.e. a management measure 
imposed, it needs to be enforced (provided of course it is binding)2. We consider two 
components of the enforcement activity: 
 

1. Enforcement effort, e.  
This is basically monitoring, surveillance and control. This can be effected by many 
means at-sea or on-land. It is generally quite costly in terms of manpower and 
equipment.  

2. Sanctions, f. 
It is convenient to think about the sanctions as fines although, in principle, they can in 
principle take any form. In what follows we will, for simplicity think of the fines as 
exogenous constants. To impose the sanctions generally requires certain administrative 
and legal proceedings. It is analytically convenient to think of these processes as a part 
of the enforcement effort. 

 
The enforcement effort generates a certain probability of violators of management 

measures (restrictions) being observed and apprehended (cited). It also generates a certain 
probability of violators having to suffer a sanction if apprehended. Let us represent this 
composite probability of having to suffer a penalty if one violates management measures by the 
following probability function, which we refer to as the penalty probability function: 
 
(2) π(e), π(0)=0, lim ( ) 1

e
eπ

→∞
= .  

 
Most likely this function will look like the one depicted in Figure 1. This, obviously, is a concave 
smooth, monotonically increasing 
function. 
 
 Clearly, the main purpose of the 
enforcement activity is to increase the 
penalty probability function. For a given 
enforcement technology, this can only 
be done by increasing enforcement 
effort. 
 
 There will of course be costs 
associated with the enforcement activity. 
Let us describe these costs by the 
enforcement cost function: 
 
(3) C(e). 
 
This function may be taken to be increasing in the enforcement effort and at least weakly 
convex.  
 

Figure 1 
The penalty probablity function: Illustration 
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 The last basic component of this simple enforcement model is the cost to private operators, 
the fishers, of violating a management measure. Given the inherent uncertainty of having to 
suffer a penalty, this must be an expected cost. We refer to this expected cost function as the 
private costs of violations and write it simply as:3 
 

ψ(q;e,f,q*) = π(e)⋅f⋅(q-q*), if q≥q*. 
(4)  

ψ(q;e,f,q*) =         0         , if q<q*, 
 
where q* is some management measure. On course, as already explained, the second case, where 
q<q* is not of interest. The shape 
of private costs of violations 
function as a function of the 
extraction level is illustrated in 
Figure 2. Note the non-smoothness 
of this function at q=q*. This is 
mathematically awkward but 
theoretically trivial. Clearly, the 
slope of this function in (Ψ-q)-
space a major determinant of the 
deterrence against violating 
fisheries rules. This slope, given by 
π(e)⋅f, obviously increases with the 
penalty level, f, and the 
enforcement effort.  
 
 Combining the above basic elements of the theory, we can obtain the following two 
fundamental benefit functions of the fishing activity: 
 
 First, combining (1) and (3) we obtain the social benefits of fishing  with costly 
enforcement: 
 
(5) B(q,x)-λ⋅q - C(e). 
 
This, of course, is the appropriate function for the management authority to maximize at each 
point of time.4 The function given by (1) is inappropriate and maximizing or attempting to 
maximize it is generally a management mistake which may be very costly. 
 
 Second, the private benefit function of fishing, B(q,x), and the expected cost of violating 
fisheries rules, expression (4), imply the following private benefits from fishing under a 
management regime: 
 
(6) B(q,x)- π(e)⋅f⋅(q-q*) 
 
This is the function private operators, i.e. the fishers will try to maximize at each point of time. 
 

Figure 2 
Private costs of violations function: Illustration 
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ANALYSIS 
 
We are now in a position to examine the situation analytically and draw certain useful 
conclusions. 
 
Private behaviour 
 
Private behaviour (under restrictive management) is defined by the following: 
 
 arg max( ( , ) ( ) ( *))q B q x e f q qπ= − ⋅ ⋅ −  
 
Assuming sufficient smoothness this implies the behavioural rule: 
 
(7) Bq(q,x)-π(e)⋅f=0, 
 
which implicitly defines the behavioural equation: 
 
(8) q=Q(e,f,x). 
 
This equation is in many respects central in the analysis. It may be called the enforcement 
response function. Given our previous specifications it is easy to show the following: 
 

 0,  0,  0,q q q
e f x
∂ ∂ ∂

< < >
∂ ∂ ∂

 provided Bqx>0, i.e. biomass helps harvesting. 

 
The likely shape of the enforcement response function in (q,e)-space is illustrated in Figure 3  
 

It is worth noting that 
the curves in Figure 3 are non-
smooth, i.e. have corners at 
points where actual catch is 
equal to q*. At the 
corresponding level of 
enforcement effort and beyond 
it is optimal for the fishers not 
to violate at all. These points 
are formally defined by the 
condition Bq(q*,x)-π(e)⋅f=0. 
Note that if q* is restrictive at 
all there will be one such 
corner point for any penalty, f. 
At these points there is a 
discontinuity in the marginal 
enforcement response function 

Figure 3 
Likely shape of the enforcement response function 
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— eQ q e≡ ∂ ∂  jumps from a negative value to zero —and in formal mathematical sense the 
marginal enforcement response function is not well defined. This discontinuity at the point of 
100% compliance is the source of some analytical and practical inconvenience as will become 
clearer below.  
 
 Note also that the greater (numerically) the slope of the enforcement response function, the 
more effective the enforcement effort. It is easy to see (by differentiating the behavioural rule) 
that this slope is (numerically) increasing in the penalty, f. This immediately implies the 
important practical result that by the simple expedient of increasing the penalty, the enforcement 
effort can be made mode effective. How much the penalty needs to be increased to have the 
desired impact is, however, an empirical question.  
 
Compliance 
 
With the enforcement response function in hand, we can now immediately obtain a measure of 
the compliance level. This is simply: 
 

 q*-Q(e,f,x). 
 
Note that according to this measure, compliance increases in enforcement effort, e, and penalties, 
f, but decreases in the stock level, x. This is of course highly intuitive. With a higher stock level, 
the marginal benefits of catch generally increase (if only because the cost per unit of harvest 
falls).  
 
 It is convenient to define a dimensionless measure of compliance. There are of course 
many such measures. An attractive one (defined for qcom>q*) is: 

(9) ( , , ) [0,1]
*

com

com

q Q e f x
q q
−

Ω = ∈
−

, 

 
where Ω is the measure of the compliance level and qcom represents the open access (or 
unmanaged) harvest level. Note that this measure is defined only for the case where qcom>q*, i.e. 
some management is intended. So, when there is no compliance, Q(e,f,x)=qcom and Ω assumes 
the value zero. When there is 100% compliance, Q(e,f,x)=q* and Ω equals unity.  
 
Social Optimality 
 
The social problem is to maximize the social benefit function subject to the enforcement 
response function and other relevant constraints. More formally the social problem is to: 
 
 

e
Max  B(q,x)-λ⋅q - C(e). 

 
  Subject to: q= Q(e,f,x), 
    e≥0, 
    f fixed. 
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Due to the discontinuity of the marginal enforcement response function, Qe, we must express the 
solution to this problem in two parts: 
 
 ( ( ( , , ), ) ) ( , , ) ( )q e eB Q e f x x Q e f x C eλ− ⋅ = , if q=Q(e,f,x)>q* 
(10) 
 Q(e,f,x)=q*, otherwise.  
 

Equation (10) defines the socially optimal enforcement effort level, eopt, say. We can 
illustrate the essential nature of this is solution by the diagram in Figure 4. In this figure the 
marginal benefits of enforcement 
according to the first part of (10), 
( )q eB Qλ− ⋅ , are drawn as a 
downward sloping function. As 
already indicated, this function has 
a discontinuity at e* corresponding 
to full compliance q=q*. Beyond 
this level, the marginal benefit 
function is zero, i.e. further 
enforcement will not produce any 
benefits. It is therefore never 
optimal to exert enforcement effort 
beyond e*. Two marginal cost 
curves are drawn in Figure 4. If 
marginal costs are comparatively 
high (upper curve), the optimal 
effort level is at e°, well below the 
full compliance level. At this level, moreover, the optimal effort is a continuous smooth function 
of the parameters of the problem. If, on the other hand, enforcement costs are sufficiently low 
(lower curve in the diagram), optimal enforcement effort is at e* and the response of this optimal 
level to (small) changes in parameters will be zero. It follows that when optimal enforcement is 
at or in the neighbourhood of e*, administration of this activity can be problematic.  

 
Utilizing the compliance measure, (9), we can calculate the socially optimal compliance 

rate as 
 

(11) 
( , , )

*
com opt

opt
com

q Q e f x
q q
−

Ω =
−

. 

 
As already discussed, there is no particular reason to expect this optimal compliance rate to be 
anywhere close to unity, i.e. perfect compliance. It is worth noting, however, that setting 

* ( , , )optq Q e f x= , perfect compliance can be trivially achieved. This trick would not be a good 
idea because of the discontinuity at q*. Administratively, it would be much preferable to set q* 
considerably below the optimal harvest level.  
 

Figure 4 
Optimal enforcement: Two examples 
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Both the administrative and analytic problems associated with the discontinuity at e* can 
be avoided by the simple expedient of setting the target harvest, q*, low enough. If for instance 
q* is set by the rule ( *, )qB q x λ= , i.e. at the optimal level under costless enforcement, then the 
discontinuity of marginal benefits illustrated in Figure 4 disappears.5 The political downside of 
course is that unless enforcement is costless it will always be optimal to exceed the target harvest  
 

Now, let us assume that this rule is followed, i.e. the target harvest level is set sufficiently 
low, and consider the impact of the cost of enforcement on the optimal harvest. In this situation 
the first part of (10) applies and, moreover, Qe<0. We immediately draw the following important 
conclusions: 
 
I Optimal rate of harvest levels increases with the cost of enforcement (for any level of 

stock, x). 
To see this, it is sufficient to note that (10) implies /q e eB C Qλ= +  and the last term is, 
according to our assumptions, negative. Therefore, qB λ<  and since Bqq<0, it is clear that 
q increases with Ce. 

 
II. The optimal harvest level converges to ( , )qB q x λ=  as the marginal cost of enforcement 

falls to zero.  
This follows immediately from (10).  

 
III. Only if enforcement is costless can 100% compliance be optimal.  

With costless enforcement ( , )qB q x λ=  according to II, and if q* is set by the rule 
( *, )qB q x λ= , the two obviously coincide.  

 
 
Benefits of increased compliance 
 
Sometimes the benefits of increased compliance are of interest. To answer this question one has 
to be very specific with respect to two aspects of the situation. First what benefits, if any, does 
the fishery produce. Second, where does the increased compliance come from.  
 

Let us for convenience consider two alternatives for each variable. More precisely, let the 
fishery either be fully efficient (producing maximum benefits) or totally inefficient (producing 
no benefits). The former case would apply under perfect management and the second under an 
inappropriate management system which could nevertheless be well enforced. As regards the 
source of the increased compliance let us assume on the one hand that it increases without any 
change in enforcement effort and on the other hand that it increases because of increased 
enforcement effort. Obviously, these alternatives generate four different possibilities: 
 
 Consider first an efficient (perfectly managed) fishery. From the social benefit function (5) 
it is clear that a costless increase in compliance generates the benefits:  
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(12) ( ( , ) )qB q x dqλ− − ⋅ , 
 
where -dq<0 is a measure of increased compliance (remember compliance is q*-q) 
 

The second possibility is that compliance increases because enforcement effort is 
increased. In that case the gain is  
 

(13) ( ( , ) )q e
eB q x C dq
q

λ ∂
− − − ⋅ ⋅

∂
. 

 
Note that the derivative e q∂ ∂ is positive, so for the same increase in compliance the gain in (13) 
is less than the gain in (12). 
 
 Consider now the inefficient (poorly managed) fishery. In this fishery, the private benefits 
from fishing are approximately zero6 and the private marginal benefits to harvest also. So in this 
case, the social benefit function (restricted to an inefficient fisheries management system) would 
approximately be (see (5) with B(e,x)≡0): 
 
 -λ⋅q - C(e). 
 
Thus, the benefits of increased compliance when that happens costlessly would be: 
 
(14) λ⋅dq 
 
I.e., it is just the shadow value of the biomass as assessed by society. As the shadow value of 
biomass to the fishery would be approximately zero, this would primarily represent the value of 
an improved fisheries management in the future and the conservation demand.  
 
 The benefits of increased costly compliance would be: 
 

(15) e
eC dq
q

λ ∂
+ ⋅ ⋅

∂
. 

 
Clearly, the outcome in (15) can easily be negative.  
 
 
APPLICATION OF THEORY: EMPIRCAL REQUIREMENTS 
 
To apply the theory discussed above the following model components need to be known: 
 
1. The private benefit function, B(q,x). 
2. The social shadow value of biomass, λ. 
3. The enforcement cost function, C(e) 
4. The penalty probability function, π(e),which subsequently in combination with the private 

benefit function gives rise to the enforcement response function, q=Q(e,f,x). 
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 Note that to calculate λ a bioeconomic model is required. A part of that model is the 
private benefit function, B(q,x). Thus, requirements 1 and 2 can be replaced by the requirement 
that a bioeconomic model is needed. Requirements 3 and 4 are the special enforcement 
functions.  
  

Note also that not all of these functions are needed for all calculations. To estimate and 
predict compliance we only need the enforcement response function, i.e. 1. and 4. To estimate 
and predict the benefits from altered enforcement, however, we need all four.  
 
 
APPLICATION OF THEORY: A VERY SIMPLE EXAMPLE 
 
To illustrate the application of the theory further, it may be helpful to construct a very simple 
example. 
 

1. The private benefit function: B(q,x)=
2qp q c

x
⋅ − ⋅ . 

2. The enforcement cost function: C(e)= ( )eπ 7 
3. The penalty probability function: ( ) 1 exp( )e eπ = − −  
4. We take it for simplicity that λ is known.  
 

Given these specifications, the enforcement response function is: ( ( ) )
2

p e f xq
c

π− ⋅ ⋅
=   

The privately optimal harvest under no management is: 
2com
p xq

c
⋅

= . 

The socially optimal harvest level under no enforcement costs is: ( )
2

p xq
c
λ− ⋅

= . 

The socially optimal harvest level with enforcement costs is: 
 

( ) 1
2opt

p xq
c f
λ− ⋅

= +  for all q∈[q*,qcom] 

 
Note that according to the above, if fines are zero the optimal harvest is qcom and if the 

fines are infinitely high the optimal harvest will be the zero enforcement cost harvest. These 
outcomes are, of course, highly intuitive. 
 

Compliance is simply q*-qopt, where q* is the announced target. 
 
As already mentioned, for any level of enforcement effort, fines and biomass, compliance can be 
selected by simply choosing the target q*. 
 

The marginal benefits to increased compliance as specified in equations (14) and (15), i.e. 
under efficient management, are: 
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 2( )c qp
x

λ ⋅
− −  

 2 2( )
exp( )

c q cp
x e f x

λ ⋅
− − −

− ⋅ ⋅
. 

 
 

Other interesting expressions can be obtained in a similar manner. Numerical results are 
obtained by simply plugging parameter values into the above equations. 
 
 
DISCUSSION 
 
According to the above analysis costly enforcement of fisheries measures (rules) means that the 
optimal harvest level is higher than it would otherwise be. It can even shift the optimal 
equilibrium harvest onto the left-hand side of the maximum sustainable yield. If the marginal 
costs of enforcement are sufficiently high, private and public benefits of fishing sufficiently close 
to zero or the penalty for illegal fishing sufficiently low, no enforcement will be optimal. In that 
case, obviously, any fisheries management is a waste of funds and should be also abandoned. 
Thus, under these circumstances, open access fishing is indeed socially optimal.  
 

It follows from this that ignoring the cost of enforcement in formulating fisheries policies 
can, and probably would generally, lead to substantial and potentially very costly mistakes. Not 
only would the fisheries policy itself be wrong, which can be very costly, but the actual 
harvesting could deviate substantially from the policy (which may or may not be costly, and the 
enforcement effort, which is often very expensive, may be totally inappropriate. 
 
 If fisheries management is economically worthwhile, the above results outline how to 
calculate the optimal enforcement of the management measures. To do so in practice requires 
among other things a knowledge of the private and public benefits of fishing, an assessment of 
the social shadow value of biomass, an estimate of the cost of enforcement function and an 
estimate of the probability of penalty function. It appears that it would not be excessively 
difficult to obtain this information for many fisheries. 
 
 An interesting implication of the above analysis is that the target harvest (or some other 
fisheries management target) is generally of little consequence. This is because only rarely would 
full compliance be optimal.  Indeed, it seems to be a good idea theoretically and administratively 
to aim for a degree of non-compliance. So, when it comes to fisheries enforcement, we are faced 
with the paradox that missing the (announced) target should indeed be the real target. 
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ENDNOTES 
 
1  This, of course, can reflect fisheries values and conservation values as well as other stock related concerns such 

as risk. This formulation suffers from the theoretical weakness that the appropriate λ generally depends on the 
current level of harvest. In most practical cases the error of ignoring this would be small, however.  

2  If it is not binding, then it is irrelevant as a managem is no case to analyse. 
3  Note that this formulation makes several implicit simplifying assumptions: It assumes that (i) all management 

measures can be expressed as an upper bound; (ii) fishers are risk neutral and (iii) the penalty depends linearily 
on the amount of violations. The first assumption is, I believe, nonrestrictive. The second and third are more 
doubtful. To relax them, however, would, I believe, not change the essence of the analysis but make it more 
complicated.  

4  The reader is reminded that generally λ is a function of the harvest rate. 
5  Setting q* such that ( *, )qB q x λ>  will also do the trick. 
6  In equilibrium. Private benefits may be positive or negative along approach paths to this equilibrium, but most 

likely their present value is close to zero.  
7  This is not very appropriate as π(e) is a concave function. This is only done to simplify the algebra, which could 

otherwise become quite messy. 


