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Abstract

Within the EU Sixth Framework Programme an ongonegearch project, COBECOS, has
developed a theory of enforcement and a softwadle éar computer modeling of different fisheries
with fisheries enforcement cases.

The case of the Danish fishery for Nephrops faceblems with landings of undersized lobsters
and illegal bycactch of cod. The enforcement toichtbe illegal activities consists of physical
control, such as dock side inspections and boardamgl administrative control with integration of
different databases.

This paper presents the first steps in the appbcaof the theory on fishery enforcement from the
COBECOS project to a specific case. It is done $tymations of functional relationships’ for
describing 1) the fisheries benefit function 2) #teadow value of biomass 3) the connection
between the probability of being detected and dpgmeled for different enforcement levels and 4)
the connection between different enforcement learts costs. The purpose of estimating the
functional relationships are for future applicatiomthe COBECOS computer modeling in order to
carry out an cost-benefit analysis of control ségies and thereby find the optimal mix and level of
different types of enforcement.

General problems when trying to apply empiricaladéb the standardized fisheries enforcement
model are summarized.
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1. Introduction

This working paper is part of an ongoing reseandjegpt called “Costs and Benefits of Control
Strategies” with the acronym COBECOS. The projsctunded by the European Union’s (EU)
Sixth Framework Programme, Policy-Oriented reseaftie primary objective of COBECOS is to
conduct a cost-benefit analysis of control schefoesmanagement strategies relevant for the
Common Fisheries Policy and, based on this analyger the potential economic benefits which
might accrue from proper enforcement of the managermeasures. We propose to achieve this
objective on the basis of: 1) an appropriate thadrfisheries enforcement, 2) empirical research
involving intensive case studies and estimationtiedoretical relationships and 3) computer
modelling of fisheries enforcement (based on tle®th and empirical estimations). On this basis
we expect to be able to contribute significantlyatsswering questions such as: What are the costs
and benefits of increased enforcement effort intigaar fisheries? If compliance alters
(exogenously) in certain fisheries what are theéscasd benefits? What are the impacts of increased
penalties for violations of fisheries rules? Howdifferent control schemes compare when the cost
of enforcement is taken into account?

The appropriate theory of fisheries enforcementerred to above, is developed under work
package 3.This working paper merely deals with the empirigalearch of one of the case studies,
Norway lobster trawl fishery in Kattegat and Skaglkr and the estimation of the theoretical
relationships. The computer modeling and the coerpaplication to the case studies is still on its
incipient stage. This working paper therefore cgponds to the deliverable from the case study,
Norway lobster trawl fishery in Kattegat and Skagkrto work package 5 with the objective to
estimate the basic relationships in the theoretin&rcement model for use in the computer model.
The following relationships will be estimated:
- A probability of penalty function that relates ermdement effort to the probability that a
violation will entail a sanction. We refer to tlas the enforcement-probability function.
- A fisheries benefit function including a privateniedit, the shadow value of biomass and
from this the determination of the social benefitdtion.
- A fisheries enforcement cost function that relagedorcement effort (along its various
dimensions) to costs of enforcement.
All the estimations will be based on the data @iten which is available under the deliverable for
work package 2, where a description of the apptiase study in this working paper, Norway
lobster trawl fishery in Kattegat and Skagerrakpak available. Compared to the description of
work in WP5 we start out by determining the datatfee enforcement level, the probabilities and
the fines and then estimating the enforcement-gnitiafunction. We have chosen this order of
estimation since we apply the probability of beamprehended and the fines when determining the
private benefit function.

In section 2 an enforcement effort measure is deted in order to be compatible with the
COBECOS code to be applied in the future. It idofeed by estimates of the enforcement-
probability function. Section 3 relates the enfoneat effort to the costs of enforcement. The
private benefit function will be estimated in seaté, a discussion and a calculation of the shadow
value of biomass be presented in section 5. Se@&iwrll determine the social benefit function.
Section 7 summarizes and concludes

! The technical annex and the deliverable for allkymckages completed can be found at the projebsite:
https://maritimeaffairs.jrc.ec.europa.eu/web/colséto



2. Enfor cement effort and probability

In the mixed trawl fishery in Kattegat and Skagkrtee most important species are Norway lobster,
Atlantic cod, Common sole and European plaice. Mgnobster and Atlantic cod have a catch
value around half of- to more than two thirds of tbtal value of landings. In addition these two
species are categorized as species in the comtavégy for the Danish enforcement (The Danish
Directorate of Fisheries 2006) with a high riskowkrfishing compared to quotas and a moderate to
very high consequences for the resource. Theréfier®irectorate of fisheries risk-rank these two
species to require a full enforcement effort arkklli to substantial additional enforcement
initiatives according to the control strategy (Tbanish Directorate of Fisheries 2006). Thus, these
two species are among the target species for thieat@nd enforcement of the Danish fishery.

In our dataset we have all individual landings fr&attegat and Skagerrak from 2005 and 2006
having Norway Lobster or Cod included. This is aore of some 40,000 landings. Data are
anonymous but all landings for a single vessel lsandentified and for each landing there is
information about type of control (if controlled)dviolations and sanctions (if such exist).

Enforcement Effort

The Danish Directorate of Fisheries (2006) has rarob strategy with the aim of working pro a
biological and economical sustainable fishery. ®ach this aim they perfornmthoughtfulness
regulation and contrdl From the report The control is targeted where illegal fishery hae t
largest consequences for sustainability. ... In additthe control is concentrated when it is
considered to be crucidl Specific information about the actual perceiviedgreased risk of
inspection and detection of a contravention resglfrom selecting the businesses, persons, actions
or areas to be inspected are, however, not availdblerefore we make deliberate simplification
and assume there is non-selective control of piaterffenders.

For adjusting our data to be applicable in the COBIS software we need a series of data with the
enforcement effort for different types of enforcenseand the connected probability of being

penalised. In COBECOS effort and probability arstmeted on their parameter values to be

between 0.001 and 0.999. In order to scale theteff® apply the following function:

#Inspectiorsfor specificvessel
#Landingsfor aspecificvessel

Effort =

(1)

Where
# Inspections for specific vessel is categorised different enforcement categories
# Landings for specific vessel in the total numbeéitypes the vessel have been in
harbour with cod or Norway lobster from KattegaStagerrak

This scaling returns an effort value for the difietr types of enforcement effort (in our case
(boarding or dock side) which is between zero and.An enforcement effort equal to one
corresponds to all landings are being inspectedaanehforcement effort of zero corresponds to no
landings being inspected. The vessels with no tagelbeing inspected are irrelevant for the further
analysis and are therefore not included in theh&rrtderivation of the enforcement probability
function. The enforcement effort is therefore action of the number of fishing trips. Thereby can
a single fisherman indirectly reduce the enforcameffiort (employed by the authorities) by
increasing his number of fishing trips. This miglut be fully in accordance with the theoretical



model where the penalty probability function iscly exogenous, but it is still our best estimate
enforcement effort.

Probability of being penalized

The probability of being penalized (or sanctionedhnected to the different enforcement effort
levels are now to be derived on an individual cisesstion (2005-2006) level. The probability of
being sanctioned is illustrated in figure 1.

Figurel
The probability of being sanctioned
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Figure 1 illustrates that there is a probability befing controlled, and given control, there is a
probability of having violated, and if violation $iaoccurred there is a probability of being
sanctioned. This approach assumes that the probability of gaianctioned for the probability

enforcement function is determined by the probgbilif being sanctioned given that violation

occurs. This corresponds to follow the ‘red path’'figure 1. Formally written this equals the
probability of being controlled given violation tes the probability of being sanctioned given that
the person is violating and controllgd:

P(S |C)= p(V |C)x p(S [VN C) (2)
Where

S Sanction

V: Violate

C: Control

A simplification of this approach is to assume grebability of being sanctioned given that the
person is violating and is controlled equals ondjctv isp(S [VC) =1 It appears from the

Danish data set that it is not always true, but cae argue that if a fisherman receives a written

2 One might argue that the tree in figure 1 shotaddt svith the violation/no violation then followdxy control/no
control and finally sanction/no sanction. The reasty we have not chosen that approach is, thdatave no estimate
of how large a fraction of the fishermen do actuslblate, we have only estimates of how many \iotes does
actually occur among those fishermen controlled.

% This approach implicitly assumes that only viotatoan be sanctioned.



remark about a violation it will always requiressoarces from that fisherman to avoid being
sanctioned, and this in itself can be regarded geralty. The simplified approach therefore
becomes:

p(SIC)=p(V [C) 3)

We thus need to derive the probability of violatgigen the vessel is controlled:

#Violationsfor specificvessel
plvic)= pes? (@)
#Controlsfor specificvessel

The number of violations represents only the nunalberolations that are actually been sanctioned.

The probability of being sanctioned given violatierich is assumed to be equal one moving from
(2) to (3):

p(S|V 4 C) - #Violatij:si]ri]\fzr? (r:]jz:r?l)li;?)f\;izsgflicvessel ®)
This probability is assumed to be equal one infdlewing estimates.
The probability of being controlled is:
( )_ #Controlsfor specificvessel ()

- #Landingsfor specificvessel

If we combine the probability of being controlledthvthe probability of violating given the vessel
IS cogtrolled (combining (4) and (6)) this revetile probability of violation given the enforcement
effort™

_ #Violationsfor specificvessel
#Landingsfor specificvessel

n(e) = p(V [C)x p(C) (7)

To the Kattegat/Skagerrak we apply the above appraa derive the enforcement probability
function. This approach returns the actual prolighif being detected and fined given the actual
enforcement effort, it is thus not the expecteganceived probability, but it is our best estimate.

Adjusted Data for the Danish Case to be appliethe"\COBECOS software

In the first step all vessels having a written rém@n Danish: ‘erhvervsovertreedelse’) are
included. This corresponds to 78 written remarksn& vessels have more written remarks and the
number of written remarks is therefore not corresjiig to the number of vessels. For each vessel,
the actual applied enforcement effort is calculaseatording to (1) and the corresponding
probability of being sanctioned is calculated adomy to (7). The enforcement effort and the

* We are aware that equation (7) does not includatimber of controls/inspections for the singlesegsut this is an
ad hoc probability and it is only meaningsfull ttwgr with the ad hoc enforcement effort for thecsjievessel.



corresponding probabilities are calculated for eaeparate type of controls. For some written
remarks it is not possible to identify the typefafm, which has been applied, either because the
information is not available or because it is amaistrative controf. In our case we have form 1
(dockside inspections) and form 2 (boarding) whafermation about controls are recorded not
matter whether it results in a written remark ot. Adhe following works with enforcement effort
E1l (dock side inspections) arf? (boardings), respectively. The applied enforcanpeabability
dataset is summarised in table 1.

Tablel
Enforcement and probability of apprehension for @805 and 2006 in the Kattegat/Skagerrak
Norway lobster and cod fishery.

El Prob E2 Prob
0.031 0.008 0.011 0.011
0.020 0.020 0.037 0.009
0.025 0.006 0.024 0.016
0.037 0.015 0.048 0.048
0.018 0.009 0.035 0.012
0.023 0.004 0.030 0.030
0.004 0.004 0.158 0.053
0.018 0.004 0.034 0.011
0.032 0.008 0.011 0.011
0.032 0.008 0.021 0.005
0.030 0.010
0.020 0.020
0.125 0.021
0.063 0.031
0.024 0.012
0.081 0.012
0.067 0.067
0.029 0.014
0.009 0.009
0.036 0.036
0.075 0.025
0.037 0.009
0.021 0.021
0.055 0.014
0.045 0.011
0.036 0.006
0.082 0.020
0.016 0.016
Note:

E1 = Dock side inspections
E2 = Boardings

® For administrative and paper control the contiiaé do not lead to a written remark are not inetlich the record. It
is therefore not possible to estimate a probabilitipeing sanctioned for these types of controls.



Figure2.1
Plot of the enforcement probabilities and the erdarent effort levels
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With respect to models we estimate three differeodlels:

y =a+bx (model 1) (8.1)
y=a+blnx (model 2) (8.2)
y=ae™ (model 3) (8.3)

where:

y is the probability of being apprehended
x is enforcement effort
a,b are parameters to be estimated.

Equations (8.1)-(8.3) are estimated for both dddk snspections and boardings. The data set for
control data contains cross-sectional data for 12805 and 2006. It is, therefore, reasonable to
include a yearly dummy variable in the estimatiom to disregard differences over time. Including
the dummy equations (8.1)-(8.3) become:

y=a+bx+cD (model 1) (9.1)
y=a+blnx+cD (model 2) (9.2)
y=ae™+cD (model 3) (9.3)

Where:

D is a yearly dummy variable with value 0 in 20056l &alue 1 in 2006
c is the parameter to be estimated.

The statistical program “Eviews 6” with its estimaais techniques is applied for estimation. Table 2
summaries the results.

Table2
Estimation results for three different types of@nément-probability functions.
Dock side inspections Boar dings
Model 1 Mode 2 Model 3 Model 1 Model 2 Model 3
a 0.01 0.05 0.01 0.01 0.08 0.014
(2.34) (4.02) (3.87) (2.54) (3.65) (2.74)
b 0.21 0.01 7.98 0.32 0.02 8.72
(2.49) (2.61) (2.33) (3.11) (2.92) (3.42)
Cc -0.005 -0.005 -0.005 -0.004 -0.002 -0.003
(-1.27) (-1.27) (-1.22 (-0.46) (-0.24) (-0.43)
R 0.22 0.23 0.18 0.59 0.55 0.53
Breuch- 1.92 2.05 1.99 1.87 1.79 1.92
Pagan test
White test 2.25 3.51 3.06 2.21 2.13 2.23

Table 2 yields the estimation results for the pat@nmsa,b andc in the enforcement probability
function, theR-squared, the Breusch-Pagan test and the Whitéoteall three types of models for

dockside inspections and boardings, respectiveig. flumbers in brackets under each estimate are
thet-tests.



With respect to dock side inspections the BreuoyjaRaand White test shows that there is
homoscedasticity. Thus, we can use OLS in the asims. The variance inflation is, in all cases,
below 10, therefore we have no problem with mubtienarity.

From thet-tests it is seen that parameters are significaatlithree models except from the dummy
parameterc which is insignificant, but excluding the dummyriadle would significant reduce?.
ThereforeD is included R is relatively low and?? does not vary much between the three models
so the models perform equally well.

For model 3, we do, however, get positiv@alues for both dock side inspections and boarding
Since we would expect to have increasing probasliof apprehension with increasing enfocement
effort, we eliminate this model for further anal/isiWe will thus work with all models 1 and 2 in
the forthcoming analysis.

With respect to boardings the conclusions are dntlos same. We have no problems with
heteroscedasticity and multi-collenarity. Paransdeandb are significant and is insignificant but

D can not be excluded due to a significant droRArR? is now reasonable high. However, there is
not much variation ifR* between models so again all three models areingbe analysis.

3. Enfor cement cost function

In this section we calculate an enforcement casttfan for the two different types of enforcement
we operate with in this paper. In other words, \akbcate an average enforcement effort function
for dock-side inspection (blanket 1) and boardinlgriket 2). With respect to costs of inspection we
only have data for three years, see COBECOS dalleMWP2. This implies that we cannot rely on
econometric methods when determining cost parametée, therefore, calculate cost parameters
for one year based on The Danish Directorate dfdfies (2006). Here we choose 2005 because for
this year we also have data for enforcement eféwtpreviously defined. We choose two
specifications of the average cost function:

AC=sx (model 1) (10.1)
AC=sxX (model 2) (10.2)

Where

AC are the average costs of enforcement
x is the enforcement effort as defined previously
Sis a cost parameter.

Note that we have chosen a formulation withoutdixest. This is necessary to assume in order to
calculate s but is also a reasonable assumpti@oriesponds to the case where inspection inputs
are also used for other purposes and the fixedig@adibcated to these purposes.

For dock side inspection and boarding we have fiatthe enforcement effork. This variable is
calculated as the mean value of the enforcemeaoiteféfines above. We also have dataXGrfor
dock-side inspection and boardir&C is defined as the cost per inspection. Note &@imay be
overestimated for boarding because other contmloeses than boarding is included in the number.
This problem is solved by making sensitivity anayans for boarding.



With information on the average costs and the eefoent effort levelx, we can calculate s in all
three models, see Howitt (1995) and Jensen ancehMgstrd (2002) for others applications of the
same method for calculating parameters. The reatdtshown in table 3.

Table3
Calculation of the cost parameter.
Dock side inspection Boarding |
Model 1 Model 2 Mode 1 Model 2
s 58403 1502782 1242012 30410903

4. The private benefit function
The private benefit function is basically deterntifegy a standard bio-economic model involving

fishermen maximizing a profit function not takingsource restrictions into consideration. It is
assumed that the fisherman maximises net profit:

Max(P,h - Rt - C(h,t,v,) - ,F, (h-h) - 7, F, (t - 1)) an
h,t
where:
his the catch of nephrops.
tis the catch of cod.

his the regulatory restriction on nephrbps

t is the regulatory constraint on cod.

71, i1s the probability of being detected when the meph restriction is exceeded.
7z, is the probability of being detected when the egtriction is exceeded.

F, is the penalty (fine) when violating nephrops riegon.

F, is the penalty (fine) when violating the cod resion.

P, is the output price on nephrops.

P, is the output price on cod.

v, is the stock of cod.

C(h,t,v,) is the cost of harvest function.

The control variables for the fishermen in (11) #re catches of nephrops and cod. When defining
the net profit function it is assumed that all efjulatory restrictions can be represented in aaguot
system. The main problems in the Norway lobstewltféshery in Kattegat and Skagerrak are
landings of undersized lobsters and illegal by{tat€ particular cod. The regulatory measures
included are therefore landings of undersized Ebanhd exceeding the quotas for cod. In the net-
profit function it is assumed that landings of ursiteed nephrops also can be translated into a
restriction on output. From the cost of harvestcfion introduced in the net-profit function in (11)

it becomes clear the cost of harvest only depemdthe stock size for cod and not for Norway
lobster. Note, that we assume that there is nokstdtect associated with nephrops. This
assumption is justified by the fact that thereadimding output restriction for nephrops.

® The names nephrops and Norway lobster will be irgedchangeable.
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The first-order conditions of (11) when fishermealate the regulative measures are:

oC

P, “on mF =0 (12)
oC

R——at -k =0 (13)

where‘;—iis the marginal production cost of nephrops a%%elis the marginal production cost of

cod. Equations (12) and (13) state that the margmaenue equal the marginal expected costs
under profit maximisation. The marginal expectedtsaonsist of the marginal production costs
and the marginal expected value of the penalty whiaating regulative measures.

(12) and (13) may be re-written as:

0C
=— 14
Yh ah (14)

oC
== 15
Yi =5 (15)

wherey, =B, —mF, andy, =P, - F, . Thus,y, andy; is the marginal net revenue of lobster and

cod, respectively, including the expected fine bat the production costs. We have information
about all variables iy, andy; from the deliverable in WP2. Thug, andy; may be identified. In
addition, information is also available on harvafstod, nephrops and the stock size of dpd.and

X. This implies thatg—iand in (14) and (15) can be estimated using tkathti econometric

procedures. We do, however, not have informaticsutaithe functional form of the cost function.
We therefore estimated the marginal costs basesixopossible functionalities. These six models
are defined below:

Model 1:
C(hit,x) = f +ch+ d% (16)

where:
fis fixed costs
c is variable cost of nephrops
d is a cost parameter associated with cod.

This cost function corresponds to a case where tiseno interaction in the cost function between
the harvest of nephrops and the harvest of codedBan the cost function in (16), the functions to
be estimated (equation (14) and (15)) may be wardie

" The problem is only solved for violators since nalators are irrelevant in this case.
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Yo =C (14.1)

, = d
=9
(15.1)

Model 2:
t2
C(hit,x)=f +ch®> +d— a7
X,

Again there is no interaction in the cost functimiween harvests of cod and nephrops. With (17),

(14) and (15) become:

Y = 2ch (14.2)
_ 2dt
=
% (15.2)
Model 3:
(18)

C(ht,x) = f +ch+d—+eth
X

Now there is interaction in the cost function beswehe catches of cod and nephrops. From
equation (17) equations (14) and (15) is given as:

Yo =CHet (14.3)
Y, zﬁ+eh
% (15.3)
Model 4:
(19)

2
C(hit,x) = f +ch? +d L +eth
X,

Again there is interaction in the cost functionvibetn the catches of cod and nephrops. (14) and

(15) are calculated as:

Y, =2ch+et (14.4)
yt :2_dt+eh
% (15.4)

Model 5:

12



C(hit,x) = f +ch+ d%+et2h2 (20)

And equations to be estimated are:

— 2
Y, =C+2et°h (14.5)
Y, = 9 4 et
% (15.5)
Model 6:
t2
C(h,t,x) = f +ch? +dz+et2h2 (22)
and (14) and (15) are given as:
—_ 2
Y, = 2ch+2et°h (14.6)
y, = 20t ety
% (15.6)

The dataset for the case study, in particular tierénforcement effort and penalties for violations,
are based on all landings from Kattegat and Skagewntaining either nephrops or cod from 2005
and 2006. We thus have cross-sectional data ovarsye&ince we would like to regard to
differences in time we include a yearly dummy,The value of the dummy is zero in 2005 and one
in 2006. In the equations for nephrops (144js included and in the equations for cod (19X)is
included.

We apply the probability of being detected as d=fim section 2. In the data set, which forms the
basis for defining the probability of being deteteve also have information about the catches of
nephrops and cod and the fines. The fines in the skt are, however, not directly allocated to
violations of nephrops and cod regulative measuespectively. Therefore we make in indirect
allocation of the fines for different types of \atibn based on the catch composition. For the main
part of the violators the catches consist of eitteat or nephrops alone and in these cases it ys eas
to allocate the fines to different types of viadaus. When a violator catches both cod and nephrops
we allocate with 50% of the fine to each type gfulative measure.

An overview over the estimation results of equati@it¥.x) and (15.x) is given in Table 4.

13



Estimation results for cost parameters in the abkarvest function.

Table4

Parameter| Modd 1 Mode 2 Model 3 Mode€ 4 Model 5 Model 6
estimates
(t-value)
c 23.54 - 0.003 53.96 0.1 -50.05 0.06
(0.47) (-0.04) (0.8) (0.63) (-0.32) (0.47)
d -883350 -1617.5 -830345 4514 -174007 6306.5
(-1.56) (-2.23) (-0.57) (0.76) (-0.96) (1.27)
e -0.11 -0.65 0.01 0.01
(-0.72) (-0.96) (0.56) (0.45)
f -81.93 -212.79 -33.92 33.34 -377.4 -413.94
(-1.18) (-2.01) (-0.39) (0.05) (-1.24) (-1.42)
g -41.2 -40.66 -84.08 77.93 -301.93 159.95
(-0.6) (-0.52) (-0.56) (0.13) (-1.24) (0.33)
R 0.04 and 0.15 and 0.04 and 0.37 and 0.29 and 0.42 and
0.01 0.12 0.01 0.42 0.24 0.38
Breuch- 2.56 4.17 2.13 3.14 4.13 5.14
Pagan test
White test 5.46 6.13 6.14 8.19 7.97 6.13

With respect to model 3-6 we have used simultaneguation estimations so that a common value
of e is generated for both first-order conditions. Brmodels the Breuch-Pagan and White tests
are so low that there is no problem with heteroasicity. For all estimated parameters in all
models the variance inflation is below 10, whichpiies absence of serious multi-collenarity
problems. For model 1, 2, 3 and 5 the valud becomes negative while the valuedaf positive

in model 4 and 6. A negative valuedmeans that costs will decrease when more codriesizd,
which is an unlikely situation. This implies thaéwrefer model 4 and 6 because a positive value of
d is what we will expect according to theory. Modehnd 6 also generate the larg@stand the
highest t-values so based on these criteria they also mperfbest. Summarising the above

estimation, then the two models for further appicacan be written as follows:

Model 4:
yh = 2*0.1*h — 0.65 + 33.34A R?=0.37
(0.63) (-0.96)05)
y; = 2*4514/11795 — 0.6B + 77.93'A R* = 0.42
(0.76) (-0.96) (0.13)
Model 6:

Vi = 2*0.06h — 2*0.010.596h -413.94
(0.43)  (B)4 (-1.42)

yi = 2*6306.5/11795 — 2*0.0h’t + 159.9%\
(1.27) (0.45)  (0.33)
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5. Shadow value of biomass

The shadow values of the biomass or shadow prieesgefined as the change in present value of
future profits in the fishery from a one unit inase in catches. This means that it describes the
value of leaving an additional unit of the stoclkinel, letting it grow and spawn to generate future
profits. The shadow value of the biomass is necgssadescribe the benefit function for the
society since it reflects the value of having aktd@o generate shadow prices we apply a modified
version of the NECESSITY model which was developedmake a cost-benefit analysis of
improving selectivity by increasing mesh sizes.hars description of the NECESSITY is available
in appendix for a more comprehensive descriptionthef model see Frost al. (2007). The
NECESSITY model can, when used in a correct wagegde shadow prices. The shadow prices
are calculated by increasing the catches by one(linonnes) in the first year and then evaluating
the change in net present value of future proférdd0, 20 and 30 years, respectively. Since we are
considering only cod and nephrops as species witdirlg regulatory measures, we are only
interested in finding the shadow value of biomasstiiose two species. The shadow price for one
unit increase in cod harvest al8ig shown in table 5.

Table5
Shadow value of biomass for cod (Euro pr. Kg).
Time (years of future profit included)

Vessel length 10 20 30

<12m 0 0 0
12-15m -0.004 -0.125 -0.178
15-18m -0.032 -0.102 -0.144
18-24m -0.049 -0.154 -0.219
24-40m -0.055 -0.173 -0.246

40 - 0 0 0

As seen from table 5 the shadow prices are allthegal’he explanation for this is that in the first
year the increase in catches implies an increapeoiits. However, in future periods the increase i
catches will have a negative effect on the stotks Tmplies decreased catches and negative future
profits, which exceeds the benefit from increasattles in period 1. The effect becomes more
visible the longer time period included in the nmesent value of future profit calculation.
Therefore, shadow prices decreases the longerdoectuded.

In table 6 the shadow vale of biomass for nephrogif, a one unit increase in the catches in the
first period, is shown.

8 We assume by this that full selectivity is possibl
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Table6
Shadow value of biomass for nephrops (Euro pr. Kg).

Time (years of future profit included)

Vessel length 10 20 30

<12m 0 0 0
12-15m 0.003 0.003 0.003
15-18m 0.002 0.002 0.002
18-24m 0.002 0.002 0.002
24-40m 0.003 0.003 0.003

40 - 0 0 0

From table 6 it is seen that the shadow value ainlaiss for nephrops is very low, but positive. The

reason for this is that there is hardly any stoffkce for nephrops in the model. Thus, one unit

increase in the catches of nephrops does not mfu¢ghe stock size much. That the shadow value
of biomass is positive, and constant no mattettithe span included in the future profit, indicates

that the one unit increase in the harvest in yeargenerates a positive profit in year one, busdoe

not decrease the future profits.

It is important to recognise that the total allovealbatch, TAC, for nephrops in Kattegat and
Skagerrak is not binding. There is, however, a lgrobwith discard of undersized catches in the
fishery. For every tonnes of landed nephrops apprately one tonnes undersized nephrops are
discarded (Nielseret al 2008). Whether some of the discarded nephropk swilvive is very
uncertain and subject for a large debate. This do¢schange the fact than an increment of one
tonnes in landings has a larger effect than one@®nreduction in the stock. In the above
calculations of the shadow prices only landings aoittotal catches including discard are included.
Therefore, the above table should be regarded apar limit for the shadow price.

The NECESSITY model allows us to determine the shadalue of biomass divided into different
vessel length categories. In the COBECOS projectneed one shadow price for all length
categories. We, therefore, need weights for eaudthecategorises from the data collection in WP2.
As weights we use the catch shares of each catefoeycatch shares are shown in table 7.

Table7
Catch shares for length categories in percentage %.
Cod Nephrops
Vessel length Catch share Catch share
>12m 1.017 0.941
12-15m 32.591 29.122
15-18m 38.605 32.713
18-24m 25.819 32.064
24-40m 1.969 5.160
40m- 0 0
Total 100 100

Source: Kronbalet al. (2007).
By applying the weights in table 6 and the cal@dathadow values from table 4 and 5 we can

calculate the total shadow value of biomass fohedi¢he two species. The total shadow prices are
shown in table 8.
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Table8
Shadow value of biomass for cod and nephrops (Rurkg.)

Time (years of future profit included)
Species 10 20 30
Cod -0.274 -0.1228 -0.1750
Nephrops 0.0023 0.0023 0.0023

The shadow values presented in table 8 are theoshadlues of biomass applied for further
analysis.

6. Social benefit function

Summarising the information from the above sectiesare now able to define the social benefit
function. This section sketches a private and $agimum and argues that there is sufficient
information to solve these problems with the estioms in previous sections. It is important to
notice; that the social benefit function is consted with the aim of optimising the benefits to the
society based using the enforcement effort as tmeral variable. The social benefit function is
therefore a merger of the optimum from the privageefits from fishing, the costs of enforcement
which should be maximized with respect to the twpet of enforcement effort (dock side
inspections and boardings) under the two respansgibns from the private benefit function.

In order to derive the social optimum we begin witle private profit maximisation problem in
equation (11). Our aim is to find the harvest reseofunctions for cod and nephrops:

MaX(Phh - Ptt - C(h,t,Vt) -7, (Xh)Fh (h _b) -7 (Xt)Ft (t _D)

26
ht (26)
The first-order conditions are:
oC
Ph_%_nh(xh)lzh:o (27)
oC
P = L (x)F, =0 (29)

In (27) and (28) we have information ab®&yt P;, Fr andF:. In addition we knowg—i and%—?from

section 4 andr, (%, gnd 7z, (x, )from section 2. Thus, we may specify the catchemfa private
response function:

t=T(x,F) (Cod response function) (29)

h=H(x,,F,) (Nephrops response function) (30)
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These functions are obtained by solving (27) ar8) € two equations with two unknowns. The
regulator assumes that the fishermen adopt optiraalest behaviour and therefore follows the
response functions as defined in (29) and (30).r€galator maximises the social welfare given as
net-benefits from fishing minus the cost of applyenforcement and shadow costs subject to the
fishermen’s harvest response functions:

Max(P,h— PRt -C(h,t,v,) =TC(x,, X,) = A,h=At)

‘% (31)
s.t.

t=T(x,F) (32)
h=H(x,,F,) (33)

Where:
TC(%, %) are the total enforcement costs.
A, is the shadow price for lobster

A, is the shadow price for cod

Substituting (32) and (33) into (31), setting upadpective function and differentiating yields:

oH 6TC oC oH

P, -4 ——=0 34
( ) 0Xy, axh ah 0X,, (34)
(P - ) 0T _0TC aTC  oC oC T -0 (35)
ox, ot axt
oH oT
From above we know the response function and, fdmerea— and VR From section 4 we know
Xn %

the private cost function and prices and sectigivés us information about,, and A, . Last, from

section 3 we know thAC(x,x,) and can thereby solve foIC(%, %,). Therefore, based on (34) and
(35) we may calculate;, and x; which is then the optimal mix of enforcement deddinto
enforcement on violations on the nephrops reguatoeasure and violations on the cod regulatory
measure. This holds for the various specificatiminS(h, t, v) andTC(X,, %) as described in section
4 and 3, respectively.

Equations (34) and (35) may also be interpreteth@snarginal social benefit of different types of
enforcement (dock side inspections and boardingss would simply require the social benefit
function in (34) maximized with respect to dockesiehforcement effortx{) and boardings effort
(x2). In this case the fishermen’s response functwosld then depend upon probabilities of being
apprehended if they exceed the nephrops and cathtery measures, respectivliey and are caught
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by a dock side or a boarding inspection. Altogetihes yields two probabilities in each response
function. It would, however, again imply the mamgisocial benefit of each type of enforcement is
zero, and we could solve for the optimal mix of a@nément effort between different types of
enforcement. In our case it would be the optimad afidockside inspections and boardings.

7. Conclusion and discussion

This paper is a working paper within in the ongoiegearch project called “Costs and Benefits of
Control Strategies” with the acronym COBECOS. Insiat presenting the first steps in the
application of the theory on fishery enforcememinfrthe COBECOS project to a specific case,
namely the case of Norway lobster trawl fisherKattegat and Skagerrak. To apply the theory of
fisheries enforcement we need to estimate and rdeterdifferent functionalities relevant for the
application of the COBECOS code. In this paper taet §y defining how to convert data from our
case into enforcement data between zero and onecassary for the COBECOS code. We then
estimate 1) the enforcement effort and the proliglmf apprehension function, 2) the enforcement
effort and enforcement cost function, 3) the fishen’s private benefit function, 4) the shadow
value of the two biomasses cod and nephrops aathfiB) the social benefit function.

During our setup we recognize challenges that aneigl to the whole setting and some challenges
that are related to our specific case and the abdlaildata. The general challenges are primarily
connected to determining the enforcement probgbAimong these challenges are

- The actual enforcement effort is not a random Wdeiabut merely a targeted enforcement
towards previous violators or based on biologicstainability issues. We have not found a
way to overcome the non-randomization of the ermforent effort, and we therefore
recognise that the problem is there, but we dadeat with it.

- In our data set the only information about violatarailable is that we only know violators
that are also apprehended. Violators that are pyteaiended are not represented in our data
set. This leads to, together with the above-mertiomargeted enforcement that the
information about violators may be biased.

- We found it difficult to define what enforcementaet is. It could be number of man hours,
fuel costs, number of inspections, or others. Wended a link between the enforcement
effort and probability of being apprehended andewe have only cross sectional data over
2005 and 2006 we are not able to make a time sanialysis. We have, therefore, decided
to settle on the number of inspections since thithé most accurate measure that we have
on an individual level even though we are awarénbatwo inspections are similar.

- To be able to apply the Cobecos software in ourt ret@p we need to rescale the
enforcement between zero and one. Now one is aureeas$ controlling each and every
harvest.

- It is only a very little percentage of all landingsat are actually controlled. Out of the
controlled landings are even fewer violations. Efi@e the enforcement effort relative to
the number of landings is very low and similarle throbability of apprehension is very
low. This means that data are concentrated for avyalues of enforcement effort and for
very low values of probability for apprehensionr léstimating the enforcement probability
function, we therefore use extrapolation.

We also experienced some more case specific daldepns:
- As mentioned under the more general issues we tialyecross sectional enforcement data
for each landing from Kattegat and Skagerrak wath ar nephrops from the years 2005 and
2006. We were therefore forced to find the enforeeimeffort and the probabilities of

19



apprehension on an individual level. We added armdynto identify the year. We are
therefore not able to identify any developmenti@ ¢énforcement effort or the probability of
apprehension over time.

- Our data set for enforcement cost had very limitgfdrmation. We had only average
enforcement cost over a 3 year period. We therdfackto rely on a positive mathematical
programming method introduced by others (Howitt 3,9%ensen and Vestergaard 2002).
We are aware that our cost of enforcement funcisoencumbered with a great deal of
uncertainty, and sensitivity analysis on this fumtis of great importance.

- There exists no stock assessment of nephrops. Wéheaefore not include the nephrops
stocks in the private cost of harvesting functidfe have, however, been able to calculate
the shadow value of biomass based on the NECES&iddel by finding the additional
profit over a time horizon, by harvesting one additunit in current time. By this the
nephrops stock will still be represented in theadzenefit function.

- The binding regulatory measure for nephrops isrteimum landing size. We have to
redefine this regulatory measure in our benefitcfioms such that it is converted into a
TAC.

The paper estimates the functional forms that are ready to apply in the COBECOS software for
finding the optimal mix of enforcement effort.
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APPENDIX: The NECESSITY model

Execution of a cost-benefit analysis (CBA) requitieat different projects are compared with the
aim of finding the best project. The most limitexke is where one project continues as before and
the other project comprises implemented change4) (8 showing the model for the baseline case:

I

T Hltoplt - _Gto +VtO_UtO .
i=1

tz ard) -1, (A.1)

where:

I is species

j is fleet segment

tis time

NPVis net present value in the baseline case
H is landings

p is price of fish

C is variable costs

G is fixed cost

V is external effects

U is management cost
| is investment costs

d is the discount rate

For a project with changes the formula looks like:

I
. T Hi,tlpi,tl _Ctl _th +th _Utl .
NPV, =2 -1,
] tz (1+d)t ]

(A.2)

The variables in (A.2) are the same as for (A.1)dfferent data inputs will be used for different
projects. Therefore, the decision rules as to wdreshnew project should be accepted or rejected is
the difference between NPV for the whole fleet canep for projects of the same duration as
shown in (A.3) and (A.4):

ZNPV > NPV,"; accept
= (A.3)

J

> NPV," < NPV, reject

=1 (A.4)
Theses decision rules means that if a change inygelds higher net present value for the whole

fishery the project should be accepted. That mearnthe other hand that some fleet segments may
be worse off by the gear change while others maypiie better of.
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The calculations that is accomplished by using JAAL4) requires information about all variables.
Information about landings is derived from biolagienodels in which catches (landings including
discard) are estimated. In age structured modelsitimber of fish at age 1 in year 1 is reduced to
the number of fish at age 2 in year 2 and so fdrtis decay is caused by natural mortality and tota
mortality (natural mortality and fishing). Furtheone, only the fish caught above minimum size are
landed. The rest is either discarded or landedallg and will, therefore, not appear in the reeard
landings of a vessel. A change in gear specificaisoexpected to lead to a change in selectivity
which is the proportion of fish in each age grooigt iis retained in the gear. If the selectivithigh

the probability of escapement for small fish isthig

Formally, catches of each species as a functi@yefgroup can be expressed as in (A.5):

F 0
C.i =N, A-exptM, +F,%)—2—
M. +F (A.5)

where:

ais age group

tis year

Cis catch

N is the number of fish
M is natural mortality
F is fishing mortality.

The base line fishing mortality is denoted 0. Timdicates the fishing mortality for the baseline
mesh size. It is assumed that recruitment to thekss constant over time.

The selectivity of the gear is implicitly capturbg F in (A.5). The selection can be expressed as
one of two forms:

B 1 orS = exp(r +1gl)
1+ eXp(—l’ _|5ol) 1+eXp(r +|50|) (A6)

Where:

Sis the probability of being retained

| is the length of fish

Iso is the length of fish that have a probability efriy retained at 50%
r is the distance betweégandls.

Thel andr are species and gear specific. In the secondfggadicn of the selection functionsS,is
explicitly a function of mesh size keeping the paeterd andr constant.

Given knowledge about the relationship betweencsiglyy and length, (A.6), a new catch equation

can be constructed for the new mesh size by scdliagbaseline fishing mortality using new
selectivity parameters. As the catch is specifiech dunction of fishing mortality on age groups,
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(A.5), selectivity must be transformed in such aywat S also matches fishing mortality on age
groups.

Often weight not length is recorded on age grodp& weight information can, however, be used
to calculate length on age groups by use of traiogiship in (A.7):

P |:£W1/ﬁ
w=al"or a (A.7)

where a andf are species specific parameters taken into atcabtether the parameters are
specified for gutted or round fish ahds length whilew is weight. If neither weight nor length
information an age groups are available a possit@thod is to use a growth function, for example
a von Bertalanffy function:

I =L, A-expC-K(a-ay)) (A.8)
where L is maximum length of a fish arllanda, are species specific parameters.
Combining information on age groupsBfw andl makes it possible to calcula®for age groups
and, therebyF,. F is total fishing mortality whild=, is fishing mortality on age groups. By using

the ratio between selectivity in the baseline @as®the case of gear change to scale F for each age
group, the modified equation will look like:

1
1 Sa Fao
1 S, Co S,
C.. =N, Ad-exp-(M, + S0 F.)) St
e M, + Sa Fo
a? (A.9)

While catches occur for all age groups, only fistnf age groups over a certain minimum length
are allowed to be landed. Therefore, the landingsh@rvest) inserted in equation (A.2) are
calculated as:

A 1
1
Hi,t = _ZCa,t (A 10)

a=minsize 1
The discard is then calculated aiCa,t . Discard is, however, omitted in the following bysés

a=o0

In the present model future catches are deternbyetie fishing mortality rates, influenced only
by the changes in selectivity. However, a more aaim@nsive approach as how changes in
selectivity may impact profitability and, hencetute effort could be included.
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Finally, when the calculation is carried out oreflsegment level the fishing mortality raffe,must
be adjusted appropriately. This is done by usiegrétorded landings of the pertinent species of the
pertinent fleet segment in proportion to the ttaadings of all segments of the pertinent species:

=R (A.11)

Hence on fleet segment level the equation usinggbéishing mortality looks like:

1
S 1 Sia FaOh ,0,1'0
C.. =N, @-exp-(M, + oo F.ho ") ——
a Ma+§iF§mM°
a° (A.12)
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