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Foreword

As a part of the OECD Committee’s Study on the Booic Impact of Responsible Fisheries,
the Directorate for Food, Agriculture and Fishef@smmittee invited the member countries
to inform about the implications of responsible tpbarvesting practices on responsible
fishing in their country. The report presented h#re Issue Report, is prepared by the request
of Ministry of Fisheries by the Institute of Econienstudies (IOES).

The Issue Report on the other hand focuses on thearding of fish. After the
implementation of the individual transferable qusyatem (ITQ) in Iceland, many concerns
rose about whether the adoption of this systemdedwexcessive discarding of fish. This
Issue Paper explores the theoretical and empirgssarch done on this issue. The first part
exhibits the discarding theory. The existence etaliding is analysed under different fishery
regimes namely the free access regime and ITQtHdwy is expanded with the inclusion of
the gear selectivity and the capacity constrairftgshe vessels. In the second part, the
empirical research done on discarding is presented.

Ayse Sabuncu is the author of the report.

I0ES in June 1999

Tryggvi Thor Herbertsson,
Director.
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1. Introduction

After the implementation of the individual transfble quota system (ITQ) in Iceland, many
concerns rose about whether the adoption of thlatesyinduced excessive discarding of fish.
This Issue Paper explores the theoretical and &apresearch done on this issue.

The theory of catch discarding presented in the Ghapter is due to Arnason 1994, 1996(a)
and 1996(b). The theoretical work attempts to exantiie economics of catch discarding in
fisheries. In order to study this issue a dynansiedries model is used.

The first part includes the introduction of the ibamodel, the identification of the socially
optimal discarding rule and the exploration of thide under competitive fishery and
individual transferable quota fisheries managemsgatem. It is shown that discarding can be
socially optimal in a differentiated fishery. Mokew, the competitive fishery is found to
employ the socially optimal discarding rule. Ifisther investigated in this first part whether
there is an increased tendency toward discardingninTQ fisheries management system
compared to the free access alternative. In factT® managed system is found to generate
an excessive incentive for discarding catch congbaoea competitive fishery. The factors
responsible for this deviation and the potentiededies are also discussed.

The second part of the paper extends the theoopwially for selectivity in harvesting
technology. The question is how the introductiorsefectivity effects the discarding value
under the free access regime and ITQ managed syHtésnfound that a switch from free
access to an ITQ system can both increase or dectba volume of discards, depending on
the shapes of the discarding and selectivity aosttfons.

The last part analyses the effects of capacity tcaings on discarding. A more general

formula including capacity constraints is derivadd the results obtained in the first part are
shown to be a special case of the ones derivethignlast part. On the other hand, the
selectivity possibilities are not explicitly inclad in this section but this analysis can easily
be extended to include selectivity as well.

2. Catch Discarding Theory: A Comparison of CatescBrds under the
Free Access Regime and ITQ Managed Fisheries

2.1 Basic Model

In this analysis a differentiated fishery modelused as discarding makes economic sense
only in this kind of fishery as shown later. A @iféntiated fishery is a fishery characterised
by more than one economic grade of the catch. Tayeskes reflect different landing prices of
individual fish, different handling costs aboare thessel etc. The grades are detectable by
fishermen; they are associated with physical agmear of individual fish such as its size,
skin damage, colour, etc.

Let the index refer to economics grades in the catch and leethel economic grades of
fish. Refer to catch gradeasy(i), i = 1,2,..1. Aggregation over catch grades yields total
catch ay = Z; y(i).



Let instantaneous harvesting be determined by dflewfing strictly increasing,jointly
concave harvesting function:

y =% y(i) = ZjY(ex,i), for alli andex =0, Y(0Ox,i) =Y(e0,)=0 (1)
where thevariablex represents aggregate biomass aridhing effort. The fishing effort is

assumed to be the same for all grades.

Aggregate biomass develops according to the usielr aggregate fisheries models:

X =G(X) -y, fore,x= 0, 2)
where the natural biomass functigB(x), is assumed to have the usual shape with,

G(0) =G(x1) = Gx) = 0 for 0<x; <x, and G < 0.

Harvesting costs are given by the strictly incneggsionvex cost function:

CHEe), fore= 0,CE(0) = 0. 3)
Landings of fish of gradeis defined as the difference between harvest aududls:

(i) = Y(ex,i) - d(i), (4)

where Y(ex,i) represents the harvest of gradas specified abové(i) retained or landed
harvest andl(i) the discarded harvest of gradeA negative level of discarding would be
harvesting. Therefore we assume tti@t >0, alli. Also, since fisheries are characterised by
nonnegative landings, we impose the restrict{gre 0, alli.

There would generally be economic costs associattd landings and discarding. Let us
represent these costs by the nondecreasing, caogéfunctions:

CL(I(i),i), for (i) = 0, alli, CL(0) = 0, (5)
CD(d(i),i), for d(i) = 0, alli, CD(0) = 0. (6)

The CL( ) functions represent various costs associateld mtaining catch of gradieand
landing it. These costs include the cost of prelany fish processing aboard the vessel,
handling, gutting, storing, preserving etc., asl aglthe actual landing costs.

The CD( ) functions represent the costs associated wibadding of fish of gradé. As
discarding is generally relatively easy, these sogbuld in most cases be small. Notice,
however, that if discarding were illegal or sogidhowned upon, discarding costs would tend
to be correspondingly higher.

Given the specifications in (1) to (6) we can wthe instantaneous profit function of a given
firm in the fishery as:

rr(edxp) = Zj p(i) - 1(i) — CE(e) - ZiCL(I(i).i)) — ZiCD(d(i).i), (7)

wherep(i) denotes the price of one unit of landings. Thex I) vectorsd andp represent
discarding and quay prices of different gradesigt,frespectively. In this profit function,
fishing effort,e, and discarding, are natural control variables. Biomasgss a state variable
and the fish priceg(i), are parameters.



2.2  Optimal Discarding

The social problem is to adjust fishing effort ahe vector of discards so as to maximise
present value of profits from the fishery. Moregisely:

N(!?XT n(ed,x;p) . exg-r A)dt ()

Subjectto: X = G(x) —Z; y(i),

ed=0,
where r denotes the rate of discount.
A solution to this problem includes the sociallytioal discarding rufk
d(i) > 0 if p(i) + CDy(0,i) < CL(Y(ex,) — 0j) (8)

The left-hand-side of the second inequality of diszarding rulep(i) + CDy(0,i), represents
the marginal costs of discarding. This cost coagi§two parts; the unit price of landed catch
foregone by discardingy(i), and the direct marginal costs of discarding eat@d at zero
discarding, i.e.CDg(0). The right-hand-side of (8FL(Y(ex,i)-0,), represents the marginal
benefits of discarding (or marginal costs of retajh catch also evaluated at zero discarding.
Thus, the discarding rule expressed in (8) stdiaisthe catch of gradeshould be discarded,
i.e.,d(i) > 0, if the marginal benefits of discarding ext¢ee costs.

To facilitate the analysis it is convenient to defthe discarding function for fish of graide

(i) = CL(y(i)-0.) — p(i) - CDy(0.) (9)
The left-hand-side of (9, (i), is the discarding value for fish of gradelf the discarding
value for a particular grade is positive, margioaich of that grade is discarded.[fi) is
negative, catch of grades retained. The discarding function is not eql@mato the quantity
discarded, but it can be interpreted as the terydendiscard.

The discarding function shows that the optimal sieci to discard depends directly on (a) the
qguay price, (b) the marginal landing costs andie)marginal discarding costs of the grade in
question. It seems empirically likely th@t(y(i) — O) is increasing in the catch ray), at
least fory(i) above a certain level. In that case, the disngrdunction implies that the
tendency to discard increases with the catch kddeeover, as catch increases monotonously
with biomass and fishing effort, the tendency tecdrd also generally increases with these
variables, ceteris paribus On the other hand, the tendency to discard dcpkat grade
diminishes with the price of catcp(i), and the marginal cost of discardii@(0).

The analysis so far suggests three seemingly Bitege propositions concerning socially
optimal discarding

Proposition 1
In an undifferentiated fishery discarding of caiimot optimal.

! See Appendix 1 for the first-order conditions.
2 See Appendix 1 for the proofs of the propositions.



Proposition 2
Discarding of catch may be socially optimal.
Proposition 3

In a differentiated fishery no discarding may béropl.

A

N0)

Discardin Discargi

Retaining i (fish size)

Fig. 1 An example of a discarding function

2.3  Free Access, Competitive Fisheries

Under competitive fishery, an arbitrary firppwill solve the following problem:

00

Max | =(e().d(),x;p)Exp-r £)dt (1

e(Nd(i) 3
Subjectto: X =G(X) — = ZY(e,x,)

&(j), d(j) =0,
whereg(j) is the firmj’s fishing effort andz(e(j),d(j),x;p) its profit function corresponding to

equation (7) above. The summatiag, is over all firms in the industry.

A solution to this problem includes the discardinkg:
d@i,j) > 0 if p(i) + CDg(0,i,j) < CL(Y(e(i).x,i,j)—0,.j), alli, (10)
whered(i,j) is firmj’s discarding of catch of grade

A comparison of the competitive discarding ruld)(Iwvith the socially optimal one, (8),
shows that the two are formally identical. In fdotmulating the social problem in terms of
the same number of fishing firms yields the sanseatding rule.

This result can be explained as follows. Compaetititilisation of fish stocks deviates only
from the optimal one due to the stock externalitye discarding activity, at least as
formulated here, does not generate any externactsff Hence, competitive profit

maximising discarding rule should be optimal. Itingortant to realise, however, that this

3 Discarding would, however, produce an externgfitgsumably a positive one) if some fraction of
discarded catch survived and thus constituted iaddito the biomass.



does not mean that the level of competitive disogrds socially optimal. Competitive
discarding is only socially optimal conditional upahe existing competitive catch and
biomass levels. These, however, are generally ptibyal.

2.4  Individual Transferable Quotas

Now, we will analyse catch discarding under IThéises management systems. Consider a
continuous ITQ system. The essentials of this systee as follows. The fishing firms hold a
stock of permanent ITQs. These aggregate ITQs tefaggregate catch volumes and are not
differentiated according to grades. logf) denote firmj’s quota holding by firnj at timet. At
each point of time quota holdings must at leastakthe firm's rate of catch. However, if
discards are not counted against quota, as in dacerally is the case, the firmjs
instantaneous quota constraint is:

q() = Zi 1G.j) = Zily(i.j) —d(i.j)l, (11)

where I(i,j) denotes the instantaneous landings of catch afiegr by firm j, y(i)j) the
instantaneous catch adf,j) the corresponding discard.

Quota holdings can be adjusted by tradingt a market prices. Thus, quota holdings move
over time according to the equation:

q =7z (12)

Now, under quite unrestrictive assumptions, inipaldr that the quota price is positive, the
total quota (TAC) determined by the quota authoistyequal to total landings. The actual
development of biomass, however, depends on natmoalth and total catches including
discards. l.e.,

X = G(X) — Q —%; 5 d(i.j), (13)

where Q represents the total quota issued andzfasety; denotes summation over all firms
in the fishery.

Within this management framework fishing fijrattempts to solve the following problem:

e(j)l}z/l(iji)?é(j) V= J; [7(e(),d().x;p) —s - 2] &xp(-r £)dt (i)
Subjectto: ¢ =z,
X =G(¥) - Q -Xi %y d(ij),

q>Z[Y(e,x,) =d(i,j)] = Zil(i),

&(j),d() = 0.
A solution to this problem (lll) includes the disding rule for firmj:
d@i,j) > 0 if p(i) + CDy(0,i,j) < CL(Y(e(i),x,i,j) — 0j,j) +o(j) —5(), alli. (14)



This discarding rule is similar to the socially iopdl and competitive discarding rule, except
two Lagrange multiplierss(j) anda(j). The Lagrange multiplies(j) represents the marginal
value of quotas to firn). Since quotas can be freely left unused, maximisadf profits
requires this term to be nonnegative. Thus, landihgatch represents a cost to the firm
amounting tas(j). Henceg(j) normally encourages discarding of catch.

The other Lagrange multiplieg(j) represents firmj’s shadow value of biomass. The
appearance of this multiplier in the discardingerigflects the fact that in spite of the quota
restriction, firmj can influence the path of the biomass via discardif catch. Since higher
biomass is normally economically beneficial to finm, 5(j) is usually positive. Hencé(j)
represents a disincentive to discarding. In a fislsemposed of many firms, howevé(j) is
comparatively small.

Let Q(j) =o(j) — 3(j). The difference&(j) represents the deviation of the discarding ruléeun

an ITQ system from the optimal one. A posit®@¢) represents an excessive incentive for
discarding under ITQ system and vice versa. In ncostmercial fisheriesQ(j) would be
expected to be nonnegativ@(j) is the user cost of quota for the species in tipeslt is
closely related to the instantaneous quota prioeiged that there is reasonably large number
of firms in the industry. In fact, in equilibriunf)(j) is approximately equal to the present
value of this price.

The ITQ discarding function for the ITQ-managedésy is:
(i) = CL(y(i) - 0J) +Q() - p(i) - CDy(0) =T(i) +Q(), (15)

whereI'(i) is the discarding value for the unmanaged fislaasrgefined in (9) above.

Proposition 4

Under the ITQ system described above and when themere than one fishing firm there is
generally an excessive incentive for discardingctiteh.

The result expressed in Proposition 4 is econoigigatuitive. Under a competitive fisheries
management regime, a fisherman contemplating whetheot to retain a particular fish will
elect to do so if the net return (measured asuhed its quay price and discarding costs less
the landings costs) is positive. Under an ITQ systihis net return must be compared to the
alternative benefits of discarding the fish andirsgithe corresponding quota. More precisely,
the net return of landing the fish must exceedqtineta price. Provided that the quota price is
positive in an ITQ system the discarding valueligags larger compared to an unmanaged
fishery.

Notice, however, that the result expressed in Fitipa 4 does not necessarily mean that
there will be excessive discarding under an ITQesys There may be corner solutions. This
means that if there is no discarding under conipetfisheries management regime, there
may possibly be no discarding under an ITQ systerwell. On the other hand, if there is
discarding under a competitive regime, there with@st certainly be excessive discarding
under an ITQ system.

The problem of excessive discarding does not appdae the ITQ system itself but it derives
from the imperfectness of the quota property rigtstsnodelled in this paper or, alternatively,



from the enforcement of these rights. To the extbat the quota restriction applies to
landings rather than catch the quota property sigite incomplete. Enforcing the quota
restriction by monitoring landings is clearly a easf regulating the wrong target. Fishing
firms can still impose stock externalities on eatfer by discarding the catch. In that way
they undermine the economic value of the quotagntgpights.

Similarly, to the extent that ITQs refer to the wegate volume of catch, the associated
property rights are also incomplete in another eespDifferent grades of catch represent
different economically different commodities. Qumtaon the other hand, are not
differentiated by grades. Consequently, differerddgs of catch cannot correspond to
different quota prices.

Potential remedies are issuing ITQs by gradesgusixes and subsidies and enforcement. If
ITQs are issued for each grade, the quota priceeébmh grade will reflect the relevant
economics of harvesting, processing and markefitigad grade. In that case, the quota prices
will never induce excessive discarding of the cakbbwever, the implementation of ITQs by
catch grades is not a practical solution. Therenamay problems. First, the grades may be
numerous and probably time variant. Second, astingber of grades increases, the market
for each grade may become very thin. Third, enfoer®@ of quota rights by grades may
easily prove prohibitively costly.

Taxing and subsidising can solve the problem, ssadding is an externality problem. But it
is very important to select the correct tax or gilypgate. Finally, excessive discarding may be
regarded as a violation of fishery property rigfiteen discarding becomes an enforcement
problem. But again it is important to select theialty optimal combination of enforcement
effort and sanctions.

The best way of action may well be to employ a ofisome or all of the methods discussed
above, as it seems unlikely that a general solgiosts.

3. Selectivity

Up to now, the harvesting technology was takenxagenous. Let us now assume that the
fishing technology allows a degree of selectiviyeogrades of fish at some co$tSishing
with lines and bottom trawl are two examples ofvieating selectivity. Let us define a
selectivity parameter for gradea(i), and the corresponding cost functiG®a(i),i). Take
a(i) L [0,1], wherea(i) = O represents no selectivity aa) = 1 full selectivity.

In accordance with this, let the harvesting funtfior fish of grade be represented by:

y(i) = Y(exi){n-a(i))

Y(ex,i) is what may be referred to as the "unselectiaVésting function for fish of grade

and (1-a(i)) represents the harvesting modifications due electivity measures. Clearly,
whena(i) = 0 unselective harvesting applies and wh@gh= 1 there is full selectivity in the
sense that no fish of grade i will be caught.

* This could be due to variable fishing gear selitgtiand the choice of fishing grounds and fishing
seasons.
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The selectivity cost function§Sa(i),i), i = 1,2,..1, are naturally increasing and convex in the
selectivity parameter, i.eGS4(i) > 0,CS4(i) > 0.
Let’s refer to the net price of catch of gradsy P(i).

P(i) = p(i) - CL(I()) - Q,i = 1,2,...L.

where as beforp(i) represents the gross landing pri€&(l(i)) the unit cost of landings and
Q the opportunity cost of quota. In an unmanagetiefig this opportunity costQ is
identically zero. In a fully-fledged ITQ systefh would be measured by the market price of
guotas at the time of landings.

Given all this we can define a profit function fom j as:
) = Z; P()DY(exi){1-a(i))-d(i)] - CE(e) - =; CD(d(i),i) — = CSa(i).i)

Maximisation of this profit function with respeat fishing effort, discards and selectivity
yields the following set of necessary conditions:

2 P(i)Yg(1-a(i)) = CEg, assuming > 0.

-P(@i) = CDd(i), d(i) =0, d(i)[-P(i) — CDd(i)) =0, alli.

PO = CSy(i), a(i) 20, a)EPHY() ~ CSy(j)). alli.

These first order conditions are quite informatikest notice that for positive selectivity or
discarding to be optimal the net pri€¥i), must be negative. Second, the conditions highlig
that discarding and selectivity are in a certamssesubstitute activities. Both are employed to
reduce the landings of unwanted fish, i.e. fishvidiich the net landing pric&(i) = p(i) -
CL(I(1)) — Q, is negative. However, they are not necessarigdus the same extent. If for
instance the marginal cost of discarding is less tthe marginal cost of selectivity at zero
selectivity, i.e.,

CDq(i)(d(i)) < C(j)(0)
then the profit maximising vessel will only empldiscarding to avoid unwanted fish. If the
marginal cost of discarding at zero discardingighér than the marginal cost of selectivity
on the other hand, then the profit maximising vessk only employ catch selectivity to
avoid unwanted fish and not discard at all. Finalhe rule for the co-existence of selectivity
and discarding in the operation of the fishing eéss

C(j)(@(i)) = CDq(j)(d(i)).-

The basic ideas can be usefully depicted in Figure

11



Values
C$( i)

CD ag)

- P(i) %

»
»

dy a 1 Fractions of Catch
Fig. 2 Optimal discarding and selectivity

In Figure 2, the marginal cost of discarding aneaeity intersect with the benefits of not
landings (i.e., the negative of the net piicat d, anda, respectively. This means that the
optimal selectivity will beay and a fractiond, of the harvest (after selectivity) will be
discarded. Thus the quantity of discards of fisgraidei is Y(e,x,i)([L—ag) dy.

Let us represent the quantity of discarding of G§lgrade by the expressiom) = d-y-(1-a),
where D denotes the volume of discards athidepresents the fraction of harvested fish
discarded ang the total catch of gradieand (1-a) the harvesting modification due to the
selectivity as before.

The analysis of the effects of an ITQ system owcatiding and selectivity is generally quite
complicated. A switch to an ITQ system can botliease or decrease the volume of discards.
The issue can perhaps be clarified with the help diagram. Referring to the diagram in
Figure 2, an increase @ means that the net price of landings is reducedafgrade of fish
with an initially negative net price this meanshétsof the P(i) line upward. Hence both the
optimal selectivity fraction and the optimal disdiag of harvested fish increase as illustrated
in Figure 3.

®> Which according to the necessary conditions mestdgative for discarding or selectivity to be
profitable.

12
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CD ag)
- P(i)

- P(i} %

d a a d 1 Fractions of Catch
Fig. 3 Effects of an increase @ on discarding and selectivity

Figure 3 suggests that whether or not discardiogeases as a consequence of an ITQ system
depends very much on the shape of the discardidgsafectivity cost functions and on
whether selectivity responds sufficiently greatlyan increase i@ to overwhelm the impact

on discarding.

Let there be a switch in quota prices fr@sto Q,, whereQ; > Q. Let the initial discard and
selectivity fractionsd, anda,, be 0.4 and 0.5 respectively. Similarly ¢gtanda; be 0.6 and
0.7 respectively which is entirely possible. Th&y= 0.2y andD; = 0.18y, so the volume of
discards actually decreases. This shows that thieneoof discards under an ITQ system may
actually decrease compared to the volume of disaardn unmanaged fishery.

4. Capacity Constraints

In this section of the paper, the effects of cagamnstraints on discarding will be examined.
Discarding rule will be analysed under two kindsohstraints: hold capacity and processing
capacity.

4.1 Model

Consider a fishing trip of lengfh. The revenue during the trip is represented by#iee of
landings at the end of the trip:

R(T) = ZP(i)Eﬂ(i,T), (1)

whereP(i) denote the unit price of fish of gradeandI(l,T) the corresponding volume of
landings at the terminal time® P(i) is the net price of fish.

Let the variabley(i) represent the instantaneous rate of catch ofdisfiradei andd(i) the
instantaneous volume of fish of graddiscarded at sea. Thus, the accumulated fishaafegr
in the vessel’s hold evolve according to the equati

x(1) = y(i) —d(i) 2

® To simplify the analysis, it is implicitly assumétht prices are constant.

13



At the trip’s end, the accumulated catch of gradsuals the volume of landings:
I(G,T) =x(3,T). ()
Also, clearly x(i,0) = 0.

Let 5(t) represent free space in the vessel’s hold atttwith S(0) = S, the total hold capacity.
Then the available space evolves according todbaten:

|
5= 2 [0~ d0)]. )
Now, there are certain benefits and costs assdciaith discarding fish. The costs include
inter alia the economic resources employed to discard andth@scase may be, the
psychological discomfort of discarding and the etpd penalties (fines) for doing so. The
benefits, include the costs avoided by discardigfish including on-board processing costs
to the extent they are not included in the netepatfish,P(i). Let us refer to these benefits

net of the costs as the concave profit functigd(i),i). Notice that/£d(i),i) may easily be
negative for alb(i) > 0.

Given this, total operating profits at tirhare:
|
1= md(i),i). (5)
i=1

And the profit function of the fishing trip is:
3= ROD@Xy(-r M+ | 778t . (6)
0

4.2  Hold Capacity

Let us first consider the case where there is @eupound on the hold capacity of the fishing
vessel. This case is characterised by the consBai o, where S denotes the hold capacity.

The profit maximisation problem in this case caridsenally stated as:

Max J = R@x(-r 1) | rexr tydt (7)
: 0

Subjectto  §= ZI: [ Y1) = d( i)]
(i) = y(i) —d(i)
x=0, x(0)=0
$20, 5(0) =S <w
d() = 0, alli.

14



The necessary conditions include the basic disegndlil€’”
d(i) > 0 iff 7744(0,i) > P(i)[exp(-r(T-t)) — peéxyrt), alli and allt. (8)

The termrzy;(0,i) represents the marginal benefits at tingpossibly negative) of discarding
fish of gradei when no discarding takes place. The tde(i)exp-r(T-t)) represents the
marginal benefits of retaining fish of graddiscounted to the same tirheThe last term in
expression (8)uiéxgrt), depicts the shadow value of hold space at finadso discounted to
time .ueéxqrt), i.e., represents additional benefits of discaydifhese benefits are zero,
unless the hold space constrairt, & becomes binding during the fishing trip, ises 0°

Given these explanations, the expression (8) sirsfaies that discarding of fish of grade
will occur at timet, if the current marginal benefits of discarding, ressented byzy;)(0,i) +
Mexrt), exceeds the current value of retaining the fispresented by(i)@x-r(T—-t)).
Expression (8) is a generalisation of the discardirle stated in the first section. The third
term in (8), represents an increased incentivesitadd if hold capacity is expected to become
binding (i.e. > 0), constitutes an addition to that rule. Thus, diecarding rule derived in
the first part is a special case of the discarditg represented here.

Given the important role gf in discarding rule (8), it is useful to obtain @asure of its size.
If hold capacity never becomes binding= 0, as already statetiowever, if hold capacity
becomes bindingys becomes positive. More precisely, we can derieenfthe first order
conditions that:

O[O, (P() — 7Tyw)Exp(-rT], )
with the upper limit being applicable for any gradieat is being discarded at tirile
The upper limit in (9) makes full economic senslee Expressiol(i) — 77y is the marginal
profits of more hold space at tirfiep(i) is the marginal revenue in terms of sales argl is
the marginal profits in terms of reduced discardingw that more space is available). The
discount factdexp(-rT)simply provides the present value of this margbeiefit.
4.3  Processing Constraints

Let us now consider the case where there is anrupped on the capacity of the vessel to
process catch. This case is characterised by thstraint

z> Z x:;(y(o—d(i», (10)

whereZ denotes the hold capacity.

The profit maximisation problem in this case caridsenally stated as:

Max J = R(T) @xp(-r M)+ | 77t-r el (11)
: 0

Subjectto (i) = y(i) - d(i)

" See Appendix 2 for the Hamiltonian equation aredfitst order conditions for this maximisation
problem.

% See expression (7.4) in Appendix 2.

° See expressions (7.1) and (7.2) in Appendix 2.
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x=0, x(0)=0

Zz Z(Y(i) —d(i),

d(@i) = 0, alli.
The first order conditions yield to the same didoay rule as in (8):
d(i) > 0 iff 7745(0,i) > p(i)exy-r(T-t)) — olexyrt), alli and allt. (12)

It is important to realise, however, thatin (12), which represents the shadow value of
processing capacity, is different fromin (8), which represents the shadow value of hold
capacity.

From the first order conditiofso > 0 only if processing capacity is binding and zero
otherwise. Hence in the case of constraining pricgscapacity, there is an increased
tendency to discard. In that case, discardingtaile place to satisfy the processing capacity
and the shadow value of processing capacity will be

o= (p(i) — 7am)@xp(-rt) (13)

which is similar, but not identical, to express{@0) above and has a similar interpretation.

The discarding rule under both hold capacity amt@ssing capacity constraints is,
d(i) > O iff 774;(0,i) > p(i)@xp-r(T-t)) — pexprt) — oéexyrt), alli and allt, (14)

wherey is the shadow value of the hold capacity condttaml ois the shadow value of the
processing capacity constraint.

Rule (14) is a further generalisation of the didoag rule in the first section. If capacity
constraints are not binding (14), collapses todpimal discarding rule (8) stated in the first
section. If capacity constraints are (or will b&)ding, rule (14) suggests that there will be an
increased tendency to discard.

4.4 Discussion

What will be the impact of different fisheries mgeaent systems, in particular the ITQ
system compared to unmanaged fisheries, on thardisg rule? Retracing the analysis it
seems that different fisheries management systathenly affect p(i) directly. Hence, from
that perspective, different fisheries managemestesys should not affect discarding due to
capacity constraints. However, it is not unlikehatt different fisheries management systems
may influence vessel capacity relative to harvegstetes. Hence, the frequency of binding
capacity constraints may well differ from one fishe management system to another. In
particular, it seems likely that in an equilibriuposition under an ITQ system, capacity
constraints are more likely to occur than undee fighing. Hence, for that reason discarding
may increasé’

10 See expression (12.3) in Appendix 3.
" The reader should notice that along the adjustimethit toward equilibrium, however, the situation
may be reversed.
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Is discarding induced by capacity constraints slycsaib-optimal? This is not at all clear. The
quick answer is that it is socially optimal conaital upon the capacity level. So, in a sense,
discarding due to capacity constraints appearsrgiyéo be at least a second best solution.
However, if the capacity level is wrong, the distiag level is probably not a first best
solution.

[I. Empirical Research on Discarding

In this second chapter, the empirical work on didicg is explored. The empirical research
bases on the theoretical work of Arnason 1994, (961996(b) presented in the first
chapter. The papers from Arnason 1998, T.B. Dawi®sk997 and C. Therond 1998 are
summarised in this chapter.

The paper by Davidsson describes a general metbgydlor conducting an indirect
measurement of discarding based on a compariskemgth distributions for catch and landed
catch. Catch Distributionreflects the varying lengths of cod, which are gtauwhile the
harvesters are at sea. Landed catch distributiohanadings Distribution,on the other hand
reflects the varying lengths of cod which fisherniing ashore to sell on the markets, to
distributors or straight to consumers. The disanepabetween these two independent
measures of size distribution can be attributediiscarding of catch at the sea. Different
fishing gears, line and bottom trawl, are includedthe distribution function, as the
equipment selectivity can make the catch distrdutiquite different from the total
distribution since its purpose is to target thénbigvalue grades.

The data used to obtain the Catch Distributionrdsnf (Fiskistofa) Fisheries officers and
includes a large number of length observations fafirfishing grounds. The data is collected
upon requests from Fisheries officers; it doesfolddw any particular pattern. Hence a slight
downward bias is expected in this data. But therdata available for cod 1995 and 1996
collected for MRI's annual VPA stock estimation.eBe measurements on the other hand are
collected sequentially from each fishing groundytlare frequent and constitute a major part
of the data.

The information for the Landings Distribution, tlaaded catch, while recorded by the fishing
companies may not be available for research puspdSertain companies are vertically
integrated from the harvesting to the processiagesaind therefore do not enter the market to
sell the landed fish. The MRI has data on landadhcaut the measurements are neither
frequent nor thorough compared to the data on adisthibution. Hence information from one
of the fish markets sales (Islandmarkadur), is use@n alternative method. Each day, the
landed catch of non-integrated fishing vesselsidsom and sold through fish markets. 12-
15% of the total catch is sold through these mark&ssuming that the daily quantity sold
through the market is a good estimation of the aldanded catch distribution, Davidsson
uses the following formula suggested by MRI to @the weight classes of the market data
into length categories to be able to compare bisthilsltions. Weight = A* (Lengtt?) where
0.01 and 3 are the constants assigned to A andf&cgvely.
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The results are shown in the following figures:
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In the above figures the shaded area shows theedimtcy between catch and landings
distribution in line and bottom trawl fisheries.i$lliscrepancy is interpreted as discarding of
fish. One can see from above that nearly all codllemthan 50 cm is being discarded in
fisheries using bottom trawl but this tendency dases rapidly as there is no evidence that
fish larger than 50 cm is discarded. The incentivadiscard smaller categories in bottom
trawl fisheries is higher because the fishermereefm get a high category catch in the next
haul. For the line fisheries discarding is hightfog smallest category and decreases gradually
It is different from bottom trawl fisheries in thttere is some discard of fish larger then 50
cm.

Arnason (1998) argues that the discrepancy bet@We¢ch and Landings Distributions can be
explained as well by other factors than discardih§sh. The first alternative explanation is

the existence of various measurement errors irdéi@. He detects in the data of Davidsson
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(1997), sampling errors in the data collectionest and sampling errors in the estimate of size
distribution of the landings. Moreover, Arnasorticises the use of landing statistics from
only one market, Islandsmarkadur. The reasonsafolid. First this market represents only
a small fraction of cod landings in Iceland (5-786d second this market disproportionately
receives catch from a certain geographical are& witsize distribution of cod catches

different (in fact larger) from other parts of tb@untry.

Different fishing selectivity in the Catch Distritton and Landings Distribution can be a
possible explanation as well. The harvesting sieigcof commercial vessels landing catches
to the fish market can be different from that of twerall fleet reflected in the MRI Catch
Distribution. The majority of the fleet does notrmally sell their catches through the fish
market but rather on a variety of long term corndo processing plants directly. Moreover,
the composition of the fishing vessels supplyinghi processing plants directly and the ones
supplying to the fish markets are probably quiféedent.

The last explanation, also the one theoretical iptied supports (Arnason 1996) is the
discarding of fish. But the author points out tbae should be careful in interpreting the size

of discrepancy, as there could be several explamsti

Arnason develops a formula to calculate discardwigmes on the basis of size composition

of catch and landings. The formula is the following

d(i) = IMo()adi) - b(i)@())/ a(l)
d(i) represents the discaldotal volume of landingsa(i) the percentage share of size class
in the catch of a given specid®j) the percentage share of size classthe landings of a
given speciesa(l) andb(l) are used to estimaye they are the percentage shares respectively
in the catch and in the landings of size claske class that is supposed to be not discarded at
all. From the above formula one can calculate theadding volume directly as a function of
observable quantities only. The author appliesftheula to Davidsson’s data and obtains
higher discard rates. It is emphasized thereforgisrarticle that we should be more careful
when interpreting the results because of the vargmnplifying assumptions, because of the
inaccuracies of the data and because of the roaghienof the calculations. We should see
the results as examples of how particular datausestion can, with the help of the above
formula, can be used to obtain estimates of thehcat

To test whether there is a significance differefmmween the Catch Distribution and
Landings Distribution used in Davidsson work, Theto(1998) applies a Kolmogorov
Smirnov (K-S) test. This is a method used whenrfahematical distribution function is
unknown. K-S test consists in using a sample tddbai confidence band, in which the
function will be contained with a specified proldabi Therond finds that both in line and in
bottom trawl fisheries there is a significant difflece between catch and landings

distributions. So she concludes that there has 8iseards in both fisheries.
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Therond also analyses the discards in 1989, befardull adoption of ITQ system. Even
though the quotas already existed during this derithe effort quota option allowed
fishermen to avoid the quota restriction. Theroedts to see if there was a significant
difference between catch and landings distribuiohne and trawl fisheries in 1989. These
tests show that the discards existed before theafldption of ITQ system. Therond shows
further that the introduction of the ITQ system dat increased the incentive to discard in the
line fishery. This is not surprising as in 1995,snof the boats engaged in line fishery were
small boats that were still not under the quotdesysbecause of small boat exemption. On
the other hand, she finds that in the trawl fisheeityigher proportion of large cod was landed
in 1995 than in 1989. Therond proposes three eafitars:

1. Discarding has increased.
2. Some changes occurred in the composition of thestmzk.
3. Some changes occurred in the method of fishing tratvl.

The second explanation is rejected because ofahdts of the line fishery. Therefore the

change in the size distribution of cod can be arptheither by the increase of discards or by
the change in the way fishing with trawl. Takingagnt the fact that quotas allow fishermen
to take their time to fish more carefully, both Exmations can be valid.
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Appendix 1
The necessary conditions for solving problem (& ar
e~ p ZiYe=Zi(p(i) —CL) - Ye—CE—p- ZiYe<0,
e>0,e-(me —pn-XiYe =0, (1.2)
T4 = - P(i) + CL(I(1)) —CDg«(d(i)) < 0, d(i) > 0, d(i) - mg(i) = O, alli. (1.2)

Proof of Proposition 1

In an undifferentiated fishery the number of cajchdes is unityl = 1. Assume thad(1) > 0.
Then, according to (I .2p(1) —CL,(1) = -CDy(1). Substituting this into (I .1) yields

— (CDy4(1) + ) - Ye(1) —Ce < 0. But the right hand side is actually strictlygagve
because profit maximisation requines 0. Consequently, by (I .1¢= 0. Thus, there
is no catch to discard amil) = 0. This contradiction proves the proposition.

Proof of Proposition 2

This is immediate. Fdr> 2 it is clearly possible to seleufl), p(2), such thae> 0 and
I'(2) > 0 for giverx, CL(y(i) — 0,i) andCD4(0,).

Proof of Proposition 3

Again, the proof is immediate. For a given numifegrades), x, CL(y(i) — 0,i) andCDy(0,)
simply increase alb(i) until 7(i) < 0 for alli.

Appendix 2

Hold Capacity
To study this problem, it is useful to form the Hhomian Equation:

H=;n(d(i),i)zaxr(-rm;A(i)an(i)—d(i))—umg(y(i)—da», 8)

where the Lagrange multiplietd(i), i =1,2,..1, represent the shadow value of landings of
fish of gradd and the Lagrange multiplier the shadow value of available hold space in the

vessel.
The necessary conditions for solving problem (B)uide the following:

Hagy =7Taiy BXH(-rt) —A(i) +u< 0, d(i) =0, d(i)Bq; =0, Oi. (7.1)
A(i) = P(i) exg-rT), Oi. (7.2)
M is a constant. (7.3)
UT)20,s)=0,(T)S(T) = 0. (7.4)

2See e.g. Leonard and Van Long (1992).
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Appendix 3

Processing Capacity

The Hamiltonian for this problem is:

H=;n(d(i).i)@xr(-rm;mi)my(i)—d(i»—aﬂaz—g(y(i)—d(i», (13)

The necessary conditions for solving problem (h8)ude the following:

Hag) = 774) [exp-rt) —A(@) +o< 0, d(i)=0, d(i)[E'Id(i) =0, 0 (12.1)

AG) = p(i) Bx-rT), Oi. (12.2)
| |

020, Z —Z(y(i) -d(i) =0, JZUZ—Z(y(i) —d(i)) =o. (12.3)
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