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Abstract

This study presents a bio-economic modd in which the dynamics of a fishery are
affected by marine pollution both directly and indirectly. From the optimaity andyss it
can be seen that as long as a contaminating sector exists near coastd aress the policy on
fish resource havest will be more intense initidly (when the environmenta dStudion is
better) and less intense in subsequent periods, that is, the fish resource will be managed
as if it were a non-renewable resource. It will be dso shown that, while the effect of
pollution coexigts with resource exploitation it cannot be though of the resource stock
being in a dationary date, which leads the regulator to adopt a policy whereby the
release of pollutants can be better controlled.

Keywords: Fish resources, Marine pollution, Dynamic Programming.

* The author is grateful to José Manuel Chamorro for helpful comments and suggestions. The author is
also grateful to conference participants at the XXIlI Simposio de Andlisis Econémico (Universitat
Auténoma de Barcelona, Spain) and seminar at the dpt. Fundamentos del Analisis Econémico (Basque
Country University, Spain). The author gratefully acknowledges doctoral fellowship from Ministerio de
Educaciény Ciencia (AP96). Usual disclainer applies.

' Corresponding address: Lagoas (Marcosende), s/n, 36200 Vigo (Pontevedra), Spain.

E-mail: anm@uvigo.es



1 INTRODUCTION.

As it is wdl known, the sea has dways been a grest source of multifunctiona natura
benefits. It provides a habitat for marine flora and fauna, as wel as serving as a means
of commerce and a dump. Until not too many decades ago, the characteristics that best
defined the ocean were its immendty and its fruitfulness. The amog totd lack of norms
or regulations reating to its uses is therefore not surprisng. Today, however, the notion
of scarcity characterises marine resources more than ever. At prese, the ocean sees
itsdf threatened on at least two fronts, over-fishing and pollution.’ Insofar as the latter
is concerned, it has to be sad that the empirical evidence shows that the world's
population tends to be concentrated aong coastal areas. However, habitud resdents,
tourists, commercid interests, etc. and marine life compete with each other in ways that
are not aways compaible. Fisheries in closed and semi-closed sess offer the firs bass
for an evdudion of the effects of marine pollution as they have witnessed various
radica changes in the ecology of water masses, due not only to the effects of fishing but
dso to the consequences of human pollution (Kahn and Kemp (1985),° Conrad and
Clark (1987),® Cropper (1985)°). Some of the sources d marine pollution are constant
and, therefore, easly identifidble (built-up urban aress, fams, above dl, an excessve
use of fertilisers and intensive stock breeding),? but others are not,®> which make their
identification more difficult. One of the clearest examples is the Black Sea, into which
the rivers of a large pat of Europe and Asa flow. The contribution of nutrients from
these rivers combines with the fact that the only way to the open sea is through the
Bosphorus, which gives rise to high concentrations of nitrates and phosphates. This
uncontrolled discharging of nutrients in turn gives rise to what is known as the
“eutrophication” of the sea. One of the main consequences of this marine phenomenon
is the increase of the extraordinary and dense growth of phytoplankton. Initidly,
zooplankton species help the development of populations of smdl peagic fish, but other
invertebrate predators, which have no commercid vdue whasoever (the most
representative example of a predator isthe jdlyfish, or medusae®).

These invertebrate predators feed on fish larva and if dl of this is combined with
intengve fishing activity, many fisheries might be forced to dose Knowler et 4.
(1997),1* FAO (1996),° and, World Resources Institute (1992),%* describe how medusae
populations have brought anchovy fishing in the Black Sea to a dStuation where the
resource is dl but exhausted. Other smilar examples are to be found in the anchovy
fisheriesin the Azov and Marmara Sess.

The phenomenon described reveds how marine pollution can affect the dynamics of
fish resources not only directly but dso indirectly, as for example, in the case
highlighted above, due to the activity of invertebrate predators. As it could be imagined,
this is not the only indirect means by which pollution influences fish resources. In this
respect, Kahn and Kemp (1983)° examine the case of Chesapeske Bay, where the
excess of nutrients, herbicides, as well as the eroson of the land, have dtered the
ecologicd estuary, causing a reduction in aguatic vegetation, which affects fish resource
biomass. For its part, World Resources Ingtitute (1992)** points out that numerous
fisheries have been indirectly affected by pollution, through the abundant growth of
toxic dgee which has sarioudy affected resource biomass. Numerous examples have
been studied in the Black Sea, the Baltic, the North Sea, Japan, Hong Kong and others.
In genera, Caddy and Griffiths (1996)' &ffirm that if it is indeed true that the generd
productivity of coasta and continental sess normdly increases with the drainage of



nutrients, above a certain level of drainage, it is more than doubtful that fisheries net
profit will be podtive. On the other hand, the direct effect of pollution on resources, as
Collins, Stapleton and Whitmarsh (1998)*, among others, affirm, is no lessimportant.

Given the importance that dl these indirect means of tranamitting pollution have with
regard to fishery deveopment, from an economic point of view, adopting any policy
regarding investment or disnvestment in fish resources which does not in some way
incorporate the indirect influence of pollution might not be the optimum one. However,
a problem that gands out when congdering the environmenta pollution fish resources,
or other renewable resources, have to bear is the joint nature of the problem. It will be
quoted here some previous studies; for example, McConnd and Strand (1988)*
introduce a parameter in the resource growth function, which represents the quality of
the water. They assume that improvements in waer qudity will increese biomass
growth, as is true dso of fishing activity grofits Other dudies, such as those by Swalon
(1989)?> and Olsen and Shortle (1996)*° and Tahvonen (1991)%% present various joint
models. Swallon (1989)%? presents a partid equilibium andysis of inter-relationships
between the production of renewable resources, in particular fish resources and the
development of a coasta area (tourism, urban activity, etc.). Development dters the
environment in a continuous way, which could put the viability of fishing indudries in
danger. Olsen and Shortle (1996)*° present a mode in which both resource stock as well
as pollution are dochestic. They andyse the additiona factors that uncertainty
introduces into the sructure of the optimality conditions for the resource and pollution
stock. The article is based on the model presented by Tahvonen (1991)% in conditions
of certainty.

In this dudy, it is shown how the fact of congdering the indirect effect that pollution
has on resources dters the different resource harvest policies and nutrient relesse, as
well as, how it is not possble to reech a dationay date as long as such inter-
redaionships between pollution and fish resources last. With this am in mind, in
particular, it has been chosen as an indirect means of trangmitting pollution that which
occurs by means of invertebrate predators, as it has been proven that this is one of the
mos aggressive environmenta means of tranamitting pollution, to the extent it is the
reason why many fisheries have been exhausted.

The study is dructured as follows. In section 2, it is set out a joint bio-economic mode
which dlows for the incorporation of both the direct and indirect effects of pollution on
fish resources. The direct effect is shown in the mode through the incorporation of a
nutrient sock movement equation and the indirect effect through the introduction of a
movement equation for invertebrate predator stock whose biomass is introduced into the
fish resource growth function. In this section, use is made of the Dynamic Programming
ingrument in order to obtain the optimality conditions both for the resource stock as
wdl as the nutrients. Section 3 shows how it is not possble to tadk of a Sationary
dtudtion as long as the influence of the stock of predators on the dynamics of the
evolution of the resource stock persds. It is presented the policies that the regulator
should gpply in order to tend towards sad dationary dtuetion. Ladtly, the main
conclusions and scope or extensons of the study are set out.



2. A JOINT FISHING MODEL.

The am of this section is to present a joint bio-economic modd. By “joint” it is meant
that, it incorporates the management of two sectors smultaneoudy, that is, a
contaminating sector and a fishing sector. It is then assumed that the sea can be
subjected to severd uses dmultaneoudy, a habitat for fish resources and an outlet
exploited commercidly®, dthough the compatibility of both activities will only be
possible for certain levels of nutrient discharge.

2.1 Thebasic modd.

Below, it will be sat out the processes that are introduced into the model in order to
describe the evolution of the stocks consdered, which are the fish resource stock, the
predator stock and the pollution stock. Beginning with the firg of these, a typicd
fishery modd would describe the evolution of the resource stock from period to period
by means of a biomass net growth function, which depends on the stock of the resource
and a harvest function. However, in this sudy it will be consdered (following Knowler
et a. (1997)') that the growth of the stock might depend on other factors, such as the
presence of certain pelagic predators whose biomass is a nutrient stock function (the
predator stock is precisely the variable which it is used to link the contaminating sector
and the fishing sector).

The movement equation which describes the evolution of the fish resource stock is as
follows

dX =[F(X,M)- h(t)]dt, (1)

Where:

X: fish resource stock;

F: biomass growth function;

M(2): peagic predators stock, which in turn depends on the stock of nutrients in the
seq, Z. Thisstock is given the letter M because they are usualy medusae.

h(t): harvestrate. O£ h£ h_, ; Where h,__, represents the maximum harvest capecity.

Note equaly that by introducing the predator stock in the resource growth function the
influence of “chronic’ pollution is being congdered, that is, a scenario in which a
continuous and not episodic discharge of nutrientsis being considered.®

Theresource growth function, F(X;M):

The hypothesis usudly accepted since Schaefer’s studies in 1957 is tha the biomass
grows in time in accordance with a logistic function or curve in the form of S.” From the
biomass growth curve it can be deduced the sudainable yied curve, which links the
population growth rate to the quantity of fish biomass.

The naurd production function is generadly assumed (Tahvonen (1991)2 and Olsen
and Shortle (1996)™) to be concavein X and M:



F, <0, F,, <OFor al of M 2 0,

I:xx <O’

Fxx FMM - (FXM )2 30,

Fa 2 0.

For the following levels of stock resource, 0< X, < X, issatisfied :
F(O,M) =0,

F(X,M)>0, para X;, <X < X ..

F(X,M)<0, para X <X, Y X>X, -

In the following Figure it can be seen what effects pollution has on the production
function. Considering the predator stock in the resource growth function implies a
reduction not only in the maximum capacity of resource the environment can bear but
adso, the levd of stock corresponding to the maximum sustainable production of stock
(Kahn and Kemp (1985)%).

[Figure 2.1. Resource growth function]

Once the properties of the variadbles that intervene in the process which describes the
fish resource stock have been defined, it can be now shown the dynamics of the process
which describes the pelagic predators stock. Its movement equation depends as much
on its growth function, which it is assumed to be exponentid (Knowler et d. (1997)'),
of the previous biomass, as on the levd of nutrient concentration (phosphates,
nitrates,...) in the seax

dM =G(M, Z)dt, )
where: G,, <0,°G, >0.

Ladtly, it is set out the process which describes the nutrient stock evolution (Plourde and
Y eung (1989)*8):

dz =[P- 1 Z]dt, ©)
where:
P, rate of nutrient release into the environment;
| , rate of nutrient absorption by the environment, constant assumption.®

2.2  Theregulator’sproblem

For ressons of smplicity,’® it is assumed that a regulator who assigns the resources with
the am of maximisng the present vaue of the net indant profit flow deriving both from
nutrient discharge (the consequence of industrid activity) and fishing activity exigts.



Benefits deriving from nutrient discharge.

May D(P) be the function that covers the net ingant profits'! as a result of nutrient
discharge into the environment, P being the added emission rate.

The margind emission profit, Dp is postive'? in a determined interva (0,1) and negative
for emisson rates which exceed level |. The margind profit is downward, Dpp<O.

Profits deriving from fishing

The net ingant profit from fishing is obtained from the difference between the profit for
the consumers and the cost of the harvest.

The propertties of both functions are defined as usudly defined in traditiond Sudies
(Tahvonen (1991),%2 McConnel and Strand (1988),12 Olsen and Shortle (1996)™°).

May B(h;2) be the profit function, which depends on the quantity harvest and consumed
(h) and the nutrient stock @).* In this function, it is considered that the nutrient stock Z
affects the quadity of the resource.

It is assumed that:
B,>0,B, <0,B, <0,B,, <0,

B,, £0and B, B,, - (B,,)*3 0.

Let C(h;X) be the function for the total harvest costs, which depends on the quantity
harvested (h) and the resource stock biomass (X).

It is assumed that:
C,>0¢C,, >0C, <0C, <0,

Cy 3 0andC,,C,, - (C,x)° 3 0.

Theregulator’s optimum plan.
The optimum plan that maximises the present vaue of the net ingant profit flow is
written asfollows:

V = Max;, o (Sexp(- rt)[B(h, Z) - C(h, X) +D(P)],

st.

dX =[F(X)- h(t)]dt,

dM =G(M, Z)dt,

dz =[P- 1 Z]ct, 4)
X(0) 3 0,

M (0)3 0,

Z(0)3 0,

h(t)3 0,



where r is the socid discount rate (which, in this context of certainty, as a proxy
measure, it is used the rate of return on a risk-free interest asset) and t = O the initid
moment. V(X;M; Z) isthe fishery’s socid vaue function.

Note that the problem posed has two control variables, the harvest rate (h) and the
nutrient emission rate P), and three state variables, the resource stock g(z) the predator
stock (M) and the nutrient stock (Z). Madliaris and Brock (1982), Kamien and
Schwartz (1991)*° show how the following differentid equation, known as Belman's
equation (dternatively the Optimum Control Theory can be used), is obtained.

- 1 B(h,2)- C(h, X) +D(P) +V, [F(X,M)- hlg
r'V(X,M,Z) = Max{h,P}':*+VM G(M,Z)+V, [p_ | Z] i; )

From this equation, it is obtained the implicit equation for the fish resource stock and
the pollution stock.

2.3  Thefishing sector

By maximiang expresson (5) with respect to the havest rae it is obtaned the
following optimdity condition (assuming thet the optimum havest rae sdidies the
followingrange O£ hE h__, ):

V, =B, - C, (6)

The teem V, in the condition above is the margind vaue or shadow price of the
resource stock. The B, - C, difference reflects the margina profit from consuming the
resource less the margind harvest cod. If the levd of emisson is optimum, the fishery
is perfectly competitive and the property rights are properly defined and so V, can be
interpreted as the marginal resource income.*

The process for the second control variable takes place in the same way; maximisng
expresson (5) with respect to the emisson rae a second optimdity condition is
obtained:

Vz :'DP (7)

V, represents the marginal value or shadow price of the pollution stock. This condition
implies that the margind emisson cos equds the margind emisson profit. If the
pollutant industry is perfectly competitive and the resource optimaly managed, then
-V, could be interpreted as an optimum emission tax.*
Once the optimum harvest and emission levels have been obtained, h™ and P, they are
replaced in (5) and adifference is made with respect to X:



h P’
er :[Bh - Ch - VX]:TT_X-'_[DP +VZ]11TT_X- Cx + I:xVx +

(8
+[F -h }Vxx +[P* - Z}sz +GVy;.
In order to Smplify this equation, note that:
_ 1 2 1 )
dV, =V, dX +V,,dZ +vaXX dX ? +V,,, dXdzZ +vazz dZ? +V,,, dV
9)
+%VXMM dM 2 +V,,., dXdM +V,, dZdM.
Replacing (1), (2) and (3) in (9), thereault is:
dV, =V, [F(X,M)- h]dt +V,, [P- 1 Z]dt +V,,, G(M, Z)dt, (10)
dividing by dt, the ingtant change in the marginal stock value is obtained:
dv,
ot =Vxx [F(X,M)- h]+sz[P' IZ]+VXMG(M'Z) (11)

Ladly, the implicit equation for the fish resource stock is obtained by replacing in (8)

\/
the vaue of ddtx , & wdl as, conditions (6) and (7). This equation is no more than the

modified verson of the familiar “golden rule” for the renewable resource sector in
generd and of traditiona studies on the fishing indugtry in particular.

dv,
_ ot Cy
r= +F, (X, M) - =% (12)
X VX

Interpreting this equetion, the right Sde represents the profits from not harvesting a unit
of resource in relation with their value if it is indeed harvested (V, ). These profits are
: . V, G :
made up of the rate of change in the margind stock vaiuegejloltX 9, the change in stock
e %]
productivity (F, ) and the changes in the totd fishing cost (C, ). The left side




represents the opportunity cost of keeping a margind unit of the resource and not
harveding it.

Reviewing the assumptions adopted for the growth function as wel as for the cost
function, and by consdering the neo-classical theory (Clark (1976)%), the equation
obtained can be interpreted in terms of the well-known rule of marginad productivity of

the capita theory(FX = r): as long as the cogt of fishing increases a the same time as

the levd of stock §%<09 decreases. Therefore, in the optimum stock level X,
e o

the margind productivity of the resource will belessthenr: F, <r.

The effect of pollution in the optimality condition.

The optimum gock which derives from sad optimdity condition is different to that
derived from traditiond studies. The margind resource productivity is dedining thus, if
the socid discount rate does not vary, a greater stock productivity will be demanded
from the mode proposed in such a way that the modified golden rule continues to be
satisfied. That is, the optimum resource stock is now less than this of the traditiona
dudies, X, <X  (by X, it is denoted the optimum stock when the effect of pollution
is introduced) and 0, the harvest rate is now greeter. This idea will be explained in
Oetall in section 3.

However, it will now be conddered the posshility that the fishery regulator maintans
the same level of harvest. In this case, the socid discount rate would have to be lower
for the new context proposed, that is, the cost of the opportunity to keep a unit of the
resource and not harvest it is now lower.

2.4  Thepollution sector

Smilarly to the development described above for the fishing sector, below it is obtained
the optimality condition for the pollutant stock.

Firdly, the optimum levds h™ and P° are replaced in (5), and differentiating with
respect to P:

h’ P’ .
v, =B, +[|3h -C, - VX]1‘T|1_Z+[DP +VZ]1I"—Z+[F(X, M)- h }sz (13)

-1V, +G(M, Z)V,,, +[P-1Z),, +G, (M, Z)V,,,



in order to amplify this equation, note thet:

dV, =V,,dZ +V,, dX +%szz dzZ? +V,,,dXdZ +%szx dX 2 +V,,, dM
(14
+%VZMM dM? +V, dZdM +V,, dXdM.
Below, itisreplaced (1), (2) and (3) in (14):
dv, =V,, [P- 1 Z]dt +V,, [F(X,M)- hdt +V,,, G(M, Z)ct. (15)

Ladly, it is obtained the implicit equation for the pollutant stock replacing in (13) the

vaueof d;/tz aswell as conditions (6) and (7):

rv, =dv, +B, -1V, +G,V,,,

dividingby V, and reorganising the terms, it is obtained:

D, =- %[dvz +B,+G,V, ] (16)

The left 9de of the aove equation represents the margind emisson profit while the
right sde represents the codts deriving from an increase in the pollutant stock. Note that
these costs can be divided up into:

- therate of changein the marginal value of the pollutant stock (dV, ).

- the reduction in the consumption profit caused by a reduction in the qudity of the fish
resource, in turn the consequence of an increase in the pollution level (B, ).

- the reduction in the fishery’s socid vaue function as a consequence of the increase in
r()elagic )predators, in turn the consequence of the increese in the pollution leve

G,V, ).

Interpreting the implicit equation obtained it can be seen that the contaminant company
increases its margina emission cods with respect to the modd presented in traditiond
dudies. Likewise, the worse the environmenta dStuation (more pollution and
consequently a greater stock of predators), the greater such margind emisson costs will
be. In this way, if contaminating companies were perfectly competitive the emissons
would be controlled more, raising the emission taxes, as has been commented on above.

It should be noted that a condition of optimdity for the third state variable introduced

into the modd, the pelagic predators stock is not obtained, as it is not controlled by the
regulator and, therefore, no control variable is associated with it. This stock has no

10



commercid vaue whatsoever, dthough its incluson in the modd is undoubtedly
interesting, asit has been seen.

3. THE STATIONARY STATE.

In this point, it will be seen what implications the introduction of the predator stock into
the resource growth function in the daionary date. It should be borne in mind that with
the interactions proposed between the fishing sector and the pollution sector, neither

X=X, nor Z=2Z, imply a stationary state except when, as it will be andysed below,
the predator stock growth function is zero, G = 0. This is something usudly overlooked
in practice and which can lead to a non-optima management of resources.

3.1  Thefishing sector.
Bdow, it is st out the dructure of the efficient harves rate which derives from the

optimality condition (12). Firdly, sad equation in the Staionary dtate can be written as
follows

er = I:xVx - Cx (17)

Differentiating this equation and usng (1) and (2) it is obtaned (Impliat function
theorem):

h=F(X,M)+ P Vo G (18)
Fxxvx - Cxx +(Fx - F)(' Chx)
This harvest rate can be expressed as:
h=F(X,M)+xG
(19)

I:XM VX

where: x ° >0.
I:xxVx - Cxx +(Fx - F)(' Cxx)

Observe that, the harvest rate exceeds the resource growth function, h > F(.) itsdf. So,
while a contaminating sector (and so, predator stocks) exists near coasta areas and,
unless the predator stock is permanently zero, the resource will be harvested faster than
without the contaminating sector. This result is not only surprisng but furthermore
Swalon (1990)?%, among other authors, corroborates that this result usualy emerges
from the empirica evidence in fisheries today.

11



If the growth function of the predator stock were zero, G = 0; the result given in
traditional studies would be obtained, that is, the harvest rate would be equa to the
resource growth. However, is should not be forgotten that the fish resource growth
function, when the effect of pollution is not considered, F(X); and when it is, F(M;X),
should stidfy the following (assuming that dthough G =0,M >0):

F(M, X) < F(X)

Thus, when it is conddered the indirect effect that pollution has on fishing resources
and o that, the predator stock should be incorporated into the resource growth function,
X =X"in condition (17) a dationay dSate is not implied. Therefore, if it were
conddered that in the dationary date the harvest rate should be equa to the growth
function as has been habituad in traditional studies the resource would not be being
managed optimaly. In this way, it can be concluded that the contaminating emissons
accderate the rhythm of resource extraction (if the socia discount rate is not modified)
as it was andysed in section 2.3. That is as long as indudrid development exigts in
coastal areas, the resource will be harvested as quickly as possible.

In order to better understand this management policy, it should be borne in mind that it
is reasonable to think that the company will obtain more profit by extracting a greater
quantity of the resource initidly, when the environmentd gStuation is better (thet is, less
pollution and less predators) than later, when the environmental Stuation could become
worse (if the indudtrid development continues).

To understand (19) tetter note that, the Sope of Xp' is given by the positive coefficient
of G in (18). Then, the rate of predator stock growth represents the rate at which the
manager harvedts the resource in excees due to the indudrid activities. The
management optimizes the fish stock but, a a new levd different from the traditiond
studies.

With the am of being able to derive a possble harvest policy that the regulator would
implement if trying to lead the dynamics of the fishery towards a Sationary date, it has
to be first analysed the results that derive from the contaminant sector.

3.2 The contaminant sector

Below, it is obtaned the efficient contaminant emisson rate tha corresponds to the
resource harvest rate. In order to do o, as above, it will be differentiated equation (16)
in the Sationary state and use (1) and (3):

— G,Vix
B, +G,Vy +G,V,;

[h- F(X,M)]+1 2. (20)

12



Thisflow can be rewritten asfollows:

P=Vfh- F(X,M)]+12Z,

where: (21)
GZVMX

BZZ +GZZVM +GZVMX

(o]

> 0.

It can be observed that this emission rate, Z=Zp in (16) does not mply a stationary
date and that, the result of traditiond <udies an emisson rae equa to the
environmenta absorption rate is not now satisfied. Now, the emission rate does not only
depend on the environmenta absorption rate itself, | , but on other variables related to
the fishing sector, that is, both on the harvest rae, h, as well as on the fish resource
growth rate, F(.).

It is shown that in a pollution scenario such as the one described, the efficient harvest
rate is greater than the growth resource, h > F(.), which gives rise to emission rates

higher than the environmentd absorption rate, P >12Z. Beddes, the firs term of P in
(21), \,{h- F(X, M)] Is podtive and represents the additiona development due to the
fact of being the efficient harvest rate clearly greater than the sustainable harvest, F(.).
This circle brings about that the worse the environmental Stuation (a grester emission
of nutrients) the greater the intendgty with which the resource is harvested, so the
exploitation of the resource being accderated before the environmenta Stuation
continues to worsen.

Thus, the coastd zone development contributes to socid welfare but aso irreversbly
contributes to generation the more and more predator stocks and so, contributes to
irreversbly deplete the environmenta basis for fishing resources.

In this face of such a panorama, it is worth asking what the management that the fishery
regulator ought to implement should consst of, in order to tend towards a Stationary
dtudion. Given the interpretation caried out for the optimality condition (16), for a
competitive contaminant market, the regulator controls the emisson of nutrients more
with the am of reducing pollution levels. By reducing pollution levels the stock of
predators will reduce too and, looking a condition (18), the harvest rate will be lower
and lower. If this harvest decderation policy is maintained until the stock of predators
in the environment is reduced to zero, G=0; then obvioudy there would be a
convergence to the dationary date, saisfying the results of traditiond sudies, that is,
harvest rate equas vegedive growth, h=F(X,M) and emisson rae equds
environmenta absorptionrate, P=12.

Under this kind of policy the situation given by Xp <X is not mantaned indefinitely in
time and, dthough initidly a more of the resource is harvested than in traditiond sudies
without pollution condderations, subsequently the opposite will happen.

13



This result is even more interesting if it is compared with the results that Perman, Ma
and McGilvray (1996)'"have reviewed for the management of non-renewable resources.
These authors show how the damage functions consgdered in studies on non-renewable
resources are associated with the damage deriving from the very extraction of the
resource. Thus, the greater the resource extracted (and the less the resource stock that
remains dfter extraction), the greater the environmentd damage. The condderation of
these damage functions in the management of the non-renewable (and non-replaceable)
resources brings with it the determining of a resource extraction policy more intense
initidly and less intense in subsequent periods.

Note, the policy of invesment and disnvesment in the resource proposed for managing
the fishing resource stock in Stuations of environmental pollution, such as the one
described, is smilar to that which would be adopted if the resource were not renewable
and did not have replacements. This result should not surprise us if it is though that,
introducing the predator stock, which has an impact on the quantity of the resource, can
often exhaust the resource even when it is renewable, so that in redity dthough the
nature of the resource is renewable it should not be managed as such but as if it were a
non-renewabl e resource under this kind of pollution sceneries.

Thus, it can be concluded, as it is st out above, that adopting a harvest policy that is
more intensve initidly and less intendve in subsequent periods, as if it were a nont
renewable resource, is encouraged under a pollution scenery.

4, CONCLUSIONS AND SCOPE OF THISSTUDY.

This sudy ams to underline the importance today of adequately controlling the
indudtrial development of contaminating activities that are carried out near coasta aress.
If it is indeed true that such development is presently necessary and that it contributes to
the well-being of society insofar as the generation of income is concerned, it should aso
be underlined that in the same way it implies an irreversble loss of well-being in thet in
time it could bring about the exhaugtion of fish resources In paticular, fisheries in
closed and semi-closed seas have borne witness in recent years to an excessve
discharge of nutrients the effect of which on the water masses is varied. Thus, for
example, in some seas this excess of nutrients can cause a reduction in aguetic
vegetation and, in other cases, such excess has been tradated into an uncontrolled
increase in toxic marine agee, phenomena which have affected resource biomass in
numerous fisheries. In the same way, and given the huge importance tha it is having,
the study has pad specid attention to the eutrophication phenomenon, the man
consequence of which is the development of populations of pelagic predators which
have no commercid vaue whasoever and which feed on fish larvae. The joint effect of
these predators and policies of over-fishing have led many fisheries, like the Black Sea
anchovy fishery mentioned herein, to extinction.

Thus, the bio-economic mode presented intends to regulate the fishing sector and the
pollution sector in such a way that the main activities of these sectors can be carried out
dmutaneoudy in time and Space without generdting irreversble  environmenta
externdities. Usng Dynamic Programming it has been dble to obtan the optimdity
conditions for the fish resource and for the nutrients. From the former, it is deduced that
the optimum resource stock is less in this scenario with respect to traditiona studies,

14



that is, while a contaminating sector exiss near coastd aress the resource will be
harvested as quickly as possble, as long as it is congdered that the cost of the
opportunity to keep a unit of the resource and not harvest it is the same. However, if the
latter were to take a downward trend, then it might be possble to maintain the same
harves policy. Having sad that, from an andyds of the dSaionary dae it can be
deduced that said optimum stock does not imply a stationary state and that it will not be
reached as a result of the interactions between both sectors by means of the predator
stock. However, the regulator could tend towards and reach such date by reducing the
harvest rae. This policy can be achieved when it is possble to reduce contaminant
emissons and congdeing the results deriving from the nutrient sock optimdity
condition, the margind emisson cods being greater, if the contaminating sector were
perfectly competitive, emissons would be controlled better and therefore be reduced.
Thus, in time, adopting a resource harvest policy thet is more intensve initidly and less
intensve in subsequent periods is encouraged, as the company obtains greater profit
extracting more of the resource initidly (when the environmenta gtuation is more
favourable) and less in subsequent periods. Furthermore, it should be underlined that
under this policy the fish resource would be managed as if it were a non-renewable (and
irreplaceable) resource. It should be borne in mind that it is reasonable to think that
introducing the predator stock which has an impact on the quantity of the resource can
often exhaust the resource even when it is renewable, so that in redity dthough the
nature of the resource is renewable it should be managed as such but as if it were a nor+
renewable resource.

Ladly, it is worth mentioning the scope of this study, which has centred on the optimum
management of a fishery bearing in mind the influence of negatlive biologica
externdities on the fish resource (through pollution, directly and indirectly). However,
the empiricd evidence shows that fisheries are managed in the presence of both
biologicad and dynamic externdities, dso cdled internationa externdities. Cross-border
pollution is one of the most important examples of this kind of problem. It should not be
forgotten that the activities of one country can harm the environment of another. These
types of consgderaions are important as the non-cooperation between regulators in a
dtudtion of interndtiond externdities implies carying out ineffident resource
management (Copeland (1989)°).

On the other hand, the andysis has been carried in conditions of certainty. it could be,
however, immediately extended such andyss to include conditions of uncertanty.
Olsen and Shortle (1996)° show how such uncertainty could be introduced in the
processes that describe the resource stock and pollution dynamics by means of Wienner
processes, while Sundaresan (1984)*! proposes a Wiener-Poison mixed stochastic
process for the resource stock. Insofar as the profit function is concerned, it could be
consdered that both the resource price as well as the operating costs were stochagtic, as
Datta and Mirman (1998) suggest.
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1. The economic conceptudisation of pollution is that it is an externdity. For example,
a fishery’s production depends on the levd of use of the production factors (the so-
cdled fishing effort), but is aso influenced by the production decisons that, for
example, the paper mill situated upriver takes (Romero (1997)).

2. Of specid concern is the quedtion of the trandfer of nutrients from land systems to
marine sysems. Phosphorous is an important ocean component from domestic and
indudrid wasgte the environmenta trangport of which is usudly aguatic. It is estimated
that humaen activiies have provoked an gpproximately five-fold increese in nitrogen
taken from the rivers into the sea and, with respect to phosphorous, the increase in four-
fold, if the take the history of the Rhine as an example. It has been estimated that the
tota annua amount of phosphorous taken into the sea is around 0.59 Tmol (1 Teramole
equas 31 million tons).

3. There are a large number of marine contamination sources, dthough, undoubtedly,
one of the most important is the dischar%e of nutrients (phosphates, nitrates and
slicates). World Resources Ingtitute (1992)** provides a detailed andysis of these
sources and ther different effects on aguaic life, anong which it would be underlined
sediment discharge, organic matter, heavy metals, toxic chemica products, eic.

4. The Black Sea medusae (Aurdlia Aurita and Mnemiopsis Leidyi), and more recently
the ctenophora, have driven the anchovy population there to a criticd dtuation. The
biomass of these exotic medusee is in function with different environmentd factors,
induding some nutrients (Mutlu et d. (1994)'*. Other fisheries, such as the Azov Sea
and Marmara sea fisheries have aso been serioudy affected by this kind of invertebrate.

5. Undergand it to be a dump exploited commercidly by coastd industries which dump
their waste or use the sea as a source of cooling, maine mining, tourism, coasta
aquaculture, coastd transport. All these activities generate a huge discharge of nutrients.
(FAO (1996)®).

6. Collins, Stapleton and Whitmarsh (1998)* show that depending on whether the
pollution is “continuous’ or “episodic’, its effect on the dynamics of resource
exploitation will vary.

7. In a logidic-type growth curve, the underlying idea is that growth is dow when the
quantity of biomass increases, but that said increases begin to decrease if the quantity of
biomass continues increasing, due to environmental eements.

8. The reationship between the predator biomass and the nutrient stock is exponertid
(Knowler et d (1997)'). Thus, a smal amount of nutrients will produce a boom in the
predator biomass, affecting negatively and to a great extent the resource considered.
This is why in seas such as the Black Sea these predators have driven the anchovy
population close to extinction.
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9. This absorption rate is, in fact, not condant, as if the environment is more
contaminated it might be lower. It will dso vay as a consequence of dimdic
conditions.

10. The dudy does not include an explicit andyss of the solution in the case of the
competitive exploitation of the resource. However, as it is known (see, for example,
Olsen and Shortle (1985)*°), competitive behaviour implies the same solution as that
dedt with in this sudy if a fish resource exploitation tax that smulates the shadow price
of the resource is established.

11. These profits could include the vdue of the increese in farming production, the
consequence of using fertilisers or pedticides as well as, for example, the reduction of
the cogts necessary for municipd purification treatments, etc.

12. The generd productivity of coastd and continentd seas normdly increases with the
draining of nutrients, but above a certain leve of drainage it is more than doubtful that
the profit for the fisheries will be positive (Caddy and Griffiths (1996)1).

13. The nutrient stock appears in the profit function under the assumption that the
qudity of the harvestes as perceived by the consumers varies inversdly with respect to
the nutrient concentration. McConnell and Strand (1988)'° show how this consumer
perception is not irrationd: fish resources are an important transmitter of disease.

14. In a free access Stuation, V, could be interpreted as an optimum harvest tax. In this
gtuation, the fishing vessdls would continue to go into the fishery until dl the income
had been dissipated, B, - C,, = 0; in order to avoid this, a tax is introduced before such a

gtuation is reached.

15. Take a sole contaminating company. Firdly, the “private net margin profit’, PNMP,
are defined. The contaminator will incur a series of expenses in order to cary out the
contaminating activity and will receve profits in the form of income the difference
between the income and the expenses is denominated “private net profit”. The PNMP is
no more than a margind verson of this net profit, that is, the extra profit from changing
the levd of “activity” into an emisson unit.

EMC being the “externd” margind cog, that is, the vdue of the extraordinary damage
caused by pollution from economic activity. Such damage, pollutant emissons, ae
represented in direct rdation with the output level. The optimum level of externdity can
be found in the intersection of the two curves.

Given that the curves are margind, if they are represented grgphicdly the areas under
them are totd magnitudes. The socid objective is the maximisaion of the totd sum of
profits minus the tota sum of costs; in this respect, Pearce and Turner (1995)*® among
others, show that there is an optimum level of pollution, in which PNMP = EMC is
satisfied so that the socia objective is complied with.
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[llustrations.

Figure 2.1. Resource Growth Function.
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