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To facilitate separate treatment of the export oriented
and the domestic market oriented sectors of fishing, the existing
single ORANI industrxy will have to be disaggregated to become at least
two distinet industries. This work should be given priority as a

critical task for completion of the long run closure of ORANI.

economy which contains 113 industries producing 115 commodities.

THE TREATMENT OF THE FISHING INDUSTRY IN

THE LONG RUN CLOSURE OF ORANI

by
Alex Dolan, Alan A, Powell and Dennis C. Sams

IMPACT Research Centre, University of Melbourne

1. Introduction

ORANI 78 is a large, multisectoral model of the Australian
1

The model is in an advanced stage, the remaining major issues for re-

search centring around its closure with respect to the macroeconomy and

the supply side of the labour market. One aspect of closure not yet

fully resolved concerns the long run supply behaviour of the mining

and fishing industries in the model. Whereas various types of arable

and pastoral land are distinguished explicitly as primary factors of-

production which serve to limit the volatility of the long run output

responses of ORANI's rural industries, no analogous constraints yet

apply to the current (March 1981) treatment of the fishing and mining

sectors. Consequently, in the long simulations depicting changes in

their cost/price outlook, the mining and fishing industries' outputs

2

become unrealistically volatile. The aim of this paper is to explore

2.

Peter B. Dixon, B. R. Parmenter, John Sutton and D. P. Vincent,
ORANI, A Multi-sectoral Model of the Australian Economy (Amsterdam :
North-Holland Publishing Company, forthcoming, 1981)

See D. P. Vincent, "Some Implications for the Australian Economy of
Trade Growth with Newly Industrializing Asia : The Use and Limitations
of the ORANI Framework," IMPACT Preliminary Working Paper No. OP-26,
Melbourne, July 1980. (The fixity of the capital stock in short-run

simulations prevents the exccssive volatility encountered in long-run

simulations.)
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5.2 Mainly Import Competing Seafood

To handle this segment of the industry in other than
approximate fashion would involve much more detailed information on
its structure and vegulation than has been possible in the context of the
present exercise. A large number of species, fisheries, and regulatory
authorities is involved. The aggregate picture we would expect to
be one in which the biological resource constraint leads to a mild
upward slope on the long run supply curve of this segment of the industry.
No data are available with which to attempt to quantify this surmise.
Leaving the biological resource factor out of account is not expected
to lead to wild errors in ORANI simulations, however. Firstly, in
short run simulations, the fixity of the capital stock rules out highly
volatile behaviour. Secondly, in long run simulations the output of this
sector is limited by domestic demand. With price and income elasticies
for the products of this sector in the ORANI parameter file set to
values well below unity, its simulation properties should remain well
behaved. This is not to say, however, that accurate (as distinct from
plausible) long run simulations of the import competing sector of fishing

can be obtained without strengethening the data base.

6. Concluding Remarks

Many fisheries provide examples of 'self regulating
resources’ in which feedback from current output levels to future
output levels occurs via effects on the size of the fish population.
The potential for a difference to develop between social and private
valuations of future output provides a rationale for regulation of the
industry. Typically such regulation leads to policies which establish,
to a good first approximation, Tegimes of stationary fish population
and catch. This is achieved principally by licensing inputs. In such
cases ORANT simulations should take capacity as exogenous, both in the

long and the short run.

2. The Australian Fishing Industry :

Brief Overview

[ oo oo

The Australian Fishing Industry essentially consists of

two sectors. First, there is the import competing sector which,
relative to the second - - the exporting sector - - is small in
size. The exporting sector consists primarily of the prawning industry

(which is based in Queensland, Western Australia and the Northern Terri-
tory) and the rock lobster industry (based both in Western and South
Australia), with abalone, oyster, shark and tuma forming the major part
of the remainder, As an indication of their relative sizes, cohsider
Table 1, which details the values of their respective catches for the

1978-79 year.

Table 1 : Major Components of Australian
Fishing, 1978-79

Species Value of Catch Total Per
pecie (Principal States){($'000) | Australia Cent
($1000)
Prawns Qld.: 47,656; W.A.: 16,000 100,648 38
: N.T.: 17,100
Rock Lobsters W.A.: 56,820 73,624 28
Total Molluscs N.S.W.: ¥5,095; Tas.: 6,250 32,348 12
(Abalone, Qyster,
Scallop, etc.)
Total Scale Fish {N.S.W.: 17,526; Vic.: 13,125; 56,617 22
(Shark, Tuna, S.A.: 8,714
etc.)
Grand Total 263,237 100

Source : A.B.S., Australian Fisheries, 1978-79 (Canberra).
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for ORANI computations. There is little scope for capital/labour
substitution in prawn and lobster fishing and such scope as exists is
attenuated by the regulation of these industries. The capital/labour

substitution elasticity o for these industries should therefore be

KLj
set close to zero {for both long and short run me:Hmd»onmv.H
5 = 0, the percentage change in output w%mV
equal to the percentage change in capital capacity xumcu. Exogenizing

With e of commodity j is

the latter, therefore, effectively exogenizes the former.

Since domestic consumption of prawns and lobsters is small
in relation to total output, the major influences on price formation are
the export demand schedule and the quantity produced locally. This is

reflected in the ORANI structural form equation.

e = £ ~ (4)

(24) Priny (1) YiX(i1)

which states that the percentage change wﬂwuu in the foreign-currency
€

(i1)
in the export demand schedule for good i (lobsters or prawns) minus

(4)

an allowance M<w xAWHuw for the depressing effect on world price

(4)
(i1}
The coefficient Y5 is the flexibility of export demand, so that

export price (f.0.b.) is equal to the percentage shift upward f

occasioned by the percentage increase X in Australian exports.

AH\<wu is the export demand elasticity.

1. In ORANI 78 (Dixon, Parmenter, Sutton and Vincent, op. cit.) the
substitution among factors follows the CRESH specification. There
is, however, a unique substitution elasticity associated with any
given setting of the CRESH parameters. Working in the other
direction, it is not difficult to find values of the CRESH

parameters which imply amwu = 0.

Whilst these two industries are similar in their
importance in relation to export earnings, they are quite different
in terms of the forces underlying the biological behaviour of their
populations over time, and in the reaction of those populations to the
activities of the fishermen in the respective industries. The rock
lobster is a slowly growing, long lived species (whose life span
exceeds S %mmmevH in which, therefore, the population level at any
one period is closely related to the levels in the years preceding it,
with the consequence that the current level of fishing activity has an
immediate adverse impact upon population levels over the next several
years. Prawns and shrimps provide a complete contrast. According

to Anderson,

"... the population of this species in any one

year depends chiefly upon certain ecological
conditions during critical phases of its life
cycle and bears little relation to population
size in the previous wmmﬁ.:m
In the Australian context, the banana prawn of the
Gulf of Carpentaria fishery is very fast growing and short lived
(with a life span of about a year). The critical ecological
conditions in this case are those in the estuaries and creeks in

which the prawns breed.” These in turn depend largely on rainfall.

1. A useful reference for the biodynamics of the rock lobster
population is : P. W. George, G. R. Morgan, B. F. Phillips,
"The Western Rock Lobster, Panulirus Cygnus," Journal of the
Royal Society of Western Australia, Vol. 62, Parts 1-4, 1979,
pp. 45-51.

2. Lee 6. Anderson, The Economics of Fisheries Management (Baltimore
& London : Johns Hopkins, 1977), p.103.

3. CSIRO, private communication, February 1981.
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where it appears that breeding patterns are highly dependent upon
climatic conditions (that is, the population dynamics of all species
with estuarine breeding grounds exhibit a climatically induced

volatility reminiscent of the North Queensland Banana mamssvup

The mollusc sector comprises mainly oysters and abalone,
of which N.8.W. and Tasmania respectively are the major producers.
Whilst oyster farming is entirely different in concept to any other
fishery in that property rights to the oysters apply through the
incorporation of private oyster farm leases, abalone, it appears,
is subject to a population dynamics that enables the application of
the Schaefer model. In particular, the principal aim in the Victorian
fishery is to regulate the level of effort (through non-transferable
licences) between the levels associated with the M.E.Y. and z.m.<.m
Tasmania also has a limited entry abalone fishery, but in this case

the licences are fully transferable, the value of a licence being

over $45,000 in late wau.m

The remaining crustacean sector consists only of crab - -
primarily fished in Queensland, where entry into the fishery is open
(but subject to closure from time to dwamv.» Its level of output is,

however, very insignificant.

It must be noted that these fisheries are not particularly

relevant for the problem faced in a long run ORANI closure since the

1. From personal communications with the Victorian Division of
Fisheries and Wildlife, February 1981.

2. Ibid.

3. Background paper for Seminar Feb, 1980, op. cit.

7.

3.  Theory of Reproducible Resources and Optimal

Fishery Management : the Shaefer Model

The stock of fish in the sea may be classified as a
reproducible resource, for although depletion of the stock may occur as
a result of activity carried out by the fishing industry, the stock is
self generating due to the process of natural reproduction. In fact, the
processes of fishing activity, natural breeding, and changes in the size
of the fish stock are mutually dependent. The purpose of this section
is to examine these interdependencies and their implications for optimal
fishery management - - management that aims to yield the optimum
(in some sense) benefit to members of the fishing industry and/or to
society as a whole. The bulk of the material contained in this Section
may be collectively referred to as 'the Shaefer model', after the marine
bioeconomist who developed the stationary state analysis of population
stock and fishing effort based on the logistic growth law which we now

mmmoawvm.u

3.1 The Logistic Growth rmsN

The relationship between the reproductive process, the stock

of fish and the activity of the fishing industry is essentially biological

in nature. Previous research has indicated the suitability of the
logistic function as a vehicle for capturing the pattern of biological
population growth over dwsm.m In a population subject only to natural

competition and the constraints of the available habitat, the logistic

growth law states that the time rate of increase of the population (number

of fish per year, say) at instant t is directly proportional to the

existing population N(t) and inversely proportional to the proportional

1. M.B. Schaefer, "Some Considerations of Population Dynamics and
Economics in Relation to the Management of Marine Fisheries," Journal

of the Fisheries Research Board of Canada, Vol. 14 (1957), pp. 669-681.

4. Tbid 2. This section and the next draw heavily on Colin W. Clark, Mathematical
' . Bioeconomics : The Optimal Management of Renewable Resources (New YOTK :
Wiley, 1976), and on Lee G. Andersen, op. cit.
3. More sophisticated less symmetrical sigmoidal curves are of course

available. The extra complications jinvolved in their use in the
present exercise did not wmoﬁ to wm u:mmmema by the very Timited
pay-0ff in terms of general insights.
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ORANI? The most Important conclusions seem to be:

Long run output is exogenous, being determined
by the interaction of the natural capacity of
the fishery and the regulations which result in a
sustainable yield being achieved at a level which

is fixed, or at most, increasing slowly over time.

Long run price and cost conditions in the industry
change the value of the social resource rental
embedded in the present values of licences. Capital
gains and losses generated in this way may be
dampened by changes in real private input costs due
to the less than perfect definitien of property rights

obtainsble by licensing,

Suppose we now introduce into the ecosystem a new

predator (man) who at instsnt t removes individuals from the population

at the rate [Ff{tI)N(t)] per unit of time, We then must modify (1) to
read :
() N(E) = r N (L mmm%, - E(ON(E) .

Given some known time dependency law relating £ to t , it is possible

to solve (2) explicitly for N(t) . 1 In the case where £(t) is a

stationary function, so that £(t) = £ (a constant) for all relevant 1t ,
2

then (5) remains logistic. Its solution in the levels is
©) N(E /K- N = ePHOERE
where the new parameters are
(r - £)N
7 k= a-5HN o, md ) b o= - 8

TR
Before interpreting (6) and (7), it is useful first to identify f .

From our discussion above, the size of the catch {numbers of individuals

per unit time) is just the product of f and the population size. Thus
f may be thought of as the intensity of fishing activity, or more simply

as "effort."

1. The general form of the solution is

t
N(t)/Ng = EASQV@?% g(r) dx]} +
o
ﬁzm + o N(D) Mﬁ explr ha g(s)ds] d1} -,
0 )
where g(t) 21 - [£(t)/r] - - see Dennis Sams, "The Effect of Con-

sumption on a Renewable Resource," IMPACT Research Memorandum No. OA-53,

May 1979. Numerical, as opposed to analytical, integration may be
necessary, depending on the functional form of £,

2. Sams, op. cit.. The result may be checked by differentlating (6) to
obtain (5).
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The rise in effective effort shown in Table 5 has
occurred in spite of stationary controls., This reflects the
attempts by fishermen to increase their yields at given nominal
levels of controlled inputs by increasing the number of pot lifts
per pot and/or per boat per %mm%.p As noted earlier, such increases
involve real increases in marginal costs. Note, however, that these
increased costs may have been socially wasteful in view of the lack
of response in total yield. The increased costs will have been
privately necessary in order to preserve shares of the fishery, but

socially wasteful.

Turning now to the second question (that of the incidence
of social opportunity costs), the non-zero price paid for licences
indicates that at least some portidon of these are borne by fishermen.
The average price at which licences which changed hands in 1980 was
approximately mmoo~coo.m This may vepresent less than the full present
value of the social resource rental for two reasons. . First, the
number of licences may exceed the social optimum and/or the method of
licensing may be inefficient. Second, the socially unnecessary costs

of competition within the fishery are real private costs which will

tend to lower the market valuation of the licences.

As far as the elasticity of effort with respect to
price and cost nrm:mmm goes (question (iii)), the foregoing suggests
that increased product prices may lead to increased competition and
input costs within the framework of the existing, static, nominal

controls. Costs may thus increase within the industry to offset,

1. George, Morgan and Phillips, op. cit., p.45.

2. Private communication, Department of Primary Industry, Canberra,
February 1981,

11,

The first term in square parentheses on the right of (10) is an
orthodox production-function type measure of lnput, This is
because at a given level of technology and with a given population
size in the fishery, there is (stochastic influences aside) & one to

one relationship between the number of trawler hours and the number of

fish caught. We might therefore also reasonagbly assume
[¢]
an ﬂS : E.mwus i ~
g N (%)

that is, the number of trawler hours necessary to catch one fish is
inversely proportional to the size of the fish population. Substituting

(11) into (10) we see that

(12) X(t) = £(t) N(t) ,
where
(13 £(t) = G(t) /[gt?) N(tDT .

Returning now to (7) we see that the interpretable domain of

this equation is the region in which £ does not exceed r ; i.e., the

extraction rate may not exceed the biological reproduction rate, 1

1. As elsewhere, this treatment assumes the habitat is closed (by
distance, or otherwise) to outside migrants of the same specles
(or that no such potential immlgrant stock exists).
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28.

(ii) Do fishermen incur the social opportunity cost
(viz., pay the social resource rent)

associated with the catch?

(iii) Are the levels of effort and output elastic

with respect to price/cost changes?

(iv) Are the licensing arrangements responsive to

the economic fortunes of the industry?

Morgan has observed that relatively large variations in
effort levels have resulted only in a small variation in the size
of the fish catch, as can be seen inTable 5. Since these data are
not stationary, one cannot necessarily infer that the sustainable
catch versus sustained effort curve is very flat, but a parabolic
form for this curve with a relatively flat top would be consistent
with the Ome&<mﬁWGSm.H On the basis of Table 5 we might speculate
that the level of application of effort is in the neighbourhood of
maximum sustainable yield (MSY). 1If this is the case, then, relative to
the maximum economic yield (MEY) criterion, overfishing is taking place.
It should be noted, though, that MBY (as formulated in Section 3)
is a conservative criterion, and not necessarily socially optimal,
being based on a zero pure time preference discount rate. Given that
policy actions rarely (if ever) conform exactly to optima as indicated
by policy models, this lack of a sharp identification of current

practice with either MSY or MEY will occasion no surprise.

1. Substitution of the ﬁmaammﬂww estimates given above
(r= 1.647, N_ = 21 x 10°) into equation (15) yields a very flat
inverted wmuwmo~ma

13,

Setting the left of equation (5) to zero (and using the
definition (9)) we see that the population would be instantaneously

stationary at t (N(t) = 0) provided that

(14) X() = rN@wa - Xy

]
If we now keep the catch X(t) fixed at this value mm , say} for all
subsequent t , there can be no further change in N(t) , which will
have achieved a long run stationary value ﬁm s say) in equilibrium with

X . In practice particular stationary equilibria {X, N} are more

likely to arvise as limiting states {fK, K} of growth paths like (6) .

Keeping wmnu equal to zero, (l4) shows that the size of
sustainable catches Xay is quadratic in corresponding stationaxry

population levels; viz.,

(15) xm% =T zm< - mM.me .

Maximizing (15) with respect to zm< , we find the population consistent

with maximum sustainable yield to be

(16) Nusy = Ng /2
(the statiomary population consistent with the maximum sustainable yleld is

one half the saturation level); the corresponding value of catch is

an xzm« = (r zmv /4 .

The maximizing effort

(18) fusy = Fwsy / Mysy

= v/ 2
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26.

less plausible in the case of biomass. This and other aspects of
the simple aggregation of weight lead, as noted by Morgan, to the
potential for oversimplification in the application of Shaefer's
aommp.w Nevertheless, the plot mm catch against effort in the W.A,

rock lobster fishery produces the parabola required by the d:moww,m

The relevance of the Shaefer model to the W.A. industry is
not confined to its biological dimension, however. The Western
Australian Department of Fisheries and Wildlife uses the model as

a basis for management of the mwmrmuw.u Morgan, in & study of the

W.A. wwmswww.» has estimated the values of the parameters in the
Schaefer model, These values have been used by the authorities

in that state as an aid to regulation of the wszmﬁa%,m It must be
noted, however, that N has been interpreted by Morgan to be the

level of the population biomass, rather than the size of the population
itself. The difference is an important one, for a constant population
size may have an increasing biomass - - although it would not change
the overall analysis to any great extent if Section 3 were now

considered in terms of mass and not numbers., The procedure does,

nevertheless, lead to the charge of oversimplification mentioned above.

1. Morgan, op. cit.

2, Strictly, the theory only requires this plot to follow a single
parabola provided all the datapoints are stationary equilibria.
Of nocessity at least some of the data points must represent
transient states.

3. Private communication, February 1981.

4. Morgan (1979}, op. cit.

5. Derived from personal communication with the W.A. Department of
Fisheries and Wildlife, February 1981.

elastic), stationary demand aza<a.~

From (15) we know how
sustainable catch relates to the stationary population level under
a stationary effort (f) wregime,. From (6) we can express

the stationary population Ngy in terms of the stationary effort

level , mm« , by identifying 2m< with K . Thus
£,
SY

mwou 2m< = mH - ..I.musu Zm .

Substituting R0) into (15), we obtain

£
Y
(21 Xoy = Ng fgy( -0

The time rate of gross revenue generation is obtained (under

these stationary conditions) as the product of the price of fish and

2 .
1), From (13), the stationary cost function (veal terms) is

(22) Goy = fgy 8(t7) N(E% .

If p is real price of fish {viz., nominal price after deflation by

a price index for inputs) the real net revenue function assocliated

1. In the ORANI applications of concern to this paper, the export
demand elasticity is typically assumed to be of the order of -10.

2, Implicit in this treatmeént is the assumption that the average
weight of individual fish caught is invariant to the particular
stationary regime ﬁmm< y zm<w adopted, In principle, the
variations in the stationary age compositions of the different
stationary populations could invalidate this assumption. In the
current context the corrections involved, however, are expected
to be second order. Alternatively, the difficulty can be side-
stepped (as in Shaeffer, Op.cit.) by specifying X in terms of
weight, rather than as number of individual fish.
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present value has nothing to do with social resource rents. On such
a reading of the evidence the value of licences represents monopoly
rents collected either by the state (as in the sale of licences by
auction) or by those lucky enough to receive an initial allocation

(as in the administrative bestowal of licences or in a lottery system).

From the viewpoint of the closure of ORANI the relevant
factors are:
(i) Potential output is stochastically determined

by exogenous variables outside of policy control.

(ii) At any given level of the stochastic variable
(¢limate) conditioning potential output, the
actual output will be virtually exogenous to

ORANI, being determined by licensed capacity.

In (ii) the qualification 'virtually' is needed since it
is at least theoretically possible to construct scenarios in which
the output price falls so low that it does not even cover short
run harvesting costs. We neglect this possibility. Also, we assume
that .licensed capacity is totally. inelasti¢, even in the long rum,

to product prices and fishing costs.

Values of Resource Rental, Population Size, Effective Effort

Table '3

(MEY)

and Real Cost associated with Maximum Economic Yield
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{2} Notatiom is as follows

2

p = real price of fish (real § per fish}, assumed statiomaxy

F

a1

=

ty of fishery (number of fish)

g(to) = veal fishing resource input per fish caught in the base perio

maximum carrying capaci

s

ES

ut

Shing resource inp

G = cost in constant dollars of one unit of wreal fi

(%)

fish population in base period 2.

‘nusher of standard trawier hours per fish caught®, In that case

*real dollars per standard trawler hour'.

An example of the umits of g would be

the units of ¢ would be
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4. Relevance of the Theory for the
Australian Fishing Industry

We now consider major components of the Australian fishing
industry in the light of the preceding theovetical analysis in order to
determine which factors exert a constraining influence upon the output

of that industry.

4.1 The Prawning Industry

As we have seen above (Section 2) there seems to be very
little feedback from one year's catch into the succeeding year's
population level. Such feedback (if it operates) is in any event
heavily masked by the climatically induced fluctuations in population
and wmw<omdmw These fluctuations are particularly violent for the
fisheries in which the prawns breed in estuarine vegions - - the North
Queensland banana prawn being the key example. For species which breed
outside of creeks and estuaries, the fluctuations are less severe, due
to the fact that breeding grounds in deeper waters are much less affected
by rainfall (which appears to be the major form of climatic wsmuaasomv.m
Examples include the Western Australian king and tiger prawns which breed
mainly in the outer waters of mxaocﬂs:mrwm and Shark Bay wmmvmnaw<oww.w
Using Shaefer's ﬁasswuouomwa we would,.to a good first approximation,
regard prawning as a '‘non-self-regulating resource'. This being the case,
the focus of research in prawning has tended to concentrate on the
significance of various environmental factors in the growth and survival

of the prawn rather than on population dynamics. The material in

Section 3 is therefore of limited relevance to prawning.

1. W. D. MacLeod, "Limited Entry Management for the Northern Prawn
‘Fishery: A Review Essay on its Development". Paper prepared for
the seminar on "Economic Aspects of Limited Entry and Associated
Fisheries Management Measures', 6-8 February 1980, Melbourne,
pp.51 & 58 (mimeo).

2. CSIRO, private communication, February 1981.
3. D. A. Hancock, private noasaswnmawos“ March 1981,

4. Op. ecit.

19.

In Pigure 1 net revenue may be interpreted 2s the resource
rent accruing to the fishery. If this rent were charged as a cost
to those carrying out the fishing activity, then no puve profits would
be earned by them. In a soclal context a positive rent should
pertain and be charged to the fishing activity in order to ensure that
the positive social valuation placed on future consumption is reflected
in current production decisions, If zero rent is charged to the
fishing activity (as in an open access fishery), net revenue will be
seen as a pure profit by potential fishermen who will enter the .
industry and expand fishing effort until this »ent is eliminated : that
is, effort will mxﬂmﬁm to the point A in figure 1. ! This diverg~
ence between private behaviour and what is socially optimal comes about
because the social opportunity cost (in terms of future consumption
foregone) of current fishing activity appears, under open access, as an
externality to the industry. Clearly open access (point A in
Figure 1) is socially inefficient - - there is a higher level of
effort but a lower catch than at a wide range of points to the left of
A (including MSY). Intervention by a licensing authority is
Jjustified by the need to internallze the extemality and so to re~

establish equality between social and private costs,

The above considerations imply that it is optimal from

society's point of view to constrain the level of effort to mzmw .

This conclusion may to some extent be modified by relaxation of the

assumption that the pure time preference social discount rate is zero;

1. This assumes that entvepreneurs take the long view, and base
decisions upon sustainable quantities, In practice an
expansion beyond A 1s likely as fishermen compete for high
short run profits,
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