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STOCK ADJUSTMENT MODELS OF CANADA'S
OFFSHORE GROUNDFISH FISHERIES

1. Introductionl/

The effécts of mants exp]oitafion of fisheries resources
have been rather difficult to assess. The main reason for this is
“that the underlying resource, the fish population, is not known neither
are its growth rates or natural mortality. Biologists have attempted
models of this exploitation based on factors which are known and
measurabje, namely catch and fishing effort data. These.mode]s have
provided the starting point of economic modé]s where both supply and |
demand have been intrdduced. This paper will concentrate however on
a bio-economic supply model since supply aspects are generally the

most problematic and-uncertain in fisheries economics.

_ The most popular biological model is the steady state model
associated with Schaefer which assumes that the underlying population is
in a steady state or in ecological equilibrium whereby sub tractions from
that population caused by natural mortality, predation and man's fishing
effort are bajanced by additions to the population -caused by the natura]
rate of réproduction. It is khown’however thét populationé are genera11y
in transient rather than in steady states as a result of man's exploita-

tion.'Because of this, a stock.adjustment mode]_of‘fishefies based on the

1/ T am greatly indebted to Professor Dagum, my supervisor, for his.

assistance and suggestions on this paper. I am also grateful to

- Miss Pauline Chung of the Social Science Research, Department of
Environment, who did most of the computer work.
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| Houthakker-Tay]or Formu]ation (1970) was developed for fisheries. This
model was tested in comparison with the steady state model and the
standard stock adjustment model associated with koyck et al in spec1fy1ng

" bio-economic sunn]v modp]s nf Canada"' s oFfshore aroundfish fisheries ‘in

the llorthwest Atlantic.

- 11. Canada's Offshcre Groundfish Fisheries
orth West Atlantic

‘Canada is one of the major countries in the North West At1antjc
fisheries which has been managed by ICNAF; the International Commission
for fhe North West Atlantic fisheries, since 1953. Canadafs fisheries
in this area consi;t of two.majot sectors based on technology and location:
(1) an offshore sector and (2) an inshore sector. The inshore séctor is
confined_to the cdasfa] or terkifbrial Watefé withih Canédian jurisdiction
“and control whf]e the offshore sector is the international fishery conducted

1/

out51de these Timits in the ICNAF Convention area.

Offshore fishing‘in the Northwest Atlantic is mainly for

groundfish carried out from large vessels (trawlers and draggers) generally

over 50 gross tons. —/Other species, i.e. pe]agic:and molluscs and crustaceans

1/ Not all offshore operatiohs‘take place in ICNAF areas; Some are _
- conducted in the Gulf of St. Lawrence and the Bay of Fundy which are
under Canadian jurisdiction.

2/  Some vessels under 50 gross tons such as longliners also fish in off-
shore waters with the result that in Canadian Fisheries Statistics
vessels over 25 gross tons are considered offshore vessels. The 50
gross tons and over classification, however, conforms to the ICNAF
classification and will be used throughout this study.
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are ajso fished but these are small except for herring, a pelagic species,
in relation to groundfish species. Because of the large vessels used for
groundfish ~and other species and the availability of these species through-

out the year, offshore operations are carried out on a year round basis.

Growth in Output of Groundfish Landings

The many species of gfoundfish exploited by Canadian vessels
‘are divided into three major species (1) cod (2) redfish and (3) flatfish.
Landfngs of these species by offshore vessels for selected years during

the period 1953-1971 are shown in Table 1.

Table 1. Canada's offshore groundfish landings

Cod - Redfish “Flatfish Total Groundfish
v Q - ) Q ) Q v
($'000 ($'000 - ($'000 ($'000
Metric constant Metric constant Metric constant Metric constant
- Tons 1971) Tons = 1971) Tons 1971) Tons 1971)
dollars dollars " dollars dollars

1953 43,557 2,965 20,751 - 1,598 49,531 5,060 113,839 9,623
1956 51,326 3,529 24,789 1,812 93,740 8,471 _‘169,855 13,812
1959 "51,256 3,438 18,244 1,339 79,209 11,473 148,718 16,250
1962 48,566 3,980 24 ;306 1,910 ° 110,463 11;476 183,335 17,276
1965 92,493 8,794 = 52,407 3,951 149,986 15,806 294,946, 28,551
1968 ]]1,285 9,452 82,903 5,794 156,195 16,389 350,383 31,635
1971 79,586 8,176 106,991 8,365 151,444 18,405 338,021 34,946

Sources: v»ICNAF;StatistiCal'Bu11etinsznnUa]s,(Dartmouth, Nova Scotia)
Environment Canada, Annual Review of Canadian Fisheries, Vol 4
(Ottawa, 1972). ' _
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Offshore groundfish landings increased_from 113 thousand metric
tons,.valued at $9.6 million in 1953 to 338 thousand metric tons valued
at $34.9 m1111on with a peak of 350 thousand metric tons in 1968 Most of

this increase was attr1butab1e to flatfish and redfish 1and1ngs

The growth in offshore groundfish landings during the period
was due to a substantial expansion iananadian'offshore fishing effort,
charactgrized by increases in the number of vessels and days fished, from

1953 to 1968 but declined afterwards to 1971 (Table 2).

The number of offshore vessels iﬁcreased from 105, valued at
$12.3 million iﬁ 1953 to 558 vaTued at $149.6 million in 1968 but deé]ined
to 543 valued at $122.4 million by 1971, Groundfish vessels fo]lowed.fhé
same pattefn 1ﬁcréasing in number from 101 to 378'in 1968 and then dropping
to 341 vessels in 1971. There was little apparent change in the size |
structure of the fleet judging from the average tonnage per vessel unti]
about the mid 1960's when there was a trend towards larger and costlier
Vessé1s. This trend was to a large extent fostered by government proghams of
assistance, both Federal and»Provincia], for vessel construction on fhé

Atlantic coast (Mitchell and Frick, 1970).
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Table 2. Factor inuputs, offshore fisheries, selected year 1953-1971

‘f—Groaﬁafish Total Tonnage | Value of Dayé_—
Vessels 1/ No. of - Vessels 2/  Fished
Vessels :
($'000
constant
1971
| dollars)
1953 101 105 13,335* 12,296 8,117
1956 - 124 ' 136 17,272* 27,192 11;916
1959 192 211 26,742 19,805 10,768
1962 272 201 | _ 34,525 n.a. 22,225
1965 21 410 64,729 73,821 . 34,889
1968 378 558 . 113,536 149,566 45,898
1971

341 543 115,752 122,410 42,217

* Estimated

1/ These include trawlers (stern and side), dory vessels and longliners.

2/ Values not cdmpatib]e for the whole period since prior to 1960,
values given were for vessels 40 tons and over whereas offshore
vessels given by ICNAF were vessels of 50 tons and over.

 Sources:

Environment Canada, Annual Statistical Review of Canadian

Fisheries, Vols 1 to 4, (Ottawa) ICNAF, List of Fishing
Vessels and Fishing Effort. Triannual publication, (Dartmouth,
Nova Scotia).
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The decline in the number of offshore fishing vessels have

been the result of scarcity of offshore resources leading to increasing

fishing costs and deteriorating economics returns to vessel operations

(TabTe 3).

Table 3. Revenues & estimated costs, offshore groundfish fisheries,
| Selected years 1953-1971

Year Estimated Costs

Revenues Profit or Loss

| ($'000, constant 1971 dollars)

1953 8,757 | 9,623 866

1956 12,295 B E R R 1,520
1959 15,438 6,250 812
1962 15,894 | 17,276 1,382
1965 28,322 28,551 229
1968 33,87 3,63 -1,653
1971 39,662 36,945 a7

Source: Based on costs and revenues from Proskie J and J.P. Charronv
"~ 'Costs and Earning of Selected’ Fishing Enterprises Atlantic
- 'Provinces annuals, (Ottawa).

“The table indicates that the offshore groundfish fisheries
have in recent years been operating at levels where total costs exceed

total revenues i.e. at an economic loss characterized by the absence of
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any}economic rents. This conforms to the economic theory of fisheries
exploitation which will be discussed later and indicates Tow returns to
capital i.e. to vessels, in the offshore fisheries. |

| The.absence of rent is however misleading since there might
be accruing to plants i.e. the secondary ]eve1;'rather than vessels. This
is because there is a high degree of vertfca] integration in the industry.
Most of the offshore vessels are owned by large processing plants or
companies. These companies control vessel prices to a great extent, keeping
them low to their vessels since vessel operéting losses can be recouped

by profits from their processing operations.

Growth 1in the'vo1ume,'va1ue of offshore landings, and in the
fishing fleet exploiting offshore resources during the period 1953-1971

resulted in growth in employment and per capita incomes (Table 4).

~Table 4. Estimated per capita income offshore .fishermen

No. of - Gross Value Net Income
: Fishermen of Output Per Per Fishermen
................... ............... . Fishermen. .. . .

(constant 1971 dollars)

1953 5,210 1,846 722
1956 5,456 - 2,531 992
1959 S 4,910 | 3,309 | 1,542
1962 . 4,799 3229 _ 1,657
1965 6,011 - 4,787 2,209
1968 5,952 7,833 | 3,603
1971 ; 5,122 . 9,686 : 4,456

* Based on Cope's (1967) estimates of returns to labour at 39 percent of
gross output for the years up to 1957'and‘46 percent thereafter.
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Estimated per capita incomes for offshore fishermen increased
from about $722 in 19537to.$4,456 by 1971. There.is, however, quite a range
in ineomeé for offshore fishermen depending on the level of skills required
with the skippers, metes, and engineers 1n some of the larger and more

technically sophisticated vessels receiving high incomes. Some'skippers

~incomes were as high as $20,000 or more (Charron, 1972).

The secondary manufacturing or processing sector of the fishing
industry will ﬁot be discussed here in detail since we are interested mainly
in the primary éector. However, all the landings from the offshore fisherfes
are prbcessed into semi-finished and finished products by many processing
plants along the coast. These can be sub-divided into (1) food products
and (2) reduction plants. The former utilize offshore groundfish landings
for processing them into fillets, blocks, frozen round and dressed and canned

goods; while the latter process mainly pelagic herring but also groundfish

off all into fish meal and oil.

Processing operations add much to the value of fish landings: the

value added by pkocessing‘is‘genera11y equal to the value of the catch.

Thus, in 1971 the marketed value of the products produced from offshore -
landings was probably in the .vicinity of.$70 million. Most of these products,
about 65 per cent, are exported mainly to the United States where they compete
with similar products from many other countrjes. Because of this, market
prices fdr,fisheries products are generally established in the United States

market which can be c0nsidered‘one of the World's major fish Markets.
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111. Fisheries Exploitation: 'Bio-economic aspects

it was only since 1953 with a seminal article by Gordon2 (1953)
;that the economfcs df fisheries exploitation began to receive some attention
in the literature. In recent years a number of mathematical models have been
developed for natural reéources in-geneka] and fisheries in particu]ér by
Crutchfield-Zellner (1962) Quirk and Smith (1970) Burt and Cummings (1970)
Ful]enbaUh et al (1971) and others. These models have to a 1afge extenf been

based -on biological models of fisheries population dynamics.

The Biological Foundation

Biologists distinguigh two fypes of models of fisheries population
growth (a) a dynamic-pool model associated with Beverton and Holt and (2) a
logistic.growth model associated with Schaefer (1953)14 The dynamic-pool model
‘ is characterized by a eumetric yield function which has no clearly demaréated
max imum limit. The maximum in fact from the fishing standpoint is definéd as
a 1im1t,wh1§h can only be reached by an almost infinite fishing effort. This
model has not been widely used by economists who have, with some exceptions,
embraced thé simpler 1ogist1c.mode1vby'Schaefer. The biological theory under-

1ying this model is called the theory of ecological equilibrium.

The theory of eco]ogica] equilibrium as described by Schaefer indi-
cates that fisheries populations tend to remain in ecological equilibrium

whereby 1ossés due to natural mortality are on average offset by

1/ For an extensive review of the biological models see Ricker (1958).



590 =

increments due to reproduction and growth.l/ Fishing operations by man

disturb this equilibrium as losses due to mortality and fishing effort

at first diminishes the population but these losses are in turn offset

by increases in the rates of reproduction, since at a lower population density
fish tend to reproduce, survive and grow better. Thus a new equilibrium Tevel

at a lower population level is attained.

The effects of fishing effort on output from a fishery under
the ecological equilibrium conditions mentioned above are shown in diagramatic

form in Figure 1.

Fig. 1

yvield

Effor£

1/ For a mathematical exposition of this see Bell and Carlson (1970).
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There is a sustainab]é yﬁe]d from the fishery which can be Tow
for both low and high rates of fishing effort, e.g., output at ob] at levels
of effort‘oal and 0a, respectively. In between, there is some level of out-
| put ob where a maximum sustained physical yield can be obtained. This yie1d
is not, however, the most economical or éfficient‘since it does not take -
fishing revenue and costs of fishing effort into cohsideration. It was 1htr6-
ducing"tﬁe effects of economic factors, namely fishing costs and revendes,

that an economic theory of fishery exploitation was developed.

 The Economic Theory

The-economic theory Qf fishery exploitation ‘states that beéause
.fishery'resources’aré common proberty, characterized by the free entry 6f:
capital and labour inputS‘(combonents of effort), exploitation of these |
' fesources genera11y takes place not at economic optimum levels i.e. where
marginal édsts equal marginal fevenues, buf up td the point where tota1»

revenues equal total costs. This is generally depicted by Figure 2.

Fig.2
Production
(value)
‘ T.C.
T.R2
T’.Rl
1 — Effort
Economic Equilibrium

optimum , level of
exploitation
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In this diagram the biological production function is convérted
to a total revenue function by assuming constant prices. The total cost of
fishing effort, i.e. both fixed and variable costs, is also assumed to increase

linearly with effort. The economic optimum level of fishing is where MC=MR

dt/
surpassed with uncontrolled fishing resulting in a dissipation of any_économic

which occurs where dR /dC. However, it is argued that this level is gehera11y
' / dt

rent from the resource at an equilibrium situation where total revenues equal
total costs. The assumptions of this model namely the price and cost assumb-
tions_are»not realistic. Prices éhange becéuse of supply demand relationships;
and the total cost function probably curves upwards as effort increases. For
example, if price increases, the total revenue curve will be pushed up to T.R.z-
as shown ih the diagram. As a result, this model has been_criticized'(CarTson,
1969) qu being rather rigid and restrictive.But,although more general‘mode1s
have been developed taking both supply and demand into consideration fhgse '
still support.the basic thesis that in uncontrolled fisheries.exp]bitation
,tend% to‘take‘p1;ce at economic levels where all rents are dissipated. Besides,
in-these'models supply rather than demand has proved to be the most prob]ématic

area with the result that interest here is centered on supply aspects.

V. "BioéEConomic'Supply'Models

Three bio-economic models were formulated based on the steady
state model of Schaefer, and two stock adjustment models based on the Houthakker-
Taylor stock adjustment formulation, and the more traditional stock adjustment

(partial adjustment) associated with Koyck and others.
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These. models were speéifed as follows:
Model 1. (Steady State)

Ct= b] E

2 .
t + b2 Et + b3 Pt + Uy

Model 11. (Houthakker-Taylor stock adjustment)

Cy=-A+ A + Ay B, - Ay E +A P A

1 St > Et t

Model 111. (Traditional stock adjustment)

+ B2 Et + B3 Pt+ Vt

Where C, = catch
E, =  fishing effort
Py = price or some other economic variable

Models 1 and 111 are. relatively well known but the application
of the\Hduthakker-Tay]or formulation, Model 11, in a supply and fisheries

context -is unique.

The Houthakker-Taylor Model in a fisheries context

The'Houthakker-Tay]or'mode1,thqugh developed for consumer démand,
seemed very épp11céb1e to fisheries frqm a supply standpoint. The aspect
of this mode]_which was most apped]ing is that it shows, based on the
bio]ogicé] assumptions of‘fisheriés‘popu1ation growth, that the under]ying
stock or population of fish can be eliminated from a regressiqn equation |
comprised‘basicé]]y‘of catch and_effort.variébiés.'An example of this

model applied to fisheries is as follows:
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1) C(t) =a+ ax (t) ++E (t)
where C(t) = catch 1n time t

X(t) = fish popu]at1on or stock
- in time t ,

E(t) = fishing effort in time t
a, By, Y = parametehs

This shows that the catch from fishing is a function of -the

~underlying fish population and fishing effort. Now the rate.of growth

of the fishery population when exp]dited by man is equal to the natu-
ral rate of growth of the stock minus the catch taken by man. This is
exphessed by the following identity:

(2')  X(t) = W(t) - C(t)

where X(t) : dX = the rate of growth of popu]at1on. ‘
dt

W(t) = the natural rate'of‘growth of stcck.
Th1s 1dent1ty ind1cates that the f1sh popu]at1on will grow 1f

the catch taken by man is less than the natura] rate of popu]at1on

" increase and will dec11ne if vice versa. The popu]at1on will be 1n' |

' ecologfcal équi]ibhium ff'i(t) = 0 and W(t) = C(t).”

"The population ihcréaée'is_a function of the fish
population which can be expressed by éX where & represents the combination

of factors such as the rate of recruitment, rate of grQWth of stock, and
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natural mortality per unit time where unit time is t. Thus
(3) MW(t) = sx(t)
is a constant rate of growth proportional to the population.

(2 ) and (3 ) can therefore be combined into:

(4)  X(t) = 8x(t) - C(t)
X(t) can be eliminated from (4 ) by using.( 1%) to obtain:

(5) X(t)=8 [(c(t) -a- 'rE(t))] - C(t) |
Diffeientiating {1 ) with respect to (t) and substituting
(2.5) for X(t) result in: '

(6) C(t) = 35% [c(t) - a-vE(®)] - c(t)} + vE(t)

which, on simplifying becomes a first order differential equation
involving only the observable quantities of zatch and effort, that is:
(7) C(t) =—as +(s - B)C(t) + YE(t) - ysE(t).

The parameters, a, 8, y and & in the continuous model were

estimated by obtaining the discrete anologue of this model. This discrete
analogue, obtained through a method of estimation using continuous

differences and transformation, was:

(8 ) Ct=_a6
T - 3(6-8)
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This equation, which is the one actual]y used for estimation,'

can be expressed as follows:

E

(9) C=- Ao_+ MCi _q + Ay BE, ~A

t-1
It can be verified, apart from estimating errors, that:
(100 L 2Ay(A, + 4A5)
Ay(Ay + 1)

(1) g Ay 2 =)
Ry + 3y " E+ T

(12) v = 2R+ iAy)
TR

_ A

((13) 6= 3

The Houthakker-Tay]or approach has been criticized by Dagum
(1970) as being‘unnecessari1y sophisticated since a discrete time formu-
lation would allow directly and in a more simple way the deduction: of
the reduced fdrm. As a result of this a discrete time formulation of the

model was developed;

1/

A Discrete Time-Fbrmu]ation— .

Equations (1) and (2) can be put into discrete time with each

time interval being one year. We therefore have:

(2.1) | Cn ="a + ﬂXn + yEn and

1/ 1 am indebted to Professor N.G.F. Sancho of the Department of Mathematics,
McGill University, for this formulation.
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(2.2) X) 497 Xy = 6%, = C =aX -a -8X —+E
where Xn = Average population over year
Cn = Total catch for year‘
E_ = Total fishing effort for year
substituting for Xn and Xn+] from (2.1) into @.2)
results in:
(2.3) %_(Cn_,_] - - YEnH) =(1+6-8)(C -a- vE)) - o - 4E and
2.4) C 4 -a- Eg=(+s-8)(C -a- ¥E) - a8 - Y8E_ or’
.5) Cy=a-all+6-8)-ap+ YE 4 - YBE + (146 - B)(C, - ¥E,)
i.e. |
(2.6) Cn+'l =-ad+ (1+6 - B)Cn + YEn+1 -1+ G)YEn
now En+1 - En = A En+] therefor_'e:
(5.7) Cn+1 = -ad+ (1 +6 - B)Cn + YAEnH - YGEn
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This agrees with Houthakker-Tavior's eauation ( é ) to a first
degree approximation and can be expressed as -

(2.8)) C.e1 = A, + AlC, + A2AEn+] - AsE, and

(2.9) €= A ¥ AC L+ Ay E - AE

3™n=-1

’ ‘where the reduced form and structual coefficients are as

follows:

- ————

b o . ‘&é.]O) 'AO = -qd
(2.17) ‘A] =1 +6 -8 |

(Lﬁ)ﬁzﬁr

ﬂA (2.13) Ay = Ys

[

(2.14) § = Ag/A,

This model, therefore, results in essentia]]y the same estimating

equation as the continuous model.

‘A bio-économi¢ Formulation

The Houthakker-Taylor model formulation for fisheries was made into

a bio-economic model by introducing an economic variable, price P, since

-

o g
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fisheries exploitation takes place mainly for economic reasons. The basic

equation with this variable included is as follows:

(3.1) C(t) = a + BX(t) + YE(t) + nP(t) + u,

with the estimating equation of Model 11 i.e.

(3.2) C=A + AC i+ ABE, |+ A4APt-A5Pt A

) The inclusion of this other variable results in problems of
identification and correlation which stem from the fact the two different
'estimateé of the structual parameter § are available from the reduced form
coefficients A, and Ay and it appeérs,that the error term is auto-corre]dtedl(
As a result the H-T type model is susceptible in its extended form to
problems of estimation. This is common, however, to most stock. adjustment
mooels and teohniques have been developed to‘combat this (Johnston, 1972,
318-320). Houthakker and Tay1or oéed‘an iterative technique for arriving ét a

single estimate of & and the thfee-pass least Sqoares where necessary to
.combat the auto—corre]otion.ofoblem. However a simpler method of estimating &

was used by Dobell et al (1972, 187) and this will be used in this papehg/,

1/ Since ¢ is also equal to Ag
| | A + 3 A
and, the error term Ve def1ned by:

= (1 ?) - (1 ?)u

T-3(s- )

2/ This is based on the we1ghted average of the two estimates of s, the
we1ghts be1ng the inverses of the t-ratios of A3 and A (Footnote 18 +187)
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The Traditional Stock adjustment Model, a fisheries context

The traditional stock adjﬁstmént-mdde] was considered as a
specié1 case by'Houthakker-Taylor where presént values are preferable
to lagged dependent variables. For fisheries, the present level of
fishing effort might be mbre significant than the lagged effort or period
(one year) changes in effort i.e., Et;] and AE,. This model can be applied

to fisheries in the following way:

(4.1) Let C. = o +8E, + €P
t

t t

Tk
where Ct = The optimal catch as a function.of fishing
effort and price

" the growth in catch from t-1 to t is:

(4.2) Ct - Ct_-l = Y(C* - Ct_-l) + U | 0<y<]

t

therefore;

-(4.3) C, - Ct;] = y(a + pEt‘+ ePt - Ct-]) + Uy and
‘4.4) Ct = oy + (1-y)Ct_.| + BYEt + gyPt + ut

" which is expressed in reduced form by Model 111 i.e.

E,+ B Pt-+ Vt

(4.5) Cy =By +BiCy_ + ByE, + B

2

The reduced form coefficients of this model are as follows:

(4.6) B = ay
(4.7) 8y = (1-y )
(4.8) B, = py
(4.9) By = ey
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Parameter Estimates and Their Uses

The parameter coefficients of both the structual and reduced
forms of the two stock adjustment models provide valuable information on the
relationships between the dependent and independent variables. In the models
the coefficients of the structual form show the relationship between the
dependent variables, the catch, with the underlying stock and also on effort

and price or income variables.

The stock coefficients in Model 11 are & and 8. & measures the
natural rate of growth and g its stock adjustment due to fishing effort. Thus

this indicates that if:

§> @ there is population growth
§=p zero growth or steady state and

§< 8 stock depletion or overexploitation

In Model 111 the stocks adjustment coefficient is y. The closer

this is to unity the greater is the adjustment made.

The coefficients of the other variables give the short term or
instant aneous change of these variables with respect to catch, before the
state variables have time to adjust. The long term coefficients during which

adjustment takes place can also be derived for the two models as follows:
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Model 11 (The H-T Model) Model 111 (the traditional
stock adjustment) '
Short Run Long Run Short Run Long Run

Effort Y v g8 | BY p

(6-8)
Price or Income n n’=ns eY €

(6-#)

From the short and Tong term coefficients the short and long
term elasticities of prices or incomes can be obtained (Dagum, 1971;

pp 1406 - 1408).

V.  Application of Models and Results

The three bio-eeonomic models described earlier were tested by
applying them to Canada's groundfish fisheries in the Northwest At]antfc for
cod, redfish and other groundfish. It was assumed that fisheries‘reSOUrces
in the Nortﬁwest Atlantic were evenly distributed throughout the areas
fished, that fishing effort wes highly mobile between areas, and that
landings were proportional to fishing effort.This effort was measured by the

total tOnnage of vessels times the days spent at sea.

The Results

The 1ist of variables used in the models were as follows:
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Table 5. List of Variables

21
22
23
21
22
23
21

22

o
i

Canadian east coast offshore cod landings
Canadian east coast offshore redfish landings

Canadian east coast offshore other groundfish landings

~Canadian offshore fishing effort for cod

Canadian offshore fishing effort for redfish

‘Canadian offshore fishing effort for other groUndfish

Wholesale price index (constant prices) U.S. market for cod

Wholesale price index (constant prices) U.S. market for redfish

Wholesale price index (constant pr1ces) U.S. market for other
groundfish .

Per capita income (constant dollars) Canada

The wholesale pr1ce index in the United States for cod, redfish

and other groundfish was chosen as ‘the price variable instead of ex- vesse1

prices since this proved to be more significant in regression equations using

both. This supports the contention that, because of vertical integration in the

industry and its pricing policy for vessels, market prices exert a greater

influence on fishing effort than ex-vessel prices.

1/ G.N.P. D1sposab1e income and disposable income per capita all in
constant dollars were tr1ed but results were not as good as with
G.N.P. per capita.
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The best results from a variable or specification standpoint of

the models for the three species given were as follows:

Canada's Offshore Cod

(I.1) Model 1 (Steady State)

2

= 114.01 + 1.136E2] - .0028E21

C2] + 2.665Yt.

- ( 4.81) ( 5.19) (.2.42) (-3.02)
(23.70)) ((21.91)) ((11.38) (( 8.80))

2

R%=.95 R 2

=.94 S,E.E.=5.59 D.W.=2.06

(I1.1).- Model N (Houthakker-Taylor Stock Adjustment)

C 81.443 + .339C2] + .647AE2] +'.487E21 + .]17AYt - 1'96Yte1

21 =
t-1 t-1
( 2.50) ( 1.58) ( 6;64) ( 2.68) ( 0.07) (-1.85)
(( 32.5)  (C.251)  ((.097) ((.181)  ((16.53) ((10.60)

R%=.95 R 2-.93 S.E.E.=6.11 D.W.=1.30

(III.1) Model 111 (Traditional Stock Adjustment)

C,y = 90.34 + .185C2] + .6]6E2] - 1.918Yt

t-1
( 3.82) (1.15) (6.33) (2.07)
((23.6) (C.159)  ((.097) (( .092)

21

2

R2-=.94 R 2-.92 S.E.E.=6.36 D.W.=1.20



Canada's Offshore Redfish

‘Model 1 (Steady State)
2

(1.2) Cpy = -5.539 + .903E,, - .0019E5, + .219P,,
( 0.54) ( 9.82) (-2.52) ( 2.23)
((10.20)) (( 9.18)) (( 7.77) (( .098)
R%=.99 R 2-.99 S.E.E.=3.74 D.W.= 1.56

Model 11 (Houthakker-Taylor)
(11.2) C22 =-14.39 + .315C22 + .764AE22 + .427E22 + .268Pt

-] | t-]
(-0.96)  ( 1.18) (6.17) (2.8  (2.21)
(1a.88)  (.267) (230 (.198)  (( .120)
R%=.99 R %-.98 S.E.E.=4.24 D.W.= 1.93

Model 111 (Traditiqga] Stock Adjustment)

(I11.2) Cyy = .469 - .027C,, + .693E,, +  .185P,,
‘ t-1 ‘
(0.08) (-0.11) (559  (1.58)
C((12.78)) (( .189)  (( .128) (( .117)
R%=.98 R %-.98 S.E.E.=4.50 D.W.= 1.45
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Canada's 0Offshore Other Groundfish

Model 1 (Steady State)

(1.3) Cpy = 106.20 + 1.184E,; - .0034E5, - .442P,,
(5.78) ( 7.01) | (-4.08) (-2.38)
- {(18.35)) ((16.87) (( 8.38) ( .185)

RZ .94  R2.93 S.E.E. 9.12  D.W. 1.75

Model 11 (Houthakker-Taylor)

(I1.3) Cpy = -8.375 + .402C,; + .5500Ey, + .065E,; + 5.1764Y, + 1.913Y
t-1
| £-1 e
(0.07) (1.80)  (2.77)  (0.38) (71.69) ( 0.88)
(60.88) (( .222)  (( .198)  (( .188)  ((30.52) ((21.54)
R%=.93 R 2-.91  S.E.E.=10.52 D.W.=2.14

Model 111 (Traditional Stock Adjustment)

(I11.3) Chg = 82.14 + .476C23 + .267E23 - .374P
t-1

23

(2.61) ( 1.89) (1.89) (-1.51)

«31f46» ( .251)  ( .181)  (( .247)

)
2_ -2

R=.90 R °=.88  S.E.E.=12.0  D.W.=1.60
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Good resu]tsvwere‘obtained-from all the models with\Mode].],
the steady state model, giving the best results in terms of high RS,.lpw.
standard errors and good Durbin Watson statistics. The stock adjustmentk
models results were as good withvthe Houthakker-Tay]or model, Model 11,
being s1ight1y better than Model 111, the traditional stock adjustment

model.

The Houthakker-Taylor Model 111 results were quite satisfactory,
%11 equations gave good fits (Fig. 3). Judging from t-values at the 5
Lercent level, most of the variables were significant with effort variables.
(changes in fishing effort and lagged effort) as the most significant.
The wholesale United States price index and income variables were also

significant in most cases.

~ The Durbin Watson statistic was in the inconclusive range for
(I11.1) and (II.2). Froh.(II;1) ft is»pbssib]e that auto-correlation is
present and the new test suggested by Durbin (1970) for this broke down.
However for I1.2 and II.3 it indicated that the hypothesis of zero auto-

correlation at the 5 percent level could be rejected.

The coefficients of the structual form of Models 11 and 111
are given in Table 6. The coefficients of Model 11 are obtained from the
discrete fokm of the model since it was found that there were little .

differences in estimating them from the continuous or discrete formulations.
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ESTIMATED AND ACTUAL LANDINGS, MAJOR SPECIES,
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Model 11
#2 82 Y2 Y2 o
(I1.1) 1.353 752 % 647 .818 J17(Y) -3.18(Y)
(11.2) 1.243 . .558 .764 .623 .268(P) .217(P)
(11.3) .920 - .322 .550 .108 5.17(Y)  3.198(Y)
Model 111
3 83 €3
(11.1) 815 756 -2.35(Y)
(111.2) - 1.027 | .675 .180(P)
(111.3) .524 ~.509 -.713(P)

Although it might not be apparent at firSt‘gianée there are
similarities between the coefficients of Models 11 and 111 in the equationS
with the same variables (1) and (2). The structual coefficients of Model 11
provide more information in that it has a stock adjustment coefficient due

to fishing effort B, and 62 which is the natural rate of growth bf stock

* Imp1aUsib]e results were obtained by the method advocated by Dobell
et al (1972) due to a high negative s from A5. As a results was estimated
from A3 which were more significant variables than.A5 .

2 ~ !
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adjustment coefficient. The long run effort and price and income coefficients

in Mode1 11 are of the same relative magnitudes as those in Model 111.

 The information on stocks show considerable stock adjustment
for the three major species. However in Model 11, the nétufa] rate of growth
" of these stoCks 8§ is less than the stock adjustmént due to fishing effort
indicating that the underlying stocks are declining. This supports the findings
of ICNAF scientists that the resources are being exploited at levels higher
than their reproductive capabilities can bear. The coefficients of fishing
effort, in the short and iong run, are'positiye ahd less than 1 in both models
indicating decreasing returns to fishing effort, particularly for redfish and

flatfish (other groundfish).

The prices and income coefficients were used to obtain short and

Tong run elasticities from both models for 1971. There were as follows:

Table 7. Short and Long Term_Ejastjcities 1971

Models _ ~ Short Run Elasticities .Long Run Elasticities
(I1.1) - Income 1 .055 1.50
(I11.2) . Price | -.284. -.230
(I1.3) Income - 14.11 ' 8.73
(I11.1) | Income - =.90 : 1.10
(I111.2) . Price -.196 . -.190

(111.3) ~ Price ’ ) | -.471 , -.898
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The results indicated that fish species tend to be inelastic
in respect to price in both the short and long'run, and elastic in respect

‘to income per capita in the long run.

Conclusion: The Policy Implications

The utility of models depends on their effectiveness in the
decision making process, i.e. in policy formulation. In this respect
models can be helpful both from their explanatory and predictive qualities. The
models examined here have for example provided valuable insights into the
f major- factors affecting the exp]oitation‘and supply of groundfish speéies,
From the results obtainéd, the models should also be useful for making §hort
term predictions. This aspéct will not however be examined in any detail.
The main reason for this is thét for predictions to be made with any.ké]ia-
bility there sHou]d be structural permanence;and this'certainly is not the
case sihce ICNAF has from 1969 progressively extendedvips quotas until they
now cover all groundfish species in the northwest Atlantic. As a,resuit, the

use of the models for predictive purposes is strictly Timited.

Despite the limitations of the'modé]s for predictive purposes
some short term predictions were made using Model ‘11. These were based .-
on a small reduction in fishing effort since 1971. This seems to have been the
case because the number of vessels in‘the offshore fleet declined between-

1971 and'19721/ and in 1973 the government temporarily stopped its vessel

1/ From data obtained from the Economics Intelligence Branch,Fisheries &
Marine Service, Department of Environment.



..32 -—

subsidy program in an attempt to bring Canadian fishing effort more in line

with resource availability. The forecasts made on the basis of this assumption

and on actual prices and incomes data were as follows:

Table 8. Short Term Projections Model 11

1972
Cod (Actual)* ( 78.2)
(Predicted) 68.2
Redfish (Actual) (109.9)
(Predicted) 127.7
Other Groundfish (Actual) (162.1)
(Predicted) 160.7

1973

( 53.1)
54.6

(156.0)
148.6

(167.0)
170.7

1974

50.6 **

145.3

173.5

* Preliminary

** The projection for 1974 was made on the basis of no change in cod fishing

effort between 1973 and 1974.

The models predictions were not too good but no tests were made

of the results. The predictions did indicate however decreased cod landings

throughout the predictive period, and increases in redfish and other ground-

fish Tandings up to 1973 with some declines in 1974. Cummulative monthly

landings up to June 1974 by Statistics Canada support this finding since these

landings were far below cummulative Tandings for the same period last year.
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Despite the limitations of the models for predictive purposes
they can be used to assess the changes in effort necessary to catch the
established guotas. This can be done by making effort the depéndent variab]e
in the regression equation results. For examb]e in the case of Model 11 the
change in effort required to take a certain catch or quota will be giveh |
by the following:

- A + AP

(V1) 8E, =Cp + A - A 40P + APy

£ = G 10421 * Askey

Ay

As a result, the models can be used to determine effort levels

for obtaining desired levels of landings. This is an important policy

consideration in the quota regime’under‘which Canada's offshore fisheries
in the northwest Atlantic now operate. |

To conélude, the stock adjustment models 11 and 111 examinedv
were not superior in their empirical testihg to the steady state model when
applied to Canada's offshore fisheries in the ndrthwest Atlantic. Model
11, the llouthakker-Taylor model, gave s]ighf]y better results than the tradi—

tional stock adjustment model, Model 111.
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APPENDIX

COMPARATIVE RESULTS OF THE MODELS
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Table 1-1 Cod Results With Wholesale Prices (U.S.) As Available
Model 1 Cpy = 66.581 + .885-E, - .00256,° - 0.279P,,
( 6.68) ( 5.00) (-2.05) (-2.50)
(( 9.96) ((17.70) (2.0 ) « .111)
R®-.944 R %-.932  S.E.E.-5.98 D.W.=1.66
Model 11 Cpy = 37.03 + .482C, + .569aE, + .296E, - .125P,,
t-1 £-1
( 2.23) (1.71) ( 6.36) ( 2.08) (-1.16)
((15.84))  (( .258)) (( .089)) (( .142) ( .107)
RE=.941 R 2-.923  S.E.E.6.37 D.W.-1.48
Model 111 C,, = 56.22 + 09w asEy,y - 172,
(5.62) (0.70) ( 6.31) (-1.58)
(10.68) (( .157)  (( .077)) (( .108)
R%=.930 R 2=.915  S.E.E.=6.70 D.W.=1.14
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Table 1-2 Redfish Results With Wnolesale Prices (U.S.) As A Variable

= 2
Model 1‘- C22 = -5.539 + .903E22 - .0019E22 + .219P

22
(-0.54)  (9.82)  (-2.52) (2.23)
((16.20)  (( 9.18) ( 7.77)) (( .098)

R%=.988 R 2-.986 S.E.E.=3.74 D.W.<1.56

Model 11 C22 = -14.998 + .386C22 + .759AE22 + .377E22 + .306AP22 + .260P22

t-1 ' t-1 _ t-1
(0.96) (1.05) ( 5.84) (1.42) (1.71) ( 2.03)

((15.57) (( .368) (€ .129)  ( .265) (( .179) .128)

2 5 2

R°=.987 R °=.981 S.E.E.=4.39 D.W.=].99

Model 111 C22 = .469 - 1.027C22 + .693E22 + .185P22
t-1

(0.04) (0.91)  (5.59)  (1.58)
(12.78)  ( .189)  ( .124)  ( .117)

VR2=.983: R 2=.980 ' S.E.E.=4.50 D.W.=1.45
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Table 1-3 Other Groundfish Results WithVWholesa]e‘Prices (U,S.) As A Variable

2

Hodel 1 Cpy= 106.20 + 1.184E,5 - .0034E3, - .442P)
( 5.78) ( 7.01) (-4.08) (-2.38)
((18.35) ((16.87) ( 8.38) ( .185)
R%=.942  R'22.930 S.E.E.<9.12 D.W.=1.75
Model 11 Cpg = 39.73 + .470C,; + .6040E,, + .184E,, + .057P,,
| o1 o1 -1

(1.03) (1.99) (2.57)  (1.31) (0.16)
((38.26)) ( .235) ( .235) ( .140) ( .339)
R%=.918 R 2=.893 S.E.E.=11.3 D.W.=2.2]

Model 111 - C

23 82.14 +.476C23 + _.267E23 - .374P23

t-1 |
(2.61) (1.89) (1.89)  (-1.51)

((31.46) (( .251)) (( .141))  (( .247)

2 2

R%=,899 R ©=.878 S.E.E.=12.0 D.W.=1.60
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