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This study develops an improved method for under-
standing economic production relationships in small scale
fisheries. This method postulates that gross revenue is a
function of physical input quantities, and is based upon
the transcendental logarithmic function to derive factor
share equations for each of the five inputs in the model.
The translog form was selected because of its flexibility,
non-constant elasticity of substitution, and input inter-
action to give a more realistic representation of produc-
tion relationships in small scale fisheries. The model
was tested using cross-sectional data from a cost and
earning survey on the Florida reef fishery. The joint
generalized least squares procedure for seemingly uncorre-
lated equations was used for the parameters estimation. A
total of 68 observations were used. The estimation

results were not very encouraging because of the poor



response of the model. This may in part be attributable
to inconsistencies shown by the data.

The translog gross revenue function, was also es-
timated. The result showed good response. However, the
model was characterized by multicollinearity and sen-
sitivity of parameters to variable substitution. Similar
results and characteristics were obtained when the Cobb-
Douglas function was estimated. These results were also
influenced by the size and the characteristics of the data
set.

The method presented here for estimating economic
production relationships in small scale fisheries is at~-
tractive because (1) factor share and output elasticities
are a function of the inputs and (2) it allows varying the
inputs in bundles instead of individually, which is more
realistic for policy analysis. Further testing of this
model is encouraged using a larger and more accurate data

set.
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ESTIMATION OF SMALL SCALE FISHERY
PRODUCTION RELATIONSHIPS: THE CASE

OF THE FLORIDA REEF FISHERY

CHAPTER I

INTRODUCTION

Small scale fisheries are composed of those fishing
firms which have limited economic and technological op-
tions available to them and are characterized by labor in-
tensiveness.

Small  scale fisheries represent, especially for
developing countries, a valuable socio-economic alterna-
tive for providing job opportunities and proteins for
human consumption. Small scale fishermen constitute
aproximately 95 percent of the world labor engaged in
fishing, supplying more than 50 percent of the fish for
human consumption at high rates of catch per fuel ton ex-
pended (Lawson, 1984).

National governments, with the cooperation of inter-
national agencies for fisheries development, have inten-
sified efforts to develop small scale fisheries after the
adoption of the 200 mile economic exclusive zone by most
coastal nations in 1977. Common objectives for the
development of small scale fisheries are: to increase the
supply and demand of fish; to increase fishermen income;
and to create more job opportunities in the fishery. To

achieve these objectives, special 1loans and technology



transfer programs are usuaily made available to fisher-
men.

However, there are gquestions concerning (1) what
resources to allocate and (2) how these resources should
be allocated to small scale fishermen. These questions
are critical to the success of any development program.
In this respect, Sutinen and Pollnac (198l1) express that
"to successfully address the fisheries development
problem, one must first solve the associated implicit in-
formation system problem". This implies that making deci-
sions for fisheries development reguires information.
This information consists of a system where data is col-
lected, analyzed, and communicated to decision makers.
This information system can then provide an understanding
of the different components of the fishery, e.g. how the
fish resource, catch production, fish markets, and in-
stitutional and socio-cultural factors interact and what
the causal relationships of these interactions are.
These relationships are not usually well known in small
scale fisheries.

This research is concerned with causal production
relationships in a small scale fishery. Production
relationships include a description of how one or more
inputs (or production factors) are related to output
(catch) in a given production process. There are in this
process several possible input combinations, each yielding

a discreet output 1level. This is usually referred to as



the production possiblity set of the firm. If output is
produced with technical efficiency (i.e., maximizing the
output for every possible input combination), the produc-
tion relationship is referred to as the production func-
tion. Therefore, the production function is the mathe-
matical representation that states the maximum output at-
tainable from a specified set of inputs. In this sense,
the production function 1is a technical relationship.
However, if the best input combination is selected ac-
cording to output and input prices, then outputs are
produced with economic efficiency.

Studies of production relationships in fisheries are
conducted for two purposes: (1) for managing the fish
stocks and (2) for allocating resources in the fishery.
The first is mainly concerned with the development of
bioclogically oriented models describing relationships be-
tween catch and fishing effort for purposes of determin-
ing fish stock abundance and proposing biological fishery
regulation measures. Economists, in their efforts to in-
tegrate biology and economics, use the same kind of
models for discussing theoretical issues regarding
economic efficiency of the fishery under exploitation.
For this purpose prices of the catch and fishing effort
are included in the model. Agnello and Anderson (1981)
provide an example of an economic empirical application of
the biological production function. They studied

production relationships in the North Atlantic groundfish



fishery by combining economic inputs into a single input,
the fishing effort. 1In other words, a production func-
tion subject to economic analysis was modified to fit the
biological requirements of the fishery production func-
tion without losing the economic interpretation.

The second aspect is concerned with model construc-
tion and estimation for economic analysis of the produc-
tion process; in this case, with reference to small scale
fisheries. Beyond the production possibility set obtained
from the estimation of a production function, where
physical units of labor, capital and materials are the
inputs, the model also gives information about the mar-
ginal contribution of each input to the catch and the
proportionate catch variation when all inputs changes in
the same proportion. However, the production function,
when combined with input and output prices, provides
economically meaningful information. For example, if
gross revenue is a function of inputs, it 1is possible to
estimate the marginal contribution of each input to the
total revenue and the proportionate revenue variation when
all inputs change by the same proportion. Furthermore,
since labor share in each firm is a proportion of total
boat revenue, it is possible to compute the differences in
fishermen's income between boats. If profit maximization
for the fishing firm is assumed, then the wvalue of the
last output unit produced compared to the input price

gives valuable information about the economic efficiency



of the production process. Profit differentials between
sets of inputs can also be estimated. This is of par-
ticular importance for management policies. Normally the
profit in fisheries contains elements of returns to fixed
inputs (the capital rent) and to the fish resource (the
resource rent) if the fish population is exploited under a
common property regime. In short, estimating production
relationships in small scale fisheries will provide some
basic information to decision makers for devising
policies and programs to manage and develop the fishery.
Also, the estimated production function for individual
firms may be used as a reference to compare and/or adjust
the production process to achieve an efficient level of
operation.

Two main problems are normally associated with the
estimation of production relationships in small scale
fisheries: First, studies attempting to estimate produc-
tion relationships are scarce, consequently, only few ex-
amples exist in the literature of fisheries economics.
This limits the experience with methodology especially in
connection with model formulation and variable selection.
Nevertheless, most empirical applications have derived
production relationships based upon a biological model of
production. Use of such a model seems reasonable because
man acts as another predator on the fish populations.
Examples are studies by Comitini and Huang (1967), Huang

and Lee (1976), Agnello and Anderson (1977), Bell (1972),



Hussen and Sutinen (1981), and Panayotou (1985). The last
three of these studies are applications to small scale
fisheries.

The second and most serious problem associated with
estimation of production relationships in small scale
fisheries 1is the lack of adequate and reliable informa-
tion about the production process. Small scale fishermen
do not usually keep records of the performance of their
fishing firms. If they do, their records are often in-
complete and inaccurate for use in research. To offset
this problem, researchers generate real-world data using
two types of survey procedures: making controlled obser-
vations of selected fishing boats over a period of time
or questioning fishermen on their past production actions
over a period of time. Controlled observations give more
accurate and real information but they are more expensive
to obtain and lengthen the research process. Obtaining
data on past actions is more frequently done. Although
less expensive, this second approach is also less reli-
able because fishermen have to recall past events when
responding to survey questions. In the absence of ac-
curate and timely information, economists working in small
scale fisheries research seem to be confined to do the
best with whatever information is available.

According to the preceding discussion, the general
objective of this research is to describe an improved

method for estimating economic relationships of production



in a small scale fishery.

The specific objectives are: (a) to describe a model
to estimate revenue shares of factors of production based
upon the neoclassical theory of the firm; and (b) to es-
timate the model parameters using a given set of cross-
sectional data, which corresponds to a cost and earnings
survey conducted on the Florida reef fishery by the Na-
tional Marine Fisheries Service in 1981.

Revenue factor shares, and distribution issues in
general, are important to evaluate the impact of varying
inputs of production and/or fisheries regulations on the
economic performance of the fishing firms. For example,
revenue factor shares show input expenditure/revenue
ratios. Changes in the expenditure/revenue ratios results
from implementation of subsidy and tax programs. This is
an externally imposed redistribution of cost. The model
presented here is a first attempt for explaining this type
of relationship in the production of small scale
fisheries. Results are limited to the particular set of
data available. However, the distribution problem is of
common interest in production of small scale fisheries.
The methodology developed here is applicable to other
small scale fisheries and can also be expanded to the ag-

gregate level of fisheries.



CHAPTER 1II

THE PRODUCTION FUNCTION OF A FISHERY

The Theory of Fisheries

Production Function

The production process in a fishery is merely the
transformation of part of the fish population into catch.
The'economic interpretation of the process is that a com-
mon property resource is transformed into a pbssessed one,
which can provide private economic benefit. 1In so doing,
a certain fishing effort is applied to a fish population.
Therefore, the production function for the fishery can be
described as the relationship between the output, the
catch, and the inputs, fish biomass and fishing effort.
This relationship is commonly known as the Schaefer model.
It is the theoretical basis upon which most ‘economic
analysis in fisheries production is based.

The Shaefer model postulates that in equilibrium the
amount of catch is a function of the fishing effort alone.
The following presentation of the Shaefer model follows
the description made by Anderson (1977) and Clark (1976).

The net growth of an unexploited fish population is a
function of its size. Given constant environmental condi-
tions, this unexploited fish biomass will grow at an in-
creasing rate for low population levels. At a certain

population level the growth rate starts decreasing and be-



comes zero at the level of its maximum biomass. This
point at the saturation level of the environment or the
carrying capacity of the environment, is the population
equilibrium size. dB/dt, the growth of the fish popula-

tion with respect to a time period, t, will then be:
dB/dt = F(B) (1)

where the instantaneous growth rate is a function of the
biomass, B. In theory, it is generally assumed that the
growth rate is a decreasing function of the biomass, B.

The growth rate is a net proportional growth rate,
where summation of individual fish weight increment plus
recruitment is compensated for by natural mortality of the
population. The graphic representation of the growth rate
curve for different biomass takes the form of a bell-
shaped curve.

When harvesting takes place, the biomass will move
into a new equilibrium as the net natural increase of the

fish population is compensated by harvesting. This is:
dB/dt = F(B) - Q (2)

where Q(t) is the instantaneous harvesting rate as a func-
tion of the fish biomass and the amount of fishing ef-

fort, E, exerted on it:

Fishing effort is an index traditionally defined as fish-
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ing time multiplied by the fishing power of the vessel.
Fishing power is estimated as the ratio between the catch
of a vessel to the catch of a standard vessel when both
are fishing simultaneously on the same ground.

If the population is in equilibrium, then the catch
rate equals the natural net growth of the biomass for any
level. Furthermore, if equilibrium exists for each of
these population sizes, there will be a one-to-one cor-
respondence between the fish population size and the level
of fishing effort. Under this equilibrium condition, the
level of fish biomass, B, is a decreasing function of the

fishing effort, E. That is:
B = b(E) (4)

Hence, equation (4) implies that in equilibrium, the maxi-~
mum possible catch to be taken per unit of time is a func-

tion of the amount of fishing effort alone; that is:

Q¢ = q(E) (5)

Equation (5) is the Shaefer model representing the
long-run production function of a fishery or, according to
the biologist's concept for population dynamic analysis,
the well-known sustainable vyield curve. The theoretical
sustainable yield curve is shown in Figure 1.

The Shaefer model is a very simplified version of
reality. Most problems in fisheries are of a stochastic

nature and not deterministic as is the model described.
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a)

b)

Figure 1. Theoretical Equilibrium in a Commercial Fisheries
(from Anderson, 1977).

a) The sustainable yield curve: the catch rate is equal

to the growth rate of the BB equilibrium population
for the ELD level of effort.

b) Relationship between population size (B) and fishing
effort (E).
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For example, the Shaefer model does not describe other
aspects such as seasonal patterns, age, and size structure
of the fish population and multispecies stocks; although
they are assumed to be implicit in such a model. However,
the Shaefer model is a useful theoretical tool for dis-
cussing the economic aspects of the fishery production

function.

Revising the Theory

It is expected that in the long run the production
function in any fishery shows diminishing marginal return
to the fishing effort and also decreasing returns to
scale in the relevant stage of production, if the func-
tion is continuous with first and second derivatives.

However, using a single variable as the index of
fishing effort to describe product/factor relationships in
fisheries presents some problems. Fishing effort is
primarily a technical unit conceived as a tool for
measuring the impact of catch on fishing mortality and to
relate it to the size of the fish biomass. Consequently,
it 1is an aggregate 1index that internally combines
factors of production, e.g. capital and labor, into units
of equal production capacity. It assumes fixed propor-
tions of inputs for the same relative fishing power.

This is not the general case in fisheries. The most
likely case is that of different ratios in the internal

composition of the fishing effort. This is not captured
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in the single index variable used in evaluating the
biological production function. Even for stock assess-
ment purposes, the assumption of mixed input proportions
presents some difficulties for similar reasons.

It is known that in a common property fishery
resource two types of externalities are likely to occur:
(a) the resource stock externality, which is the reduc-
tion in fish population size and age structure with the
increment of fishing effort and (b) the crowding out ex-
ternality, which is the congestion caused by an excess of
fishing vessels or gears on a particular fishing ground.
Both externalities lead to a decreasing catch per unit of
effort.

Changes in both fishing strategies and technology are
realized as a result of either externality. These may in-
clude changes in the amount of fishing gear and/or fish-
ing time on a ground; improving the deck machinery or
electronics, so that more tows per period of time or a
more efficient search for fish are achieved; modifying
vessel designs to reach more distant fishing grounds,etc.

Theoretically, in the case of aggregate inputs the
fishéry production function would require that the rate of
technical substitution between factors, e.g. capital and
labor, be independent of the changes in the fish stock
(Huang and Lee, 1976), which is the interpretation of the
Leontief theorem on separable functions. This is quite

unlikely to be true considering the preceeding comments;
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so that, a single variable index of fishing effort is not
a strong argument for the production function.

Variation in the internal composition of the fishing
effort also may occur due to the behaviour adopted by
fishermen. Fishing effort is a variable controlled by
fishermen and it can be expected that its size and dis-
tribution will depend on output and factér prices as a
consequence of an optimizing behavior. For instance,
profit maximizing or cost minimizing behavior and risk
aversion or risk taking behavior will lead to different
decisions regarding the size and distribution of the ef-
fort. However, prices are more likely to affect short-
run decisions rather than the long-run decisions. These
are noticeable in the selection of species to catch,
fishing grounds and fishing strategies.

The preceding illustrates in a rather simplistic
manner the reasons for observing the production function
of a fishery with the input index of fishing effort dis-
aggregated. The function can be subjected to more
precise economic analysis which would allow for the es-
timate of a production possibility set showing all pos-
sible production plans or the production surface for all
input combinations in the relevant region of production,
assuming that fishermen behave rationally. Sub-
stitutability between inputs is then possible whereas it
is not in the single variable case. Alternative economi-

cally efficient production plans may then be observed.
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The discussion up to this point has been concentrated
at the aggregate level of a fishery. Nevertheless, the
same concepts apply to individual firms operating in the
fishery, whether in the short or the long run. Further-
more, presenting the aggregate theory of fisheries produc-
tion for individual firm model analysis helps to
understand: (a) the nature of different input combina-
tions used by individual firms; that is, the different
ways that individual fishing firms cope with externalities
or react to price changes; and (b) equilibrium and dynamic
situations in the fisheries for specification and inter-
pretation of economic models built with realistic assump-
tions.

In summary, then, under equilibrium conditions the
catch is a function of the fishing effort alone. The
fishing effort is an aggregate input, whose economic in-
terpretation is meaningless; therefore, fishing effort
must be decomposed into units of capital, labor, and
materials. It is also expected that at aggregéte as well
as individual firm levels, the production function shows

diminishing marginal productivity.
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CHAPTER III

PRODUCTION STUDIES ON SMALL SCALE FISHERIES

The Small Scale Fisheries

The existence of a division in the fishery sector is
widely recognized: the small scale or artisanal
fisheries and the large scale or industrial fisheries
(Panayotou, 1982). The distinction between the two is
almost exclusively associated with different strategies
of development and objectives of management. In connec-
tion with small scale fisheries, development programs
usually comprise subsidized loans and technical training
in order to locally promote or increase employment and
provide protein for human consumption.

The characteristics of small scale fisheries vary
among countries or regions. Panayotou (1982) refers to
small scale fisheries as '"those who have limited fishing
range, are confined to a narrow strip of land and sea
around their community, face a limited set of options and
are intrinsically dependent on the local resources." 1In
contrast, 'those who have a broad spectrum of options in
terms of fishing grounds and nonfishing investment
opportunities" constitute the large scale fisheries.

This is a very broad mutually exclusive description
of the two fisheries. Although it provides a reference to
separate two socio-economic groups, it does not provide

any insight into their production processes. It may also
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be restrictive in the sense that it applies only to
fisheries in developing countries.

In small scale fisheries fish production, processing,
distribution, and marketing are commonly decentralized
processes. Fishermen are mostly involved in production
of fish, an activity that is characterized by being labor
intensive, with low ratios of capital to labor.

This characteristic implies several aspects that help
to understand the production process in most small scale
fisheries. First, there exist a large number of fishing
boats of small and medium size, each constituting an in-
dividual economic unit or fishing firm. Second, fishing
gear methods are not characterized by massive catches but
usually by being selective in terms of species and
species size sought. Common fishing gear in use are hook
and lines, gill nets and fishing traps and pots. Vessel
technology is quite variable; in fisheries of developing
countries automation of fishing operations and electronics
for directing fishing and navigation are unusual, whereas
they are common in developed countries. Third, options
for selecting fishing grounds are limited by boat size
and technology; smaller boats are restricted to fishing
areas close to the location of the fishing community.
However, options increase with improvement of technology
on fishing boats.

Investment opportunities in other than the

fisherman's own fishing £firm are very unlikely. Access
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to the regular financial market is available, but
limited. Therefore, financial services are usually
provided by fish traders.

In most situations, small scale fisheries operate
with free access to fisheries resources. Stock exter-
nalities may be negligible for some operating under this
condition because of fishing gear selectivity. However,
congestion externalities may exist. 1In other cases where
the fishery is composed of low or nonmigratory fish
populations, congestion externalities may not exist; e.g.,
the case of the Maine lobster fishery where fishermen have
by themselves assigned fishing territories (Acheson,
1982). On the other hand, stock externalities are some-
times imposed by large scale fisheries on small scale
fisheries. This is the case where both fisheries compete
for the same resource, even though they both operate over
different fishing grounds. Large scale fisheries tend to
intercept a fraction of the fish population before it
migrates to the fishing grounds accessible to small scale
fishermen.

The production process is described by the way
fishermen distribute fishing effort over time and space.
The simplest production process, although not common, is
when fishing effort is directed over one single species
throughout the year. The fishing method used is highly
selective in terms of species type. This is a single out-

put process, and fishermen become highly specialized.
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A second situation can be described as multipurpose
fishing when fishermen seasonally alternate the species
sought using a certain selective fishing gear. The
production process is then consistent wiﬁh the descrip-
tion of a separable multi-output/multi-input production
function where factors are explicitly allocated to
specific outputs.

A third situation is the case of joint production,
where technological interdependence exists, i.e., when ef-
fort exerted over a particular species produces, with the
same fishing gear, a by-catch, e.g., nontargeted species
are simultaneously caught. The relative amount of by-
catch is related to the fish population distribution and
composition over the fishing area. In joint production,
allocation of inputs to specific outputs are not pos-
sible.

The three types of production processes described are
likely to be observed in small scale fisheries, but joint
production is the most commonly observed among the three.
Table 1 summarizes the three types of production pro-

cesses.

Production Studies on Small Scale Fisheries

Economic studies of small scale fisheries are com-
mon, but only a few are predictive in nature. Most
depict a current situation of the fishery, using

mainly cost and earnings studies of representative types
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Table 1. Characterization of the Different Types of Produc-
tion Processes in Small Scale Fisheries.

Type of Gear Types of Pro-
Production Output Technology duction in a Year
Single Single Single Mono period
Multi-
purpose Multiple Multiple Multiple
Joint Multiple Single or Mono or multiple

Multiple
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of firms in the fishery. These tend to be very comprehen-
sive and several include an analysis by main species
caught, gear type, and/or boat type.

Examples of complete studies of small scale fisheries
are the cost, earnings, and profitability analyses of
Alaska fishing businesses (Smith et al., 1975), and the
cost, returns, and profitability analysis of small scale
fisheries in the Philippines (Smith and Mines, 1982), and
in several countries in Southeast Asia (Panayotou, 1985).
The Smith and Mines and Panayotou studies also reported
on estimations of resource rents and their implications
for the management of those fisheries. In addition, all
three studies included statistical analysis of production
relationships in an attempt to predict production and/or
revenue responses of fishing units in the fishery.

Among other available studies, specifically on
production relationships in small scale fisheries are
those developed by Comitini and Huang (1967) in the
halibut fishery, Bell (1972) in the northern lobster in
United States, and Hussen and Sutinen (1981) in the ar-
tisanal fishery of the Gulf of Nicoya in Costa Rica.

Cross-sectional data collected through random samples
has been used in all these studies with the exception of
that on the halibut fishing industry which combined
cross-sectional with time-series data. Cross-sectional
data has the advantage that it may overcome the problem of

changes in technology as data cover only one period in the



22

time space; types of inputs and their quality are assumed
fixed for the period observed. Also, it allows some
degree of substitutability among inputs. For estimation
of fisheries production functions using cross-sectional
data, fish biomass is assumed constant for the period un-
der study.

Data are collected through either questionnaires
that usually seek yearly information per fishing unit or
surveys recording daily information during a ©period,
usually a year. This last procedure produces more exact
and rigorous information but at a high cost whereas the
opposite is true for the former method. Samples in
either case have been randomly selected; this procedure
may bias the number of observations with respect to
relevant sections of the response surface in the produc-
tion possibility set because samples can be concentrated
more heavily in some subsets of such a set. Random sam-
pling might be a problem when fleets are not homogeneous
or when production relationships aggregate geographic
locations and/or fisheries. 1In these situations, combina-
tion of randomly selected and stratified samples are ad-

visable.

Functional Forms Used in Previous Studies

The selected functional form in most of the previous
production studies in small scale fisheries is the

homogeneous Cobb-Douglas type, whose general form is:
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B1 B2 Bn

Q = AXq X3 ... Xp (6)
where the exponent B; represents the elasticity of produc-
tion the ith input. The sum of the exponents is equal to
the function coefficient which gives information about
returns to scale; that is, the function presents decreas-
ing, constant or increasing returns to scale if the summa-
tion of B's is less than, equal or greater than 1, respec-
tively. The Cobb-Douglas formulation also imposes a con-

stant factor elasticity of substitution equal to one.
Bell (1972) used the following functional form for

describing the production function of the northern lobster

fishery:
Qc = kN Er - (a ) Ex + a Eg + U (7)
where
Q¢ = catch per unit of time
N* = maximum lobster population or population at
salvation level
E¢ = fishing effort (number of fishing traps) com-
posed of labor and capital per unit of time
U = error term
a,k = parameters.

This model was estimated using time-series data, assuming
that the capital and labor inputs were combined in fixed

proportions.
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Dividing equation (7) by Ey, Bell was able to show
how the catch per unit of effort, Q¢/Ey, varies with the
number of fishing traps used during the fishing period.
In other words, the model showed the effect of the stock
externality.

Khaled (1985) estimated production relationships in
the riverine fisheries of Bangladesh using the following

functional form, a modification of the translog function:

lIn Q = Cg + A 1n X3 + g Ch 1ln (Xi/X3)
i i ] (8)
+ k§3 Ck 1n (Xj/X4) + 126 d; Xe
where:

Q = catch weight
X, = labor in man-days

Xo = boat tonnage
X3 = weight of fishing net

The model was estimated using cross-sectional data.
In addition, Khaled estimated the partial elasticities of
substitution using the bordered Hessian derived from the

production function.

Variables Used in Previous Studies

In cases where the production process in fisheries is

of either single of multi-purpose type, the explanatory
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variable is expressed in physical quantities, e.g., catch
volume or number of fish.

In the multi-output (multispecies) joint fishery
production process the production function 1is not
separable. Therefore the output is expressed as some
weighted index such as gross revenues; that is, a summa-
tion of the product of physical outputs time its price,
under the assumption that prices are constant. There-
fore, the function relates one single output to multi-
physical inputs. In this case, the function is a gross
revenue function (or total value product, or total revenue
product function) whose explanatory variables are physical
input quantities. Some examples of this type of function
in small scale fisheries are provided by Hussen and
Sutinen (1981), Tokrisna et al. (1985), and Frederiks and
Nair (1985).

Closer attention to the explanatory variables used
in estimation of production relationships is needed.
Economic production and gross revenue functions must in-
clude explanatory variables that can have economic inter-
pretations and applications. Estimations made in small
scale fisheries usually include variables to which it is
difficult to assign economic values. These types of
variables are included especially in cross-sectional
studies to avoid hybridity, i.e. the effect produced on
the estimated when significant variable inputs are

omitted. Length of the net, mesh size, weight of the net,
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fishermen's age and experience, age of the vessel or fish-
ing time are common variables specified in fisheries
production functions. Although they may significantly
contribute to the explanation of output responses their
economic value is difficult (if not impossible) to ob-
tain.

Fishing time, which could be number of fishing trips
per season or number of fishing days or weeks per season,
has been found to be statistically significant in predict-
ing production relationships in small scale fisheries.
For instance, Smith et al. (1975) found that the number of
fishing weeks was the most significant variable in the
gillnet and troller salmon fishery of Alaska; Hussen and
Sutinen (1981) reported that number of fishing days was
significant at .01 level in the hook and line and gillnet
fishery in Costa Rica; Yater (1985) reported higher sig-
nificance when using the number of trips to explain varia-
tion in total revenue in the gillnet fishery in the
Philippines. Although the cost of fishing time is not
directly observable, it can be estimated by assigning to
it some of the operating expenditures incurred by the firm
in the production process.

The use of boat characteristics as an index of capi-
tal also requires further comments. The most common in-
dexes are boat 1length, tonnage of the boat, engine horse
power and hold capacity; choosing one or more of these as

explanatory variables depends on the type of fishing tech-
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nology and/or the geographic location as these influence
the structural design and equipment selection of the fish-
ing vessels.

For example, Carlsson (1973) found that hold capacity
was quite significant in describing production relation-
ships of the tropical purse seine fishery. He also found
that gross tonnage and engine horse power were significant
in the trawl fishery of the North Atlantic. Smith et al.
(1975) found that engine horse power was statistically
significant in some geographic areas in the Alaskan small
scale fisheries. Tonnage and engine horse power were
found significant in small scale fisheries of Thailand
(Trokrisma et al., 1985), and of Malaysia (Fredericks and
Nair, 1985), respectively.

Another proxy for capital inputs is an index based on
the current market value of the boat. However, market
prices for fishing boats are neither easy to obtain nor to
estimate. An alternative index could be constructed using
boat values reported by fishermen and boat owners. This
is an expected price, which may show discrepancies
with market prices because fishermen tend to include
the ©present value of net revenues anticipated over
time in their estimation of the expected price of the
asset.

As an alternative to the market price of the asset,
the initial cost plus the additional investment minus the

cost of the capital consumed (or depreciation) can be used
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as a pProxy. There are two main approaches used for es-
timating depreciation. One is for taxation purposes,
which is not particularly useful for economic analysis.
The other is the technical approach, which depends on two
factors: (a) the actual physical wear of the asset,
depending on its use and maintenance; and (b) the loss of
production efficiency (technological obsolescence), nor-
mally induced by the competition in the fishery.

In summary, most production studies in small scale
fisheries have focused on explaining the physical produc-
tion processes; that is, they have emphasized technical
relationships. Their compatibility with the economics of
firms has not been shown; and the functional forms used
have been restricted to the most common, such as the Cobb-
Douglas type. Other forms such as the quadratic types and
constant elasticity of substitution have only occasionally
been used. The independent variables used in previous
studies have also tended to emphasize technical production
relationships. However, most studies have shown that
fishing time and certain boat characteristics, e.g., boat
capacity, boat length, or engine horse power, are sig-
nificant. Which one of these boat characteristics is used
as an index of capital depends on the fishing method used
in the fishery. With respect to dependent variables, only
when single or multi-purpose production processes occur is
it possible to use physical gquantities (catch). In the

case of joint production, the output is usually expressed
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in total money income, and the function becomes a gross

revenue function.
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CHAPTER IV

MODEL SPECIFICATION AND ESTIMATION

Specification of the Theoretical Model

It is convenient to recall here the two main problems
limiting the study of economic production relationships in
small scale fisheries: (1) the lack of previous studies
on the subject and (2) the lack of adequate data. These
limitations'are important to the study of production
relationships, especially when the objectives are to find
better methods of estimating these relationships.

In specifying a model for describing the production
process it is necessary to consider the steps related to
specification of the economic hypothesis, data collection
and econometric analysis. Each of these steps is in-
terrelated with the others.

Decisions in model specifications are related to (1)
the number of equations in the model; and (2) selection of
variables -- the dependent variable, or output and the
independent variable, or inputs. Variable selection
depends on the production process modelled and the
availability of data. The selection of variables may af-
fect the econometric analysis through specification bias
with variables originally choosen. On the other hand,
the functional form(s) of the model will depend on the

economic restrictions imposed or assumptions made about
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the production process. This section will treat only the
variable selection and number of equations required.

The present analysis will focus on the reef fishery
off the Florida coast. The fishery exhibits those
characteristics common to small scale fisheries such as
non-capital intensive, simple and selective fishing gear
technology and non-restricted access to the fishery.
Fishing effort is directed to species such as snapper,
grouper and similar fish; the fishing operation is
dominated by technological interdependence which charac-
terizes the case of a joint production process.

The data for this study have been provided by the
Southeast Fisheries Center, National Marine Fisheries
Service. It corresponds to a cross-section survey on
cost and earnings made in .1981 on vessels operating in
reef fishing off the Gulf of Mexico and South Atlantic
coasts.

Information from both the survey final report (Nero

and Associates, 1981) and the data itself suggest that:

(a) The survey procedure was conducted by individual in-
terviews of vessel owners or fishermen randomly
selected after stratifying the population into two

geographic areas.

(b) The data contain information on capital description
and values, fishing effort (fishing time, gear per

trip and fishing ground), crew share system, fixed
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and variable cost for one fishing season and catch
and revenues. The questionnaire used to collect the

information is illustrated in Appendix A.

(c) The size of the sample was 64 vessels out of a
population of 402 in the Gulf of Mexico and 26 out of
151 vessels in the South Atlantic coast. In addi-
tion, the population was stratified by hull length,

(small and large), in each of the two areas.

(d) Vessels varied in length from 25 to 73 feet, but
the fleet was homogeneous with respect to engine type

and electronic equipment.

(e) The major fishing gear was hook and line; differences
were noted if hooks were mounted on individual versus
long 1lines and if lines were handled manually versus

reels.

From Equation (3) it is known that catch is a func-
tion of the fish population and fishing effort. Because
the data are cross-~-sectional, the fish biomass is assumed
to be constant for the period under observation (one
fishing season). Furthermore, if it is assumed that the
fish population is in equilibrium, by equation (5) the
catch will be a function of the fishing effort alone.
It was argued earlier that the input, fishing effort, is
not a measure that allows for an economic interpretation

of the production function; for this reason, it is disag-
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gregated into variable and fixed inputs that are economi-
cally measurable. Hence, the fishing effort per period of
time, Er, is a function of the vector of the variable and

fixed inputs, U:
Er = g(U) (9)

Therefore, the catch per period of time is also a function

of the same vector, U:

Q¢ = h(U), (10)

where the vector U = (uj, ..., Uy, Ups4y, ., Ug) With ug,
«+«, Uy the variable inputs and uy41, ..., Uug the fixed
inputs.

It is assumed that the function in Equation (10) has
the standard regularity conditions; i.e., h(U) is a
finite, non-negative, real-valued, continuous, smooth,
monotonic, concave, twice differentiable and bounded func-
tion (Lau, 1978).

The function is smooth if it is continous and dif-
ferentiable on the domain over the non-negative orthant.
Concavity and twice differentiability together imply that
for each vector of fixed inputs, both the Hessian and
bordered Hessian determinants are negative definite.
That is, if the principal minor determinants of order k
have sign (-1) for k =1, ..., n in the Hessian and for k

=2, <., n in the bordered Hessian matrix (Varian,
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p. 310).

The above assumptions imply that the function es-
timated from the given set of data is unbroken (the con-
tinuity assumption). This is not an unrealistic assump-
tion since there is not much variation in technology and
input quality in the data used for this study. The above
assumptions also imply that responses from the combina-
tions of inputs are within the domain of the function and
can only take real number wvalues greater than or equal to
zero (inputs and output are not negative). Further, it is
assumed that the function is increasing with increasing
input quantities (monotonicity assumption); that is larger
catches are expected as the input vector increases. The
concavity assumption implies that the function has an ab-
solute maximum if it is strictly concave; this assumption
is compatible with that of the general shape of the
biological production function of a fishery. Finally,
there are attainable solutions for all variable input com-
binations for each fixed input vector (the boundary
assumption).

Because the production process of the reef fishery is
of joint production due to technical interdependence of
the fishing gear, different species have the probability
of being caught when the gear is set on a fishing ground.
Even if this were not the case, the existing information
is aggregated over the fishing season and does not allow

differentiation for allocating inputs to a specific
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species by periods throughout the season. Therefore, and
assuming constant prices, the output flow will be a
weighted index of gross revenue per fishing season, i.e.,
the physical output (catch) is converted into revenue
(catch x price). The production function in equation (10)
is then transformed into a gross revenue function whose
response is explained by the variable and fixed inputs in
the vector U = (U3, ..., Uy, Uprs4i, -++, Ug).

The main criterion in selecting the explanatory vari-
ables is that the input have a measurable economic value
and that factor substitution be allowed, so that the
least cost input combination can be sought by individual
firms. These criteria must also be compatible with the
data available. Having this in mind, the inputs
preliminarily identified for consideration in the model

are:

(a) labor: the size of the crew changes not only with a
boat's characteristics or its level of automation,
but also in each boat throughout the fishing season.
This change in the amount of labor may result from a
combination of an increase in production from fishing
during the season and an excess labor supply from

other similar activities.

(b) materials: two main variable factors are considered
here, fuel and amount of fishing gear. Fuel, apart

from being a relevant cost can also represent an in-
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dex for the geographic distribution of the effort of
individual vessels. The fishing gear 1in this case
is considered as material instead of capital because
it is consumed quickly; it is expressed in terms of
lines or reels per boat and can be considered as an
index of the fishing effort on a particular fishing
ground. Consequently, its amount may vary with the
fishing ground; also, it tends to vary with crew size
and in the same direction, so it may cause multicol-

linearity when both are included in the model.

(c) time: 1is explicitly included in the model as the
number of fishing trips in the season. It accounts
for the number of production cycles within the fish-
ing season and is hypothesized to be a relevant ex-
planatory variable because the probability of a
larger catch increases in proportion to the number of

trips.

(d) capital index: accounts for the fixed factor: As a
substitute for capital value the tonnage of the boat
will be postulated as fixed input. It gives a proxy
for capacity and is generaliy related to other

dimensions of the boat.

Therefore, the gross revenue function is:

Y = f(uy, up, u3, ug, ug) (11)

where:
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Y = Gross revenue per boat per fishing season
. u; = Number of man-trips per season

u, = Gallons of fuel consumed in the season

u3 = Number of gear-trips in the season

uy = Number of fishing trips per season

ug = Tonnage of the boat.

One factor not 1included in the model is
entrepreneurship; the level of catch can be influenced
greatly by the experience and skill of the captain and
the crew. Years oﬁ experience or level of education
are variables that have been frequently used as a measure
of skill in this kind of analysis. Available data does
not include indexes that allow measurement of the

entrepreneurship factor effect.
Econometric Model

The translog functional form is here proposed to ex-
plain relationships between revenues and physical variable
and fixed inputs. The function is quadratic in the
logarithms of the variables. It does not imply
homogeneity as part of the maintained hypothesis and also
allows for'a greater variety of substitution (Christensen
et al., 1973). The Cobb-Douglas (CD) is a special case
of the translog. The question of unitary elasticity of
factor substitution, one of the properties of the CD

function, might be an unrealistic assumption in a fishery;
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inputs seem to have limited substitution and in some cases
pairs of inputs tend to move in the same direction.

The translog function is also flexible because it
can be expressed as an equation that gives a second-order
Taylor's approximation; the relevance of this is that for
a relative extremum of the function a general test for a
relative maximum or minimum can be developed (Chiang, pp.
263).

The general representation of the translog function
in this case is:

P

P q
In ¥ = Bp+ & Bj lnuj+l/2 2 I Bjj 1ln uj 1ln uj+e (12)
i=1 i=1 j=1

with the following properties:

i. It meets symmetry conditions stated by Young's
theorem; i.e, the second order cross partial deriva-
tives are identical with each other as long as the

two cross partial derivatives are both continuous.

That is:
2 2
o 1ln Y _ 9 _1ln Y
9ln uj 9ln ujy = 9ln uy 91ln uy

therefore Bj4 = Byi
ii. It has the property of constant returns to scale if

and only if:

a) property i holds
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b) ‘g B4 = 1 and ‘g Bij = 0 for all i's and j's
i=1 j=1
This pfoperty implies linear homogeneity in factor quan-
tities. 1If Bij = 0 for all i's and j's, then the translog
becomes the Cobb-Douglas functional form.
The first partial derivatives of the function in
equation (12) represent the elasticity of total revenue

defined as the proportionate change in the revenue with

respect to the proportionate change in the i th input:

3Y u
31ln ¥ - io= o, (13)
dlnuj Jduj Y 1
and
q
nj =Ry + I 61] lnj (14)
j=1

For the Cobb-Douglas, in equation (6), the elasticity of
revenue with respect to the ith input will become the
value of its corresponding coefficient.

Under the assumption that all fishing firms in the
fishery are profit maximizers, factors of production must
be paid the value of ﬁheir marginal productivity; so that

. at constant prices

dY = ri (15)

where r; is the price paid for the ith input. Therefore,
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the elasticity of the gross revenue, nj, is identically

equal to the factor share of the itB input; that is

1 (16)

The factor share represents the total expenditure in the
ith factor with respect to the total or gross revenue;
the sum of all factor shares must add to unity.

Similar conditions apply to the Cobb-Douglas form
where 1input coefficients will represent the factor share
of each of the inputs. If this function exhibits constant
return to scale, factor shares will add to unity.

The hypothesis of profit maximization for small scale
fishing firms can be easily criticized. For example,
fishermen act in an environment where lack of information
is a part of their decisions. On the other hand, fisher-
men may pursue different goals other than profit maximiza-
tion. Poggie and Gersuny (1974) suggested that in some
fisheries fishing is a way of life rather than an occupa-
tion, where non-material incentives prevail. Objectives
such as obtaining the largest catch or pursuing a par-
ticular type of fishing strategy which may be economically
inefficient are found among fishermen. Also, some cul-
tural factors can prevail over profit optimizing behavior.
Pollnac (1982) described examples where improved technol-

ogy has not been substituted for labor and where new tech-
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nology has had to be abandoned because of the negative im-

pact in the fishing community. There may be other situa-

tions where fishermen do not optimize economic behavior.

Nevertheless, the hypothesis of profit maximization is a

good reference point for measuring the performance of the

fisherman's economic activity and in this sense it is used

here.

tion

tion

Estimation Procedure of the Econometric Model

The hypothesis of profit maximization allows estima-

of five factor share equations of the form in Equa-

(14) where the ith share is defined as follows:

Sl:

Sz:

S4:

iabor share, explicitly recorded during the sur-

vey.

fuel share; ratio of total expenditure in fuel

to total revenue.

gear share; ratio of total expenditure on gear
repair and replacement plus bait expenses to the

total revenue.

operating expenses share; ratio of other vari-

able costs, such as hull and engine repairs and

similar types of costs to the total revenue.

capital services share; it is the difference be-

tween one and the summation of the remaining
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shares. It includes fixed expenditures and
payment to capital (profit) and to fish resource

(resource rent).

Each of the five factor share equations can be
separately estimated using the ordinary least squares tec-
nique (OLS). However, if some degree of correlation ex-
ists among residuals of the equations, the OLS will not
produce an efficient estimation. In this case, the sys-
tem is known as the seemingly unrelated regression equa-
tions, whose coefficients are jointly estimated by the
2ellner generalized least squares (GLS) procedure (see
Kmenta, pp. 635-643).

The 2ellner GLS procedure first estimates the
regression coefficients separately for each equation using
OLS. In matrix notation these are estimated as:

Al ! -1 ,

Bm = (X Xp) (Xp ¥yy) for allm=1, 2, ..., M

The next step is to perform the joint estimation of
the coefficient considering all M equations simul-
taneously, that is:

~ -1 -1 -1
B=(X'Q X) (X' @ vy)

where
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- M
B: is the ( £ K 1) matrix with K being the number of
m=1
coeffients in the mth equation;

M
X: is the (M T + £ K) matrix with T being the number
m=1
of observations in the mth equation;

y: 1is the (M T - 1) matrix; and

Q: 1is the (M -+ M) variance-covariance matrix of the

residuals obtained from the OLS estimation. More

explicitly,
o011 Ip (symmetric)
021 It 022 It
Q = . .
Oml IT Omz IT e e 00000000000 Omn IT-J

where Ip is the identity matrix (T x T) and opp is the
covariance of the residuals of the mtR and nth equations;
Omn 1s assumed to be constant for all observations where m
# n, but oy = 0 for all observations for i # j whenm = n
and the covariance is Opp.

Considering the restrictions imposed on the <coeffi-
cients of the translog functions in order to achieve sym-
metry and constant return to scale conditions, the joint GLS

procedure is applied to M - 1 equations since one of them
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becomes redundant. For a well behaved function all elas-
ticities of gross revenues are expected to be positive.

In summary, in estimating economic production relation-
ships in small scale fisheries, this thesis proposes a model
that allows estimation of revenue shares of factor of
production. The model is based on the proposition that the
gross revenue or total value product is a function of labor,
amount of fishing gear, fuel, number of fishing trips, and
tonnage of the boat. The proposed functional form is the
transcendental logarithmic function. Assuming that fisher-
men are profit maximizers, the first partial derivative of
the gross revenue function is equal to the revenue share of
each input, which is also identically equal to the elas-
ticity of the dJgross revenue. Imposing symmetry and
honogeneity restrictions on the translog function, the coef-
ficients for M-1 factor share equations are to be estimated
using the 2Zellner generalized least squares procedure for

seemingly unrelated regressions.
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CHAPTER V

RESULTS OF MODEL ESTIMATION

Test of Functional Form

In order to test the functional form, regression
coefficients for both the translog and the Cobb-Douglas
forms were first estimated by the OLS technique. Results
are reported in Table 2.

Subsequently the Breusch-Pagan test for homoskedas-
ticity (Kmenta, pp. 294-98) was performed on both es-
timated equations. The RSS/2 statistics were 16.29 and
4.81 for the translog and CD functions respectively;
these results imply that the tests on both functions are
insignificant at .05 level of significance for a chi-
squared distribution with 20 and 5 degrees of freedom,
respectively. It is then concluded that neither of the
two functions are heteroskedastic. An explanation of the
Breusch-Pagan test is found in Appendix B.

The generalized F-test (see Appendix B for
explanation) for testing the functional form was per-
formed. The null hypothesis that all Bij's are equal to
zero was stated. The estimated F-statistic was 1.934,
which is significant at the .05 level for an F distribu-
tion with 15 and 65 degrees of freedom. This implies that
the null hypothesis is rejected, and consequently, the

translog functional form is adopted; although the contri-
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Table 2. Estimated Parameters of the Translog and Cobb-
Douglas Functions Using OLS Method.
Translog Cobb-Douglas

Parameters Estimate t-Statistics Estimate t-Statistics
Constant 6.947 1.411 4.471 6.398%xx%

By 1.565 .510 .126 .669

By -2.631 -1.515 .578 4,.868%xx

B3 -1.971 - .621 - .175 -1.009

By 5.054 2.602%** .346 2.593%%x%

Bg 3.619 1.813* .178 1.279

B11 .338 .507

B1o .035 .062

B13 . 445 - .671

Big - 772 -1.194

Bisg .317 .491

Boo .972 2.131**

By3 .240 .546

Bog -1.206 ~3.047%**

B33 .517 .647

B3y - .244 - .394

B3g .057 .081

Byg - .350 - .858

Bys 1.130 2.729%%*

Bssg 1.080 2.239%%
Statistics:

R2 .72 .59

D-W 1.84 1.83

Level of

Significance .76 .84

n 86 86

* %
* % %

significant at .10 level
significant at .05 level
significant at .01 level
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bution of the quadratic and interaction terms for ex-
plaining revenue variation is only about 13 percent of the
total. The first order term explains about 59 percent of
the total variation and the rest is absorbed by the error
term.

The translog model shows signs of multicollinearity.
There is a high level of explanation by the regressors ac-
companied by low and insignificant values for most of the
regression coefficients.

To determine the presence of multicollinearity in the
translog gross revenue function, the method of principal
components analysis (see Koutsoysiannis, pp. 424-36) was
used. The method determines (a) which varibles in the
regression equation are correlated, and (b) the 1loading
contribution of each variable to the principal components.
It was found that the first principal component represents
62 percent of the total variation of the fitted translog
revenue function. Eight independent variables were as-
sociated with the contribution of the first principal com-
ponent, each contributing with the same loading, ap-
proximately 94 percent of the 62 percent variation.
Similarly, the second principal component represented 23
percent of the total variation of the revenue function.
Three independent variables were associated with the con-
tribution of the second principal component, each con-
tributing with the same loading, approximately 92 percent

of the 23 percent variation. These results imply that
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variables with similar high loadings demonstrate the
presence of multicollinearity in the revenue function.
Multicollinearity was expected primarily because variables
in the second order term are constructed from the ones in
the first order term of the model. Also, because of the
small data set used in the model estimation the degrees of
freedom were small. Nevertheless, it can be noticed that
some of the interaction coefficients are significant at
the .05 level of significance; e.g, number of trips and
boat tonnage and boat tonnage by itself interact posi-
tively, whereas fuel consumption and tonnage unex-

pectedly interact negatively.

Factor Share Equations

The estimated coefficients for the unrestricted fac-

tor share (elasticity of revenue) equations of the form:

5
Sit = By + & Bij 1n Uje + ejt, (17)
j=1
for all i = 1,....,5, are reported in Table 3. As ex-

planatory variables and the data set used for estimating
the share equations are the same, there is no difference
in applying the OLS or the unrestricted joint GLS method;
in this case the equations are not related (Kmenta, p.
639).

Estimating these equations instead of the full
translog form reduces the probability of multicol-

linearity. Their Jjoint estimation allows for the sym-
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Table 3. Estimated Parameters of Four Factor Share Equa-
tions Using Unrestricted Joint GLS Method.
Operating
Share Labor Fuel Gear Expenditures
(Uq) (Uy) (U3) (Ug)
By .238 - .1l63 .620 1.282
( 1.397) (-1.203) ( 4.709) %*x ( 5.251)%**
( 2.818)*** (- _368) ( 1.013) ( .837)
B3 - .008 .056 - .037 - .105
(- .269) ( 2.445)***(-1.659)* (=2.537) %*x
B3 - .003 .025 - .026 - .009
(- .079) ( .740) (- .804) (- .148)
B4j - .124 - .057 - .044 - .136
(-2.201)** (-1.262) (-1.006) (-1.688)*
Bg; .047 - .021 - .214 - .004
( 1.394) (- .770) (- .815) (- .089)
Statistics
R2 .21 .09 .17 .27
R? .16 .04 .12 .23
D-W 1.48 1.68 1.67 1.74
Significance
Level .40 .98 .10 .99
n 86 86 86 86
t-statistics in parentheses.

%*
* %
% % %

—
-
—
=
—
-

significant at .10 level.
significant at .05 level.
significant at .01 level.
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metric and constant return to scale conditions of the
translog. By imposing these two restrictions, there is a
loss in the coefficients of determination, between .02
and .18 with respect to the unrestricted equations. Table
4 shows the estimated regression coefficients for the
restricted share equations.

For testing the simultaneous restrictions of symmetry
and homogeneity, the test for a set of linear restrictions
(see Appendix B) was performed. This test is imposed
simultaneously on a set of different equations (see Judge
et al., pp. 189-204, and 315-328). The null hypothesis in
this test is that the matrix of restrictions times the
vector of number of coefficients is equal to the vector of
restrictions, which takes the value of one for each sym-
metry and zero for each homogeneity restriction. The
statistic is a chi-squared distribution with degrees of
freedom equal to the total number of restrictions in all
equations. In the present situation, the total number of
restrictions on the four estimated share equations was 10,
dstributed in (a) six symmetry restrictions, which cor-
respond to six different pairs of equal coefficients; and
(b) four homogeneity restrictions, which correspond to the
four equations, each of whose coefficients add up to zero.
The resulting sample value of the chi-squared distribution
with 10 degrees of freedom was 40.42, which is significant
at the .05 level. Therefore, the null hypothesis that the

restricted regression coefficients of the share equations
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Table 4. Estimated Parameters of Four Factor Share Equa-
tions Using Restricted Joint GLS Method.

Operating

Share Labor Fuel Gear Expenditures

(s;) (Uy) (Uy) (U3) (Uyg)

B; .432 - .316 .210 .440
( 3.987)%**x (-3,353)**x*x (2 _570)**x* (3.992) **x*

Blj .103 (symmetric)
( 2.457)%*x*

sz - 0012 0086
(- .529) ( 5.107)**xx*
(" 0502) (- 0391) (-10299)

B4j - .109 - .043 .023 .027
(=3.432)%*%x (-2,398)**x*x ( _967) ( .705)
( 1.459) (-1.534) ( 1.504) ( 3.861)*x*x

Statistics

R2 .19 .06 .03 .09

R2 .14 .00 .00 .03

D-W 1.54 1.73 1.66 1.74

Significance

Level .30 .99 .91 .94

n 86 86 86 86

t-statistics in parentheses.

*
* %
* % %

significant at .10 level.
significant at .05 level.
significant at .01 level.
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are the true statistics is rejected. Consequently, the
simultaneously required properties of symmetry and con-
stant returns to scale for the translog are not achieved
in the present case (explanations of the test are found in
Appendix B). However, data inconsistencies may have af-
fected the results.

For example, the correlation matrix of factor shares
and the log transformation of physical input quantities in
Table 5 show in general a low linear association between
the factor shares and its corresponding factor. Even
more, when correlation between the two tend to be higher,
the sign is opposite to what it should be, as in the case
of gear and operating expenses shares. Similarly, when
there is a high correlation between a pair of inputs it
is expected that both show some positive level of linear
association with one of the corresponding factor share.
This is not the case with the correlation between the
labor share and the log of gear and trips. Although both
are correlated with labor, they are negatively correlated
with the labor share. Similar situations occur between
the operating expenses share and the log of fuel consump-
tion, where this is correlated Qith the number of fishing
trips. This would in part suggest that the lack of ex-
planation of the regressors in the variation of the factor
shares are due to data inconsistency.

Some of the features of the data which may explain

its 1inconsistency are: (a) the labor share reported may



Table 5.

Correlation Matrix Between Variables in the Factor Shares Model.

si Sy s3 Sq Inu; 1Inuy; 1Inwuz 1lnuy 1n ug
s1 1.00
P .14 1.00
S3 .06 .45 1.00
Sy .03 .30 .54 1.00
1n uy .12 .02 -.28 -.40 1.00
ln U.z 019 023 -‘035 -043 063 1000
1n uj -.09 -.01 -.31 -.38 .73 .39 1.00
1n uy -.16 -.07 -.29 -.42 .78 .38 .85 1.00
1n ug .35 .15 -.17  -.11 .14 .54 -.06 -.20 1.00

€S
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not be accurate since there is evidence that not all crew
members were included in the reported share for several of
the boats surveyed; (b) each fishing trip was assumed to
have the same duration for all fishing boats (a more ac-
curate assumption is that trip duration varies from boat
to boat according to their fishing strategies); and (c)
the estimation of the amount of labor and fishing gear was
assumed to be constant per fishing trip, which is inac-
curate. Most interviewees reported not only average crew
size, but also its minimum and maximum. On the other
hand, if the duration of the fishing trips is not the same
for all boats, then the number of times that the fishing
gear is set in the water may vary, other things being con-
stant. Furthermore, the total physical gquantities of the
two inputs were estimated by multiplying their average
quantity reported by each boat times the number of fishing
trips in the season. This explains the high correlation
between the labor and gear inputs with the time variable,
which would have been lower otherwise.

An additional problem is whether or not the sample is
representative of the current population. For example,
according to the interviewers (Nero and Associates, Inc.,
1981), there is evidence that the survey may have been

biased toward the smaller boats.

Results for the Cobb-Douglas Formulation

The estimated parameters for the linearized CD
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function:

ln Yy = Bg + g B 1In uj¢ + e (18)
i=1
are reported in Table 2. About .59 percent of the varia-
tion on the log of total revenue is explained by the
variables in the model.

As in the factor shares model, the regression coef-
ficients in the CD function seemed very sensitive to
variable substitution or deletion. Further, not all coef-
ficients showed the expected positive sign. Again, lack
of data consistency might be a major problem. The cor-
relation matrix in Table 6 shows acceptable levels of

linear association between the dependent and each of the

independent variables.

Economic Interpretation of Results

Assuming that the estimated coefficients of the share
equations represent true values, the efficiency of produc-
tion can be observed by comparing their fitted value,
which will vary with the size of the firm (the fishing
boat) and its production plan, against the observed fac-
tor share value at the current market price of the ith
input; or, from Equations (16) and (17). The efficiency
of production is then expressed as:

5

Y
(By + jE]_ Bij 1n uj) Uy = rj (19)
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Table 6. Correlation Matrix Between Variables in the Cobb-
Douglas Model.

InY 1Inwu; 1lInuy; 1Inwu3; 1lnug 1n ug

Iny 1.0

In uy .59 1.0

ln u, .74 .63 1.0
ln uz .39 .73 .39 1.0
ln uy .44 .74 .38 .85 1.0

In ug .39 .14 .55 -.06 -.20 1.0
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If the riEQ value for the ith input is greater than the
market value, then input usage should be expanded; if it
is smaller, then market value usage should be reduced.
Two comments may be made in this respect: first, the
market value of the inputs are not directly observable,
except the fuel price, although some proxy can be used.
For example, the labor market price can be based on the
opportunity cost of similar activity in an alternative
fishery. Market prices for gear and operating expenses
can be based upon the current prices for repair and main-
tenance, their major components. Prices for capital serv-
ices can be evaluated by the oportunity cost of similar
investment.

Second, as inputs interact among themselves equating
Equation (19) for production efficiency of one input will
affect the share of the others. This implies that the
system of M efficiency equations should be solved simul-
taneously. If the equations in this system are uncon-
strained, to obtain the level of inputs for efficient
production of a firm, it is enough to solve such a system

expressed in matrix notation as:
B X =R (20)

where:

H

B is the (5x5) matrix of Bjj

X is the (5x1) matrix of 1n Uy, and
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Y
R is the (5x1) matrix of [r - Bj uj]

This métrix should be non-singular for a unique solution.
If the firm is only interested in changes in revenue,
the fitted values of the share equations are taken as the
elasticity of fevenue instead of the factor share. Ob-
viously, the elasticity value will vary for each firm.
Now supposing that the firm decides to increase the
amount of the ith input by one percent, then its own
elasticity will change by the value of its regression

coefficient since

2
9 ln Y

2=B..
3(1n u) +

Furthermore, as other elasticities are also functions of
the same input the effects of their changes, the cross
partial elasticty of the revenue, are measured by the

value of the interaction coefficient since

2
3 ln Yy _
aln uj; 3 ln uy - Bij

From the property of constant returns to scale, CRS,
of the translog it is recalled that the summation of elas-
ticities must add to one. Therefore, all five elas-
ticities can be estimated each time the firm decides to

make changes in the input quantity.
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Changes in elasticities of revenue due to own inputs
are expected to have positive signs; however, from Table 4
it is seen that this is not the case for the gear input,
which is -.03, or for boat capacity (tonnage of the boat),
which is -.13 as estimated from the CRS property.

Nevertheless, regarding changes in elasticities, some
empirical considerations can be drawn from these results.
For example, varying number of trips by one percent, with
other inputs held constant will produce the biggest change
in the elasticty of revenue (or in the factor share) with
respect to the boat capacity. The change is approximately
.10 percent which is the value for the interaction coeffi-
cient of these two inputs. So, a change in the elas-
ticity of revenue with respect to the boat capacity due to
a change in number of trips alone will produce the big-
gest change in total revenue when the boat capacity
changes. If all variable inputs were simultaneously
changed by one percent, there would be approximately a
.13 percent increase in the revenue elasticity of boat
capacity. But this also can be interpreted as a .13 per-
cent increase in the capital service share which sup-
posedly contains elements of profit in its composition.
By changing labor, gear and trips factors, holding fuel
constant, the increment in profit would be as much as .15
percent per one percent change in the three inputs simul-
taneously, if capital rent were the only element in the

capital service share.
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The pfeceding example should be taken as an il-
lustrative application of the results that can be obtained
by applying the methodology used here. In general, this
methodology provides simultaneous information for varied
objectives of decision making and policy analysis.

In the CD model, unlike the translog function, output
elasticities are <constant and are represented by the
value of the regression coefficients. The elasticities
are independent of the other inputs. The greatest
proportional increase in revenues is given by fuel con-
sumption which would imply that further fishing grounds
give better catch yield, other factors held constant. The
elasticity of boat capacity is not only small, but insig-
nificant, which would suggest that changes in it do not
affect the revenue; this is an arguable result that also
differs from the one‘ obtained in the translog model.
Revenue elasticities of labor and gear were also insig-
nificant. Therefore, according to the CD formulation,
only fuel and number of trips produce changes in gross
revenues.

Production efficiency is calculated by equating the
regression coefficient of the ith input to the correspond-
ing share evaluated at its market price. Here, as in the
output elasticities, production efficiency is evaluated
separately and independent among inputs because the CD
formulation does not allow for input interactions.

The sum of the regression coefficients of the inputs
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is 1.05 which is very close to one, suggesting that the CD
function would also exhibit constant returns to scale. For
testing this hypothesis, the F-test in Appendix B was
used. The estimated F statistic was .40, that is less
than 3.97 the value of F at .05 1level of significance
with one and 80 degrees of freedom. The null hypothesis
is accepted: constant returns to scale may prevail in the
fishery according to the CD formulation. The result would
also support the CRS restriction imposed on the translog
function.

When a model exhibits CRS, the regression coeffi-
cients of the CD function also represent the factor shares
of the inputs and their sum must add to one. This would
suggest that at least all inputs subject to economic
evaluation are present in the CD model; but also that,
given the low value for the capital service share, profit
in the fishery is low for the period analyzed.

By comparing the economic implications of both the
translog and the CD functions, it is concluded that the
translog can give a more realistic representation of
production relationships than the CD function. That 1is
(1) it can show marginal productivity less, equal to, and
greater than zero. This is a closer representation of the
biological production function; (b) its elasticity of sub-
stitution is non-constant. In small scale fisheries
proportionate variation in input ratio may be different

than the proportionate variation of price ratio; and (c¢)
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elasticities and factor shares are functions of the inputs
-- hence their values are non-constant. This suggests
that changing inputs in bundles rather than individually
is more efficient.

Nevertheless, the share equation model based on a
translog revenue function showed a poor response. Further
properties of symmetry and constant returns to scale were
rejected. In part this is attributable to the data set
used. Therefore, a more conclusive opinion about the fac-
tor shares model for the available information of the
Florida reef or any other in small scale fishery can be

obtained by using a larger and more accurate set of data.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The objective of this research was to find a better
method of estimating economic production relationships in
small scale fisheries. It has been indicated that lack of
understanding of production relationships in small scale
fisheries limits the design for successful development
and management programs. Simultaneously, the literature
available on the estimation of production relationships
in small scale fisheries is not abundant. Consequently,
there is a lack of methodological experience. Also,
available data for estimating small scale fisheries
production relationships is notoriously incomplete and in-
acurate. Therefore, a contribution can be made to im-
proved fishery development and management and to improved
fishing business management if an improved method of es-
timating production relationships can be demonstrated.

The proposed method makes use of a transcendental
logarithmic function to postulate that gross revenue is a
function of the physical input quantities. The translog
was selected because of its flexibility, non-constant
elasticity of substitution and because of the interaction
between inputs. Further, by assuming that fishermen are
profit maximizers and given the property of constant
returns to scale and symmetry that is imposed on the

translog function, the method estimates five factor share



equations instead of the primal function. The factor
shares are identically equal to the marginal values of the
original function. The factor shares are also equivalent
to the elasticities of revenue.

The model construction and estimation was based on a
set of cross-sectional data from a cost and earning survey
of the Florida reef fishery. For estimating the share
equations, the joint generalized least squares procedure
for seemingly unrelated equations was applied. A total of
86 observations were used. Estimation results were not
very encouraging because the hypothesis for 1linear
restrictions imposed on the coefficients of the factor
share equations was rejected. However, further examina-
tion of the data and their corresponding correlation
matrix suggested inconsistencies in the data which may
partially explain the poor model response. This was ex-
pected because cross-sectional data collected from small
scale fisheries through questionnaires are typically not
very accurate.

In terms of policy implications for fisheries
development and management, any type of model on produc-
tion relationships can help in understanding these
relationships, assuming it has a good fit and it is well
behaved. Two factors make the proposed model especially
attractive: (1) unlike other models, factor shares and
elasticities are functions of inputs; and (2) it allows

varying the inputs in bundles instead of individually,



which can be more efficient depending on the decision ob-
jectives. For example, according to the results obtained,
the highest increase in elasticity of revenue is obtained
by increasing labor and boat size simultaneously. This
also means an increase in the labor share but a decrease
in the capital service share. Hence, it shows what may
happen when employment is increased. Similarly, other
bundles of input variation can be considered for dif-
ferent objectives.

The result of the primal translog function estimation
showed that the independent variables explained 72 percent
of the variation in the dependent variable in comparison
to the 59 percent showed by the Cobb-Douglas formulation.
However, the model was characterized by multicollinearity
and sensitivity of parameters to variable substitution.
This can be expected by recognizing the model is a second
order approximation and the data set is not large enough
to avoid these problems. Estimating the primal function
directly is an attractive alternative, especially when
information on input expenditure is not available. The
first partial derivétive of the model becomes the output
elasticity of the ith input. If revenue is used as the
dependent variable it becomes the factor share of the ith
input. Further, if all expenditures, including capital
service cost, are represented in the model by the ex-~
planatory variables, the sum of factor shares must add to

one. Because of this summation restriction, the method
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of choice in this case should be to estimate the share
equations instead of the primal function directly.

The Cobb-Douglas functional form showed good response
and behavior when the same variables were used. Multicol-
linearity was also present. However, not all signs of the
regression coefficients were positive as expected. Again,
the problem is mostly associated with data inconsistency.
This made the Cobb-Douglas an interesting means of com-
parison with the translog function. In this case the
Cobb-Douglas function exhibited constant returns to scale.
Further, because of its simplicity the Cobb-Douglas for-
mulation is also a good reference for comparing other be-
havior of the models.

Model estimation could be enhanced if more complete
information on the variables were available. This would
help reduce the dependency between certain variables. In
this particular case variables such as labor and fishing
gear depended upon the time variable. The model also
requires more accurate data on capital values and
depreciation to measure the effect of varying input on the
return to capital and to the fishery resource.

The method presented here can .give a more realistic
representation of economic production relationships in
small scale fisheries than others currently available.
It is a start at providing better information for policy
decision and analysis in small scale fisheries. However,

as model response and behavior was not satisfactory, it



should be tested with a more accurate and larger set of

data.
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QUESTIONNATRE
1. Card Number __ 2. Interview Number __ __
1 2 3
3. Interviewer Number __ __ __ 4. Date of Interview __ _/__ _/ __ __
4 5 6 7 8 910 11 12

5. County/State

13 14

Hello, my name is , and I'm conducting a survey today for the National
Marine Fisheries Service. The purpose of the study is to collect information from com-
mercial fishermen, such as yourself, to assist in the management of the fisheries. The
information you give us will be strictly confidential and your name will not appear on
the questionnaire. If you would like to see it, I have a copy of the Privacy Act of
1974, which explains how any information you give us will be used. Basically, all the
information we collect will be gathered together so the identity of any individual is
not part of this study. We want to talk to you about reef fishing.

I hope you have the time to participate in this interview; it will take between 25
and 30 minutes.

Unable to Proceed Reason:

A. CAPITAL INVESTMENT
Al. Vessel:

6. Documentation Number:

9. Fabrication (wood, steel) 10. Year Originally Built __ __
25 26 27

11. Purchased or Built By Fisherman

28
12. Year Purchased: __ __ 13. 1Initial Cost $__, __ __ __,000
29 30 31 3233 34
14. Year Boat Rebuilt: __ 15. Cost to Rebuild $__ __ __,000

35 36 37 38 39



A2,

A3.

16. Present Sale Price With Gear: 000

$_I — — el

40 41 42 43

17. Expected Life:

44 45

18. Vessel Owner-Operated? Yes No

__ years (from date of purchase)

Engine:
19. Type (diesel or gasoline) -
47
20. Make —_ 21. Size __ __ __hp
48 49 50 51 52
22. VYear Engine Rebuilt or Replaced: —
53 54
23. Expected Life: __ years
55 56
Equipment: Does this vessel have:
24. Radar? Yes No __ 25. How many?
57 58
26. Loran? Yes No __ 27. How many?
59 60
28. VHF? Yes No __ 29. How many?
61 62
30. Paper Machine/Fish Recorder?
Yes No __ 31. How many?
63 64
32. Refrigeration? Yes No __ 33. How many?
65 66
34. CB Communication? Yes No __ 35. How many?
67
36. Auto-Pilot? Yes No __ 37. How many?
69 70

74



B.

Bl.

B2.

75

EFFORT

Home Port:

38. City: - 39. County/State: ______  __ __

71 72 73 74

Trips:

40. Number: __ __ __ per year for reef fishing.

75 76 77
(Card Number: __ Interviewer No. __ __ Interview No. __ __ __
1 2 3 4 5 6
Vessel Documentation No. __ __ __ __ __ __
7 8 9101112
41. What percentage of your time is spent reef fishing? __ __ __
13 14 15
42. Average time gear is in water (in hours): __ __
16 17
Amount of Gear Per Trip:
43. Land Lines: __ __ 44. Traps: __ __ 45. Other: __ __
18 19 20 21 22 23

Location:

Think of the place you reef fish most frequently:

46. How many miles is it from your home port? __, __ __ __

24 25 26 27

47. What percentage of your time reef fishing do you spend there? —_%

28 29 3

48. How long do you leave your traps or lines at this location (in hours)? _
31 32

Think of the place you reef fish second most frequently:

49. How many miles is it from your home port? __, __ __ __
33 34 35 36



C.

50. What percentage of your time reef fishing do you spend there? __ _ %
37 38

S1. How long do you leave your traps or lines at this location (in hours)?

Think of the place you reef fish third most frequently:

52. How many miles is it from your home port? _ , __ __ __
41 42 43 44

53. What percentage of your time reef fishing do you spend there? __ _ %
45 46

54, How long do you leave your traps or lines at this location (in hours)?

55. Minimum number of crew per trip:

49 50
56. Maximum number of crew per trip: __ __
51 52
S7. Average number of crew per trip: __ __
53 54
58. 1Is crew on shares? Yes No __ 59. What is the share? __ _ %
55 56 57

If now owner-operated, what is the share that goes to:

60. Captain: __ _ % 6l. Crew: __ _ %
58 59 60 61

76

39

7

40

48

62. Insurance P
62 63 64 65 66

63. Licenses

$

67 68 69 70 71

64. Vessel Taxes (property) $ _ ) —
72 73 74 75 76
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(Card Number: __ Interviewer No. __ __ Interview No. __ __ __
1 2 3 4 5 6

Vessel Documentation No. __ __ __ __ _ __

7 8 9101 2
65. Depreciation $ o -
13 14 15 16 17
66. Interest - long-term debts $ _
18 19 20 21 22
67. Interest - operating costs P
23 24 25 26 27
68. Unloading and Packing fees $
28 29 30 31
69. Association Dues $ —_—
32 33 34

70. Fuel and 0il — . _ _ _ Gallons

35 36 37 38 39
71. Fuel and 0il Cost $ e -
40 41 42 43 44
72. Groceries (cost to crew) $ —
45 46 47 48
73. Bait $ . _ _
49 50 51 52
74. Ice - — et — __ __ Pounds
53 54 55 56 57 58

75. Ice - Cost $ _ .
59 60 61 62 63
76. Gear Replacement $ _ ., _ _
64 65 66 67 68
77. Gear Depreciation $ _ .,
69 70 71 72 73
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(Card Number: __ Interviewer No. Interview No.

" 45 6

[
wl

Vessel Documentation No.

7 8 91011 12

Repairs and Maintenance

78. Hull  J
79. Engine $ s —
80. Repairs to Gear $ o e e —
81. otiaer Repairs and Maintenance_ $ s
82. Total Cost of Vessel Maintenance S
83. New Gear Purhcase (not replacements) $ _

84. Other Costs, Total $_

85. TOTAL COSTS $

E. CATCH/REVENUE: Annual Totals
86. Species #1: — 87. Pounds Landed: __ __ __, __ __ __
56 57 58 53 60 61 62 63
88. Revenue: $__ __, __ __ __ 89. Location Sold: -
64 65 66 67 68 69 70

90. Other Location:
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(Card Number: __ Interviewer No. __ __ Interview No. __ __ __
1 2 3 4 5 6
Vessel Documentation No. __ __ __ _ __ __
7 8 910 11 12
91. Species #2: o 92. Pounds Landed: __ __ _ , _ _ __
13 14 15 16 17 18 19 20
93. Revenue: $__ _, _ _ _ 94. Location Sold: —_
21 22 23 24 25 26 27
95. Other Location: - -
28 29
96. Species #3: - 97. Pounds Landed: __ __ _ , __ _ __
30 31 32 33 3¢ 35 36 37
98. Revenue: $__ _ , __ _ _ 99. Location Sold: —_—
38 39 40 41 42 3 44
100. Other Location: —_—
45 46
101. Species #4: o 102. Pounds Landed: _ __ _, __ __ __
47 48 49 50 51 52 53 54
103. Revenue: $__ _, __ _ __ 104. Location Sold: -
55 56 57 58 59 60 61
105. Other Location: —_—
62 63
106. Species #5: —_ 107. Pounds Landed: __ __ _, __ __ __
64 6 66 67 68 69 70 71
108. Revenue: $__ _, __ __ __ 109. Location Sold: —_
7273 74 75 76 77 78

AAXXAAAAAXAXRAARAARAARAARAALLLRAAAARAAAXARARAALAARAXAAKEARLRAARXAAARRAARRAAAXARARKRK RRRKXK
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Thank you very much for your time and cooperation.

Someone from our area office will be making "spot check" telephone calls verifying that
interviews were conducted. No additional data will be collected. Is it alright to
verify that this interview took place?

Yes No /
Area Code Number of Interviewee

I hereby certify that this interview was actually taken and with the correct respondent
and represents a true account of the interview.

Interviewer's Signature Date



APPENDIX B

Test Statistics

81



82

APPENDIX B

TEST STATISTICS

The Breusch-Pagan Test for Homoskedasticity

Assuming that either of the two following models are

to be tested for homoskedasticity, or any other linear

model,
P P g
In Yo =Bg+ I Bj lnuje +2 T Z b 5 1n uj¢ 1n Uit
i=1 i=1j=1
(1)
+ et
p v
In ¥y = Bg + I Bj ln uj¢ + eg (2)
i=1

the hypothesis are:

2 2

HO: Ot = Ot for all t = 1, 2, o e 0y T
2

Ha: Ot = g(Do + Dlth + ... + DiZit)

where g(+) is a continuous function with continuous first
derivatives and 2's are some known stochastic variables
being typically the same as the explanatory variables of
the regression equations (1) or (2) or some function of
them.

The Breusch-Pagan statistics follows the chi-squared

distribution with (k - 1) degrees of freedom,

2
SSR(bp)/2 ~ Xk-1
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where SSR(bp) is the regression sum squared from the

-~

2
regression of et/o2 on Zj¢; that is

2 72 P P aq
e/0 =Dg + L Dj 1ln uj¢ + : ¢ ¢ Dij In uj¢ 1In Uit
i=1 i=1j=1
+ Vt
or
2 72 p
€/0 =Dg + I Dj ln ujp + we
i=1
where

2
et: the tth squared residual in regression equa-

tions (1) or (2)

-~

2
o =fe¢/n: sum of the squared residuals in equations
(1) or (2) divided by the number of observa-

tions.
Decision Rule:

2
If RSS(bp)/2 £ X(g,6k-1) the test is not significant
and the null hypothesis is accepted; the regression equa-

tion presents homoskedasticity. Reject Ho otherwise.

Generalized F-Test

For the full model,

P P g
ln Y =Bg+ I Bj lnuj +1/2 % I Bjj lnu; Ilnu; +e
i=1 i=1 j=1

the following hypothesis are to be tested:
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Ho = Bij =0 for alli=1, 2, ..., p and
i=1 2, ..., q

Ha = Bij #0, not all of the Bij's in Ho equal zero;

so that, the reduced model is

p
In Y=Dbg+ £ Bj Inu; + vV
i=1

The test is based on the F statistics:

SSE(r) - SSE(f) SSE(f)

F* = “df(r) - at(£) * ~Qf(f)
where F* has an F distribution for a level of significance
with (k(f) - k(r)) and (n - k(f)) degree of freedom and
SSE(r) and SSE(f) are the sum of the squared errors for
the reduced and full model, respectively. df(r) and df(f)
are the degree of ﬁreedom of the reduced and full mode,
respectively. n is the number of observations. Kk(r) and
k(f) are the number of parameters in the reduced and the

full model respectively.

Decision Rule

If F* > F[a' kK(f)-k(r); n—k(f)} the test is sig-
nificant and the null hypothesis is rejected; the Bij's
should not be dropped from the model. Accept Ho other-

wise.



85

Test for Restriction Imposes on the
Relationship Between Parameters of a Function

The test is an F-statistics estimated on the sum of
squared errors of the restricted and unrestricted
function; it presents an F distribution with one and (n -

k) degrees of freedom (Kutsoyiannis, 1977).

_ SSE(r) - SSE(u)](n-k)

F* SSE(u)

where SSE(r) and SSE(u) are the sum of the squared
residuals for the restricted and unrestricted function,
respectively; n the number of observations, and k is the
number of parameters in the unrestricted function.

The hypothesis to be tested are:

P

Ho: T B =1
i=1
P

Ha: T B # 1
i=1

The procedure is (a) estimate the parameters for the
unrestricted function and (b) estimate the parameter with

the restriction on them.

Decision Rule:

If F* < F(q; 1; n-k) the test is insignificant and
the null hypothesis, Ho, is accepted; the sum of the

regression coefficients equal one. Reject Ho otherwise.
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Test for a Set of Linear Restrictions

Considering a set of Q linear restrictions on the
coefficients in different equations represented by the

following matrix notation:

RB=r

where
R = Q Xx K matrix

K x 1 vector of coefficients

w
I}

r = Q x 1 vector of restrictions,

The null hypothesis is that RB = r, is the true

statistic, that is

Ho: RB =r

Ha: RB # r.

If the hypothesis is true, then the restricted

generalized least squares estimator

B + SR'[RSR']1"1(r - RB),

w
I

2
with 6 = (x' @1 X)‘l, follows a X(Q) distribution with Q
degrees of freedom.

The sample value of the test statistics is
2 1 -1
X(Q) = (r - RB)*[RER'] "+ (r - rB),

Which is based on the estimators obtained from the ordi-
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nary least squares.

Decision Rule:

2 2
If X(g) = X(Q,a)

(the sample value is less or equal than the tabulated
value at a level of significance), then the test is not
significant and the null hypothesis, Ho, is accepted.

RB=r is the true statistic; reject Ho otherwise.



