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Preface 

The concepts of fishing capacity and fishing effort have for a long time been impor-
tant topics in fisheries management, due to the acknowledged characteristics of fisher-
ies including overcapacity and overfishing. With knowledge of the relationship be-
tween landings on one hand, and capacity and fishing effort on the other, it is theo-
retically possible to solve these problems. In practice, however, the challenge is much 
greater, in particular because it is difficult to find uniform measures for fishing capac-
ity and fishing effort.  
 
Not only is it important to find sensible solutions to these measuring problems, but it 
is also important to choose models that describe the data in the best possible way. 
Further, the models should be based on sensible economic interpretations and take 
into account economic conditions for proper estimation. 
 
Four institutes faced this challenge in a project over two years: Centre of Fisheries 
Economics Research (CFER, UK), Danish Research Institute of Food Economics 
(FOI, DK), Instituto Ricerche Economiche per la Pesca e l'Acqua-Coltura (IREPA, I), 
and University of Southern Denmark (SDU-IME, DK). 
 
The objective of the project was to estimate various types of production functions for 
selected fleet segments in the three different countries, with the aim to identify the re-
lationship between the landings, capacity and component parts of fishing effort. 
 
In total eight researchers have been involved in the project. Anonymous referees ap-
pointed by the services of the EU Commission have commented the report, which is 
hereby acknowledged. Philip Rodgers (CFER) compiled the various contributions to 
the report. Jørgen Løkkegaard (FOI) served as the scientific responsible officer for the 
whole project. Elsebeth Vidø, secretary at FOI, carried out the word processing lead-
ing to the printed final report. 
 
The project and the report have been carried out with financial support of the EU 
Commission, DG-Fish, (project no. 99-65). However, the views expressed in the re-
port are those of the authors and do not necessarily represent those of the European 
Union. 
 
Danish Research Institute of Food Economics (FOI), May 2003 

 
Ole P. Kristensen 

Director, FOI   
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Executive Summary 

� This report contains the results of a two-year study into the relationship be-
tween fleet capacity, landings, and the component parts of fishing effort.   

 
� Capacity in the fishing industry is difficult to define since the output of a ves-

sel is dependent on the stock available to be fished.   
 
� It is perfectly normal in most industries for there to be excess capacity since 

few companies work in an environment so stable that demand for their prod-
uct is constant.  It is usually economically viable for some spare capacity to 
be held in reserve to meet periods of peak demand.   

 
� In fisheries, because of the logistic growth of the fish stock and the constraint 

imposed by the environmental carrying capacity, excess capacity develops 
whereby the output of the fishery could have been produced by a much smal-
ler fleet.   

 
� Excess capacity may threaten the viability of the stock but results from the 

stock being a self-renewing common property resource which is available 
free to the user.  

 
� In open access fisheries and those that are inadequately managed, existing 

overcapacity can be used profitably in the short-run but this uses stock re-
quired to maintain the growth level of the stock in the long-run. 

 
� The function which links output and the inputs in fishing is the production 

function.  Output is determined by the level of the stock and the use made of 
non-stock inputs such as capacity and labour.  In the short-run the level of the 
stock is independent of the amounts of the non-stock inputs used previously.   

 
� The non-stock inputs are often collapsed into a single separable fixed factor 

index known as fishing effort.  Not infrequently, fishing effort is defined as 
some measure of fishing capacity multiplied by the time used, such as kilo-
watt-days. 

 
� A drawback of using a fixed-factor index like fishing effort is that the poten-

tial for substituting between inputs cannot be examined and the illusion is 
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created that there is a single readily definable variable which may be used as 
an intermediate variable to control output. 

 
For Denmark:  
� The existence of multicollinearity between horsepower-days and crew, and 

between the stock and horsepower-days implies that the recommended 
method is to use the Dynamic Schaefer model with logarithmic data.   

 
� The Dynamic Schaefer model has the highest adjusted coefficient of deter-

mination within the group of models using only horsepower-days as the sin-
gle explanatory variable and all the parameters have the rights sign.  Only the 
coefficient for log of horsepower-days is not significant.  According to the 
estimates the usual Schaefer form exists and the log of Catch variable lagged 
one period is positive.  

 
� The parameter of the log of horsepower-days shows the elasticity of the fac-

tor.  It is  
 

2.4 - 2*0.0532*lnHPD. 
 
� In this case there exists increasing returns to scale.  

 
For Italy:  
 
� Those production function models which include the variables common to all 

three case studies, labour, kilowatts, kilowatt-days and fuel consumed show 
high multicollinearity among the variables implying that most of the coeffi-
cients in the models are not significant.  

 
� Models which include only GRT and Kilowatt-days as explanatory variables, 

perform better.  In particular the Cobb-Douglas function both in its static and 
dynamic versions fit the data as well as the univariate model set up as a 
benchmark.  The parameters exhibit good stability.   

 
� The dynamic Cobb-Douglas has an R 2 equal to 0.86 and a standard error of 

regression equal to 0.12.  The results of these two tests are better than for the 
univariate model  
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� The variables are cointegrated according to both the unit root test and to the 
Johansen test.  The residuals and the parameters show a high stability.   

 
� The elasticity of GRT is equal to 1.21 in the short-run and to 2.73 in the long-

run.   
 
� The elasticity of capital is 0.22 in the short-run and 0.64 in the long-run.  

 
� The results for the Coppola-Spillman specification are not better than those 

for the dynamic Cobb-Douglas model. 
 
� The standard Catch-effort models of both Schaefer and Fox have been esti-

mated in order to make the whole analysis complete.  They do not give better 
results than the dynamic Cobb-Douglas model. 

 
For Scotland:  
 
� Among the models estimated that which conforms to the EU's use of capacity 

(KW) and activity (KWD) controls and which best explains the variability of 
the landings index is the translog function 

 
 
 

KWDKWKWDSKWS

KWDtKWtSt

KWDKWSt

KWDKWStQ

lnln29.5lnln12.2lnln68.5

lnln76.0lnln75.0lnln49.2

)(ln23.3)(ln85.11ln20.17ln10.0

ln009.1ln48.7ln84.45ln12.310.29ln
2222

−++
++−

−+−−

−−++−=

 
 ( R 2 = 0.511) 

 
 
 
� The elasicities suggested by this model are 

 
 
   
 Technology Stock Kilowatts Kilowatt-Days 
Technology 0.36   
Stock -14.31 19.75  
Kilowatts 36.08 2.52 -1.24  
Kilowatt-Days -20.65 -1.44 0.57 2.22 

 
The scale elasticity is 21.09.  
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� The comparison of a single non-stock Cobb-Douglas function with the 
Beverton-Holt function has shown that for only a small investment a better 
function than that commonly in use in scientific models could be found sim-
ply by placing a coefficient other than unity on the stock variable and input 
index.   

 
� From the point of view of economics none of the functions incorporating la-

bour as an explanatory variable was satisfactory but a better function than the 
translog single non-stock input index function, though the explanatory power 
is lower, is the Cobb-Douglas function with constant returns to scale imposed 
on the non-stock inputs 

 
727.0273.0442.0208.2 KWDKWSQ =   ( R 2 = 0.280) 

 
This function also benefits in that the explanatory variables coincide with those used 
by the European Union in the Common Fisheries Policy. 
 
� The implication remains that there are increasing returns to scale from the 

sum of the coefficients of all the explanatory variables, at 1.442.  This is not 
inconsistent with the findings of other studies mentioned in the Literature 
Review but is questionable in the long-run.  

 
The tests have not isolated the rate of technical advance, but they have brought a 
functional form that improves that of the Beverton-Holt specification of the produc-
tion function. 
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The Relationship between Fleet Capacity, Landings, and the 
Component Parts of Fishing Effort 

SECTION I: INTRODUCTION 

1. Background 

This report contains the results of a two-year study into the relationship between fleet 
capacity, landings, and the component parts of fishing effort.  Capacity in the fishing 
industry is difficult to define since the output of a vessel is dependent on the stock 
available to be fished (Lindebo 1999).   
 
It is perfectly normal in most industries for there to be excess capacity since few 
companies work in an environment so stable that demand for their product is constant.  
It is usually economically viable for some spare capacity to be held in reserve to meet 
periods of peak demand.   
 
However, in fisheries the meaning of excess capacity in that sense is lost.  In fisheries, 
because of the logistic growth of the fish stock and the constraint imposed by the en-
vironmental carrying capacity, excess capacity develops whereby the output of the 
fishery could have been produced by a much smaller fleet.  This is both wasteful of 
the fish stock and non-fish stock resources and may threaten the viability of the stock 
but results from the stock being a self-renewing common property resource which is 
available free to the user1.   
 
In open access fisheries and those that are inadequately managed, existing overcapac-
ity can be used profitably in the short-run but this uses stock required to maintain the 
growth level of the stock in the long-run. 
 
The function which links output and the inputs in fishing is the production function.  
Output is considered to be determined by the level of the stock and the use made of 
non-stock inputs such as capacity and labour.  In the short-run and possibly in some 
fisheries, in the long-run, the level of the stock is independent of the amounts of the 
non-stock inputs used previously.   
 

                                                                    
1 For a full explanation of this see, for example, Cunningham S, M.R Dunn, and D. Whitmarsh 
(1985) Fisheries Economics: an introduction, Mansell, London, Ch2. 
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The non-stock inputs are often collapsed into a single separable fixed factor index 
known as fishing effort.  Not infrequently, fishing effort is defined as some measure 
of fishing capacity multiplied by the time used, such as kilowatt-days.  However, it is 
important to distinguish from the outset between capacity, a stock variable, and activ-
ity, a flow. 
 
This offers a restricted notion of the possible inputs to fishing.  A drawback of using a 
fixed-factor index like fishing effort is that the potential for substituting other inputs 
cannot be examined and the illusion is created that there is a single readily definable 
variable which may be used as an intermediate variable to control output. 

I.1. Objectives 

The objective of this study is to examine functions relating landings of fish to the 
stocks available and existing fishing capacity, to identify the components of fishing 
effort and the influence of technical advance. 
 
The study has been concerned to identify by discussion and empirical testing the ap-
propriate specification for fisheries production functions which relate landings and 
fishing mortality to capacity and fishing effort.  Since these may be fishery specific in 
mathematical form a study of the Italian mixed-species trawl fishery has been com-
plemented by a comparative study of the Scottish North Sea demersal trawl fishery 
and of the Danish North Sea human consumption demersal trawl fishery.  A particular 
difficulty arises with the production function in fisheries in that one input, the stock, 
is not independent of previous output. 
 
The specific objectives are therefore to: 
 

a. Identify the relationship between landings, stocks, capacity and other inputs 
for the Italian mixed fishery, 

 
b. Identify the relationship between landings, stocks, capacity and other inputs 

in the Scottish North Sea demersal trawl fishery, 
 

c. Identify the relationship between landings, stocks, capacity and other inputs 
in the Danish North Sea human consumption demersal trawl fishery, 

d. Identify the components of fishing effort in the three chosen fisheries, 
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e. Compare the predictive performance of the standard constant catch2 per unit 
of effort function against those estimated. 

I.2. Methodology 

This report commences with a literature review of both refereed articles published in 
journals and some of the grey literature published but not subject to a strict peer re-
view.   The purpose of the literature review has been to identify the state-of-the-art in 
the estimation of production functions for fisheries in Europe and elsewhere and to 
highlight the findings of others and the relevant problems they encountered.   
 
It also sets out the different specifications chosen by writers and the theory implied by 
each.  The mathematical specifications available in estimating appropriate functions 
to describe the determination of output as a result of stock sizes and the components 
of fishing effort are examined and the implications of the specifications discussed.   
 
The remainder of the report sets out the results of the econometric investigation and 
estimation for each country.  The methodology employed is set out in detail in each 
country section. 
 
I.2.1 The Structured Common Approach 
The explanatory variables used for the three National fleets are as follows in Table 
I.2.1 
 
Table I.2.1. Explanatory variables used for the three national fleets 
  
Variables UK DK IT
  
GRT X X
Kilowatts X X X
Fuel Consumed X  
Employment Provided X X X
Fishing Days Used X X X
Insurance Value of Vessel X 
Age of Vessel X 
Number of Vessels X X X
Fish Stock X X 

                                                                    
2  Throughout this report the words "catch" and "landings" are used synonymously.   Thus, catch 
does not include any fish which are discarded and not landed.  Discarding occurs because for one 
reason or another the fish are not marketable or because of high-grading. 
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Four variables are common for all the three national cases; kilowatts, employment, 
fishing days and number of vessels.  It is also possible to consider a time trend and, 
eventually in special cases, one or more dummies to cover misreported landings. 
 
It was agreed among the partners that it was paramount to ensure that a common ap-
proach was adopted.  Therefore, empirical testing was applied to the same or similar 
sets of specifications, variables used, and econometric tests performed in each country 
participating. 
 
Thus although all partners tested data for cointegration, error correction methods were 
only applied if the partner felt they had a sufficiently long time series to justify ac-
cepting the results.  The basic assumption of testing for cointegration is that it is try-
ing to separate shocks from variability and therefore needs a long time series in order 
to identify them.  Shocks permanently alter a trend or relationship between two vari-
ables whereas variability reflects movements about an unchanged trend or relation-
ship which leave the basic relationship unaltered. 
 
The different specifications identified in the literature review and after discussion 
were tested empirically in logarithmic forms as appropriate.  These specifications 
were tested as standard "average" production functions for all the fleets under investi-
gation.   
 
The common specifications to be tested were agreed as the Translog Function, TL, 
(Christensen, Jorgenson and Lau 1971), the Constant Elasticity of Substitution form, 
CES, (Kmenta 1967), the Cobb-Douglas Function, CD, (Cobb and Douglas 1928), the 
Cobb-Douglas Constant Returns to Scale form, CRS, and Coppola’s Reformulation of 
the Spillman Function, C-S, (Coppola 1995a).   
 
Normally, the neo-classical production function is formulated as: 
 

),..,,( 21 kXXXfQ =                          (1.1) 
 
where the output, Q, can be produced with k different inputs, Xi.   
 
The Translog model is 
 

∑
=
∑
=

+∑
=

+=
k

i

k

i
jXiXjiciX

k

i
iccQ

1 1
lnln,ln

1
0)ln(     

     (1.2) 
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The Constant Elasticity of Substitution model with several inputs is 
 

∑∑
=

−

=

− =






=
n

k
k

n

k
kk cXcQ

1

/

1

1;
ρν

ργ                                       (1.3) 
 
The Cobb-Douglas model with several inputs is 
 

∑
=

+=
k

i
iXiccQ

1
ln0)ln(     

 (1.4) 
 
The Cobb-Douglas model with constant return to scale is 
 

1
11

ln0)(nl =∑
=

∑
=

+=
k

i
icwhere

k

i
iXiccQ             

(1.5) 
 
The Coppola Reformulation of the Spillman Function with several inputs is 
 

)1(10
iX

i
n
i ccQ −∏= =   where ci < 1  (1.6) 

 
From a production function three elasticities may be calculated; the elasticity of fac-
tors, the elasticity of substitution, and the elasticity of scale.   
 
Calculating the elasticity of factors is to measure the percentage change of output due 
to a unit percentage change of input.   
 
Returns to scale measure by how much output changes if inputs each vary contempo-
raneously with the same given factor.  If the scale of input is increased by s percent 
then there are increasing returns to scale if output increases by more than s percent.  If 
output increases by s percent then there exists constant return to scale and if output 
increases less than s percent then decreasing return to scale exist.   
 
The elasticity of substitution measures how much other inputs have to change to pro-
duce a fixed amount of output when a unit change occurs in the amount used of one 
input.   
 
An advantage of the Cobb-Douglas production function is that it is possible to calcu-
late both the elasticity of factors and the degree of returns to scale.  The elasticity of 
substitution among the inputs is constant and equal to one. 
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The functional form of the Cobb-Douglas is: 
 

y A K L= α β                               (1.7) 
 
where: A is the technology 
 α is the elasticity of capital 
 β is the elasticity of labour 
 
The elasticity of returns to scale is the sum of α and β. 
 
The Constant Elasticity of Substitution is a generalisation of the Cobb-Douglas, and 
the functional form of the Constant Elasticity of Substitution is: 
 

[ ]y A K L
v

= + −δ δρ ρ ρ( )1                   (1.8) 
 
where δ is the distribution between the inputs 
 ρ is used to calculate the elasticity of substitution 
 v measures the returns to scale 
 
The elasticity of substitution, σ, can be calculated as 
 

ρ
σ

−
=

1

1
��                                      (1.9) 

 
If σ = 0 substitution does not occur and the function becomes a Leontief production 
function, whereas for σ = ∞  there exists perfect substitution between the inputs 
(Coppola 2001). 
 
The agreed specifications were to be tested with physical quantities of a single vari-
able input, a single variable input index, and multiple variable inputs.  The precise 
specifications for each form used are set out in the report of the results of each case 
study. 
 
Average production functions have been estimated.   
 
For the Italian estimations no data on the stocks is available.  To omit the stock as an 
input in a production function is possibly to omit a relevant variable and the econo-
metric estimations will be biased.  However, in the Coppola function, it is possible to 
suppose that if the shadow price of the stock tends to zero, as in the open access case, 
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the dimension of the stock used tends to infinity or is in an area where the marginal 
productivity tends to zero.  In this case the stock can be dropped from the equation 
with no effect on estimation. 

I.2.2. The Frontier Production Function 

In estimating a function of some form using econometric techniques the usual ap-
proach is to fit a curve to data by minimising the sum of squared residuals.  Thus, the 
estimated function represents in a sense a form of average for the given data with ob-
servations on each side, weighted according to their distance from the function.   
 
The notion behind the frontier production function is that each observation includes 
within itself a degree of inefficiency such that all the observations ought to be on the 
lower side of a curve describing truly efficient production, the production frontier.   
 
Hence, the production frontier shows the most efficient production levels that have 
been achieved rather than what is achievable.  Thus there may still be some ineffi-
ciency but it is minimised by assuming that the best that has been achieved is the best 
that could be achieved. 
 
It is possible to estimate frontier functions using fleet aggregate data but the interpre-
tation of the meaning of the estimated coefficients is questionable.    
 

eKLS = Q ++++ lnlnlnln 3210 αααα                               (1.10) 
 

For example, a Cobb-Douglas frontier production function might take the form 
 

v +u - = e                                                     (1.11) 
 

where it is assumed that the residual, e, has two components such that 
  
where 

),0(~ 2σNv                                                      (1.12) 
and 

0≠u                                                            (1.13) 
 
(Maddala 1983). 
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Using Maximum Likelihood estimation this specification minimises the sum of 
squared residuals under the assumption that all observations fall on one side of the 
function estimated.  In essence, this is to assume that the observations each include a 
degree of inefficiency in industry production which would not be recognised by the 
usual assumption of a curve minimising the sum of squared residuals and permits es-
timation of a function based on the best achieved.   
 
The problem in using time series aggregated data is in interpreting the meaning of the 
estimates.  It would imply that in some years the fleet was less efficient than in others, 
which no doubt it is true to some extent, but this is to assume that there is an underly-
ing behavioural change in the fleet contrary to the basic assumptions of econometric 
estimation. 

I.2.3  Data Envelopment Analysis 

The project has been primarily concerned with investigating the production function, 
however, it was proposed to include some comment on Data Envelopment Analysis.  
This estimates the efficiency of individual vessels. 
 
DEA can be used to measure capacity and capacity utilisation.  The idea behind using 
DEA, a mathematical programming technique, is that the frontier for the different 
production unit or individual vessels is piecewise linear, enveloping in a curve or an 
isoquant curve.  DEA is deterministic whereas regression techniques are stochastic 
methods that emphasise that not all relevant variables are included in the regression 
techniques, whereas DEA gives the impression that all relevant variables are included 
in the analysis.  DEA estimates the efficiency of individual vessels and thus it is im-
possible to use aggregated data to calculate production functions.  It will not be possi-
ble to include any analysis of the efficiency of the Scottish trawl fleet, as only aggre-
gated data has been obtainable. 
 
For a fuller description of DEA in the fisheries context reference may be made to 
Garcia and Herrero (1998) and Bardarson and Vassdal (1998).  A description of the 
implications of DEA in the context of this study is given in Appendix 4. 
 
Progress during the study was monitored via e-mail and there were five project meet-
ings during the course of the study to plan and co-ordinate the direction of the re-
search and to compare and contrast results. 
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SECTION II: THE FISHERY PRODUCTION FUNCTION; 
A REVIEW OF THE LITERATURE 

II.1 Introduction 

A production function describes the relationship between the physical quantity of 
output of goods and specific combinations of physical quantities of inputs used in 
their production process.  A true production function does not use monetary values for 
the inputs, though they are used in the cost minimisation process associated with effi-
cient combinations of the input for a given budget.  In micro-economic theory these 
inputs have traditionally been grouped under the headings of land, labour, and capital 
(for example, see Samuelson 1947) though in much empirical work, land and capital 
are not separated.   
 
While the economic theory of production can be traced to the works of Adam Smith 
and Ricardo, the development of the present day theory began in earnest with the 
seminal work of Cobb and Douglas (1928).  They set out to determine the relationship 
between output, Q, in the economy of the United States of America and the inputs, 
labour L, and capital K, and in doing so developed the production function which 
bears their name. 
 

LK = Q 21
0

ααα                                                   (2.1) 
 

A general form of the production function  
 

12 αα -1 =                                                       (2.2) 
 

has a long history in economic theory and the empirical method employed by Cobb 
and Douglas led to the development of the functional form representing constant re-
turns to scale where 
 
The production function describes the shape and position of the related isoquants used 
in indifference curve analysis and, together with the relative costs of the inputs and 
the budget constraint, explains the cost-minimising input structure for a given output. 
The impact of changes in budget and to relative costs may then be examined via in-
come and substitution effects (Slutsky 1915, Hicks 1939).  It is linearly homogeneous 
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in that a j-fold increase in the inputs will produce a j-fold increase in output, hence 
constant returns to scale (Chiang 1984).  
 
In the generalised Cobb-Douglas production function, Equation 1, the elasticity of 
substitution between inputs is constant and unitary even when the condition set out in 
Equation 2 does not hold (Chiang 1984).   
 
Another form of the production function has been developed which expresses the 
same constant elasticity of substitution (CES) as the Cobb-Douglas function but with-
out its value taking the value of unity.  It is also linearly homogeneous and displays 
constant returns to scale.  It is  

ρρρ δδα
1

0 ])1([

−
−− −+= LKQ                                        (2.3) 

 
where 0α is the efficiency parameter, and δ  is the distribution parameter.  The sub-
stitution parameter, ρ , determines the value of the constant elasticity of substitution 
and has no counterpart in the Cobb-Douglas formulation (Arrow et al 1961).  The 
Cobb-Douglas production function is a special case of the CES function where 

0=ρ . 
 
The Cobb-Douglas and the CES functions are themselves special cases of the general 
translog production function (Thomas 1993) 
 

KLKLQ lnlnlnlnln 213210 γγγγγγ +++=                         (2.4) 
 
where γ1, γ2, and γ3 are parameters (Theil 1983). 

II.2 The Level of Investigation 

Production functions may be estimated at the level of the industry or the firm.  In the 
case of fisheries this is usually translated into the level of the fleet or of the vessel.  
There appears to be no obvious reason why the level of the firm is omitted, save that 
in many fisheries the one vessel firm predominates, though the more modern the fish-
ery the less likely this is to be so.  Prochaska and Williams (1978) is a notable excep-
tion.   
 
In the fisheries being examined in this study, ownership of the fishing companies is 
generally not concentrated with few companies owning more than one vessel.  In the 
Scottish North Sea trawl fleet, four fish-selling companies, those which organise the 
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quayside auctions, own a large proportion of the fleet, but achieved by possession of 
small (often one-sixteenth) shares in many vessels. 
 
Tsoa, Schrank and Roy (1985) developed a generalised version of the Schaefer model 
(1954) in order to estimate an unconstrained Cobb-Douglas production function for a 
fishery when stock estimates are unavailable.  They showed that when the generalisa-
tion is applied the results for equilibrium catches and population may be very differ-
ent from those offered by the conventional Schaefer model.  Their conclusion stresses 
that the mathematical specification of the production function may be profoundly im-
portant to the results. 
 
Danielsson (1994) estimated a Cobb-Douglas production function with constant uni-
tary returns to scale for the fishing and other sectors of the Icelandic economy in or-
der to describe the growth in productivity in fisheries.  He concluded that the growth 
in productivity of the fisheries sector in Iceland had been caused by the development 
of freezer trawler technology and the improvements in the size of fish stocks.  The 
institution of a system of individual transferable quotas for management purposes 
might also have been a factor.   
 
Prochaska and Williams (1978) developed a model of spiny lobster production to 
provide information on decision-making for individual firms and to provide estimates 
of production relationships for use in management of the fishery.  Their production 
function was of the form 
 

eeXXXX = Q XX
4321

66554321 ββββββα                                      (2.5) 
 
where Q  is landings per firm, X 1  is traps fished per firm, X 2  is the proportion of 
traps hauled each week, X 3  is the number of weeks fished, X 4  is the craft size, and 

X 5  and X 6  are regional dummy variables. 
 
This production function is based on some concept of fishing effort but Prochaska and 
Williams (1978) make clear that effort should not be regarded as a single unit because 
of the interaction and substitution shown among individual units of effort.  Although 
optimal levels of input and output were calculated, they felt that further information 
was needed on the costs involved to enable simultaneous calculation of optima, which 
had been prevented by multicollinearity, and which is likely to be a continuing prob-
lem with a production function of the form they used. 
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III.3  Separability of the Production Function 

If the explanatory variables of a production function can be re-arranged into two 
groups, the function is said to be separable.  In fisheries the inputs to the production 
process are manifold and may include not only the fish stock, but the fishing gear, 
vessel type and size, fuel consumed, crew and so forth.  Separability implies that the 
fisheries production function may be reduced to a two variable function including, on 
the right hand side, the stock and an index of all the other inputs. 
 

K)L,F(S, = Q                                                     (2.6) 
 

Normally in microeconomic theory, the level of output of a product is considered to 
be determined by an industry production function explained by the three factors of 
production; land, labour, and capital.  Measured in physical units of each employed 
rather than by their opportunity cost, these may be translated in fisheries into resource 
(fish stock), S, labour, L, and capital, K, such that Solow (1955) discussed the appro-
priateness of using a single index to represent capital in a production function which 
incorporates labour and two or more forms of capital.  He concluded that the neces-
sary and sufficient condition for the forms of capital to be collapsible into a single in-
dex is that the marginal rate of technical substitution of one kind of capital good for 
the others must be independent of the amount of labour used.  This in itself is enough 
to point up the inadequacy of effort indices, for it is unrealistic to assume that the 
amount of labour employed in a fishery is independent of the type and quantity of 
particular vessels used. 
 
In direct contradiction, however, fisheries production functions using an effort index, 
E , collapse the inputs into a single index and assume that effort alone, given the 
stock abundance, suffices to explain output.  Such functions are usually of some form 
(eg Cunningham, Dunn, and Whitmarsh 1985) where 
 

E)H(S,=Q                                                    (2.7) 
K)(L,  E φ≡                                                    (2.8) 

 
and 
 
where K here represents an index of capital.  The problems arising from assuming its 
homogeneity have already been dealt with.  These problems also apply to the stock 
and labour.  However, in order to examine the role of the stock and raise a further 



 
 Fleet Capacity, Landings, and the Component Parts of Fishing Effort, FØI 27

question as to the reliability of effort it is assumed that the variables are homogene-
ous.    
 
Despite the shortcomings of the index of fishing effort as an explanatory variable for 
catches or landings, however, it remains in widespread use.  It is therefore worth re-
stating its weaknesses and reconsidering some of the more general economic theory 
relating to production input indices as it applies to fisheries. 
 
Thus, if the production function is not separable then a given stock size and a given 
amount of fishing effort will produce output which varies according to the different 
amounts of labour and capital input used.  The relationship will thus be unstable.  For 
fishing effort to be a sound concept, given amounts of stock and effort should produce 
a consistent output regardless of the mix of inputs that comprise, or produce, effort. 
 
The use of fishing effort as an aggregate input in an industry production function is 
unsound unless certain strict conditions are met.  Solow (1955) suggests that this may 
be done only if the production function satisfies the Leontief theorem on separable 
functions (Leontief 1947).  Huang and Lee (1976) interpret this to mean that in the 
fisheries production function the marginal rate of technical substitution between capi-
tal and labour must be independent of the change in fish stock if fishing effort is to be 
a meaningful variable.  This they considered a rather severe restriction of a general 
fishery production function and concluded that “the concept of a single index of fish-
ing effort stands on a weak foundation”. 
 
Huang and Lee (1976) identified two additional difficulties.  First, from an index of a 
single factor of production important aspects of production cannot be analysed.  Sec-
ondly, the crowding externality is excluded because fishing effort emphasises the bio-
logical aspect of the resource and especially the stock externality.    
 
The former criticism is that substitutability between the factors of production is as-
sumed to be impossible.  However, Campbell (1991) and Dupont (1991) have esti-
mated non-zero elasticities of input substitution.  The congestion externality remains 
of significance because the productive inputs of firms are only indirectly translated 
into output through the production function for the common property resource 
(Anderson 1978).  
 
Following Solow's method, the marginal rate of technical substitution of capital for 
labour in a fishery is: 
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which is to be independent of the size of the fish stock (Rodgers 1995).  Thus the nec-
essary and sufficient condition for effort to be a valid production input index is that 
the marginal rate of technical substitution between capital and labour must be inde-
pendent of the size of the stock.   
 
The condition set out in Equation 8 will hold, however, if production may be consid-
ered a two-stage process where a product called effort is produced from capital and 
labour inputs and is then itself used at the second stage as a production input with the 
fish stock.  This separability of inputs in the production function was stated explicitly 
in the opening words of Robinson and Pascoe (1996) 
 

"Fishing boats produce effort rather than catch.  This effort is applied to a fish 
stock.  The combination of the level of effort and the stock size will result in 
some level of catch." 

 
This point has been argued earlier by Anderson (1978) but the problem of the as-
sumption of fixed factor proportions in the effort variable remains (Huang and Lee 
1978). 
 
Franklin Fisher (1965) noted that Solow had extended his thinking beyond the prob-
lem of separability by considering a model in which technical change was embodied 
only when new types of capital good were introduced.  Solow (1964) showed that it is 
sometimes possible, once labour has been optimally allocated, to write the maximised 
value of output as a function of labour and a homogeneous aggregate of different 
types of capital goods.   
 
Fisher set out to define the necessary and sufficient characteristics of embodied tech-
nical change which permit the construction of an aggregate capital stock.  He con-
cluded that in the presence of constant returns, capital-augmenting technical change is 
necessary and sufficient, but when the assumption of constant returns is relaxed the 
situation changes.  Either the capital aggregate can be formed under a wider set of 
technical changes than the set of capital-augmenting changes, or that there are some 
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vintage production functions which, if they hold, forbid the construction of a capital 
aggregate. 
 
Later Fisher (1969) discussed the existence of aggregate production functions in 
models where capital goods are specific to firms and not interchangeable.  He con-
cluded that a number of uncomfortable results emerged.  Since additive separability is 
a necessary condition for capital aggregation no capital aggregate exists unless every 
firm has such a production function.  Where one firm is fully automated while another 
uses capital and labour in the same production process there can be no capital aggre-
gate.   
 
This difficulty impacts upon labour and product aggregates too and lead Fisher to 
conclude that the conditions for the existence of aggregate production functions are 
strict and difficult to meet in practice. 
 
The source of the problem lay in technical diversity and Fisher in a later paper (1971) 
sought to examine why, given the unrealisable strictness of the conditions necessary 
for aggregate production functions to be mathematically sound, they nevertheless ap-
parently work in so far as they give a reasonably good explanation of wage levels.  He 
concluded that the diverse technical relationships in modern economies are represent 
able by an aggregate Cobb-Douglas production function because labour's share hap-
pens to be roughly constant. 
 
Sabatella (2000) concluded that to measure capacity in fisheries (a measure of capital) 
it was necessary to develop investment time series. 

II.4  Measurement Problems with Fishing Effort 

More than a quarter of a century ago Hildebrandt expressed his doubts about the 
complexities of trying to measure fishing effort in a way that enabled a sensible com-
parison to be made across fleets which may vary technically to an enormous extent 
(Hildebrandt 1970).  He identified fishing effort as a biological item defined as the 
fishing power of a vessel multiplied by the time spent fishing.  However, after exam-
ining a wide range of the component variables of fishing power he concluded that 
fishing effort is very difficult to measure consistently.   
 
Another set of difficulties in measuring capacity, and therefore fishing power, arising 
from anomalies in the measurement of vessel size has been outlined by de Wilde 
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(1992).  He noted that it is possible to construct vessels in ways which lead to their 
being of significantly different physical capacity, while they satisfy the same set of 
regulatory criteria or may have identical capacity according to the method of meas-
urement. 
 
Hannesson (1993) also considered the problem of defining fishing effort and con-
cluded that it "seems impossible to derive any generally valid relationship" between 
fishing effort as a strict counterpart to fishing mortality and fishing effort as an index 
of inputs in a production process. 
 
Squires (1987) used sophisticated methods to calculate consistent indices for the capi-
tal, labour, and fuel inputs in fisheries at the level of the vessel production function 
and then combined them in an effort index.  The size of the fish stock was excluded 
on the grounds that it is costless to the firm.  Nevertheless, he concluded that if effort 
is not separable any attempt to construct an index from the inputs will lead to an effort 
index which varies with the quantity and mix of landings.  Hence, it would not be 
possible to construct a meaningful scalar measure for effort. 
 
These writers highlighted the problems arising from trying to produce satisfactorily a 
definition of fishing effort.  While the practical difficulties are considerable, however, 
more serious problems associated with the variable have a deeper theoretic character.  
 
In fact, fishing effort is not an economic variable at all, but an index of non-stock 
production inputs.  The explanation of why fishing effort has proved to be an incon-
sistent indicator of output lies in the economic theory of indices and is discussed at 
length below. 
 
Cabraal and Wheaton (1981) estimated a production function for the Maryland oyster 
fishery using a production function where output is a function of effort and stock.  
The purpose of their study was inter alia to obtain a suitable means of predicting fu-
ture harvests, and to estimate the natural productivity of oysters in the chosen loca-
tion. 
 
The production functions estimated all produced good test statistics with fishing effort 
as measured by boat-days explaining 80% or more of variations in catch.  In addition, 
the effort-elasticity of catch was held to be not significantly different from unity, ce-
teris paribus.  This provides supporting evidence for the assumption commonly used 
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in the Schaefer model that catch is directly proportional to effort for a given fish 
population size. 
 
Thus while the use of fishing effort is theoretically suspect, the evidence of its useful-
ness from empirical testing is very mixed. 

II.5  One-Stage Separated Functions 

Bjorndal and Conrad (1987) developed a discrete time non-linear deterministic model 
for an open access fishery and examined its characteristics at equilibrium.  Alternative 
production functions were considered and estimated for the Norwegian purse seine 
fishery for herring.  This offered the virtues of a single species fishery and they re-
ported the most plausible production function estimated as 
 

K S 0.062 = Y 1.36
t

0.56
tt                                            (2.10) 

 
The sum of the index numbers being greater than unity indicates increasing returns to 
scale.  However, it is even so for the capital variable alone which is clearly problem-
atic as the optimal level of capital could be infinite and stock almost non-existent. 
 
Eide and Flaaten (1992, 1995) used a compromise between the fisheries scientists' 
production function and standard economic production theory in specifying their in-
dustry (or fleet) production function for the Barents Sea as 
 

βα SqEQ =                                                    (2.11)        
 
where fishing effort is defined as the number of vessels times the number of days 
spent at sea. 
 
Eide et al (1998) used a Cobb-Douglas function to estimate the parameters for Nor-
wegian bottom trawlers fishing for cod in the Barents Sea.  Their best results were ob-
tained using a model with an autocorrelated error term.  The stock output elasticity 
was estimated at 0.424 and the effort output elasticity at 1.232, indicating increasing 
returns to input.  Technological growth was about 2% a year over the period 1971 to 
1985. 
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II.6  Two-Stage Separated Functions 

Anderson (1976) set out to show the relationship between firm and industry in a 
common property fishery.  His approach was explicitly to represent the industry pro-
duction function as part of a two stage process where labour and capital inputs gener-
ate fishing effort which is then applied to the remaining input, the stock, to produce 
the final output, the catch.  From this Anderson attempted to sum vessel effort to cre-
ate industry effort and then determine industry equilibrium in an open access common 
property fishery.   
 
The difficulty is that this assumes separability of the functions.  This will only hold if 
the relative proportions of labour and capital used are independent of the size of the 
stock.  There is nevertheless something in this approach, given putty-clay considera-
tions.  Once a vessel has been built and her on-board gear configured, substitution be-
tween capital and labour may be slow and limited though this may depend on the fish-
ing method used.  Days fished using the same crewing level, for example, can readily 
be increased to compensate for using fewer pots requiring less labour. 
 
Hannesson (1983) returned to the problem of the fisheries production function by ob-
serving that the usually assumed Beverton-Holt (1957) form 
 

qES = Q                                                       (2.12) 
 

where q  is a constant referred to as the catchability coefficient, rests on two founda-
tions for its validity.   
 
First, a definition of fishing effort must be identified which is exactly proportional to 
the biological concept of fishing mortality, and secondly the density of the fish must 
be proportional to their abundance.  Hannesson estimated a Cobb-Douglas function 
illustratively for the Lofoten fishery.  He suggests that a shortcoming of the Cobb-
Douglas form is that it does not permit identification of the optimal vessel size.  He 
also recognises the problems with the concept of fishing effort, suggesting the ap-
proach advocated by Anderson (1976) of a two-stage production process.  
 
Hannesson tested the hypothesis of a two-stage production process on six fisheries but 
his results were rather inconclusive, suggesting separability existed in some but not in 
others.  Technical progress varied between 2% and 7% a year. 
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However, del Valle et al (2000) found that an effort variable comprising vessel power 
and days at sea was separable from skipper's skill in a study of the ICES area VIII 
European anchovy fishery.  Using a two-stage separated function of translog form 
they concluded that the elasticity of substitution between an effort variable compris-
ing tonnage and days at sea and another comprising horsepower and days at sea was 
less than one implying that the substitution possibilities between horsepower and ton-
nage are low. 
 
Taylor and Prochaska (1985) set out to develop a fishing effort production function 
founded in economic theory.  As such they attempted to develop a function which ex-
plained fishing power as a function of conventional economic inputs.  This variable at 
the level of the firm could then be aggregated to derive an industry production func-
tion (for effort) which could be applied to the stock in what they describe as "the 
Beverton-Holt tradition".  They concluded that their method required less stringent 
data requirements than usual, but it had shown that changes in the inputs to the fishing 
power function affected fishing effort and in turn the stock. 
 
Campbell (1991) estimated the elasticity of substitution between restricted and unre-
stricted inputs using a Probit approach for the Tasmanian Rock Lobster fishery.  A 
two-stage production process was assumed, lending itself to Probit analysis, such that 
fishing effort was a function of non-stock inputs in a Cobb-Douglas function.  He 
concluded that while the initial effort function is translog, a constant elasticity func-
tion for the first stage could not be rejected.  The results suggest an elasticity of sub-
stitution of less than unity, probably closer to 0.75. 
 
Padilla and Trinidad (1994) is another example of Anderson's two-stage approach be-
ing applied, in this case to the standardisation of fishing effort in the small pelagics 
fishery in the central Philippines.  Various inputs were used to explain fishing effort 
as an intermediate product.  They concluded, however, that the availability of input 
substitution could be used to thwart the effect of regulations designed to reduce the 
intensity of fishing and that the effectiveness of effort indices was thus far limited. 
 
Green (1997) showed that when the hypothesis of separability is not rejected the 
translog production function can be reduced to a Cobb-Douglas function.  Andersen 
(1999) estimated translog effort functions for the entire Danish fleet and separately 
for trawlers and netters using the number of days at sea and either insurance values or 
average asset values as inputs. 
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The translog production function was then tested to determine whether it could be re-
duced to a Cobb-Douglas function.  Both output and input were thus described with 
monetary indices acting as proxies for physical amounts.  In general, this functional 
form was not rejected when insurance values were used, but the Cobb-Douglas effort 
functions using days at sea and insurance values were inconclusive with regard to the 
appropriate explanatory variables. 
 
The hypothesis of separability was rejected for the effort functions using days at sea 
and average asset values and the translog function could not therefore be reduced to 
the Cobb-Douglas form. 

II.7  Unseparated Functions 

As part of a broader study Frost and Vestergaard developed an illustrative linear pro-
gramming model to estimate the optimal exploitation of fish stocks (Frost et al 1993).  
 
They extended this approach to assess the impact of a number of management regula-
tions and by calculating the marginal value to a vessel of breaking days-at-sea regula-
tions they showed the power of the economic incentives that can be created by a man-
agement measure (Frost and Vestergaard 1995).  The production function used was 
significantly closer to that of economic theory and recognises the inseparability of the 
production function.  The production function was of the form 
 

DVqB = Q 210 ααα                                              (2.13) 
 
where Q  is the quantity of landings, B  is the stock biomass, V  is the number of 
vessels in the fishery, and D  is the number of fishing days. 
 
Dupont (1991) estimated the elasticity of substitution of inputs for the British Colum-
bia salmon fishery.  The appropriate measure of substitution when a firm faces con-
trols on some of its inputs is the elasticity of intensity of use.  To achieve this a more 
sophisticated production function than is usual was assumed which included labour, 
fuel, and gear as being inputs in a vessel's production function.   
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II.8  The Stock Variable 

Bjorndal (1988) developed a discrete-time dynamic model for North Sea herring.  Pe-
lagic fisheries such as that for herring present the economist with the opportunity of 
building a reasonably realistic model since they are single-species fisheries with little 
if any by-catch.   
 
The objective function describes the present value of the nett revenue of the fishery to 
be maximised under the assumption that the resource is owned by a single monopoly 
owner.  The assumption is unrealistic but serves to enable optimum management of 
the fishery for the owner though not society (Clark 1990).   
 
The standard form of the production function 
 

ES = Q 21
tt0t
ααα                                                (2.14) 

 
produced a value for the stock index number almost equal to zero indicating that 
catches per unit of effort are independent of stock size, a finding often postulated for 
pelagic fisheries but not believed to be the case for demersal fisheries.  This time, 
however, the index number for effort was assumed to be unity. 
 
While the amounts of inputs used in most production processes can be adjusted to 
minimise the cost of a given level of production, in open access fisheries one input, 
the stock, is apparently costless to the firm, though there may be an economic cost 
which manifests itself as an externality.  In efficiently managed fisheries, the cost of 
the stock appears explicitly as the present value of the property right to fish a quantity 
of it. 
 
Squires (1992) recognised that the stock has a value and that the social cost of exploi-
tation is borne by different sectors of society according to the ownership of the prop-
erty right.  He concluded that separability holds, however, on the grounds that the 
fishing company has no control over the condition of the stock.  He likens it instead to 
the state of technology which also varies and according to which fishing companies 
adjust their use of inputs.  However, these rather strong conclusions relate to produc-
tion functions at the level of the firm rather than the industry. 
 
Coppola (1993) specified a production function with catch as a function of effort in 
the conventional style but progressed to a neo-classical Cobb-Douglas form (Coppola 
1995a) with stock and effort as the explanatory variables.   
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Contemporaneously and independently he concluded with Rodgers (1995) that the 
shadow price of the stock cannot be ignored in considering output and the minimum-
cost mix of inputs.  Later he refined the theoretical form of the production function 
(Coppola 1995b), suggesting a reformulated Mitscherlich-Spillman specification 
(Heady and Dillon 1961). 
 

)R-)(1R- S(1= Q S
s

E
e                                         (2.15) 

 
where Si  is the part of the stock affected by fishing and the Rx  are the coefficients 
of the inputs. 
 
Coppola's function overcomes the unrealistic assumption in the constant elasticity of 
substitution form of constant marginal product and constant returns to scale.  He also 
removes the problem inherent in the short-run Cobb-Douglas form that production 
could be greater than the stock biomass but runs into the problem of somehow having 
to determine the proportion of the fish stock affected (as opposed to caught) by fish-
ing.  

II.9  The Vintage Capital Approach 

A solution to one of the problems of aggregation came in the form of the vintage pro-
duction function based on the embodiment hypothesis. Wickens (1970), however, 
showed that for the vintage version of the Cobb-Douglas production function an iden-
tification problem arises which can cause serious bias in the estimated parameters if 
conditional estimation techniques are used with the wrong values of parameters that 
are given.  Removing cyclical movement in output also removed any evidence in sup-
port of the embodiment hypothesis.  Annual data, he concluded, does not contain 
enough information to distinguish a model with a high rate of embodied technical 
progress from one with a low rate. 
 
Mizon and Nickell (1983) extended the notion of the vintage production function to 
models of UK manufacturing industry which included hours worked as a separate 
element of labour input.  Their purpose was to examine whether an index of manufac-
turing output could be satisfactorily explained as a simple and stable function of a 
small number of input aggregates. 
 
Using a standard putty-clay model with limited dynamics they achieved what they de-
scribed as a considerable degree of success.  However, there was some evidence that 
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the explanatory power of their models would be considerably increased by more-
sophisticated specification of the dynamics and foregoing all but the most primitive 
and ad hoc interpretations of the parameters. 
 
Nonetheless, their work may have something to contribute to separable production 
functions representing fishing effort where effort is measured as some function of 
time at sea or time fishing.   
 
George, Oxley, and Roberts (1986) applied to fisheries the vintage capital approach 
developed by Salter (1966) and Johansen (1972) whose contribution was in the so-
called putty-clay hypothesis.  This recognises that while a firm is free to chose its 
level of capital ex ante commencement of a project (the putty stage) once the capital 
is installed it becomes relatively inflexible (the clay stage).   
 
The vintage capital approach variation of this reflects two characteristics not accom-
modated by the original theory.  First, the efficiency of the capital recedes with age, 
but secondly technical progress makes newer machines more efficient than were their 
predecessors when the predecessors were new.   
 
George et al extended the method in order to move away from the "ad hoc and often 
highly restricted approach to modelling fishing effort as a composite variable" and to 
accommodate the effects of the share system of crew remuneration.  While they 
achieved the latter, the production function in their model simply represents output 
per vessel as a function of days at sea and vessel vintage. 
 
This work was carried further by Clark and George (1986) who added a gamma dis-
tribution variable to the production function to represent the random effects of nature, 
including weather and fish behaviour while maintaining the use of days at sea to rep-
resent fishing effort.  The random variable representing the rather loosely defined fish 
behaviour is in some respects questionable.  The shoaling behaviour of fish has come 
to be represented by the index number of the stock variable in the traditional Cobb-
Douglas form of production function (see for example Bjorndal 1990, Hannesson 
1993), but subject to the problems of aggregation the variable may be taken to repre-
sent other influences on stock availability such as the variability of recruitment. 
 
Oxley and Roberts (1986) estimated the equations set out in George, Oxley and Rob-
erts (1986) and Clark and George (1986).  The basic production functions for individ-
ual vessels in three fleets specified in days at sea and vintage were found to have a 
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low explanatory power.  This was remedied to some extent by the addition of vessel 
characteristics, and crew size but often at the expense of the postulated unit elasticity 
of catch with respect to days at sea. 

II.10  The Production Frontier 

Hannesson, R-Hansen and Dale (1979) asked whether the proportion of labour and 
capital used in individual fishing vessels is economically efficient when related to the 
social opportunity cost of those inputs.  A socially optimum combination of labour 
and capital occurs, according to economic theory, when the ratio of their marginal 
products is equal to the ratio of their social opportunity costs.  They hypothesised that 
  

r

w > 
MP

MP
o

o

K

L          (2.16) 
 
or that the ratio of the marginal product, MP , of labour and capital will be greater 
than the ratio of the opportunity cost of labour, wo , and capital, ro .  If this holds 
then relatively more capital than labour is being used in a fishery than is warranted for 
economic efficiency.  Using the frontier production function they concluded that for 
four of the five metiers they examined the hypothesis held, but it did not hold for the 
least capital-intensive. 

II.11  Arnason's Fishing Mortality Production Function 

Finally, one remaining novel approach is worth mentioning.  Arnason (1984) noted 
the weakness of the standard production functions linking biological and economic 
submodels within many bioeconomic models and sought to introduce economic the-
ory into them.  He achieved this by replacing them with a special function which 
maps the economic fishing inputs of an economics submodel onto the fishing mortal-
ity rates of a biological submodel.  This function he called the fishing mortality pro-
duction function.  Thus fishing mortality is a function of the stock sizes, and vectors 
of the economic inputs and environmental factors.  The latter may include stochastic 
elements if desired.   
 
While this is a novel approach and addresses the problem that there is a difference be-
tween the mortality induced by fishing and the landings made, it is more appropriate 
to stock assessment models.  It is a step removed from the question of determining the 
output produced by a set of inputs and the influence on the composition of that set of 
inputs of changes in their relative prices. 
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11.12 Conclusion 

The ideas discussed above cover the principal areas to be included in the specification 
of the production function. 
 
The compound variable or input index fishing effort is both inconsistent and biased as 
an accurate predictor of output, and presents serious difficulties of definition and 
measurement.  As such, it is necessary to determine an alternative to compounding all 
the non-stock inputs. 
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SECTION III.A:  ESTIMATION OF PRODUCTION 
FUNCTIONS FOR THE DANISH NORTH SEA DEMER-
SAL TRAWL FLEET 

III.A.1  Introduction 

Within fisheries economics and management, different methods of examination of the 
relationship between output and input can be used.  The three most important methods 
are data envelopment analysis, stochastic frontier analysis, and regression techniques.   
 
In this section different production functions are estimated using regression tech-
niques on various specifications such as the Translog, Constant Elasticity of Substitu-
tion, and Cobb-Douglas production functions, including the Cobb-Douglas production 
function with constant returns to scale.  In addition, the static and dynamic Schaefer 
production functions are estimated. 
 
The chapter is structured as follows.  In section III.A.2 the production models em-
ployed in the analysis are presented, while section III.A.3 gives a short introduction to 
the different tests employed to test the consistency of the different models.  Data used 
for the analysis is presented in section III.A.4 and descriptive statistics of this data-
sample is given in section III.A.5.  Section III.A.6 presents and discusses the results 
of the estimations, and section III.A.7 closes the chapter with a discussion of the re-
sults in relation to the impact of multicollinearity. 

III.A.2  Production Function Specifications 

The functional forms estimated for the Danish trawl fleet are the translog, the constant 
elasticity of substitution function, the Cobb-Douglas function, and the Cobb-Douglas 
function with constant returns to scale, together with the static and dynamic Schaefer 
functions described below.  
 
When analysing production in fisheries the well-known Schaefer form has often been 
employed, the idea of which is to include biological aspects within the economic pro-
duction function.  If it is assumed that landings of fish are a function of effort and 
stock, the Schaefer production function can be formulated as: 
 

( )Catch f E S= ,                                (3A.1) 
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where E is the effort 
 S is the biomass stock 
 
When substituting capital, K, and labour, L, for effort in Equation 3A.1 the resulting 
form of the bioeconomic production will be: 
 

( )Catch f K L S= , ,                            (3A.2) 
 
Thus the specifications estimated in the following are those set out in Section I.2.1 
together with the Static Schaefer model: 
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and the Dynamic Schaefer model: 
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where the X variables are input variables including effort as well as fish stock meas-
ures. 
 
The models specified in section I.2.1 have been estimated from general to specific, 
i.e. in the order (i) Translog (ii) Constant Elasticity of Substitution (CES) (iii) Cobb-
Douglas, and (iv) Cobb-Douglas model with constant returns to scale.   

III.A.3  Tests Employed in the Analysis 

Several tests of the consistency of the estimated production models have been per-
formed, a short description of which is given below. 
 
Firstly, given that time series data has been employed in the estimations, tests for 
higher order autocorrelations have been performed. The Durbin-Watson and the 
Breusch-Godfrey Lagrange multiplier tests have been employed to test first-order re-
spectively higher-order serial autocorrelation for all estimated production forms.  If 
the Breusch-Godfrey Lagrange Multiplier test has indicated higher order autocorrela-
tions the production form has been re-estimated including autocorrelative terms. 
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The time series have furthermore been tested for the existence of autoregressive con-
ditional heteroscedasticity (ARCH) and generalised autoregressive conditional het-
eroscedasticity (GARCH) by employing the Lagrangian multiplier test. 
 
Unit root tests have been performed for each of the variables included in the analyses, 
leading to further tests for cointegration if the variables have been shown to be non-
stationary.  
 
Finally Multicollinearity is often a problem when estimating production functions 
(Brown and Beattie 1975) including more than one explanatory variable.  If multicol-
linearity exists the estimates of the structural parameters may be highly unstable and 
unrealistic.  Furthermore, if the explanatory variables are positively correlated, one 
implication might be that the parameter estimates are of opposite sign, and if this is 
the case, the expected bias in the parameters will be great.  Therefore, the possibility 
of multicollinearity has been considered in the analyses. The presence of multicollin-
earity has been evaluated by using variance-inflating factors (VIF) which shows how 
the variance of an estimator is inflated by the presence of multicollinearity.  The lar-
ger the VIF the more is the variable being tested collinear with one or more of the re-
maining variables.  If the VIF is greater than 10 multicollinearity is strong.  Multicol-
linearity has furthermore been investigated employing the condition index (CI) or 
condition number.  Normally, if the CI is between 10 and 30, there is moderate to 
strong multicollinearity and if it is greater than 30 there is serious multicollinearity 
(Gujarati, 1995). 

III.A.4  The Danish Data 

The Danish data covers monthly aggregated information for the Danish trawl fleet 
working in the North Sea during the period 1987 to 1999.  Data has been provided 
from the Danish Directorate of Fisheries, and has been retrieved by combining three 
different databases, (i) the vessel register, (ii) the logbook database and (iii) the ac-
count database. The vessel register contains information related to the characteristics 
of the registered commercial fishing vessels in Denmark, including vessel type, ton-
nage, engine power, year built, length, insurance value and crew size.   
 
The logbook database contains trip-level information for every commercial vessel 
with a registered length of 10 metres or more, such as gear employed, mesh size, fish-
ing area, and days at sea.  Finally, the account database contains information on all 
sales notes from those who buy, receive or collect fish directly from the fishermen.  
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By combining the three databases the necessary data is available at the individual ves-
sel level. 
 
For the present project the data has been limited by the following conditions: 
 

1. Only trawlers working in the North Sea, and of these only vessels for which 
the monthly aggregated catch value of cod and flatfish in the North Sea con-
stitutes more than 50 % of the total monthly aggregated catch value in the 
North Sea3, have been selected from the total Danish fleet. 

 
2. Only vessels that are operated under full occupational status are included.  

Thus, the partly occupational, other occupational, and unknown occupations 
are excluded from the sample. 

 
3. Only vessels registered with fewer days at sea in a month than the actual 

number of days in the months under consideration are included.  Conse-
quently, vessels that have been recorded as operating more days than the 
number of days in the month have been eliminated from the sample. 

 
4. The landed value of each species in each month and year has been indexed 

by the mean species value during the period 1987 to 1999.   
 

5. Data has been aggregated at a monthly level resulting in a set for each month 
containing the total indexed catch value obtained by the selected fleet, the to-
tal crew working in the selected fleet, and the total amounts of horse-power-
days employed. 

 
1987 has been chosen as the start year, as the information obtained from the different 
databases becomes reliable and accessible from that time.  Therefore, the data sample 
employed in the present analyses covers monthly aggregated information for the Dan-
ish trawl fleet working in the North Sea during the period 1987 to 1999.   
 
Information about stocks in the North Sea has been obtained from the ACFM (Advi-
sory Committee on Fishery Management) 2000 Report of ICES (International Council 
for the Exploration of the Sea).  Since stock information is not available for all spe-
cies caught by the selected fleet only stock data for cod, haddock, whiting, saithe, 

                                                                    
3
 Instant values have been employed in this selection process. 
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plaice, and sole are included.  The value landed of these species by the selected fleet 
constitutes 66% of the total catch value during the 13 years covered.  This is consid-
ered to be a reasonable amount, and since it has not been possible to obtain informa-
tion on the stock levels of the remaining species caught by the fleet, it has been de-
cided to employ the stocks of these six species as a measure of the total stock avail-
able.  A single stock index has been obtained by summing the six stocks each 
weighted by the mean price of the species over the period 1987 to 1999. 
 
The final data set employed in the Danish analysis contain the following information: 
 

1. Aggregated monthly landed values by the selected fleet, given in mean prices 
for the 13 years 1987 to 1999.  

2. Aggregated monthly crew numbers for the selected fleet.  
3. Aggregated monthly horsepower days for the selected fleet.  
4. Yearly total available stock measures given in mean prices with no monthly 

fluctuations. 
 
The former is the output for the analysed production forms, while the three latter are 
input variables.  Moreover eleven dummy variables, one for each of the months Feb-
ruary to December (January being the base month) have been included in the estima-
tions to allow for possible seasonal fluctuations.  

III.A.5  Descriptive Statistics for the Danish data 

In this section descriptive statistics of the dataset described in the previous section 
will be given, including time trends and summary statistics. 
 
Figure III.A.1 to III.A.4 show the development over time during the period consid-
ered (January 1987 to December 1999) of the one output and three input variables. 
 
The development over time in the catch value, Y, is given in Figure III.A.1.  The fig-
ure indicates that no general trend is present for Y during the considered period4, but 
that there seem to be a downward trend in the period 1990-1997, followed by a slight 
increase.  It is moreover observed that the catch at the end of the period corresponds 
to that at the beginning.   

                                                                    
4
 A regression of catch on time shows an insignificant negative trend of -10786.03 with a probabil-

ity value of 0.22. 
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The development over time of the horsepower-days is shown in Figure III.A.2.  No 
general trend is observed for the whole period5, but again a downward trend is ob-
served for the period 1990 to 1997, followed by a slight increase.  In general, the 
horse-power-days observed at the end of the period correspond to the value seen at 
the beginning.   
 
The development over time of the crew variable is shown in Figure III.A.3.  A de-
creasing trend is observed for the period 1990 to 19976, but no overall trend is pre-
sent.  Finally figure III.A.4 shows the development over time of the stock index em-
ployed in the analysis.  The figure shows that the stock index peaks in 1990 followed 
by a generally decreasing trend until 1998. 
 
Figure III.A.1. The Catch value per month (DKK, mean prices) of Demersal Fish for 

 Human Consumption by the Danish North Sea Trawl Fleet 1987 – 
 1999. 

 
 
Source: The Danish Directorate of Fisheries 

                                                                    
5
 A regression of horsepower days on time shows a negatively significant coefficient of - 804.00 

with a probability value equal to 0.0046 and a coefficient of determination of only 0.0510. 
6
 A statistically significant negative trend of - 0.83 with a probability value of less than 0.0001 ex-

ists for the whole period. 
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Figure III.A.2. Horse-Power-Days per month used by the Danish North Sea Trawl 
 Fleet in Catching Demersal Fish for Human Consumption 1987 – 
 1999. 

 
 
Source: The Danish Directorate of Fisheries 

 
 
Figure III.A.3. Crew used (persons per month) by the Danish North Sea Trawl Fleet 

 in Catching Demersal Fish for Human Consumption 1987 – 1999. 

 
 
Source: The Danish Directorate of Fisheries 
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Figure III.A.4. Aggregate of Fish Stock size per month (measured in DKK) of 
 Demersal Fish targeted for Human Consumption by the Danish 
 North Sea Trawl Fleet 1987 – 1999. 
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Source: ICES 

 
 
The summary statistics of the four variables are given in table III.A.1.  The table 
firstly shows that the maximum value of the catch index between 1987 and 1999 is 
26.390 610×  and the minimum is 1.130 610⋅× .  The mean is 12.126 610× .  Horse-
power-days varies between 1.097 610×  and 0.069 610×  with a mean of 0.341 610×  
whereas the number of crew is between 629 and 94 with a mean of 249.  The mean of 
the stock index is 1.05 1010×  with a maximum of 1.36 1010×  and a minimum of 
0.80 1010× . 
 
The catch and the stock variables are observed to be normally distributed, even 
though the stock is a bit left-skewed.  The horse-power-days and crew are left-
skewed and do not comply with normal distributions.  The stock and the catch are 
platykurtic (fat) whereas the horse-power-days and the crew are leptokurtic (slim). 
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Table III.A1. Descriptive Statistics for the Variables 
 
 Catch Horse-Power-Days Crew Stock
 
 Observations 156 156 156 156
 Mean 12126267 340531.1 249.1923 1.05E+10
 Median 11679428 310736.6 229.0000 1.09E+10
 Maximum 26390318 1097045 629.0000 1.36E+10
 Minimum 1129067 68876.63 94.00000 8.03E+09
 Std.  Dev. 4971085 160903.6 93.12996 1.50E+09
 Skewness 0.453576 1.369292 1.158247 0.086878
 Kurtosis 2.899433 5.988322 4.943204 2.468798
 Jarque-Bera 5.414755 106.7944 59.42424 2.030384
 Probability of normal dist. 0.066712 0.000000 0.000000 0.362333

III.A.6  Results 

Three different model scenarios have been tested for each of the different produc-
tion forms.  The models differ by the number of the three basic explanatory vari-
ables, horsepower-days, crew and stock, included in the estimations. 
 
In Model 1 the horse-power-days, the stock, and the crew are all included as input 
variables.  Model 2 includes only horsepower-days and stock while model 3 only in-
cludes horsepower-days as basic explanatory variable.  All three models include the 
11 dummies for the months February to December. 
 
The Durbin-Watson and the Breusch-Godfrey Lagrange multiplier tests for autocorre-
lation have indicated first-order as well as higher-order serial correlation for all esti-
mated production forms.  Thus twelve autocorrelation error terms, AR(1) - AR(12), 
have been included in the models and subsequently dropped one by one according to 
their significance.  The Lagrange multiplier tests for the existence of autoregressive 
conditional heteroskedasticity (ARCH) and generalised autoregressive conditional 
heteroskedasticity (GARCH) have rejected the existence of ARCH as well as 
GARCH in all models.  The models have thus been estimated without including 
ARCH and GARCH terms.  Unit root tests on the catch index, the logarithm of the 
catch, and the seasonally adjusted catch have shown that neither of these variables 
was non-stationary.  Thus, cointegration analysis has not been performed.  Multicol-
linearity has been detected between horsepower-days and crew in all models.  The 
VIF value is 4.7234, and the condition number or conditions index 9923, indicating a 
high degree of multicollinearity. 
 
The results of the estimations are shown in table III.A.2 to III.A.4.  The estimated pa-
rameters of the basic input values, crew, horsepower-days and stock, are retained 
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even though they have not been proven significant (5% level) while the parameters of 
the dummy variables and of the autocorrelated terms are only retained if they are sig-
nificant (5% level).  Table III.A.2 shows the results for the translog, the constant elas-
ticity of substitution function, and the Cobb-Douglas production functions, table 
III.A.3 shows the results for the static and dynamic Schaefer model with ordinary da-
ta, while table III.A.4 shows the results for the static and dynamic Schaefer models 
with logarithmic data. 
 
The three tables show the results for Models 1, 2 and 3: 
Model 1: In none of the models, in which all three basic input variables have been in-
cluded, do the parameters of the input variables have the expected signs7. Furthermore 
several of the variables are not statistically significant.  As it has been shown by fur-
ther tests (not included in the presentation) that each of the three basic input variables 
have a significant influence on the catch value (by modelling including only one vari-
able at a time), the lack of significance when including all three variables strongly in-
dicates collinearity, and suggests that one or more of the basic input variables should 
be removed from the estimations, leading to Models 2 and 3 below. 
 
Model 2: In Model 2 the crew has been dismissed as an input variable (c.f. the discus-
sion for model 1).  The stock is observed to have the wrong sign in the Cobb-Douglas 
model, the static as well as dynamic Schaefer model with ordinary data, and in the 
dynamic Schaefer model with logarithmic data.  The horsepower-days are observed to 
have the wrong sign in the translog model. 
 
Only one specification has the correct signs for both variables, namely the static 
Schaefer model employing logarithmic data.  The horsepower-days are however not 
significant in this model, again indicating multicollinearity.  Hence, these models 
cannot be used to draw conclusions about the elasticities.   
 
Model 3: In this model only horsepower-days are included as an explanatory variable.  
In the estimations of the Translog, CES, Cobb-Douglas, and static Schaefer models 
both with the original data and with the logarithm of the data, the parameters for 
horsepower-days are statistically significant and have the right sign.  In the dynamic 
Schaefer production function the variable log of horse-power-days2 is not statistically 

                                                                    
7
 The parameters of the translog, the CES and the Cobb-Douglas are expected to be positive, indi-

cating a positive correspondence between catch and effort, while the parameters of the Schaefer 
model are expected to be positive for the linear terms and negative for the quadratic terms, giving 
the characteristic parabolic shape of the function. 



 
 Fleet Capacity, Landings, and the Component Parts of Fishing Effort, FØI 57

significant.  The coefficients of determination are everywhere very high from 87.70% 
(the static Schaefer model with the original data) to 91.75%.  
 
The three tables furthermore show that the dummy variables for the tenth, eleventh, 
and twelve month are often significant at the 5% level, and that these are furthermore 
negative, indicating that the catches are lower in October, November, and December 
than in the rest of the year. 
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Tabel III.A.2. Comparison of the Regression Results from different specifications of 
the production function1 

  
 --------- Translog model -------- ----------- CES model ---------- ---------- Cobb – Douglas -------
 
 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model3
 
C 566.306

(540.09)
-248.677
(422.40)

-8.6781
(6.0790)

-91.3966
(59.156)

8.0469
(6.2174)

-8.6781
(6.0790)

17.5237
(5.0497)

17.4092
(4.8280)

3.3585
(0.5830)

LnHPD -25.0003
(12.619)

-2.7606
(6.0186)

2.9648
(0.9708)

4.6424
(4.5418)

-0.9381
(0.8649)

2.9648
(0.9708)

1.1113
(0.0706)

1.0685
(0.0450)

1.0233
(0.0487)

LnSTOCK -42.4929
(47.043)

24.5852
(37.445)

9.9303
(5.4683)

1.3153
(0.8962)

-0.6538
(0.2238)

-0.6363
(0.2163)

LnCREW 35.0103
(22.728)

-14.0387
(8.8079)

-0.0439
(0.0970)

(lnHPD)^2 -0.0090
(0.1781)

-0.0948
(0.0411)

-0.0782
(0.0388)

-0.0782
(0.0388)

(lnSTOCK)^2 0.7497
(1.0318)

-0.6208
(0.8364)

(lnCREW)^2 -0.0817
(0.3755)

LnHPD 
*lnSTOCK 

1.1930
(0.5457)

0.2683
(0.2749)

LnSTOCK 

*.lnCREW 
-1.3780

(0.9726)
LnCREW 
*lnHPD 

-0.2071
(0.4498)

(lnHPD 
-lnSTOCK)^2 

0.0232
(0.0915)

-0.0944
(0.0408)

(lnHPD 
-lnCREW)^2 

-0.2134
(0.2198)

(lnSTOCK 
-lnCREW)^2 

-0.3062
(0.1970)

D10 
 

-0.1064
(0.0461)

-0.1099
(0.0533)

-0.1048
(0.0462)

-0.1068
(0.0430)

D11 
 

-0.0971
(0.0433)

-0.1576
(0.0461)

-0.1025
(0.0515)

-0.1519
(0.0607)

-0.1577
(0.0467)

-0.1025
(0.0515)

-0.1519
(0.0459)

-0.1135
(0.0437)

-0.1025
(0.0491)

D12 
 

-0.1496
(0.0744)

-0.2242
(0.0537)

-0.2524
(0.0603)

-0.1999
(0.0822)

-0.2272
(0.0539)

-0.2524
(0.0603)

-0.2042
(0.0582)

-0.1914
(0.0527)

-0.2506
(0.0583)

AR(1) 
 

0.3555
(0.0862)

0.4297
(0.0848)

0.4726
(0.0702)

0.4319
(0.0772)

0.4208
(0.0833)

0.4726
(0.0702)

0.4797
(0.0826)

0.4592
(0.0827)

0.5204
(0.0679)

AR(2) 
 

0.2720
(0.0942)

0.2106
(0.0904)

0.2029
(0.0833)

0.2019
(0.0906)

0.1812
(0.0907)

AR(4) 
 

-0.2383
(0.0781)

-0.2155
(0.0745)

-0.2123
(0.0731)

-0.1878
(0.0717)

-0.1812
(0.0705)

AR(9) 
 

0.1302
(0.0678)

0.1302
(0.0678)

0.1341
(0.0635)

0.1249
(0.0626)

0.1433
(0.0587)

AR(12) 
 

0.1708
(0.0713)

0.1879
(0.0688)

0.2671
(0.0678)

0.2361
(0.0713)

0.1943
(0.0681)

0.2671
(0.0678)

0.1516
(0.0692)

0.1876
(0.0679)

0.2339
(0.0664)

R2 0.9253 0.9253 0.9120 0.9176 0.9202 0.9120 0.9199 0.9159 0.9085

R 2 0.9165 0.9165 0.9074 0.9108 0.9074 0.9074 0.9132 0.9103 0.9045
DW 2.0091 1.9819 2.1601 2.1650 1.9905 2.1601 2.0180 2.0026 2.1160
Residual sum 
of squares  2.2116 2.3549 2.6352 2.4381 2.3620 2.6352 2.3708 2.4887 2.7067
 
1 Italics indicate that the variable is not statistically significant at the 5% level 
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Tabel III.A.3. Comparison of the Regression Results from the static and dynamic 
Schaefer model (Ordinary data)1 

  
 ------------ Static Schaefer model ----------- ------------ Dynamic Schaefer model ---------

 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
   
C 11365397.0 

(7364766.0) 
7383811.00
(8317101.0)

-1465669
(1097945)

7735785 
(4924396) 

7432309
(4853026)

7398.865
(595147.6)

HPD 51.0069 
(4.8082) 

45.8544
(3.4568)

47.2043
(0.9708)

56.7043 
(4.9674) 

46.01143
(2.9420)

46.3545
(2.8134)

STOCK -0.0020 
(0.0015) 

-0.0011
(0.0016)

-0.001713 
(0.00108) 

-0.0017
(0.0010)

CREW -9631.45 
(11630.61) 

-21612.21 
(10823.4) 

HPD^2 -0.0000146 
(0.0000048) 

-0.0000153
(0.0000033)

-0.000016
(0.000003)

-0.0000212 
(0.000005) 

-0.000014
(0.000003)

-0.0000148
(0.0000029)

STOCK^2 8.39E-14 
(6.86E-14) 

2.63E-14
(7.19E-14)

5.96E-14 
(4.69E-14) 

5.70E-14
(4.35E-14)

CREW^2 -13.8559 
(18.9212) 

16.4896 
(17.6035) 

HPD(-1)  -20.6480 
(3.0634) 

-16.6058
(2.3084)

-18.2938
(1.9802)

STOCK(-1)  
 

0.000363 
(0.000324) 

0.000417
(0.000329)

CREW(-1)  
 

11134.31 
(4189.6) 

CATCH(-1)  
 

0.3231 
(0.06946) 

0.3345
(0.0684)

0.3725
(0.0581)

D4  
 

 1233653.0
(484173.4)

D5  
 

 1437838.0
(497020.4)

D6 
 

 1783996 
(733531.9) 

1603987
(501131.7)

D10 
 

  
 

-1131059
(481079.8)

D11 
 

  -1091670
(482237.1)

AR(1) 
 

0.3556 
(0.0761) 

0.4019
(0.0724)

0.4384
(0.0703)

 

AR(6) 
 

-0.2174 
(0.0795) 

-0.1715
(0.0733)

-0.2691 
(0.0836) 

-0.2649
(0.0820)

AR(12) 
 

0.2093 
(0.0770) 

0.2741
(0.0730)

0.3620
(0.0683)

0.3111 
(0.0832) 

0.3239
(0.0812)

R2 0.8970 0.8847 0.8870 0.9162 0.9060 0.9027

R 2 
0.8901 0.8787 0.8735 0.9078 0.8997 0.8966

DW 2.0871 2.0521 2.0648 1.9909 2.0070 2.0484
Residual sum 
of squares  

3.55E+14 3.97E+14 4.23E+14 2.88E+14 1558967 3.71E+14

 
1 Italics indicate that the variable is not statistically significant at the 5% level 
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Tabel III.A.4. Comparison of the Regression Results from the static and dynamic 
Schaefer model (The logarithm of the data)1 

 
 ------------- Static Schaefer model ---------- ------------ Dynamic Schaefer model ----------

 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
 
C 247.6384

(406.5995)
-89.0104

(394.2125)
-11.4863
(6.2220)

257.8852
(293.7999)

86.6232
(263.3200)

-5.1183
(6.4261)

Ln(HPD) 0.9684
(1.4998)

3.2985
(0.9637)

3.4358
(0.9931)

0.9949
(1.5834)

2.2335
(1.0221)

2.4016
(1.0110)

Ln(STOCK) -21.5663
(35.2076)

7.3758
(34.1987)

-22.6359
(25.4907)

-8.0148
(22.9699)

Ln(CREW) 3.5078
(1.5141)

1.6403
(1.3261)

Ln(HPD)^2 0.006745
(0.0595)

-0.0900
(0.03848)

-0.0980
(0.03966)

0.0051
(0.0631)

-0.0460
(0.0408)

-0.0532
(0.0403)

Ln(STOCK)^2 0.4582
(0.7636)

-0.1732
(0.7413)

0.4797
(0.5522)

0.1626
(0.4976)

Ln(CREW)^2 -0.3412
(0.1406)

-0.161
(0.1235)

Ln(HPD)(-1) -0.6549
(0.0997)

-0.6319
(0.0784)

-0.6780
(0.0738)

Ln(STOCK)(-1) 0.3474
(0.3754)

0.3260
(0.3694)

Ln(CREW)(-1) 0.0881
(0.0928)

Ln(CATCH)(-1) 0.4615
(0.0651)

0.4676
(0.0613)

0.5006
(0.0583)

D6 
 

0.1261
(0.0425)

0.1209
(0.0420)

0.1203
(0.0423)

D10 
 

-0.1262
(0.0426)

-0.1458
(0.0408)

-0.1455
(0.0411)

D11 
 

-0.0991
(0.04489)

-0.1161
(0.0468)

-0.1315
(0.0435)

-0.1465
(0.0414)

-0.1403
(0.0416)

D12 
 

-0.16086
(0.0591)

-0.1981
(0.0554)

-0.2246
(0.0625)

-0.1686
(0.0610)

-0.1754
(0.0524)

-0.1744
(0.0526)

AR(1) 
 

0.3798
(0.0832)

0.4005
(0.0840)

0.4327
(0.0713)

AR(2) 
 

0.2259
(0.0909)

0.1885
(0.0893)

AR(4) 
 

-0.2295
(0.0792)

-0.2062
(0.0731)

-0.2691
(0.0836)

-0.2649
(0.0820)

AR(12) 
 

0.1962
(0.0705)

0.2292
(0.0687)

0.3378
(0.0653)

0.3111
(0.0832)

0.3239
(0.0812)

R2 0.92205 0.9170 0.9059 0.9222 0.9206 0.9175

R 2 
0.9149 0.9108 0.9025 0.9145 0.9145 0.9129

DW 2.0158 1.9845 2.0257 2.1013 2.0960 2.1032
Residual sum of 
squares  

0.1327 2.4566 0.1420 2.6577 2.7137 2.8212

 
1 Italics indicate that the variable is not statistically significant at the 5% level 

 
 
The conclusion has thus been reached that the best model is the dynamic Schaefer 
model estimated with logarithmic parameters.  This model has the highest adjusted 
coefficient of determination and all estimated parameters have correct signs, even 
though the estimated coefficient for log of horsepower-days2 is not significant.   
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The Schaefer model is easy to interpret.  According to the estimates the usual Schae-
fer form exists here, and the parameter for log of Catch(-1) is positive.  This variable 
is often used as a proxy of the agents’ expectations.  If the fishermen have obtained a 
good catch in the last period, they will likewise expect a good catch in the next pe-
riod.  The parameter of log of horsepower-days shows the elasticity of the factor.  In 
this case there exist increasing returns to scale.  The elasticity of substitution among 
the inputs is constant and equal to one but the elasticity of substitution (between stock 
and activity) makes no sense in this situation. 
 
One way of correcting for multicollinearity is to calculate a weighted (WTD) estima-
tor (Maddala 2001).  The WTD estimator is: 
 

WTD i i= + −λβ λ β
) )

( ) *1                   (3A.5) 
 
where 
  

2

2

1 j

j

t

t

+
=λ      (3A.6) 

 
)

β i is the parameter from the equation including all variables except X, 
)

βi
* is the pa-

rameter from the equation with only one explanatory variable, XI, and t is the t-
statistic.  However, despite using the WTD estimator, the problem of multicollinearity 
still exists since the WTD estimators for crew are negative.  Therefore, the WTD es-
timators will not be shown. 
 
A second method of approaching the problem of multicollinearity is to use ridge re-
gression where a constant is added to the variances of the explanatory variables.  This 
is a rather arbitrary method where the estimates are somewhat doubtful and is nor-
mally not to be recommended.   
 
If the Cobb-Douglas production function has constant returns to scale an option is to 
use Constrained Least Squares where a constant is included as the Lagrangian multi-
plier.  Unfortunately, the constant returns to scale specification is here rejected ac-
cording to the Wald test. 
   
Another solution to multicollinearity is to use the Instrumental Variables (IV) method 
where the variables that are the problem are substituted with others that are related to 
the value of the catch but less correlated with the horse-power-days.  Possible vari-
ables to be used are the total number of vessels, total horsepower, total length of the 
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vessels, the gross tonnage, total fishing days, and total income.  Unfortunately, none 
of these eliminates the multicollinearity and the IV method was not taken further.   
 
A method also often employed is to omit the variable with least explanatory power.  
In the functions estimated all the variables are of importance but the variable "total 
crew" has the wrong sign.  Therefore, the production function was estimated with and 
without total crew.  However, by excluding the variable the estimate for the other 
variables will be biased although the estimators might have smaller variance. 
 
The usual method used to avoid multicollinearity is to increase the number of obser-
vations but if the source of the problem is the structure of the fishery this solution will 
not overcome the problem.  

III.A.7  Conclusion 

The existence of multicollinearity between horse-power-days and crew, and between 
the stock and horse-power-days implies that the recommended method here is to use 
the dynamic Schaefer model with logarithmic data.  This model has the highest ad-
justed coefficient of determination within the group of models using only horse-
power-days as the single explanatory variable and all the parameters have the right 
sign.  Only the coefficient for the log of horsepower-days2 is not significant.  Accord-
ing to the estimates the usual Schaefer form exists here, and the log of Catch variable 
lagged one period is positive.  
 
As mentioned the parameter of the log of horsepower-days shows the elasticity of the 
factor.  It is possible to calculate the elasticity (ε) of the factors, which is  
 

HPDln0532.024.2 ⋅⋅−=ε  
 
In this case there exists increasing returns to scale.  The elasticity of substitution be-
tween stock and activity is meaningless.  
 
The WTD estimator did not solve the problem of multicollinearity.  Ridge estimation 
and other factor analysis models will not be recommended here and the use of Instru-
mental Variables does not give plausible results.   
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SECTION III.B: ESTIMATION OF PRODUCTION 
FUNCTIONS FOR THE ITALIAN NORTHERN AND 
CENTRAL ADRIATIC FISHERY 

III.B.1  Introduction 

The objective of this section is to examine functions relating landings to available 
stocks and existing fishing capacity, to identify the components of fishing effort and 
the influence of technical advance in a major Italian fishery. The Italian case study 
refers to the Northern and Central Adriatic, which along with Sicily, is among the 
main areas of the Italian fishery. 
 
The specific objectives are therefore to: 
 

a. identify the relationship between landings, stocks, capacity and other inputs 
for the Northern and Central Adriatic fishery, 

 
b. compare the predictive performance of the standard constant catch per unit 

effort function against those estimated, 
 

c. identify the efficiency parameters for the Italian case. 
 
The methodology followed in building the dataset is set out in detail in Appendix 2. 

III.B.2  Forms of the production function 

The relationship between landings, effort and stock is classified as a catch-effort 
model in the fisheries literature.  Following this approach, the relationship can also be 
characterised as a production function with landings as the dependent variable, and 
effort and fleet capacity as independent variables.  This relationship can also include 
the stock size because it affects the average and the marginal productivity of effort 
and of the other factors.  
 
The procedure of moving from the general to the specific was followed by first esti-
mating the Translog form, and then the Constant Elasticity of Substitution form, the 
Cobb-Douglas form, followed by the Constant Returns to Scale form.  Finally the re-
formulated Mitscherlich–Spillman specification of Coppola was investigated. 
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In the Italian case, the independent variables include only effort and fleet capacity be-
cause there is no data available on the stocks. 

III.B.3  The Data Set 

Table III.B.1   reports the most important characteristics of the Italian case es-
timations. 

 
Tabel III.B.1.  Principal Characteristics of the Estimations for the Italian Case 

 
Area 17th FAO Management Unit
Period 1972 – 2000
Time series Annual
Output Total Catch Value
Inputs KWDays,

Employment,
A Time Trend

 
 
The data covers the 17th FAO Management Unit.  The time series are annual for the 
period 1972 – 2000.  Differently from the other cases of this report, the study of the 
Italian case continues to use annual data.  This does not imply any significant conse-
quences for two reasons.  First, the number of observations permits using the asymp-
totic tests.  In the Italian case the number of observations is 29.  Secondly, the annual 
data for so long a period permits the long-run relationship to be tested.    
 
Aggregation of data is for the total fleet of the 17th FAO Management Unit.  This is 
because it is difficult to separate the production of a fleet segment using a single fish-
ing method for the Italian multi-species fishery (Placenti et al 1992). 
 
Output (dependent variable) 
The output index is the value of the total catch given by the volume of landings mul-
tiplied by the their price.  For the price a Paasche index has been used (for more de-
tails see Appendix 2).   
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Inputs (explanatory variables) 

The explanatory variables used for the Italian fleet are GRT, kilowatts power, em-
ployment, and fishing days.  A comparison of the variables used is set out in Section 
I.2.1 and Table I.2.1. 
  
The variables available for the Italian case do not include the fish stock.  However, to 
omit the stock as an input in a production function is equal to omitting a variable and 
the econometric estimations will be biased, except that in the Coppola-Spillman func-
tion, it is possible to suppose that the cost of the stock tends to zero.  In the open ac-
cess case, the dimension of the stock used tends to infinity or is in an area where the 
marginal productivity tends to zero.  Hence, in the Coppola-Spillman function the 
stock can be dropped from the equation with no effect on estimation.   
 
The omitted variables test will be implemented through the parameter stability test.  If 
the parameter is constant, it can assumed that no variables are omitted. 
 
III.B.4   Preliminary Analysis: Variable Plots 

III.B.4.1  Output 

 
Figure III.B.4.1.  YP (Value of Landings) 
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III.B.4.2  Independent Variables (Inputs ) 

 
Figure III.B.4.2.  Kilowatts power (KW) 
 

 
 
Figure III.B.4.3.  Employment (L) 
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Figure III.B.4.4.  Fishing days (DAYS) 

 

 
 
Figure III.B.4.5.   Kilowatt-days (KWD) 
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Figure III.B.4.6.  Number of vessels (N) 

 

 
 
Figure III.B.4.7.  Gross Tonnage (GRT) 
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The kilowatts power of the fleet has grown while the GRT and DAYS have de-
creased.   
 
The explanatory variables are plotted in logarithms in Figure III.B.4.8 with the prefix 
L signifying logs.  
 
Figure III.B.4.8.  Explanatory Variables in Logarithms 
 

 
 
In Figure III.B.4.9 the other variables used in the models estimated for the Italian case 
are represented. 
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Figure III.B.4.9.  Other Explanatory Variables Used in the Italian Case 
 

 
 
Table III.B.4.1.   Correlation Matrix (value) 
 

 KW KWD EMP DAYS NV GRT
 
KW 1.00 0.93 0.67 -0.89 0.79 -0.0.7
KWD 0.93 1.00 0.74 -0.67 0.85 0.04
EMP 0.67 0.74 1.00 -0.47 0.88 0.27
DAYS -0.89 -0.67 -0.47 1.00 -0.58 0.15
NV 0.79 0.85 0.88 -0.58 1.00 0.37

GRT -0.06 0.04 0.27 0.15 0.37 1.00

 
 
Table III.B.4.2.   Correlation Matrix (logs) 

 
 LKW LKWD LEMP LDAYS LNV LGRT

 
LKW 1.00 0.95 0.71 -0.86 0.83 -0.04
LKWD 0.95 1.00 0.76 -0.67 0.88 0.04
LEMP 0.71 0.76 1.00 -0.47 0.88 0.25
LDAYS -0.86 -0.67 -0.47 1.00 -0.57 0.16
LNV 0.83 0.88 0.88 -0.57 1.00 0.34

LGRT -0.04 0.04 0.25 0.16 0.34 1.00

 
 
The dependent variables (both by value and in logarithms) are strongly correlated.  
This implies that it is possible there could be multicollinearity in the model.  LGRT is 
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not correlated with the other dependent variables, so it is possible to use LGRT and 
LKWD together as inputs. 

III.B.5 Statistical Analysis 

The level of co-integration of each variable (in logs)8 has been tested, using the Aug-
mented Dickey-Fuller Unit Root Test (ADF). 
 
The results of the Unit root analysis is that the variables are all co-integrated at 
level one [I(1)].  The results of the testing are set out in Table III.B.5.1 and the de-
tailed tests and results are set out in Appendix 3. 
 
Tabel IIIB.5.1: AUGMENTED DICKEY-FULLER TESTS IN ABSOLUTE LEVELS AND 

 IN DIFFERENCES 
  

------- ADF TEST ------- ---------- Critical Value -------
ADF 

--TEST-- ------- Critical Value ------

Level 
of In-

tegra-
tion

   

Variables 
Co-

stant Trend Level 1% 5% 10%
First dif-
ferences 1% 5% 10%

    
LYP Yes Yes -0.6668 -4.3382 -3.5867 -3.2279 -3.9290 -4.3738 -3.6027 -3.2367 1
LKWD No No 1.6730 -2.6522 -1.9540 -1.6223 -3.3287 -2.6560 -1.9546 -1.6226 1
LEMP No No 0.3721 -2.6522 -1.9540 -1.6223 -4.4768 -2.6560 -1.9546 -1.6226 1
LDAYS No No -1.0780 -2.6522 -1.9540 -1.6223 -4.9510 -3.7076 -2.9798 -2.6290 1
LGRT Yes Yes -1.6083 -4.3552 -3.5943 -3.2321 -4.6086 -4.3738 -3.6027 -3.2367 1
LNV Yes Yes 0.5693 -2.6522 -1.9540 -1.6223 -2.5676 -2.6560 -1.9546 -1.6226 1
    
YP Yes Yes -0.84 -4.3382 -3.5867 -3.2279 -3.3180 -2.6560 -1.9546 -1.6226 1
KWD Yes Yes -1.49 -4.3382 -3.5867 -3.2279 -3.9115 -2.6560 -1.9546 -1.6226 1
EMP Yes Yes -2.23 -4.3382 -3.5867 -3.2279 -4.6558 -2.6560 -1.9546 -1.6226 1
DAYS Yes Yes -1.44 -4.3382 -3.5867 -3.2279 -4.7689 -2.6560 -1.9546 -1.6226 1
GRT Yes Yes -1.37 -4.3382 -3.5867 -3.2279 -2.7873 -2.6560 -1.9546 -1.6226 1

NV Yes Yes -1.39 -4.3382 -3.5867 -3.2279 -2.6658 -2.6560 -1.9546 -1.6226 1

 
 
III.B.6  The Statistical Model 
The first model that has been estimated is a statistical univariate model (AR1) in order 
to provide a benchmark.  A production function is accepted only if it explains better 
than this model.   The results are set out in Table III.B.6.1 
 
 

                                                                    
8 The variables in logs are written with "L" before the name. The Dickey-Fuller test is performed on 
the variables in logarithms because the log transformation is used in the subsequent models. 
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Tabel III.B.6.1. The Univariate Statistical Model (AR1) 
 
Dependent Variable: LYP 
Method: Least Squares 
Sample (adjusted): 1973 to 2000 

Number of observations: 28 after adjusting endpoints 
   
Variable Variable Standard Error t-Statistic Probability 
   
C C 0.459891 1.505420 0.1443
LYP(-1) LYP(-1) 0.078083 11.31369 0.0000
   
R-squared 0.831168     Mean of dependent variable 5.887575
Adjusted R-squared 0.824675 Standard Deviation of dependent variable 0.318561
Standard Error of regression 0.133388     Akaike info criterion -1.122367
Sum of squared residuals 0.462598     Schwarz criterion -1.027210
Log-likelihood function 17.71314     F-statistic 127.9996

Durbin-Watson statistic 1.891988     Probability (F-statistic) 0.000000

 
 
III.B.7  Estimation Methods for Production Functions 
We consider first linear models and then those of non-linear form.  For the linear mo-
dels the procedure of moving from the general to the specific will be followed by first 
estimating the Translog function, followed by the Constant Elasticity of Substitution 
form, the Cobb-Douglas form and then the Constant Returns to Scale form. The func-
tional forms are the following: 
 
III.B.7.1  Linear Models 
 
Translog 
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Constant Elasticity of Substitution, Several inputs 
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Constant Elasticity of Substitution, 2 inputs 
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Cobb-Douglas 
 

 ∑
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Cobb-Douglas with Constant Returns to Scale 
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III.B.7.2 Non Linear Models 

Coppola-Spillman, several inputs 
 

)1(10
iX

icn
icQ −=∏=  where ci < 1  (3B.6) 

 

Coppola-Spillman, two inputs 
  
 )1)(1( 22110

XcXccQ −−=       where c1, c2 < 1    (3B.7) 

III.B.7.3   Catch-Effort Models 

 Schaefer 
  Static 
  Dynamic 

 
 Fox 
  Static 

Dynamic 

III.B.7.4 Schematic of Functions Estimated 

Table III.B.7.1 sets out the schematic of the functional forms of production function 
estimated. 
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Tabel III.B.7.1.   Schematic of Functional Forms of the Production Function Esti-
mated 

  
Production Function Variable Set Linear/Non-Linear Static/Dynamic Model
  
 Models A 
  Linear
  Static
  Translog
  CES
  Cobb-Douglas
 Models B 
  Linear
  Static
  Translog
  CES
  Cobb-Douglas
  Dynamic
  Cobb-Douglas
  Non Linear
  Static Coppola-Spillman
Catch-Effort Model  
 Models A 
  Schaefer
  Static
  Dynamic
  Fox
  Static
  Dynamic
 Models B 
  Schaefer
  Static
  Dynamic
  Fox
  Static
  Dynamic

  
 
The estimations have been implemented first, with the variables common to all groups (indicated as “Models 
A”).  Subsequently in “Models B" only the specific variables available for the Italian case have been used.  

 
 
For the variables of “Model B”, the traditional catch-effort model has also been esti-
mated.  This choice is due to the fact that for the Italian case the stock was not avail-
able.  So if an omitted-variable problem occurs, by using the catch-effort model this 
problem will be in part be resolved.  
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III.B.7.4 Tests 

The tests implemented are the following: 
 
 
Test Statistics 
Autocorrelation Breusch-Godfrey Serial Correlation LM Test 
Heteroskedacity White Heteroskedasticity 
Stability Test Recursive Residuals 
Stability Test Recursive Coefficients 

 
III.B.8 Production Functions Models 

III.B.8.1 Model A 

Variables: YP, KWD, EMP, DAYS, NV 
 
 TRANSLOG 
 
Dependent Variable: LYP 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
 
Variable Coefficient Standard Error t-Statistic Probability

 
C -5533.123 4680.202 -1.182240 0.2568
LKWD -740.6090 399.3480 -1.854545 0.0848
LEMP 2581.123 1105.168 2.335502 0.0349
LDAYS -2010.545 1098.651 -1.830013 0.0886
LNV -2415.046 1495.361 -1.615025 0.1286
LKWD2 5.927540 7.240229 0.818695 0.4267
LEMP2 -83.43337 35.95087 -2.320761 0.0359
LDAYS2 144.6180 76.87926 1.881105 0.0809
LNV2 482.9976 295.9886 1.631811 0.1250
PLKLE 6650.908 2981.977 2.230369 0.0426
PLKLD 181.3209 799.5237 0.226786 0.8239
PLKLN -181.0812 104.5501 -1.732004 0.1052
PLELD -3542.085 2377.311 -1.489954 0.1584
PLELN -52.01671 79.58617 -0.653590 0.5240

PLDLN 10.46394 7.136804 1.466194 0.1647
 
R-squared 0.806833     Mean of dependent variable 5.867725
Adjusted R-squared 0.613666 Standard Deviation of dependent variable 0.330582
Standard Error of regression 0.205476     Akaike info criterion -0.020733
Sum of squared residuals 0.591084     Schwarz criterion 0.686489
Log-likelihood function 15.30063     F-statistic 4.176866
Durbin-Watson statistic 1.267125     Probability (F-statistic) 0.005729
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 CONSTANT ELASTICITY SUBSTITUTION   
 
Dependent Variable: LYP 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
  
Variable Coefficient Standard Error t-Statistic Probability

  
C 28.46343 271.3567 0.104893 0.9176
LKWD 26.04899 50.21744 0.518724 0.6103
LEMP -47.46173 62.18629 -0.763219 0.4552
LDAYS 22.83593 33.46657 0.682351 0.5037
LNV 10.48735 30.03417 0.349181 0.7310
PLKLE2 -37.53266 174.7340 -0.214799 0.8323
PLKLD2 -18.77167 30.88033 -0.607884 0.5509
PLKLN2 -0.191483 1.214605 -0.157651 0.8765
PLELD2 40.74916 48.51106 0.839997 0.4119
PLELN2 0.712204 2.205746 0.322886 0.7505

PLDLN2 -1.156357 3.044214 -0.379854 0.7085
  
R-squared 0.716104     Mean of dependent variable 5.867725
Adjusted R-squared 0.558384     Standard Deviation of dependent variable 0.330582
Standard Error of regression 0.219686     Akaike info criterion 0.088457
Sum of squared residuals 0.868711     Schwarz criterion 0.607087
Log-likelihood function 9.717368     F-statistic 4.540350
Durbin-Watson statistic 0.853106     Probability (F-statistic) 0.002651
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 COBB-DOUGLAS 
 
Dependent Variable: LYP 
Method: Least Squares 
Sample: 1972 to 2000 

Number of observations: 29 
  

Variable Coefficient Standard Error t-Statistic Probability
  
C 14.98539 8.039165 1.864048 0.0746
LKWD -0.726915 0.421687 -1.723824 0.0976
LEMP -1.201933 0.847200 -1.418711 0.1688
LDAYS -0.060438 0.424089 -0.142513 0.8879

LNV 6.388958 1.423794 4.487276 0.0002

  
R-squared 0.696939     Mean of dependent variable 5.867725
Adjusted R-squared 0.646429     Standard Deviation of dependent variable 0.330582
Standard Error of regression 0.196570     Akaike info criterion -0.260009
Sum of squared residuals 0.927356     Schwarz criterion -0.024268
Log-likelihood function 8.770133     F-statistic 13.79798
Durbin-Watson statistic 0.930473     Probability (F-statistic) 0.000006
  
 
The signs of most of the parameters are negative and, most relevant, not significant. Only the number of ves-
sels is significant.   The poor results may be due to an inappropriately specified model or multicollinearity. 
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Wald Test 
 
Null Hypothesis C(1)+C(2)+C(3)+C(4)=1 
F-statistic 2.977775 Probability 0.097270

Chi-square 2.977775 Probability 0.084415

 
 
The Wald Test does not accept the hypothesis of constant returns to scale. 
 
III.B.8.2 Model B 
 
Variables: YP, KWD, GRT 
 
 TRANSLOG 
 
Dependent Variable: LYP 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
 

Variable Coefficient Standard Error t-Statistic Probability

C -147.1340 270.6977 -0.543536 0.5920
LKWD 62.38719 35.31986 1.766349 0.0906
LGRT -39.08016 105.5995 -0.370079 0.7147
LKWD2 -2.330717 1.247552 -1.868232 0.0745
LGRT2 1.589746 8.569322 0.185516 0.8545

LKLG -43.94704 55.19757 -0.796177 0.4341

 
R-squared 0.840086     Mean of dependent variable 5.867725
Adjusted R-squared 0.805322 Standard Deviation of dependent variable 0.330582
Standard Error of regression 0.145861     Akaike info criterion -0.830340
Sum of squared residuals 0.489332     Schwarz criterion -0.547451
Log-likelihood function 18.03993     F-statistic 24.16539

Durbin-Watson statistic 0.983890     Probability (F-statistic) 0.000000
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CONSTANT ELASTICITY OF SUBSTITUTION 
 
Dependent Variable: LYP 
Method: Least Squares 
Sample: 1972 to 2000 

Number of observations: 29 

 
Variable Coefficient Standard Error t-Statistic Probability
 
C 3.765456 14.41675 0.261186 0.7961
LKWD 4.055436 2.506371 1.618051 0.1182
LGRT -6.090531 6.690282 -0.910355 0.3713
LKLG2 -2.480271 1.997619 -1.241614 0.2259

 
R-squared 0.816553     Mean of dependent variable 5.867725
Adjusted R-squared 0.794539 Standard Deviation of dependent variable 0.330582
Standard Error of regression 0.149845     Akaike info criterion -0.830984
Sum of squared residuals 0.561341     Schwarz criterion -0.642391
Log-likelihood function 16.04927     F-statistic 37.09307
Durbin-Watson statistic 1.307340     Probability (F-statistic) 0.000000

 

 
 
COBB-DOUGLAS  

 
Dependent Variable: LYP 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
  

Variable Coefficient Standard Error t-Statistic Probability
  
C -13.97367 1.948716 -7.170706 0.0000
LGRT 2.208621 0.288956 7.643456 0.0000

LKWD 0.948385 0.141948 6.681213 0.0000

  
R-squared 0.805241    Mean of dependent variable 5.867725
Adjusted R-squared 0.790260 Standard Deviation of dependent variable 0.330582
Standard Error of regression 0.151398     Akaike info criterion -0.840112
Sum of squared residuals 0.595955     Schwarz criterion -0.698667
Log-likelihood function 15.18162     F-statistic 53.74916
Durbin-Watson statistic 1.152234     Probability (F-statistic) 0.000000

  

 
 
Wald Test:  

 
Equation: MB1CD 
Null Hypothesis C(2)+C(3)=1 
F-statistic 46.41985 Probability 0.000000

 Chi-square 46.41985 Probability 0.000000

 
The Wald Test implies that the hypothesis of constant returns to scale is not accepted. 
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COBB-DOUGLAS DYNAMIC  
 
Dependent Variable: LYP 
Method: Least Squares 
Sample (adjusted): 1973 to 2000 
Number of observations: 28 after adjusting endpoints 
  

Variable Coefficient Standard Error t-Statistic Probability 

C -4.680295 3.195280 -1.464753 0.1571 
LKWD 0.217774 0.307071 0.709196 0.4857 
LGRT 1.214833 0.562993 2.157813 0.0421 
LYP(-1) 0.632479 0.173998 3.634985 0.0015 
LKWD(-1) 0.016823 0.346386 0.048567 0.9617 

LGRT(-1) -0.213163 0.572573 -0.372289 0.7132 

  
R-squared 0.886178     Mean of dependent variable 5.887575 
Adjusted R-squared 0.860309 Standard Deviation of dependent variable 0.318561 
Standard Error of regression 0.119063     Akaike info criterion -1.230918 
Sum of squared residuals 0.311872     Schwarz criterion -0.945445 
Log-likelihood function 23.23285     F-statistic 34.25680 
Durbin-Watson statistic 2.054908     Probability (F-statistic) 0.000000 
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Unit Root Residual Test  
 
ADF Test Statistic -2.629292     1%   Critical Value* -2.6522

     5%   Critical Value -1.9540
     10% Critical Value -1.6223
 

*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(RES) 
Method: Least Squares 
Sample (adjusted): 1974 2000 
Number of observations: 27 after adjusting endpoints 
 

Variable Coefficient Standard Error t-Statistic Probability
 
RES(-1) -0.576114 0.219114 -2.629292 0.0144

D(RES(-1)) -0.006901 0.205760 -0.033541 0.9735

 
R-squared 0.281307     Mean of dependent variable -0.003317
Adjusted R-squared 0.252560 Standard Deviation of dependent variable 0.162050
Standard Error of regression 0.140100     Akaike info criterion -1.021735
Sum of squared residuals 0.490699     Schwarz criterion -0.925747
Log-likelihood function 15.79343     F-statistic 9.785391
Durbin-Watson statistic 1.944462     Probability (F-statistic) 0.004429

 
 
The Unit Root Test on the residuals says that the residuals are not integrated or are integrated of order 0.  
This implies that the variables LYP LGRT LKWD (All integrated at the first order) are cointegrated at 5% and 
10% 

 
Johansen Co integration Test 

   
Sample: 1972 to 2000 
Number of observations: 26 
Series: LYP LGRT LKWD 

Lags interval: 1 to 2 

   
Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of Ces No Trend No Trend No Trend Trend Trend
 Log-likelihood function by Model and Rank  
0  95.42515  95.42515  98.10537  98.10537  104.4896
1  101.8224  102.4945  104.2546  112.0791  116.5522
2  103.0631  107.6626  108.8701  117.6714  119.0186
3  103.1627  108.8749  108.8749  119.8971  119.8971
 Akaike Information Criteria 

by Model and Rank 
 

0 -5.955781 -5.955781 -5.931182 -5.931182 -6.191509
1 -5.986337 -5.961118 -5.942661 -6.467625 -6.657864
2 -5.620241 -5.820199 -5.836158 -6.359336 -6.386044
3 -5.166364 -5.374995 -5.374995 -5.992088 -5.992088
 Schwarz Criteria by Model and Rank  
0 -5.084791 -5.084791 -4.915028 -4.915028 -5.030189
1 -4.825017 -4.751410 -4.636176 -5.112752 -5.206214
2 -4.168591 -4.271773 -4.239343 -4.665744 -4.644065
3 -3.424384 -3.487851 -3.487851 -3.959778 -3.959778

L.R. Test: Rank = 0 Rank = 0 Rank = 0 Rank = 1 Rank = 0
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COPPOLA-SPILLMAN  
 
Dependent Variable: YP 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
 

Variable Coefficient Standard Error t-Statistic Probability
 
C(1) 2104.803 5232.271 0.402273 0.6908
C(2) 0.995003 0.014282 69.67037 0.0000

C(3) 0.985134 0.011645 84.59729 0.0000

 
R-squared 0.556266 Mean of dependent variable 371.9028
Adjusted R-squared 0.522133 Standard Deviation of dependent variable 117.4514
Standard Error of regression 81.19175     Akaike info criterion 11.72920
Sum of squared residuals 171394.6     Schwarz criterion 11.87065
Log-likelihood function -167.0734     F-statistic 16.29684
Durbin-Watson statistic 0.403566     Probability (F-statistic) 0.000026

 

III.B.9 Catch-Effort Models 

III.B.9.1 Model A 

 
Variables: YP, KWD, EMP, DAYS, NV 
 
SCHAEFER STATIC 

  
Dependent Variable: YP 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
  

Variable Coefficient Standard Error t-Statistic Probability
  
C -41.49675 156.0799 -0.265869 0.7924
KWDE 1.72E-07 9.48E-08 1.818283 0.0806

KWDE2 -1.52E-17 1.36E-17 -1.119193 0.2733

  
R-squared 0.437876     Mean of dependent variable 371.9028
Adjusted R-squared 0.394636 Standard Deviation of dependent variable 117.4514
Standard Error of regression 91.38323     Akaike info criterion 11.96570
Sum of squared residuals 217123.3     Schwarz criterion 12.10714
Log-likelihood function -170.5026     F-statistic 10.12658
Durbin-Watson statistic 0.303375     Probability (F-statistic) 0.000560
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SCHAEFER DYNAMIC  
 
Dependent Variable: YP 
Method: Least Squares 
Sample (adjusted): 1974 to 2000 
Number of observations: 27 after adjusting endpoints 
 

Variable Coefficient Standard Error t-Statistic Probability
 
C -3.822961 126.6518 -0.030185 0.9762
KWDE 3.90E-08 8.50E-08 0.459130 0.6509
KWDE2 -3.02E-18 1.03E-17 -0.294038 0.7716
YP(-1) 0.905625 0.123534 7.330985 0.0000
KWDE(-1) -7.77E-09 2.33E-08 -0.333033 0.7424

KWDE2(-2) -2.14E-18 2.21E-18 -0.968612 0.3438

 
R-squared 0.814696     Mean of dependent variable 384.2565
Adjusted R-squared 0.770575 Standard Deviation of dependent variable 112.0603
Standard Error of regression 53.67495     Akaike info criterion 10.99690
Sum of squared residuals 60501.01     Schwarz criterion 11.28486
Log-likelihood function -142.4581     F-statistic 18.46541
Durbin-Watson statistic 2.034719     Probability (F-statistic) 0.000000

 

 
 
FOX STATIC  
 
Dependent Variable: LYPEA 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
  
Variable Coefficient Standard Error t-Statistic Probability
  
C -15.68671 0.159206 -98.53063 0.0000
KWDE -1.16E-10 4.10E-11 -2.819633 0.0089
  
R-squared 0.227475     Mean of dependent variable -16.11748
Adjusted R-squared 0.198863 Standard Deviation of dependent variable 0.269499
Standard Error of regression 0.241218     Akaike info criterion 0.060244
Sum of squared residuals 1.571031     Schwarz criterion 0.154540
Log-likelihood function 1.126462     F-statistic 7.950331
Durbin-Watson statistic 0.275111     Probability (F-statistic) 0.008897
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FOX DYNAMIC  
  
Dependent Variable: LYPEA 
Method: Least Squares 
Sample (adjusted): 1973 to 2000 
Number of observations: 28 after adjusting endpoints 
  
Variable Coefficient Standard Error t-Statistic Probability
  
C -0.757455 1.741045 -0.435058 0.6674
KWDE -1.79E-10 4.39E-11 -4.076272 0.0004
LYPEA(-1) 0.947785 0.110516 8.576007 0.0000
KWDE(-1) 1.54E-10 4.42E-11 3.485317 0.0019
 
R-squared 0.808467     Mean of dependent variable -16.12307
Adjusted R-squared 0.784526 Standard Deviation of dependent variable 0.272726
Standard Error of regression 0.126597     Akaike info criterion -1.164050
Sum of squared residuals 0.384644     Schwarz criterion -0.973735
Log-likelihood function 20.29671     F-statistic 33.76832
Durbin-Watson statistic 2.188922     Probability (F-statistic) 0.000000

 
 
III.B.9.2 Model B 
 
Variables: YP, KWD, GRT  
 
SCHAEFER STATIC 
 
Dependent Variable: YP 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
  
Variable Coefficient Standard Error t-Statistic Probability
  
C 60.18681 331.2416 0.181701 0.8572
EB 3.12E-05 0.000167 0.187478 0.8527
EB2 8.65E-12 2.01E-11 0.430081 0.6707
 
R-squared 0.632498     Mean of dependent variable 371.9028
Adjusted R-squared 0.604229 Standard Deviation of dependent variable 117.4514
Standard Error of regression 73.88908     Akaike info criterion 11.54070
Sum of squared residuals 141949.5     Schwarz criterion 11.68215
Log-likelihood function -164.3402     F-statistic 22.37398
Durbin-Watson statistic 0.871366     Probability (F-statistic) 0.000002
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SCHAEFER DYNAMIC  
  
Dependent Variable: YP 
Method: Least Squares 
Sample (adjusted): 1973 to 2000 
Number of observations: 28 after adjusting endpoints 
  
Variable Coefficient Standard Error t-Statistic Probability
  
C 200.1933 296.1126 0.676072 0.5060
EB 0.000196 0.000182 1.075403 0.2938
EB2 -1.64E-11 1.98E-11 -0.830807 0.4150
YP(-1) 0.798070 0.158808 5.025380 0.0000
EB(-1) -0.000287 0.000181 -1.590224 0.1261
EB2(-1) 3.00E-11 1.99E-11 1.507725 0.1459
 
R-squared 0.842401     Mean of dependent variable 377.9444
Adjusted R-squared 0.806583 Standard Deviation of dependent variable 114.9261
Standard Error of regression 50.54363     Akaike info criterion 10.87096
Sum of squared residuals 56202.50     Schwarz criterion 11.15643
Log-likelihood function -146.1934     F-statistic 23.51888
Durbin-Watson statistic 2.032289     Probability (F-statistic) 0.000000

 
 
FOX STATIC                                                                 
 
Dependent Variable: LYPEB 
Method: Least Squares 
Sample: 1972 to 2000 
Number of observations: 29 
  
Variable Coefficient Standard Error t-Statistic Probability
  
C -0.432378 0.173241 -2.495822 0.0190
EB 0.000539 0.000386 1.395655 0.1742
 
R-squared 0.067288     Mean of dependent variable -0.195430
Adjusted R-squared 0.032743 Standard Deviation of dependent variable 0.188774
Standard Error of regression 0.185657     Akaike info criterion -0.463357
Sum of squared residuals 0.930653     Schwarz criterion -0.369061
Log-likelihood function 8.718675     F-statistic 1.947854
Durbin-Watson statistic 0.687246     Probability (F-statistic) 0.174191
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FOX DYNAMIC  
 
Dependent Variable: LYPEB 
Method: Least Squares 
Sample (adjusted): 1973 to 2000 
Number of observations: 28 after adjusting endpoints 
 
Variable Coefficient Standard Error t-Statistic Probability
 
C 0.026369 0.155612 0.169457 0.8669
LYPEB(-1) 0.879578 0.155101 5.671013 0.0000
EB -0.001277 0.000565 -2.260615 0.0331
EB(-1) 0.001160 0.000494 2.347653 0.0275
 
R-squared 0.612324     Mean of dependent variable -0.192544
Adjusted R-squared 0.563865 Standard Deviation of dependent variable 0.191585
Standard Error of regression 0.126524     Akaike info criterion -1.165211
Sum of squared residuals 0.384198     Schwarz criterion -0.974896
Log-likelihood function 20.31296     F-statistic 12.63581
Durbin-Watson statistic 2.032873     Probability (F-statistic) 0.000037

III.B.10 Conclusions 

The Italian case study refers to the whole fleet in the mixed fishery of the Northern 
and Central Adriatic over a period of 29 years from 1972 to 2000. 
 
The statistical analysis of the variables shows a high correlation among some vari-
ables.   
 
The unit root test shows that the variables are all integrated of the first order. 
 
The univariate model (AR1) estimated has been taken as a benchmark in the 
analysis. It exhibits an adjusted coefficient of determination, R 2, equal to 0.82 
and a standard error of regression equal to 0.13. 
 
Models of set "A", those production function models which include the variables 
common to all three case studies, show high multicollinearity among the vari-
ables. This implies that most of the coefficients in the models are not significant. 
 
Models of set "B", which include only GRT and KWD as explanatory variables, per-
form better.  In particular the Cobb-Douglas function both in its static and dynamic 
versions fit the data as well as the univariate model.  The parameters exhibit good sta-
bility.  The dynamic Cobb-Douglas has an R 2 equal to 0.86 and a standard error of 
regression equal to 0.12.  The results of these two tests are better than for the univari-
ate model  
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The variables are cointegrated according to both the unit root test and to the Johansen 
test.  The residuals and the parameters show a high stability.  The elasticity of GRT is 
equal to 1.21 in the short-run and to 2.73 in the long-run.  The elasticity of the capital 
is 0.22 in the short-run and 0.64 in the long-run.  The elasticity of substitution is equal 
to 1 for construction.  
 
The results for the Coppola-Spillman specification are not better than those for the 
dynamic Cobb-Douglas model. 
 
Finally the standard Catch-effort models of both Schaefer and Fox have been esti-
mated in order to make the whole analysis complete.  They do not give better results 
than the dynamic Cobb-Douglas model. 
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SECTION III.C:  ESTIMATION OF PRODUCTION 
FUNCTIONS FOR THE SCOTTISH NORTH SEA 
DEMERSAL TRAWL FLEET 

III.C.1 Introduction 

The basic notion of the production function is of physical levels of output being ex-
plained by physical amounts of a set of inputs, traditionally described as land, labour, 
and capital.  In fisheries these may be redefined as fish stock, labour, and capital.   
 
The activity of fishing is often not carried out with a single target species.  Thus out-
put is frequently a mixture of outputs of different products each with a value which 
changes independently depending on supply and demand conditions in its own mar-
ket.   
 
The output of the Scottish North Sea demersal trawl fleet is largely of six species.  
Five species account for 62% of output; cod (25% by value over the period 1995 to 
1999), haddock (26%), whiting (7%), saithe (2%), and plaice (2%).  
 
The most important species, monkfish, which accounts for 38% of the demersal land-
ings of this fleet has had to be excluded.  Monkfish have only recently become impor-
tant largely as a replacement target for diminishing quotas of cod and haddock.  Con-
sequently, stock assessment was not performed in the early years of the estimation 
period (1995 to 2000) and there are insufficient observations for the stock biomass to 
be included. 

III.C.2 Data 

Data on landings and inputs to fishing were assembled for the Scottish North Sea 
demersal trawl fleet fishing for whitefish.  The principal target species for the fleet are 
cod, haddock, whiting and saithe.  
 
For reasons of commercial confidentiality, it was not possible to obtain the data for 
individual vessels.  The data were thus obtained in aggregated form.   
 
The use of annual data over fifteen to twenty years runs the risk of making the estima-
tions susceptible to the problems of too few degrees of freedom, particularly but not 
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only in the tests on the residuals and in the reliability of the estimated parameters.  
Longer time series were not available owing to changes in the compilation of the da-
tabases but in any case might be susceptible to instability caused by structural 
changes in the fishing industry.   
 
It was decided therefore to obtain monthly data over a six-year time period from 
January 1995 to December 2000 as this would give a plentiful number of observations 
while remaining within the budget for the purchase of data.   
 
Hence, monthly data from January 1995 to December 2000 were supplied by the 
Scottish Executive Environment and Rural Affairs Department for all the variables 
except the stocks.  Data for stocks were obtained from ICES working group reports. 
 
The data for landings, fish stocks, and other inputs were normalised and except for 
stocks, seasonally adjusted.  Seasonal adjustment was not carried out for the stock 
data as the only available figure is that for the beginning of the year.  This figure was 
used for the remaining eleven months of the year, making seasonal adjustment impos-
sible. 
 
The total stock biomass was used to represent each fishable stock.  An alternative 
might have been to use the spawning stock biomass.  It is a question of which pro-
vides the better proxy.  Given the literature from fisheries scientists complaining that 
fish are being taken before they have the opportunity to spawn (see for example, 
Shepherd 1993), it was decided to use the total stock as it appears that this may be a 
better approximation of the fishable stock than is the spawning stock.   
 
In order to develop a single index of output, the quantity landed each month of each 
of the five species was weighted by the average price per tonne of the species over the 
six-year period, 1995 to 2000.  These amounts were then summed.  Thus the depend-
ent variable was an index of the sum of the quantity of each species landed multiplied 
by the average value of the species over the period. 
 
The history of landings by the Scottish North Sea demersal trawl fleet over the esti-
mation period is shown in Figure III.C.1.  After a steady period at the beginning, there 
was a slight rise before a fall.  In general, the index remained within the range of 4.0 
to 6.3 set early on and no trend away from those levels is discernible. 
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Figure III.C.1:  Index of Landings by the Scottish North Sea Demersal Trawl Fleet, 
 1995 to 2000 

 

 
 
For the stock input index the same procedure was followed.  Thus, the stock bio-
masses in the North Sea of each of the five species was multiplied by the average 
price per tonne over the period and summed. 
 
Figure III.C.2 shows the index of stock biomasses fished by the Scottish North Sea 
demersal trawl fleet over the estimation period.  After a generally falling trend, there 
is a marked increase in the stock in 2000 caused by a significant improvement in the 
estimated stock of North Sea haddock. 
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Figure III.C.2:  Index of Stock Biomasses Fished by the Scottish North Sea Demer
 sal Trawl Fleet, 1995 to 2000 

 

 
 
Likewise, there is little obvious trend in the numbers of crew employed and the labour 
variable remains within the range 300 to 500 men throughout.  The levels of crew 
employed are set out in Figure III.C.3.   
 
Figure III.C.3:  Labour Employed (Crew) by the Scottish Demersal Trawl Fleet, not 

 seasonally adjusted, monthly January 1995 to December 2000 
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The engine power of the fleet measured in kilowatts shows a slight but steady in-
crease.  It is illustrated in Figure III.C.4. 
 
Figure III.C.2:  Kilowatts Power of the Scottish Demersal Trawl Fleet, not season

 ally adjusted, thousands, monthly January 1995 to December 2000 

 

 
 
There is a slightly more pronounced rising trend in the capacity of the fleet as meas-
ured by VCUs.  Contrasted with the steady measurement of the capacity in kilowatts 
this reflects changes in the vessels used.   
 
VCUs are measured according to physical vessel characteristics and engine power9.  
Since the kilowatts have remained steady the increase must have been in the length or 
breadth.  The trend reflects the shift towards shorter, broader trawlers with a deeper 
draught which has been apparent in the Scottish North Sea trawl fleet in recent years.  
The development of VCUs is shown in Figure III.C.5. 
 
 
 
 
 
 

                                                                    
9 The number of a vessel’s Vessel Capacity Units (VCUs) is given by the formula: VCUs = (length 
in metres * breadth in metres) + (0.45 * engine power in kilowatts) 
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Figure III.C.5: Capacity in Vessel Capacity Units of the Scottish Demersal Trawl 
 Fleet, not seasonally adjusted, thousands, monthly January 1995 to 
 December 2000 

 

 
 
The activity index kilowatt-days shows the underlying growth in capacity in the fleet 
since there has been little to encourage the fleet to increase its number of days at sea.  
The progress of kilowatt-days is set out in Figure III.C.6. 
 
Figure III.C.6: Kilowatt-Days Activity of the Scottish Demersal Trawl Fleet, not sea

 sonally adjusted, millions, monthly January 1995 to December 2000 

 
 
VCUs = (length in metres * breadth in metres) + (0.45 * engine power in kilowatts) 
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Not surprisingly a similar pattern emerges in the consumption of fuel by the fleet.  Its 
history is set out in Figure III.C.7. 
 
Figure III.C.7: Consumption of Fuel by the Scottish Demersal Trawl Fleet, not sea

 sonally adjusted, thousand gallons, monthly January 1995 to De
 cember 2000 

 

III.C.3 Univariate Tests 

The results of the univariate tests of the dependent variable and the those variables 
subsequently used as explanatory variable is set out in Table III.C.1. 
 
Tabel III.C.1: Univariate Statistics  

      
 
 Output Stocks

 
L 

 
KW VCU

Kw 
Days 

 
Fuel 

      
Mean 5.14 3.36 361.33 389.14 255.78 2002.82 12.04 
Standard Deviation 0.61 0.58 51.26 24.33 30.45 290.42 1.75 
Minimum 3.77 2.75 285.67 349.80 190.29 1210.87 7.42 
Maximum 6.32 4.45 546.32 455.63 330.15 2637.65 15.46 
Sum 370 241 26016 28018 18416 144203 866.99 
Variance 0.37 0.33 2627.06 592.15 927.23 84345 3.05 
Skewness -0.02 0.85 1.06 0.49 0.02 -0.22 -0.15 

Kurtosis -0.64 -0.45 1.55 -0.10 -0.07 -0.12 -0.20 
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III.C.4 Tests for Cointegration 

The data were tested for cointegration with mixed results.  The results for the vari-
ables examined later in more depth are shown in Table III.C.2.  Only the weighted-
symmetric and Dickey-Fuller tests were significant for labour and the Dickey-Fuller 
test was significant for kilowatt-days.  However, it is highly questionable whether the 
time period of only six years is adequate for cointegration truly to be observed and it 
was decided not to accept the hypothesis that cointegration was present. 
 
Tabel III.C.2:  Summary of Unit Root Tests, 1995-2000 Data 
  
Test Variable Test Statistic P-Value Number of Lags
  
Weighted- Symmetric Q -2.133 0.553 4
 S -1.609 0.856 2
 L -4.028 0.004* 2
 KW -3.035 0.077 3
 VCU -1.423 0.912
 KWDAYS -3.037 0.076 2
 FUEL -2.863 0.123
  
Dickey-Fuller Q -1.847 0.682 4
 S -1.445 0.847 2
 L -3.828 0.015* 2
 KW -3.007 0.130 3
 VCU -1.445 0.895
 KWDAYS -3.691 0.023* 5
 FUEL -3.107 0.105
  
Engle-Grainger Cointegrating Vector -3.568 - 2
 

 Q 1.000 
 S 0.238 
 L -0.214 
 KW -1.387 
 VCU -2.501 
 KWDAYS 8.654 
 FUEL -7.859 

 
 
* indicates significant at the 5% level. 

III.C.5 Results of the Regression Tests 

III.C.5.1 Single Non-Stock Explanatory Variables 
 
A series of simple ordinary least squares (OLS) regressions was run with the depend-
ent variable, the index of landings, being explained by a constant term and a single 
variable from a list of explanatory variables acting as proxy for the non-stock inputs.   
 



 

 
 Fleet Capacity, Landings, and the Component Parts of Fishing Effort, FØI 101

Those tried were labour used, the number of vessels, the number of fishing trips, the 
kilowattage of the fleet, the average registered length of a vessel, the total number of 
Vessels Capacity Units10, the quantity of fuel used, the number of days at sea and an 
activity index called kilowatt-days defined as the sum of the power of each vessel in 
the fleet multiplied by the days it spent at sea. 
 
A time trend variable was also included to proxy technological development in the 
fleet. 
 
The results of the regressions are set out in Table III.C.3.  None of the results was sat-
isfactory with a low explanation of the variability, given by R 2, and with the esti-
mated stock coefficient always being wrong-signed.    
 
Tabel III.C.3: Results of OLS Regressions Using Single Non-Stock Explanatory 

Variables 
   
Non-Stock Explanatory Vari-
able (Logs) 

Intercept Stock Coefficient 
(Logs) 

Non-Stock Vari-
able Coefficient R 2 

   
Labour 1.866 -0.193 

(-2.21) 
-0.141
(-1.05)

0.076 

No of    Vessels 1.840 -0.258 
(-3.42) 

0.675 (4.35)* 0.263 

Trips 1.755 -0.189 
(-2.54) 

0.369
(4.52)*

0.276 

Kilowatts 1.826 -0.149 
(-1.97) 

-1.022
(-4.55)

0.278 

Registered Length 1.748 -0.108 
(-1.44) 

-2.649
(-5.09)

0.318 

VCUs 1.634 -0.207 
(-3.18) 

0.844
(6.91)*

0.445 

Fuel Consumed 1.728 -0.261 
(-3.40) 

0.454
(4.06)*

0.242 

Days at Sea 1.687 -0.278 
(-3.76) 

0.564
(5.30)*

0.332 

Kilowatt Days 1.769 -0.255 
(-3.16) 

0.338
(2.95)*

0.166 

Time Trend 1.927 -0.220 
(-2.61) 

0.010
(-0.64)

0.066 

 
The figures in parentheses are t-statistics.   
* indicates right-signed and significant at the 5% level. 

 
 

                                                                    
10 The number of a vessel’s Vessel Capacity Units (VCUs) is given by the formula: VCUs = (length 
in metres * breadth in metres) + (0.45 * engine power in kilowatts) 
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However, this approach to building a regression function, advocated by Koutsoyian-
nis (1977), has been criticised and the opposite method of moving from the general to 
the specific was also tried.   

III.C.5.2 Multiple Non-Stock Explanatory Variables 

The results using the complete set of explanatory variables is set out in Table III.C.4. 
   
Tabel III.C.4: Results of OLS Regression Using All Non-Stock Explanatory Variables 

available 
  
Explanatory Variable (Logs) Estimated Coefficient t-Statistic
  
Intercept 1.578 -
Stock Index -0.080 -0.96
Labour 1.441  1.09
No of Vessels -3.067 -1.22
Trips -0.032 -0.36
Kilowatts -0.711 -0.38
Registered Length -1.942 -0.73
VCUs 2.847    2.03*
Fuel Consumed 1.457   1.38
Days at Sea 0.031   0.29
Kilowatt Days -1.712 -1.44
Time Trend -0.265 -0.92
 
R 2 = 0.603 

* indicates right-signed and significant at the 5% level. 

 
 
The regression including all the possible explanatory variables was also unsatisfactory 
with the stock and several other coefficients also being wrong-signed.   
 
The correlation matrix did not immediately suggest that multicollinearity was present 
but the similarity of several of the explanatory variables and the behaviour of the es-
timates under ordinary least squares regression nevertheless suggested that it might be 
causing the wrong signs. 
 
Multicollinearity is a problem with the data used and not of the estimation method.  
Solutions to it include retrieving improved data – not possible in this case – and al-
lowing one explanatory variable to act for several whose variability is insufficiently 
independent.   The latter was the chosen method.   
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Structural instability of the parameters may cause unexpected behaviour in the 
estimators and so a Kalman Filter regression was run with the dependent variable, 
landings, explained by a constant, the stock, kilowatts, and kilowatt-days.   

III.C.5.3 The Kalman Filter 

The Kalman method involves estimating the regression with the minimum number of 
observations necessary to give a sufficient number of degrees of freedom to perform 
an estimation. The process is then repeated adding another observation each time, and 
the behaviour of the estimated coefficients observed.   
 
One would expect to see the value of the estimate tend towards its final value in a 
smooth curve with a decreasing positive or negative gradient or alternatively an oscil-
lating trend of decreasing magnitude. The results for the stock index are shown in 
Figure III.C.8.   
 
Figure III.C.3: Kalman Filter Estimates for the Stock Index Coefficient 

 

 
 
It was observed that there appeared to be a significant structural break in the stock se-
ries between December 1999 and January 2000.  This coincides with a five-fold in-
crease in the stock of haddock but this was not compensated for by a commensurate 
increase in the Total Allowable Catch (TAC).  Indeed the TAC for North Sea had-
dock was reduced from 88,600 tonnes to 73,000 tonnes owing to a fall in the esti-
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mated spawning stock biomass of haddock.  Hence, despite the abundance of had-
dock, a constraint on production was met by the fleet.  In the circumstances the fleet 
could be expected to change its fishing behaviour.  The need to minimise costs im-
posed by catching and discarding unsaleable fish would force it to fish in areas where 
the stock abundances more closely conformed to the relative quota sizes.   
 
The break also appears to a lesser extent in some of the kilowatt-days series confirm-
ing the behavioural change forced on the fleet.  As a consequence it was decided to 
omit the last twelve months observation from the estimations.   
 
Omitting data in this way is an undesirable practice as it runs the risk of fitting the 
data to a result that conforms to expectations.  More preferable might have been to 
add a dummy to model the structural change but to do this would have introduced 
considerably more complication to already complex functions.   

III.C.6 Cointegration Tests (Shortened Time Series, 1995-1999) 

The landings and stock biomass index numbers were recalculated using the average 
prices of the species over the new period and the cointegration tests performed again.   
 
The results were similar to those obtained with the full series but the conflicting test 
results were replaced by a complete set rejecting the hypothesis of cointegration.  For 
this reason and the brevity of the time series proof of the presence of cointegration 
was not accepted and estimation of the production function proceeded without an er-
ror correction mechanism.  The results are set out in Table III.C.5. 
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Tabel III.C.5:  Summary of Unit Root Tests with Shortened Time Series (1995-1999) 
  
 Variable Test Statistic P-Value Number of Lags

  
Q -2.104 0.575 4
S -2.577 0.247 2
L -3.116 0.062 2
KW -2.229 0.482 2
VCU -2.488 0.300 2
KWDAYS -2.452 0.323 2

Weighted- Symmetric 

FUEL -2.259 0.460 2
  

Q -1.919 0.645 4
S -2.344 0.410 2
L -3.075  0.112 5
KW -2.440 0.358 3
VCU -2.594 0.283 2
KWDAYS -2.734 0.222 2

Dickey-Fuller 

FUEL -2.488 0.334 2
  

Cointegrating Vector -3.620 - 2
 
Q 1.000  
S -0.372  
L 0.707  
KW -2.691  
VCU -1.774  
KWDAYS 11.799  

Engle-Grainger 

FUEL -11.184  

 
* indicates P-value significant at the 5% level. 

 
 
The remaining test carried out on the data was to examine the correlation matrix.  
Only that for the shortened time series is reported in Table III.C.6.  It suggests that 
there are potentially serious multicollinearity problems in using VCUs, kilowatt-days 
and fuel together as explanatory variables, but each of them may be used with kilo-
watts without there being an obvious risk.   
 
It should be stressed that the correlation matrix is not in itself a test for multicollinear-
ity and that a low correlation between two explanatory variables cannot be taken as 
indicating for certain that multicollinearity is not present, but it is a useful guide. 
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Tabel III.C.6:  Correlation Matrix (Shortened Time Series, 1995-1999) 
  
 

Q
 

S L KW VCU
KW

DAYS FUEL
  
Q 1.000  
S 0.089 1.000 
L 0.018 -0.146 1.000
KW -0.306 -0.590 0.468 1.000
VCU 0.474 -0.052 -0.202 -0.447 1.000
KW DAYS 0.394 -0.250 -0.138 -0.281 0.908 1.000
FUEL 0.455 -0.151 -0.015 -0.380 0.919 0.988 1.000

III.C.7 Results of the Regression Tests (Shortened Time Series, 1995-
 1999) 

 
III.C.7.1 Single Non-Stock Explanatory Variables (Shortened Time Series) 
With the time series shortened to the period from January 1995 to December 1999 all 
but one regression (using kilowatts as the non-stock explanatory variable) showed a 
noteworthy improvement by returning a right-signed estimate of the coefficient for 
the stock index.  Most showed a right-signed coefficient for the non-stock variable 
and two, using fuel consumed and kilowatt-days showed right-signed and significant 
estimates for the whole function.  The explanatory power of these two functions was 
low at approximately 37%. The time trend continued not to be significant, perhaps 
because the time period is too short for trends in technological development to 
emerge in the data.  The results are set out in Table III.C.7. 
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Tabel III.C.7: Results of OLS Regressions Using Single Non-Stock Explanatory Vari-
ables with Shortened Time Series, 1995-1999 

 
Non-Stock Explanatory 
Variable 
(Logs) Intercept

Stock Coefficient
(Logs)

Non-Stock Variable 
Coefficient

(Logs)
R 2

 
Labour 1.508 0.106

(0.70)
0.050
(0.32)

-0.025

No of    Vessels 1.471 0.055
(0.42)

0.663 (4.43)* 0.236

Trips 1.499 0.022
(0.16)

0.361
(4.19)*

0.215

Kilowatts 2.177 -0.489
(-2.65)

-1.809
(-4.40)

0.233

Registered Length 1.852 -0.233
(-1.58)

-3.374
(-4.457

0.238

VCUs 1.190 0.167
(1.58)

0.871
(7.48)*

0.481

Fuel Consumed 1.051 0.256
(2.16)*

0.634
(6.03)*

0.373

Days at Sea 1.200 0.128
(1.11)

0.612
(6.11)*

0.379

Kilowatt Days 0.957 0.336
(2.62)*

0.625
(5.40)*

0.320

Time Trend 0.904 0.485
(2.24)

0.057
(2.37)

0.065

 
The figures in parentheses are t-statistics.   
* indicates right-signed and significant at the 5% level. 

III.C.7.2 Multiple Non-Stock Explanatory Variables (Shortened Time Se-
 ries) 

The regression using all the variables over the shortened time period was also slightly 
more encouraging.  However, the explanatory power of the function worsened from 
60% to 55%.  All but one of the variables were not significant and wrong-signed.   
 
All the variables included represent proxies for capital apart from one each for the 
stock and labour, and the time trend.  When using such closely related variables, the 
presence of multicollinearity is only to be expected and so two approaches were 
adopted.   
 
The first was to resort to the basic definition of production as a function of stock re-
source, labour and capital.  For this it was a question of finding the most suitable 
proxy for capital and the specification which best explained the landings index.   
 
The second, inspired by results from the Italian estimations reported above, was to 
seek to explain output by the use of independent variables for capacity and activity to 
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conform to EU management behaviour.  Hence, it was necessary to find the most ap-
propriate proxies for capacity and activity from among the variables available and 
then again to find the specification for the function which best explained the landings 
index.  The results are set out in Table III.C.8. 
 
Tabel III.C.8: Results of OLS Regression Using All Non-Stock Explanatory Variables 

available with Shortened Time Series, 1995-1999 
 
Explanatory  Variable (Logs) Estimated Coefficient t-Statistic
 
Intercept 1.782 -
Stock Index -0.225 -0.06
Labour 1.887 0.95
No of Vessels -3.783 -1.01
Trips 0.025 0.25
Kilowatts -0.095 -0.03
Registered Length -3.468 -1.11
VCUs 3.187 1.58
Fuel Consumed 2.047 1.73
Days at Sea 0.401 -0.34
Kilowatt Days -2.828 -2.06
Time Trend -0.041 -1.06
 
R 2 = 0.556 

* indicates right-signed and significant at the 5% level. 

III.C.8 Specification of the Production Function 

The specifications tried were common both to the labour and capital functions and the 
capacity and activity functions.  They were: 
 
� The Cobb-Douglas Function 
� The Constant Returns to Scale Function 
� The Constant Elasticity of Substitution Function 
� The Translog Function 
� Coppola's Reformulation of the Spillman Function 

 
While the estimation proceeded from the general translog form to the specific con-
stant returns to scale form the results below progress from the simpler forms to the 
more complex. 
 
A first-order autoregressive (AR1) univariate statistical model was run as a bench-
mark against which to measure the results of the more complex estimates.  It is set out 
in Table III.C.9. 
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Tabel III.C.9: The First Order Autoregressive Univariate Statistical Model 
 
Dependent Variable: Log of Landings Index (LQ) 
Method: Ordinary Least Squares 
Sample (adjusted): January 1995 to December 1999 
Number of observations: 59 

 
Variable Coefficient t-Statistic 

C 1.033  
LQ(-1) 0.367 3.09* 

 
 
R-squared 0.143     Mean of dependent variable 1.631
Adjusted R-squared 0.128 Standard Deviation of dependent variable 0.110
Standard Error of regression 0.103     Akaike info criterion -1.676
Sum of squared residuals 0.604     Schwarz criterion -4.443
Log-likelihood function 51.430     F-statistic 9.548*
Durbin-Watson statistic 1.785     Probability (F-statistic) 0.003

 
* indicates significant at the 5% level. 

III.C.8.1 Labour and Capital Functions 

Cobb-Douglas Functions 
 
Extended Cobb-Douglas functions to explain landings, Q, of the form 
 

KLSQ lnlnlnln 3210 αααα +++=         (3C.1) 
 
were estimated with stock, S, and labour, L, variables in each and a third explanatory 
variable which was a proxy for capital, K.  The functions continued to show poor ex-
planatory power and each bore at least one wrong-signed coefficient, usually attached 
to the labour parameter.  The results are set out in Table III.C.10.   
 
Tabel III.C.10: OLS Estimates of Labour and Capital Cobb-Douglas Functions 
 

Intercept (Logs) Stock Labour Kilowatts VCUs

Kilowatt-

Days

 

Fuel 
R 2

  
0.897 0.325

(2.66)*
-0.352
(-2.62)

- - 0.783
(6.24)*

- 0.384

1.215 0.115
(1.13)

-0.307
(-2.77)

- 0.998
(8.36)*

- - 0.535

1.031 0.220
(1.95)

-0.341
(-2.703)

- - - 0.770 
(6.90)* 

0.435

2.170 -0.483
(-2.63)

0.151
(1.13)

-1.888
(-4.54)

- - - 0.237

 
* indicates right-signed and significant at the 5% level. 
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Constant Returns to Scale Functions 
Functions constrained to constant returns to scale for the non-stock inputs, to explain 
landings, Q, of the form 
 

KLSQ ln)1(lnlnln 2210 αααα −+++=           (3C.2) 
 

were estimated using generalised least squares (GLS) in recognition of the presence 
of the constraint.  The functions continued to show poor explanatory power, though 
the function using fuel-used shows some promise in that all the explanatory variables 
have right-signed coefficients though that for labour is not statistically significant 
even at the 10% level.  The results are set out in Table III.C.11.   
 
Tabel III.C.11: GLS Estimates of Labour and Capital Constant Returns to Scale 

 Functions 
 

Intercept Stock Labour Kilowatts VCUs

Kilowatt-

Days Fuel
R 2

 
1.961 0.417

(3.10)*
-0.026
(-0.20)

- - 1.026 - 0.321

3.187 0.118
(1.11)

-0.171
(-1.72)

- 1.171 - - 0.517

2.412 0.263
(2.00)*

0.021
(0.17)

- - - 0.979 0.358

3.271 0.394
(2.37)*

0.294
(1.72)

0.706 - - - 0.012

 
* indicates right-signed and significant at the 5% level. 

 
 
The Translog Function 
A function of the form 
 

LkWDLSkWDS

LtkWDtSt

LkWDSt

LkWDStQ

lnlnlnlnlnln

lnlnlnlnlnln
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2
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2
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αααα
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+++
+++

++++

++++=

               (3C.2) 

 
was estimated with the results set out in Table III.C.12 and estimated elasticities set 
out in Table III.C.13. 
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Tabel III.C.12: GLS Estimates of a Translog Function including Capital and Labour 
 
Parameter Variable Estimate t-Statistic
 
α0 Intercept -44.270 -4.13
α1 lnt 5.500 3.35*
α2 lnS 68.160 4.27*
α3 lnKWD -9.180 -1.35
α4 lnL -4.532 -0.87
α11 (lnt)2 -0.191 -1.93
α22 (lnS)2 -25.280 -4.25*
α33 (lnKWD)2 -1.056 -0.48
α44 (lnL)2 1.589 0.90
α12 lnt.lnS -4.145 -3.45*
α13 lnt.lnKWD 1.117 1.31
α14 lnt.lnL 0.605 0.79
α23 lnS.lnKWD 6.473 1.33
α24 lnS.lnL 3.030 0.82
α34 lnKWD.lnL -2.730 -0.74

 

    R 2 = 0.505 
    * indicates significant at the 5% level. 

 
 
Tabel III.C.13: Estimated Elasticities of Substitution 
 Technology Stock Kilowatt-Days Labour
Technology 0.79
Stock -8.27 29.89
Kilowatt-Days -2.96 -0.36 1.06
Labour 2.60 0.31 0.88 -0.51

 
The scale elasticity is 31.24. 

 
 
The results of the estimation are not good.  There is serious multicollinearity within 
the model and it has not been possible readily to move to the specific because the va-
lidity of the t-test is compromised by unreliable standard errors in this specification 
(Boisvert 1982).  Many of the elasticities of substitution are wrong-signed; they could 
be expected all to be negative, and the factor elasticities are largely implausible and in 
the case of labour wrong-signed. 
 
Other Forms 
The complex forms of the Constant Elasticity of Substitution and Coppola functions 
failed to solve and were omitted at this stage. 
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III.C.8.2 Capacity and Activity Functions 

Cobb-Douglas Functions 
Functions were also estimated separating the capital variable into capacity and activ-
ity components.  Again the experiments failed to produce a satisfactory function to 
explain output with low explanatory power and a wrong-signed coefficient.  The re-
sults are set out in Table III.C.14.   
 
Tabel III.C.14: OLS Estimates of Capacity and Activity Cobb-Douglas Functions 
 

Intercept (Logs) Stock Labour Kilowatts VCUs

Kilowatt-

Days Fuel
R 2 

  
1.483 -0.076

(-0.40)
- -0.925

(-2.24)
- - 0.504

(4.31)*
0.414 

1.491 -0.079
(0.07)

- -1.113
(-2.74)

- 0.481
(3.96)*

- 0.390 

1.583 -0.070
(-0.53)

- - 1.743
(5.23)*

-0.802
(-2.77)

- 0.536 

1.354 0.081
(0.70)

- - 1.505
(3.90)*

- -0.545
(-1.72)

0.478 

 
* indicates right-signed and significant at the 5% level. 

 
 
Constant Returns to Scale Functions 
Under the constraint of constant returns to scale in the non-stock inputs, the results 
were mixed with both the functions using kilowatts for capacity showing promise still 
the low explanatory power.  The results are set out in Table III.C.15 below. 
 

Tabel III.C.15: GLS Estimates of Capacity and Activity Constant Returns to Scale 
 Functions 

 

Intercept Stock Labour Kilowatts VCUs

Kilowatt-

Days Fuel
R 2

 
2.515 0.342

(2.83)*
- 0.290

(3.20)*
- - 0.710 0.334

2.208 0.442
(3.57)*

- 0.273
(2.70)*

- 0.727 - 0.280

4.936 -0.091
(-0.71)

- - 1.838
(6.62)*

-0.838 - 0.535

3.978 0.058
(0.52)

- - 1.610
(5.79)*

- -0.610 0.500

 
* indicates right-signed and significant at the 5% level. 
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The Translog Function 
 
A function of the form 
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was estimated with the results set out in Table III.C.16 and estimated elasticities set 
out in Table III.C.17.  X1  represents either of the capital variables, kilowatts and 
VCUs, and X2 represents either of the activity variables, kilowatt-days and fuel con-
sumed. 
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Tabel III.C.16: GLS Estimates of a Translog Function including Capital and Activity 
 Variables 

 
 -------------------------------- Estimated Functions -------------------------------------
 
Variable Model 1 Model 2 Model 3 Model 4
 
Intercept -29.100 -30.700 -24.060 -28.330
lnt 3.122

(2.24)*
3.507

(2.60)*
2.887

(2.27)*
3.176

(2.51)*
lnS 45.840

(45.84)*
47.240
(2.45)*

37.920
(2.35)*

44.520
(2.82)*

lnKW -7.479
(-0.44)

-0.845
(-0.05)

- -

lnVCU - - 10.550
(0.88)

8.908
(0.63)

lnKWD -1.009
(-0.17)

- -8.868
(-0.68)

-

lnFuel - -0.055
(-0.01)

- -7.714
(-0.60)

(lnt)2 -0.104
(1.83)

-0.102
(-2.06)*

-0.807
(-1.14)

-0.078
(-1.30)

(lnS)2 -17.200
(-2.31)*

-17.400
(-2.44)*

-13.980
(-2.27)*

-16.620
(-2.77)*

(lnKW)2 11.850
(1.42)

10.670
(1.25)

-

(lnVCU)2 - - -0.371
(-0.03)

10.620
(0.92)

(lnKWD)2 -3.226
(-1.35)

- -2.673
(-0.24)

-

(lnFuel)2 - -3.274
(-1.52)

- 4.883
(0.56)

lnt.lnS -2.491
(-2.34)

-2.779
(-2.71)*

-2.215
(-2.23)*

-2.478
(-2.51)*

lnt.lnKW 0.750
(0.47)

0.165
(0.01)

- -

lnt.lnVCU - - -1.188
(-0.81)

-0.357
(-0.24)

lnt.lnKWD 0.756
(1.02)

- 1.075
(0.65)

-

lnt.lnFuel - 0.563
(0.89)

- 0.483
(0.34)

lnS.lnKW 5.679
(0.47)

2.023
(0.17)

- -

lnS.lnVCU - - -6.123
(-77)

-5.195
(-0.59)

lnS.lnKWD 2.123
(0.46)

- 5.174
(0.62)

-

lnS.lnFuel - 1.900
(0.47)

- 5.734
(0.64)

lnKW.lnKWD -5.294
(-0.82)

- - -

lnKW.lnFuel - -5.252
(-0.76)

- -

lnVCU.lnKWD - - 3.802
(0.17)

-

lnVCU.lnFuel - - - -15.69
(-0.80)

R 2 
0.511 0.557 0.557 0.549

Durbin-Watson Statistic 1.457 1.350 1.386 1.280
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The figures in parentheses are t-statistics.   
* indicates significant at the 5% level. 

 
Tabel III.C.17a:  Estimated Elasticities of Substitution for Model 1 
 
 Technology Stock Kilowatts Kilowatt-Days
 
Technology 0.36
Stock -14.31 19.75
Kilowatts 36.08 2.52 -1.24
Kilowatt-Days -20.65 -1.44 0.57 2.22

 
The scale elasticity is 21.09. 

 
 
Tabel III.C.17b:  Estimated Elasticities of Substitution for Model 2 
    
 Technology Stock Kilowatts Fuel 
    
Technology 0.33   
Stock -45.17 19.89  
Kilowatts 100.50 2.23 -0.92  
Fuel -94.00 -2.08 0.94 2.34 

 
The scale elasticity is 21.65. 

 
 
Tabel III.C.187d:  Estimated Elasticities of Substitution for Model 4 
 Technology Stock VCUs Kilowatt-Days
Technology 0.32
Stock -8.96 16.23
VCUs -23.82 -2.66 1.64
Kilowatt-Days 7.97 0.89 0.34 0.75

 
The scale elasticity is 15.31. 

 
 
The results of the estimations again are not especially desirable.  The explanatory 
power remains adequate, especially given the question marks that remain over the re-
liability of the basic data for landings and inputs. 
 
The estimates betray the presence of multicollinearity and the kilowatts, kilowatt-days 
and fuel parameters all exhibit considerable instability across the four models, almost 
certainly as a consequence.   
 
The elasticities calculated from the estimates also cast doubt on the reliability of the 
estimates as many are wrong-signed (the elasticities of substitution could be expected 
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to be negative) or have implausible values.  Though the technology variable shows a 
stable value between the model 30% growth per annum appears unduly high. 
 
Other Functions 
Again the complex forms of the Constant Elasticity of Substitution and Coppola func-
tions failed to solve and were omitted at this stage. 

III.C.8.3 Single Non-Stock Inputs and More Complex Functions 

Given the poor results from the estimations using individual components of fishing 
effort, and especially the negative coefficients attached to the stock index, the remain-
ing question was to determine whether a single non-stock variable could be found 
which produced a reasonable explanation of landings and a stock coefficient with the 
correct sign. 
 
The elementary Cobb-Douglas functions had already been estimated early in the ex-
perimentation and are shown in Table III.C.7.   
 
 
Constant Returns to Scale 
 
Tabel III.C.198: GLS Estimates of Single Non-Stock Explanatory Vari-

able Functions  with Constant Returns to Scale 
 
 

Intercept Stock Labour Kilowatts VCUs

Kilowatt-

Days Fuel
R 2

 
3.110 0.443

(3.83)*
- 0.557 - - - 0.024

2.529 0.358
(5.08)*

- - - 0.642 - 0.331

3.378 0.151
(1.97)*

- - 0.849 - - 0.483

2.611 0.321
(4.51)*

- - - - 0.679 0.377

 
indicates right-signed and significant at the 5% level. 

 
 
The functions are all acceptable except for that using kilowatts, which has almost no 
explanatory power.   The coefficient on kilowatt-days is very close to that estimated 
for the free Cobb-Douglas form. 
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Other Functions 
 
The Constant Elasticity of Substitution and Coppola forms again failed to solve. 

III.C.8.4 The Beverton-Holt Function 

 
Beverton-Holt Functions of the form 
 

SXQ α=     (3C.4) 
 
 
were estimated.  The results are set out in Table III.C.19. 
 
In essence this function amounts to a simple Cobb-Douglas function with a single 
non-stock explanatory variable and the coefficients on the stock and input indices 
each constrained to unity.   
 
Because of its widespread use it was estimated by way of comparison with the Cobb-
Douglas function.  Not surprisingly, the more sophisticated and freer form provided 
by the Cobb-Douglas function produced better results most noticeably in the explana-
tory power of the functions.    
 
To assist comparison, the R 2 for the Cobb-Douglas functions reported in Table 
III.C.7 is repeated in the last column of Table III.C.19. 
 
 
Tabel 1.20.  
 
Non-Stock Explanatory Variable Intercept      (α) R 2 R 2 for Comparable Cobb-

Douglas Function
 
Kilowatts 1.653

(54.15)*
0.017 0.233

Kilowatt-Days 1.027
(67.28)*

0.288 0.320

VCUs 1.232
(66.09)*

0.302 0.481

Fuel 1.037
(63.83)*

0.308 0.373

 
The figures in parentheses are t-statistics. 
* indicates right-signed and significant at the 5% level. 
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III.C.9 Conclusion 

Among the models estimated, that which best explains the variability of the landings 
index is the translog function is Model 2 in Table III.C.16. 
 
The comparison of a single non-stock Cobb-Douglas function with the Beverton-Holt 
function has shown that for only a small investment a better function than that com-
monly in use in scientific models could be found simply by placing a coefficient other 
than unity on the stock variable and input index.   
 
From the point of view of economics none of the functions incorporating labour as an 
explanatory variable was satisfactory but a better function than the translog single 
non-stock input index function, despite the much lower explanation of variability, is 
the Cobb-Douglas function with constant returns to scale imposed on the non-stock 
inputs 
 727.0273.0442.0208.2 KWDKWSQ =  ( R 2 = 0.280) 
 
This function also has management benefits in that the explanatory variables coincide 
with those used by the European Union in the Common Fisheries Policy. 
 
The implication remains that there are increasing returns to scale from the sum of the 
coefficients of all the explanatory variables, at 1.442.  This is not inconsistent with the 
findings of other studies mentioned in the Literature Review but is questionable in the 
long-run.  It can only persist while the stock has a financial or shadow value of zero.  
While throughout most of the estimation period the stocks had a zero financial value, 
given the reported condition of the stocks at present it is highly unlikely that they 
have a zero shadow value. 
 
Besides the poor results the tests have not isolated the rate of technical advance, but 
they have brought a functional form that improves that of the Beverton-Holt specifi-
cation of the production function. 
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APPENDIX 1:  THE CONSTANT ELASTICITY OF SUB-
STITUTION PRODUCTION FUNCTION 

A1.1 Elasticity of substitution 

The elasticity of substitution between the input factors of a two-input technology is 
defined by (Hicks, 1932): 
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MPi is the marginal product of factor i.  σ is the relative change of the proportion of 
the two inputs as a function of the relative change of the corresponding marginal rate 
of technical substitution, i.e. the rate at which the input proportion will change given a 
small relative change in the rate at which the two inputs must substitute for each other 
in order to keep output fixed.  
 
When the technology is explicitly described by the production function y=f(x1,x2), the 
elasticity of substitution given in Equation A1.1 reduces to: 
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where fi is the ith derivative of f ( ixf ∂∂ ),  fij the ijth derivative of ( ji xxf ∂∂∂ 2 ). 
 
When more than two inputs are present in the technology there exists no ‘empirical’ 
formula for the elasticity of substitution.  Chambers (1988) lists three alternatives, 
which are the most widely used and well known in the literature: 
 

I. The direct elasticity of substitution (DES). 
II. The Allen partial elasticity of substitution (AES). 

III. The Morishima elasticity of substitution (MES). 

A1.1.1 The direct elasticity of substitution 

The direct elasticity of substitution is defined by: 
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i.e. Hicks’ two-input elasticity of substitution extended directly to the n-input case.  
This definition reduces to the two-input definition of the elasticity of substitution 
given in Equation A1.2 when n=2.  According to Chambers (1988) this measure 
should be interpreted as a short-run elasticity, since it measures the degree of substi-
tutability between factors i and j, keeping all other factors fixed.  As such this meas-
ure has only limited use, as it does not allow for adjustment of all other factors when 
one factor is changed (see also Blackorby and Russel, 1989). 

A1.1.2 The Allen partial elasticity of substitution  

The Allen partial elasticity of substitution between two input factors xi and xj of the n-
input production is defined by: 
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where |H| is the determinant of the general Hessian: 
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and Hij is the co-factor of the element fij in H.  Comparison with Equation A1.2 shows 
that when n=2 the Allen partial elasticity reduces to the Hicks definition for two in-
puts.  Blackorby and Russel (1989) criticise this measure for being inadequate even 
though it tries to remedy the drawbacks of the DES measure.  They show that the 
AES measure does not preserve the properties of the original Hicks measure given in 
Equation A1.1, such as providing information on relative factor shares.   
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A1.1.3 The Morishima elasticity of substitution  

The Morishima elasticity of substitution is defined as: 
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Blackorby and Russel (1989) argue that this measure does preserve the properties of 
the original Hicks measure and should thus be preferred to the DES and the AES 
measures. 

A1.2 The constant elasticity of substitution production function 

It is well-known (see e.g. Kmenta 1967) that the elasticity of substitution is a constant 
for a two-input technology, i.e. given the Hicks elasticity of substitution (Equations 
A1.1 and A1.2) when the production function has the form 
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for which σ=1/(1+ρ) is the constant elasticity of substitution, ν is the (constant) re-
turns to scale and ρ is the substitution parameter. 
 
The most common known form of an n-input production function, which has constant 
elasticity of substitution under the DES, AES and MES measures of elasticity of sub-
stitution, is given by  
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with the same notation as for the Kmeta two-input function given in Equation A1.7 
(see e.g. Blackorby and Russel, 1989 and for more specialised forms, see McFadden 
1963 and Uzawa 1962).  As for the Kmenta function (Equation A1.7) the elasticity of 
substitution is σ=1/(1+ρ) for the n-input CES function. 

A1.3 The translog approximation of the CES production function 

Kmenta (1967) has shown that the two-input CES production function given by Equa-
tion A7) may be approximated by a translog function through a Taylor approxima-
tion, in the case where ρ is close to zero, i.e. when σ is close to unity.   
 



 

 
124 , FØI Fleet Capacity, Landings, and the Component Parts of Fishing Effort  

Hoff (2002) extends Kmenta’s two-input approximation of the CES function to the n-
input case, and thus proves that the CES function given in Equation A1.8 may for 
σ∈O(1), i.e. for ρ∈O(0), be approximated by the translog form 
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for which the parameters obey the following conditions 
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This result reduces to Kmenta’s when n=2.  The CES function reduces to a Cobb-
Douglas function in the limit when σ=1 (or ρ=0).   
 
Thus if the n-input technology considered is believed to have constant elasticity of 
substitution, and if it is furthermore suspected that the elasticity of substitution is in 
the neighbourhood of 1, then the input and output values observed for the technology 
may be fitted to a n-dimensional translog form (Equation 8) and the restrictions stated 
in Equation A1.10 must then (i) be employed to test whether the estimated translog 
form does in fact approximate a CES function, and (ii) be used to estimate the CES 
parameters γ, v ρ and the β values.   
 
The advantage of the translog approximation of the CES function is that the translog 
form is linear and can thus be estimated by ordinary linear regression techniques, con-
trary to the analytic CES form, which must be estimated by non-linear techniques. 
 
The disadvantage of the translog form is that it is only an approximation of the correct 
CES form, and is as such subject to approximation errors.  Hoff (2002) shows that not 
only the value of ρ, but also the value of ν  (returns to scale), the range of the input 
values and the stochastic variation of the output values influence the bias and consis-
tency of the approximation, and that it is only within a limited regime that the translog 
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approximation will be able to reveal whether the dataset in question does in fact com-
ply with a CES function. 
 
It must thus be emphasised that a given technology may in fact be CES, even though 
the estimated translog form does not comply with the restrictions given in Equation 
A1.10.  The reason may be that one or more of the above-mentioned parameters are 
not within reasonable limits.  It is thus not sufficient to fit a translog form to data to 
test whether the conditions given in Equation A.10 are fulfilled, when the aim is to 
test whether a given technology realises CES conditions.  If the conditions are not ful-
filled, and even though it is suspected that the technology is in fact CES, the exact 
form given by Equation A1.8 must be fitted to data through non-linear techniques. 
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APPENDIX 2:  THE DATASET FOR THE ITALIAN 
CASE STUDY  

A2.1 The FAO Management Units 

As suggested by the FAO during the XXIV General Fisheries Commission for the 
Mediterranean (FAO 1999)11, the case study refers to a homogeneous area from a so-
cial and economic point of view.  
 
The Northern and Central Adriatic is the 17th FAO Management Unit (MU17), has a 
coastline 768 km long, and has been sub-divided into six NUTS II12 and eleven 
NUTS III13 regions.  The area is shown in Figure A2.1.  
 
Figure A2.1: FAO Management Units 

 

 
 

                                                                    
11 The commission recommended dividing the Mediterranean into 30 provisional Management 
Units: 11 for the Western Mediterranean, 7 for the Central Mediterranean, 6 for the Eastern Mediter-
ranean and 6 for the Black Sea and adjacent waters. 
 
12 The NUTS II (Italian regions) are: Friuli Venezia Giulia, Veneto, Emilia Romagna, Marche, 
Abruzzo and Molise. 
 
13 The NUTS III (Italian provinces) are: Trieste, Monfalcone, Venezia, Chioggia, Ravenna, Rimini, 
Pesaro, Ancona, S. Benedetto del Tronto, Pescara and Termoli. 
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In 2000, MU17 covered 5,094 vessels, with a total of 220,785 GRT and 1,436,823 
kilowatts representing 28% of the national fleet both in terms of number and gross 
tonnage.  Total employment in the Northern and Central Adriatic is estimated at 
10,839 full-time employees (23% of the national total).  
 
Table A2.1 shows the details of fleet capacity in the NUTS II areas.  Marche has the 
largest fleet with 1,286 vessels, a tonnage of 20,518 GRT and a total engine power of 
126,900 kilowatts (35% and 28% of the MU17 totals, respectively). Veneto has the 
second largest fleet with 1,265 vessels. The remainder of the fleet comprises 1,059 
vessels in Emilia Romagna, 805 vessels in Abruzzo, 607 vessels in Friuli and 68 in 
Molise. 
 
Tabel 1.21.  
 

NUTS II 

Vessels

(Number) GRT Kilowatts

Length

(metres)
 
ABRUZZO 805 12,128 63,990 8,338
MOLISE 68 1,992 11,858 1,074
MARCHE 1,286 20,518 126,900 14,432
EMILIA ROMAGNA 1,059 9,981 98,369 11,181
VENETO 1,265 11,376 111,676 13,814
FRIULI 611 2,892 35,869 5,128
MU17 5,094 58,886 448,662 53,966
ITALY 18,425 220,785 1,436,823 187,692

 
Source: IREPA estimates based on Ministry of Agricultural Policy and Forestry – Directorate General for 
Fisheries (MiPAF) data 

 
 
In terms of the five segments set out in Table A2.2, the small-scale fishery is the main 
segment in terms of vessel numbers, with 2,677 accounting for 53% of MU17 fleet.  
The 936 bottom trawlers represent the main segment in terms of effort (54% and 44% 
of MU17 tonnage and power, respectively). The area also has 732 multi-purpose 
trawlers, 618 dredgers and 103 midwater pair trawlers, representing almost the entire 
Italian fleet of dredgers and midwater pair trawlers.  Purse-seiners are present only in 
Abruzzo, with the 24 vessels characterised by high average engine power (232 kilo-
watts) and gross tonnage (91 GRT).  Activity at sea, measured in days, averaged 170 
days per vessel. 
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Tabel A2.2: Main components of fishing effort in MU17 by fleet segment, 2000, ab-
solute figures 

  
 

SEGMENT 

Vessels

(Number) GRT

 

Kilowatts Days at sea
  
BOTTOM TRAWLERS 936 30,771 194,487 147,258
MIDWATER PAIR TRAWLERS 103 6,995 38,207 18,501
PURSE SEINERS 24 2,184 7,756 3,672
DREDGERS 618 6,513 66,713 73,893
SMALL-SCALE FISHERY 2,681 5,173 71,332 512,759
MULTI PURPOSE TRAWLERS 732 5,770 65,958 107,287
MU17 5,094 58,886 448,662 863,370

 
Source: IREPA estimates based on MiPAF data and IREPA Observatory data 

 
 
Table A2.3 shows the details of catches.  Catches are estimated at around 157,000 
tonnes in 2000, representing 40% of the national total by weight and 31% by value.  
Marine molluscs amount to 40% (36,540 tonnes) of total MU17 landings; in particu-
lar, 95% (26,539 tonnes) of the national total of clam landings were taken in the 
Northern and Central Adriatic.  The remaining 60% of MU17 catches are divided 
mainly between anchovies, pilchards and other finfish.   
 
The low average price of landings (estimated at around €3.09 per kg) is due to the low 
weight of high value species, such as marine crustaceans, which reached 8,922 ton-
nes, representing 6% of MU17 landings. 
 
Tabel A2.3: Catches and revenue in MU17 by species group, 2000, absolute and 

percentage figures 
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LANDINGS (tonnes) 34,173 13,835 36,791 26,539 36,540 8,922 156,800 
% MU17/ITALY 55 44 22 95 58 25 40 
REVENUE (€m) 37,76 9,38 182,15    55,88 128,29 70,99 484,45 
% MU17/ITALY 42 47 23 94 44 23 31 

 
Source: IREPA Observatory 

 
 
Table A2.4 shows economic performance.  After Sicily, economic performance is the 
best in Italy; the average catch per day was 182 kg with a landings value of €561. 
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 Catches/vessel (tonnes) Revenue/vessel (€) Catches/day (kg) Revenue/day (€)
 
MU17 31 95,177 182 561
ITALY 21 84,568 127 505

 
Source: IREPA Observatory 

A2.2  Building the Data Base 

In the empirical estimation the variables used are Catches (tonnes), Prices (Lire/kg), 
Number of Vessels, Gross Tonnage (GRT), Engine Power (kilowatts), Employment, 
and Days at Sea.  The annual data cover the period 1972 to 2000 and refer to the 
Northern and Central Adriatic.   
 
The statistical sources are 
 
• the National Statistical Institute (ISTAT),  
• the Archive of Fishing Licences (ALP) of the Ministry of Agricultural Policy and 

Forestry – Directorate General for Fisheries (MiPAF),  
 
and for data not supplied by official sources,  

 
• the IREPA Observatory, and,  
• the Moses Data Bank. 

A2.2.1 Catches and Prices  

Time series of catches and prices cover 47 individual or grouped species and are geo-
graphically sub-divided into 48 maritime districts.  These data are taken from the 
ISTAT Yearbooks on Fishing published from 1972 to 2001 (ISTAT 1972 to 2000).   
 
The time series of prices by maritime district have been obtained from the weighted 
mean of the MU17 catch value at current prices (Pi Xi) divided by the MU17 volume 
(Xi), according to the formula (Piccolo and Vitale 1981) 
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Deflation of current prices is based on the consumer price index for households of 
wage and salary earners using 2000 as the base year. 

A2.2.2 Capacity  

1991 to 2000 data on capacity (number of vessels, GRT, and kilowatts) were col-
lected from ALP, while the data from 1972 to 1990 are IREPA estimates based on 
ISTAT data.  Both time series are subdivided into 48 maritime districts. 
 
The Archive of Fishing Licences, established by the Ministry of Agricultural Policy 
and Forestry14, is an electronic register which reports administrative and physical in-
formation on the active Italian fleet.  In this data bank, for each vessel the following 
are recorded  
 

• registration number,  
• vessel name,  
• registration office,  
• fishing gear,  
• licence,  
• length,  
• GRT,  
• horse power,  
• engine type (in-board, out-board),  
• building material,  
• year of construction,  
• date of first operation,  
• registration date,  
• country of construction,  
• boat enrolment office, and  
• MAGP fleet segment15. 

                                                                    
14  Law 41/1982, Article 4 
 
15  Under the Fourth Multi-Annual Guidance Programme (MAGP IV) the Italian fleet is classified 
into 11 segments; Ocean Trawlers and Purse Seiners (4HB), Coastal (4H1 – Small Scale Fishery, 
4H2 – Bottom Trawlers, 4H3 – Pelagic Pair Trawlers, 4H4 – Small Purse Seiners, 4H5 – Hydraulic 
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Currently ALP records data only on vessels operating in the last ten years.  For the 
previous years (1972 to 1990) fleet data were taken exclusively from ISTAT Year-
books.  
 
As ALP and ISTAT are not homogeneous sources, building the data base was struc-
tured into the three following phases 
 

• Phase 1: Harmonisation of ALP time series for 1991 to 2000 with MAGP 
fleet segments, 

 
• Phase 2: Harmonisation of ISTAT time series for 1972 to 1990 with ISTAT 

fishing methods, 
 

• Phase 3: Harmonisation of ISTAT time series for 1972 to 1990 with MAGP 
fleet segments. 
 
 

                                                                                                                     
Dredges, 4H6 – Polyvalent) and Mediterranean (4H7 – Bottom Trawlers, 4H8 – Polyvalent non-
trawlers, 4H9 – Tuna Purse Seiners, 4HA – Swordfish). (Commission Decisions 98/119/EC to 
98/131/EC) 
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Phase 1: Harmonisation of ALP time series for 1991 to 2000 with MAGP fleet 
segments 
 
The data set for the fleet was classified on the basis of the eleven MAGP segments 
currently applying to the Italian fleet.  The MAGP IV classification refers to the pe-
riod 1997 to 2000, while in previous years the fleet had been aggregated on the basis 
of segmentation under MAGP III.  Thus, for the years 1997 to 2000, MAGP segments 
were compared and associated with the administrative and physical characteristics of 
the vessels.   
 
In this way a general criterion for assigning vessels to the MAGP IV segments was 
formulated.  Based on the licence, each of which can authorise one or more fishing 
gears, and the overall length, this criterion was applied to the vessels included in the 
ALP lists from 1991 to 1996.  
 
This method distinguishes fifteen categories and was developed by successive differ-
entiation between vessels.  The first sets of vessels identified were those included in 
specific ministerial lists, or with licences authorising use of only one fishing gear.  A 
number was assigned to each category, with the integer part increasing according to 
the order in which categories were distinguished and the decimals indicating the kind 
of licence. 
 
The vessels distinguished first were those included on specific ministerial lists, such 
as the Oceanic Fleet (4HB), Mediterranean Bottom Trawlers (4H7), Mediterranean 
Polyvalent Non-Trawlers (4H8), Mediterranean Tuna Purse Seiners (4H9) and Medi-
terranean Swordfish Vessels (4HA).  Others were excluded because they were auxil-
iary vessels and not fishing boats, or because they had no category (HZ and X). 
 
The remaining vessels were all included in one of the eight coastal segments.  Also in 
this case the vessels distinguished first were those included in ministerial lists; Pelagic 
Pair Trawlers (4H3) and the Hydraulic Dredgers (4H5). 
 
Coastal Bottom Trawlers (4H2) were then categorised according to whether they were 
authorised only to Bottom Trawl or to Tow Gear for Mussels, to both Bottom Trawl 
and Trawl for Mussels, or to both Bottom Trawl and Pelagic Pair Trawl. 
 
The twelfth segment is the Coastal Small Purse Seiners (4H4) and the thirteenth seg-
ment is the Coastal Small Scale Fishery (4H1). 
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The group of Small Purse Seiners (4H4) includes those vessels with an overall length 
greater than 12 metres and with only one of the following licences; Purse Seine, Gill 
Net, Bottom Set Longline, Shore Seine, Boat Dredge, Mid-water and Surface.  
 
The Small Scale Fishery (4H1) is composed of boats with an overall length of 12 me-
tres or more and only one of the following licences; Purse Seine, Gill Net, Bottom Set 
Longline, Shore Seine, Boat Dredge, Mid-water and Surface.  In this segment are also 
included residual vessels with overall length of less than 12 metres and licences 
which do not authorise Bottom Trawling. 
 
The last segment is Coastal Polyvalent (4H6), which includes the remaining polyva-
lent vessels.  This series was further sub-divided into engine-powered and not engine-
powered vessels16.   
 
The ALP series for 1991 to 2000 had a break between 1995 and 1996.  This reflects 
the fact that the 2,940 vessels of the Small Scale Fishery have been recorded in the 
ALP register only from 1996.  For this reason, vessels whose operations started prior 
to 1996 were distinguished in the 1996 ALP list.  These vessels have been added to 
ALP lists from 1991 to 1995. 
 
The output of this first phase is a homogeneous series of the active Italian fleet from 
1991 to 2000.  Table A2.5 provides a synthesis of the order in which the categories 
were distinguished. 
 
 
 
 
 
 
 
 
 
 
 

                                                                    
16  Under Article 1 of the Ministerial Decree of 19th February 1997 rowing and sailing boats and 
those with engines of less than 25 HP are classified as not engine-powered vessels. The engine must 
be used only during navigation and not for fishing activity. 
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Tabel A2.5: Scheme to assign MAGP segments based upon licence and/or overall 
length. 

 
 
No 

MAGP IV 
CODE SEGMENT

 
 

ZONE 
MINISTERIAL

CRITERION

CRITERION 
BASED ON

LICENCE
  
1 

4HB
Ocean Trawlers and Purse 

Seiners
 

Oceanic MiPAF list
2 C Code MAGP III  
3 X, HZ Error code  
4 No code  
5 4H7 Bottom Trawlers Mediterranean MiPAF list
6 4H8 Polyvalent Non-Trawlers Mediterranean MiPAF list
7 4H9 Tuna Purse Seiners Mediterranean MiPAF list
8 4HA Swordfish Mediterranean MiPAF list Drift Net Licence, 

except if also Hy-
draulic Dredges 

9 4H3 Pelagic Pair Trawlers Coastal Only Pelagic Pair 
Trawler Licence

10 4H5 Hydraulic Dredges Coastal MiPAF list Hydraulic Dredge
Licence

  
11,01 
 

4H2 Bottom Trawlers Coastal 11,01 Only Bottom 
Trawler Licence

11,0109 4H2 Bottom Trawlers Coastal 11,0109 Only Bottom 
Trawler and Towed 
Gears for Mussels

Licences
11,0102 4H2 Bottom Trawlers Coastal 11,0102 Only Bottom 

Trawler and Pe-
lagic Pair Trawler

Licences
11,09 4H2 Bottom Trawlers Coastal 11,09 Only licence to 

Tow Gears for 
Mussels

  
12,006 4H4 Small Purse Seiners Coastal 
12,03 
 

4H4 Small Purse Seiners Coastal Only Purse Seiner 
Licence and overall 

length > 12m
12,05 4H4 Small Purse Seiners Coastal 
12,06 4H4 Small Purse Seiners Coastal Only Bottom Set 

Longline Licence and 
overall length > 12 m

12,07 
 

4H4 Small Purse Seiners Coastal Only Hand Line Li-
cence and overall 

length > 12m
12,08 
 

4H4 Small Purse Seiners Coastal Only Shore Seine 
Licence and overall 

length > 12 m
12,10 
 

4H4 Small Purse Seiners Coastal Only Boat Dredge 
Licence and overall 

length > 12 m
12,15 4H4 Small Purse Seiners Coastal Only Mid-Water and 

Surface Gill Nets 
Licence and overall 

length > 12 m
  
13 4H1 Small Scale Fishery Coastal Overall Length <= 12 m 

and no licence to
Bottom Trawl
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Tabel A2.5 (continued): Scheme to assign MAGP segments based upon licence 
and/or overall length.  

 
 
 
No 

MAGP IV 
CODE SEGMENT

 
 

ZONE 
MINISTERIAL

CRITERION

CRITERION 
BASED ON

LICENCE

  
13,03 
 
 

4H1 Small Scale Fishery Coastal Only Purse Seine
Licence and overall 

length <=12m
13,05 
 
 

4H1 Small Scale Fishery Coastal Only Gill Net Li-
cence and overall

length <= 12m
13,06 4H1 Small Scale Fishery Coastal Only Bottom Set 

Longline Licence
and overall length 

<= 12 m
13,07 
 
 

4H1 Small Scale Fishery Coastal Only Hand Line Li-
cence and overall 

length <= 12 m
13,08 
 
 

4H1 Small Scale Fishery Coastal Only Shore Seine 
Licence and overall 

length <= 12 m
13,10 
 
 

4H1 Small Scale Fishery Coastal Only Boat Dredge 
Licence and overall 

length <= 12 m
13,15 4H1 Small Scale Fishery Coastal Only Mid-Water and 

Surface Gillnets Li-
cence and overall 

length <= 12 m
  
14 4H6 Polyvalent Coastal All remaining Poly-

valent vessels > 
12m without licence 
for Bottom Trawling

14,01 4H6 Polyvalent Coastal All remaining Poly-
valent vessels with 
licence for Bottom 

Trawling
  
15 Without any licence Coastal 

 
 
Phase 2: Harmonisation of ISTAT time series for 1972 to 1990 with ISTAT fish-
ing methods 
The fleet data produced by ISTAT has many breaks.   First, there are missing data for 
1973 because there are no official statistics on the fleet for this year.  In this case es-
timated fleet data (Number, GRT, kilowatts) was based on the mean of 1972 and 
1974.  
 
In 1983 the ISTAT yearbook reports the state of the fleet at 1st January, while for all 
the other years it is reported at 31st December.  For this reason 1983 and 1982 year-
books report the same data. 
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Only data for the period 1972 to 1976 distinguish between active and inactive vessels.  
From 1977 to 1983 the whole fleet is reported, while official statistics for 1984 to 
1992 consider only the active fleet.  Estimates of the active fleet during 1977 to 1983 
were derived from the weighted mean of active vessels as a proportion of all vessels 
during the period 1972 to 197617. 
 
ISTAT data for 1972 to 1992 on vessel characteristics (number, GRT and kilowatts) 
was combined with that for the not engine-powered vessels.  The ISTAT time series 
of engine-powered vessels is inconsistent with that given by the ALP.  For this reason 
the weighted mean of the engine-powered vessels as a proportion of all vessels in the 
ALP series for 1991 to 1992 (equal to 0.12 in number and to 0.01 in GRT and kilo-
watts) has been applied to the ISTAT series. 
 
The outcome of the second phase is a homogeneous ISTAT series classified by 48 
maritime districts and by ISTAT fishing methods. 
 
 
Phase 3: Harmonisation of ISTAT time series for 1972 to 1990 with MAGP fleet 
segments 
Over the time period the ISTAT classification of fishing methods has changed con-
siderably.  From 1972 to 1983 five categories (Bottom Trawl, Purse Seine, Gill Net, 
Other Systems and Polyvalent) were used.  In 1984 three additional methods (Mid-
water Pair Trawl, Drift Longline and Towed Gears for Mussels) were introduced, 
making a total of eight categories.   
 
The addition of new categories also resulted in a change in the surveys.  The 1972 to 
1983 ISTAT series based on eight fishing categories shows many fluctuations in the 
percentage composition of the fleet as shown in Table II.B.6.  For example, in 1993 
and 1994 the residual category of polyvalent vessels includes 80% of the entire fleet.  
It proved impossible to make comparisons in the ISTAT fleet series for 1972 to 1994 
and, on the basis of such considerations, data for 1972 to 1990 were classified on the 
basis of the MAGP IV segmentation. 
 
 

                                                                    
17  The weighted mean for 1972 to 1976 of active vessels as a proportion of all vessels is 0.88 in 
terms of vessel numbers and 0.91 for both tonnage and engine power. 
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Tabel A2.6: ISTAT fleet classification by eight fishing methods, percentage com-
position. 

  
 --------------------------------- YEARS -----------------------------
  
FISHING METHOD 1972 - 1983 1984 – 1992 1993 - 1994
  
Bottom Trawl 23 21 10
Mid-water Pair Trawl 0 1 0
Purse Seine  5 2 1
Drift Longline 0 3 0
Gill Net  38 30 6
Towed Gears for Mussels 0 3 2
Other System 14 4 1
Polyvalent 20 36 80
Total 100 100 100

 
Source: ISTAT 

 
 
The weighted mean of each MAGP IV segment (Si) as a proportion of the total num-
ber (Ni) of vessels, GRT and kilowatts, calculated on the basis of the 1991 to 2000 
ALP data was used to estimate the MAGP segments in the 1972 to 1990 fleet data, 
according to the formula 
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Where the weighted mean was less than 1, it was rounded to unity. 
 
In the 1972 to 1990 ISTAT series the estimated segments have been further modified 
to take account of the growth rate of each fishing method.  The growth rate estimates 
are based on the number of vessels recorded in the 1991 ALP list as having been reg-
istered prior to 1991.  For example, vessels active in 1972 were assumed to include all 
those in the 1991 ALP list reported as having been registered during, or prior to 1972.   
 
For 1973 all vessels registered during, or prior to 1973 were included.  In other words, 
the vessels considered active in 1972 plus those registered in 1973.  In this way the 
1991 ALP list was used to provide estimates of the minimum number of vessels oper-
ating in the years 1972 to 1990.  At the same time, annual variations implied by com-
parison with data in the 1991 list indicate a rate of growth or demise, depending on 
whether the number of vessels increases or decreases.   
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For two segments, namely the Oceanic fleet and the Hydraulic Dredgers, Ministerial 
sources were also available in the form of, respectively, the Oceanic Report 1998 and 
the Clam Plan18.   
 
The Oceanic Report includes data only for 1973, 1986, 1991 and 1998.  During this 
period there was a reduction in the number of boats authorised to fish the oceanic 
fishery; the number of vessels fell from 78 in 1973 to 34 in 1998.   
 
The Clam Plan reports the number of the Hydraulic Dredgers for years 1974, 1984, 
1986, 1987 and 1989.  Between 1974 and 1984 the number of Dredgers increased 
from 384 to 754.  In 1986 801 vessels were reported, with 807 Dredgers in 1987 and 
808 in 1989.   
 
The data taken from these two official sources represents the maximum number of 
vessels active for the years reported.  The estimates for the missing years were based 
on the growth rate calculated with respect to the 1991 ALP list.   
 
A last condition was that the estimated number of vessels had to be equal to the totals 
reported in the ISTAT series.  The method followed focused upon the two residual 
categories under the MAGP IV; Small Purse Seiners (4H4) and Polyvalent non-
trawlers (4H8).  The differences between the ISTAT totals and the estimated totals 
were added to the Small Purse Seiners or to the Polyvalent Non-Trawlers depending 
on whether the segments were Coastal or Mediterranean.  Ocean Trawlers and Purse 
Seiners is the only segment in which this procedure changed the totals.   
 
The final outcome was the series for 1972 to 1990 of the MU17 fleet classified by 
MAGP segments.   
 
 
A2.2.3 Equivalent fishing days  
This time series was taken from the Moses Data Bank (Placenti et al 1998) for the 
years 1972 to 1983, and from the IREPA Observatory for the period from 1984 to 
2000.  The data for 1972 to 1983 are in fishing hours.  Fishing hours have been trans-
formed into equivalent fishing days by assuming that an equivalent fishing day is 
equal to eight fishing hours.   
 

                                                                    
18  Law 164/1998 
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A2.2.4 Employment  
The Archive of Fishing Licences does not report information on the number of em-
ployees.  This was taken from the IREPA Observatory for the years 1990 to 2000 and 
from ISTAT for previous years.  In this case the two series have not needed to be 
modified because they are perfectly homogeneous.  In the ISTAT series, average em-
ployment per vessel of 3.3 persons in 1972 decreases to 2.2 in 1992.  In the IREPA 
series average employment is 1.9 in 1992 and between 1993 and 2000 remains about 
2. 
 
The general scheme followed in constructing the database is illustrated in the Figure 
A2.2.  The resultant aggregated data are presented in Table A2.7.   
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APPENDIX 3:  DETAILED UNIT ROOT TESTS FOR 
THE ITALIAN CASE 

Tabel:  UNIT ROOT YP 
 
ADF Test Statistic -0.842263     1%   Critical Value* -4.3382

     5%   Critical Value -3.5867
     10% Critical Value -3.2279

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(YP) 
Sample (adjusted): 1974-2000 
Sample (adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
YP(-1) -0.077418 0.091916 -0.842263 0.4083
D(YP(-1)) -0.104079 0.218744 -0.475803 0.6387
C 1.38E+08 70294869 1.965430 0.0616
TREND(1972) -5200006. 2768013. -1.878606 0.0730
R-squared 0.202209     Mean dependent var 2627320.
Adjusted R-squared 0.098149     S.D. dependent var 1.01E+08
S.E. of regression 96139934     Akaike info criterion 39.73646
Sum of squared residuals 2.13E+17     Schwarz criterion 39.92844
Log likelihood -532.4422     F-statistic 1.943196
Durbin-Watson statistic 2.032608     Probability (F-statistic) 0.150797
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Tabel UNIT ROOT YP 
 
ADF Test Statistic -3.318043     1%   Critical Value* -2.6560

     5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(YP,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(YP(-1)) -0.940742 0.283523 -3.318043 0.0029
D(YP(-1),2) -0.023057 0.205622 -0.112135 0.9116
R-squared 0.480108     Mean dependent var 2678153.
Adjusted R-squared 0.458446     S.D. dependent var 1.43E+08
S.E. of regression 1.05E+08     Akaike info criterion 39.85421
Sum of squared residuals 2.66E+17     Schwarz criterion 39.95098
Log likelihood -516.1047     F-statistic 22.16344
Durbin-Watson statistic 1.913113     Probability (F-statistic) 0.000087
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Tabel UNIT ROOT KWD  
  
ADF Test Statistic -1.488036     1%   Critical Value* -4.3382
      5%   Critical Value -3.5867
      10% Critical Value -3.2279

  
*MacKinnon critical values for rejection of hypothesis of a unit root. 
  
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(KWD) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
KWD(-1) -0.246739 0.165816 -1.488036 0.1503
D(KWD(-1)) -0.309841 0.216417 -1.431685 0.1657
C 14777323 7759698. 1.904368 0.0694
TREND(1972) 144312.6 228752.2 0.630869 0.5343
R-squared 0.260608     Mean dependent var 1186304
Adjusted R-squared 0.164165     S.D. dependent var 5441588
S.E. of regression 4974917.     Akaike info criterion 33.81367
Sum of squared residuals 5.69E+14     Schwarz criterion 34.00564
Log likelihood -452.4845     F-statistic 2.702212
Durbin-Watson statistic 1.983322     Probability (F-statistic) 0.069120

 
 
Tabel UNIT ROOT KWD  
   
ADF Test Statistic -3.911513     1%   Critical Value* -2.6560

     5%   Critical Value -1.9546
     10% Critical Value -1.6226

   
*MacKinnon critical values for rejection of hypothesis of a unit root. 
   
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(KWD,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

   
Variable Coefficient Standard Error t-Statistic Probability 
   
D(KWD(-1)) -1.354733 0.346345 -3.911513 0.0007
D(KWD(-1),2) 0.002625 0.216419 0.012129 0.9904
R-squared 0.645959     Mean dependent var 441953.9
Adjusted R-squared 0.631208     S.D. dependent var 8990157.
S.E. of regression 5459568.     Akaike info criterion 33.93744
Sum of squared residu-
als 

7.15E+14     Schwarz criterion 34.03422

Log likelihood -439.1867     F-statistic 43.78882
Durbin-Watson statistic 1.893914     Probability (F-statistic) 0.000001

 
 



 

 
146 , FØI Fleet Capacity, Landings, and the Component Parts of Fishing Effort 

Tabel UNIT ROOT EMP  
  
ADF Test Statistic -2.225380     1%   Critical Value* -4.3382

     5%   Critical Value -3.5867
     10% Critical Value -3.2279

  
*MacKinnon critical values for rejection of hypothesis of a unit root. 
  
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(EMP) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 
  
Variable Coefficient Standard Error t-Statistic Probability 
  
EMP(-1) -0.431912 0.194084 -2.225380 0.0361
D(EMP(-1)) 0.040840 0.210978 0.193576 0.8482
C 4833.363 2029.311 2.381775 0.0259
TREND(1972) 9.254060 24.38942 0.379429 0.7078
  
R-squared 0.227846     Mean dependent var 47.89656
Adjusted R-squared 0.127130     S.D. dependent var 860.9728
S.E. of regression 804.3853     Akaike info criterion 16.35399
Sum of squared residuals 14881823     Schwarz criterion 16.54596
Log likelihood -216.7788     F-statistic 2.262268
Durbin-Watson statistic 2.002622     Probability (F-statistic) 0.108190

 
 
Tabel UNIT ROOT EMP 
  
ADF Test Statistic -4.655810     1%   Critical Value* -2.6560

     5%   Critical Value -1.9546
     10% Critical Value -1.6226

 
  
*MacKinnon critical values for rejection of hypothesis of a unit root. 
  
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(EMP,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

  
Variable Coefficient Standard Error t-Statistic Probability 
  
D(EMP(-1)) -1.408459 0.302517 -4.655810 0.0001
D(EMP(-1),2) 0.226481 0.199510 1.135187 0.2675
R-squared 0.594747     Mean dependent var -12.45889
Adjusted R-squared 0.577861     S.D. dependent var 1330.966
S.E. of regression 864.7581     Akaike info criterion 16.43658
Sum of squared residuals 17947358     Schwarz criterion 16.53336
Log likelihood -211.6755     F-statistic 35.22225
Durbin-Watson statistic 1.929122     Probability (F-statistic) 0.000004
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Tabel UNIT ROOT DAYS  
   
ADF Test Statistic -1.441253 1%   Critical Value* -4.3382

 5%   Critical Value -3.5867
 10% Critical Value -3.2279

   
*MacKinnon critical values for rejection of hypothesis of a unit root. 
   
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(DAYS) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

   
Variable Coefficient Standard Error t-Statistic Probability 
   
DAYS(-1) -0.378436 0.262575 -1.441253 0.1630
D(DAYS(-1)) -0.319790 0.224019 -1.427514 0.1669
C 70.18635 54.31089 1.292307 0.2091
TREND(1972) -0.499375 0.651827 -0.766116 0.4514
R-squared 0.336922     Mean dependent var -1.395311
Adjusted R-squared 0.250433     S.D. dependent var 12.26425
S.E. of regression 10.61808     Akaike info criterion 7.698948
Sum of squared residuals 2593.106     Schwarz criterion 7.890924
Log likelihood -99.93580     F-statistic 3.895571
Durbin-Watson statistic 1.888800     Probability (F-statistic) 0.021842

 
 
Tabel UNIT ROOT DAYS  
 
ADF Test Statistic -4.768882     1%   Critical Value* -2.6560

    5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(DAYS,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(DAYS(-1)) -1.636714 0.343207 -4.768882 0.0001
D(DAYS(-1),2) 0.126150 0.202619 0.622597 0.5394
R-squared 0.728267     Mean dependent var 1.279666
Adjusted R-squared 0.716945     S.D. dependent var 20.65791
S.E. of regression 10.99061     Akaike info criterion 7.705763
Sum of squared residuals 2899.043     Schwarz criterion 7.802539
Log likelihood -98.17491     F-statistic 64.32212
Durbin-Watson statistic 1.926376     Probability (F-statistic) 0.000000

 
 



 

 
148 , FØI Fleet Capacity, Landings, and the Component Parts of Fishing Effort 

Tabel UNIT ROOT GRT  
 
ADF Test Statistic -1.370332     1%   Critical Value* -4.3382

    5%   Critical Value -3.5867
    10% Critical Value -3.2279

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(GRT) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
GRT(-1) -0.161408 0.117787 -1.370332 0.1838
D(GRT(-1)) -0.175032 0.228314 -0.766628 0.4511
C 14606.21 8884.728 1.643968 0.1138
TREND(1972) -232.5660 92.71665 -2.508352 0.0196

  
R-squared 0.233171     Mean dependent var -288.5280
Adjusted R-squared 0.133149     S.D. dependent var 3451.972
S.E. of regression 3213.952     Akaike info criterion 19.12434
Sum of squared residuals 2.38E+08     Schwarz criterion 19.31632
Log likelihood -254.1786     F-statistic 2.331212
Durbin-Watson statistic 1.894145     Probability (F-statistic) 0.100775

 
 
Tabel UNIT ROOT GRT  
 
ADF Test Statistic -2.787283     1%   Critical Value* -2.6560

    5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(GRT,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(GRT(-1)) -0.811347 0.291089 -2.787283 0.0102
D(GRT(-1),2) -0.253178 0.207357 -1.220979 0.2340

  
R-squared 0.547301     Mean dependent var 111.8567
Adjusted R-squared 0.528438     S.D. dependent var 5069.651
S.E. of regression 3481.347     Akaike info criterion 19.22203
Sum of squared residuals 2.91E+08     Schwarz criterion 19.31881
Log likelihood -247.8864     F-statistic 29.01532
Durbin-Watson statistic 1.810965     Probability (F-statistic) 0.000016
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Tabel UNIT ROOT NV  
 
ADF Test Statistic -1.386701     1%   Critical Value* -4.3382

    5%   Critical Value -3.5867
    10% Critical Value -3.2279

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(NV) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
NV(-1) -0.161771 0.116659 -1.386701 0.1788
D(NV(-1)) 0.010783 0.207816 0.051886 0.9591
C 906.9193 553.9571 1.637165 0.1152
TREND(1972) -3.363697 5.595646 -0.601128 0.5536

  
R-squared 0.186206     Mean dependent var 22.74238
Adjusted R-squared 0.080058     S.D. dependent var 179.1936
S.E. of regression 171.8710     Akaike info criterion 13.26732
Sum of squared residuals 679411.7     Schwarz criterion 13.45929
Log likelihood -175.1088     F-statistic 1.754222
Durbin-Watson statistic 2.037788     Probability (F-statistic) 0.184010

 
 
Tabel UNIT ROOT NV  
 
ADF Test Statistic -2.665808     1%   Critical Value* -2.6560

    5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(NV,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(NV(-1)) -0.747989 0.280586 -2.665808 0.0135
D(NV(-1),2) -0.208667 0.203120 -1.027306 0.3145

  
R-squared 0.494001     Mean dependent var -4.757771
Adjusted R-squared 0.472918     S.D. dependent var 253.1216
S.E. of regression 183.7674     Akaike info criterion 13.33902
Sum of squared residuals 810491.3     Schwarz criterion 13.43580
Log likelihood -171.4073     F-statistic 23.43091
Durbin-Watson statistic 1.834935     Probability (F-statistic) 0.000062

 



 

 
150 , FØI Fleet Capacity, Landings, and the Component Parts of Fishing Effort 

Tabel UNIT ROOT TEST: LYP  
 
ADF Test Statistic -0.666849     1%   Critical Value* -4.3382

    5%   Critical Value -3.5867
    10% Critical Value -3.2279

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LYP) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
LYP(-1) -0.055970 0.083932 -0.666849 0.5115
D(LYP(-1)) -0.260577 0.219750 -1.185791 0.2478
C 0.486231 0.478371 1.016429 0.3200
TREND(1972) -0.009937 0.003836 -2.590525 0.0164

  
R-squared 0.294436     Mean dependent var 0.006022
Adjusted R-squared 0.202406     S.D. dependent var 0.138950
S.E. of regression 0.124093     Akaike info criterion -1.199613
Sum of squared residuals 0.354180     Schwarz criterion -1.007637
Log likelihood 20.19477     F-statistic 3.199341
Durbin-Watson statistic 2.046488     Probability (F-statistic) 0.042289
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Tabel UNIT ROOT TEST: LYP  
 
ADF Test Statistic -3.928982     1%   Critical Value* -4.3738

    5%   Critical Value -3.6027
    10% Critical Value -3.2367

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(DLYP) 
Method: Least Squares 
Sample(adjusted): 1976-2000 
Number of observations: 25 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
DLYP(-1) -2.047766 0.521195 -3.928982 0.0008
D(DLYP(-1)) 0.557186 0.374158 1.489174 0.1520
D(DLYP(-2)) 0.191685 0.215583 0.889149 0.3845
C 0.309964 0.104629 2.962505 0.0077

  
R-squared 0.685879     Mean dependent var -0.007432
Adjusted R-squared 0.623055     S.D. dependent var 0.188332
S.E. of regression 0.115628     Akaike info criterion -1.300018
Sum of squared residuals 0.267398     Schwarz criterion -1.056243
Log likelihood 21.25022     F-statistic 10.91745
Durbin-Watson statistic 1.883340     Probability (F-statistic) 0.000074
ADF Test Statistic -4.476816     1%   Critical Value* -2.6560

    5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
152 , FØI Fleet Capacity, Landings, and the Component Parts of Fishing Effort 

Tabel UNIT ROOT TEST: LKWD 
 
ADF Test Statistic 1.672953     1%   Critical Value* -2.6522

    5%   Critical Value -1.9540
    10% Critical Value -1.6223

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LKWD) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
LKWD(-1) 0.002408 0.001439 1.672953 0.1068
D(LKWD(-1)) -0.373885 0.193884 -1.928393 0.0652
  
R-squared 0.126944     Mean dependent var 0.020652
Adjusted R-squared 0.092022     S.D. dependent var 0.084668
S.E. of regression 0.080679     Akaike info criterion -2.125496
Sum of squared residuals 0.162727     Schwarz criterion -2.029508
Log likelihood 30.69419     F-statistic 3.635060
Durbin-Watson statistic 1.893974     Probability (F-statistic) 0.068131

 
 
Tabel UNIT ROOT TEST: LKWD 
 
ADF Test Statistic -3.328673     1%   Critical Value* -2.6560

    5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LKWD,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(LKWD(-1)) -1.110200 0.333526 -3.328673 0.0028
D(LKWD(-1),2) -0.149660 0.211149 -0.708787 0.4853

  
R-squared 0.634039     Mean dependent var 0.007039
Adjusted R-squared 0.618791     S.D. dependent var 0.138701
S.E. of regression 0.085637     Akaike info criterion -2.003601
Sum of squared residuals 0.176008     Schwarz criterion -1.906825
Log likelihood 28.04682     F-statistic 41.58079
Durbin-Watson statistic 1.910355     Probability (F-statistic) 0.000001
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Tabel UNIT ROOT TEST: LEMP 
 
ADF Test Statistic 0.372057     1%   Critical Value* -2.6522

    5%   Critical Value -1.9540
    10% Critical Value -1.6223

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LEMP) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
LEMP(-1) 0.000565 0.001518 0.372057 0.7130
D(LEMP(-1)) -0.157383 0.198264 -0.793804 0.4348

  
R-squared 0.024028     Mean dependent var 0.004656
Adjusted R-squared -0.015011     S.D. dependent var 0.072832
S.E. of regression 0.073377     Akaike info criterion -2.315238
Sum of squared residuals 0.134603     Schwarz criterion -2.219250
Log likelihood 33.25571     F-statistic 0.615496
Durbin-Watson statistic 2.053641     Probability (F-statistic) 0.440097

 
 
Tabel UNIT ROOT TEST: LEMP 
 
ADF Test Statistic -4.476816     1%   Critical Value* -2.6560

    5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LEMP,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(LEMP(-1)) -1.368331 0.305648 -4.476816 0.0002
D(LEMP(-1),2) 0.187862 0.201245 0.933498 0.3599

  
R-squared 0.589563     Mean dependent var -0.001151
Adjusted R-squared 0.572462     S.D. dependent var 0.112804
S.E. of regression 0.073758     Akaike info criterion -2.302240
Sum of squared residuals 0.130567     Schwarz criterion -2.205463
Log likelihood 31.92912     F-statistic 34.47432
Durbin-Watson statistic 1.939279     Probability (F-statistic) 0.000005

 
 



 

 
154 , FØI Fleet Capacity, Landings, and the Component Parts of Fishing Effort 

Tabel UNIT ROOT TEST: LDAYS 
 
ADF Test Statistic -1.078023     1%   Critical Value* -2.6522

    5%   Critical Value -1.9540
    10% Critical Value -1.6223

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LDAYS) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
LDAYS(-1) -0.002604 0.002415 -1.078023 0.2913
D(LDAYS(-1)) -0.491317 0.186482 -2.634665 0.0142

  
R-squared 0.218865     Mean dependent var -0.007429
Adjusted R-squared 0.187620     S.D. dependent var 0.070566
S.E. of regression 0.063603     Akaike info criterion -2.601124
Sum of squared residuals 0.101134     Schwarz criterion -2.505136
Log likelihood 37.11517     F-statistic 7.004714
Durbin-Watson statistic 2.028254     Probability (F-statistic) 0.013863

 
 
Tabel UNIT ROOT TEST: LDAYS 
 
ADF Test Statistic -4.951013     1%   Critical Value* -3.7076

    5%   Critical Value -2.9798
    10% Critical Value -2.6290

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(DLDAYS) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
DLDAYS(-1) -1.799738 0.363509 -4.951013 0.0001
D(DLDAYS(-1)) 0.216164 0.211904 1.020102 0.3183
C -0.013779 0.013103 -1.051593 0.3039

  
R-squared 0.735693     Mean dependent var 0.007218
Adjusted R-squared 0.712710     S.D. dependent var 0.118546
S.E. of regression 0.063540     Akaike info criterion -2.566133
Sum of squared residuals 0.092858     Schwarz criterion -2.420969
Log likelihood 36.35974     F-statistic 32.01004
Durbin-Watson statistic 1.899124     Probability (F-statistic) 0.000000
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Tabel UNIT ROOT TEST: LGRT 
 
ADF Test Statistic -1.608258     1%   Critical Value* -4.3552

    5%   Critical Value -3.5943
    10% Critical Value -3.2321

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LGRT) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
LGRT(-1) -0.225303 0.140092 -1.608258 0.1227
D(LGRT(-1)) -0.098159 0.269372 -0.364400 0.7192
D(LGRT(-2)) 0.239852 0.253333 0.946783 0.3545
C 1.005196 0.602494 1.668392 0.1101
TREND(1972) -0.003235 0.001685 -1.920584 0.0685

  
R-squared 0.274292     Mean dependent var -0.005600
Adjusted R-squared 0.136062     S.D. dependent var 0.051572
S.E. of regression 0.047935     Akaike info criterion -3.066887
Sum of squared residuals 0.048254     Schwarz criterion -2.824945
Log likelihood 44.86953     F-statistic 1.984315
Durbin-Watson statistic 1.777155     Probability (F-statistic) 0.133918

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
156 , FØI Fleet Capacity, Landings, and the Component Parts of Fishing Effort 

Tabel UNIT ROOT TEST: LGRT 
 
ADF Test Statistic -4.608627     1%   Critical Value* -4.3738

    5%   Critical Value -3.6027
    10% Critical Value -3.2367

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LGRT,2) 
Method: Least Squares 
Sample(adjusted): 1976-2000 
Number of observations: 25 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(LGRT(-1)) -1.982806 0.430238 -4.608627 0.0002
D(LGRT(-1),2) 0.693207 0.344875 2.010025 0.0581
D(LGRT(-2),2) 0.611199 0.214115 2.854540 0.0098
C 0.070811 0.028102 2.519733 0.0204
TREND(1972) -0.005161 0.001782 -2.896896 0.0089
  
R-squared 0.723028     Mean dependent var 0.002331
Adjusted R-squared 0.667634     S.D. dependent var 0.076081
S.E. of regression 0.043862     Akaike info criterion -3.238693
Sum of squared residuals 0.038477     Schwarz criterion -2.994918
Log likelihood 45.48366     F-statistic 13.05238
Durbin-Watson statistic 1.831986     Probability (F-statistic) 0.000022
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Tabel UNIT ROOT TEST: LNV 
 
ADF Test Statistic 0.569283     1%   Critical Value* -2.6522

    5%   Critical Value -1.9540
    10% Critical Value -1.6223

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LNV) 
Method: Least Squares 
Sample(adjusted): 1974-2000 
Number of observations: 27 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
LNV(-1) 0.002358 0.004142 0.569283 0.5742
D(LNV(-1)) 0.060903 0.202305 0.301047 0.7659

  
R-squared -0.001406     Mean dependent var 0.004840
Adjusted R-squared -0.041462     S.D. dependent var 0.034045
S.E. of regression 0.034744     Akaike info criterion -3.810454
Sum of squared residuals 0.030178     Schwarz criterion -3.714466
Log likelihood 53.44113     Durbin-Watson statistic 2.008622

 
 
Tabel UNIT ROOT TEST: LNV 
 
ADF Test Statistic -2.567561     1%   Critical Value* -2.6560

    5%   Critical Value -1.9546
    10% Critical Value -1.6226

 
*MacKinnon critical values for rejection of hypothesis of a unit root. 
 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LNV,2) 
Method: Least Squares 
Sample(adjusted): 1975-2000 
Number of observations: 26 after adjusting endpoints 

 
Variable Coefficient Standard Error t-Statistic Probability 
 
D(LNV(-1)) -0.706357 0.275108 -2.567561 0.0169
D(LNV(-1),2) -0.228089 0.202258 -1.127716 0.2706

  
R-squared 0.484156     Mean dependent var -0.000966
Adjusted R-squared 0.462662     S.D. dependent var 0.047427
S.E. of regression 0.034766     Akaike info criterion -3.806567
Sum of squared residuals 0.029008     Schwarz criterion -3.709790
Log likelihood 51.48537     F-statistic 22.52567
Durbin-Watson statistic 1.822307     Probability (F-statistic) 0.000079
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APPENDIX 4:  SOME COMMENTS ON THE IMPLICA-
TIONS OF DATA ENVELOPMENT ANALYSIS IN THE 
CONTEXT OF THIS STUDY  

An alternative method of estimating the relationship between output (landings) and 
input (effort) is Data Envelopment Analysis (DEA), which is gaining increased atten-
tion within fishery economics.  Although the central application of the DEA method 
is to establish estimates of capacity and capacity utilisation within fleets, the method 
also provides information about the relative influence of the input parameters em-
ployed on the optimal catch. 
 
Farrel (1957) introduced the concepts of technical and price efficiency for Decision-
Making Units (DMUs) with one output and multiple inputs.  Charnes, Cooper and 
Rhodes (1978) generalised Farrell’s result to the case of multiple outputs, thus intro-
ducing the DEA approach.  In the case of one output and one input a natural measure 
of technical efficiency is the fraction between the output, O, and the input, I, i.e. the 
output produced per input unit O/I.  The most efficient DMUs are those that have 
highest output per unit of input, and thus utilise their effort most optimally.   
 
The Charnes, Cooper and Rhodes measure of efficiency is an extension of this frac-
tional measure, employing aggregated weighted measures of outputs (O1, …,On) and 
inputs (I1, …,Im), thus forming the fraction of these aggregates (w1O1+ ⋅⋅⋅+wnOn)/ 
(v1I1+ ⋅⋅⋅+vmIm).   
 
In the DEA problem this fraction is optimised for the individual DMU relative to all 
other DMUs in the sample considered by optimising the weights w and v, with the 
constraint that the fraction must be less than or equal to one.  DMUs with the fraction 
equal to one have optimal input and output combinations.   
 
This problem is normally transformed into a linear problem, which is easier to work 
with.  The transformed problem also offers direct estimates of the relative importance 
of the input parameters for the individual DMUs.  Cooper et al (2000) gives a thor-
ough description and explanation of the transformation and of the interpretation of the 
relative weights for the input and output variables. 
 
The major advantage of the DEA approach is that it is non-parametric, i.e. no form of 
the production function has to be specified for the interaction between inputs and out-
puts.  This is contrary to the Stochastic Production Function method (SPF) employed 
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in the present project, for which a specific form of the production function must be 
specified.  The DEA approach moreover allows multiple outputs, again contrary to 
the SPF method where the outputs must be limited to one, a problem for the investiga-
tion of multiple species fisheries, unless a systems method is used to estimate a set of 
linked production functions.  
 
The major disadvantage of DEA is that it does not take into account the stochastic 
variation of the observed data.  A vessel with an unusually high catch in one trip will 
thus be proposed as fully efficient by the DEA method and all other vessels measured 
against it, even though its high catch may be an outlier19. 
 
One other feature of the DEA method is that it works at individual DMU (fishing ves-
sel) level, and individual observations for each vessel must thus be known.  Therefore 
DEA is more demanding of data than the SPF approach, which can be employed for 
data aggregated over the individual vessels in the fleet, as e.g. in the present project in 
which yearly fleet aggregated data is employed.  The DEA method is thus not appli-
cable in the present project, and hence no comparison between the DEA and the SPF 
approaches could be presented.  
 
The DEA approach has recently been employed within fishery economics by among 
others Bardason and Vassdal (1998) and by Coglan, Pascoe and Mardle (1998).  Pres-
ently two projects are moreover employing the DEA approach within fisheries: 
 
• The project ‘Measuring Capacity of Fishing Industries Using the DEA Approach’ 

(DG-Fish, study 99/005) was finished in the early spring of 2002, and had the 
main objective ‘To use the DEA approach to measure the capacity and capacity 
utilisation of selected EU fishing fleets’. 

 
• The project ‘Technical Efficiency in EU Fisheries: Implications for Monitoring 

and Management through Effort Control’ (FAIR CT-1999-1295) is still in pro-
gress, and has the objective ‘to determine the most appropriate methodology for 
estimating the level and distribution of efficiency and the potential output given a 
set of efficiently used inputs in a number of EU fisheries’.  Thus the objective is 
to compare different methods for estimating efficiency, among these the DEA 
approach.  

 

                                                                    
19 Recently Stochastic DEA models have been developed and tested, see e.g. Charnes et al. 1994. 
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APPENDIX 5: INPUT SEPARABILITY IN PRODUCTION 
FUNCTIONS 

The following review of the theory of input separability in production functions is to 
some extend based on the introduction to this subject given in Boisvert (1982).  Sepa-
rability is discussed first in general terms, summing up the basic mathematics neces-
sary to test separability for a given production function, and secondly, more specifi-
cally, for the Cobb-Douglas, the translog and the constant elasticity of substitution 
(CES) functional forms. 

Separability of Production Functions 

A production function specifies a parametric dependence between the product y (out-
put) of a given industry and the production factors (x1,…,xn) of the industry (inputs). 
Thus, it specifies that the output y is given as a specific function f of the factors 
y≡f(x1,…,xn).  The function f is said to be separable if it is possible to split the factors 
into R distinct groups within which the interaction between factors is not influenced 
by any other factor in the input set. 
 
More specifically f is defined to be weakly separable with respect to a partition 
[X1,…,XR] of the input set (x1,…,xn) (assuming that each subset X consists of at least 
one factor, and that the subsets are non-overlapping, or Xi∩Xj=Ø) if the marginal rate 
of substitution between any two factors within each of the R subsets is independent of 
any other factor from any other subset.  Assuming that xm and xn come from the subset 
XM and that xk is taken from the subset XK, then the marginal rate of substitution of 
the two factors xm and xn is defined as: 
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which is the rate at which the one factor must substitute for the other in order to keep 
production constant.  If the function is weakly separable MRSnm is independent of any 
other x from the sample. Thus f is weakly separable if and only if 
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This condition may be directly translated into a condition involving first and second 
derivatives of the production function employing the quotient rule for differentiation: 
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Thus the function f is weakly separable, given the partition of the factor set, if and 
only if 
 

ØXXXxXxxknmffff KMKkMmnmknmnk =∩∈∈∀=− ,,,;,,0   
(A5.4) 

 
Likewise the function f is defined as being strongly separable, given the above de-
fined partition [X1,…,XR] of the factors, if and only if 
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In the following only weak separability is considered.  Citing Boisvert (1982) the 
main result for separability, and the reason why separability is such an important sub-
ject in production theory, is that 
 
“Weak separability with respect to the partition R is a necessary and sufficient condi-
tion that f(x1,…,xN) is of the form F(g1(X1),…,gR(XR)), where each function gi is only a 
function of the factors in the subset Xi.” 
 
This property of weak separability forms the basis of the discussion of aggregate in-
put variables or, in the case of fishery production theory, of aggregated effort vari-
ables. 
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Important production function forms, for which separability must be considered are 
the Cobb-Douglas, the translog and the constant elasticity of substitution forms, 
which will be discussed in that order below. 

The Cobb-Douglas Function 

The Cobb-Douglas production function is defined as: 
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The factor of the ith input variable is for this function given by: 
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Thus the marginal rate of substitution between two factors i and j is given by: 
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which is seen to be independent of any other factor of the production.  The Cobb-
Douglas function is therefore weakly separable.  The main theorem of separability 
stated above likewise shows that the Cobb-Douglas function is weakly separable for 
any chosen partition, as the function may always be split into separate functions of the 
factors.  One example is the following separation: 
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where the input set has been separated into two distinct sets. 
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The Translog Function 

The translog function is defined as: 
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For this function the factor elasticity is given by: 
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And thus the marginal rate of technical substitution between two factors i and j is 
given by: 
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(A5.12) 

 
It is fairly simple to show that the condition for weak separability given in Equation 
A5.2 (i.e. investigation of when the differential of Equation A5.12 with respect to xk 
is equal to zero) and likewise the condition given in Equation A5.4 both lead to con-
clusion that the translog function (Equation A5.10) is weakly separable with respect 
to the partition [X1,…,XR] of the input set (x1,…,xn) if and only if the following con-
dition is fulfilled: 
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This is a difficult condition to check when estimating the translog function.  The con-
dition can be reduced to a more simple form by transforming the translog parameters 

iiii αα 2~ =  and ijij αα =~ , i.e. to employ the alternative version of the translog func-
tion20: 
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In this case the condition given in Equation A5.13 reduces to: 
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Thus a sufficient condition for the translog function (Equation A5.14) to exhibit sepa-
rability is that the following conditions are fulfilled for the translog parameters: 
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These conditions must thus be tested for the technology in question, given the as-
sumed partition of the input variables, for example, into a group of effort variables 
that are believed to constitute some aggregated measure of effort together with a 
group of other variables such as stock. 
 
 
 
                                                                    

20 This version of the translog function is more often encountered in the literature than the version 
given in Equation A5.10, but as also noted by Boisvert (1982) caution should generally be exercised 
when employing the version given in Equation A5.14 in estimation because more care must be ta-
ken in recording the true parameter values. 
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The Constant Elasticity of Substitution Function 

 
The CES function for n input variables is defined as: 
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The ith factor elasticity of the CES function is given by: 
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and thus the marginal rate of technical substitution between factors i and j is given by: 
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which is seen to be independent of any other factor k.  The CES function is therefore, 
like the Cobb-Douglas function, weakly separable for any partition of the input set. 
 
Of the three production functions, Cobb-Douglas, translog and CES, only the translog 
will pose a problem when discussing separability of the input set.  For this function 
the conditions given in Equation A5.13 must be tested in order to find out whether the 
function is separable for a believed partition of the input set such as into effort and 
other variables. 
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