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Abstract 

The number of articles analysing technical efficiency in fisheries has risen considera-
bly in the last couple of years, and many different measures of output and input have 
been used to estimate the level of technical efficiency. However, there does not seem 
to be any consensus about which measures of output and input to use in such an 
analysis.  
 
In order to give some insight into which measures to choose, this paper estimates 
technical efficiency using three different output measures and two different input 
measures. Thus, in total six levels of technical efficiency are estimated. The estima-
tions are done under the assumption that the functional form of the estimated produc-
tion frontier can be represented by the flexible translog function. The dataset used 
covers the Danish Seiner fleet fishing in the North Sea and Skagerrak in the period 
1987 to 1999. 
 
The correlation coefficients between the different estimated efficiencies and the output 
elasticities are used to make conclusions about which approach is the most appropri-
ate. The results show, it is not highly important whether output is measured in catch 
weight or catch value at least for the dataset used. Instead, using value-weighted 
catch weight can highly influence the estimated level of efficiency. The choice of how 
to measure input can likewise have a significant influence on the level of output scale 
elasticity.  
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1. Introduction 

When analysing technical efficiency in fisheries an array of different input and output 
measures are often available. This leads to the question of which measures to use, and 
how to include them in an analysis of technical efficiency.  
 
The available input measures are often in form of tonnage, engine power, length, in-
surance value and fishing time. A high correlation between the first four is often ob-
served, and the question of which input measure to use is therefore dependent on the 
specific fishery and dataset. However, the way to include all these measures in the 
analysis is ambiguous. Turning to the output measures, two are available, i.e. catch 
weight and catch value, but which of these to use is also unclear. This paper therefore 
has two objectives, firstly to look at the consequences on the output elasticity and the 
level of technical efficiency, when choosing between different ways to include the 
used inputs, and secondly which output measure to use. 
 
When measuring the inputs used in a fishery, a deduction can be made between vari-
able and fixed inputs. An input such as fishing time can be regarded as a variable in-
put, because it can be changed in the short run, i.e. it is a flow. On the other hand, 
fixed inputs such as tonnage and engine power can be viewed as stock measures, be-
cause these cannot be changed in the short run. Combining the variable and fixed 
measures into one measure gives an input referred to as a ‘service flow’ by Campbell 
and Hand (1998). A service flow can thus be defined as the product between the vari-
able and fixed inputs, and gives the intensity by which the fixed inputs are used in a 
specific period. There does not seem to be a clear approach in the literature as to 
whether the fixed and variable inputs should be included separately in the production 
function or as a service flow. For instance, Kirkley et al. (1995), Sharma and Leung 
(1999), Eggert (2001), Pascoe et al. (2001) all include the fixed and variable inputs 
separately in the production frontier function, while Campbell and Hand (1998) and 
Squires et al. (1998) use the service flow approach1. This paper will therefore analyse 
whether the approach used has any influence on the level of technical efficiency, and 
if not, ascertain whether there are any reasons for choosing one approach instead of 
another. 
 

                                                                    
1  Smit (1996) also used a service flow approach to analyse productivity developments in fishing 

effort of a Dutch Cutter fleet. 
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The output produced by the fishing vessels can be quantified in different ways. Alva-
rez (2001) distinguishes between three different ways, i.e. weight, value or different 
combinations thereof. Different arguments can be put forward as to which approach 
should be chosen, but does the approach have any consequences on the level of tech-
nical efficiency? The paper will address this topic in addition to the above mentioned. 
 
In order to address these questions a dataset has been compiled, covering all the Dan-
ish Seiners fishing in the North Sea and Skagerrak in the period from 1987 to 1999. In 
total there were 118 Danish Seiners registered in the Danish vessel register in 1999, 
and the main part of these have fished in the two areas included. The Dane Jens 
Væver invented the fishing method, which these vessels use, in 1848, and it was de-
signed to catch flatfish, especially plaice. However, this fishery has experienced hard 
times in the last years, primarily due to declines in stock and imposed regulation. 
 
This paper is structured as follows: Section 2 briefly explains the theory of stochastic 
production frontiers, while Section 3 describes the dataset used. Section 4 describes 
the stochastic production model to be estimated, and Section 5 presents the estimation 
results and the corresponding tests. The consequences of choosing different input and 
output measures on the level of technical efficiency are analysed in Section 6, and fi-
nally Section 7 discusses the results and concludes the paper. 

2. The theory of technical efficiency 

The historical starting point of the theory of efficiency is considered to be a paper by 
M.J. Farrell from 1957 in which he distinguishes between technical and allocative ef-
ficiency, using the terms in Coelli et al. (1998). Looking at technical efficiency from 
an output perspective, a firm is considered to be technical efficient, if it produces the 
maximum possible output, given the level of inputs. Allocative efficiency can be 
separated into input and output allocative efficiency. The former refers to choosing 
the optimal input mix for given input prices and production technology, while the lat-
ter refers to choosing the optimal output mix for given output prices. If all these are 
fulfilled, then the given firm maximises profits (Pascoe et al., 2001). 
 

Due to data limitations only technical efficiency will be analysed here. A prerequisite 
for finding the level of technical efficiency is to find the best-observed practice. Aig-
ner et al. (1977) and Meeusen and van den Broeck (1977) proposed independently of 
each other how to estimate the following stochastic production frontier (with time in-
cluded): 
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(1) Yj,t = f(Xj,t;β) + vj,t – uj,t 
 
where Yj,t denotes the output2 produced by firm j at time t, Xj,t is a (1 x k) vector of 
inputs used by firm j at time t and β is a (k x 1) vector of parameters to be estimated. 
 
The random errors (noise) for firm j at time t are denoted by vj,t, and it accounts for 
non-controllable factors, e.g. weather and luck (Gates, 1984). The random errors are 
assumed to be independently and identically distributed and follow a normal distribu-
tion with mean zero and variance 2

vσ .  
 
Technical inefficiency for firm j at time t is represented by the term uj,t, which is as-
sumed to be non-negative, independently and identically distributed with a variance 
given by 2

uσ . If uj,t equals zero, then firm j is fully efficient at time t, and therefore 
produces on the production frontier. However, if uj,t is larger than zero, then firm j is 
inefficient at time t. 
 
Different types of distributions can be assumed for the inefficiency term uj,t, i.e. half-
normal (Jondrow et al., 1982), truncated normal (Aigner et al., 1977), exponential 
(Meeusen and van der Broeck, 1977) or gamma distribution (Greene, 1990). How-
ever, if the purpose of the analysis is also to find possible reasons for any observed 
inefficiencies, the formulation of an inefficiency model becomes relevant. Battese and 
Coelli (1995) propose the inefficiency to be given as: 
 
(2) uj,t = δδδδzj,t + wj,t 
 
where δ is a vector (m x 1) containing unknown parameters of the inefficiency model 
(including the intercept) and z is a vector of inputs (1 x m), w is a random error like v, 
and the mean is given by δz. 
 
When an appropriate functional form for f has been chosen, the parameters in the sto-
chastic frontier model can be estimated using Maximum Likelihood Estimation, 
which is considered the best method according to Coelli et al. (1998). The estimated 
f-function thus determines the frontier production, i.e. best practice/maximum output. 
Using this estimated function, the output of each firm can be compared to the output 
in the best-observed practice, and a measure of technical efficiency can be calculated.  

                                                                    
2  It is thus assumed that the production of a firm is either a single output or can somehow be aggre-

gated into one. 
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Technical efficiency is thus a relative measure of firm j’s observed output as a propor-
tion of the frontier production, and can be calculated as follows (Coelli et al., 1998): 
 
(3) TEj,t = E(Yj,t uj,t)  ⁄  E(Yj,t uj,t=0)  
 
Considering that the stochastic production function is estimated using a parametric 
method, it is possible to set a number of different restrictions on the parameters to test 
the structural form of the production function.  
 
The first test is whether there are any inefficiency effects in the model. If not, the 
model might as well be estimated using ordinary least squares instead of maximum 
likelihood. The test is γ = δ0 =…= δ(m-1) = 0, where γ is given as )/( 2

v
2
u

2
u σ+σσ=γ . If 

the hypothesis is accepted, there are no deviations from the production frontier due to 
inefficiencies, but only due to stochastic errors. 
 
If the above test is rejected, there are inefficiency effects in the model. However, 
whether it is significantly better to include an inefficiency model, instead of assuming 
that the inefficiency effects are following a normal distribution, can be tested using 
the following hypothesis δ1 =…= δ(m-1) = 0. If accepted, it is significantly better to as-
sume that the inefficiencies follows a normal distribution with a mean value of δ0, i.e. 
the intercept, instead of including the proposed inefficiency model. 
 
It is also possible to test which functional form is the most appropriate for the sto-
chastic frontier production function (i.e. translog, Cobb-Douglas, Constant Elasticity 
of Substitution etc.). If there are no arguments for choosing a specific functional form, 
Lau (1986) recommends using either generalised Leontief or translog production 
functions, because these do not restrict the parameters in a priori assumptions about 
the output- and substitution elasticities for instance. 
 
Generalised likelihood ratio statistics can be used to either accept or reject the above 
tests. The value of this is given as λ = -2×[ln{L(H0)}÷ln{L(H1)}], and is χ2-
distributed3. Likewise, the generalised likelihood ratio statistics can be used to test 
whether to include variables or groups of variables in the inefficiency model.  

                                                                    
3  The first test regarding whether there are any inefficiency effects in the model is a one-sided LR-

test, and follows the distribution given by Kodde and Palm (1986). 
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3. Description of the dataset used 

A dataset was derived from the official data on catches and vessel information col-
lected by the Danish Directorate of Fisheries. The dataset includes monthly catches 
and number of days at sea together with vessel characteristics for each of the included 
Danish Seiners fishing in either the North Sea or Skagerrak in the period from 1987 to 
1999. In total, there are 19,573 observations for 261 different vessels over the thirteen 
years. Table 3.1 shows how many observations and Danish Seiners there was each 
year in the dataset. The average number of observations per vessel per year is also 
displayed, and a tendency to a decreasing number of observations is observed after a 
peak in 1991. This decrease can be explained by a general decrease in the number of 
Danish Seiners, combined with decreasing fishing possibilities in the included areas. 
 
Table 3.1 Number of observations and vessels per year 

 1987 1989 1991 1993 1995 1997 1999
   
Number of observations 1,376 2,193 2,057 1,688 1,283 923 805
Number of vessels 146 231 213 191 148 108 98
Average number of observations 9.42 9.49 9.66 8.84 8.67 8.55 8.21

 
 
In order to ensure robust and reliable results only vessels participating in the fishery 
for at least 25 months during the 13 years were included in the dataset. Table 3.2 dis-
plays how many times the included vessels were present in the dataset for different 
intervals, i.e. 32 vessels were in the dataset between 25 and 36 times (months). In ad-
dition, the total and average number of observations for these intervals is also in-
cluded in Table 3.2. 
 
Table 3.2 Number of times that vessels are represented in the dataset 

  
 -------------------------------------------------Interval ---------------------------------------------------
 

 
25-
36

37-
48

49-
60

61-
72

73-
84

85-
96

97-
108

109-
120

121-
132

133-
144

145-
156

Number of   
observations 957 1,745 2,066 2,035 1,551 2,680 1,738 2,087 2,905 1,662 147
Number of  
vessels 32 41 37 30 20 30 17 18 23 12 1
Average number of 
observations 30 43 56 68 78 89 102 116 126 139 147
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Three different measures of output were used in the analysis. The first was total ag-
gregated catch weight, where the catch of the different species was simply aggregated 
into one single measure without considering their relative importance. The second 
was total aggregated catch revenue4, which before aggregation was inflated to 1999 
values for each species5. The final output measure used was weighted catch weight, 
where the catch weight of each species was weighted using revenue-shares in order to 
take into account the importance of each species, measured in monetary terms. 
 
Table 3.3 Descriptive statistics for output measures 

 1987 1989 1991 1993 1995 1997 1999 
     
Catch weight (tonnes)     
- Total 16,126 30,177 19,333 17,928 17,625 19,374 12,052 
- Average per vessel 110 131 91 94 119 179 123 
- Standard deviation 43 64 38 57 90 348 56 
  
  
Weighted catch weight (tonnes)    
- Total 8,759 16,617 10,111 8,456 8,832 11,890 6,621 
- Average per vessel 60 72 47 44 60 110 68 
- Standard deviation 26 49 24 21 59 311 31 
 
 
Inflated catch value (1,000 DKK)    
- Total 217,976 398,886 290,907 253,255 254,116 227,279 178,380 
- Average per vessel 1,493 1,727 1,366 1,326 1,717 2,104 1,820 
- Standard deviation 601 759 593 883 1,286 1,401 927 

 
Notes: The high standard deviation in 1997 (and 1996 and 1998, not shown here) was due to the presence of 

several Danish Seiners with high catch weights. These could have been considered as outliers, but 
was not. 

 
 
The three outputs were each used separately to estimate the level of technical effi-
ciency in the Danish Seiner fleet fishing in the North Sea and Skagerrak, and the total 
value, average value and standard deviation for each of the output measures can be 
found in Table 3.3. A very similar development can be observed for these three meas-
ures; an increase in the output value until 1989, succeeded by a continued decrease 
until 1999, with a slight increase in 1997. An increase in the standard deviation was 
observed in the years 1995 to 1999, which implies that the observations for these 
years were more differentiated compared to the observations from the other years. 
 
Various input factors can be expected to influence the output level. A distinction can 

                                                                    
4 Catch revenue is in the rest of this paper defined as the total or gross catch value, i.e. no costs of 

any kind are deducted.  
5 The used index was derived from the total catch value of each species caught by Danish fisher-

men and landed in Danish ports. 
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be made between fishing effort and fish stock (Andersen, 1999). The former includes 
factors the fisherman can control, while the latter is a factor he cannot control, at least 
not directly. The fishing effort measure can further be divided into fishing power and 
fishing time, i.e. fixed and variable inputs in the short run. Fishing power includes in-
put factors that cannot be changed in the short run, for instance tonnage, length, en-
gine power, insurance value and crew size6. The descriptive statistics for these factors 
can be found in Table 3.4, where inflated insurance value is also included7. 
 
Table 3.4 Descriptive statistics for fishing power measures 

 
 1987 1989 1991 1993 1995 1997 1999
 
Tonnage (GT/GRT) 
- Total 5,183 8,266 7,796 7,024 5,524 4,181 4,007
- Average per vessel 35.50 35.78 36.60 36.77 37.32 38.71 40.89
- Standard deviation 9.68 12.85 13.11 13.88 23.33 29.43 30.32
 
 
Length (metres) 
- Total 2,507 3,967 3,694 3,315 2,543 1,856 1,714
- Average per vessel 17.17 17.17 17.34 17.35 17.18 17.19 17.49
- Standard deviation 1.86 2.01 1.96 2.06 2.61 2.87 2.78
 
 
Engine power (kW) 
- Total 20,429 33,983 32,148 28,951 23,135 17,356 16,338
- Average per vessel 139.92 147.11 150.93 151.58 156.32 160.71 166.72
- Standard deviation 39.00 49.41 49.73 51.05 59.24 66.81 67.37
 
        
Insurance value (1,000 DKK)        
- Total (mill. DKK) 2,054 3,529 3,771 3,290 2,657 2,095 1,865
- Average per vessel 1,493 1,609 1,833 1,949 2,071 2,270 2,317
- Standard deviation 705 935 922 1,037 1,379 1,687 1,540
 
 
Inflated insurance value (1,000 DKK) 
- Total (mill. DKK) 2,772 4,347 4,421 3,732 2,894 2,187 1,865
- Average per vessel 2,015 1,982 2,149 2,211 2,255 2,369 2,317
- Standard deviation 952 1,151 1,080 1,176 1,502 1,761 1,540
 
 
Crew size 
- Total 451 707 655 587 450 330 303
- Average per vessel 3.09 3.06 3.08 3.07 3.04 3.06 3.09
- Standard deviation 0.50 0.52 0.52 0.55 0.63 0.67 0.67

 
 
A graphical representation of the development in the total and average fishing power 
measures can be seen in Figure 3.1 and Figure 3.2. The development in the total val-
ues is very similar, although in 1991 the insurance value increased. This can be attrib-

                                                                    
6  Crew size can in principle be changed in the short run, however the included measure for crew 

size is only declared on a yearly basis to the Directorate of Fisheries. 
7  The standard consumer price index was used to inflate the insurance value with 1999=100. 
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uted to general price increases in the Danish economy, since the inflated insurance 
value follows the same trend as the other measures. The same trend is observed for 
the average fishing power. 
 
Figure 3.1 Development in total fishing power measures (1987=100) 

 

 
Figure 3.2 Development in average fishing power measures (1987=100) 
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There has been an almost continual increase in the average fishing power measures 
from 1987 until 1999. The increase was most significant for the insurance value; al-
though this increase can again be attributed to the general price increases in the Dan-
ish economy, as described above. 
 
The measure of fishing time used in the analysis is the number of days at sea. This 
measure thus includes the time used for other purposes than fishing, e.g. travelling 
time and processing primarily in form of cleaning the fish caught. It could be argued 
that the time, where the fishing gear is in use, would be a more appropriate measure to 
use. However, considering that the analysis seeks to evaluate the technical efficiency 
related to all activity related to obtaining a catch, the number of days at sea is used as 
fishing time measure8.  
 
From the descriptive statistics shown in Table 3.5, a significant reduction in the total 
number of days at sea can be observed, although it seems to have been relatively 
steady from 1997 to 1999. This development is closely linked with the development 
in the number of Danish Seiners in the dataset considering that the average number of 
days at sea per vessel per month is almost constant during the thirteen years. 
 
Table 3.5 Number of days at sea 
    
 1987 1989 1991 1993 1995 1997 1999
    
Total 19,698 33,493 31,057 25,249 18,983 12,906 12,224
Average per vessel per month 14.32 15.27 15.10 14.96 14.80 13.98 15.19
Standard deviation per month 6.50 6.70 6.58 6.44 6.50 6.30 6.41

 
 
The correlation coefficients between the output and fishing effort measures can be 
viewed in Table 3.6. A high correlation between weight and weighted weight can be 
observed, while the inflated value of the catch was not highly correlated with the 
other two output measures. Tonnage, engine power, length and insurance value were 
also highly correlated, while crew size was not as highly correlated with the other 
fishing power measures. It can be observed from Table 3.6 that tonnage and insurance 
value are the fishing power measures with the highest correlations to the three output 
measures. Fishing time measured in the number of days at sea was most significantly 
correlated with the inflated catch value. 
 

                                                                    
8  Comparison with an analysis, where gear time is used as a measure of fishing time, could be an 

interesting topic for further analysis. However, data is not currently available. 
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Table 3.6 Correlation between output and fishing effort measures 

 
Catch 

weight

Weigh-
ted 

catch 
weight

Inflated
catch
value

Ton-
nage

Engine 
power Length

Insur-
ance 
value

Inflated 
insu-

rance 
value

Crew
size

Days at 
sea

 
Catch weight 1.00
Weighted catch 
weight 0.94 1.00
Inflated catch value 0.51 0.30 1.00
Tonnage 0.37 0.27 0.41 1.00
Engine power 0.22 0.11 0.36 0.68 1.00
Length 0.26 0.16 0.40 0.80 0.69 1.00
Insurance value 0.33 0.19 0.47 0.85 0.74 0.73 1.00
Infl. insurance value 0.32 0.18 0.46 0.84 0.74 0.74 0.99 1.00
Crew size 0.19 0.10 0.34 0.52 0.48 0.59 0.59 0.60 1.00
Days at sea 0.35 0.20 0.66 0.21 0.15 0.27 0.18 0.19 0.22 1.00

 
 
Stock size is also supposed to be an important determinant of the catch level obtained 
from fishing, i.e. the more fish in the sea, the more will be caught for a given level of 
fishing effort, ceteris paribus. As mentioned by Alvarez (2001), the stock cannot be 
considered a traditional input in a production function, because the individual fisher-
man cannot directly control it. However, excluding it from the production frontier 
would be a mistake, if the relationship above were significant. 
 
Different methods have been used to include a fish stock measure in the production 
function. Kirkley et al. (1995, 1998) use an index based on relative catch rates ob-
tained from a supposedly bias free method, while Coglan et al. (1998) and Pascoe and 
Robinson (1998) use dummy variables to account for stock effects. Pascoe et al. 
(2001) apply stock estimates obtained from the annual stock estimates made by the 
International Council for the Exploration of the Sea (ICES). 
 
In this paper the fish stock measure will also be based on the annual stock estimates 
made by ICES, which assesses stock estimates for an array of fish stocks in the North 
Sea and Skagerrak, including cod, plaice, sole, sprat, herring, mackerel etc. Four of 
the most important species for the Danish Seiners (measured in inflated value) are 
cod, plaice, haddock and European hake. Table 3.7 shows that these four species 
comprise more than 80 per cent of the catches taken by the Danish Seiners. A stock 
measure based on these four species will therefore cover the major part of the catches 
caught by the Danish Seiners fishing in the North Sea and Skagerrak. 
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Table 3.7  Inflated catch value composition for an average Danish Seiner fishing in 
the North Sea and Skagerrak (%) 

    
 1987 1989 1991 1993 1995 1997 1999
    
Plaice* 46 52 49 46 35 45 47
Cod* 41 34 27 33 46 38 35
Lemon sole 2 3 6 6 4 3 5
Haddock* 4 3 2 3 3 4 2
Common dab 2 2 2 2 3 2 2
European hake* 1 2 4 3 2 1 1
Witch flounder 1 2 1 1 1 2 3
Catfish 2 1 3 1 1 0 1
Anglerfish 0 0 2 2 1 1 1
Turbot 0 0 1 1 1 1 1
Total 99 99 96 97 96 97 98
Total of biomass species 92 91 82 84 85 87 86
 
Notes:  * indicates species with biologically assessed biomass. 

 
 
Technically the stock measure for each Danish Seiner was calculated on a monthly 
basis using the relative inflated revenue shares and indexed stock estimates for the 
different areas9. It was necessary to index the stock estimates in order to account for 
differences in their magnitude. For example if 60 per cent of a Danish Seiner’s catch 
was cod and 40 per cent was plaice in January 1995 and the stock index for cod was 
68 and 56 for plaice, then the stock measure for this vessel would be 63. 
 
Figure 3.3 shows the development in the included stock indices. The stock indices of 
four species decreased overall from 1987 to 1999 being most significant for cod and 
plaice, which are the two most important species for the Danish Seiners. There are 
some fluctuations for each of the different species, but especially for haddock, which 
after a decrease from 1987 to 1991, increased until 1997, but then decreased to a 
lower level in 1999 compared to 1987. 
 
 
 
 
 
 
 
 

                                                                    
9  A deduction was made between southern (4C), central (4B) and northern (4A) North Sea and Ska-

gerrak (3AN). 
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Figure 3.3 Development in stock indices (1987=100) 

 

4. Specification of the stochastic production frontier model 

When specifying the stochastic production frontier to be estimated, an assumption 
about the functional form of the production function has to be made. There are no ini-
tial reasons for choosing one functional form instead of another, and a translog func-
tion was therefore chosen. The translog function has several advantages, e.g. it is a 
flexible function and imposes only few prior restrictions on the parameters (Lau 
(1986), Morey (1986))10. The function to be estimated is thus given as: 
 
(4) ln Yj,t = β0 + βFP ln FPj,t + βFT ln FTj,t + βS ln Sj,t + βT Tj,t +  
 βFPFP (ln FPj,t)

2 + βFTFT (ln FTj,t)
2 + βSS (ln Sj,t)

2 + βTT (Tj,t)
2 + 

 βFPFT (ln FPj,t ⋅ ln FTj,t) +βFPS (ln FPj,t ⋅ ln Sj,t) + βFPT (ln FPj,t ⋅ Tj,t) + 

 βFTS (ln FTj,t ⋅ ln Sj,t) + βFTT (ln FTj,t ⋅ Tj,t) + βST (ln Sj,t ⋅ Tj,t) + 
 vj,t - uj,t 

where FP is the fishing power measured in tonnage11, FT is fishing time measured as 
the number of days at sea, S is the stock index calculated as explained in Section 3 

                                                                    
10 Boisvert (1982) makes a thorough investigation of the translog production function. 
11 Tonnage was chosen as the measure of fishing power due to the high correlation with the output 

measures and the other fishing power measures in general, cf. conclusions derived from the data-
set description.  
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and T is the monthly index of time. j refers to the j’th vessel (j=1,...,261) and t refers 
for the t’th month (t=1,…,156) from January 1987 to December 1999. 
 
A time index was included in the production frontier as proposed by Coelli et al. 
(1999) and used in relation to fisheries by Campbell and Hand (1998). The time index 
measures movements in the frontier and could at least partly be considered to measure 
technological progress. 
 
 It was decided to include the time index in the same way as the other variables in the 
production function, i.e. with squared- and cross-terms. It can be discussed how to in-
terpret the cross product between stock and time index, although in order to follow 
the intentions of the translog functional form as a second order approximation to 
some unknown production function12, it has been decided to include the terms. An-
other argument is that the two terms, T and T2, may also include some of the variation 
in the stock index as long as stock index is included in the production function. 
 
One of the objectives in this paper is to analyse the consequences of including fishing 
effort as a separate or composite measure in the production function. The second 
function to be estimated is therefore: 
 
(5) ln Yj,t = β0 + βFE ln FEj,t + βS ln Sj,t + βT Tj,t +  
 βFEFE (ln FEj,t)

2 + βSS (ln Sj,t)
2 + βTT (Tj,t)

2 + 
 βFES (ln FEj,t ⋅ ln Sj,t) + βFET (ln FEj,t ⋅Tj,t) + βST (ln Sj,t ⋅ Tj,t) + 
 vj,t - uj,t 

 
where FE denotes the fishing effort given as FP times FT. The variables are denoted 
as in equation (4). 
 
In equation (4) and (5), Y is measured as the monthly output given as either inflated 
catch value13, revenue weighted catch weight or catch weight. 
 

                                                                    
12  Technological progress could be included in other ways, see for instance Heathfield and Wibe 

(1987). Some estimations were made with technological progress included via the intercept term 
as δ0 = δ0e

mt and via the fishing power and fishing time measure as FPt
TECH = ent⋅FPt and FTt

TECH 

= ent⋅FTt. However, efficiency estimates were highly correlated and not significantly different 
from each other.  

13 Sharma and Leung (1999) mention some limitations of using catch value as the output measure. 
For instance, the unclear deduction between technical and allocative efficiency, that follows the 
use of catch value as the dependent output variable.  
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As mentioned in Section 2, the inefficiency term can be modelled by assuming some 
kind of distribution of this term or including an inefficiency model. Here the latter 
was chosen in order to explain some of the possible reasons for any observed ineffi-
ciencies. The inefficiency model employed for all estimations is specified as: 
 
(6) uj,t = δ0 + δ1 ln INSj,t + δ2 ln VINj,t + δ3 DsNj,t + δ4 DsTj,t + δ5 PFj,t + δ6 HSj,t + 
 δ7 UFj,t + δ8 PW4Bj,t + δ9 PW4Cj,t + δ10 PW3ANj,t + δ11 PT4ABC3ANj,t + 
 δ12 PGj,t + δ13 FEBj,t + δ14 MARj,t + δ15 APRj,t + δ16 MAYj,t + δ17 JUNj,t + 
 δ18 JULj,t + δ19 AUGj,t + δ20 SEPj,t + δ21 OCTj,t + δ22 NOVj,t + δ23 DECj,t +  
 wj,t 

 
The first variable was inflated insurance value (INS), which was included in order to 
test whether the vessel size had any influence on the level of efficiency. Pascoe et al. 
(2001) conclude the size has an influence on the technical efficiency level of the 
Dutch beam trawlers, while Vestergaard et al. (2002) have the same conclusion for 
Danish industrial vessels. Both analyses find that larger vessels have a higher effi-
ciency than smaller vessels. 
 
The construction year of the Danish Seiner (VIN) was included to test whether older 
Danish Seiners were more inefficient than newer ones. However, this may not be the 
case considering that maintenance and investments may eliminate or at least reduce 
any differences. Campbell and Hand (1998) includes dummy variables to model the 
effects of construction year on the level of technical efficiency, although their conclu-
sion on the sign related to the construction year is unclear. The average age of the in-
cluded Danish Seiners increased from 31 years in 1987 to 37 years in 1999 with a 
standard deviation of around 12. The newest Danish Seiner was from 1994, while the 
oldest was from 1913. 
 
In the Danish vessel register, each Danish Seiner is classified as either an ordinary 
Danish Seiner, a Danish Seiner with the ability to also use nets (DsN), or a Danish 
Seiner with the ability to also act as a stern trawler (DsT). Dummy variables were in-
cluded in the inefficiency model to analyse whether the two multi-gear vessels had 
any efficiency advantages compared to an ordinary Danish Seiner. The expectation 
would be that this is the case, considering it will be easier for a multi-gear Danish 
Seiner to adjust to any changes in the catch possibilities. 
 
The skippers on the vessels can also have a different commercial status. A deduction 
is made between three types, i.e. commercial (full-time) fishermen, part-time fisher-
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men (PF) or hired skipper (HS), where a firm primarily hires the latter. There is also a 
fourth type, which covers unknowns (UF), although the main part of these is most 
likely to be part time fishermen. Dummy variables have been used to analyse whether 
the commercial status of the fisherman has any influence on the level of technical ef-
ficiency. It is expected that full-time fishermen have the greatest incentive to be effi-
cient, considering part-time fishermen do not have fishing as their primary occupa-
tion, and that hired skippers are not solely getting the benefits from being efficient 
due to the payment schemes used in fisheries. 
 
A primary fishing area was derived for each observation, using the method proposed 
by Campbell and Hand (1998). The primary fishing area was assigned to be the area 
where the largest relative part of the catch value was caught. Four different areas were 
defined, i.e. northern, central (PW4B) and southern (PW4C) part of the North Sea and 
Skagerrak (PW3AN). The variables thus account for different area conditions, such as 
seabed and height of waves. 
 
Two variables were included in order to reflect each Danish seiner’s (fisherman’s) 
experience of fishing in the included areas (PT4ABC3AN) and with their primary 
gear (PG). The former measures, on a yearly level, the share of days at sea in the 
North Sea and Skagerrak compared with the total days at sea. The latter is on a 
monthly basis, and measures the share of days at sea where the primary gear (i.e. 
Danish Seine) is used instead of other gear types such as trawl, net, line, etc. 
 
Finally, eleven monthly dummy variables were included in order to reflect any sea-
sonality in the technical inefficiency (FEB, … ,DEC). 
 
It was unfortunately not possible to include any regulation dummy variables in the 
inefficiency model. This is not because there have not been any regulation changes, 
but because identifying the most important ones has not been possible. 
 
In order to avoid the dummy trap when estimating the inefficiency model, the refer-
ence situation is an ordinary Danish Seiner with a commercial full-time fisherman as 
skipper, fishing in the northern part of the North Sea in January. 
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5. Estimating the production frontier and technical inefficiency model 

In total six different models were estimated by using FRONTIER 4.1 (Coelli, 1996), 
cf. Table 5.1. The results from some of these estimations and the subsequent tests are 
presented in the following section. 
 
Table 5.1  Abbreviations used for the estimated models 
   
Input measure / Output measure Inflated value (IV) Weighted weight (WW) Weight (W) 
   
Fishing power and fishing time included  
as separate variables Model IV.a Model WW.a Model W.a 

Product of fishing power and fishing time Model IV.b Model WW.b Model W.b 

 
 
Table 5.2 shows the results from estimating the production frontier for Model IV.a 
and Model WW.a and Model W.a respectively, while Table 5.3 shows the results ob-
tained for Model IV.b, Model WW.b and Model W.b. 
 
Table 5.2 Estimation results for the frontier production function in Model IV.a, 

WW.a and W.a 

  ------ Model IV.a ------ ----- Model WW.a ----- ----- Model W.a -----

Para-
meter

Coef-
ficient

Stan-
dard 

devia-
tion  

Coef-
ficient 

Stan-
dard 

devia-
tion  

Coef-
ficient

Stan-
dard 

devia-
tion

     
 β0 11.41 0.57 *** 16.17 0.75 *** 14.51 0.56 *** 
Ln (tonnage) βFP -0.59 0.17 *** -2.80 0.22 *** -2.38 0.17 *** 
Ln (days at sea) βFT 1.28 0.10 *** 0.48 0.13 *** 0.99 0.10 *** 
Ln (stock) βS -0.69 0.15 *** -3.77 0.21 *** -2.04 0.14 *** 
Time βT -0.02 0.00 *** 0.01 0.00 *** -0.01 0.00 *** 
Ln (tonnage)2 βFPFP 0.09 0.01 *** 0.14 0.02 *** 0.16 0.01 *** 
Ln (days at sea)2 βFTFT -0.01 0.01 ** -0.02 0.01 *** -0.01 0.01  
Ln (stock)2 

βSS 0.13 0.01 *** 0.43 0.02 *** 0.17 0.01 *** 
Time2 

βTT 0.00 0.00 *** 0.00 0.00 *** 0.00 0.00 *** 
Ln (tonnage) × Ln (days at sea) βFPFT 0.04 0.02 ** 0.04 0.02 * 0.05 0.02 *** 
Ln (tonnage) × Ln (stock) βFPS 0.02 0.03  0.45 0.04 *** 0.32 0.03 *** 
Ln (tonnage) × time βFPT 0.00 0.00 *** 0.00 0.00 *** 0.00 0.00 *** 
Ln (days at sea) × Ln (stock) βFTS -0.11 0.02 *** 0.07 0.02 *** -0.05 0.02 ** 
Ln (days at sea) × time βFTT 0.00 0.00 *** 0.00 0.00 *** 0.00 0.00 *** 
Ln (stock) × time βST 0.00 0.00 *** -0.01 0.00 *** 0.00 0.00  
Sigma-squared σ

2 0.52 0.02 *** 1.29 0.09 *** 0.55 0.02 *** 
Gamma γ 0.77 0.01 *** 0.78 0.01 *** 0.76 0.01 *** 

 
Notes:  *** significant at the 1 percent level, ** significant at the 5 percent level, * significant at the 10 percent 

level. 
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Table 5.3  Estimation results for the frontier production function in Model IV.b, 
WW.b and W.b 

------ Model IV.b ------ ---- Model WW.b ---- ------ Model W.b ------

Para-
meter

 
Coeffi-

cient 

Stan-
dard 

devia-
tion

 
Coeffi-

cient 

Stan-
dard 

devia-
tion

Coeffi-
cient

Stan-
dard 

devia-
tion

      
 β0 5.24 0.45 *** 8.04 0.57 *** 6.32 0.46 *** 
Ln (tonnage×days at sea) βFE 1.77 0.08 *** 0.54 0.10 *** 1.06 0.08 *** 
Ln (stock) βS -0.28 0.13 ** -2.84 0.17 *** -1.28 0.13 *** 
Time βT -0.02 0.00 *** 0.01 0.00 *** -0.01 0.00 *** 
Ln (tonnage×days at sea)2 

βFEFE -0.05 0.00 *** -0.04 0.00 *** -0.04 0.00 *** 
Ln (stock)2 

βSS 0.12 0.01 *** 0.41 0.02 *** 0.16 0.01 *** 
Time2 

βTT 0.00 0.00 *** 0.00 0.00 *** 0.00 0.00 *** 
Ln (tonnage×days at sea) ×  
Ln (stock) βFES -0.11 0.01 *** 0.15 0.02 *** 0.04 0.02 ** 
Ln (tonnage×days at sea) × 
time βFET 0.00 0.00  0.00 0.00 *** 0.00 0.00  
Ln (stock) × time βST 0.00 0.00 *** 0.00 0.00 *** 0.00 0.00 *** 
Sigma-squared σ

2 5.24 0.45 *** 8.04 0.57 *** 6.32 0.46 *** 
Gamma γ 1.77 0.08 *** 0.54 0.10 *** 1.06 0.08 *** 

 
Notes:  *** significant at the 1 percent level, ** significant at the 5 percent level, * significant at the 10 percent 

level. 

 
 
Most of the variables included in the production frontier turned out significant in both 
models, but the estimated coefficients are in general difficult to interpret (Campbell 
and Hand (1998), Eggert (2001)), cf. the discussion in Section 4. Instead, the derived 
output elasticities will be calculated and discussed. However, before doing this, the 
different tests mentioned in Section 2 will be carried out in order to confirm whether 
the production frontier is well specified and whether it is appropriate to include an in-
efficiency model. 
 
The first test focused on whether there were any inefficiency effects in the model. It 
follows from Table 5.4 that the hypothesis of no inefficiency effects was significantly 
rejected in all the models, and Maximum Likelihood should therefore be used to esti-
mate this model in order to get efficient estimates14. 
 
Whether the functional form of the production function can be reduced to a Cobb-
Douglas form was also tested, and this test was rejected at a very high level of signifi-
cance for all the models. The hypothesis of not including time effects in the model 
was also rejected.  

                                                                    
14 An estimator is considered efficient, if the variance of the unbiased estimator has a smaller vari-

ance than any other unbiased estimators for a given sample (Pindyck and Rubinfeld, 1991). 
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Table 5.4 Testing the specification of the frontier production function 
    

 Ln[L(H0)] Ln[L(H1)] LR Critical χ2
Number of 
restrictions Decision

   
No inefficiency1)   
Model IV.a  -17,334 -14,432 5,804 37.066* 25 Reject
Model IV.b  -19,056 -15,437 7,237 37.066* 25 Reject
Model WW.a -21,517 -20,021 2,991 37.066* 25 Reject
Model WW.b -22,772 -20,660 4,223 37.066* 25 Reject
Model W.a -17,637 -14,732 5,809 37.066* 25 Reject
Model W.b -19,349 -15,729 7,239 37.066* 25 Reject
    
Cobb-Douglas production function2) 
    
Model IV.a -14,864 -14,432 864 16.92 9 Reject
Model IV.b -15,833 -15,437 791 12.59 6 Reject
Model WW.a -20,863 -20,021 1,684 16.92 9 Reject
Model WW.b -21,380 -20,660 1,440 12.59 6 Reject
Model W.a  -15,369 -14,732 1,273 16.92 9 Reject
Model W.b -16,188 -15,729 918 12.59 6 Reject
    
No time effects3) 
    
Model IV.a -14,962 -14,432 1,061 11.07 5 Reject
Model IV.b -15,977 -15,437 1,080 9.49 4 Reject
Model WW.a -20,883 -20,021 1,723 11.07 5 Reject
Model WW.b -21,513 -20,660 1,705 9.49 4 Reject
Model W.a -15,255 -14,732 1,045 11.07 5 Reject
Model W.b  -16,253 -15,729 1,048 9.49 4 Reject

 
Notes: * Critical values obtained from Kodde and Palm (1986). 
 1)  The null hypothesis is: H0:γ = δ0 =… = δ23 = 0. 

 2)  The null hypotheses are: H0:βFPFP=βFTFT=βSS=βTT=βFPFT=βFPS=βFTS=βFTT=βST=0 and   
H0:βFEFE=βSS=βTT=βFES=βFET=βST=0. 

 3)  The null hypothesis is: H0:βT=βTT=βFPT=βFTT=βST=0)/(H0:βT=βTT=βFET=βST=0. 

 
 
The average output elasticities evaluated in the mean over the thirteen years from 
1987 to 1999 for the six models are presented in Table 5.5.  
 
In the models with tonnage and days at sea included as separate variables in the pro-
duction frontier, the output elasticities were estimated to be relatively close to each 
other. On average, a 10 per cent increase in tonnage would give rise to an increase in 
catch, measured in either value or weight, of approximately 2.7 per cent. Similarly, a 
decrease in the number of days at sea of 10 per cent would result in a 9.3 per cent de-
crease in catch on average. When including tonnage and days at sea as a composite 
measure, a decrease of 10 per cent in the composite measure would result in an aver-
age of 7.1 per cent decrease in the catch level. 
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Table 5.5  Average yearly output elasticities 
   

Model IV.a Model WW.a Model W.a Model IV.b Model WW.b Model W.b
   
Tonnage 0.27 0.26 0.29  
Days at sea 0.94 0.90 0.96  
Tonnage×days at sea  0.72 0.68 0.74
Stock 0.37 1.26 0.40 0.40 1.28 0.44
Time 0.0012 0.0045 0.0010 0.0014 0.0046 0.0012

 
 
The scale elasticity calculated for the factors which the fisherman can influence, gives 
in the approach, where these factors are included separately, a scale elasticity above 
one. This implies increasing returns to scale, and this may be an explanation for the 
increase in size of the average Danish Seiner in the data set, cf. Table 3.4. However, 
using the service flow approach gives scale elasticity below one, indicating decreas-
ing returns to scale. 
 

The output elasticities with respect to the stock are almost alike, when the output is 
measured as either catch value or catch weight. However, when the output is meas-
ured as revenue weighted catch weight, the output elasticity becomes three times 
higher, regardless of how input is measured. 
 
The output elasticity calculated with respect to the index of time shows the same pat-
tern as the observed with the stock. Similar figures for the catch value and catch 
weight were found, while using the weighted catch weight again resulted in much 
higher output elasticities. 
 
Figure 5.1 to Figure 5.3 shows the development in output elasticities for the different 
output and input measures used, when evaluated in mean values for each year15.  
 
For tonnage, the development over the years was almost identical for weight and 
weighted weight, while value gives a more smooth development, cf. Figure 5.1. 
 
The number of days at sea also showed a similar development, with a tendency to 
converge in the latter years. This can be seen from Figure 5.2.  
 
 

                                                                    
15 The development for the output elasticity related to the stock was not included for Model IV.b, 

Model WW.b and Model W.b, because these were similar to those observed in Model IV.a, 
Model WW.a and Model W.a. 
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Figure 5.1 Development in output elasticities with respect to tonnage  

 

 
 
Figure 5.2 Development in output elasticities with respect to days at sea 
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Figure 5.3 shows the development in output elasticities, when using the “service flow 
approach”. The elasticities for the different models have a tendency to approach each 
other. This is most profound for the models using inflated value and weight. 
 
Figure 5.3 Development in output elasticities with respect tonnage times days at 

sea 

 

 
 
For the output elasticity of the stock, the development was scattered, cf. Figure 5.4. 
Using value and weight, the development was contrary to each other. Using the ‘ser-
vice flow’ approach gives a different development for each output measure. Regard-
ing the stock, the output elasticity measured respective to the weight decreased from 
1987 to 1999, but increased when value was used. However, using the weighted catch 
weight gave very different results, considering that it was at a very high level in 1987, 
but then converged significantly. 
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Figure 5.4 Development in output elasticities with respect stock 

 

 
 
When estimating the frontier production functions, the inefficiency models were also 
estimated. The results are presented in Table 5.6 and Table 5.7 for the estimated mod-
els. 
 
All the estimated inefficiency models have inflated insurance value to be significant, 
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Table 5.6  Estimation results for the technical inefficiency model in Model IV.a, 
WW.a and W.a 

 ----- Model IV.a ------ ----- Model WW.a --- ----- Model W.a ------

 Para-
meter

Coef-
ficient

Stan-
dard 

devia-
tion

Coef-
ficient

Stan-
dard 

devia-
tion

Coef-
ficient

Stan-
dard 

devia-
tion

    
 δ0 17.15 13.14  15.65 31.38  22.62 14.14  
Inflated insurance value δ1 -0.74 0.03 *** -0.37 0.06 *** -0.64 0.03 *** 
Construction year δ2 -0.68 1.77  -1.11 4.21  -1.55 1.90  
Danish Seines/netter δ3 -0.38 0.07 *** -0.81 0.15 *** -0.24 0.06 *** 
Danish Seiner/stern trawler δ4 -0.13 0.08 * -0.10 0.10  0.10 0.07  
Part time fisherman δ5 0.28 0.09 *** 0.99 0.17 *** 0.25 0.10 ** 
Hired skipper δ6 0.51 0.14 *** 0.67 0.26 ** 0.43 0.15 *** 
Unknown commercial status δ7 0.22 0.02 *** 0.34 0.04 *** 0.23 0.02 *** 
Primary fishing area 4B δ8 0.24 0.09 *** -0.91 0.11 *** 0.06 0.08  
Primary fishing area 4C δ9 0.22 0.29  0.06 0.52  0.27 0.32  
Primary fishing area 3AN δ10 -0.06 0.09  -0.60 0.12 *** -0.19 0.08 ** 
Time in the North Sea and  
Skagerrak δ11 -0.68 0.06 *** -0.97 0.11 *** -0.74 0.06 *** 

Time with primary gear δ12 0.15 0.04 *** 0.02 0.06  -0.03 0.04  
February δ13 -0.02 0.04  -0.06 0.07  -0.04 0.04  
March δ14 -0.28 0.04 *** -0.47 0.08 *** -0.32 0.04 *** 
April δ15 -0.77 0.05 *** -1.09 0.12 *** -0.83 0.05 *** 
May δ16 -1.45 0.07 *** -1.87 0.19 *** -1.46 0.07 *** 
June δ17 -1.76 0.09 *** -2.86 0.31 *** -1.90 0.10 *** 
July δ18 -1.55 0.08 *** -3.98 0.47 *** -2.05 0.11 *** 
August δ19 -1.74 0.09 *** -4.38 0.54 *** -2.14 0.11 *** 
September δ20 -1.32 0.07 *** -2.59 0.26 *** -1.48 0.07 *** 
October δ21 -0.65 0.05 *** -1.28 0.12 *** -0.81 0.05 *** 
November δ22 -0.13 0.04 *** -0.10 0.07  -0.19 0.04 *** 
December δ23 0.03 0.05  0.21 0.08 *** 0.04 0.05  
 
Notes:  *** significant at the 1 percent level, ** significant at the 5 percent level, * significant at the 10 percent 

level. 

 
 
A Danish Seiner with capability of using nets was estimated to be significantly more 
efficient in all the models compared to the ordinary Danish Seiners; contrary to this, 
the picture is unclear for Danish Seiners with stern trawler capabilities. However, in 
those models where it turned out to be significant, it was negative, i.e. more efficient 
than ordinary Danish Seiners. This corresponds to the former argumentation that ves-
sels capable of using several different gear types are more flexible in their fisheries, 
and thus are more efficient. 
 
The commercial status also has an influence on the level of efficiency for the Danish 
Seiners. The estimated coefficients show that Danish Seiners, where the skipper is a 
commercial fisherman, are more efficient than those Danish Seiners, where the skip-
per has another commercial status. Vessels that were skippered by a hired skipper had 
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the lowest level of technical efficiency. This result is interesting, especially if it is 
seen in a principal-agent framework, where the owner of the vessel cannot observe 
the effort of the skipper (cf. Tirole, 1988). 
 
In some of the estimated inefficiency models, the primary fishing area turned out to 
be significant, while in others it did not. However, in five of the six models, the 
dummy variable for Skagerrak as the primary fishing area was significant, and all the 
estimated coefficients point to the conclusion that Danish Seiners primarily fishing in 
Skagerrak were more efficient than Danish Seiners fishing in the northern part of the 
North Sea. This could be related to the distance to the specific fishing location in the 
different fishing areas, however this has not been possible to verify. 
 
As an indicator of experience related to the fishing area and the fishing gear, two va-
riables were included. Using the number of days at sea in the North Sea and 
Skagerrak relative to the total number of days at sea reflected the former. This turned 
out to be significant in all models by having a negative coefficient. This implies a po-
sitive relationship between the total time a Danish Seiner had in the North Sea and 
Skagerrak, and the level of efficiency of the vessel. However, the variable reflecting 
the number of days at sea using the primary gear, relative to the total number of days 
at sea in the included areas, was only significant when output was measured as in-
flated value. In this case, the coefficients were positive, implying that the more a Dan-
ish Seiner uses its primary gear instead of other gear types, the lower its efficiency 
level. This result seems contradictive to what would be expected. However, it is 
noteworthy to observe that the variable is only significant when the output is meas-
ured as inflated catch value. 
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Tabel 5.7 Estimation results for the technical inefficiency model in Model IV.b, 
WW.b and W.b 

 

 ------ Model IV.b ------ ----- Model WW.b ---
- ------ Model W.b ------

 Para-
meter

Coef-
ficient

Stan-
dard 

devia-
tion

 
Coef-
ficient 

Stan-
dard 

devia-
tion

 
 

Coef-
ficient 

Stan-
dard 

devia-
tion

 

      
 δ0 103.09 15.62 *** 138.81 27.80 *** 117.01 16.43 *** 
Inflated insurance value δ1 -0.26 0.03 *** 0.32 0.05 *** -0.13 0.03 *** 
Construction year δ2 -12.88 2.09 *** -18.60 3.73 *** -14.91 2.20 *** 
Danish Seines/netter δ3 -1.07 0.11 *** -1.43 0.19 *** -0.84 0.09 *** 
Danish Seiner/stern trawler δ4 -0.33 0.11 *** -0.23 0.13 * -0.10 0.10  
Part time fisherman δ5 0.26 0.12 ** 0.85 0.16 *** 0.25 0.13 * 
Hired skipper δ6 0.46 0.18 *** 0.10 0.22  0.10 0.19  
Unknown commercial status δ7 0.22 0.03 *** 0.27 0.04 *** 0.23 0.03 *** 
Primary fishing area 4B δ8 0.22 0.10 ** -0.79 0.11 *** 0.03 0.09  
Primary fishing area 4C δ9 0.18 0.42  -0.06 0.46  0.18 0.39  
Primary fishing area 3AN δ10 -0.21 0.10 ** -0.66 0.12 *** -0.35 0.09 *** 
Time in the North Sea and  
Skagerrak δ11 -0.95 0.07 *** -1.12 0.10 *** -0.99 0.07 *** 
Time with primary gear δ12 0.12 0.04 *** 0.04 0.06  -0.02 0.04  
February δ13 -0.10 0.05 ** -0.15 0.07  -0.12 0.05 *** 
March δ14 -0.42 0.05 *** -0.56 0.07 *** -0.46 0.05 *** 
April δ15 -1.11 0.06 *** -1.35 0.11 *** -1.17 0.06 *** 
May δ16 -2.16 0.11 *** -2.27 0.18 *** -2.14 0.11 *** 
June δ17 -2.55 0.14 *** -3.17 0.29 *** -2.74 0.15 *** 
July δ18 -1.92 0.10 *** -3.58 0.33 *** -2.53 0.14 *** 
August δ19 -2.48 0.13 *** -4.54 0.48 *** -3.05 0.17 *** 
September δ20 -1.74 0.08 *** -2.61 0.19 *** -1.92 0.09 *** 
October δ21 -0.80 0.06 *** -1.25 0.10 *** -0.96 0.06 *** 
November δ22 -0.13 0.05 *** -0.10 0.07  -0.20 0.05 *** 
December δ23 0.12 0.05 ** 0.30 0.08 *** 0.14 0.05 *** 

 
Notes:  *** significant at the 1 percent level, ** significant at the 5 percent level, * significant at the 10 percent 

level. 

 
 
The included monthly dummy variables were supposed to reflect changes in the tech-
nical efficiency due to monthly variations. Almost all these variables were significant 
in the six estimated models. The level of efficiency changed to a higher level during 
the summer months, i.e. June – August, while the winter months, December to Febru-
ary, have almost the same low levels of technical efficiency. 
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6. Consequences on the level of technical efficiency 

The technical efficiency measure used here is output-oriented, i.e. it measures the 
output of a firm relative to the output produced by firms, which are fully efficient, gi-
ven that the employed inputs remain unchanged. 
 
The average efficiency scores are presented in Table 6.1 for each of the models ana-
lysed. The average efficiency in the model with inflated revenue used as output meas-
ure was estimated to be 62-63 per cent depending on the input measure used. A Dan-
ish Seiner fishing in the North Sea and Skagerrak therefore on average over the thir-
teen years only caught 62-63 per cent of the value caught by a fully efficient Danish 
Seiner. The estimated efficiency levels with output measured as either weighted 
weight or weight can be interpreted likewise. 
 
Table 6.1 Average efficiency scores from 1987 to 1999 
    
 Model IV.a Model IV.b Model WW.a Model WW.b Model W.a Model W.b 
    
Average efficiency 0.62 0.63 0.66 0.64 0.64 0.64 
Standard deviation 0.20 0.22 0.18 0.20 0.20 0.22 
Maximum efficiency 0.95 0.94 0.94 0.93 0.96 0.95 
Minimum efficiency 0.01 0.02 0.00 0.00 0.01 0.02 

 
 
The relative distribution of the efficiency scores, cf. Table 6.2, shows that the models 
estimated with weighted weight have a tendency to have a relatively lower number of 
efficiency scores in the interval 0.9-1.0 compared to the other models. Instead, these 
models have a higher percentage of scores in the intervals from 0.6-0.7 and 0.7-0.8. 
 
Table 6.2 Relative distributions of efficiency scores 
     
  Model IV.a Model IV.b Model WW.a Model WW.b Model W.a Model W.b 
     

0.0-0.1 0.68 0.95 0.52 0.93 0.58 0.84 
0.1-0.2 2.84 3.56 2.00 2.91 2.74 3.41 
0.2-0.3 5.84 6.22 3.46 4.71 5.26 5.82 
0.3-0.4 7.83 7.82 5.25 6.08 7.40 7.04 
0.4-0.5 9.65 8.81 7.08 8.06 9.04 8.44 
0.5-0.6 11.84 10.44 10.92 10.97 11.13 9.76 
0.6-0.7 15.75 13.66 17.20 16.50 15.24 12.63 
0.7-0.8 22.77 21.82 28.62 27.07 22.20 21.18 
0.8-0.9 21.43 25.25 24.64 22.47 25.05 29.22 

 0.9-1.0 1.38 1.48 0.32 0.28 1.34 1.66 

 
 

E
ff

ic
ie

nc
y 

sc
or

e 



 

 
 Using different inputs and outputs to estimate technical efficiency in fisheries, FØI 29

The development in the average efficiency scores from 1987 to 1999 is presented in 
Figure 6.1. There has been a tendency for scores to increase from 1987 to 1999, but 
there are, however, significant drops in 1991, 1996, 1998 and 1999. This has meant 
that the overall increase has only been minor. The development in the average yearly 
efficiency for each of the models followed almost the same pattern, and this is con-
firmed by looking at the correlation between the average yearly efficiency scores, cf. 
Table 6.3. 
 
Figure 6.1 Development in efficiency scores 

 

 
 
There was an almost perfect correlation between the average yearly efficiencies esti-
mated using tonnage and days at sea separately compared to the composite measure, 
disregarding which output measure was used, cf. Table 6.3. However, while there was 
a high correlation between the yearly average efficiency scores in Model IV.a, Model 
IV.b, Model W.a and Model W.b, this was not as high in relation to Model WW.a and 
Model WW.b.  
 
Table 6.3 Correlations between the average yearly efficiencies 
     
  Model IV.a Model IV.b Model WW.a Model WW.b Model W.a Model W.b 
     
Model IV.a 1.00    
Model IV.b 0.99 1.00    
Model WW.a 0.92 0.91 1.00   
Model WW.b 0.91 0.92 0.99 1.00  
Model W.a 0.98 0.97 0.94 0.92 1.00  
Model W.b 0.99 0.99 0.93 0.93 0.99 1.00 
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Looking at Figure 6.2 and Figure 6.3 an obvious trend can be observed in the average 
monthly efficiency. Starting with an average efficiency of 42 per cent in January, it 
increases until reaching a maximum of approximately 80 per cent in August. From 
August, the average monthly efficiency starts to decline, ending up in December with 
an efficiency of 40 per cent. Again, a similar development can be observed for each 
of the models estimated, and it corresponds with the estimated parameters for the 
monthly dummy variables in the inefficiency models. This development was most li-
kely influenced by the magnitude of the cod and plaice in the catches of the Danish 
Seiners cf. Figure 6.3, which shows how large the relative importance of these two 
species was each month. 
 
Figure 6.2 Monthly average efficiency scores 
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Figure 6.3 Monthly relative inflated value shares of cod and plaice (%) 

 

 
 
Analysing the correlations between the estimated average monthly levels of technical 
efficiencies in the models, support the conclusion drawn by looking at the correlations 
between average yearly efficiencies, cf. Table 6.4. 
 
Table 6.4 Correlations between the average monthly efficiencies 
     
  Model IV.a Model IV.b Model WW.a Model WW.b Model W.a Model W.b 
     
Model IV.a 1.00    
Model IV.b 1.00 1.00    
Model WW.a 0.97 0.96 1.00   
Model WW.b 0.99 0.98 1.00 1.00  
Model W.a 1.00 0.99 0.99 0.99 1.00  
Model W.b 1.00 1.00 0.98 0.99 1.00 1.00 
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Finally, Table 6.5 shows the correlation between all the estimated efficiency scores. 
These correlations show the same pattern as the yearly and monthly correlation coef-
ficients, even though they were not as high. 
 
Table 6.5 Correlations between the estimated efficiencies 
     
  Model IV.a Model IV.b Model WW.a Model WW.b Model W.a Model W.b 
     
Model IV.a 1.00    
Model IV.b 0.94 1.00    
Model WW.a 0.82 0.81 1.00   
Model WW.b 0.79 0.86 0.96 1.00  
Model W.a 0.96 0.92 0.88 0.84 1.00  
Model W.b 0.90 0.97 0.86 0.91 0.94 1.00 

7. Discussion and conclusion 

By using the stochastic production frontier approach, the importance of how output is 
measured and how inputs are included have been analysed for a dataset comprised of 
Danish Seiners fishing in the North Sea and Skagerrak in the period from 1987 to 
1999. In total six different models were estimated using a translog functional form as 
an approximation for the true functional form of the production function. In the esti-
mations, inefficiency models were also included in order to find explanations some of 
the observed inefficiency.  
 
Three different measures of output were used, i.e. catch weight, inflated catch revenue 
and revenue weighted catch weight. These were separately estimated against a pro-
duction function where the factors, which the fisherman can influence, i.e. the meas-
ures of fishing power and fishing time, were included separately or as a service flow. 
In the production function, an index of stock and time was also included. Considering 
that the estimated parameters in the translog function are difficult to interpret, the 
output elasticities with respect to each of the four (three) input measures were calcu-
lated.  
 
The calculated output elasticities did not differ much for the factors, which the fish-
ermen can influence directly, when looking across the three different output meas-
ures. The development in the output elasticities over the thirteen years differed to 
some degree; however there did not seem to be a clear pattern. When looking at the 
output elasticities with respect to the stock and the time index, the output elasticities 
were significantly different when using revenue weighted catch weight compared to 
the two other output measures. Based on these facts, the conclusion must be that one 
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should use either revenue or weight as measures of output, because these give ap-
proximately similar output elasticities for all the input factors included.  
 
The estimated inefficiency models did not have the same coefficients, when looking 
across the different output measures and ways to include the input measures. How-
ever, the signs of the estimated parameters were almost alike. It can thus be concluded 
that the larger a Danish Seiner is, the more efficient it is. Likewise, it can be con-
cluded that full-time fishermen are more efficient than part-time fishermen, and hired 
skippers are most inefficient. The fishing area chosen also seemed to have an influ-
ence on the level of technical efficiency. For instance, vessels fishing in Skagerrak 
tended to have a higher efficiency level compared to those fishing in the North Sea. 
The more time the fishermen fished in the North Sea and Skagerrak during a given 
year also seemed to affect their efficiency level positively. However, the more time 
allocated to their primary gear seemed to negatively influence the level of efficiency. 
Finally, the summer months were the most efficient months to fish in, while Decem-
ber, January and February were the least efficient.  
 
Turning attention to the estimated levels of technical efficiency, and how these differ 
between the estimated models, these did not seem to be highly influenced by whether 
inputs were included separately in form of tonnage and days at sea, or included in 
form of a composite tonnage-day input. There were some minor differences in the 
level of technical efficiency, but the estimated developments are very similar. It was 
also analysed whether different output measures gave different levels and develop-
ments in technical efficiency. From this analysis, it could be concluded that using ei-
ther inflated value or weight gave approximately similar results. However, using 
revenue-weighted weight as the output measure resulted in estimates that were not as 
closely correlated with the other two measures. The difference was primarily observ-
able at the lowest possible level of aggregation, and tended to diminish when looking 
at a monthly and yearly level of aggregation.  
 
The conclusion from this analysis regarding the estimation of technical efficiency is 
hence the following. It does not matter how inputs are included, but it may be impor-
tant how output is measured. The results support the use of revenue or weight, instead 
of revenue-weighted weight, where the relative importance of the different species is 
included.  
 
Based on the analysis of the Danish Seiners fishing in the North Sea and Skagerrak, a 
final conclusion can thus be drawn. This conclusion recommends the use of either 
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catch value or catch weight instead of revenue weighted catch weight, because they 
give almost the same output elasticities and levels of technical efficiency. 
 
Several different topics for further investigation and discussion can be put forward in 
relation to this analysis. For instance, the inclusion of a time trend in the translog 
functional form is not straightforward. Several different methods can be used, and it 
would be interesting to investigate the importance of this more closely. The inclusion 
of a stock measure in the production frontier model in order to account for stock de-
velopments is also troublesome. Danish fisheries are generally characterised as multi-
species fisheries, and one therefore has to consider several different stocks, which 
may vary in importance for the different vessels analysed depending on target species. 
The relevance of misreporting due to for instance discards may also be analysed as 
done by Pascoe et al. (2001). 
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