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Abstract 

Technical efficiency in the Danish trawl fishery in the North Sea is estimated 
for 1997 and 1998 by a stochastic production frontier model. This model allows 
noise when the frontier and the technical efficiency is found, which for fisheries 
is a reasonable assumption. The results show that the production frontier can be 
modelled by a translog function without time effects and a technical ineffi-
ciency function. The type of fishery (industrial or consumption), size of vessel 
(greater or lesser than 60 GRT) and year give a good explanation for the ineffi-
ciency in the fleet. The average technical efficiency is estimated to be 0.82. On 
average, industrial vessels have a higher technical efficiency than human con-
sumption vessels, and smaller vessels have higher technical efficiency than lar-
ger vessels. In sum, the analysis reveals that vessel larger than 60 GRT and 
fishing industrial species are the most efficient. 
 
Keywords: Technical efficiency, stochastic production frontier, Danish trawl 
fishery. 
 

  





Table of contents 

1. Introduction ................................................................................................... 7 

2. The Danish Trawl fisheries in the North Sea................................................. 8 

3. Empirical model .......................................................................................... 11 

4. Empirical Results......................................................................................... 16 

5. Discussion ................................................................................................... 21 

6. Conclusion................................................................................................... 23 

References......................................................................................................... 24 





1. Introduction 

The purpose of the analysis is to contribute to the discussion on renewal of ca-
pacity of the Danish fishing fleet. Renewal of capacity of the fishing fleet is to-
day subject to several constraints, including The Multi-Annual Guidance Pro-
gramme implemented in the European Union (EU). The purpose of these pro-
grammes is to control the development in capacity of the fishing fleet in each 
Member State. The decommissioning scheme, which has been one approach, 
has been applied in Denmark since 1986. In recent years, the number of de-
commissioned vessels per year has fallen from a level ranging between 50-100 
to under 20. In total, 1.200 vessels in Denmark have received the decommis-
sioning grant in the period 1987-2000. 
 
This adjustment has - in reality - taken place without knowledge of the technical 
efficiency of the vessels. Measurement of the technical efficiency of the vessels 
gives information about whether the vessels produce on the production frontier. 
Deviation from the frontier shows that the vessels are technically inefficient, i.e. 
that the existing technology is not applied with its total potential. Substantial 
remaining technical inefficiency suggests the potential for remaining vessels to 
increase their fishing capacity through improvements in technical efficiency, 
which in turn counteracts the intent of the decommissioning programme. In a 
more general sense, this information is interesting for the regulator, when de-
termining the most appropriate regulations for the fishery. 
 
It is important to know the technical inefficiency when trying to control the 
fishing capacity. The Multi-Annual Guidance Program may decommission less 
efficient vessels, which then undermines the purpose of the program. This paper 
examines the technical inefficiency in the Danish trawl fishery in the North Sea 
for 1997 and 1998 through econometric estimation of a stochastic production 
frontier. The estimated mean technical efficiency is very high. Furthermore, the 
results indicate that industrial vessels are more efficient than vessels fishing for 
human consumption and those vessels smaller than 60 GRT are more efficient 
than vessels above 60 GRT. Therefore, the Multi-Annual Guidance Programme 
could more effectively remove fishing capacity by targeting human consump-
tion vessels larger than 60 GRT. 
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In section 2, a description of the Danish trawl fishery in the North Sea is given, 
while section 3 presents the empirical model. Section 4 presents the results and 
a discussion of the results in relation to the Multi-Annual Guidance Programme 
is placed in section 5. Section 6 concludes the paper. 

2. The Danish Trawl fisheries in the North Sea 

The North Sea is the most important fishing water for the Danish fishery. In 
1998, it comprised approximately 65 per cent and 54 per cent of the total Dan-
ish catch weight and value, respectively. Trawlers are the most important vessel 
type in Denmark, comprising around 71 per cent of total tonnage and 59 per 
cent of total horsepower.2 These facts highlight the importance of analysing the 
Danish trawl fishery in the North Sea. The trawl fishery targets both species for 
human consumption and species for industrial purposes. A vessel is called an 
industrial vessel, when it catches these species throughout the year. 
 
This article focuses only on those trawlers that fished in the North Sea in 1997 
and 1998. Data was derived from the official catch statistics collected by the 
Danish Directorate of Fisheries. In the following, a basic description of the used 
dataset will be made in order to present the basic characteristics of the trawlers 
analysed. 
 
Only trawlers that fished in both years were included in the dataset. There were 
267 trawlers in total, giving 534 observations in the balanced panel data set. 
The production, i.e. catches caught by these trawlers, is described in Table 1. 
 

                                                           

2 These two physical characteristics are important in relation to the Multi-Annual Guidance 
Program (MAGP) implemented as a part of the fisheries policy in the European Union, in or-
der to obtain a reduction in fleet size. 
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Table 1: Descriptive statistics for measures of catches (1997-1998) 

 Value (1,000 DKK) Weight (tonnes) 
Weighted weight 

(tonnes) 
 1997 1998 1997 1998 1997 1998 

Total 
1,035,64

8 
1.091,66

4 955,263 872,958 942,732 858,909 
Average 3,879 4,089 3,578 3,270 3,531 3,217 
Minimum 19 13 3 1 2 1 
Maximum 15,117 12,789 15,985 14,420 15,915 14,400 
 
Three different measures of output for the included trawlers were considered; 
value, weight and weighted average of weight. The latter is calculated using 
revenue shares as weights, when aggregating the catch weight. The catch value 
was relatively high in the two years considered, because the industrial fishery 
obtained good prices for their catches. 
 
Table 2: Catch composition (weighted weight, per cent) 

 Cod 
Other 
codfish Plaice Sole 

Norway 
lobster 

Deep-
water 

shrimps 

Her-
ring 
and 

mack-
erel 

Other 
con-

sump-
tion 

species 

Indus-
trial 

species 
All trawlers 4,83 5,65 4,01 0,18 5,33 2,80 6,37 4,66 66,17 
Consumption 
trawlers 15,71 21,11 14,39 0,73 25,26 12,61 0,04 10,15 0,01 
Industrial 
trawlers 2,10 1,76 1,41 0,04 0,33 0,33 7,97 3,28 82,79 
 
A comparison between consumption and industrial trawlers is later made in the 
analysis. Table 2 depicts the catch composition for all the trawlers, the con-
sumption trawlers and the industrial trawlers, where the latter is defined as 
trawlers with a catch of industrial species above 1000 kilos per day at sea. Al-
most 40 per cent of the weighted average weight caught by the consumption 
trawlers was comprised of codfish, but Norway lobster, plaice and deepwater 
shrimps were also important species for these trawlers. The industrial trawlers 
on the other hand had a more straightforward catch composition, with industrial 
species, i.e. sand eel, Norway pout and sprat, comprising above 80 per cent of 
total catches measured in weighted average weight. The rest of catches taken by 
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the industrial trawlers primarily were in the form of pelagic species, i.e. herring 
and mackerel. 
 
Using the term fishing effort facilitates the description of the physical character-
istics of the trawlers. Based on the theory of production, fishing effort can be 
divided into two separate measures, i.e. fishing power and fishing time, where 
fishing power is a function of the capital and labour employed (see Andersen 
(1999)) and fishing time provides a flow of services. Tonnage, horsepower, 
length and insurance value are measures of the capital employed, while crew 
size is a measure of the labour employed, and the number of days at sea is a 
measure of fishing time used. 
 
Descriptive statistics for measures of fishing effort of the included trawlers are 
found in Table 3. Table 3 only presents the average values over the two years, 
because only minor differences were observed between the years.  
 
Table 3: Descriptive statistics for measures of fishing effort 

 
Tonnage 

(GT/GRT) 
Horsepower 

(kW) 
Length 

(m) 

Insurance 
value 

(1,000 DKK) Crew size 
Number of 
days at sea 

Total 51,726 134,595 7,595 2,328,765 1,046 32,520 
Average 194 504 28 8,722 4 122 
Minimum 7 81 12 600 1 1 
Maxi-
mum 711 1,603 52 35,000 8 300 
 
High correlations were observed between the four capital measures of fishing 
power, as would be expected, see Table 4. However, there were not very strong 
correlations between any of the capital measures, the labour measure and fish-
ing time. 
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Table 4: Correlation between measures of fishing effort 

  Tonnage 
Horse-
power Length 

Insurance 
value Crew size 

Fishing 
time 

Tonnage 1.00      
Horsepower 0.87 1.00     
Length 0.94 0.85 1.00    
Insurance 
value 0.93 0.85 0.84 1.00   
Crew size 0.75 0.74 0.77 0.72 1.00  
Fishing time 0.42 0.34 0.45 0.38 0.38 1.00 
 
All output and input variables used in the analysis were measured on a yearly 
basis. Since the method of stochastic frontier function only can handle a single 
output, total revenue served as the aggregate measure of output. 

3. Empirical model 

A fishing firm's technical efficiency is a measure of its ability to produce rela-
tive to the fleet’s best-practice frontier, the maximum output possible from a 
given set of inputs and production technology (Aigner, Lovell, and Schmidt 
1977; Meeusen and van den Broeck 1977).3 Technical inefficiency is the devia-
tion of an individual firm’s production from the best-practice frontier. The es-
timated frontier is specified stochastic, because fishing is sensitive to random 
factors such as weather, resource availability and environmental influences 
(Kirkley, Squires, and Strand 1995). The estimation takes the current state of 
technology, resource abundance and availability, regulatory structure and open 
access property rights regime as given. The stochastic frontier and technical ef-
ficiency results could alter under a different set of conditions. Hannesson et al. 
(1981) and Hannesson (1983) estimated the first production frontier in fisheries, 
albeit a deterministic frontier. 

                                                           

3 Technical efficiency can be either output-oriented or input-oriented. They are equal under 
constant returns to scale. Output-oriented technical efficiency is consistent with the notion of 
a production function, in which output is endogenous and inputs are fixed. Moreover, output-
oriented technical efficiency corresponds to fishing capacity as the maximum possible output 
given fixed factors and full utilization of variable inputs. 
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The translog4 stochastic production frontier, where symmetry conditions have 
been imposed, is specified by: 
 
 Ln Yit = "0 + "1 ln Kit + "2 ln Lit + "3 ln Tit + α4DY + α11ln Kit

2  
  + α22ln Lit

2 + α33Tit
2  + α12 ln Kit ln Lit + α13 ln Kit ln Tit  

  + α23 ln Lit ln Tit + α14 ln Kit  DY + α24 ln Lit DY  
  + α34 ln Kit DY + εit (1) 
 
Yit denotes total revenue of catches of all species landed by firm (vessel) i in 
year t. The vessel capital stock (Kit) is a volumetric measure given by vessel 
gross registered tonnes (GRT); labour (Lit) is the number of crew employed on 
vessel i in year t, including the captain. The variable days fished per year (Tit) 
for vessel i in year t represent variable input usage (e.g., diesel and/or gasoline, 
lubricant and/or oil, ice, and miscellaneous variable inputs).5 Since no separate 
biomass measures were available, a distinction between biomass effects and 
other time-related effects such as changes in the state of technology or the envi-
ronment cannot be made. These time-related effects are captured by the dummy 
variable DY, which represents the year 1997, where the base year is 1998. The 
interaction terms between DY and the variable inputs (Kit, Lit, Tit) allow for 
Hick’s-biased time effects. The time effect DY captures changes in biomass of 
the different species, any technological innovations, changes in regulations, 
weather effects, changes in fishing practices and patterns, and so forth. Hence, 
DY is not a standard representation of changes in the state of technology. 
 
The error term εit in Equation (1) is defined as εit = Vit - Uit. The two-sided error 
term Vit captures exogenous stochastic shocks and is assumed to be symmetri-
cal and independently and identically distributed as N(0, FV

2).. The non-
negative error term Uit captures differences in technical inefficiency and is as-
sumed to be an independently distributed non-negative random variable, i.e. Uit 
is the truncation of a normal distribution at zero, with mean µit  = Zit* and vari-

                                                           

4 The translog functional form is known as a flexible functional form. A second-order local 
approximation to any functional form is provided. 

5 Variable inputs are frequently represented by the proxy variable fishing time in fisheries mod-
els due to unavailable data on variable input usage. The use of fishing time is also consistent 
with the notion of fishing effort. 
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ance FU
2, N(Zit*,FU

2).6 The one-sided non-negative random variable, Uit, repre-
senting technical inefficiency, must be non-negative so that no firm can perform 
better than the best-practice frontier. The independent distribution of Vit and Uit 
allows the separation of noise and technical inefficiency. Zit defines a (1xM) 
vector of explanatory variables associated with the technical inefficiency func-
tion, and * is a (Mx1) vector of unknown parameters to be estimated (Battese 
and Coelli 1995). 
 
The technical inefficiency may be a function of explanatory variables and re-
gressed against these variables. However, Kumbhakar, Ghosh, and McGuckin 
(1991) and Reifschneider and Stevenson (1991) first noted the inconsistency 
between inefficiency effects in the first stage estimation of technical ineffi-
ciency from a stochastic production frontier, and a second-stage regression of 
technical inefficiency upon explanatory variables. In the first stage, the errors 
are independently and identically distributed and the predicted inefficiency ef-
fects in the second stage are specified as a function of a number of firm-specific 
factors (which implies that they are not identically distributed unless all the co-
efficients of the factors are simultaneously equal to zero). The two-stage proce-
dure is unlikely to provide estimates which are as efficient as those that are ob-
tained from a one-step estimation procedure in which the stochastic production 
frontier is simultaneously estimated with a second function relating technical 
inefficiency (estimated from the production frontier) to the vector of explana-
tory variables (Coelli 1996). Huang and Liu (1994) and Battese and Broca 
(1997) expanded the one-stage approach to model technical inefficiency effects 
as a function of some firm-specific factors along with their interactions with the 
input variables of the frontier function. Battese and Coelli (1995) further devel-
oped and refined this approach to accommodate panel data. The Battese and 
Coelli model permits the estimation of the parameters of the factors believed to 
influence the levels of the technical inefficiency effects along with the separate 
components of technical inefficiency change and technical change over time, or 
in this case, to the entire set of time-related factors. 
 
The technical inefficiency function, comprised of the vector of variables Z, is 
specified as a function of the annual dummy variable DY and whether the vessel 
                                                           

6 The truncated normal distribution was originally proposed by Stevenson (1980). 
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harvested predominately consumption or industrial species, DI, and vessel size, 
Ds. The technical inefficiency function is therefore specified as: 
 
 Uit  =  δ0 + δ1 DY +  δ2DI  +  δ3DS  + Wit (2) 
 
The variable DY denotes a dummy variable for the year 1998, DI denotes a 
dummy variable for industrial fishing, DS is a dummy variable for small vessels, 
and Wit is a normally distributed error term. 
 
Technical inefficiency for each firm i in year t, Uit, is defined as the ratio of ac-
tual output to the potential frontier output. Uit is not directly observable, but 
Jondrow et al (1982) found its expected value of Uit conditional on the value of 
εit  = Vit - Uit, i.e. E(Uit| εit). Technical efficiency for each firm is defined as TEit 
= exp(-Uit) = exp(-Zit* − Wit), where exp is the exponential operator (Battese 
and Coelli 1988). The range of technical efficiency for firm i in year t (TEit) is 0  
TEit £1, where TEit = 1 represents the achievement of maximum output (ad-
justed for random fluctuations) for the given inputs, or 100 percent efficiency. 
 
The stochastic production frontier, Equation (1), and the technical inefficiency 
function, Equation (2), were jointly estimated by maximum likelihood using 
Frontier 4.1 (Coelli 1996), under the behavioural hypothesis that fishers maxi-
mize expected profits (Zellner, Kmenta, and Dreze 1966).7 Campbell (1991) 
makes this case for fisheries due to the stochastic nature of output and acts of 
nature. 

                                                           

7 The specification of technical inefficiency as unexpected and unknown, or as expected and 
foreseen, when the firm chooses its inputs affects the specification and estimation of the pro-
duction function (Kumbhakar 1987). Given the overwhelming importance of “captain’s skill” 
in locating and catching fish and the inherent stochastic effects from weather, temperature, 
and biological variations in fishing, it is likely that technical inefficiency that is unforeseen is 
more important than the foreseen. The point is that technical inefficiency is likely to be never 
entirely foreseen or unforeseen, but in fishing, technical inefficiency is more likely to be un-
expected and unknown. Thus we specify the technical inefficiency as unexpected or unfore-
seen. Given unknown and unexpected technical inefficiency, the argument of expected profit 
maximization (Zellner, Kmenta, and Dreze 1966) can be used to treat inputs as exogenous 
(Kumbhakar 1987). If technical inefficiency is known to the firm, estimates of the production 
function parameters obtained directly from the profit function will be inconsistent. 
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Several hypotheses about the model can be tested using generalized likelihood 
ratio tests. The first null hypothesis is whether or not technical inefficiency ef-
fects are absent (FU

 2 = 0). This test is performed with the full translog stochas-
tic frontier given in Equation (1). (Hence, all inputs interact and there are 
Hick’s-biased time effects.) This null hypothesis is specified as ( = 0, where ( 
= FU 

2/(FV
2 + FU

 2) and lies between 0 and 1. Non-rejection of the null hypothe-
sis, H0: ( = 0, indicates that the Uit term should be removed from the model 
(Battese and Coelli 1995). This result further indicates that the stochastic pro-
duction frontier is rejected in favour of ordinary least squares estimation of the 
average production function in which the explanatory variables in technical in-
efficiency function (Zit) are included in the production function.8 
 
The second null hypothesis is whether or not there are Hick’s-biased time ef-
fects with the translog functional form. The null hypothesis can be specified as 
H0: α14 = α24= α34 = 0 in Equation (1). There are 3 degrees of freedom, since 
there are three independent restrictions. 
 
The third null hypothesis is whether or not the functional form of the stochastic 
production frontier, Equation (1), is Cobb Douglas, while retaining the Hick’s-
biased time effects. This null hypothesis is not strictly nested within the second 
null hypothesis, but is instead tested only if the second null hypothesis is re-
jected, so that it is tested against the full translog form. The null hypothesis is, 
H0: α11 = α12 = C C C = α23= 0 in Equation (1), i.e. all of the input interaction 
terms equal 0, where Hick’s-biased time effects remain. There are 6 degrees of 
freedom, since there are six independent restrictions. The fourth null hypothesis 
is whether or not the functional form is Cobb-Douglas and there are no Hick’s-
                                                           

8 Any generalized likelihood ratio statistic associated with a null hypothesis involving the ( 
parameter has a mixed P2 distribution because the restriction defines a point on the boundary 
of the parameter space (Coelli 1996). The critical values are given in Table 1 of Kodde and 
Palm (1986). The number of restrictions, and hence the degrees of freedom for the null hy-
pothesis ( = 0, is the difference in the number of parameters in the test of the OLS model ver-
sus the stochastic production frontier, equal to one for (, one for µ with the truncated normal 
(associated with *0, the intercept of the technical inefficiency function) plus the number of 
terms in the technical inefficiency function, excepting *0, which would not enter the tradi-
tional mean response function (Battese and Coelli 1995,footnote 6). In this case, all variables 
in Z, except *0, would enter the translog production function as control variables, so that the 
degrees of freedom for H0: ( = 0 is two. 
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biased time effects. This null hypothesis is written, H0: α11 = α12 = C C C = α23 = 
α14 = α24= α34  = 0. There are 9 degrees of freedom, since there are nine inde-
pendent restrictions. The fifth null hypothesis is whether or not the technical 
inefficiency function, Equation (2), is influenced by the level of explanatory 
variables, and is tested with the final form of the stochastic production frontier. 
Under the assumption that the inefficiency effects are distributed as a truncated 
normal, the null hypothesis is that the matrix of parameters, excluding the inter-
cept term δ0, is null such that, H0: δ1 = δ2  = δ3 = 0.9 

4. Empirical Results 

The generalized likelihood ratio tests of the null hypotheses, summarized in Ta-
ble 5, indicate that at the one percent level of significance: (1) the stochastic 
production frontier is appropriate for the sample of data (H0: ( = 0 is rejected); 
(2) Hick’s-biased time effects are not included with the translog functional form 
(H0: α14 = α24= α34 = 0 is not rejected given the results of the second hypothesis 
test); (3) there is no need to test the third null hypothesis; (4) the functional 
form is translog without Hick’s-biased time effects (H0: α11 = α12 = C C C = α23 = 
0 is rejected); and (5), the technical inefficiency function is comprised of the 
vector of explanatory variables (H0: *1 = *2  = δ3 = 0 is rejected). In sum, a 
translog stochastic production frontier without Hick’s time effects, but with a 
technical inefficiency function comprised of explanatory variables emerges 
from the hypothesis testing. On the basis of these results, the following specifi-
cation of the stochastic production frontier is used: 
 
 Ln Yit = "0 + "1 ln Kit + "2 ln Lit + "3 ln Tit + α4DY + α11ln Kit

2  
  + α22ln Lit

2 + α33Tit
2 + α12 ln Kit ln Lit + α13 ln Kit ln Tit  

  + α23 ln Lit ln Tit+ εit (3) 

                                                           

9 Not including an intercept parameter (*0) in the mean (Zi *) may result in the estimators of the 
*-parameters, associated with the Z-variables, being biased and the shape of the distributions 
of the inefficiency effects, Uiti, being unnecessarily restricted (Battese and Coelli 1995). Bat-
tese and Coelli (1995) note that when the Z vector has the value 1 and the coefficients of all 
other elements of Z are 0, Stevenson’s (1980) model with a truncated normal inefficiency er-
ror term is represented. The intercept *0 in the technical inefficiency function will have the 
same interpretation as the µ parameter of Stevenson’s (1980) model (Coelli 1996). 
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The technical inefficiency function specified in Equation (2) remains un-
changed. 
 

Table 5: Generalized likelihood ratio tests of hypotheses for parameters of 
the stochastic frontier production function and technical ineffi-
ciency function 

Null Hypothesis Likeli-
hood 
Ratio 

df Critical 
Value 
(5%) 

Critical 
Value 
(1%) 

Reject? 

1. �  =  0 
 (No stochastic frontier 
 with full translog) 

144.84 5 10.371 14.325 Y 

      
2. α14 = α24= α34= 0 
 (Translog without Hick’s- 
 biased time effects) 

6.92 3 7.815 11.345 N 

      
4. α11 = α12= • • •  = α34 = 0 
 (Cobb-Douglas frontier 
 without Hicks-biased time effects) 

78.08 9 16.919 21.666 Y 

      
5. �1 = �2  = ��  = α14 = α24= α34 = 0 
 (No technical inefficiency fn. with 

full translog 
 and without Hicks-biased time ef-

fects) 

73.72 6 12.592 16.812 Y 

Notes: 1. Test for �  = 0 follows mixed chi-square distribution with critical values 
found in Table 1 of Kodde and Palm [1986]. 

 2. Df = degrees of freedom. 
 3. A truncated-normal distribution is specified for the technical inefficiency 

error term. 
 
The parameter estimates of the final form of the stochastic production frontier, 
Equation (3), and the technical inefficiency function, Equation (2), are reported 
in Table 6. 
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Table 6: Parameter Estimates 

Variable Coefficient Standard Error t-Ratio 

Stochastic Production Frontier    
 Intercept  a0 9.234 0.390 23.670 
 Capital (K)  a1 -0.550 0.156 -3.530 
 Labor (L)  a2 0.478 0.349 1.370 
 Days Fished (T)  a3 1.413 0.089 15.835 
 1988 Dummy Variable (DY)  a4 0.126 0.021 5.911 
 Capital*Capital (K2)  a11 -0.065 0.131 -0.500 
 Labor*Labor (L2)  a22 -0.031 0.010 -3.089 
 Days Fished*Days Fished (T2) a33 -0.015 0.086 0.174 
 Capital*Labor (K*L)  a12 -0.030 0.025 -1.225 
 Capital*Days Fished (K*T)  a13 -0.046 0.077 -0.596 
 Labor*Days Fished (L*T)  a23 0.055 0.034 1.630 
Technical Inefficiency Function    
 Intercept  d0 -1.629 0.932 -1.748 
 1997 Dummy Variable (DY)  d1 0.893 0.283 3.158 
 Industrial Fishing Dummy Variable (DI)   

d2 
-4.901 1.885 -2.600 

 Small Vessel Dummy Variable  (DS)  d3 -1.340 0.495 -2.705 
 s2 0.972 0.362 2.685 
 g 0.943 0.025 37.769 

Notes: Translog stochastic production frontier. 
 Truncated normal distribution for technical inefficiency. 
 
Of the estimated parameters α0, α1, α3, α4, and α22 are significant at a 5% level. 
However, surprisingly, the algebraic sign of the parameter for lnKit is negative 
and the parameter for lnLit is statistically insignificant. The coefficient for lnKit

2 
and lnTit

2 is statistically insignificant, while the coefficient in front of lnLit
2 is 

statistically significant. However, Kim (1992) points out that the interpretation 
of the individual parameters of a translog function may not be particularly 
meaningful. 
 
The annual dummy variable for 1997 is statistically significant in both func-
tions, indicating meaningful time effects in both production and technical inef-
ficiency. The factors affecting technical inefficiency can be analysed by the 
magnitude, algebraic signs, and significance of the estimated coefficients in the 
technical inefficiency function, equation (2). In the technical inefficiency 
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model, all the estimated parameters are significant. The dependent variable is 
technical inefficiency as opposed to technical efficiency. Hence, a negative 
(positive) sign for a coefficient in the technical inefficiency model indicates a 
decline (rise) in technical inefficiency or a rise (fall) in technical efficiency. 
Note also, that the estimate for γ is 0.94 and that the t-ratio value is very high. 
This result suggests that fishing type, year and the size of the vessel makes a 
good contribution in explaining the inefficiency in the trawler industry. From 
the sign of δ2 it is seen that industrial vessels are more efficient than the vessels 
primarily targeting consumption species. This result may also be seen from the 
frequency distribution of the technical efficiency scores in Table 7. 
 
Table 7: Frequency distribution of the technical efficiency scores 

Score 
Range 

Total Industrial 
Fishery 

Consumption 
Fishery 

Large 
vessel 

Small  
vessel 

0.90-0.99 26.6 39.4 4.1 24.5 31.6 
0.80-0.89 41.2 52.4 21.6 45.2 31.6 
0.70-0.79 15.4 5.9 32.0 13.3 20.3 
0.60-0.69 6.4 1.2 15.5 5.9 7.6 
0.50-0.59 3.7 0 10.3 3.2 5.1 
0.40-0.49 3.4 0 9.3 4.3 1.3 
0.30-0.39 1.9 0.6 4.2 2.1 1.3 
0.20-0.29 1.5 0.6 3.1 1.6 1.3 

 1998 

Score 
Range 

Total Industrial 
Fishery 

Consumption 
Fishery 

Large 
vessel 

Small  
vessel 

0.90-0.99 37.1 52.9 9.3 37.2 36.7 
0.80-0.89 39.3 41.2 36.0 41.5 34.2 
0.70-0.79 14.2 4.7 30.9 12.8 17.7 
0.60-0.69 4.1 1.2 9.3 3.7 5.1 
0.50-0.59 2.2 0 6.2 2.1 2.5 
0.40-0.49 1.5 0 4.2 1.6 1.3 
0.30-0.39 0.7 0 2.1 0 2.5 
0.20-0.29 0 0 0 0 0 
0.10-0.19 0.7 0 2.1 1.1 0 

 
From Table 7 and the statistically significant, positive sign of the annual 
dummy variable in the technical inefficiency function (DY ), it is clearly seen 
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that vessels in 1998 are more efficient than in 1997. The result that industrial 
vessels are more efficient than consumption vessels is indicated by the fre-
quency distribution of technical efficiency scores in Table 7 and the statistically 
significant, negative sign of the industry fishing dummy variable in the techni-
cal inefficiency function (DI). 
 
For 1998, the inefficiency scores vary between 0.7 and 0.99 for industrial ves-
sels. The mean technical efficiency over both years is 0.82. Thus, on average, 
the sample vessels could have increased their catch by about 18% by operating 
at full technical efficiency, conditional upon a constant resource stock and state 
of technology, simply by using their existing inputs more technically effi-
ciently. The frequency distribution of technical efficiency scores in Table 7 and 
the statistically significant, negative sign of the small vessel dummy variable in 
the technical inefficiency equation (Ds) indicate that technical efficiency is 
lower for larger vessels than for smaller vessels.10 
 
One stochastic production frontier cannot be compared directly against another 
in another fishery, since each frontier represents a best-practice frontier only for 
the corresponding fishery. However, the mean value of 0.82 indicates that com-
pared to other fisheries for which technical efficiency from a stochastic produc-
tion frontier has been analysed, the Danish fishery’s technical efficiency is 
comparatively high. For example, mean technical efficiency in: the mid-
Atlantic (USA) sea scallop fishery was 0.75 (Kirkley, Strand, and Squires); in 
the Hawaii longline fishery was 0.84 (for an output of total revenue) (Sharma 
and Leung 1999); in the British Columbia longline halibut fishery was 0.56 
(Grafton, Squires, and Fox 2000); in the mini purse seine fishery of the North 
Java Sea was 0.63 (Susilowati et al. 2000); in the Java sea purse seine fishery 
was 0.61 (Jeon et al. 2000); in the Northern Australian Prawn Fishery was 0.71 
(Kompas and Che 2001); in the Kedah, Malaysia trawl fishery was 0.49 (Ku-
peran et al. in press); in the Swedish demersal trawl fishery was 0.66 (Eggert 
and Tveterås 2001). 

                                                           

10 The use of revenue as single output might lead to price effects in the measure of technical 
efficiency, meaning that the result of the high technical efficiency score in the industrial fish-
ery can be due to higher prices in the considered years. However, since fishermen decide to a 
certain degree the catch composition, revenue is the logical measure. 
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Technical efficiency in fisheries has been identified with fishing skill of the 
captain (Kirkley, Squires and Strand 1998, Squires and Kirkley 1999). The 
comparatively high level of technical efficiency displayed by the Danish trawl 
fishery in the North Sea indicates that Danish fishermen display the highest 
level of fishing skill of any of the fleets surveyed, which might be a result of the 
decommission scheme being in force from 1986. 

5. Discussion 

Technical efficiency and variable input usage comprise the two components 
that determine the level of fishing capacity for given stocks of capital and fish 
and states of technology and the environment (Färe et al 1989).11 Reducing the 
capital stock or capacity base, such as decommissioning vessels through the 
Multi-Annual Guidance Programme, in turn reduces the level of fishing capac-
ity that the stock of capital – the capacity base – and the resource stock sup-
ports, conditional on the states of technology and the environment. Improve-
ments in technical efficiency or fishing skill, as skippers learn more about 
where to find and catch fish, or if skippers shift from fishing for human con-
sumption to industrial purposes, or if skippers shift toward larger vessels, all 
serve to increase fishing capacity. Moreover, improvements in technical effi-
ciency increase fishing capacity in a manner that is unobservable to the regula-
tors of the Multi-Annual Guidance Programme. In addition, because technical 
efficiency or fishing skill varies by vessel (Table 7), the Multi-Annual Guid-
ance Programme, which is a voluntary vessel buyback programme, may attract 
the least efficient vessels first, considering that the most committed and skilled 
skippers and vessels can reasonably be expected to want to remain in the fish-
ery. 
 

                                                           

11 The technological-economic capacity of a firm can be defined following Johansen’s (1968, p. 
52) definition of plant capacity as,  “...the maximum amount that can be produced per unit of 
time with existing plant and equipment, provided the availability of variable factors of pro-
duction is not restricted.” Capacity output thus represents the maximum production the fixed 
inputs are capable of supporting. For renewable resources, capacity measures are contingent 
on the level of the resource stock. Capacity is, therefore, the maximum yield in a given period 
of time that can be produced given the capital stock, regulations, current technology and state 
of the resource (FAO 1998, Kirkley and Squires 1999). 

21 
 



Thus, because of the effects of technical efficiency or fishing skill, the Multi-
Annual Guidance Programmes ostensible reduction in fishing capacity – as 
measured by reductions in one or two components of the heterogeneous capital 
stock rather than fishing capacity itself – will differ from that ostensibly indi-
cated by this reduction in the capital stock. For example, the decline in technical 
inefficiency (i.e. increase in technical efficiency) from 1997 to 1998 indicates 
that this contribution to fishing capacity increased capacity output over this 
time period.  
 
This explanation may certainly be an important contributing factor in the cur-
rent dissatisfaction with the current performance of the Multi-Annual Guidance 
Programme. A programme aimed at reducing fishing capacity rather than the 
more narrow programme of reducing the capital stock would implicitly account 
for the variation in technical efficiency among vessels and any advances in fish-
ing skill that may occur. The presence of annual variability in technical effi-
ciency also suggests that fishing capacity will also annually vary, giving a cor-
responding variability in the degree to which capacity reduction targets are 
reached. Unless this variability in satisfying capacity reduction targets is explic-
itly recognized and accounted for, there may be considerable unnecessary con-
sternation over the pace, annual variation, and mixed results of the Programme. 
 
Isolating the effects of technical efficiency from the other component of fishing 
capacity, the quantity of variable inputs employed highlights the importance of 
controlling fishing effort and variable input usage in general, along with reduc-
ing the capacity base – the capital stock, in reducing fishing. Since technical 
efficiency or fishing skill is difficult to routinely measure and regulate, and may 
be inherent in customary and usual operating procedures, capacity reduction in 
the EU in general, and in Denmark in particular, might also consider limiting 
fishing effort – variable input usage – in addition to reductions in the capital 
stock.12 
 
The variation in technical efficiency between industrial and human consump-
tion fishing also suggests that any decommissioning programme explicitly rec-
                                                           

12 The other basic approach is to introduce some form of transferable property rights, such as 
Individual Transferable Quotas, which are catch rights. 
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ognize the uncertainty in fishing capacity measures generated by the corre-
sponding differences in fishing capacity between these two fishing targets. 
Simply by switching between industrial and human consumption fishing 
changes the fishing capacity. 

6. Conclusion 

This paper examines the technical inefficiency of the Danish trawl fishing fleet 
in the period 1997 and 1998. A stochastic production frontier model is esti-
mated and total revenue serves as the output measure. The empirical results 
show that the stochastic production frontier can be modelled by a translog func-
tional form without time effects but with a technical inefficiency function. The 
type of fishery, the size of the vessel and the year provide a good explanation 
for the inefficiency in the fleet. Industrial vessels are more efficient than human 
consumption vessels and smaller vessels have a higher efficiency than larger 
vessels. 
 
The discussion of technical efficiency is extremely relevant for the discussion 
of control of fishing capacity in the Danish fishing fleet. The European Union’s 
Multi-Annual Guidance Programme’s decommissioning scheme has been one 
approach to reduce the severe excess fishing capacity that plagues the North 
Sea and fuels overfishing. The approach has been applied in Denmark since the 
end of the 1980´s. However, the adjustment of capacity has taken place without 
knowledge of the technical efficiency or fishing skill of the vessel captains. 
Multi-Annual Guidance Programmes may decommission less efficient vessels, 
which undermines the purpose of these programmes. Thus, large, human con-
sumption vessels are likely to make more use of the decommissioning scheme. 

23 
 



References 

[1] Aigner, D.J., C.A.K. Lovell, and P. Schmidt (1977): Formulation and Es-
timation of Stochastic Production Function Models. Journal of Economet-
rics 6: 21-37. 

 
[2] Andersen, J. L. (1999): "A Review of the Basic Biological and Economic 

Approaches to Fishing Effort", Working Paper no. 12/1999. Danish Re-
search Institute of Food Economics. 

 
[3] Battese, G. and S. Broca (1997): Functional Forms of Stochastic Frontier 

Production Functions and Models for Technical Inefficiency Effects: A 
Comparative Study for Wheat Farmers in Pakistan. Journal of Productivity 
Analysis 8:395-414. 

 
[4] Battese, G and T. Coelli (1988): Prediction of Firm-Level Technical Effi-

ciencies with a Generalized Frontier Production Function and Panel Data. 
Journal of Econometrics 38: 387-399. 

 
[5] Battese, G.E. and T.J. Coelli (1995): A Model for Technical Inefficiency 

for Panel Data. Empirical Economics 20: 325-332. 
 
[6] Campbell, H.F. and A.T. Hand (1998): Joint Ventures and Technology 

Transfer: the Solomon Islands Pole-and-Line Fishery. Journal of Devel-
opment Economics 57: 421-442. 

 
[7] Coelli, T. (1996): A Guide to Frontier 4.1: A Computer Program for Sto-

chastic Production and Cost Function Estimation. Department of Econo-
metrics, University of New England, Armidale, Australia. 

 
[8] Eggert, H: and R. Tveterås (2001): Technical Efficiency in a Swedish 

Trawl Fishery. Working Paper, Dept. of Economics, Gøteborg University. 
 

24 
 



[9] FAO (1998): Report of the FAO Technical Working Group on the Man-
agement of Fishing Capacity. FAO Fisheries Report No. 586. Rome: Food 
and Agriculture Organization of the United Nations.  

 
[10] Färe, R., S. Grosskopf, and E. Kokkelenberg (1989): Measuring Plant Ca-

pacity, Utilization and Technical Change: A Nonparametric Approach. In-
ternational Economic Review 30: 655-666. 

 
[11] Grafton, Q., D. Squires, and K. Fox (2000): Private Property and Eco-

nomic Efficiency: A Study of a Common-Pool Resource. Journal of Law 
and Economics 43: 679-713. 

 
[12] Hannesson, R., O.R. Hansen et al. (1981): A Frontier Production Function 

for the Norwegian Cod Fisheries. In Applied Operations Research in Fish-
ing . H.K. Brian. Birmingham, Plenum Press 10: 337-360. 

 
[13] Hannesson, R. (1983): Bioeconomic Production Function in Fisheries: 

Theoretical and Empirical Analysis. Canadian Journal of Fisheries and 
Aquatic Sciences 40: 968-982. 

 
[14] Huang, C.J. and J.-T. Liu (1994): Estimation of a Non-Neutral Stochastic 

Frontier Production Function. Journal of Productivity Analysis 52: 171-
180. 

 
[15] Jeon, Y. O. Ishak, J. Kirkley, K. Kuperan, D. Squires, and I. Susilowati 

(2000): Technical Efficiency in Developing Country Fisheries: The Java 
Sea Purse Seine Fishery. Working Paper, National Marine Fisheries Ser-
vice, La Jolla, California, USA. 

 
[16] Johansen, L. (1968): Production Functions and the Concept of Capacity. 

Recherches Recentes sur la Fonction de Production, Collection, Economie 
Mathematique et Econometrie 2. 

 

25 
 



[17] Jondrow, J., C.A.K. Lovell, I. Materov, and P. Schmidt. (1982): On the 
Estimation of Technical Inefficiency in the Stochastic Frontier Production 
Function Model, Journal of Econometrics 19: 239-285. 

 
[18] Kim, H.Y. (1992): The Translog Production Function and Variable Returns 

to Scale. Review of Economics and Statistics, 74: 546-552. 
 
[19] Kirkley, J., D. Squires, and I. Strand, Jr. (1995): Assessing Technical Effi-

ciency in Commercial Fisheries: The Mid-Atlantic Sea Scallop Fishery, 
American Journal of Agricultural Economics 27: 686-697. 

 
[20] Kirkley, J., D. Squires, and I. Strand, Jr. (1998): Characterizing Managerial 

Skill and Technical Efficiency in a Fishery. Journal of Productivity Analy-
sis 9: 145-160. 

 
[21] Kirkley, J. and D. Squires (1999): Measuring Capacity and Capacity Utili-

zation in Fisheries, pp. 75-199 in D. Greboval, ed., Managing Fishing Ca-
pacity. FAO Fisheries Technical Paper 386. Rome: Food and Agriculture 
Organization of the United Nations, 206 pp. 

 
[22] Kodde, D. and F. Palm (1986): Wald Criteria for Jointly Testing Equality 

and Inequality Restrictions. Econometrica 54: 1243-1248. 
 
[23] Kompas, T. and N. Che (2001): A Stochastic Production Frontier Analysis 

for Banana Prawns in the Australian Northern Prawn Fishery. Mimeo, 
Australian Bureau of Agriculture and Resource Economics, Canberra, 22p. 

 
[24] Kumbhakar, S. (1987): The Specification of Technical and Allocative Inef-

ficiency in Stochastic Production and Profit Frontiers. Journal of Econo-
metric 34: 335-348. 

 
[25] Kumbhakar, S., S.C. Ghosh, and J.T. McGuckin (1991): A Generalised 

Production Frontier Approach for Estimating Determinants of Inefficiency 
in U.S. Dairy Farms, Journal of Business and Economic Statistics 9: 279-
286. 

26 
 



[26] Kuperan, K., O. Ishak, Y. Jeon, J. Kirkley, D. Squires, and I. Susilowati. In 
press. Fishing Capacity and Fishing Skill in Developing Country Fisheries: 
The Kedah, Malaysia Trawl Fishery.@Marine Resource Economics. 

 
[27] Meeusen. W. and J. van den Broeck (1977): Efficiency Estimation from 

Cobb-Douglas Production Functions with Composed Error. International 
Economic Review 18: 435-444. 

 
[28] Reifschneider, D. and R. Stevenson (1991): Systematic Departures from 

the Frontier: A Framework for the Analysis of Firm Efficiency. Interna-
tional Economic Review 32: 715-723. 

 
[29] Sharma, K.R. and P. Leung (1999): Technical Efficiency of the Longline 

Fishery in Hawaii: An Application of a Stochastic Production Frontier. 
Marine Resource Economics 13: 259-274. 

 
[30] Squires, D. and J. Kirkley (1999): Skipper Skill and Panel Data in Fishing 

Industries. Canadian Journal of Fisheries and Aquatic Science 56: 2011-
2018. 

 
[31] Stevenson, R.E. (1980): Likelihood Functions for Generalized Stochastic 

Frontier Estimation. Journal of Econometrics 13: 343-366. 
 
[32] Susilowati, I., O. Ishak, Y. Jeon, K. Kuperan, J. Kirkley, D. Squires, and 

N. Vestergaard (2000): Productive Efficiency, Property Rights, and Sus-
tainable  Renewable Resource Development in the Mini-Purse Seine Fish-
ery of the Java Sea. Working Paper, National Marine Fisheries Service, La 
Jolla, California, USA. 

 
[33] Zellner, A., J. Kmenta, and J. Dreze (1966): Specification and Estimation 

of Cobb-Douglas Production Functions. Econometrica, 34: 784-795. 
 

27 
 



Department of Environmental and Business Economics 
Institut for Miljø- og Erhvervsøkonomi (IME) 

 
 

IME WORKING PAPERS 
 

ISSN: 1399-3224 
 
 

Issued working papers from IME 
Udgivne arbejdspapirer fra IME 
No.   
1/99 Frank Jensen 

Niels Vestergaard 
Hans Frost 

Asymmetrisk information og regulering 
af forurening 

2/99 Finn Olesen Monetær integration i EU 
3/99 Frank Jensen 

Niels Vestergaard 
Regulation of Renewable Resources in 
Federal Systems: The Case of Fishery in 
the EU 

4/99 Villy Søgaard The Development of Organic Farming in 
Europe 

5/99 Teit Lüthje 
Finn Olesen 

EU som handelsskabende faktor? 

6/99 Carsten Lynge Jen-
sen 

A Critical Review of the Common Fish-
eries Policy 

7/00 Carsten Lynge Jen-
sen 

Output Substitution in a Regulated Fish-
ery 

8/00 Finn Olesen Jørgen Henrik Gelting – En betydende 
dansk keynesianer 

9/00 Frank Jensen 
Niels Vestergaard 

Moral Hazard Problems in Fisheries 
Regulation: The Case of Illegal Land-
ings 

10/00 Finn Olesen Moral, etik og økonomi 
11/00 Birgit Nahrstedt Legal Aspect of Border Commuting in 

the Danish-German Border Region 
12/00 Finn Olesen Om Økonomi, matematik og videnskabe-

lighed - et bud på provokation 

 



13/00 Finn Olesen 
Jørgen Drud Hansen 

European Integration: Some stylised 
facts 

14/01 Lone Grønbæk Fishery Economics and Game Theory 
15/01 Finn Olesen Jørgen Pedersen on fiscal policy - A note 
16/01 Frank Jensen A Critical Review of the Fisheries Pol-

icy: Total Allowable Catches and Ra-
tions for Cod in the North Sea 

17/01 Urs Steiner Brandt Are uniform solutions focal? The case of 
international environmental agreements 

18/01 Urs Steiner Brandt Group Uniform Solutions 
19/01 Frank Jensen Prices versus Quantities for Common 

Pool Resources 
20/01 Urs Steiner Brandt Uniform Reductions are not that Bad 
21/01 Finn Olesen 

Frank Jensen 
A note on Marx 

22/01 Urs Steiner Brandt 
Gert Tinggaard 
Svendsen 

Hot air in Kyoto, cold air in The Hague 

23/01 Finn Olesen Den marginalistiske revolution: En 
dansk spire der ikke slog rod? 

24/01 Tommy Poulsen Skattekonkurrence og EU's skatte-
struktur 

25/01 Knud Sinding Environmental Management Systems as 
Sources of Competitive Advantage 

26/01 Finn Olesen On Machinery. Tog Ricardo fejl? 
27/01 Finn Olesen Ernst Brandes: Samfundsspørgsmaal - 

en kritik af Malthus og Ricardo 
28/01 Henrik Herlau 

Helge Tetzschner 
Securing Knowledge Assets in the Early 
Phase of Innovation 

29/02 Finn Olesen Økonomisk teorihistorie 
Overflødig information eller brugbar 
ballast? 
 

30/02 Finn Olesen Om god økonomisk metode 
– beskrivelse af et lukket eller et åbent 
socialt system? 

31/02 Lone Grønbæk 
Kronbak 

The Dynamics of an Open Access: The 
case of the Baltic Sea Cod Fishery - A 
Strategic Approach - 

 



32/02 Niels Vestergaard 
Dale Squires 
Frank Jensen 
Jesper Levring An-
dersen 

Technical Efficiency of the Danish Trawl 
fleet: Are the Industrial Vessels Better 
Than Others? 

 
 
 

 


