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IMPACT OF THE DAYS-AT-SEA RESTRICTIONS ON THE PROFITABILITY OF NORTH 
SEA TRAWLERS: A RESTRICTED PROFIT FUNCTION APPROACH 

Sean Pascoe, CEMARE, Uni Portsmouth, sean.pascoe@port.ac.uk 

ABSTRACT 

Days at sea restrictions were introduced in 2003 as part of the cod recovery strategy in the North Sea. The 
impact on the profitability of the fleet of the effort controls, however, is not immediately discernable, as 
the fishery was also subject to changes in costs, prices and stock conditions. In this paper, a restricted 
profit function is estimated, and used to determine the impact of the effort restriction on the profitability 
of the fleet, all other things being equal. The results suggest that, ceteris paribus, the effort control 
measures implemented in 2003 had a significant negative impact on profitability, as might be expected.  
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INTRODUCTION 

The continuing decline in stocks of cod and other key species in the North Sea has resulted in a number of 
draconian measures being introduced in an attempt at reducing fishing effort and, subsequently, fishing 
mortality. Cod stocks have been below critical levels since the late 1980s despite reductions in total 
allowable catches and an overall reduction in fleet size and capacity following a series of 
decommissioning programmes. Survey indices and results from models fitted to the commercial catch at 
age data indicate that the spawning stock biomass is at about 20-25 per cent of the level it was in the 
1980s, with only about 5 percent of individuals at age 1 surviving to age 5 (ICES, 2003). 
 
In response, a multi-faceted stock recovery programme has been proposed that includes a range of 
management measures. In 2001, a cod closure area was introduced as part of the stock recovery 
programme (Council Regulation (EC) No 259/2001). The area was closed to any fishing activity during 
this period, with the exception of purse seining and trawling for sandeels and pelagic species. This 
temporary closed area was designed to cover the main spawning period of cod in the North Sea, and was 
in force throughout the period 14 February to 30 April 2001. Also, TAC reductions in 2001 and 2002 
were aimed at reducing fishing mortality by more than 50 per cent (ICES, 2003). Fishing effort 
restrictions were also implemented from 1 February 2003 for vessels of overall length greater than or 
equal to 10m. This restricted the number of days per month different types of vessels (i.e. using different 
gear types) could employ in different parts of ICES areas IV and IIIa (Council Regulation (EC) No 
671/2003, amending Council Regulation (EC) 2341/2002). 
 
In this paper, the likely economic impacts of the effort reductions imposed by the cod recovery measure 
on the different fishing fleet segments currently operating in the North Sea (ICES Division IV) resulting 
from the implementation.  

EFFORT CONTROLS IN THE NORTH SEA 

Despite the recent declines in stocks of many of the key species, the North Sea is still the major fishing 
area in European Community waters. In 2005, around half (48 per cent)1 of the combined total allowable 
catches of all species in all EU waters were to be taken from the North Sea. In total, 23 species are subject 
to quota controls (i.e. total allowable catches) in the North Sea, accounting for around 50 per cent of the 
total value of landings from the area. The remaining non-quota species include inshore crustaceans and 
finfish, many of which are high value but low quantity species. 
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Commercial activity in the region is mostly undertaken by fishers from the countries bordering the North 
Sea: UK, Denmark, The Netherlands, France, Germany, Belgium and Norway. Although Norway is not a 
member of the European Union, it imposes complementary management measures on its fleet. 
 
The existence of excessive fishing capacity in the industry as a whole was recognised, and measures were 
implemented in an attempt to redress this problem. A series of decommissioning programmes under the 
multi-annual guidance programme (MAGP) have been implemented since the early 1980s in an attempt to 
reduce the fleet harvesting capacity to that which is comparable with the reproductive potential of the 
stock. While these programmes have achieved their objectives in terms of reduction in physical capacity 
(measured in terms of engine power and gross tonnage), excess capacity still remains a problem in the 
North Sea (Tingley and Pascoe, 2003). 
 
Additional measures were been introduced in a bid to prevent the cod stock from further deteriorating. In 
2001, a cod closure area was introduced as an interim measure (Council Regulation (EC) No 259/2001). 
The area was closed to any fishing activity during this period, with the exception of purse seining and 
trawling for sandeels and pelagics. This temporary closed area was designed to cover the main spawning 
period of cod in the North Sea, and was in force throughout the period 14 February to 30 April 2001.  
 
Fishing effort restrictions were also implemented from 1 February 2003 for vessels of overall length 
greater than or equal to 10m (Table 1). This restricted the number of days per month different types of 
vessels (i.e. using different gear types) could employ in different parts of ICES areas IV and IIIa (Council 
Regulation (EC) No 671/2003, amending Council Regulation (EC) 2341/2002). These restrictions, 
imposed under Annex 5 of Council Regulation (EC) 2287/2003, were designed to be provisional 
measures only until a longer-term management plan for the stocks was finalized. During this interim 
period, the days at sea were initially not transferable,2 even if total physical fleet capacity was reduced.  
 

Table 1. Maximum days at sea per month by fishing gear for vessels catching cod, 2003 
Gear type Maximum days at sea per month
Demersal trawl, seines or similar towed gear of mesh size 

• ≥ 100mm 10
• ≥ 70mm and < 100mm 22
• ≥ 16mm and < 31mm 20

Beam trawls of mesh size ≥ 80mm 14
Static demersal nets 14
Demersal long line 17
 
In December 2003, the Agriculture and Fisheries Council agreed a longer-term cod recovery plan, which 
included the continuation of the days at sea limits introduced in 2003. The number of days that a vessel 
can operate each month in the North Sea is limited depending on gear type used, although this restriction 
is only binding over 11 months of the year (with January effectively having no restrictions on days 
fished). Baseline limits were established for all fleets in the North Sea that effectively halved the number 
of days that trawlers could operate each month. Member States that decommissioned some of the fleet 
could re-allocate the associated days to the vessels remaining in the fishery. For example, for the UK 
fleet, additional decommissioning programmes introduced in 2003 enabled these baselines to be increased 
by 5 days for the demersal trawlers and 2 days for beam trawlers (Fisheries Departments of the UK, 
2004), effectively increasing the number of days these vessels could fish each month by 50 per cent and 
15 per cent respectively.  
 
In the longer term cod recovery programme, the days-at-sea are transferable. That is, a vessel may 
transfer some or all of its days to another vessel in a given month, such that the total number of days 
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fished is not exceeded. Transfers between different sized vessels are controlled by ensuring that the total 
kilowatt-days fished is not exceeded. For example, a vessel with a 100kW engine would need to transfer 
10 days to a vessel with a 1000kW engine in order to allow it to fish for one extra day (Fisheries 
Departments of the UK, 2004). 

METHODOLOGY 

Fisheries management can impinge on the profitability of a vessel through restricting either its level of 
inputs or its level of outputs. Several authors have suggested that when outputs are restricted, such as 
under quota conditions, then dual approaches (i.e. cost and profit functions) are more appropriate than 
primal approaches (i.e. production functions) to analyse fisher behaviour and performance (see Jensen 
2002 for a review of both the theory and applications of such functions). Underlying this is the 
assumption that fishers will either attempt to minimise costs for the given level of output, or, if quotas are 
transferable, aim to maximise profits. In contrast, when effort controls are imposed, the underlying 
assumption is that fishers attempt to maximise revenue given the constraints on their levels of input. As a 
consequence, primal approaches may be more appropriate. 
 
An advantage of using a profit function is that it allows for variation in both inputs and outputs, with both 
assumed to be endogenous with respect to their relative prices. When both inputs and outputs are 
constrained, then profits are not likely to be maximised given the prevailing set of prices. The impact of 
these constraints can be measured through the use of dummy variables when estimating profit functions.  
 
A range of functional forms of the profit function are available. The most frequently used functional form 
is the translog functional form of the profit frontier. This is a relatively flexible functional form, as it does 
not impose assumptions about constant price elasticities nor elasticities of substitution between inputs and 
outputs. The translog profit function is given by 

tPtt

DPD

ZZZZ

PPPP

n

i
iittt

n

i

m

d
diid

m

d
dd

r

k
kkk

r

lk

r

lk
lkkl

r

k
kk

n

i
iii

n

ji

n

ij
jiij

n

i
ii

∑++

+∑ ∑∑ +

+∑+∑ ∑∑ +

+∑+∑ ∑∑ ++=

≠ ≠

≠ ≠

ln

ln

lnlnlnln

lnlnlnlnln

2

2

2
0

γγγ

δδ

βββ

ααααπ

 (Eq. 1) 

Where π is the observed level of short-run profit, Pi are the prices of the inputs and outputs, Zk are the 
fixed input quantities and t is a time trend used to estimate the effects of technical progress. A set of 
dummy variables (D) are also included to capture the regulatory changes. 
 
From Hotelling’s lemma, the partial derivative of the profit function with respect to the input and output 
prices (lnPi) yields a set of profit share equations, given by 
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where π/iii YPS =  is the profit share of the ith input or output, and Yi is the quantity of the input/output 
used or produced. These share equations also represent the input demand and output supply equations. 
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The profit function in equation 1 and the associated set of share equations given by equation 2 need to be 
estimated simultaneously. As the profit shares sum to 1 (one), one of the share equations needs to be 
excluded in order to avoid problems of singularity. A number of restrictions also need to be imposed on 
the system to ensure consistency with economic theory. Homogeneity in input prices and output requires 

, while symmetry in input and output prices requires 0,0,1 =∑=∑=∑ n
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The system of equations is estimated using Zelner’s seemingly unrelated regression. Restrictions are 
imposed across the system to ensure that the conditions identified above hold, as well as ensuring that the 
estimated coefficients in each equation are equivalent (i.e that the αi coefficients estimated in the share 
equations take the same value as the αi coefficients in the profit function). 

DATA 

Data on vessels operating in the North Sea were obtained from the Annual Economic Reports over the 
years 1999 to 2004. Although earlier editions of the report were available, fleet segment definitions 
changed substantially prior to this period, preventing the use of earlier data. These data are fleet level 
rather than individual vessel data, so the fleet was assumed to be the production unit. Sufficient data were 
available on nine fleet segments (Table 2), with a total number of observations over the period of 76. 
While information on other fleet segments were available in the Annual Economic Report, these were 
incomplete, preventing their use in the analysis. 
 

Table 2. Summary of data used in the analysis 
  Average Input/output “prices” (€/kg) 

 
Time period Average 

Profit Cod
"Other" 
species Effort Crew Vessel kW

Belgian Beam <24 1996-2003 3.26 2.14 3.58 0.76 0.04 0.18 7.0
Belgian Beam >24 1996-2003 13.70 2.14 3.58 1.72 0.04 0.10 49.3
Dutch Beam <24 1994-2003 9.97 2.21 3.01 0.75 0.04 0.22 32.3
Dutch Beam >24 1994-2003 45.19 2.03 2.88 2.62 0.04 0.09 265.6
Danish Seiners 1994-2003 4.37 1.87 1.83 0.36 0.04 0.34 17.1
Danish Trawl <24 1994-2003 14.26 1.43 0.44 0.36 0.04 0.20 108.2
Scottish Seiners 1998-2003 7.37 1.39 2.02 0.91 0.04 0.45 28.3
Scottish Trawl <24 1997-2003 11.13 1.39 2.23 0.54 0.03 0.41 66.8
Scottish Trawl >24 1997-2003 18.40 1.39 1.86 1.41 0.05 0.36 74.6
 
Profits were estimated as short run profits, derived by subtracting fuel, running costs, crew costs and 
annual vessel costs from revenue. The price of cod was derived by dividing the total value of landings by 
the total quantity. The price of “other” species was similarly derived by dividing the total value of 
landings of all species (excluding cod) by the quantity landed. The price of effort represents the average 
cost per day, and was derived by dividing total fuel and running costs by the number of days at sea. The 
crew “price” was the average payment per crew member. For the annual vessel costs, the price was 
derived as the total annual vessel costs divided by the total number of kWs, thereby allowing for 
differences in size of vessels.3 
 
The fixed inputs used in the analysis included kW (representing the amount of capital invested in the 
fleet),4 and two stock indexes, the first representing the cod stock and the second representing the other 
species. The “other” species stock index was derived as a weighted average of the stock indexes of the 
other key species in the fishery. A separate stock index was estimated for each fleet segment based on 
their revenue shares of the other species. 
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Dummy variables were included in the model to represent the area closure introduced in 2001, and the 
effort reduction programme introduced in 2003. A third dummy variable was included to represent beam 
trawlers, as it is likely that these might be affected by prices and regulations differently to the demersal 
trawlers (particularly given beam trawlers do not target cod as a main species, but catch it as bycatch). 
Ideally, the model would be run separately for the beam and demersal trawl fleet, but insufficient data 
points required their pooling into a common data set. 
 
The data were normalised such that the mean of the logged variables were zero. This is necessary to 
ensure that the production technology is appropriately estimated, as the translog specification of the profit 
function is valid only under such conditions. However, it also has the advantage of allowing the key 
elasticities to be easily estimated from the regression results. 

MODEL ESTIMATION AND RESULTS 

The limited degrees of freedom in the data set required additional modifications to the data. The lnkW and 
related variables were removed from the system, and the profit was re-defined as profit per kW. This 
imposes an assumption of constant returns to scale on the fleet segments, as well as input-output 
separability. Given that aggregated data were used, an assumption of constant returns to scale is 
appropriate (Reziti and Ozanne, 1999). Similarly, input-output separability is a necessary assumption in 
order to aggregate the “other” species into a composite output measure. It was not possible to test these 
assumptions empirically as the number of variables in the system when including kW was too high, 
preventing the model to converge to a solution.  
 
The revised system of equations was estimated using the restricted iterative Zelner’s seemingly unrelated 
regression (SUR) technique. As is often the case in large translog models, many of the variables appeared 
to be not significantly different from zero. This is often a consequence of correlation between the 
variables (i.e. between the levels, the squared terms and the cross products) rather than an indicator that 
the variables are not having an impact on the explanatory power of the model. A series of tests can be 
conducted to test the specification of the models to determine whether or not variables may be excluded. 
These are tested through imposing restrictions on the model and using the generalized likelihood ratio 
statistic (λ)5 to determine the significance of the restriction.  
 
The significance of removing the technological change variables, as well as the variables relating to the 
2001 and 2003 dummy variables (representing policy changes) was tested using the ratio likelihood test. 
The test results (Table 3) confirmed that all three components had a significant impact on the model, and 
hence should be retained. 
 

Table 3. Specification tests on technical change and dummy variables 

 H0 H1 λ 
Number of 
restrictions Significance Decision

No technical change -521.8 -544.3 45.0 8 <0.1% Reject
No 2001 dummy -528.6 -544.3 31.4 11 <0.1% Reject
No 2003 dummy -516.0 -544.3 56.6 11 <0.1% Reject
Note: Base model (H1) includes technical change and both sets of dummy variables 
 
The estimated coefficients for the profit function and related output supply and input demand equations 
are given in Tables 4 to 6 respectively. In order to impose the appropriate restrictions, a “constant” 
variable was included in each model and the system estimated assuming no constant. This distorts the 
normal indicators of model performance, particularly the goodness of fit measure, R2. For the share 
equations, an alternative measure (the raw moment R2) was available. This was not available for the profit 
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function or the system as a whole. However, based on the goodness of fit measures for the share 
equations, the model appears to capture most of the variability in the dependent variables.  
 
Further, the signs on the coefficients are as expected, further indicating that the model is performing 
reasonably well. For example, from Table 4, the coefficients on the price variables represent the 
percentage change in profit as a result of a one percent change in price (i.e. elasticities) at the mean input 
and output levels.6 From these, profit increases as the price of cod and other species increases, and 
decreases as the price of effort, crew and other short run vessel costs increases, all other things being 
equal.  
 

Table 4. Profit function results 
Variable Coefficient t-value  Variable Coefficient t-value  
Constant 4.447 1.689 * Peffort*Pvessel -0.023 -0.167  
Cod price (Pcod) 1.446 1.702 * Peffort*cod stock 2.343 2.418 ** 
Other price (Pother) 5.908 5.380 *** Peffort*other stock -1.214 -1.445  
Effort price (Peffort) -1.328 -1.616  Pvessel*cod stock 1.783 1.711 * 
Crew price (Pcrew) -2.656 -2.194 ** Beam dummy -2.736 -0.865  
Vessel price (Pvessel) -2.370 -2.464 ** Beam*Pcod -1.011 -1.930 * 
Cod stock 3.879 0.768  Beam*Pother 0.022 0.023  
Other stocks -1.216 -0.506  Beam*Peffort -0.490 -1.014  
Cod price2 0.574 2.882 *** Beam*Pcrew 0.488 0.636  
Other price2 0.527 2.698 *** Beam*Pvessel 4.885 2.776 *** 
Effort price2 -0.058 -1.173  2001 dummy 5.841 2.017 ** 
Crew price2 -0.133 -0.613  2001*Pcod -0.475 -0.943  
Vessel price2 0.061 0.169  2001*Pother -2.263 -1.781 * 
Cod stock2 -9.415 -1.550  2001*Peffort 0.864 1.379  
Other stocks2 11.821 2.990 *** 2001*Pcrew 1.273 1.502  
Pcod*Pother -0.578 -2.300 ** 2001*Pvessel 1.526 0.525  
Pcod*Peffort 0.005 0.052  2001*Beam 4.925 1.180  
Pcod*Pcrew -0.113 -0.505  2003 dummy -5.608 -1.622  
Pcod*Pvessel 0.111 0.446  2003*Pcod 0.014 0.029  
Pcod*cod stock -0.378 -0.391  2003*Pother 2.192 1.845 * 
Pcod*other stock -0.200 -0.309  2003*Peffort -0.387 -0.653  
Pother*Pcrew 0.211 0.610  2003*Pcrew -0.823 -1.018  
Pother*Peffort -0.120 -0.679  2003*Pvessel -2.407 -0.803  
Pother*Pvessel -0.040 -0.191  2003*Beam -4.456 -1.023  
Pother*cod stock -6.471 -4.188 *** Time -0.588 -0.555  
Pother*other stock 3.781 2.141 ** Time2 0.126 0.864  
Pvessel*other stock -2.118 -2.689 *** Time*beam -0.370 -0.677  
Cod stock*other stock -6.888 -1.183  Time*Pcod -0.002 -0.013  
Pcrew*Peffort 0.144 0.968  Time *Pother -0.147 -0.777  
Pcrew*Pvessel -0.109 -0.370  Time *Peffort -0.028 -0.214  
Pcrew*cod stock 2.723 1.903 * Time *Pcrew 0.052 0.277  
Pcrew*other stock -0.249 -0.222  Time *Pvessel -0.744 -2.541 ** 
*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level 
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Table 5. Share equations: Output Supply 
 Cod supply  Other species supply  
Variable Coefficient t-statistic  Coefficient t-statistic  
Constant 1.446 1.702 * 5.908 5.380 *** 
Cod price (Pcod) 1.148 2.882 *** -0.578 -2.300 ** 
Other price (Pother) -0.578 -2.300 ** 1.054 2.698 *** 
Effort price (Peffort) 0.005 0.052  -0.120 -0.679  
Crew price (Pcrew) -0.113 -0.505  0.211 0.610  
Vessel price (Pvessel) 0.111 0.446  -0.040 -0.191  
Cod stock -0.378 -0.391  -6.471 -4.188 *** 
Other stocks -0.200 -0.309  3.781 2.141 ** 
Beam -1.011 -1.930 * 0.022 0.023  
2001 dummy -0.475 -0.943  -2.263 -1.781 * 
2003 dummy 0.014 0.029  2.192 1.845 * 
Time -0.002 -0.013  -0.147 -0.777  
Raw Moment R2 0.605   0.746   
*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level 
 

Table 6. Share equations: Input Demand 
 Effort Demand  Crew Demand  Vessel demand (kW)a  
Variable Coefficient t-statistic  Coefficient t-statistic  Coefficient t-statistic  
Constant -1.328 -1.616  -2.656 -2.194 ** -2.370 -2.464 ** 
Cod price (Pcod) 0.005 0.052  -0.113 -0.505  0.111 0.446  
Other price (Pother) -0.120 -0.679  0.211 0.610  -0.040 -0.191  
Effort price (Peffort) -0.117 -1.173  0.144 0.968  -0.023 -0.167  
Crew price (Pcrew) 0.144 0.968  -0.265 -0.613  0.111 0.446  
Vessel price (Pvessel) -0.023 -0.167  -0.109 -0.370  -18.830 -3.100 ***
Cod stock 2.343 2.418 ** 2.723 1.903 * 1.783 1.711 * 
Other stocks -1.214 -1.445  -0.249 -0.222  -2.118 -2.689 ***
Beam -0.490 -1.014  0.488 0.636  4.885 2.776 ***
2001 dummy 0.864 1.379  1.273 1.502  1.526 0.525  
2003 dummy -0.387 -0.653  -0.823 -1.018  -2.407 -0.803  
Time -0.028 -0.214  0.052 0.277  -0.744 -2.541 ** 
Raw Moment R2 0.696   0.615   n.a.   
*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level 
a. Not directly estimated but derived from the imposed homogeneity conditions and profit function results 
 
Similarly, from the share equations, the supply of cod increases as cod price increases and decreases as 
the price of other species increases, all other things being equal. This suggests a potential substitution 
relationship between cod and other species. However, this may be an artefact of incorporating both beam 
and demersal trawlers into the same model. Higher cod prices favour demersal cod trawlers, resulting in 
more cod, where as higher “other” species prices favours beam trawlers. 

TECHNICAL CHANGE 

The contribution of technical change to profitability in the fishery can be determined by differentiating 
profit with respect to time. Unlike the price elasticities, technical change is evaluated under the price 
conditions prevailing each year (rather than at the mean price levels). The estimated average annual rates 
of technical change for demersal and beam trawlers derived from the model are illustrated in Fig. 1. 
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Figure 1. Average annual technical progress with 95% confidence intervals 

 
From Fig. 1, demersal trawlers were estimated to experience and annual improvement in profit efficiency 
as a result of technical change. In each year, however, this was not significantly different from zero. In 
contrast, the average profit efficiency of beam trawlers declined annually prior to 1998, with this decline 
being significantly different to zero. Since 1998, there has been an apparent, but not statistically 
significant, increase in profit efficiency in the beam trawl fleets.  
 
This apparent significant increase in efficiency (from negative to at least zero change) for the beam trawl 
fleet may be related to the reduction in overall vessel numbers operating in the fishery (across all fleets) 
under the Multi-Annual Guidance Programme. This would have had a two-pronged effect. First, the 
reduction in vessel numbers would have reduced the effects of crowding, which would otherwise have 
been increased as a result of the reduced size of the resource (and may have contributed to the declining 
efficiency in the beam trawl fleet prior to 1998). Second, the removal of the less efficient vessels through 
decommissioning would have resulted in the average efficiency increasing. For the demersal fleet, it 
would be expected that similar benefits from fleet reduction would have been realised. However, cod 
stocks declined at a greater rate than demersal vessel numbers, so the benefits of reduced crowding would 
not have been apparent. Instead, it most likely prevented a decline in profit efficiency rather than improve 
efficiency. 
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IMPACT OF MANAGEMENT CHANGES 

The impact of the management interventions in 2001 and 2003 can be assessed through considering the 
related dummy variable terms in the model. Again, the impact can be determined by partially 
differentiating the profit function with respect to each dummy variable, and evaluating the final elasticity 
at the prevailing prices in the relevant time periods. The estimated elasticities are presented in Table 7. 
 

Table 7. Impact of management changes: elasticities 
Fleets/year Elasticity Standard error Significance
2001 

• Demersal trawlers 6.880 3.401 0.043
• Beam trawlers 9.447 4.302 0.028

2003 
• Demersal trawlers -7.499 3.715 0.044
• Beam trawlers -8.360 4.673 0.074

 
From Table 6, there is an apparent substantial and statistically significant increase in profitability in 2001 
for both vessel groups that is not explained by input or output prices, nor stock conditions. The purpose in 
including the dummy variable for 2001 was to capture the impact of the area closure on the profitability 
of the vessels. Other studies (e.g. Pascoe and Mardle, 2005) have suggested that the 2001 closure would 
have had negligible impact on profitability as vessels were able to relocate their effort and achieve similar 
catches. Hence, an a priori expectation was that the 2001 dummy variable would indicate no significant 
impact.7 
 
The fact that a substantial significant impact was observed does not necessarily mean that the area closure 
was responsible for the increase in profitability. The dummy variable only indicates that, in 2001, profits 
were greater than should be expected. This may arise for other reasons already mentioned. In particular, 
many fleets were reduced in 2001 in order to achieve the MAGP targets. In some fleets (e.g. the Scottish 
fleets), this reduction in 2001 was substantial. In the case of the Scottish fleets, many vessels were also 
permitted to continue fishing during 2001 before final scrapping. During this period, maintenance work 
would not have been undertaken, resulting in higher profits. From the 2002 Annual Economic Report, 
improvements in performance were experienced by more than half of all fleet segments examined in 
2001.  
 
In contrast, the effort restrictions in 2003 are likely to be the major factor explaining the substantial 
decline in profits in this year. From the estimated elasticities in Table 7, average profits were effectively 
reduced to zero8 as a result of management change. While the impact on the beam trawl fleet was not 
significant at the 5% level, it was significant at the 10% level. This suggests that the impact may not have 
been as substantial for the beam trawl fleet as the demersal fleet despite the higher absolute value of the 
elasticity. 

DISCUSSION AND CONCLUSIONS 

The estimated profit function and associated input demand and output supply equations appears to 
conform with a priori expectations about the influence of prices and stocks on profitability, output levels, 
effort levels and the use of other inputs.  
 
The model results suggest that productivity in the fishery was generally increasing as a result of 
technological change. However, individual estimates of technological change in each year were highly 
uncertain, with each year being not significant from zero. Exclusion of technological change from the 

 9



IIFET 2006 Portsmouth Proceedings 

model could not be accepted when tested using the likelihood ratio test. From this, technological change 
does exist, but its impact on profits is highly uncertain. 
 
The dummy variable used to examine the impact of the area closures in 2001 resulted in an unanticipated 
impact. Based on other studies, the expectation was that the area closures would have either had a zero or 
slight negative impact on profitability. From the model, profits in 2001 where substantially higher than 
expected given the set of prices and stock conditions facing the fleets. It is likely that other factors are 
driving this result, such as the impact of decommissioning. There is insufficient information, however, to 
determine what is causing this impact with any certainty. 
 
The analysis is limited in its conclusions by the available data. Although 77 observations were available, 
these were only achieved by pooling quite different fishing activities (beam and demersal trawl). Ideally, 
these fleet segments should have been analysed separately. However, this provided too few observations 
for the model to converge. The use of the dummy variable to separate the effects of the beam trawlers 
from the demersal trawlers helped alleviate the problem, although the model imposes common price 
elasticities (both input and output prices) on both gear types. The implicit substitutability of cod and other 
species from the output supply equations is an artefact of this pooled data. Other studies of substitution 
possibilities within the separate fleet segments have indicated that substitutability is very limited (see 
Bjorndal et al, 2003). 
 
These shortcomings notwithstanding, the results of the analysis suggest that the effort controls imposed in 
2003 had a substantial negative impact on the profitability of the fleet, all other things being equal. While 
actual profits were still positive, but small, on average, this was a result of higher cod and “other” prices. 
Without the effort controls, these profits would have been substantially greater. 
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ENDNOTES 

 
1 This includes a number of species with high quotas but relatively low unit value. However, the North 
Sea also contains many high valued species. 
2 Transferability was introduced in April 2003 (Council Regulation 671/2003), although the amount of 
trading was limited in 2003 due to the newness of the programme. 
3 Information on gross tonnage (GT) and gross registered tonnage (GRT) were also available. However, a 
consistent time series across the period of the data were not available, with the earlier years reporting 
GRT only and the latter time periods only GT. 
4 Information on capital values was available in the Annual Economic Report. However, these were not 
consistently measured (in some cases replacement values, in other cases insured values) so were not 
considered reliable for the purposes of the analysis. 
5 The generalized likelihood ratio statistic is given by  where ln{L(Ho)} 
and ln{L(H1)} are the values of the log-likelihood function under the null (Ho) and alternative (H1) 
hypotheses. The values of L(H0) and L(H1) are derived from the estimation of the restricted and 
unrestricted (e.g. general base model) respectively. The value of λ has a χ2 distribution with the number 
of degrees of freedom given by the number of restrictions imposed.  

[ ])}(ln{)}(ln{2 10 HLHL −−=λ

6 The price elasticities are given by ∂lnπ/∂lnP for each price. These can be read directly from the 
regression results as the data have been normalised such that the mean value of each variable is zero.  
7 If prices are deflated by the harmonised consumer price index, then these elasticities become not 
significant at the 5% level, but remain significant at the 10% level. The magnitude of the impact is 
roughly unaffected by the use of real prices rather than nominal prices. As all prices (input and output) are 
included in the analysis, there is no necessity to use real rather than nominal prices in the analysis. It is 
likely that this change in significance level reflects the limited data available for the analysis. 
8 The actual impact on profits is given by the exponential of the elasticities in Table 7. 
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