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Introduction

The management of the common fish resource in the European Union has primarily been based on
biologicad advice, through stock assessments and biological consequence calculations of different
management possibilities. Economic aspects have to be included in order to broaden the foundation

for management regarding the fishery.

In order for fisheries economics to contribute more extensvely to the management of the fisheries,
it is important to be able to quantify economic modds in order to match the biologicd advice. An
economic modd can be desribed as “a vey smplified summarisation of our (imperfect)
knowledge about the economic connections and mechanisms’, The Secretariat of the Danish
Economic Council (1990, p. 3, trandated from Danish to English).

However a traditiona economic mode does not take into account the influence of natura capita
(i.e fish stocks etc) on the actions of the economic agent. This capitd can be classfied as
renewable and non-renewable resources. However, only the former is rdevant in rdaton to
fisheries. According to Pearce and Turner (1990) a renewable resource has the essentia festure that
itisnot fixed over time.

Setting up economic models in the area of resource economics therefore demands the incluson of a
sub-mode, which describes the biological deveopment in the utilised resource. In fisheries it is
therefore necessary to include biologica characterigtics for the different fish dtocks that the
fishermen exploit. Leaving fish stocks out of the andyss would give an incomplete modd, because
the levd and development of fish stocks redrict what the fishermen can catch, and therefore
influence their earning capatility.

With this in mind the economic modes should be developed to bioeconomic modes (eg.
Hannesson (1992), Clark (1990)). A bioeconomic model can as mentioned by Cunningham, Dunn
and Whitmarsh (1985) be regarded as "a specia kind of mode for fisheries andysis to take account
both of biologica and of economic forces’.



Production functions

The essentid link between biology and economics is described by the harvest (or production)
function, and one of the mogt important parts of a bioeconomic modd is therefore to determine this
link and quantify the production of a fishing vessd (eg. Carlson (1975) Anderson (1986)). The
level of harvest or production is important in relation to both the feedback to the biologicd mode
(i.e. if more fish are caught, the fish stock will usudly decrease) and to the levd of revenue and
cost, which thereafter determines the level of profit. Improved specification of the fisheries
production function can therefore asss both biologists and economists in improving the knowledge
derived from the bioeconomic mode, not the least in relaion to the advice given on gppropriate
levels of Totd Allowable Catch (TAC) in EU fisheries.

Economigs use the theory of production and production functions to describe the process where
some kind of output is produced (eg. Hannesson (1983), Cunningham, Dunn and Whitmarsh
(1985), Bjarnda (1989)). There is a large and well-developed literature on the theory of production
(e.g. Quirk (1987), Dall (1988), Andersen (1999)). Basicaly, a production function can be defined
as “... the technical reationship between the inputs and outputs of a production process’ (Codli,
Rao and Battese, 1999, p. 12).

Generdly, the production in the fishery can be described as being determined by the level of fishing
effort and fish sock (i.e. naturd capitd). The fishing effort concept is often applied by dividing
into two components, namely fishing time and fishing power. The later is determined by the leved
of man-made capital and labour capita.

The traditiond method, when estimating production functions, has been to edimate “average’
production functions. These functions indicate the leve of output for given levels of inputs that the
average vesse has. However, some vessel may be above “average’ practice, and what if dl vessds
increased their output to “best” practice? For estimating this two new methods have arisen, which
edimate “frontier” production functions. These are caled Stochaestic Frontier Approach (SFA) and
the Data Envdopment Andyss (DEA). The former uses econometric andyss, while the latter uses
mathematica programming.

Comprehengive literature on the SFA and DEA has emerged during the last 10 years (eg. Fried,
Lovel, Schmidt (1993), Charnes, Cooper, Lewin and Seiford (1994), Codli, Prasada Rao and
Battese (1999)).

Specifying the production functions raises different issues that need to be addressed. One important
issue is the level of andyds, which can be looked a in two different dimensons. The horizontd
dimengon sets the unit that the andyss is caried out for (i.e individud vessd, sub-flegt leved or
tota flegt). The verticd dimenson on the other hand covers the time dimenson of the andyss (i.e
trip, monthly or yearly). If time (in teems of years) were included, measurement of technologica
development for the analysed vessels would be facilitated.

Ancther important issue is which physicd attributes to include in the production function. Usudly
measures such as fishing time, tonnage and horsepower have been used, but other measures could
aso be thought of, such as length, depth, width, vessdl type, skipper ills etc. (e.g. Squires (19873,
1987b), Pascoe and Robinson (1998)).

The induson of the fish sock demands specific atention in production function estimation. This is
epecidly the case, if the andysed fishery, like the Danish, are characterised by multispecies



exploitation. Often some kind of stock index must be developed in order to account for the resource
utilised.

Indicative thessaims

Consdering that the rdiability of the results from a bioeconomic modd is very sendtive to how
well the production part of the modd can be specified, the firda am of this thess is therefore to
edimate production functions for the Danish fishery for severa different types of fleets and
fisheries. Thee edimations will be done usng severd of the different estimation methods outlined
above, and dso looking at the issues raised above.

The second am of the theds is to incdude the different estimated production functions in the
bioeconomic mode that has already been developed a SJFI (Andersen and Frogt (2000)), athough
the model requires to be further extended. This will make it possible to discuss the effects of using
different production functionsin Danish Fisheries, and improve the possihilities for:

1) Cdculating the economic consequences of different management methodsregimes and
exogenous shocks that might influence the fishermen and the fishing sector

2) Forecasting the economic deveopment in the fishing sector in reation to the ret of the
economy
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