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1. Introduction and concepts

This paper is not solely a literature review bsbah paper that forwards reflections on the issue
economic efficiency looked at by use of indicatdise aim is to identify the information that will

be used to assess the economic performance oéldwtes] cases. The use of indicators requires at
least four steps:

1. Criteria used for assessment of economic efficiency

2. ldentification and specification of indicators
3. Reference points
4. Interpretation and assessment of outcome and dasi¢e.g. the traffic light system)

Often there is some confusion about the conceptsoznic efficiency and economic indicators.
While the economic efficiency concept is, theowdtc well established, see for example Cohen
and Cyert (1965), the use of indicators is a comrdgranalytical tool to structure information but
not a theoretical concept in itself. Theory is Bdkto item 1 above because for example optimal
factor allocation or comparison between two optiares in theory, obtained in specifically defined
ways and the measurement of the outcome requiresrcandicators and certain criteria for
assessment. Before an assessment is performeamizagign of the problem considered is helpful.
It may be fruitful to compare fleet segments wiiilmay not necessarily be fruitful to compare
salmon fishery with salmon farming. The criteri@didor assessment should be founded on
economic theory about economic efficiency. Howegateria could also be “soft” in the sense that
they are based on value judgments for example gmm@ot or investment rates. A long list of such
criteria can be found in the literature and oftea ¢riteria are adapted to the case (categorization
that is under consideration.

The concept economic efficiency is clearly defiethe neo-classical micro economic theory, and
is further explained in section 2. In theory a &éshis ‘economically efficient’ if the resource tas
maximized. Other economic indicators are not gty information about economic efficiency as
such but only about the state or the developmetiteofystem from an economical point of view.
These indicators could be either socio-economia(maconomic) or business economic
indicators. It is not always easy to distinguisha@en the macro economics, micro economics,
socio-economics and business (private) economiasth®&r problem is what concerns society and
what concerns agents in terms of consumers andipeosl (companies). However, the concept
economic efficiency originates from micro economansd from this origin has implications for
socio-economics and business economics.

This literature review is based on peer reviewckasi and grey literature. Most of the information,
however, is to be found in the grey literature.



2. Pareto optimality

Economic efficiency defined from an economic pecsipe is calledPareto efficiencyf it is

impossible to reallocate goods and production®fadh such a way that somebody is made better
off without making somebody else worse off (Vari®@99, p. 19). The implication of this is that if

it is possible to make somebody better off withmaking somebody worse off the situation is
Pareto inefficientThis is thestrongPareto condition. TheweakPareto condition says that if the

gain by one agent, groups of agents etc. is safftby high to compensate the loss of another agent,
groups of agents etc. then it is Pareto efficient.

Often heard phrases, when dealing with performahésheries, are: ‘One vessel is more

economic efficient than an other one is’, or ‘tlessel has become more economic efficient’. This

is not wrong linguistically, but such phrases cldliwith the definition of economic efficiency

stated above as they describe states of the systgrare in most cases economicatlgfficient
Therefore, the terms ‘economic efficiency’ and ‘scmically efficient’ are in this paper used with
clear reference to the economic definition anddistic phrases as the one given above are avoided.

While it is important to have Pareto efficiencynmind in economic evaluations, it is hard if not
impossible to obtaistrongPareto efficiency in practice. What is possibl@iactice, however, is to
use thewveakPareto criterion to judge whether society, thaistdy or the consumers are better off
than before without harming somebody else. Thiainthat compensation is possible but not
necessarily carried through in practice. The ltte@on Pareto efficiency or Pareto optimality form
basis for the theory of welfare economics whichnfdrasis for fisheries economics.

The economics of fisheries is characterized byreatgies (Andersen 1983, Gordon 1954, Scott
1955, and Hardin 1968). In Pareto efficient allama of goods and production factors such
externalities are taken into consideration or imiéized. The Pareto criterion has wide use, ranging
from the entire society down to evaluation of thelfare of subsectors based on a single agents’
welfare. How the criterion is used in practice guestion of delimitation. If, for example a
fisherman can improve his welfare (profit) withaofiicting losses in welfare (profit) on other
fishermen the system is moving towards Paretoieffay. Because of the embodied externalities in
fisheries the improvement in one fisherman’s prigfihappens on the expense of other fishermen,
and therefore his improvement is Pareto inefficiehe is not able, potentially, to compensate the
harmed fishermen, which he is not in fisheries #ratsubject to overfishing and open access.

3. Data Development Analyses (DEA)

Efficiency measurement begins with Farrell (195Hhpvdefined total economic efficiency concept
based on the combination of the following two comgats: a technical efficiency (the capacity to
obtain maximal output given a set of inputs), andbocative efficiency (the capacity to use inputs
in optimal proportions given their prices). FeltboW2002) and Pascoe and Herrero (2004) use
DEA framework to estimate efficiency in fisheriesid a whole issue of Marine Resource
Economics edited by Vestergaard (2005) has beente@vo capacity efficiency issues using

DEA.



Farrel showed a simple example with two firms whisle two inputs (x1 and x2) to produce a
single output (y), within Constant Return to Sq&IRS). In the following Figure S’S is a unit
isoquant and firms operating on S’S are fully efit. A firm operating in P is inefficient as it
employs higher inputs to generate the same ouguhe firms on the isoquant. The technical
efficiency of the firm is measured by the ratio OB/ while the allocative efficiency is measured by
the ratio OR/0Q. The product of both measures sgmits the economic efficiency which is
measured by the ratio OR/0OP.

Figure 1. Efficiency measures: technical and allocative efficiency
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Data Envelopment Analysis (DEA) model, a mathenahpcogramming model, estimates,

following Farrell’s idea, the efficient isoquanbiin sample data by means of a non-parametric piece
by piece linear convex isoquant. The applicatioDBA model to fisheries is used to estimate
efficiency measure; however, one of the main retsbns of characterizing efficiency through DEA
framework is that it provides an efficiency measuareelative terms given that estimates

efficiencies related to the most efficient isoquddtEA framework provides an efficiency measure

by comparing each individual production unit - @s&l - against all other units. In this sense, the
efficiency of each vessel is obtained by compaitisigutput and input use ratio with the “best use

or practice”. The so-called best use is relatethiécone that assure the highest input/output ratio.
This relative efficiency measure could not satisiy so-called Pareto economic efficiency.

4. Fisheries economics and economic efficiency

Because of the externalities in fisheries it isassary to distinguish between the individual
fisherman’s efficiency and the efficiency of thelustry (society). The individual fisherman may
become more efficient from his own viewpoint if ¢en increase his profit. There is reason to
believe that each fisherman is efficient in thessetinat his use of production factors (fishing &jfo
is determined by the intersection between his maigiosts (exclusive externalities) and the price
he will get for the fish. But exactly because ofegralities the whole industry is inefficient. This
problem is well known from the fisheries econoniteature and dealt with in figure 2.

Figure 2 shows the so call&brdon-Schaefer modg€Gordon 1954) but is on top of that loaded
with further information that is explained belowhél Gordon-Schaefer model is constituted by the



gross revenue curve and the total cost curve fetttire fishing industry. In its simple form the
entire industry is composed by one species havdst®ne fleet composed of homogeneous
vessels. The gross revenue curve is the (biolggBiaefer yield curve of a fish stock multiplied
with the price of the fish normalized to 1. Theatatost curve is composed by all the homogeneous
vessels’ costs. If the vessels are non homogersmus vessels would earn higher profits than
others (infra marginal producer rent).

It is shown in the literature that because of tkiermalities discussed above “equilibrium” of the
fishery is determined by the intersection betwéengross revenue and the total costs (at point a in
figure 2). This is often called thapen access equilibriufvecause this is how the fishery will adjust
if no restrictions are imposed. At this point eaaigle vessel is “efficient” from the fisherman’s
point of view because its own marginal cost is étuéhe price of the fish. It cannot be seen from
figure 1, but it is important to notice that evaough the earnings of the total industry in point a
equals 0,the individual vessels can actually edrigla profit, the level of which is determined lby i
opportunity costs i.e. what the capital (and lapeoould earn elsewhere. However, the entire
fishery is economically inefficient.

If the fishery is restricted for example by redtrig the number of vessels or the amount of catch
(quota) the entire fishery can earn more monegapiacity is restricted to 30 compared to 100 the
open access equilibrium in figure 1 the distandevéen gross revenue and total cost for the whole
fishery (the distance between points b and c iffithee) is maximized. The distance between gross
revenue and costs is defined as the resourceltkatigh it includes consumer and producer rent.

In principle the fishery is Pareto efficient if thesource rent is maximized. Therefore the resource
rent is a key variable with respect to economiigfiicy for the whole fishery.



Figure 2. Socio-economic efficiency including the concepts of resource rent, overcapacity, and
remuneration of the biomass
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Economic efficiency determined by the resource canhot be extracted from statistics but has to
be calculated by use of bio-economic models thaude information about the fish stocks and the
fishing vessels. On vessel level the profit carteacted from the recorded statistics, but the
vessels’ contribution to the resource rent of tiel industry also has to be calculated by taking
the net profit of the vessels after deduction b€asts and then subtract the opportunity protite T
fish stock is embodied in this measure. Therefibre calculation of the maximum resource rent
requires explicit information about the fish st@old its capacity to produce yield.

Thus, economic efficiency for a whole fishery canipe determined without knowledge about the
yield of the fish stock. This requires biologicafarmation based on fish stock assessment that
produces information about the development of theks. The information about the spawning
stock biomass is published by, among others, ttegnational Council for the Exploration of the

Sea (ICES). This information makes it possibledizualate the development of stock biomasses and
the yield as a function of fishing mortality. Assung that fishing mortality is a linear function of
fishing effort the stock development as a functbeffort is shown in figure 2.

If the spawning stock biomass is considered a ahipiput in the same way as vessel capital, the
biomass capital could be remunerated in a paralgl The fish stock remuneration could be
viewed as a payment to society for the common ptppé the fish stock and this remuneration
could be added as a cost to the effort costselfémuneration is a constant percentage of th& stoc
value, the remuneration will differ with stock siZer example in point A in figure 1 it is low
relative to the remuneration in point B.



If, on the other hand, the percentage is determacedrding to the yield of the stock (landings) in
proportion to the stock, the percentage shouldigge in point A and lower in point B. The yield in
proportion to the (low) biomass in point A in figu is 25 % while the yield in point B is 8 %. If
the opportunity cost of capital is 8 % the stockdt be increased to the corresponding level. The
calculated remuneration of the stock could be sgbed from the total profit recorded for the
fishery in question, and this efficiency measuresi provide some information about state of the
fishery.

In many cases only point estimates of the fishk&@re available. In these cases it is still pdssib
to calculate the remuneration to the stock, althaugt with the same degree of precision as if the
stock development is known.

Most fisheries are, however, not representativabefdeal one-stock one-fleet situation described
above. Usually several stocks and fleets compdishery. That makes it impossible to arrive at an
optimal solution in which the resource rent is maixed and reference points such as Maximum
Economic Yield (MEY at point c in figure 1) or tiéological reference point Maximum
Sustainable Yield (MSY, at the peak point of thesgrrevenue curve in figure 2) are reached.

The more common situation where a fishing fleeigloiting several stocks at the same time is
shown in figure 3 and 4. Figure 3 shows the yieldre (landings curve) of different stock as a
function of sea days. The yield curves are caledlaly use of a Gompettiunction (Conrad and
Clark, 1994) and the associated number of seaaaggunction of the landings of the different
species is calculated by use of the EIAA model (28B04). The case shows an example of large
pelagic trawlers. It is assumed that the fleebisable to exploit the species sequentially (one by
one), which even more pronounced is the case ireds&hfisheries.

Figure 3. Sea days as a function of landings
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It is noted from figure 3 that the peak points (MY the yield curves cannot be obtained for all
the species at the same time. If the yield curlasl{ng) are multiplied with the fish prices and
aggregated and the cost of producing sea dayslaa into account one arrives at the picture
shown in figure 4.

Figure 3. Gross revenue, total variable costs and profit for a fleet segment
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Aiming at maximizing the resource rent the figunews that the optimal number of sea days for
this segment is around 6000 days. Figure 4 camimpared with figure 2. They show the same
features but the underlying assumption are diffeireparticular with respect to the level the
various species are exploited. Some are explotiedeaand some below their biological reference
points MSY.

Finally, with reference to conventional economiedty individual fishermen maximize their profit
when the marginal costs are equal to the pricbefish. This means that it is possible for (some
of) the individual fishermen to earn high profitsea in cases where the resource rent is dissipated.
These profits are recorded in cost and earningiststa but it is not possible without knowledge
about the opportunity costs to determine the extenthich this profit includes resource rent.

The most appropriate criteria to assess econorfigiegicy are discussed below but before that a
look at indicators and where they are used isediout.

5. Indicator systems

Indicators systems are often addressed in rel&tienstainable, precautionary and responsible
fisheries (FAO 1995a, 1995b, 1995c, 1996, 200181802003, 2005). Therefore, the indicator
systems are developed to cover several dimensitresindicator systems described in this section
are not fisheries specific, but developed to addeasange of issues within four dimensions:

1. Ecological

2. Social
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3. Economic
4. Institutions/governance systems.

Economic indicators are thus part of a broaderesysthich is described by different indicator
systems that in a sense are variations on a theme.

The approach of FAO and OECD generally includesentioan only economic indicators as these
bodies focus on sustainability of fisheries inchgjiprimarily from a biological and economic point
of view, but with increasing focus on social artitasional aspects. FAO, in particular, has put
emphasize on biological indicators in the Code ofdiict for a responsible fishery (FAO 1995a)
that originates from the UN conference in 1992 @ declaration. Agenda 21, United Nations
Conference on Environment and Development, 1992).

A framework developed by FAO to address issues tadutainable fisheries is the Sustainable
Development Reference System (SDRS). With respdidhieries the relationship between
conventional fisheries management schemes andiR&System is presented in table 1. For a
fishery system comprising markets, fish resourielsing fleet and fishermen an objective about
sustainable fisheries may be set up. A managent@mtypuld need to include several steps to
pursue the objective. In the SDRS indicators afmee to host information about monitoring the
development towards this objective. Reference pamnt needed for assessment, and interpretation
is required to arrive at decisions and implemeaitatHence information is structured in a clear way
to make interpretation and decision making easier.

Table 1. The relationship between conventional management plans and SDRS

Fishery Fisheries management plans SDRS
Objectives
Markets, Resources Monitoring Indicators
Assessment Reference points
Fleets, People Decision Interpretation

Implementation

FAO (1999)

For management purposes indicator systems produfoesiation for different sorts of analytical
assessment frameworks.

One approach widely used for example by the OEGID) Fand the European Environmental
Agency (EEA) on the four dimensions is fhavers, Pressures, State, Impact and Responses
(DPSIR)framework. The DPSIR framework was developed byQE€D in the 1980s to structure
information and is useful because it identifiesssaand effect relationships, allowing for the
separation of issues through the different DPSkegmies defined as:

1. Driving forces are the underlying causes that eaehvironmental pressures

2. Pressures affect the state of the environment
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3. State refers to the state of the environment msenf quality of natural resources;

4. Impact refers to the effect that a pressure hab@state of a natural resource and on user
groups

5. Response relates to the social response via paliees, programmes and research

The PSR (Pressure, State, Response) frameworkavatoged in the 1978sand subsequently
adopted by the OECD'’s State of the Environment (5§&up. The European Commission’s
indicator development follows this framework. Soonganizations prefer variants of the PSR
model; for example, the UN Commission for Sustaied@evelopment (UNCSD) bases its
indicator set on the Driving force-State-Responseeh(DSR or DPRS), which allows for a better
inclusion of non-environmental variables, (Jesingh#999), see Figure 5.

In broad terms, the PSR framework aims to iderthi§/pressure on the environment from human
and economic activities, which lead to changesénstate or environmental conditions that prevail
as a result of that pressure, and may provoke ns&sdy society to change the pressures and the
state of the environment.

2 by the Canadian statistician Anthony Friend
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According to the pressure-state-response (PSReframk that has been developed and used
extensively within OECD, see for example OECD (20@fe indicators can be classified as shown
in table 2. For the three dimensions the table shotat the cause of the pressure is. The next
column shows how the state of the system could é&&sored and, finally, what actions could be
taken to alleviate the pressure.

Table 2. PRS system applied to three dimensions

Dimensions Pressure State Response
Ecosystem - Total catch Stocks status TAC and quotas
(resource and - fish consumption

environment)

Social - Fishing effort Number of fishers

- Number of vessels
- Growth rate of
number of fishers

Economic - Subsidies - Profitability Economic incentives &
- Excess fishing capacity - Sector employment disincentives
- Profitability (e.g. subsidies, taxes,
buy-back)

Le Gallic (2002)

The information systems DPSIR etc. require inforaratbout: 1. Criteria; 2. Indicators; and 3.
Reference points. The following section addredsissarea with examples from the economic
dimension.

An example the DPSIR framework applied the Basgaelérs operating in the North East Atlantic
is shown in Figure 6; although it is easily extiaped to other fisheries. This example comes from
ELME project® The figure provides a summary of the cause aretefelationships using States,
Pressures and Driving Forces indicators.

3 European Lifestyles and Marine Ecosystems, by EC/DG Research: Contract GOCE-CT-2003-505576)
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Figure 6. DPSIR model applied to trawlers in North East Atlantic.
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6. Economic indicators

6.1 Definition and use of indicators
An indicator has been defined &s:variable, pointer, or index related to a critem. Its fluctuation
reveals variations in key elements of sustainahifitthe ecosystem, the fishery resource or the
sector and social and economic well-being. Thetmrysand trend of an indicator in relation to
reference points indicate the present state anéuhyes of the system. Indicators provide a bridge
between objectives and action@ccadia and Spagnolo 2006 )

OECD defines indicators as: Indicators are dat@oarbination of data collected and processed for
a clearly defined analytical or policy purpose (kallic 2002). The OECD applies economic
indicators in the annual reports Review of FistemeOECD countries

Examples of economic indicators etc. can be fourfdAO (1999), as shown in table 3. The criteria
(or the name of the indicator) show the specifitedon that is enlightened by the indicator. The
indicator and the structure columns show the tyjgeformation that could be produced to
enlighten the criteria. Finally, the reference pa@iolumn shows reference point that could and
should be defined to be able to interpret and agbessystem. These reference points can show
both a state and a development. The concepts maxsugtainable yield (MSY) and the Maximum
Economic Yield (MEY) are suitable as reference [mas they are set up independent of time.
These are points to pursue. For indicators shod@wglopments for example in employment, the



annual development of the indicator could be combéo a stationary reference point, produced by
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using an average number over a number of yeart®(ical level).

Table 3. Examples of economic criteria and indicators

Criteria Example of | ndicator Structure Reference Paint
Harvest landing by species; age groups MSY
by-catch by area historical level
by fishery sub-sector policy target level
Harvest capacity GT (decked vessels) by fleet type capacity or effort of MSY
No of boats (undecked by fishery segment policy target level

vessels)
total effort

age composition of vessels
fishing mortality/species

Harvest value
(in constant prices)

total deflated value
(landed price)

by species groups
by sub-sector & fishery

selected historical
level

Subsidies

tax rebates
grants

by sub-sector
by fleets/fishery

historical level
zero level
target level

Contrib. to GDP

fisheries GDP
national GDP

by species groups

historical level

Exports export/Harvest value by species groups historical level
by fishery segment
Investments market or replacement by fleet type historical level
value by fishery
depreciation
fleet age composition
Employment total employment sub-sector historical level
fleet/fishery realistic policy target

Net returns

(profit + rent)net

by sub-sector

historical level

return/investment by fishery MEY
value of entitlements
Effort (mainly at no of vessels; Fishing by fishery segment

fishery level)

time
amount of gear used
employment

in physical or monetary
terms

FAO (1999)

As regard the EU fisheries specifically, the datbection regulation (DCR) from 2001 (Council
reg. 1543/2000 and Commission reg. 1639/2001) deda number of economic indicators as
shown in table 4 and 5 but no reference pointsséliredicators are similar to the indicators used in
the annual economic report about the economic prdnce of selected European fleet segments
(AER) and the associated EIAA-model. The regulafiA3/2000 is currently under revision, and
prior to this an extensive work has taken placen&of the proposals about economic indicators
have been prepared in the “Paris workshop” ancethes included in table 4 as well. The
differences are rather in the name than in theeraatof the variable with the aim to clarify theey
of information that the name refer to. The complesteof indicators in DCR and the AER/EIAA is
included in the appendix 1

The DCR operates with a minimum programme (MP)améxtended programme (EP), and table 4
shows the MP. The extended programme prescribéeghihanformation should be collected on
geographical levels that are disaggregated witheeso where the fish is caught.
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The extended programme’s fleet categorization esvshin appendix 2 with respect to the type of
information.
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Table 4. Economic variables and indicators used in the EIAA compared to the EC data regulation and the
revisions proposed by the Paris workshop

Cost and earningsinput tothe EIAA Review of economicindicators (Parisworkshop)

from the AER
Indicator required by EC 1639/2001 Proposed revised heading by the

wor kshop

Gross revenue/value of landings Income — Turnover ros&revenue (of which gross value of
landings)

Fuel costs Fuel costs

Vessel costs Repair and maintenance

Crew share Crew (incl. Social costs)

Other running costs Other running costs Other costs

Depreciation Fixed costs Capital costs

Interest n.a. under the minimum program

Invested capital Investment (asset) The value pitala

Prices/species Prices/species

Source: Commission Regulation (EC) no 1639/2001, raglipeX VIl (section j) and Report of the workshop @&wmic Indicators’
Paris 10-14 May 2004, IFREMER.

Table 5. Other economic indicators

AER/EIAA Indicator required by EC 1639/2001
Employment on board (FTE) Employment Full timetgane/FTE
Effort (sea days) Effort relevant unit accounting technology and time
Invested capital (MEUR) Invested capital
Fleet - number of vessels Fleet — number of vessel
Fleet - total GT Fleet - total GT
Fleet - total kW Fleet - total kW
Fleet in age

Fleet according to gear used
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With the aim of narrowing the scope for economiccefncy indicators, the following is based on
the AER/EIAA approach.

The first best socio-economic indicator is the tgse rent over a number of years discounted to net
present value. However, this indicator is for patpurposes in-operational as it requires a model
to be calculated and extensive data input in texi@eonomic and biological information which is
not available on a wider scale.

The second best indicators on a socio-economid¢ &eandicators as described in the FAO and
OECD work. They are operational but not founde@doonomic efficiency theory.

At the business economic efficiency level, profidahe Return on Capital (ROC) are the first best
indicators. However, it requires not only estimaieprofit but also of the invested amount of
capital, and in many fisheries (fleets) it is ditfit or impossible to get reliable information abou
vessels capital. This is also the case in many dtf@ches — not only in fisheries. In these cases
the Return on Revenue (or Sale) ROS, often namehbipg profit margin, is used as indicator. On
a socioeconomic level contribution to the gross Bstic Product (GDP) or the value added are
considered first best indicators. The value adddaator is an approximation to GDP as the value
added is easily estimated as crew wages plus reatioreof vessel capital plus profit (including
remuneration of owners).

The economic indicators used in the Concerted AdEAEF (Economic Assessment of European
Fisheries, http://stecf.jrc.cec.eu.int/20) applyptdh the data collection of the AER and to the KIA
model. Emphasis has been put on a few well defineétators that have been divided into
indicators of known concepts from vessels acco(edsnomic indicators) and indicators of interest
from a socio-economic point of view (other econonmdicators), as shown in table 6 (will be
produced from appendix 3) concerning the AER ared EbAA. Difficulties as to how to assess
investments, although included in the list, havesed that an indicator such as ‘return on capital’
have been avoided. Result from EIAA calculations hasically presented by use of the same
indicators as in the AER.
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Table 6. Economic indicators used in the EAEF

Annual Economic Report EIAA

Value of landings Value of landings
Gross value added Crew share
Gross cash flow Gross cash flow
Net profit Net profit

Gross value added
Op.profit margin (%)

Classification (words)

From a socio-economic point of view remuneratiorcapital and labour is of interest. The Gross
Added Value expresses the Added Value that the esegoontributes to the National Economy.
This includes: salaries, profits, opportunity costapital and depreciations. It can be obtained by
deducting the fixed and variable costs (exceptaheur costs) from the total landing value.

Another interesting indicator is the value addedkgeof fish, which consists of dividing the Gross
Added Value by the total kg of fish landed. Thidigator offers a view of the economic importance
of the landings in volume terms. Both indicators eamplementary, and in need of each other, for
a robust analysis.

6.2 Long-term indicators and discount rates
Production surplus models such as the Gordon-Sehaabdel predicts a long run bio-economic
equilibrium where Catch Per Unit of Effort (CPUEuals the ratio of the cost per unit effarto
price per unit harveg, i.e. CPUE = a/p Time series for catch and effort, as well asefifort costs
and fish prices, are important sources of infororatihat may be used in cases where fisheries
independent stock assessment is not undertakenE @RIg series should be used with great care as
indicators of stock changes due to the unknownkstotput elasticity and efficiency changes, see
SECXXX (2006) from which the text is derived.

In the short term (i.e. next year), constant aggions can be made about the structure of a given
fleet and that fleet’s activity. The longer termndicated by either a static equilibrium solutmna
dynamic solution. In the former, as used to indicat‘recovered state” in the EIAA mofeho
information can be given as to the length of tilm&auld take to achieve that state, or even if that
state can be achieved (especially given assumpéibost a constant fleet). Hence, an indication of
profitability of a fleet at a snapshot in time (i:@ow”) for any potential future scenario carries
obvious misinterpretations. In the dynamic solutienpath (typically by year) to some future

* The “recovered state” in the EIAA model indicathe quotas of each individual stock where they haaehed an
equilibrium level at which they can be fished gf (re. the fishing mortality at which levels of raitment give a 95%
probability of avoiding stock collapse).
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situation is given. This can account for changesadtivity (i.e. changes in effort allocation by
gear/species/area) and can take account of changéieet structure. These will clearly be
dependent on the management options modelled auinasons made. However, in the dynamic
case, economic indicators over time can be predehst allow the assessment of the full effects of
management measures on fleets to be ascertaingd.r@¢pect to the biology, time to recovery
given scenarios for alternative fishing mortaliti@s time to some other target) can be provided
(e.g. North Sea Cod recovery evaluations). Theseirwdicate the probability of recovery at each
time step and as such the uncertainty associathd&dovery.

In the dynamic case, typical indicators such asgrevenue, intermediate consumption, gross cash
flow and net profit can be used, as a yearly pa#wvident. In addition, a comparison of net present
values (NPV) is possible in the dynamic case. Imgaring the present values of alternative
management strategies in order to achieve a poljsctive (e.g. a recovery program or MSY for
stocks), it is common to discount net benefits thifltaccrue in the future compared to net benefits
that can be achieved at present. Discounting ikidiecd because investment in fisheries must
compete with other investment opportunities wighoaitive rate of return. A second argument is the
assumption that future generations are bettedrothe case of fisheries this means at least consta
catches, in an overuse situation an expectatidngbfer stocks and catch possibilities in the future
This needs to be addressed by the social planypicdlly, a cost—benefit analysis will discount
streams of net benefits and compute the NPV asigleshumber. The theory is that standard
discounting is meant to ensure that the presentevalf net benefit calculations provides a
meaningful indication of whether the efficiency terion is satisfied or not. If NPV of two
alternatives is equal but is made up of two difféireams of annual benefits, secondary reference
point could be applied complimentary. For examplstability to prefer to variability.

There are many arguments for and against discaurftiture benefits and costs; especially
controversial is the choice of the discount ratetfe outcomes are highly sensitive to the rate¢. T
discount rates for people are normally very highcwimeans above 20%, see Harrison, Lau, and
Williams (2002) and Hillis and Whelan (1992) whtlee socio-economic discount rates are much
lower, for example below 6% before tax. HM Treas{203) proposes a discount rate at 3.5%

When evaluating policies, the market interest cate be used as the discount rate but do not really
reflect all long-term effects. High discount ratagour myopic policies that continue to exaggerate
unsustainable resources whereas discount ratesrdabo low can fail to capture the efficiency
argument because other opportunities to investcépetal are more profitable. Sensitivity of the
outcomes of a range of discount rates (e.g. 2-786) lme undertaken in order to illustrate the
possibilities. The alternative management stratbgy achieves the highest NPV (with constraints
for other criteria — such as sustainability) isash the “best” choice.
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7. Reference points

7.1. Operating profit margin intervals
The ‘Op. profit margin’ and ‘Classification’ inditars are based on Operating profit margin defined
as net profit in proportion to gross revenue, salld 7. The indicator is well known from business
economics and is often used instead of ‘returnapital’ which is defined as gross revenue minus
variable costs in proportion to invested capitdie Treference points for these indicators are the
intervals in which they lie.

Table 7. Reference pointsused in EIAA

Operating profit margin

Classification (Net profit / gross revenue)
Profitable 5% and more

Stable -5% and up to 5%
Unprofitable -5% and below

In the EIAA reports the classification is elaborhie the presentation of projected results. The
operating profit margins of the base line years Hredprojected year are compared to show the
impact of the proposed quotas for the projected. ydze interval from minus 5 % to 5 % indicates
that the fishing activity would continue in the shanedium and long run even if the fixed costs
(interest and depreciation) cannot be covered (hegaet profit). In the long run these costs must
be covered and the economic performance is deemadfitable if the operating profit margin is
minus 5 % and below. The criteria£6% are arbitrarily fixed.

Further to highlight the economic repercussionghie short run an ‘impact indicator’ has been
defined.

‘Impact’ = Impact of the TAC in YEAR+1 on operatipgofit margin compared to current YEAR

‘Worsened’ = Segment was making losses, lossesgneater
‘Improved’ = Segment was making losses, losses sroaller
‘Lower’ = Segment was making profits, profits nocower
‘Higher’ = Segment was making profits, profits nbigher
‘—* = No significant change.

8.2  Break-even as reference point

The break-even concept shows the required landiafyse needed to cover fixed cost, given the
contribution to the margin per unit landings valliee break-even landings value is then the value
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that breaks even between contribution margin axedficost entailing zero net profit. The break-
even landings value in proportion to the realismadings value is an indicator of overcapacity or
undercapacity respectively in business terms. Irowrcapacity situation the fixed costs are too
high to be covered by the contribution margin fritva landings, and indicate that capacity ought to
be reduced andce versa

The extended list of indicators in the EIAA, cf. pgndix 1.3, includes estimates of the ‘break-even’
value of landings, partly to show the required eadd landings to break even i.e. cover fixed costs,
and partly to estimate ‘overcapacity’ by use of ‘tireak-even’ information in combination with the
actual or projected value of landings.

The definition of break-even iBreak-even Revenue = Current Fixed costs / (Cur@ash
Flow/Current Revenue).

When the Break-even revenue and the actual revMsragenpared an indication of the change of the
fixed costs in order to comply with break-even Idained. Assuming that fixed costs are a proxy
for capacity an indication of over and under cayais provided. The result does not indicate
whether a required change in fixed cost actualfyoissible, only that it is necessary.

The applied definition of overcapacity Sver-capacity = 1- (Revenue / Break-even Revenue)

A potentially informative use of the break-evenigador would be to estimate, for each fleet
segment, the catch required to break even assuthengtatus quo catch composition for each
segment. The break-even catches for each stockl dmusummed over fleet segments giving an
indication of the degree of imbalance between ikbirfg capacity at break-even and resource
availability.

8.3 Economic Sustainability Reference Points
The economic sustainability depends on the capglofithe sector to attract money. To guarantee
the investment of financial resources in the loegnmt it is necessary to protect the fishery
investment profitability. So, the economic susthiliy could be measured by comparing the
profitability of the fishery investments in vessedpital and fish stocks on one hand and in
alternative sectors on the other.

The possibility to invest in more profitable econorsectors, or with the same profitability with
less risk, determines a reduction in the investsignthe fishery and compromises its sustainability
in the long term.

A feasible indicator to measure the economic peréorce of a fleet segment could be the ROI
(Return on Investment). The ROI indicates the peegge ratio of net profit plus the opportunity
cost in relation to the investment.

In order to effectively interpret the informatiorbtained through the indicator, some reference
points (RP) must be applied. These points can tefezither a sub-optimal (in-efficient) or an
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optimal (efficient) situation. The former identsiea limit which is necessary to avoid, while the
latter represents a target to be pursued.

The indicator suggested to measure the economiaisability is calculated by comparing the
investment profitability rate (ROI) for a specifieet segment within a specific geographical area
with the theoretical risk free rate, for example kbng-term treasury bonds rate.

The difference between these two rates allowsraaluation of the profitability of an investment
in the fishery with regards to a risk free investtnaVhen the ROI value is lower than (or very
close to) the long-term treasury bonds rate, iwken the economic sustainability indicator is
negative or very close to zero, it is not profieahb invest in the fishery and the financial resesr
will be directed to public bonds or to more prdfi@alternative investments.

In case of limited information on invested capitals possible to use other more easily available
information’s from vessel owner statements to @eat indicator for economic sustainability. The
development of own capital (equity) reflects thabdity of a company. It is not possible to stay in
business in the long run with decreasing own chpitar many years. Additionally, a large amount
of external capital compared to a low amount of @apital means higher risks of bankruptcies in
case of lower catch possibilities than expected.

8. Remuneration of spawning stock biomass (SSB)

Remuneration of the biomass (resource rent), begspawning stock biomass (SSB), is parallel to
remuneration of man made capital. While little mmf@ation about stock biomass is available

information about SSB (older age groups) could Xteaeted from ACFM reports and allocated to

specific fleet segments according to the sharbaif tandings relative to total EU landings.

The value of the spawning stock biomass (VSSB)dbel determined by use of fish prices or the
net profit (resource rent), if this information &vailable. The interest rate used to calculate
remuneration could correspond to the level usepuilic investment projects (e.g. roads, bridges)
or probably lower. Reference points could be basedSSB(current) or the VSSB(precautionary),
cf. Figure 1, point®\ andB, respectively. In well-managed fisheries the reseuentb — creflects
the remuneration of the biomass of a single spetneisheries characterised by overcapacity e.g.
the intersection between gross revenue and cogtsirata, the resource rent is dissipated. Ideally,
the resource rent should be estimated and incladean opportunity cost of fishing, but such an
exercise is data demanding.

An alternative is to use the current VSSB and tteegutionary VSSB in combination. Using the
VSSB indicators in combination produces a referggmat. For a well managed fleet segment or

stock the VSSEcurren) ~1 while the VSSRcurrent)

. : <1 in a fishery that is not
VSSHRprecautiorary) VSSHBprecautiorary)

managed in an optimal way. The indicator and tfereace point are basically of ecological nature.
The relevance with respect to economics is condegiit the valuation of the stocks.
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The EIAA model is prepared for possible estimatesemuneration of the fish stocks i.e. includes

measure for resource rent. The value share VSSBediish stocks allocated to each fleet segment
is calculated in proportion to the segment’s quebtare of the total TAC. The issue requires further
development and is not presented as part of thé\Eé&ults in published reports for example SEC

(2004) 1710.

9. Aggregation

There are two different aspects on the level ofegation used for economic indicators: the levels
at which economic indicators are used within thedet® and the level at which the results are
presented.

In an economic perspective the ideal indicatorhis tesource rent, which means that only one
indicator and reference point is required for pnésgon. The underlying model, however, requires
and produces a large number of indicators.

The level needed for the use of economic indicatorthie models depends on the type of model
used. In the EIAA model for example, totals peeflesegment are used to predict the effects of
TACs on the economic performance of fleets. In dyicasimulation models working on
fisherman’s level a fisherman’s behaviour is maetblby means of comparison of economic
indicators of different fishing strategies.

Since all of the economic models are used for mamagt purposes, the output indicators should
fit the data needs for managers. In case of sthdts, total economic indicators will be sufficilgn
indicative for developments in the economic perfance, but in case of changing fleet structure,
other levels of aggregation (per vessel, per kW, ®€) might be more indicative for the actual
developments.

10. Interpretation

Once indicators are produced and reference poetgled the performance of the system can be
interpreted. A widely used method that does nagrréb fisheries is the traffic light system. The
system works with green, yellow and red colourse Tdystem has been applied to FAO’s
Geographical Sub Areas 17 and 18 (GSA 17, 18)enMkditerranean, see Accadia and Spagnolo
(2004), and the following tables show the results.

The list of indicators is comprehensive and refeegpoints in terms of absolute or relative numbers
have to be determined in advance. Apart from ttiad, relative development over time of the
indicators can in itself be used as reference poiftie development of fuel prices, for example, can
be viewed in this way. Increasing fuel prices whién be marked with read while decreasing and
sufficiently low (in a historic perspective) fuali@es will be marked with green.

Compared to the first best indicators mentionedvaltbe advantage of using a large number of
indicators is that it is pinpointed where in thetgyns problems occur.
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Traffic light method applied to economic indicators for FAO-GSA-17

INDICATORS 1997 1998

1999 2000 2001 2002 2003 2004

Economic performance (ROI -

Risk_free_rate) (%) el

1.74

+Added Value/Revenue

*Gross Operative Margin/Revenue

*ROS (Return on Sale)
*ROI (Return on Investment) (%)
*Revenue/Invested Capital (%)

*Net Profit per vessel (000 €)

sLandings per vessel (ton) 306.99
sLandings per GRT (ton)
sLandings per day (ton)
*CPUE (kg)

*Revenue per vessel (000 €)
*Revenue per GRT (000 €)

*Revenue per day (000 €)

*RPUE (€)

*Average price (€/kg)
*Fuel cost per vessel (000 €)
*Fuel cost per day (000 €)

*Maintenance cost per vessel (000 €)

296.37

40.40 39.69

0.25

Traffic light method applied to social indicators for FAO-GSA-17

INDICATORS 1997 1998

1999 2000 2001 2002 2003 2004

Social sustainability (Salary -

Minimum_salary) (000 €) it

4.77

3.78 4.66 4.82 2.84

*Employed persons (num.)

sLandings per crew (ton)

*Revenue per crew (€)
«Crew/GRT

«Salary per crew (000 €)
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11. Conclusion

The following list is organised according to thenits required by an indicator system. First the
criteria are listed. The criterion is the namehaf type of information that is wanted. Secondlg, th
indicators are listed, and these describe the ¢ypetof information that is needed to describe the
criteria. Thirdly, the reference points describeatviype of information the indicators are compared
with. Fourthly, the interpretation includes decrisroles to reject or approve hypothesis.

The information should be provided on fleet segnhevetl according to the levels specified in the
DCR (see appendix 3). This means that level onegsel length, level two is fishing techniques
etc.

12.1 Criteria (name)
1. Economic efficiency

2. Harvest

3. Fish prices

4. Gross cash flow (profit margin)

5. Net profit

6. Contribution to GDP (gross value added)
7. Employment

8. Effort

9. Fleet capacity

12.2 Indicators

o Economic indicators all measured in €:

= Value of landings
Variable costs e.g. fuel, provision, repair
Crew share e.g. payment to the crew including skipp
Gross cash flow (value of landings minus varialglsts and minus crew share)
Fixed costs (interest payments and depreciatisuyamce, administration etc.)
Net result e.g. value of landings minus all costs
Gross value added (socio-economic indicator) eemuneration of labour and
capital (contribution to gross domestic product).
0 Other economic indicators
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Landing of fish by species (tonnes)

Employment on board measured in persons or fulk gimployment
Effort measured in sea days or kw-days

Invested capital measured in €

Fleet capacity measured in number of vessels, @TKdh

12.3 Reference points

1.

Maximum economic yield (MEY). This equals maximigiaf the resource rent. It is
calculated from the short run profit margin (groash flow) or the long run net profit. The
MEY is an optimal “steady state” situation for ahfery from an economic point of view.

Net present value (NPV). The method takes all futor and outgoing payments and
discounts those to a certain point in time usudié/present year. It is expressed in absolute
values or as a percentage.

Return on investment (ROI). Is calculated taking¢hange in gross cash flow in proportion
to the investment. It applies NPV and is expressed percentage.

Return on capital (ROC). Gross cash flow in proparto the total invested capital in
vessels. It is expressed as a percentage.

Operating profit margin (OPM). This is calculate#tihg gross cash flow in proportion to
gross revenue. It is expressed as a percentage.

Break even revenue (BER). Is calculated takinggtioss cash flow in proportion to the
gross revenue and divide the fixed costs with ¢bifficient.

. Overcapacity by use of MEY is calculated takingediénce between the current number of

vessels and the calculated number of vessels at MpYoportion to the current number of
vessels. If possible GT and kW could be applied.

Overcapacity by use of BER. It is calculated tghkime proportion between the current
gross revenue and the calculated BER and subhaictoefficient from 1.

Other reference points for example for the develapinm harvest or the employment are
calculated by taking the average value of thesieataors for a pre-defined historical period.

12.4 Interpretation
The first seven reference point combines infornmaéibout output and input in a fishery and
requires calculations. The reference points urtden eight are dealing with indicators separately
and are therefore less data demanding. On the lo#mer these reference points are also more
difficult to interpret as the interpretation is ri@sed on economic theory but on political goals.
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The choice of reference points depends on the @noltat is addressed and the availability of data.
The best but also the most data demanding refegaioeis the MEY. The closer the fishery gets
to MEY the more efficient it is with respect to gsaof production factors.

The NPV is convenient once two or more scenariecampared. The one with the highest NPV
are usually the one that should be favoured oexipense of the other(s). It is useful for
comparison of different management regimes.

The ROI reference point is useful to investigatanges in the fishery caused by changes in
investment for example in vessels and fishing gelae. ROC and the OPM are relevant to assess
changes in management. The ROC is more data dengaiiidin OPM. OPM has been used for a
number of years by the STECF in the assessmermbobenic repercussions of the quota
management.

The interpretation of ROI, ROC, and OPM requiresiglen rules. Usually these calculated for the
fishery is compared to the same type for otherosedar to agreed conventional figures. These
percentages could be for example 5%. The ROC an@BM further have the advantage that they
could be produced over time and therefore alsotistl reference points of these could be used in
the interpretation.

The easiest overcapacity reference point amongétamd 7 is the BER-based reference point. It
requires calculation but is less data demanding.

As regards the reference point under item 8 theyems data demanding and requires little
processing. They appear directly from the indicatérconvenient way to interpret these indicators
is to use the traffic light system. Once the rafeeepoints are calculated by taking the average of
certain period the colours can be determined, gudtare can be produced.

Finally it should be mentioned that having produtiezlentire assessment of the whole system the
DPSIR system could be applied.
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Appendix 1
Regulation 1639/2001 Appendix XVII (section J)

Economic information per fleet segment as defined i n Appendix Il (Minimum Programme)

General description

Minimum® programme

First priority (annual)

Income (turnover)

Total and per species

Production costs:

- crew (include social cost)
- fuel

- repair and maintenance

- other operational costs

Total and per production cost category

Fixed costs

Average cost, calculated from investment

Financial position

Share of own/foreign capital

Investment (asset)

Prices/species (*)

Value, tonne

Employment

Full time/part time/FTE

Fleet

- No

-gt

- kW
- age

- gear used

Effort

Relevant unit accounting for technology and time

1. There is a misprint in the regulation (says extended)
(*) Quarterly basis everywhere.
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Data needs for basic economic evaluation per fleet segment (Extended Programme)

General description

Extended programme

(Second priority)

Landings per species

Seasonal (monthly)
Stock (by ICES areas)
Market category

Regional differentiation (level 3, Appendix I)

Income (turnover)

Subsides (annually)

Regional differentiation (level 3, Appendix I)

Production costs:

- crew

- fuel

- repair and maintenance

- other operational costs

Further subdivision of operational costs
Regional differentiation (level 3, Appendix I)
Differentiation of remuneration to crew according to

Position

Fixed costs

Regional differentiation (level 3, Appendix I)

Financial position

Rents to external institutions

Regional differentiation (level 3, Appendix I)

Investment (asset)

By type of investment:
hull of vessel, various engines and refrigeration/freezing,

storage and lifting equipment

Prices/species Monthly

By market category

Regional differentiation (level 3, Appendix I)
Employment Skill/education

Distinction per vessel size, regional differentiation
Fleet Size categories of fleet segments

regional differentiation (level 3, Appendix I)
Effort Regional differentiation (level 3, Appendix I)
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Indicators used in Concerted Action EAEF (Economic
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Assessment of European Fisheries)

AER (Annual economic report)

EIAA

Report text

Appendix (time series)

Summary (over time)

Extended (one year)

Economic indicators mEUR

Value of landings
Gross value added
Gross cash flow

Net profit

Value of landings
Fuel costs

Other running costs
Vessel costs

Crew share

Gross cash flow
Depreciation
Interest

Net profit

Gross value added

Value of landings
Crew share
Gross cash flow
Net profit

Gross value added

Op.profit margin (%)

Classification (words)

Value of landings
Fuel costs

Other running costs
Vessel costs

Crew share

Gross cash flow
Depreciation
Interest

Net profit

Gross value added
Op. profit margin (%)

Classification (words)

Other economic indicators

Employment on board (FTE)
Invested capital (INEUR)
Fleet - number of vessels
Fleet - total GT (1000)

Fleet - total kw (1000)

Employment on board (FTE)
Invested capital (NEUR)
Effort (1000 days at sea)
Volume of landings (1000t)
Fleet - number of vessels
Fleet - total GRT (1000)
Fleet - total GT (1000)

Fleet - total kw (1000)

As to the left
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Appendix 3

Regulation 1639/2001 Appendix IV (section C)

Detailed disaggregation of vessels for capacities (  Extended Programme)

Vessel length (level 1) <10m 10-< 12 -<
12m 18 m

18 -<
24 m

24 -<
40m

>40m

Type of fishing technique

Level 2 Level 3 Level 4

Mobile gears Beam trawl North Sea < 221 kW
North Sea = 221 kW

Outside North Sea

Demersal trawl Bottom trawl
and demersal
seine

Danish and Scottish
seiners

Polyvalent

Pelagic trawl and  Pelagic trawl
seiners

Pelagic seiner and purse

Polyvalent

Dredges

Polyvalent mobile
gears

Passive gears Gears using hooks Longlines

Other gears using hooks

Drift nets and fixed
nets

Pots and traps

Polyvalent passive
gears

Polyvalent gears

Source: Commission Regulation (EC) no 1639/2001 Appendix IV (section C)



Appendix 3 cont...

36

Regulation 1639/2001 Appendix Il (section C)

Basic segmentation of vessels for capacities (Minim

um Programme)

Vessel length (level 1)

<12m

12 <24 m 24 -<40m >40m

Type of gear (level
2)

Fishing technique (level 3)

Mobile gears

Beam trawl

Demersal trawl and demersal seiner
Pelagic trawl and seiners

Dredges

Polyvalent

Passive gears

Gears using hooks (1)
Drift and fixed nets

Pots and traps

Polyvalent

Polyvalent gears

Combining mobile and passive gears

(1) This segment is aggregated for all passive gears.
Note 1: If a gear category contains fewer than 10 vessels, then the cell can be merged with a neighbouring length category to be

specified in the national programme.

Note 2: If a vessel spends more than 50 % of its time using a specific type of fishing technique, it should be included in the

corresponding segment.

Note 3: Length is defined as length overall (LOA).



