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Non-technical summary

* Giventhe problemswith openaccess resourcesand the effectiveness
of modernfishing technology, there are few fisheries, if any, which will
not be both biologically over-exploited and unprofitable unless theyare
managed effectively. Forafisheryto be economically efficient requires
setting correct management targets which are enforced effectively and
delivered inaleast-cost andincentive-compatible manner. An efficient
outcomeisimportant because it protects fish stocks and guarantees
sustainability,and because it ensures resources will be correctly allo-
cated to the fishery. Thatis, the cost of fishing at a given harvest level
isminimised. Inefficient fisheries suffer low profits and excessive boat
capital or fishing capacity, with the outcome of ‘too many boats chasing
too fewfish’.

* Partofthesolutionto over-fishingand unprofitable fisheriesis to adopt
theright targetlevel of effort, or catch, inthe fishery. The correct target
maximises profits regardless of changes in prices and the costs of fishing.

* Anotherimportant part of the solutionis to useaninstrument that gives
industryastake in protecting the future of the fishery to achieve the
target. In other words, maximising economic efficiency requires catch
and effortlevelstobe setappropriatelyandindustry to have an effective
property right to the harvest which removes the incentive forawasteful
and inefficient ‘race tofish’.

Thisreportis part of a Fisheries Research Development Corporation
(FRDC) project onthe Development of methods and information to
supportthe assessment of economic performance in Commonwealth
fisheries. The project included two workshopsandanumber of presen-
tationsat the Australian Fisheries Management Authority (AFMA), the
Australian Bureau of Agriculturaland Resource Economics (ABARE),
resource assessment groups (RAGs) and fisheries management meet-
ings,along with specificimplementation of efficiency measuresinthe
northern prawn fishery,south east trawl fisheryand the eastern tunaand
billfish fishery. The northern prawn fishery has subsequently adopted
maximum economic yield (MEY) asitstarget,and AFMA has now moved
to provide economic efficiency measures,including MEY and other
productivity indicators, forall of its fisheries where possible.

The principal underlying the definition of economic efficiency used in
this project is maximum economic yield (MEY).MEY is an effort or catch
level that maximises the presentvalue of currentand future profits
inthe fishery, consistent with AFMA’s mandate to conduct fishery
managementinamanner which maximises benefits to the Australian
community. This target changes with changes in the price of fishand
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the cost of fishing but, if appropriately set, will always imply that fishery
profitsare maximised. When the price of fish decreases or the cost of
fishingincreases, the target calls for larger fish stocks and less fishing
effort. Whenthe price of fish increases or the cost of fishing decreases
itisappropriate tofish moreintensively, with larger effort or catch
levels. MEY generally involves fish stocks which are larger than stocks at
maximum sustainable yield (MSY). In this sense, MEY is more ‘conserva-
tionist’than MSY.

* ForMEYtohold,vesselefficiency must be maximised. In other words,
vessels must use the right amount and combination of inputs, including
vessel capital, to minimise the cost of harvest at the MEY catch level. This
will generally require fishery controlinstruments to encourage autono-
mous adjustment andallow fishers to freely combine inputs such as gear,
engine size, crew and bait in proportions to minimise costs.

*  MEYestimatesinthis projectare applied to the Commonwealth
managed northern prawnfishery (NPF) and the south east trawl fishery
(SETF).Inalmostall cases, current stock levels are much smaller than
stocklevelsat MEY, implying substantial losses in sustainable profitsin
the fishery. The NPF has now moved toa MEY target,and the SETF will
move toa MEY-based target as part of the Commonwealth Fisheries
Harvest Strategy Policy (Commonwealth of Australia 2007). Model
results forthe SETF also calculate optimal current total allowable catch
(TAC) valuesasatransition to MEY. This generally requires considerable
cutsincurrent harvests of mostimportant species.

* Vessel-level efficiency studies have also been undertaken for the NPF
andthe SETF. The NPF introduceda MEY target but the instrument used
inthefishery (input controls) still generates considerable efficiency
losses. Inthe SETF the individual transferable quota (ITQ) instrument
is rights-based and easily transferable (requirements to ensure vessel-
level efficiency), but the target is not appropriate. Until recently, TAC was
generally setfarlarger than MEY in this fishery,and in many cases TAC s
farfrom binding. The efficiency studiesinall cases show these fisheries
are over capitalised. The recent structural adjustment package will
partlyaddress this concern, but only if the reductioninfishing capacity is
accompanied by targets and policies that guarantee economic effi-
ciency.

* Finally,the project developed alternative performance indicators, in
particular productivity indexes and profit decompositions. Productivity
measures are a basic indicator of the ratio of output to inputs. Often this
measure is stock adjusted inafishery toaccount for changesinabun-
dance.Holding stockandinputs constant,anincrease in outputindicates
anincrease in productivity. If output falls under the same conditions,
productivity falls. Profit decompositions, on the other hand, decom-
pose profitsinto various components: for example, output, inputs and
productivity. Profit decompositions allow the effects of changes in, for
example, fuel prices, on profitsto be determined. Inthis report profit



decompositionsare applied toboth the SETF and the eastern tunaand
billfish fishery.

The suite of performance indicators used in this project — MEY,
vessel-level efficiency, productivity indexes and profit decompositions
— provide AFMA with the required tools to measure and report fishery
efficiency and economic performance. The indicators which would be
appropriate for each AFMA managed fisheryare also determined. Where
the dataallows indicatorsare being used to give acomplete picture of
fishery performance.Inalmostall cases, profit decompositions and basic
index numbers will provide abenchmark of performance.



1 Introduction

The traditional commandand controlapproaches to fisheries manage-
ment whichfocus oninputrestrictions and total catch limits, fail to provide
incentives forthose who fish to do so efficientlyand do not give industrya
long-termstake inthe future of the fishery (Grafton etal. 2006a).

These approaches oftenresultin effort creep (increasesinfishing power)
and excessive and wasteful competition, with both inappropriate levels and
combinations of inputs used to catch fish (Kompas etal. 2004). The nega-
tive consequences of inputand output controlsareillustrated by recent
experiencein Australia’s Commonwealth fisheries.

Inthe past 10 years, the Australian Government has committed $9o million a
yeartofisheries research and development, undertaken buybacks of fishing
effort,implemented detailed scientific fishery management plans which
incorporate strong stakeholder involvement and expanded its National
Representative System of Marine Protected Areas. Despite such strate-
gies, substantial effort creep ininput-controlled fisheries,and the inability
todecrease total allowable catches (TACs) when necessary in output
controlledfisheries, have contributed to a number of fish stocks managed
by the Australian Government beingassessed as overfished. Larcombe

and Begg (2008) report 11 stocks managed by the Australian Government
were assessedas overfishedin 2007 and sixstocks were assessed as subject
tooverfishing. The economics of many fisheries has also suffered. ABARE
surveys have consistently shown close to zero net returns in most Common-
wealth fisheriesin the past severalyears (Kompasand Gooday 2005).

In Commonwealth fisheries the government holds title to the resource on
behalf of the Australian community asawhole, meaning the government
has primary responsibility for ensuring the net value of the resource to the
Australian community is maximised. In the absence of governmentinter-
vention, resources will not be allocated to fishing activities inan efficient
manner by the market. Asaresult, governments have a specific role to play in
preventing the market failures which occurin openaccess fisheries and lead
tounsustainable harvestsand the dissipation of economic returns.

Thisisinstark contrast to the role government plays in other sectors of
the economy. Forexample, it would be possible for the government to
artificially increase returns fora particular industry by limiting the supply
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ofagoodtolessthanthat demanded. However, while this intervention
would benefit those producing the goods in question, there would be aloss
to consumersthroughincreased prices andalossin economic efficiency
because insufficient resources would be employed in producing the good

in question. Thisis not the case with fisheries resources. Government inter-
vention can eliminate unnecessary increases in fishing costs from ‘race to
fish’behaviourand constrain the resources usedin the sector to an efficient
level.

Any interventionto improve on the biologicaland industry profitability
outcomesachieved under open access will effectively determine the
potential profitability of the fishery. Requiring fishery managers to pursue
economically efficient management ensures governmentintervention
produces the largest benefits possible. Inthis senseitisimportant to note
fisheries canbe managedinan ecologically sustainable manner without
producing net economic benefits,and in some cases produce net costs, to
the Australian economy.

Management regimes will determine the net return the community receives
fromthe use of its fishery resources by controlling the total level of harvests
(by whatever means) and contributing to the incentive structure fishers
operate within.In the absence of afisheries royalty charge, the only return
the community receives from the commercial use of fisheries resources is
through the profits made by commercial fishers. Management regimes that
donot effectively control fishing harvestsand effort do not allow for the
returns to be maximised from expenditure on fisheries management and
research.

Part of the solution to over-fishingand unprofitable fisheries is toadopt the
right target level of effort, or catch, inthe fishery. The correct target maxim-
ises profits regardless of changes in prices and the costs of fishing. It is also
necessarytoimplement thistarget withan instrument that givesindustry a
rights-based incentive to protect the fishery.

In other words, maximising economic yield requires setting catch and effort
levelsappropriatelyandforindustry to have an effective property right
tothe harvest whichremoves the incentive forawasteful and inefficient
‘race tofish’and ensures the fishery is economically efficient. An efficient
outcome isimportant because it protects fish stocksand guarantees
sustainability,and also ensures resources will be allocated to the fisheryina
way that minimises the cost of harvesting.

Findingthe right targetand the bestinstrument requiresan assessment
procedure,along with aset of tools to analytically determine the best
economicapproachtothe fishery. An economically efficient outcome
occurs when the sustainable catch or effortlevel for the fisheryasawhole
maximises profits, or creates the largest difference between discounted
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total revenuesand the total costs of fishing. This pointis referred to as
Maximum Economic Yield (MEY). This target changes with changes in
the price of fishand the cost of fishing but, if appropriately set, will always
imply that fishery profits are maximised. When the price of fish decreases
orthe cost of fishing increases, the target calls for larger fish stocks and
less fishing effort. When the price of fishincreases or the cost of fishing
decreasesitisappropriate to fish more intensively, with larger effort or
catchlevels.

For profits to be maximised, the fishery must alsoapply alevel of boat
capitaland other resources in combinations that minimise the costs of
harvestat the MEY catch level.In other words the fishery cannot be over-
capitalised,and to minimise the cost of agiven harvest, vessels must use the
right combinations of inputs such as gear, engine power, fuel, hull size and
crew.

Thereareanumber of benefits to pursuing economic efficiency inafishery.
First, profitsare maximised regardless of changesin the price of fish or the
cost of fishing. Profits may be low when the price of fish is low or the costs
of fishingare high (for example, because of an appreciation of the exchange
rate in Australia or the rising price of fuel), but will still be maximised under
thistarget.

Pursuing economic efficiency willalso ensure the costs of harvestingare
minimised, which improves the international competitiveness of domestic
fisheriesand theresilience of the industry to economic and environmental
shocks. Also, an efficient level of catchat MEY is a sustainable harvest and
assuchis preferable toabiological target like maximum sustainable yield
(MSY). Dependingon prices and costs, profits can be zero or even nega-
tive at MSY. If sustainability is the goal, as it should be, it makes sense to
selectasustainable yield which guarantees the largest return from the use
of the community’s fish resources regardless of the circumstance. In addi-
tion,at most biological growthrates,as wellas practical discount rates
and (stock dependent) harvesting costs, pursuing economic efficiency
willimply an equilibrium stock of fish larger than that associated with
MSY.Inthis sense the efficient level of harvestat MEY is more ‘conser-
vationist’than MSY,and provides additional environmental benefits and
addedresilience to unforeseen environmental shocks to the fishery.
Finally, pursuing economic efficiency helps prevent over-capitalisation
andensuresresourcesare allocated to the fisheryat correct levels, with
surplusvesselandfishing capital allocated to their next best alternative
usesinthe economy.

Along with MEY measures there are a number of other useful indicators,
suchasdirect efficiency measures (eg. stochastic frontiers) and produc-
tivity indicators. Stochastic frontiers measure vessel level efficiency to
determine whether harvestisatits maximumlevel, giveninputs,or whether
the cost of fishing at agiven harvest level is minimised.
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Thisreportdiscussesand illustrates the methods usedin the assessment of
fisheriesand provides case studies to illustrate how these methods can be
employed in specific Commonwealth fisheries. The focus ison MEY, produc-
tivity measures and stochastic cost and production frontiers.



2 Why regulate a fishery

Fisheriesare regulated to protect the environment, ensure biological
sustainability and to avoid problems associated with openaccess or
common property resources —the so-called ‘tragedy of the commons’
(Hardin1968).

Thissituationarises because fisherslack the right to exclude others from
using (if notabusing) the resource. This lack of clearly defined property
rights generates ‘race to fish’ behaviour, whereby individuals make invest-
mentsinlarger boats, bigger enginesand better gear to gain a competitive
edge overtheir fishing rivals. Some fishers are better off in this process,
atleast forsome period of time, but as all fishersin the fishery attempt to
capturealargershare of the harvest, the fishery becomes over-capitalised,
resultingin excess effortand falling stocks of fish (Gordon 1954; Scott 1955).
The final outcome to this process is zero profitability and, given the extent
of the over-capitalisation, greater difficulty for the regulator who desires to
‘wind back’the fishery.

Therationalefora‘tragedy of the commons’ outcomeis much like a ‘pris-
onersdilemma’ probleminabasic game situation (Gibbons1992).If asingle
vessel decides to postponeits harvest, this benefitsall other vesselsinthe
fishery.Ingeneral,itwould be intheinterest of all those who fish to agree
toarestricted catchin order to maximise returns. However, without some
form of centralised control, it is difficult to enforce this outcome, and avoid-
anceis likely. Each vesselhasanincentive to ‘free ride’ once a deal has been
struck, by increasing their harvest while others reduce theirs. All vesselsare
therefore pronetoincrease harvest,attempting to do so before others.
Therefore,openaccessresources have one of the key properties of a public
good, that of ‘non-excludability’ — it is not possible to prevent others from
using the resource. Markets usually fail in these cases (the market outcome
is not optimal froman economy-wide perspective) and indeed the open
access nature of the fishery generatesanadditional ‘stock externality’asa
result because,as each vesselincreasesits catch, the costs of harvesting for
all othervesselsinthefishery rises because of stock depletion.

Governments have aspecific role to play in preventing the market failures
which occur with common-poolresources suchas fisheries.In Common-
wealth fisheries the government holds title to the resource, on behalf of the
Australian community asawhole, meaning the government has primary
responsibility to ensure the net value of the resource to the Australian
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community is maximised. To do this requires avoidinga common-pool
resource property or openaccess outcome. Inthissenseitisimportantto
note that fisheries can be managed inan ecologically sustainable manner
yet produce no net economic benefits,and in some cases produce net
costs, to the Australian economy. Management regimes, through control-
ling the total level of harvests (by whatever means) and contributing to
theincentive structure that fishers operatein, will determine whether the
netvalue of the fishresources to the community is maximised — that s,
whether thefisheryis economically efficient. Management regimes that
donot effectively control fishing harvestsand effort do not allow for the
returns from expenditure on fisheries managementand research to be
maximised.

To prevent problems of over-fishingand market failure,a number of control
devices have been proposed and used, including limits on effort,areaand
seasonal closures, input restrictions, output or harvest controls,and output
controls combined with individual transferable quotas. The goal of fishery
regulation —finding the right target in terms of catchand effort and using
therightinstrument toimplement this target — should be to maximise
sustainable returns,as bestas possible inan uncertain environment, to
guarantee asustainable stock of fishand secure property rights overashare
of the catch for those who fish,and to allow for voluntary orautonomous
adjustmentin the size of the fleet given changes in the price of fishand the
cost of fishing. It needs to be recognised that any intervention toimprove
onthe outcome achieved under openaccess will effectively determine

the potential profitability of the fishery. By requiring fisheries managers to
pursue the goal of economically efficient management ensures that govern-
mentintervention producesthe largest benefits possible.



3 Economic efficiency and maximum
economicyield in afishery

Froman economic perspective, the definition of economic efficiencyin
afisheryisstraightforward; by concentrating on sustainable yields alone,
economic efficiency occurs when the sustainable catch or effort level for
thefisheryasawhole maximises profits, or creates the largest difference
between total revenues and the total costs of fishing. This point is referred
toas Maximum Economic Yield (MEY). For profits to be maximised it must
also bethe case thatthefisheryappliesalevel of boat capitaland other
resourcesin combinations that minimise the costs of harvestat the MEY
catchlevel. Thefishery,in other words, cannot be over-capitalised and
vessels must use the right combinations of such inputsas gear, engine
power, fuel, hull size and crew to minimise the cost of agiven harvest.

Therearethree things to note about MEY. For most practical discount
ratesand costs, MEY will imply the equilibrium stock of fish is larger than
thatassociated with Maximum Sustainable Yield (MSY). Inthis sense the
economic objective of MEY is more ‘conservationist’ than MSY and should
in principle help protect the fishery from unforseen or negative stochastic
environmental shocks which could diminish the fish population.

The catchandeffort levels associated with MEY will vary, as will profits, with
achangeinthe price of fish or the cost of fishing. Thisisasit should be. If the
price of fishincreases it pays to exploit the fishery more intensively, albeit
atyieldsstilllessthan MSY.If the cost of fishing rises, itis preferable to have
larger stocks of fishand thus less effort and catch.

Aslongasthe cost of fishingincreases with days fished, as it generally will,
MEY asatarget willalways be preferred to MSY and, of course, to any catch
oreffortlevelthat corresponds to stocks thatare smaller than those associ-
ated with MSY. This is because, regardless of what happens to pricesand
costs, targeting catchand effortat MEY willalways ensure that profits are
maximised. Profits may be relatively low when the price of fish is lowand the
cost of fishing is high, but profits will still be maximised.

However, with abiological target of MSY aloneit is quite possible profits will
be smalloreven zero. The fishery would thus be sustainable at MSY but may
not be commercial, much less efficient. Atarget where the net economic
returnsto the community from fishingare zero cannot be agood target.

10
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llustrating maximum economic yield

The management structure, stock leveland nature and extent of fishing
effort which generates MEY depend ona combination of biological and
economicfactors. In particular, it depends on the relationships between
harvest, stocksand recruitment,and onthe way in which fishing behaviour,
revenue and costs relate to those factors. To understand these relation-
ships the following discussion begins with some of the fundamental biolog-
icalrelationships of afishery (see Grafton etal. (2006b) foramore complete
discussion). Figure adescribes a basic surplus-production model of a
fishery,showingyield or net additions to the stock of fish on the vertical axis
(whichmightinclude recruitment and cohort net weight growth) and the
stock of fish on the horizontal axis. For this example, to eliminate all cohort
effects, allfishareassumedto have the same lengthand age, whether they
are new additions to the stock of fish or exitingmembers. Also, there isan
assumption of no uncertainty about the state of nature.

Following Grafton etal. (2006b),the curved line infigure ashows the
growthinthe stock of fish, oryield, for every possible stock size, or what is
normally referred to as density dependent growth. At low stocks, recruit-
mentissmall,sincethere are relatively few fish available to reproduce.
Recruitmentincreases as the stock of fish increases,and then fallsas the
stock of fish begins to ‘crowd’ the environment and reaches alimit on such
things as food supply. Stock at maximum carrying capacity (S, ) thus
defines the maximum number of fish that the environment will support.
With nofishing, the stock of fish will naturally increase (represented by
thearrows movingin the right-hand direction) to this point. Sustainable
harvest, on the other hand, occurs when harvest matches yield, or catch
isjust sufficient to capture new additions to the stock of fish,at any given
stocklevel.Inthis sense, each point on theyield curve represents a point
of potential sustainable harvest; with stock at maximum sustainable yield
(S,,v) generating the largest potential catch.

Totranslate figure ainto familiar economic terms,assume the price of fish
is given —aswould be the case foracompetitive fishingindustry which
faces givenworld prices for fishand substitution among different fish
species—and,for convenience, set to one dollar.In this situation the yield
curve, representing sustainable harvest levels, would simply measure the
total revenue from each sustainable catch. Also, for the economist, it is
usually more convenient to measure effort (as nominal days fished or trawl
hours depending onthe context) onthe horizontal axis, rather than stock.
To make this transformation, requires a recognition thatincreasesin effort
willresultinafallin stock. In other words, the two variables generally move
in opposite directions. Accordingly, figure b measures total revenue (TR) in
thefisheryasafunction of effort.
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Thus, the stock-yield diagram has been turned 180 degrees; the originin this The relationship between
sense now represents stock at maximum carrying capacity and theinter- total revenue and effort

ceptwith thelargestamount of effort corresponds to azero stock of fish.
Comparedto figure a,a stock of fish that is plentiful, or ‘high stocks’, thus
occurson theleft-handside of the diagram and stocks that are thin, or ‘low
stocks’,occur on the right-handside.

$ 4 highstocks

low stocks

Inrelation to the cost of fishing, assume that all fishing vessels are iden-

ticaland thatthe total cost (TC) —including the cost of fuel, crew, bait,
gear, etc — of fishingis just proportional to the amount of effort applied
inthe fishery;and that fixed costsare zero, so that at zero effort TCalso
equals zero. Assume as well that TCincludes the opportunity cost of using
vessel capitalandallotherinputs, orincludes returns that could have been
obtainedinthe next best employment (for example, the average return on
abank deposit). Total cost would thus account for the normal rate of return
oninvestment. Figure c combines TRand TCtogetherinone diagram.
Theresultillustrates animportant outcome, that of aCommon Property
Equilibrium (CPE). Asillustrated,a CPE occurs at the point where total cost
equalstotal revenue, or where economic profit (allowing for the opportu-
nity cost of investment and thus distinct from accounting profit) is zero, at
point B.

effort

Whyis 2 CPE an equilibrium, or resting point for the fishery? First, of course,  (C Common property
it represents asustainable harvest. Second, points to the right of effort equilibrium (CPE)

Y

levelsat the CPE will necessarily imply that total costs are larger than total
revenues,or that profits are negative (lower than the rate of returnthat can
be obtained elsewhere). This must imply thatit would be better for firms to
employ their capital in their next best alternative use andin any case, with
negative profits, firms will eventually failand leave the fishery until point Bis
again obtained. Inthe case where vessels differ, those that are the least effi-

high stocks c

low stocks

cient,or have the highest cost of fishing, will clearly leave the industry first. :
° Eg effort
Pointstothe left of Bare moreinteresting,andillustrate the proverbial

‘tragedy of the commons’that is associated with every CPE. Begin, for

example,ataninitial effortlevel £, where profits are positive and measured

by the distance DC. Profitsareinfact large in this case because stocksare

‘thick’and the cost of fishing is relatively low. Low inarealfishery for two

reasons:first,since less time is spent fishing, fuel costsandall other variable

costs will be low;and second, ‘thick’ stocks imply that the cost per unit of

harvest willalso be lower. With larger stocks, each cast of the net, so to

speak, catches more fish.

However,inan unregulated or openaccess fishery, the existence of positive
economic profits — overandabove the average rate of return that can be
obtained elsewhere —induces new fishing vessels to enter the industry and,
thosevesselsalreadyin the fishery, to expand effortand capture the extra
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profit. Aslongas profitsare positive, this will continue to occur until point B,
where thereis nofurtherincentive to expand effort. Thisis the ‘tragedy of
the commons’ Whenall vesselsact in this way, the stock of fish fallsand the
per unit cost of fishing rises until all profits are dissipated.

Indeed, the processisinevitable. If any one vessel decides to limit fishing
effortand conserve stocks, while others do not, that vessel will be relatively
worse off. All vessels,actingin their own interest, are induced to fish more,
butsince those vesselsthatincrease effort donot takeintoaccountthe
effect of their fishingactivity on other vesselsin the fishery — including the
increased cost of harvestasaresult of stock depletion —therefore, eventu-
allyallvessels are worse off.Indeed, in this sense, point Bis undesirablein
two senses:first, because profits are zero and the cost of fishing is need-
lessly highand second,as drawn —and this does not necessarily have to

be the case,depending onthe level of the proportional cost of fishing — it
would have been possible to obtain the same catch with less effort, lower
costsand larger stocks at point D.

The case of a CPE makes it clear how profits can be maximised inafishery,
orhowtofind the point of MEY, assuming for the moment a zero discount
rate.In figure d thisoccursat theeffortlevel £ (E*infigure d)andcorre-
spondingvalue of catch $_that creates the largest difference between the
total revenue and total cost of fishing, thus maximising profits, given by the
difference between $ and $_,orR*.

MEY at point Ain figure dis perhapsan easy case to make to industry. As
drawn, the comparison of point A to Bimplies that not only are profits
maximisedat A, but the value of harvest (bothyield in physical termsand
thevalue of catchinterms of revenues) hasalso increased compared to the
common property equilibrium. The reason that profits are now largerat
point A, of course,isnot only that TR has increased, but, given that stocks
of fisharelargerand the amount of days spent fishing is smaller, the cost of
fishinghasalsofallen.In many fisheries thisis often not the case. That s, the
cost of fishingis already sufficiently high (simply rotate the TC curve closer
toMSY,implyingafallineffortat MEY), so that moving froma CPE to MEY
requiresafallin harvestand revenues.

Throughalittle redrawing of the diagram it should also be clear what the
effectson MEY are froman exogenous change in the price of fish or the
cost of fishing. Anincrease in the price of fish, for example, results inashift
upward of the TR curve at all effort levels, leaving the intercepts unchanged.
Foragiven cost curve, the point of MEY moves closer to MSY. Thisisan
intuitive result. The more valuable landedfish are, the more it pays to work
thefishery harder,and thus decrease the equilibrium stock of fish. With
anincreasesin costs,orarotationleftward of the TC curve, MEY moves
furtheraway from MSY since witha more costly harvest it pays to have
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larger stocks from which to catch. It follows that afallin the price of fishand
anincreasein costs —common in Australia given the recent appreciation of
the dollarandtherising cost of fuel over time —implies asmaller fisheryin
order to maximise profits, with lower harvestand less effort.

Thereis onefinal,important lessonin this context. The discussion of MEY
underscores the undesirability of MSY (and other biological indicators) as
atarget,atleastaslongashavingacommercially viable fishing industry is
an objective. Pursuing MSY alone, in other words, canresultin zero or even
negative profitsat that target level. Figure eillustrates the point.

Inthis case, given the high cost of fishing, effort at MSY implies that TRis less
than TC. Of course, industry will not move beyond the common property
equilibrium given by point Bsince profits would turn negative, although
caseswhere average costs exceed average revenues foraperiod of time are
commoninpoorly regulated fisheries. Atarget that can be consistent with
negative profits cannot be agoodtarget.

Indeedinthis case,andasis always true of a CPE to theleft of MSY,aregula-
tory environment that attempts to target and enforce MSY will resultina
replication of acommon property equilibrium, as if there was no regula-
tionin placeatall, save for the considerable amount of resources (financial
and scientific) that are typically required to estimate MSY and implement a
management regime.

This can oftenbe the case inrealfisheries, under both inputand output
controls:fishery regulation simply resultsina CPE. The value of a MEY target
(point Ain figure e) isthat regardless of prices and costs, profits will always
be maximised. They will be lowwhen prices are low and costs are high, but
they will still be at their highest possible value.

Vessel-level efficiency

The examples presented have beenssilent on boat numbers. Indeed, the
graphsbasicallyassumeall boatsare the same and thereisarough corre-
spondence between boatsand effort or nominal days fished. In this context,
itis natural toassume thata move from MSY to MEY would imply a decrease
inboat numbers, with catch per boatincreasing. Itisalso the nature of an
optimal result that those fishers that lose fromareduction in boat numbers
can be more than compensated for by the increased profits MEY gener-
ates,atleastin principle.Inany case, efficiency requires thatat MEY the
measure of effort corresponds to a total boat capitalin the fishery that is
justsufficient to obtain the required catch at minimum cost. Thousands of
boats eachfishingaday could generate effortat MEY but clearly that excess
capacity would be inefficient.
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For fullefficiency to prevail it must also be the case that fishers combine
fishinginputsinthe correct proportions to minimise the cost of harvest.In
general terms, the correct combinations of gear, engine power, boat size,
gear lengthand crew (along with all of the other many inputsinto fishing),
depend notjust on technical or engineering considerations, butalso on the
relative cost of employing eachinput. For example, if the price of anaverage
member of crew increases, it may pay for the fisher to substitute an alterna-
tive technology thatis labour saving. Likewise, if the price of fuel decreases
it may be more profitable to use alarger engine or spend more time at sea,
thusincreasing (say) the proportion of engine power to other inputs. If
marketsare left to function normally, boat owner-operators will gener-
allyfind the correct proportions of the various inputs to minimise costs,
sinceitissimply good business practice to do so. However, in some cases,
the managementinstrument prevents this from happening. A restriction
ongearlength, for example, changes the cost minimising proportions of
inputs,and especially so if owner-operators substitute toward unregulated
inputsinan effort to maintain catch. Thisisacommon problem with effort
controlsinthe formof input restrictions, such as limits on gearlength or
type, vessel size or engine power.

Three important caveats

Therearethreeimportant qualifications to the previous discussion. First,
the diagramsillustrating MEY, as they stand, presuppose a zero rate of
discount, that the cost of fishing depends on stock sizeina simple linear
fashion,and that fishing costs rise proportionately with effort.

The discountrate isthe interest rate at which future income or catches are
valued today. A case can be made forazero discount rate in common prop-
ertyresources,butitisaccepted practice toassume some positive interest
rate toaccount for the fact thataharvest some timein the distant future is
worth lessthanaharvest today. If so, itimpliesa modified version of MEY is
appropriate,inthat a positive discount rate moves optimal effort and catch
closerto MSY.Inotherwords, if the current catch is valued more highly
thanafuture harvestit pays towork the fishery harder today, with smaller
equilibrium stocks of fish. Itis even possible that if the discount rateis high
enough, MEY will correspond to stocks that are smaller than that associated
with MSY. It will generally depend on how strong s the stock effectin either
the harvest or cost function.

Ingeneral terms, itis not difficult to demonstrate thatif the discount

rate becomesinfinitely large, MEY will correspond toa CPE,andatazero
discount rate MEY will be exactly as portrayed in the diagrams above (Clark
1990). A positive discount rate will place MEY somewhere between these
two extremes. In practice, for most productive fisheries, with reasonably
largeintrinsic rates of biological growth,and with discount rates that reflect
normal rates of return (say 5 per cent or less), it willalmost always be the
case that this modified MEY will occur to the left of MSY infigure e, orat
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stock sizes whichare larger than those associated with MSY (Grafton etal.
2007). Thisisanimportant point. For practical fisheriesand discount rates,
MEY will normally be more ‘conservationist’than MSY, ora comparable
biological target. In principle this should help protect the fishery from
unforseen or negative stochastic environmental shocks that may diminish
the fish population.

This pointis strengthened if relevant cost considerations are also taken
intoaccount. The implication of a cost of fishing that increases with stock
depletion,atanincreasing rate — what economists refer toas convex cost
functionsin terms of stock; ones that would probably characterize most
fishing activity —is to move optimal catch and effort further to the left of
MSY.Ifitis more costly to fishas stock decreases,and if this cost increases at
anincreasingrate, it pays to have even larger stock sizes than that depicted
at MEY inthe previous diagrams. This will partly offset (and in some cases
evenmore than offset) the effect of the discount rate.

Second, the MEY diagrams also implicitly assume a single species fishery.
Multi-species fisheries create complicationsinanumber of ways; if species
interact biologically this requires relatively complicated models,such as
predator-prey models, where the notion of sustainability itself becomes
difficult to define.If the interactions mostly occur ‘above the water’, so to
speak,orinterms of the profitability of the boat, the bio-economic model
mustaccount for differing prices across species, the value of target versus
by-catch species, effort splitacross target species,and the likelihood that
the cost of fishingand specific cost functions vary across individual species.
Itis possible to modelall this,but determining the value of MEY for each
speciesbecomes much more difficult. It should be noted that unless there
isnon-jointnessacross species (thatis whena particular species is targeted,
thereisno catch of otherspecies), costs would have to be allocated, and
therearenofirmandrigorous ways toallocate commonand fixed costs
acrossoutputs whenthereis joint production.

Finally, the analysisin the previous sections assumed the population biology
andall of the relevant economic functionsand parameters were clear, as if
drawn fromadeterministic setting, or one with no uncertainty about the
state of nature or the economics of the fishery. This of course will never be
the case. One source of uncertaintyisalack of complete biological dataand
the nature of the stock-recruitment relationship (the yield curve in figure a)
itself.Insome cases natural variability in stocks may makeitall but impos-
sible to even estimate ayield curve,and thus the relationship between total
revenue and effort. Natural variability implies that the TR curve shifts up
anddowninahardto predict fashion. The calculation of MEY requiresa
specified stock-recruitment relationshipandif there is uncertainty in that
relationship, the measure of the standard deviation must also be known or
estimated. Another source of uncertainty is the price of fish and the precise
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cost of fishing. These must be forecasted and forecast errors are common.
If these errorsare systematic, then at least part of the efficiency gains from
targeting MEY will be lost. With uncertainty taken into account, it is not
unreasonable toapproachan estimated MEY target in a slow way, with adap-
tive management responses to changesin prices, costs and the underlying
biology of the fishery.

Why maximum economic yield?

MEY generates maximum profits,an outcome which is guaranteed regard-
less of the price of fish or the cost of fishing,and MEY is ‘conservationist’
inthe sense that stocks will be larger thanat MSY. This initself can confer
enormous benefits to the fisheryandits ecosystem,and protect the fishery
against large negative shocks to the fish population, since larger stock levels
generallyimply greater resilience in the face of these shocks.

Another compelling reason to pursue MEY is the issue of resource alloca-
tion. Forexample, effortlevelslargerthan E, . would imply more boats,
daysatsea, gear, crew, baitandall of the otherinputs usedin fishing
-resources that couldbe usedinsteadinalternative employment. Thisis
what economists mean by efficiency in general terms, for the economy as
awhole. If too many resourcesare being expended in fishing, too little are
being used elsewhere. Moreover,as longas the rightinstruments to facili-
tate adjustmentare in place - instruments that allow for trade in secure and
specific propertyrights,suchas theright toashare of harvest - it follows
that decreasing the size of an over-exploited fishery willmake no one worse
off and many better off by compensating those that leave the fishery for
their lost income, while providing more profit for those that remain in the
fishery. Thatis the nature of an optimal position given by MEY. It is noted
that the focus here remains producer welfare rather than the net benefits to
the nation.

Attempts to extend resource use and particularly employment well beyond
MEY are common and often disastrous. Experience in Canada’s Atlantic
fisheries providesastriking example. Subsidies provided by the Canadian
government - with a specific mandate to maximise employment levelsinthe
industry - greatly extended the amount of resources applied to these fish-
eries.Indeed, evenas earlyas 1970 it was “estimated that Canada’s commer-
cial catchin1970 could be harvested by 40 per cent of the boats, half as
much gearand half the number of fishers” (Atlantic Groundfish Fisheries,
1997:14/15). Thisis wastefulinitself, but dwindling stocks and the eventual
collapse of the Atlantic fisheries, in large part because of over fishing, even
furtherincreased the government’s burden to maintain incomes. In 1990,
forexample, self-employedfishers received $1.60 in unemploymentinsur-
ance benefitsforevery dollar earnedin the fishery,and the ‘adjustment
programs’associated with the collapse of the fisheries cost the Canadian
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taxpayer more than $3 billion (CDN) dollarsin the 1990s alone (Atlantic
Groundfish Fisheries,1997:14/22).

Implementing maximum economic yield

If targeting E,,_, in figure e with input controls to obtain MEY is not effective
orevendesirable, thealternative is to target catch at the value $,. Setting
effort creepaside, it should be noted thatinadeterministic world (no
uncertainty) there would be no difference in outcomes between a catch
oreffort control,aslongasthe correspondence between input restric-
tionsand effort levelsis known exactlyand s perfectly enforceable. With
uncertainty,and again setting effort creep aside, in cases where thereis
more variance in the stock-recruitment relationship than in catch per unit
of effort (CPUE), effort controls willbe preferred. If there is more variance
in CPUE relative to the stock-recruitment relationship, then output or catch
controls willdominate, generating less variance in profits. For the tiger
prawn component of the NPF the latteris the case, where output controls
are the preferredinstrument (Kompasand Che 2004). A clear evaluation of
all of the specific, or detailed, alternative fishery managementinstruments
iscontainedin Gooday (2004).

Along with creating effective property rights to fish, ITQs conferanumber
of other related benefits. First, since these rights are tradeable, market
forces will generally distribute quotaamongfishers which value the right
most highly. Vessels which have lower marginal costs of fishing will therefore
be willing to pay more for quota, with the resulting transfer of quota from
high tolow marginal cost producers increasing economic efficiency overall;
essentially fishing inputs are distributed to those who use them best. In
other cases, quotatrade simply allows vessels to compensate for catches
whichare larger or smaller than planned or prior quotaholdings. These effi-
ciency gains,or whatamount to cost reductions, can be substantial, evenin
fisherieswhere TACis not bindinginaggregate. In the Australian south east
trawlfishery, for example, where TAC undoubtedly has not corresponded to
MEY (Gooday 2004), the cost savings from quota trades are estimated to be
1.8-2.1cents per kilogram for every 1 per centincrease inthe volume of quota
traded (Kompasand Che 2005).

Second, instead of investing in boat capacity to catch fish before others do,
withaguaranteed harvesting right, boat owners can instead concentrate on
investments which lower the per unit costs of fishing. This is a major benefit.
Withinput controls, technological change (new boats,a better engine,
more efficient gear, try nets, GPS, etc) can become harmfulin the sense
thattheresultingeffort creep through increased fishing power lowers
fishery profitsand endangers stocks. In some cases input restrictions are
designedto prevent theadoption of such new technologies, which under
other circumstances may be beneficial or efficiency enhancing. With output
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controlsandITQs, alternatively, boat-specific technological change is desir-
able,inthatitlowers the costs of fishingand increases profits, with no effect
onstocks or the cost of fishing of any other vessel in the fleet which has not
yetadoptedthe newtechnology.

Athird benefit of ITQsis that agood number of areaand seasonal closures,
commonto input controlled fisheries, can be eliminated. Spawning stocks
must naturally be protected and marine reserves can almost always be justi-
fied even oneconomic grounds (Graftonetal.2005), butareaand seasonal
closures used to simply limit effortare unnecessary underanITQ system
and often economically harmfulinany case. By eliminating these controls,
vessels can fish when the weather permitsand, perhaps more importantly,
match the harvest throughout the year to market conditions therefore
generating the highest price for their catch. In general, unlike with input
restrictions, output controlsand ITQsallow fishers to choose the right mix
of inputsandthe time and manner to fish, all of which is cost reducingand
efficient.

Afinal benefit of ITQs is that they allow forautonomous adjustment of the
fishing fleet, with operators voluntarily able to ‘cash out’ by selling their
quotato more profitable vessels.Indeed, if implemented correctly,an
output controland ITQ system which targets MEY will generate the largest
possible (marketable) asset value for those who have the right tofish,
reflectedinahigh price for each unit of quota. Fishers are thus compen-
sated forexiting the fishery without the need for governmentintervention.

For catch controlsand ITQsto be successful there must be adequate
monitoringand enforcement. Thistoo can be costly, although thereisno
necessary reason for this cost to be agovernment responsibility. Underan
ITQsystem, fishersarekeen to protect their secure property rightsand it
isnot uncommon for monitoring to be at least partially funded by industry
(Graftonetal. 2006a). Even when government pays for monitoringand
enforcement, this cost s likely to be comparable to the cost of monitoring
and enforcingeffort controls, not to mention the cost of any resulting
effort creep which goes withinput restrictions.

Similararguments can be made with respect to problems with high-grading
andvariations in stock abundance. With regard to high-grading, a key differ-
ence between inputand output controlsisin the relationship betweenthe
policyinstrumentand the policy objective. High-grading will most likely
occurinlong-lived or fast growing species where the price differential
between highandlow gradefishis relatively large.

Foroutput controls, the possibility of high-grading means the policy instru-
ment (TAC) may not always match the policy objective (agiven level of
mortality from fishing). However, high-grading occurs in only some circum-
stances whichare often predictable.
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As well, provided that high-grading can be estimated, the TAC can be
matched with desired mortality. Unless the relationship between fishing
costsandthe price differential between grades changes substantially, the
match will be valid over time. There can be no doubt that waste occurs
through high-grading, but thatis simply a cost of managementto be
assessed against other costs,as wellas the benefit;and compared to the
costsand benefits of other management instruments.

More importantly, the level of high-grading enters the management deci-
sion once only.Since the incentive to high-grade is a function of the cost of
fishingand the price differential between grades, itis not something which
increases over time inaway that erodes the practical meaning of a catch
quota, orinthatway inwhich effort creep subvertsinput controls (Rose and
Kompas 2004).

With regard tovariationsin stock abundance, the traditionalarguments
against catch controls,and with it ITQs,are clear. With output controls,
managersfaceaprobleminsettingthe TAC whenabundance varies
between seasonsandis unknown at the beginning of the season. By setting
the TAC too high the manager runs the risk that fishing pressure on stocks
will be excessive should alowabundance season occur. By setting the TAC
more conservatively,the manager guarantees the loss of potential profits,
should the season be one of high abundance. Indeed the problem is well
recognisedand is often citedasaprimary reasonfor preferringinput
controls.

However, what is not so well recognised is that essentially the same problem
affectsthe setting of input controls. To set effort at the optimal level, the
manager needs information onabundance, catch per unit effort, the value
of catchand the cost of effort. Settinginput controls too tightly leads to a
loss of potential profits in seasons of high abundance. Setting input controls
too generously leads to excessive investment and effort and excessive
catch. Thelong-term consequencesare pressure on future stocks and dissi-
pation of potential profit.

In principle, the type of information needed to make an efficient choice
usinginput controls does notvary much from that needed to make the
choice using output controls.

Thereisreallynoargument forinput controls on this basis. Carefulassess-
ments of stock abundance, including where needed, fishery independent
surveys,and pre-andin-season sampling,are mandatory underany
management regime. If the cost of obtaining this information does vary
under different regimes, or with different management instruments, a case
hasto be madein comparingthese costsagainstall the other costsand
benefits of alternative management systems.
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Problems with input controls

For management of afisheryto be effective in the sense that catch and
stocks are maintained at desired levels, there must be either direct orindi-
rect control over catches. Management through output controlsinvolves
explicit catchtargetsanddirect enforcement of those targets. Manage-
ment through input controls also involves some implied catch target. The
factthatthe catchtargetissometimes only vaguely definedis one of the
reasons that input management regimes are often not successful.

However, the real problemiis the inability of input controls to control effort
inthe first place. The moment control of a particularinput becomes the
policy instrument, operators have anincentive to substitute other inputs
inaway which will change the relationship between effortand catch. Also,
technological advance and improvements in knowledge provide other back-
ground reasons for the relationship to change constantly. A manager relying
oninputcontrolsisin constant competition with the imagination, energy
and inventiveness of each operatorinthe fisheryand the fulltechnological
backup of amoderneconomy,with effort creepinevitable. In terms of figure
e,attemptingto target effortat MEY can only be successfulin the very short
term, with effort creep moving the fishery to the right and thus dissipating
profits, or decreasing the distance between total costsand revenues.

More important to the general lack of success of input management
regimesare two characteristics of the incentives that they provide for
fishers. First,as outlined previously, controls on one or more inputs provide
animmediate incentive for operators to substitute uncontrolled inputs for
controlledinputs.

Second, input control regimes provide no sense of ownership or steward-
ship of thefisheries resource. There are no guaranteesinany input control
management regime except the right of access to the fishery under certain
guidelines. Operatorsare encouraged by these rules to compete for catch
withinthose guidelines,and if one operator refuses to expand effort while
others do, that operator will be worse off. Unfortunately, if all operators
increase effort,allare made worse off through afall in profitsand the
fishery remains overexploited — the proverbial ‘tragedy of the commons’
as discussed earlier. The management response in this environment is to
continuouslyand repeatedly find ways to cut effort (eg. gear reductions,
areaandseasonal closures, vessel buyback schemes, etc), ‘winding the
fishery down’ overtime toasmall number of boats or days fished, all making
zero (or near zero) profits.

Allof this can beillustrated by examining the Commonwealth managed

northern prawnfishery (NPF), which providesagood example of howinput
controlsandthe resulting ‘race to catch’ can generate inefficient outcomes.

21



Commonwealth fisheries abare.govau clientreport

Overthe past 30 years the NPF has been managed by a series of input
controls,including seasonal closures,a move from quad to twin nets, engine

Input substitutionin the
northern prawn fishery

440 28

powerand hull limits and, most recently, gear reductions and restrictions.
Inall casesthelimits to fishing power have beentemporary at best. Indeed,
A-unit (@measure of hull capacity and engine power) limitsin placeinthe
1990s resultedinaclear substitution toward unregulated inputs, specifically
gear. Thissubstitution s illustrated in figure f, where average headrope gear
length clearlyincreased throughout most the 1990s, while A-units fell.

The implication of this counter-movement in A-units and gear is two-fold.
First, restricting A-unitsin fact did not control effort, since boats simply
increased effort by using other inputs, including gear, more intensively.

Second, the forced change in input combinations, inducingboat owners to  AUNILS ooy MELrES
use different proportions of gear to A-units, resulted in considerable loss 1988 1991 1994 1997 2000

in boat-level efficiency throughout the NPF (Kompasand Che 2002). In the
bananaprawnsection of this fishery, technical efficiency for the fleetasa
whole fellfrom75.1 per centin 1994 to 68.2 per centin 2000 (Kompas et al.
2004).Forindividual operatorsin the NPF, the aggregate response to input
restrictions thusled to much lower profits than would otherwise have been
realised.

=== average A-units per boat
= average gear length

Note: The time-seriesare averages drawnfromthe
AFMA logbook unbalanced panel data.

Each of the changes made in the management regime in the NPF (seasonal
andareaclosures, A-unitrestrictions and most recently gear reductions)
was made in recognition that the systemit replaced had failed to constrain
effective effortand the inevitable effort creep sufficiently to protect prawn
stocks. Where effective effort was reduced by management change, the
primary reduction was short-lived. This outcome,and one of the primary
reasons forit,isillustratedinfigure g. Fishing power, measured as the
average catchingability of aboatinaday’s fishing has risen rapidly and
consistently over time. The rise in fishing power is the result of continuous
improvements in technology, input combinations and knowledge. The
acquisition of improved scientific knowledge of the fishery,along with the
observation of declining catches has made it increasingly clear that prawn
stocks need to be conservedand catchesand effort are difficult to control.

g Fishing power and effective
effortinthe northern prawn
fishery effective 1970
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Although the combination of recent policy changes appears to have tempo-
rarily slowed the increase infishing power as wellas contributing to a rapid

ind
fallintotal days fished, experience suggests this will only be temporary. 070
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Ittook only fouryearsfor effort creep to overcome the initial fall in fishing
power inresponse to the imposed move from quad to twin gearin1987.
The recent removal of A-unit restrictions in favour of gear reductions will
logicallyimply, giventhe ‘race to fish’incentive, that boat owners will now
increase the size of their vessels and engine power, spurring more and
deeper compensatory cuts in gear (or some other input) in the future.

Inevitably the fishery ‘winds down’.

=== fishing power index (left axis)
= effective 1970 days fished (right axis)

Note: Thefishing power seriesassumes the ‘basic
high’caseas designated by CSIRO (Dichmontetal
20032).
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Total (nominal) days fished in2002are already 55 per cent of the 1998 level
andfarbelow the fishery peakindaysin1983andthe number of boats has
fallen from more than 250 to less than 100 now. Infact, recent estimates
showthat MEY inthe tiger prawn component of the NPF is roughly 60 and
30 per cent belowactual days for2000 and 2001 respectively,and about 28
per cent belowactual daysinthe 2003 fishery. Even the recent shortening
of the seasonand furtherlarge reductions in gear units have not yet been
sufficient to ensure economic efficiency or MEY (Rose and Kompas 2004).

Rights-based fishing

Itisimportant to recognise that aggregate catch controls canbejustas
ineffective asinput controls, resultingin ‘race to fish’behaviour. Evenif the
totalamount of catchis fixed, thereis stillan incentive for boat ownersto
over-investin fishing capacity to obtain alarger share of the catch, again
movingthe fishery past effort at MEY. With aggregate catch fixed, this
amounts toanincrease in the cost of fishing. The total cost of fishing, in
otherwords,increases from 7C to TC in figure hand zero profits (or total
rent dissipation) at point A.

h Rent dissipation under With effort creep aninevitable outcome of input controlsinany circum-
acompetitive TAC stance,economists thus argue for catch controls combined withan ITQ
¢ 4 high system to obtain orimplement MEY.|TQs conferanindividual, transferable,

stocks harvestingright so that each vesselis guaranteed a share of the catch. The

immediate impact of thisis to remove any ‘race to fish’incentive. There-
fore, thereis noreason forefforttoincrease beyondE,, ,and MEY can

be effectively targeted. The regulator simply needs to set total allowable
catch (TAC) correctly.ITQs have been in place and worked well for decades
infisheries throughout the world, including New Zealand, Iceland, the USA,
‘ ‘ Australiaand Canada (Hannesson 2004), generally establishing,asinthe
B E effort  British Columbia halibut fishery, significant gains in cost savings andin
enhancedrevenues (Grafton etal.2000).

low stocks

Itisimportant to note that the ‘race to fish’incentive will not be always fully
eliminated with ITQs. For example, in cases where fishing results in stock
depletion over the course of the season, implying that even though there is
acatchentitlementit will be less costly to catch ‘earlier’in the season when
stocksare more abundant, orahead of other vessels. The problem s usually
addressed by setting seasonal closures correctly or through quota dated by
period (eg. weekly), withamarket for trade across periods.

Finally,ITQsare ineffective if TACis setincorrectly. The south east trawl
fishery (SETF) provides agood example of this.

Until recently, catchlevelsin the SETF have rarely reached the TACs set
for the species managed under the quotamanagement system. While it is
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unreasonable to expectall TACs should be completely filled ina particular
year given the multi-species nature of the fishery, TACs should be set such
thattheyare bindingat some point (Squires et al.1998). Over the period
1992-2005,the only TACs that have been largely filled are those for orange
roughyinthe easternand cascade sectors. For most of the species currently
assessed as over-fished, in that stocks are below the level that maximises
sustainable yield, TACs have not been binding historically - silver trevally,
redfish, orange roughy (west and south zones), gemfish (east) and blue
warehou -and are often not even close to binding, with the harvest of some
species caughtaslowas 30 per cent of TAC. For the most part, the SETF
operatesasa limited-user‘openaccess’fishery (Wilen1979). Even when TAC
isbinding, or close to binding, it is not clear that itis set correctly.

Thelimited entry ‘openaccess’ character of the SETF is confirmed by
estimating fishing effort, returnsand biomass. Fishingeffortinthe SETF,
measuredashours trawled, has increased over time, particularly since the
introduction of ITQ management in1992 (Elliston et al.2004). Because
trawling hours represent a measure of nominal effort, itis likely to under-
state the real level of effortin the fisheryas the adoption of new fishing
technology hasimproved the effectiveness of each hour trawled over time.
Thisincrease infishingeffort canbe explainedin part by the expansion of
the blue grenadier fisheryand the general pattern of increasing TAC and
catchlevelsforthis speciessince 1992 (Elliston et al. 2004). However,at the
same time that fishing effort has beenincreasing, the total value of catch
inthe SETF hasdeclined inrealterms (ABARE 2008a). Asaresult catch per
hour trawled, measured eitherin tonnes orin inflation adjusted value terms,
hasdeclinedsince the mid-1980s. This result suggests that increasing effort
inthe SETF has beenlargely inefficient, dissipating the net returns to the
fishery (Ellistonetal.2004). Thisis consistent with the findings of Galeano
etal. 2004) which indicate persistently low net economic returns to the
fishery.
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4 Vessel-level efficiency and
stochastic frontiers

Introduction

The concept of MEY isappropriate forafisherylevelindicator of efficiency.
Atthis target levelhowever it mustalso be the case thatindividual vessels
use inputsinlevelsand combinations that minimise the costs of harvest at
the MEY level. To determine whether these conditions hold requires the use
of stochastic frontiers. This basicallyamounts to determining vessel level
efficiency.

Stochastic frontier production functions have been the subject of consid-
erable econometric research during the past two decades, originating
withageneraldiscussion of the nature of inefficiencyin Farrell (1957). In
traditionaleconomic theory, efficiencyis generally assumedasan outcome
of price-taking, competitive behaviour. In this context (and assuming no
uncertainty) a production function shows the maximum level of output
which can be obtained from given inputsand the prevailing technology.
However, variations in maximum output canalso occur eitherasaresult

of stochastic effects (eg. good and bad weather states), or from the fact
thatfirmsinthe industry may be operatingat various levels of inefficiency
because of mismanagement, poorincentive structures, less than perfectly
competitive behaviour orinappropriate input levels or combinations. The
econometric technique used in this context, developed by Battese and
Coelli (1988),allows foradecomposition of these effectsand a precise
measure of technical inefficiency defined by the ratio of observed output
tothe corresponding (estimated) maximum output defined by the frontier
production function, given inputs and stochastic variation.

Recently, there has beenwidespreadapplication of stochastic production
frontiers toassess firminefficiencies in various agriculturaland industrial
settings (eg. Battese and Coelli1992, Coelliand Battese 1996 and Kong et
al.1999), but few studies have been directed toward renewable resource-
basedindustries. For fisheries, Kirkley et al. (1995) and Sharmaand Leung
(1999) areamong the few exceptions.

Conceptual framework

Farrell 1957) proposed that the efficiency of afirm consists of two compo-
nents: technical efficiency andallocative efficiency. Technical efficiency
reflects the ability of a firm to obtain the maximum output fromagiven set
ofinputs. Allocative efficiency reflects the ability of afirm to use inputs in
optimal proportions, given their relative prices and the production tech-
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nology. These two measures are then combined to produce a measure of
total economic efficiency.

Infigurei,itisassumedtwoinputs (x, andx_) are used to produce one :
output (y), under the assumption of constant returns to scale. The produc-

| Input measure of efficiency

tiontechnology of afully efficient firmis represented by the curve SS. Xyt s
SS’represents the minimum combinations of x and x, that can be used to
produce aunit of output.Ifagiven firm uses quantities of x and x_, defined

by point Pto produce aunit of output, the technical inefficiency of that firm A Q
canbe measured by the distance QP, whichis theamount by whichallinputs
could be proportionately reduced without a reductionin output. Thisis
usually expressedin percentage terms by the ratio QP/OP; the percentage
bywhichallinputs need to be reduced to achieve technical efficiency. The

I

technical efficiency of afirmis measured as: o A
TE,= OQ/OP

whichis equal to one minus the measure of technicalinefficiency (QP/OP).
The technical efficiency indicator will take avalue from o to1. A value of 1
indicates that the firm s fully technically efficient.

The measurement of the allocative efficiency of a firm requires considering
the choice of input mix giveninput prices. The slope of the line AA’repre-
sentsthe relative price of the two inputs x and x . Any input combination
along AA’has the same total cost. It canbe seen that the cost minimising way
of producingaunit of output (being on SS”) is with the input mix indicated
by Q’ The distance RQrepresents the reductionin production costs that
would occurif production were to occur at the allocatively (and technically)
efficient point Q’instead of the technically efficient, but allocatively inef-
ficient, point Q. Allocative efficiency is defined by the ratio:

AE = OR/OQ
Total economic efficiency is defined by the ratio:
EE,= OR/OP

Thedistance RPcan beinterpretedasacostreduction from moving from
point Pto the technically and allocatively efficient point Q. Note that:

EE,=AE,. TE,

The measures of technical, allocative and total efficiency defined here all
takevaluesfromoto1.

In more formal terms, estimation requires a specific functional form.
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Following Grafton etal. (2006b), begin with the addition of arandom error
term,\/,..

4.1 }/,-:f(x,-JB) € V,.. TE,

Thejsubscript denotes observation orvesseliwherei=1,2,., isobserved
output,x, isobserved input and TE is technical efficiency of vesseli. The
common deterministic production frontieris givenby f(x;3) wherethe
Brepresentsthe vector of parameters we need to estimate to construct this
unknown deterministic frontier, while the stochastic production frontier is
given by f(xi;[}) e’ whichincludestherandomerrortermyv,.

Using equation 4.1,an individual measure of technical efficiency for vessel iis
the ratio of observed output to maximum feasible output given the random
error,so that:

f(x;B).e”

The predicted and deterministic frontier output is obtained from esti-
matingaproduction frontier using observedinputsand outputs forall
vesselsinagivensample. The inputs, given by x, ,are assumed toinfluence
the deterministic production frontier,but are also assumedto be uncorre-
lated with either the random termv,, or technical efficiency. In other words,
the observedinputs determine the deterministic production frontier,

but not the technicalinefficiency or the random effects associated with
fishing. Deviations from the actual output and the predicted deterministic
frontier output occur because of, one, random events that can be positive
ornegative and given by v, and two, technicalinefficiency whichis typically
definedasu,. Thereare several software packages that allow calculation

of technical inefficiencies using Stochastic Frontier Analysis (SFA) from
observations of outputand inputs. Some of these packagesalsoallow the
use of different distributions for u; to test the sensitivity of our results to the
distributional restrictions.

Predicting technicalinefficiencies for vessels provides valuable informa-
tionas towhatvessel characteristics (types,home port, size, etc.) may be
affecting efficiency. If we have data on observedinputsand outputs over
multiple periods we can also test whether changes in fisheries management
ataparticular pointintimeinfluence technical efficiency. Determining what
factors may be affecting technical efficiency,and their size and significance,
is the majorreasonanalysts use SFAinfisheries. This hypothesis testing
(suchastotest whether large vessels are more technically efficient than
smallvessels) isaccomplished by estimating, in addition to the stochastic
frontier,atechnical inefficiency model of the following form:
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43 Iny =f(Inx;B)+v,-u,
and:
) u=g(z,0)+

where u, is estimated technical inefficiency for vesseliand z isavector of
individual vessel and environmental characteristics for vessel i that influ-
ences observed outputindirectly through effects on technical inefficiency.

In4.4theterm auis avector of parameters to be estimated using the sample
dataand typically would include anintercept term, while @, is an additional
random error term that may be included depending on the estimation
procedure.Incurrent practice, the stochastic frontier modeland the
technicalinefficiency modelare combined in one estimation procedure
whichallows for the possibility of the z, to be in the predicted production
frontier,andalsoin the predicted technical inefficiency model. The choice
of whetheravariable belongsin the production frontier or the technical
inefficiency model depends on ouraprioriunderstandingas to whether

it affectsthe productionfrontier directly, or determines technicalineffi-
ciency,or both. For example, we should include some measure of fish stock
size orabundance when estimatinga stochastic frontier because itis likely
toaffectthe production frontier.

The choice of what frontier to estimate depends on dataavailability and the
research question. Forinstance, if the analyst wishes to obtain estimates of
allocative efficiency then eithera cost frontier must be estimated directly,
oritmust be constructed from estimates of a production frontier. When a
cost frontierisdirectly estimated the technical inefficiency termis added
totherandomerror,ie,g=Vv,+u,.Inotherwords, the inefficiency term
defined by u,20,increases costs and places vessels above the minimum
cost frontier.
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5 Productivity measures and
profit decompositions

General context

Productivity measuresare a basic indicator of the ratio of output to inputs.
Oftenthismeasure is stock adjustedinafishery toaccount for changes
inabundance. Holding stock constant,as wellas inputs,implies thatan
increase in outputindicatesanincrease in productivity. If output falls,
productivity falls. Profit decompositions, on the other hand, decompose
profitsinto various components: for example, output, inputs and produc-
tivity. The measure allows one to determine the effect of exact changes in
(say) fuel prices on profits.

Productivity and profit decompositions

Theapproach usedto decompose relative profits and analyse productivity
changesis describedindetailin Foxatal. (2003). It offersimportant advan-
tages over traditional measures of productivity in fisheries (Squires 1992) in
thatit providesindividual firm-level measures and quantifies the contribu-
tion of productivity, inputs and outputs to relative profits. It provides an
easyway to assess both firmandindustry performance ata pointintime,
andovertime.

Following Foxetal. (2006), we briefly review the profit decomposition
approach usingindexnumbers. We define the relative profits of an arbitrary
firm b, w®, relative to the restricted profits of another reference firm a, 2, by:

51 b
ea,b — T
= e

Aproductivity index between firms band a,denoted by R*®, is defined as:

5.2 Ra,b = (e a,b/Pa,b> /Ka,b

where the numeratorisanimplicit output index (Allen and Diewert 1981),
P=®isapriceindexof outputandvariableinput prices, where variable
inputsare treated as negative outputsand K*®isafixed input quantity
index. Productivity defined by 5.2 is the difference in the output quantity
index that cannot be explained by differences in input utilisation. By rear-
ranging Equation 5.2, the following profit decomposition is obtained:

53 ea,b — 'Da,b_Ra,b.Ka,b
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Using 5.3, the firms’ relative profits can be defined in terms of contributions
from output prices (P*), productivity (R*®),and the fixed input quantity
index (K*b) without making any behaviouralassumptions or restrictions on
the specificform of the technology used by firms.

Toapply the decompositions, we first define p®=p®, .., p?asa price vector for
vessel b of netput prices specified for M variable ‘netputs’,denoted by
yP=yh, .. yh.Inthe netput vector, if y*>othe goodisanoutput, butif y°<
othegoodisavariableinput. The vector of (quasi-) fixed input prices for
vesselb is rP=r?, ., rf where thereare Nfixed inputs,denoted by k®=k?, .., k5.
Both price vectors satisfy the requirement that each element s positive.

As shown by Foxetal. 2003), the Térnqvist index hasa number of
useful properties for constructing the price and fixed-input indexes
foruseins.3.Usingthe Tornqvist index, P**and K= in53canbe
denotedas netput price and quantity indexes and are defined by 5.4 and
sswhere s =(p_y J(Zp, y.) istheprofitshareof netput mand

s, =(r k (Zp,y. ) istheprofitshare of fixedinputn,ie.

M
y nP**= X 3 (sh+s2)In (p4/ps)

N
. k0= X 3 (sh+s)In (k3 /k?)

The multiplicative nature of the Térnqvist indexallows us to decompose
the aggregate price and fixed-inputindexes between vesselsaand bintoa
product of individual price and input differences, i.e,,

56 Pa,bleLDa,b
m
and m=
N
57 Kab=TIKz2°
n=1

where the indexforeach netput m andfixed-input n isitselfa Tornqvist
index. In thismanner, equations5.3,5.6and 5.7 collectively represent a
detailed decomposition of profits between firmsaand b. Using these profit
decompositions, individual measures of relative profits over time and the
contributions to relative profits from input and output prices, vessel size
and productivity can be derived. Thisisa multilateralindex,and the compar-
isonis toaspecific vessel, which would give transitivity in comparisons.

Where thereis only one (quasi-) fixed input, profits are all attributed to that

input (s, =1),and the (quasi-) fixed quantity indexdefined by (5.5) reduces to
the following:
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kb

b_—

58 Kab= "
'S

Variableinputsin the fisheryare fuelandlabour. From equations 5.3, 5.6 and

(5.7),our decomposition of the profit ratio between vessela and vessel b,

0=° isgivenby:

5.9 ea,b:Ra,b.pO a’b~/DL a,b_PFa,b.Ka,b

Inthis profit decomposition, the performance of vessel b relative to vessela
canbe decomposed into differences because of productivity (R*?), output
(PO=®), variable inputs (PL **and PF#?) and vessel capital (K*?).

Animportantissue to consideris the effect of changesin fish stocks on
both profitsand productivity. Stock changes can be accounted for by
calculatingaresource-adjusted measure of efficiency (Foxetal.2003). The
stock-adjusted profit decomposition between any arbitrary vessel band the
reference vessela, is:

o o

stock?

where stock?and stock® are the values of the overall stock index for refer-
encevesselaandanarbitrary vessel b. Combiningall equations gives astock
adjusted measure of productivity,and allowsadecomposition of profitsin
terms of various key components.
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Case study: the northern
prawn fishery

The case study for the northern prawn fishery includes the MEY analysis
for thetiger prawn component of the fishery and the stochastic produc-
tion frontier estimated for the banana prawn component of the fishery. An
overview of the fishery is discussedin the first section.

Overview of the northern prawn fishery

The northern prawn fishery (NPF), first established inthe late 1960s, is one
of Australia’s most valuable fisheries. The fishery occupiesanarea of 771
o0oo square kilometres off Australia’s northern coast, extending from the
low water mark to the outer edge of the Australian Fishingzone (AFZ) along
approximately 6000 kilometres of coastline between Cape Yorkin Queens-
landand Cape Londonderryin Western Australia (see map1).

Although there are more than fifty species of prawn thatinhabit Austral-

ia’'s tropical northern coastline, only about nine speciesare caught. Three
species (the white bananaprawn Fenneropenaeus merguiensis, the brown

1 Area of the Northern Prawn Fishery
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tiger prawn Penaeus esculentus,and the grooved tiger prawn P. semisul-
catus) account foralmost 95 per cent of the totalannuallanded catch
weight from the fishery (ABARE 2008a). Endeavour prawns (Metapenaeus
endeavouriand Metapenaeus ensis) and the red-legged banana prawns

(F. indicus) form most of the remainder of the catch. Other commercial
catchincludes the giant tiger prawn (P. monodon), western king prawn
(Melicertus latisulcatus) and the red spot king prawn (Melicertus longi-
stylus) (AFMA 2002).

The grossvalue of prawn productioninthe NPFin2006-07 is estimated
to be A$64 million with atotalharvest of about 5100 tonnes. Nearly 9o per
centof all prawn output s exported to Japan and Asia (ABARE 2008a).

In2007-08, 52 vesselsactively participated in the NPF. All vessels are
purpose built twin-gear otter trawls and generally range in size from 14

to 29 meters,with the most common boat size between 18 and 25 meters
(AFMA 2008a). Most boats operate between 8o and 9o per cent of the
time available for fishing, with breakdowns and unloading (to mother-ships)
accounting for much of the remaining time. The fleet is technologically
advanced,employing modern packingand freezing capabilities and sophis-
ticated fishingaids such as echo sounders and satellite global positioning
systemsand plotters.

Thebananaprawn fisheryis primarily locatedin the eastern waters of the
Gulf of Carpentaria,inisolated grounds along the Arnhem Land coast and

in Joseph Bonaparte Gulf. Annual catches since 1983 range from 2200 to
6600 tonnes per year (Catonand McLoughlin2000 and ABARE 2008a). The
white banana prawnaccounts for more than 8o per cent of all banana prawn
catch. The spawning of banana prawns generally occurs in offshore areas,
while recruitment of prawns to the fishery usually takes place in late spring.
Banana prawns form dense aggregations (boils), which are easily spotted,
allowing for rapid harvesting. The fishing season (with mostly daytime
catch) startsaround Apriland lasts only afew weeks. Single aggregations of
prawns usually contain four to 18o tonnes, but can be as highas 400 tonnes.
Highest seasonal catches generally follow higher than average rainfall
during the preceding summer (see Staples and Vance 1986). Given the ease
in harvesting, trawls for banana prawnsare typically of ashort, 10 to 20
minute duration.

Total effortattributed to the fisheryin2006-07 was approximately 11

100 boat days, comprising 7400 and 3700 boat-days for tiger and banana
prawns respectively (estimated fromthe NPF Surveys carried out by ABARE
in2008). Althoughitis clear that potential catch is highly dependent on
weather patterns, the relationship between catch and future stock size for
banana prawnsis not. As yet, there is still no conclusive evidence that effort
affects future stockabundance in this fishery (see Staples and Maliel 1994),
althoughveryrecent catches below expectations have caused concern. In
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fact, the maximum sustainable yield for banana prawnsis estimated to be
4000 tonnes, whichis roughly equivalent to the average catch over the past
decade (Taylorand Die 1999).

The fishery has historically been managed with input controls such as gear
andvesselrestrictions, limited entry,area closures and seasonal closures. A
brief history of the managementarrangements in the fisheryis outlined in
table1.Since 2000, the main management tool has been input controlsin
theform of restrictions onthe length of net headrope allowed to be towed
inthe fishery. Gear units allocated to each operator specify the length of
headrope allowed and operatorsare free to buy, sell orlease these gear
units.

Seasonal closuresinthe fishery create two distinct fishing seasons,a banana
prawn seasonandatiger prawn season.In 2006, the banana prawn season
wasopen from g April to 21 May and the tiger prawn season was open from
1Augustto15November.Inrecentyears the fishery has been closed during
August. However in 2005, AFMA agreed to include August in the tiger prawn
season to minimise catches of tiger prawn in the banana prawn season.

Initially, management efforts were confined to limitingentry and imposing
controls onboat replacement through the 1977and 1980 three year plans.
Adoption of A-units asthe measure of capacityand B-unitsas the effec-
tiverightforaboattofishin1984 was part of anattempt to controlthe
increasing effort that resulted fromreplacement of old boats with new
(AFMA1999).1n 1986, data compiled by CSIRO showed a serious decline in
brown tiger prawn stocks in the western Gulf of Carpentaria. A Voluntary
Adjustment Scheme, involving buy back of A-units, was developed largelyin
response to thatfindinganda consequent CSIRO proposal foranimmediate
25 per cent cutineffortto protect pre-spawning tiger prawns (Pownall
1994). Initially the intent was to reduce total A-units in the fishery to 7o ooo
by the start of the 1990 season. Any shortfall would be met bya compulsory
acquisitionat the start of the 1990 season. However, industry opposition
and eventual Senate rejection eliminated the compulsory element of the
buy back. The voluntary element was extended to acquisition of B-units, so
effectively buying out the right to operate aboatin thefishery.

The voluntary buy back scheme was refinanced and extendedin1990. An
initial target of 50 000 A-units by the beginning of 1993 was set, later being
amended to53844.If the target was not reached through voluntary buy
back, the residual was to be met bya proportional surrender of A-units. The
target was met by acombination of voluntaryand compulsory acquisition,
with 53844 A-unitsand132 B-units remaining in the fishery on April 1,1993.
Those units were rolled overas Class Aand Class B Statutory Fishing Rights
(AFMA1999).
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Throughout the period of the Voluntary Adjustment Scheme a series of
other policy changes wasimplemented, in partin recognition of limited
effectiveness of aslowly proceeding reductionin A-units. Those changes
included the introduction of gear restrictions and both a daylight trawling
banand mid season closure for tiger prawns. Since 1993, two major
changesin management have beenimplemented. In 1999 the basis for input
constraint was changed fromboat size and power (A-units) to headrope
length (gear units),witha concurrent reductionin gear units of 15 per cent.
In2002 gear units were reduced by afurther 25 per centand the tiger prawn
season lengthwas further reduced. Further reductions followed in 200s5.
Anewtarget level of catch of maximum economicyield (MEY) to replace
maximum sustainable yield (MSY) was accepted by the AFMA Board in 2004
after beingrecommended by the Northern Prawn Fishery Management
Advisory Committee (NORMAC) (AFMA 2004b, NORMAC 2004). This
objectiveimplies that the fishery be managed so that effort, catchand thus
stock biomassare at levels that allow net economic returns to be maxim-
ised.

Several things are notable about the sequence of management regimesin
thefishery. Each of the changes was made in recognition that the system
itreplaced had failed to constrain effective effort sufficiently to protect
prawnstocks. Where effective effort was reduced by management change,
the primary reductionappeared to be short lived. This effect,and one of the
primary reasons forit,isillustrated in figure g. Fishing power, measured as
theaverage catchingability ofaboatinaday’s fishing has risenrapidly and
consistently over time. Therise in fishing power is the result of continuous
improvements in technology, input combinations and knowledge. The
acquisition of improved scientific knowledge of the fishery,along with the
observation of declining catches has made it increasingly clear over the past
fewyears that prawn stocksare not being conserved and catches are not
being controlled.

The combination of policy changesin 1999 and 2002 appears to have
temporarily slowed the increase in fishing power as wellas contributing to
arapidfallin total days fished. Total days fished in 2002 were 55 per cent of
the 1998 level, probablyas aresult of acombination of policy change and
significant fallsin prawn prices since 1998. Areturn to the average annual
rate of growth infishing power that applied from 1970 to 1998, more than 6.7
per cent,would see effective fishing days return to the 1998 levelin less than
gyears,evenif nootheradaptations were made. Itis evident fromfigure g
thatthe effects of input policy change on fishing powerare never more than
temporary.
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‘I History of management changes in the northern
prawn fishery

1971

1977 & 1980
1984

Mid-1980s

1987

1989

1990

1995

1999

2000

2002

2004

2005

2006

Seasonal closures for banana prawns introduced (Rose and
Kompas 2004).

Controls onboat replacement (Rose and Kompas 2004).

Unitisation of fishery introduced: Class A Units (fishing right) and
Class B Units (boat hull volume and engine power allowance)
(NORMAC 2007) .

Buyback scheme implemented to reduce effort accordingtoa
target of 70 ooo units in the fishery (NORMAC 20071) .

April opening date to target market sized prawns and a mid-
season closure to reduce catch of spawners introduced (Caton
and McLoughlin 2004).

20 810 Class A units sold under the above scheme but falls short
of target (NORMAC 2001)..

Further restructuring through avoluntary buy-back scheme
anda3o per cent compulsory reductionin unitsacross the board
with atarget of 53844 units. Target achieved and vessel numbers
reduced from 216 to 132 by 1993 (NORMAC 2001).

New management planand Statutory Fishing Rights (SFRs)
introduced to replace Class Aand B units (Caton and McLoughlin
2004).

First season shortened by 14 days and second season by 18 days
(Catonand McLoughlin 2004).

New management system based on control of gear units
according to head-rope length of fishing nets (Caton and
McLoughlin 2004). First season shortened by 5 days and second
season by 5days (Caton and McLoughlin 2004).

Effort cut by 40 per cent. This was achieved through a 25 per cent
reduction in total allowable headrope length (Caton and
McLoughlin 2004) and ashortening of the first season by 14 days
and the second season by 7 days (Caton and McLoughlin 2004).

Maximum economic yield (MEY) defined as target level of catch
(Roberts2004).

25 per cent reduction in total allowable headrope length (Roberts
2004). Tiger prawn season extended to include August
(Larcombe and McLoughlin 2007)

Structuraladjustment package resulted ina 45 per cent reduction
invessel SFRsand 34 per cent reduction in gear SFRs (Abetz
2006). The limit on towing only two nets was removed for the
start of the 2006 season subject toa10 per cent penalty on

gear SFRs if operators chose to use other gear configurations
(Larcombe and McLoughlin 2007).
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Maximum economic yield analysis for the
northern prawn fishery

Thisanalysis constructs MEY estimates for the tiger prawn component of
the northern prawnfishery,illustrating the importance of MEY and fleet
size. Thetheoretical context isabioeconomic model calibrated by specific
fishery parameters. The exercise also nicely illustrates the construction of
standard bioeconomic models of afishery. Kompas and Che (2004) and
Roseand Kompas (2004) provide amore detailed analysis.

This section provides the biological model,and in particular the relationship
between spawning stock-recruitmentand spawning stock-biomass as well
as the effect of fishing harvestand mortality.

Biological model

The spawning stock-recruitment relationship is modelled according to
Ricker’s equation (Ricker19s4) or:

6. = S Bw §t—1
1 Rt_ o 1St—1 e+ E-M

where R, is the total number of recruits producedinyeartand S_ isthe
spawningstock of the previous year (estimated as the number of prawns),
andwhere o, and B are parameters that determine the relationship
betweenrecruitmentandthe spawningnumber of the previous year. The
measure § reflects uncertainty or the stochastic behaviour of the spawning
stock-recruitment relationship.

Spawningstockis takenasaproportion (y) of the total female stock,

assuming that female prawns constitute half of the total stock of prawns, so
that:

6.2 SAH: <'YSH>/2~

Following Penn etal. (1995) and Wang and Die (1996) the spawning stock §
isthe result of annualrecruitment R and fishing effort, defined as:

63 gt: athe "Bz(Ft+m)

where F,is fishingmortality at year tand mis the annual natural mortality
rate.

Following Wangand Die (1996) fishing mortality at year tis defined by:

6.4 F.=q.E,=q.B..N,
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where gis the ‘catchability coefficient’and E, is fishing effort at yeart.
Fishing effortis determinedastotal ‘standard’boat daysin the fishery,
whichisamultiple of total ‘standard’ boats (B,) and nominal fishing days in
the season (N,). Inthis study one unit of fishing effortis defined as the daily
effort ofa‘standard’boat. A standard boat is used to avoid the problem of
equating boat day units betweenlarge and small vessels. In practical terms,
this capacity can be measured by boat engine powerandameasure of
hullunits or thelength or the weight of boat. In this study boat capacity is
measured in terms of A-units, orasimple linear combination of a kilowatt of
engine poweranda cubic metre of hull. The measure of boat capacity used
here is the same as that used to specify A-unitsin the NPF up untilthe intro-
duction of gear unitsin July 2000. Define astandard boat size as A units so
that the totalstandard boat numbersatyeartis given by

m A
- B=27

where Mis the number of boatsin the fishery,and A, is the capacity of boat
i inyeart. Withtechnological change, fishing mortality at year tis simply
given by:

66 F.=q.E,=q.TEC.B,.N,
where TEC, is the variable that measures the change in technology at year t.

Following Wangand Die (1996) the annual catch h,intonnes is approxi-
mately definedas:

67 h.= QLR (1-e ),

Catchincreases asymptotically toamaximumof o, R, asfishing effort tends
toinfinity (Wangand Die 1996).

Based onequation 6.7 the catch per unit of effort (CPUE) is given as

h
__t_ B.(F
68 CPUEE—?— (OLgRt(%e B( +m)>)/<Et> +§2
t
where éz represents stochastic error in CPUE. For input controls random
errorin CPUE is generally captured by variance in fish harvest. For output
controlsthe erroris generally captured by variance in fishing effort (£,).

Bioeconomic model

Annual total revenue of the fishery is defined as the multiple of annualfish
harvestand the annual (average) price of fish,so that

6.9 TR =p,h

t
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where p, is the price of fish drawn from an inverse demand curve. Following
Danielsson (2002) and Campbell, et al. (1993) this price is determined by

610 P=P (H/h)*

where gis the elasticity of demand for catchand P_is the unit price of the
catchwhen the volume of the catchis H..

Annualtotal costisassumed to be the sum of labour, material, capitaland
other costs. Labour costs generally include a share of total fish revenue and
packagingand gear maintenance expenditures directly correspond to total
fish revenue. Capital costs are defined by the cost of capital calculatedasa
sum of depreciation costand the annual opportunity cost of boat capital
value. Capital costsand other costs (of which fuelisamajor component) are
assumed todepend on fishing effort so that total costs can be expressedas:

611 TCf:OH'Cthph+CMphht+CKEt+CoEr

¢, andc,,isthe share cost of labour and materials per each Australian dollar
of outputrespectively;and ¢, and ¢ is the average capitaland other costs
perunit of effort respectively. The average capital cost of a unit of effort
(c,)is estimated by dividing total capital costs by total effort. Average other
costs (c,) perunitof effortis estimated by dividing total other costs by total
fishingeffort. The value of aLrepresents a fixed cost component.

Annualfishery profitis defined by subtractingannual total cost from annual
total revenue. From equations 6.9 and 6.1 annual profit is expressed as

612 l—It= phht_<X+CLphhr+CMphht+CKEt+COEt:

Fishingeffortis definedas total ‘standard’ boat-days with the number of
‘standard’boats (B,) as computed in equation 6.5.

An objective of afisheryis to maximise aggregated profits over time.
Although seasonalandarea closuresareimportantinalmost every fishery,
including the NPF, the main concern here is the choice betweeninputand
output controls. Underinput controls the fisheryauthority targets overall
effortlevelsthroughacombination of input restrictions, limits on tech-
nologyand limitations on days fished. With output controls the authority
setsacatch quotawithvesselsfree toadjust their effort levels to meet total
allowable catch. Assuming that effort levelsare observable and enforceable,
the problem foraninput control regime is to maximise:

T T
613 mEaxg I1= §|:ph h,(E)-(x+c h(E)p,+c,h(E)p,+C.E+c !
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throughachoice of orvariations in effort. The choice of the control
variable £ is set by the length of time or nominal days fished. Introducing
discountingand substituting 6.6,6.7and 6.1into equation 6.13, gives

6.14
max ZH

=1 i=1

1

(1+8) ((p,-c,-c,)o0S eF (e @Eem)c £ oc F))

fordthe discount rate and where [T, isthe net present value of profit at
yeart.

Foroutput controls the problem is to maximize

615 mafoI Z

(1+5) (phhf (C ph+C/\/Ihtph+C)<Et+COEt)>

throughachoice of harvest (h,)and where [T, isthe net present value of
profitatyeart.

Asolutionrequires substituting from equations using equations 6.1,6.6 and
6.7toensurethat equation 6.15is afunction of catch or harvest only. Larger
stockvalues clearly lower the costs of fishing or the amount of effort required
to meetacatch quota. Solving equation 6.15also requires that spawning stock
atthe periodo (§O) beknown.Inallcases the appropriate transversality
conditionat time t=T isthatthe value of profitsis zero (Clark1990).

Optimal solutions and maximum economic yield
analysis

Parameters usedin the model are indicated in Kompas and Che (2005), for
baseyear2000. Details of these parameters and their sources are discussed
below. The initial spawning stock (§O) forbrownandgrooved tiger prawns
intheyear2000is estimated from spawning stock indexes provided by
CSIRO (2002a). The conversion fromindexes to millions of prawns was
done by usinga coefficient linking spawning stock in terms of indexes at
1993 (CSIRO 2002a) with the spawning stock in terms of millions of prawns
indicated by Wangand Die (1996). The recruitment of prawns is estimated
fromthe initial spawning stocks following equation 6.1.

Parameterso.,.and o, B, forthe biological relationship describedin
equations 6.1and 6.3are provided by Wangand Die (1996). The annual
mortality rate (m) follows Wang (1999) and Wangand Die (1996). The sex
(male andfemale ratio) is 1:1, following Wang (1999), Wang and Die (1996)
and Dichmontetal. (2003b). The value of yfor brown tigerand grooved
tiger prawns is computed as the average of the monthly percentage of
female spawning over the ‘biological year’, from August to March (Crocos
1987aand1987b).
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Parameters for the catch, stockand effort relationship (o, and B,) as
definedinequation 6.7are provided by Wangand Die (1996). The coef-
ficient of effort distribution between brown and grooved tiger prawn
fishing follows research by Dichmont etal. 2003b). The actual number of
vessels operating inthe year 2000 was 120 (AFMA 2002). Standard vessel
fishing capacity is 400 A-units, the average obtained from CSIRO (2002b).
The catchability rate of one unit of fishing effort is obtained from Wang
(1999). This catchability rate is given for 1993 with a natural mortality rate
of 0.045.Fortheyear 2000 this numberisadjusted to account for effort
creepandtechnological change, based on Dichmontetal. (2003a). For the
cases of ‘basic high’and ‘spatial high’itis estimated that fishing power has
increasedataround 2to 2.4 per cent perannum. Therefore in this study the
adjustment to the catchability parameterat 2000 is 19 per cent higher than
in1993.Foryearssubsequent to 2000 itisassumed that there is no effort
creep.

Theinitial price of tiger prawnsis computed from ABARE (2008a). The initial
catchand price of tiger prawns or H(o) and p(0) is based onvalues at year
2000. Based onstatistics for catches and prices (ABARE 2008a),and given
that 9o per cent of tiger prawns are exported to Japan, the coefficient of
flexibility between supplyand priceis estimated at 15. This number is based
onthe empirical relation between prawn supply and demand in Australia
(based on ABARE 2008a). The proportion of revenue share by labour, mate-
rialsand other costsare based on data collected in economic surveys of the
NPF carried out by ABARE.

Theaverage capital cost per unit of fishing effort is computed from total
capital costand total fishing effort. The value of vessel capital is the market
value atyear2000 of vessel, hull,engine and onboard equipment as of July
duringthe surveyyears. Capital costs are defined by the user cost of capital
calculated asasum of depreciation cost, the annual opportunity cost of the
total capital value and the difference in boat value between season opening
and closingtimeinagiven year. Vessel depreciation is based on the ‘discrete
diminishing value’approach. The opportunity cost for vessel capital was
derived as the multiple of the nominalinterest rate and vessel capital.

The average of ‘other costs’ per unit fishing effortis computed from total
other costs (mainly fuel costs) and total fishing effort. Both average capital
and other costs perunit of fishing effort are measured inreal prices, base
year2000. The Consumer Price Index was obtained fromthe DOL (2008).

Usinga geneticalgorithm the optimal solutions describedin equations 6.14
and 6.15are obtainedand reported in table 2. The choice variable for output
controlsisharvest or catch, forinput controls, effort. Several models are
solved. Thefirstisa base model,assuming no uncertainty in effort or catch,
setting the variancein stockand CPUE equal to zero. The second model
obtains results based ontheactual variance in stockand CPUE in the NPF,
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using the variance inthe residuals from the estimates above. Finally, the case
of discountingis considered.

The time horizon for the optimal process used inthis studyis 5o years, long
enoughto guarantee that optimal results are sufficiently close to their
steady state values before divertingto meet a terminal conditionin year 5o.
The terminal conditionis such that the value of profitsat year 5o goes to
zero. Theissue of what discount rate should be used ina Commonwealth
fisheryis contentious. Firmsin the industry would preferarate thatreflects
the opportunity cost of investment in vessels and fishing capacity. The
fishery managerwould likely preferamore ‘conservationist’ approach,
orevenazerodiscountrate. ForaCommonwealth resource some rates

in between may be the most appropriate. In this study the case of zero
discountingand a3 per centdiscount rate isusedand compared.

The optimal solutions for the case with adiscountrate of 3per centare
reported intable 2. Both cases indicate more catch earlier in the planning
horizonand consequently smaller ‘near’ steady state stocks thanin cases
without discounting.

Inthe case of stochastic recruitment and CPUE, optimal results show
output controls dominate effort controls inthe NPF for tiger prawns (there
isno difference inadeterministic setting). Fishery profitsare larger under
output controlsand the variance in profitsis considerably smaller. Since
thereislessvarianceinstockrelative to CPUE itis easier to control stocks by
targeting catch, maintaining stock size, loweringits variance relative to the
use of effort controlsand thus decreasing the overall costs of fishing. The
differencein profits between outputand input controlsis of course smaller
under discounting since future gains from stock recovery and controlinthe
future are worth less today. The issue of the appropriate rate of discount (if
any) inaCommonwealth fisheryis asubject for future research.

The comparison between MSY and MEY is most important. Usinga constant
number of boats at 120, shows that the ratio of stock at MEY to stock at MSY
isroughly 1.42, indicating substantial overfishing in the NPF. Optimal effort
levelsintable 2are roughly 60 per cent of current levels.

Finally,it should be noted thatall resultsare obtained under the assumption
of noeffortcreep orlossesfrom high-grading. In cases where effort controls
are used, effort creep can be considerable resultinginfallsin fishery profits
andthe needto periodically measure ‘true’fishing effort and thus adjust
optimaltarget effortlevels. Thisalsoinvolves costsin fleet restructuring and
administrative and negotiating cost with new management arrangements.

In cases where output controlsare used, high-gradingis oftenaconcern
since itmay pay to discard low value catch,although in the NPF, with relatively
homogenous stocks and catch this may be less of aproblem.
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2 Optimal solutions of the base and stochastic models
for the northern prawn fishery (discountrate=3 per cent)

unit output control input control

Base model
Total Expected Profit (mean value) A$m 365 365
Mean values at steady state
Total stock size millions 302 302
Stock size of brown tiger prawns millions 203 203
Stock size of grooved tiger prawns  millions 99 99
Annual harvest tonnes 2350 2350
Number of boatsinayear boats 120 120
Fishing day per boat peryear days 77 77
Total boat days per year boat-day 9240 9240
Average values per year
Total stock size millions 208 208
Stock size of brown tiger prawns millions 196 196
Stock size of grooved tiger prawns — millions 102 102
Annual harvest tonnes 2250 2250
Number of boats boats 120 120
Fishing days days 73 73
Total boat days boat-day 8760 8760
Stochastic recruitment and CPUE model
Total Expected Profit (mean value) A$m 328 316
Standard of deviation A$m 21 79
Mean values at steady state
Average stock size millions 329 322
Stock size of brown tiger prawns millions 223 217
Stock size of grooved tiger prawns  millions 106 105
Annual harvest tonnes 2080 2120
Number of boatsinayear boats 120 120
Fishing day per boat peryear days 63 64
Total boat days per year

atthe steady state boat-day 7560 7680
Average values per year
Total stock size millions 320 315
Stock size of brown tiger prawns millions 216 208
Stock size of grooved tiger prawns — millions 104 105
Annual harvest tonnes 2020 2060
Number of boats boats 120 120
Fishing days days 61 63
Total boat days boat-day 7320 7560
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A stochastic production frontier analysis for
the northern banana prawn fishery

This second case study summarises the results of astochastic production
frontieranalysis for the NPF, specifically for the banana prawn fishery, by
estimating equations comparable to 4.3and 4.4. Thisapproach allows for
vessel level measures of economic efficiency and gives an assessment of
the efficiency implications of the use of input controls for the fisheryasa
whole. Amore elaborate description of the modeland results is contained
inKompasetal. (2004).

Data sources and variables

The unbalanced panel data used to estimate the stochastic frontiers for the
NPF comes from two different datasets. Dataonalarger set of variables s
available foranunbalanced panel of 853 observations for 138 vessels over
the period 1990 to 2000. The vesselsincluded in the data harvested almost
40 per cent of the total catch of banana prawns each yearandare drawn
from surveysand statistics for the NPF fleet carried out and compiled by
ABARE and the CSIRO. The data includes measures of output by species
(banana, brownand grooved prawn), crew size, revenue, boat variable costs
(notavailable by species), capital costs,nominal fishing days for banana
prawns and vessel characteristics (hull units, engine power, A-units, gear
length, boat size). The vessel characteristics, landings of banana prawns
and nominalfishing days for banana prawnsare provided from the CSIRO
surveysforthe fishery.

Generalisedlikelihood ratio tests are used to help confirm the functional
formand specification of the estimated models. The correct critical values
for the test statistic come froma mixed chi-squared distribution (at the 5
per centlevel of significance). Atranslog specification was initially esti-
mated, buta pre-test with the null hypothesis of the Cobb-Douglasas the
correct functional form could not be rejected (Kompas etal.2004).

Maximum likelihood estimates of the model were obtained, followinga
three-step procedure. OLS estimates are first obtained, followed by a grid
searchthat evaluatesalikelihood function for values of gamma between
zeroand one, with adjustmentsto OLS estimates. All other values of beta
arerestrictedtobe zeroin thisstep. Finally, the best likelihood values
selectedinthe grid searchare used as starting values ina quasi-Newton
iterative procedure to form maximum likelihood estimates at a point where
the likelihood function obtains its global maximum.
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1 Average technical efficiency
J ofthe northern prawn fishery
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Estimated results and efficiency analysis

Results forthe modelarereportedin table 4,and a description of inputsin
table 3. Allinput variablesin the stochastic frontier production function are
significant, except crew number, as are time trend and year-dummy vari-
ables. Estimates also show thatinputs for bananaprawn output in order of
importance are fishing effort (boat days), fuel (as a proxy for engine size and
power),headrope gear length and crew number. Allinput share coefficients
sumto 0.75.Results of OLS estimates are also reported and as expected
vary from frontier estimates for all input variables.

Resultsforthe technicalinefficiency modelindicate that A-units and gear
lengthare both significant. A-units have a significant negative effect on
technicalinefficiency (hence a positive effect on technical efficiency)

and gear length hasa positive effect oninefficiency. The hire of askipper
estimatesas non-significant but has the expected ssign. Incentive effects
forowner-operated boats should likely resultinanincreasein technical
efficiencyrelative toahired skipper. The estimated results of the average
technical efficiencyare reported,showingthe decreasingtrend during the
study period (seefigure ).

Although banana prawn catchis highly dependent on seasonal weather
effects, the relationship between catchand future stockabundance, as
mentioned earlier,is not clear. Infact, itisargued that future stock size
seemsto belargelyindependent of the amount of fishing effort onadult
stock, with the escape of spawners highly resilient to recruitment over-
fishing (Staples and Maliel 1994). Nevertheless, catches below expectations
have generated concernthat stock size may be falling.

3 Description of inputs and vessel specific variables
inthe northern prawn fishery
(138 vessels for the period 1994-2000)

variables description

Output Output of banana prawns (kg)

Fishingeffort Nominal fishing days for banana prawns (days)

Hull units Under deck volume (m?)

Engine power Registered engine power (kW)

Vessel A-unit The sum of one A-unit for every cubic meter of hull
volume and one A-unit for each kilowatt of engine power

Gear length Headrope length of gear (meters)

Boat size Vessellength (meters)

Sources: Statistics from CSIRO (2003).
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Table 4 shows two important results of input controls inthe northern prawn
fishery. First, controls on A-units (hulland engine size) by the regulator

has had the net effect of reducing technical efficiency (or raising technical
inefficiency) because the estimated coefficientin the technicalinefficiency
modelis statistically significant and negative. In other words, for the average
vesselanincreasein A-units lowers technical inefficiency (raises technical
efficiency).Second,Kompas et al. 2004) found that because of controls on
A-unitsinthe1980sfishers have tended to substitute to increased headrope
length soastoincrease their fishing power. Unfortunately, the technical
inefficiency modelindicates that such input substitution has raised
technicalinefficiency (lowered technical efficiency) becauseits estimated
coefficientis positive and statistically significant. Table 4 shows this effectin
terms of the average measure of technical efficiency over time in the NPF. It
falls considerably. The reasonis clear. On average the ratio of A-unitsto gear
inthe fishery falls over time. Given the estimates this must imply efficiency
fallsas well.

4 Estimated results of the NPF frontier analysis
(1990-2000)

asymptotic

coefficient T-ratio
Stochastic production frontier
Constant 4.65 b (0.43) 10.79
Effort 072 b (003) 23.74
Engine power 038 b (0.09) 4.01
Head ropelength of gear 0.44 b (014) 319
Year 1994 -0.62 b (0.04) 17.89
Year 2000 -0.38 (0.04) 9.70
Technical inefficiency model
Constant 11.00 b (287 3.91
Head ropelength of gear 220 a (116) 1.88
Hull units -159 b (061) 2.52
Fishing effort -127 b (03) 342
Engine power -115 b (0.49) 2.37
Sigma-squared 0.68 (027) 3.27
Gamma 0.91 (0.03) 33.63
Ln (likelihood) 348.54

Mean Technical Efficiency (1990-2000)  74.40%

aDenotesstatistical significanceat the 0.05 level b Denotesstatisticalsignificanceat the o.o1level.
Note:Numbersin parenthesesareasymptotic standarderrors.
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The efficiency analysisindicates that input controls on hull sizeand engine
powerand the substitution to unregulated inputs, such as headrope length,
have reduced technical efficiencyin the NPF. Such an outcome runs counter
tothe stated objective of the fishery regulator to both maximise economic
efficiencyand ensure the sustainability of the resource.
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7Case study: the south
east trawl fishery

The case study for the south east trawl fishery (SETF) includes MEY analysis
and the analysis of profit decomposition and productivity for the south east
trawl fishery.

Overview of the south east trawl fishery

The southernand eastern scalefishand shark fishery, whichincludesthe
Commonwealth trawl, Great Australian Bight trawl, gillnet hook and trap
and east coast deepwater trawl fisheries, has been established since the
early19oosandisthelargest tonnage source for fresh fish supply in the
domestic Australian market.In2006-07 the fishery had a gross value of
production of around A$96 million, of which the trawl sector accounts for
around 56 per cent (estimated from ABARE 2008a). The fisheryisacomplex,
multispecies, trawland non-trawl fishery situated off the south east coast
of Australia, targetingabout 118 species of finfishand deepwater crusta-
ceans.Some speciesare caughtinafew metres depth (eg. flathead, school
whiting); while others (eg. orange roughy and dories) comprise some of the
world’s deepest commercial trawl fisheries extending down to 1300 metres.
Asaresult,anumber of different fishing methods and vessels have been
operatingsimultaneously in the fishery.

Thetrawlsectoraccounts foralarge proportion of the fishery, which
extends southward from Barrenjoey Pointin New South Wales around
Victoriaand Tasmaniaand west to Cape Jervisin South Australia (see map
2). The SETFislocatedin Australia’s 200 nautical mile exclusive economic
zone (EEZ). Thefishery’s100 or so harvesters employ trawls (otter board,
Danish seine and mid-water trawl) and harvest more than one hundred
differenttypes of species. Overall,the SETF accounts forabout one-fifth
of the landed value of Commonwealth fisheries, or about A$54.5 million in
2006-07 (ABARE 2008a). The mostimportant species are orange roughy,
blue grenadier, tiger flathead, spotted warehouandling,accounting for
60 to 70 per cent of total GVP of the trawl sector. The harvest and the GVP
of these species over1997-2007 are indicated in figure kand . It can be
observedthat the catchand GVP of orange roughy had been decreasing
overthe last decade.

Over recent decades, the participantsin the fishery haveincreased their
vessel sizeand capacity. In part, these investments have been made to
access deeperwaterand further offshore fisheries, suchasthe orange
roughy,but they havealso occurredasaresult of the ‘race to fish’incentive.
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| Gross value of landings, Because of concernsabout over-capitalisation, input controls were intro-

by species ducedin1986 that established vessel ‘unitisation’ whereby every boat was
south east trawl fishery registeredinterms of its hulland engine size, defined as boat units. Owners
30 wishing to upgrade their vessels were required to purchase registered units

from other operators with an “offset”amount to prevent overall increases
in fishing power.

Vessel unitisationand input controls failed to preventanincreasein

the capital employedin the fishery. To help prevent furtherincreasesin
capacity, AFMAintroducedindividual transferable quotas (ITQs) in 1992
that encompassed16 of the major commercial speciesin the fishery. The
initialallocation of ITQs was contentious as some fishers considered their
allocations asinsufficient compensation for theirloss of previous fishing
entitlementsassociated with their boat units. The introduction of ITQs also
2006 failedtobringabout the hoped for reduction inthe number of vessels oper-
atmg inthe fishery with very lowlevels of quotatraded in thefirst five years
oftheITQ program. Toaddress these concerns an industry assisted quota

I
1997 2000 2003
-08 -01 -04

= blue grenadier
=== orange roughy

= spotted warehou brokerage service was established in 1997 that greatly increased the level
= tiger flathead of lease quotatrading relative to the period 1992-96. As a consequence,
ling average yearly lease quota trades increased by more than 50 per cent to 26

oootonnesinthe period 1997-2000 compared to the preceding five years
(seeKompasand Che 2007).

Acrimony from the initial allocations,and aconcern that ITQs had not deliv-
eredthe expectedbenefitstoallfishers,led the regulator toalsoinstitute a
permitor license buybackin1997. The buyback had adual purpose: to remedy
theacrimony over theinitialallocationanditsassociated uncertainty and iti-
gationand toreducethe perceived overcapacity in the fishery.In total,about
A$4millionwasspent inthe buyback thatincluded A$2.35 million of targeted
assistance to 18 fishers designed to avoid further legal action over the initial
quotaallocation. The sum of A$1.7 million was used to buy back the fishing
licenses of 27 fishers (AMC Search Ltd 2000), with seven fishers receiving
bothabuyback of their licensesand targeted financial assistance.

The license buyback removed 14 active licenses and 13 dormant or latent
licenses from the fishery. Overall, the buyout reduced the number of
active fishing vessels from 108 to 94 and vessel capital worth approxi-
mately A$7 million (AMC Search Ltd 2000). The buyout was taken up by
vessels that were mainly “..small scale withannual turnover of less than
A$1million” (AMC Search Ltd 2000). The net effect was to increase the
expected profitability in the fishery,as reflected in the increase inthe
value of aboat license to participate in the fishery from A$60 coo to
A$85 000 immediately following the license retirement.

Thereissignificant latent effortinthe fishery.FERM (2004) reports

that soonafter theirintroduction, TACs and catch for many species had
increased by nearly 50 per centand by 1998 were nearly 65 per centabove
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g~ Southernand eastern scalefish and shark fishery
£ 2 Commonwealth trawl sectors and South Australian coastal waters sector

120°E 130°E 140°E 150°E 160°E
i Y -
ey &
o — TN B \
30°S ; hrouel { 30°S
g Ope
Jai e"\.\‘. Hh 33°34'54"S
Ny &
Sy
\-»..\,&i'?me—’ Tasman
40°S 0_ Sea 40°S
SOUTHERN OCEAN WJ
120°E 130°E 140°E 150°E 160°E

D east coast deepwater trawl sector
2 trawl exclusion zone (closed by permit conditions)
@D Commonwealth GAB trawl sector
@ Commonwealth trawl sector
@D South Australia coastal waters sector
. limit of coastal waters (3nm)
limit of Australian fishing zone (200nm)

Source: Australian Fishery Management Agency 2008. http://www.afma.gov.au/

the1992level. Whileitis not expected thatall quotas bind every seasonin
amulti-species fishery,no species’ quotawas met in 2007,and only two
specieshad 95 per cent or more of the available quota used. Overall,almost
athird of available TAC remained uncaughtin 2007. Of more concerniis that
the TACs for many species thatare classified as overfished or uncertain
were not close to beingfilled (figure m). For example, in 2007, 28 per cent of
available redfish quota, 49 per cent of silver trevally quota,and 45 per cent
of oreo quotawere caught. Effortin the fishery will gravitate to the open
access equilibriumwhen TACs are set too high (and hence are nonbinding).
Ellistonetal. (2004) conclude that the available evidence suggests that
settings in the fishery have not allowed returns to be maximised — rather
thefisheryappearsto have operatedasaregulated openaccessfishery.

Nonbinding TACs affect the rate of autonomous adjustmentin the fishery.
Autonomous adjustment s the process of effort gravitating to the most
efficient operators. One reasonthat it has not been observed onalarge scale
inthe fisheryis that controls on catchare rarely binding. This makes the quota
price formany species relatively lowand unlikely to offset the transaction
costs of trading. Another hurdle to autonomous adjustment is that the market
value of manyvesselsin the fisheryis probably very low,so operators have an
incentive to continue fishing until their vesselis due foramajor overhaul.
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m Catchasapercentage of average TAC in the southern and eastern
scalefish and shark fishery, by species, 1 January 2007 -30 April 2008 a
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Maximum economic yield analysis for the
south east trawl fishery

The MEY analysis presented in this section isan example of abio-economic
model foramulti-species fishery. A bioeconomic modelfor the southern
and easternscalefishand sharkfishery (SESSF) is constructed in order

to determine optimal harvest and stock sizesat MEY. Technical details
canbefoundinKompasand Che (2006).The modelis specified for six fish
resources inthe SESSF:orange roughly (in the cascade and easternzones),
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spotted warehou, ling, flathead and gummy shark. These species together
cover the bulk of the gross value of production (GVP) in the SESSF,and all
are targeted, with different vessels and fishing methods in the fishery.

The modelincludes five fishing methods: offshore trawl, inshore trawl,
Danish seine,auto longline and gillnet. Inthe Commonwealth trawl sector,
demersal trawling (both offshore trawland inshore trawl) and Danish
seiningare the dominant fishing methods. The gillnet, hook and trap sector
includes methods such as gillnetting, droplining, demersal longlining,
trappingand purse seine.In 2006, there were 9o vessels operatingin the
Commonwealth trawl sector of the fishery (four offshore trawl, 69 inshore
trawland 17 Danish seine). In 2006 inthe gillnet hook and trap sector of the
fisherythere were nine autolongline vesselsand 61 gillnet vessels (AFMA
2008b).

Biological model

Bio-economic models must be based onan underlying stock assessment
andastock-recruitmentrelationship. For the SETF, both a Schaefer (1957),
oralogistic growth or surplus-production growth model,and a Beverton
and Holt (1957) model are relevant.

Surplus-production models map the relationship between the growth or
netadditions to the stock of fish, as a function of existing stock size. The

key parametersare the intrinsic rate of growth rand ‘maximum carrying
capacity’.Ina continuous-time model of population growth, without fishing
behaviourincluded,aSchaeffer modelis given by:

z Zf _rB,(-B,/B)

where B, is the biomass of the stockand B_ is virgin biomass, or stock at time
zero, defined as maximum carrying capacity.

Indiscrete time, the relevant relationshipis:

5 Bt €,
7. B.= Bf+rBt(1—B—)e -h,

@]

where h is the catchrate. The measure €, capturesrandom behaviourin
biomass recruitmentand the harvest relationship in 7.2. Harvest is generally
assumed to beafunction of the biomassandfishingeffortattimet.

Inthe SETF a Beverton-Holt modelis typically used for orange roughy.

Based on Bevertonand Holt (1957) asimple density-dependent mortality
model to determine N, (the number of fish) is given by:
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N, -mN,
giventhat:
74 MmN,

where m is the rate of naturalmortalityandu , |t are parameters.

On this basis, Beverton and Holt (1957) established a stock recruitment
relationship model,a solution to 7.3and 7.4, given by:

WB,.
> Rt: 3—t e‘;
) u 4Bt—1

:
"B

[e]
where R istherecruitmentat yeartasaresult of the spawningstock at the
previoustime; B isthevirginbiomass;and p_and W are parameters.The
measure§ reflects random behaviourin the spawning stock-recruitment
relationship.

Inits simplest form, the change in the biomassat year tisasum of fish
growth fromthe surviving stock from the previous year (because of fishing
and natural mortality), plus new recruits. Based on Clark (1976) and Bjorndal
(1988),the dynamic interactionsamong recruitment, fish stock, fishing
mortality and natural mortality can be expressed by a delay-difference
equation of the form:

76 B, =(B-h)e>+R,

where hf is harvestattime tand:

Y 028

where g, istheinstantaneous net growth rate and mis the natural mortality
rate.

Itis clearthere will be relatively more food (or ‘environmental capacity”)
availabletoasmallstock thantoalarger one, or that the natural growth rate
dependsonabiomass densityattime t,represented as the ratio between
the current biomass over the virgin biomass (Bjorndal1988). Natural
mortality may also be density dependent, for example, if the effective-

ness of predation depends on stock size.Inageneral form, the relationship
between theinstantaneous net growth rate and biomass density can be
expressedas:

7.8 SZZSO[Bf ]
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where 8_andm are parameters. At maximum carrying capacity, it can be
shown that §_must be negative. In order to maintain the negative relation-
ship between the instantaneous net growth rate and the biomass density, it
also canbe seenthatm must be positive.

The growth models presented above should be measured consist-

ently eitherinterms of fish numbers or fish weight. The fish population

of aspecies consists of a number of different year-classes or cohorts,
oneresulting from each annual spawningand subsequent recruitment.
Following Clark (1990),assume that t=o corresponds to the time of recruit-
ment of the first cohort (or the time at which the cohort first becomes avail-
able forfishing). Atany time t the total biomass of the cohort is:

9 =
/ Bt NtWt

where N, isthe number of fish of the cohortalive at time tand w_ isthe
average weight of fishat t.

Since the stock recruitment relationship isanalysed in terms of fish
numbers, but harvest is usually in terms of weight,a conversionis required.
Inthis report the conversion between fish numbers and fish weight is
obtainedfromthe growthinlength and length-weight relationship. Based
onthevon Bertalanffy formula (1938) growth infishlength is given by:

710 =/ [1_e-k(f-fo):|
t oo

where/_ definesanasymptotic or maximum bodysize, /_is called the Brody
growth coefficientand defines growth rate toward the maximum,andt,
shifts the growth curve along the age axis to allow for apparent nonzero
bodylengthatage zero. The length-weight relationship is:

7.1 _ K(t-£.)7b
w=w_[1-e*e]

where w_is maximum weight.

Bioeconomic model

Bio-economic models combine the relevant biology given by the stock
assessment,and associated stock-recruitment relationship, with aharvest
function, total revenue and the total costs of fishing. Ina multi-species,
multi-fleet model, effortallocation, or the allocation of harvest across
vessels and species must also be specified.

The harvest function of vessel type jfor speciesiattime tis given by:
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oo pP;
712 =g E% p”
jie i it it
where q;is acatchability rate of vessel type jto species ; Eis the fishing
effortof vesseltypejtospeciesiattimet; B, is the biomass stock of species
iattimet;and o, and B/./.are the parametersinthe harvest function of vessel
typejtargetingspeciesi(assumed to be constant over time). From 712 the

fishing effort of vessel typejto fish speciesiis thus given as:

h.
£ jit
713 = 5
it y
/! quB/r
where:
n
714 if:;h it it
and:
715 jt: = Ejit

suchthat h, isthe TACforspeciesiattime tand E, isthe fishing effort of
vesseltypejattimet.

Denote the harvest share of vessel type jfor speciesiat time tin TAC of that
speciesas Gl.r/. ,sothatthe harvest hj/t canbe expressedas:

716 h jft:ejith it
n
where itis understood that shares must sumto one, or j;em:f
Substitution gives: i o,
_[1 it ift]
77 it | g° BB
19 B

as effort,indicating the relationship between biomassand TAC on the effort
allocatedtospecies .

Annualtotal revenue of vessel typejat time t(TRjt) isdefinedasasum of
revenue of all targeted species landed by that vessel, which s calculated as
the multiple of harvest and the annual (average) price of each species of fish,
or:

718 TR =XTR =2h p,

=1 it =1 ]

where p_isthe price of speciesiat time t.In many cases the price of fish
(p,) canbe determined froman inverse demand curve. Following
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Danielsson (2002) and Campbell et al. (1993) this price is determined by:

n e
219 p=pi(HY ,-;h/jf>

where g, isthe elasticity of demandfor catchfor speciesiand p? is the unit
price of catchwhen the volume of the catchis H”.

Totalrevenue of the fisheryat time t (TR, ) is defined as a sum of revenue of
all vessel typesat that time, or:

n.m
720 TR=22p,h,
Assume that fishing costs (includinglabour, material, capitaland all other
costs) areafunction of fishing effort and biomass or stock. Fishing costs for
vesseltypejforspeciesiattime t(Cl.[t) depends onafixed cost component
andvariable costs which depend on the fishing effort of vessel type jon
speciesi(E/,it),or:

(¢ 1
.21 =
7 Cjit ’th + ’thEjit

o . . . 1 . .
wherey. isthefixed cost parameter of vessel typejandy. isthevariable
Jt Jjt
costshare parameter. Itisassumed that y/fand y/‘t are both positive.

Substitutionfrom 7.17 for effort gives:

oy,
it

q°B>

jEit

22 =y© !
7 Cjit er+yjr

where the smalleristhe stock the largeris the cost of fishing. Totalfishing
costs of vesseltypej (c,) are thus given by:

m
723 C =2C
JE =it
The total fishing cost for the fisheryasawholeisasum of total fishing costs
of allvesseltypesin thefishery.

Annualfishery profit of vessel type jforspecieiattime t (I, ) is defined by
subtractingannual total cost fromannual total revenue, so that:

oL,
it jt

_ 0 Ayl
7-24 Hj/’t_pithiteit_ Yt q B,
jeit

and total profitinthe fisheryacrossvesselsand speciesat time t (I1, ) is
given by:
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e
o ol ticjie
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725

The optimisation problem is to maximise the aggregate profit overa period
of time T through choice of the harvest (TAC) for each speciesand the
harvestshareallocatedamongvessel types. In other words, the problemis
to:

/o,

726 SR v el
) ;ngxnf:t:o <1+8>f i:wpff /T—j:w i=1 ,Y/ +’Y/ °RB,
it Vje qjt it

where & isthe discount rate. Solving equation 7.26 also requires that virgin
biomass at time o for each speciesis known.

Optimal solutions and maximum economic yield
analysis

Model results are summarizedin table 5. Allresultsare preliminary in the
sense that the model may require further calibration based on more recent
biological studiesand economic data, obtained from consultation with
biologistsandindustry stakeholders. Model output comes into two forms:
acalculation of the harvest at MEY, after convergence,and a measure of
the optimalinitial TAC consistent with a move to MEY. This value of TAC
willchange fromitsinitial value to gradually approach the harvest rate at
MEY. TACin2007and actual harvestare also listed, along with the target of
BMEY/BMSY.

5 Results for optimal harvest strategy and optimal
stocks in the south east trawl fishery

h h
optimal actual
h initial TAC harvest
species BMEY/BMSY MEY TAC 2007 2007
Trawl fishery
Orangeroughyintheeastern 1.20 1200 340 76 12
Orangeroughyinthe Cascade 1.53 690 500 485 151
Spotted warehou 1.10 4100 3100 4512 1931
Ling (trawl) 1.29 1300 800 1538 932
Flathead 1.06 3880 2990 4197 2782
Gillnet, hook and trap fishery
Ling (longline) 118 500 450
Gummy shark (gillnet) 1.22 1500 1110 2509 1586
Schoolshark (gillnet) 1.20 200 150 360 169

2008b; TAC forlingincludes both trawland non-trawl sector; orange roughy catchis for both the
easternandthe cascade zones.
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Inall casesthe ratio BMEY/BMSY is greater than one,implying a substantial
‘stock effect’in either the harvest function or the cost of fishing. However,
thisvalue varies from1.06 for flathead to 1.53 or orange roughy. Also, in all
cases, optimalinitial TAC (ie.the TACvalue that is consistent with conver-
gence to MEY) is less than harvestat MEY, implying the need for stock
rebuilding, or lower harvests on the path to MEY. With stock rebuilding the
cost of fishing will fallin the future and profits will rise. In all cases except
orange roughy optimal initial TAC is less than TAC in 2007,although not
necessarily less than actual harvestin 2007.

Pursing MEY does imply positive amounts of harvestin the orange roughy
fishery,bothat MEY andin terms of the optimalinitial TAC. As expectedthe
time to convergenceisverylong,inthe order of 70 years or more to reach
withinspercent of MEY. The plan for harvestin 2008 in these fisheries,
however,was toset TAC at zero given the substantially depleted stocks

of orange roughy. This may be perfectlyjustifiable given environmental
factorsandthe possibility of collapse if stock sizes for orange roughy (in
some cases less than1s per cent of virgin biomass) are too small. The MEY
model does not allowfor such ‘depensation effects’.

Analysis of profit decompositions and
productivity for the south east trawl fishery

This sectionillustrates the use of productivity indexes and profit decom-
positionsinthe SETF. Acomplete analysisis contained in Foxetal. 2006).
The profit decomposition method isapplied to the SETF using vessel-level
dataontheimplicit output price, fuel price, price for labouranda capital
measure represented by vessel tonnage.

Data sources and variables

The sample datawere obtained by ABARE and AFMA,and are an unbalanced
panel of 47 vessels over the period 1997-2000, givinga total of 131 obser-
vations. Because of datainconsistencies, 11 observations were dropped
leaving a total of 120 observations to calculate the profit decompositions.
Summary statistics are providedin table 6.

Individual prices per species per vessel are not available for the fishery.
Consequently, the vessel output price is defined as the total value of land-
ings of fish divided by the total weight of the fish landed for each vessel. This
datalimitation prevents us fromassessing the relative profit contributions
of the different fish species, but does not restrict us fromassessing the
overalleffect of fish returns onindividualand industry performance. Nor
doesitpreventus fromapplying the profit decomposition to assess the
contribution of harvests to relative profits.
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All Years
Revenue
Landings

Price

Crew hours
Labor price
Fuel quantity
Fuel price
Vessel tonnage

1997

Revenue
Landings

Price

Crew hours
Labor price
Fuel quantity
Fuel price
Vessel tonnage

1998

Revenue
Landings

Price

Crew hours
Labour price
Fuel quantity
Fuel price
Vesseltonnage

1999
Revenue

Landings

Price

Crew hours
Labour price
Fuel quantity
Fuel price
Vessel tonnage

2000
Revenue
Landings
Price

Crew hours
Labour price
Fuel quantity
Fuel price
Vessel tonnage

$
kg
$/kg

trawling hours

$/trawling hours

L
c/L
GVT

$
kg
$/kg

trawling hours

$/trawling hours

L
c/L
GVT

$
kg
$/kg

trawling hours

$/trawling hours

L
c/L
GVT

$
kg
$/kg

trawling hours

$/trawling hours

L
c/L
GVT

$
kg
$/kg

trawling hours

$/trawling hours

L
c/L
GVT

mean

485730
229164
213
3562
74
1175
70.00
82

390518
215714
1.88
4129
42
1056
68.00
63

426822
229111
1.91
3654
68
1065
63.00
73

571656
241148
2.39
3197
97
1329
68.00
94

568177
231226
2.38
3223
93
1274
81.00

94

std. deviation

453259
182048
0.71
2391
104
1135
6.00

92

378994
191165
0.69
2963
24
1008
0.00

48

383243
205366
0.55
2404
99
1001
0.00

52

526541
181019
0.77
1965
128
1296
0.00
123

510214
149 968
0.69
2073
129
1260
0.00

min.

86110
22266
112
128

64
63.00

16996
31531
112
1276

111
68.00

86110
38389
1.22
128

107
63.00

98993
22266
144
360

16

o8
68.00
13

105770
27093
1.24
360

19

64
81.00
13

max.

2467 0M
1171634
4.47

14 095
668
5312
81.00
670

2110 863
1051230
4.45
14095
131
4078
68.00
196

2094586
1171634
4.47
11829

531

4349
63.00
196

24670M
889694
4.45
7245
509
4521
68.00
670

2336295
615403
3.90
7038
668
5312
81.00
662
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The (implicit) price for labour is defined as the ratio of total vessel labour
payments per vessel over the number of trawling hours and then multiplied
by the number of crew. Thus the measure of productivity is not independent
of the crew share thatis normally paidas a proportion of avessel’s net
revenue. That means in this study labour remunerationis endogenous. The
price of fuelisthe recorded price for each of the vessels,and capital is the
vessel gross registered tonnage.

Profitis defined as ‘net gain’ from fishing activity, which equals total boat
cashincome minus capital cost (i.e, repairs and maintenance), labour cost
and material costs. For comparative purposes,areference firm (a) must be
chosen.Usingabenchmarkthatisan observed firm orvessel helps fishers to
betterassess those factors thatare constraining profits that are under their
control (suchas productivity) from factors thatare not (suchas fuel prices).
Anatural benchmark vesselis one that maximises profit,adjusted for stock
size,relative toall othervesselsand overall periods. This corresponds to the
vessel denoted by observation 26 in the year 2000.

SETF profit decomposition and productivity
analysis results

Theresults of the profit decompositions are presented in table 7 for the
years1997-2000. When comparing the index values, if an index takes avalue
greater (less) than one, it contributes by expanding (contracting) the stock-
adjusted profit ratio defined by 0.
Avalue of less than one for the output price indexindicates that the
contribution of the output price to profitislessthan inthe benchmark firm.
Only five observations have an output price index (PO in table 7)greater
thanunity,and most vessels have values considerably less than unity. This
suggests thatanimportant factor contributing to the profits of the bench-
mark vesselwas the price it received forits harvest. Avalue greater than one
fortheinputindexesforallvessels doesnotimply that the input pricesare
greater than for the benchmark vessel. Rather, it indicates that the contribu-
tion of that input price to the profit ratio is greater than for the benchmark
vessel. This could arise if the input price for the given vessel is less than that
of thereference firmasanincreaseinthe input price reduces profits. If the
input price foragiven vesselisidentical to the benchmark vessel, the corre-
sponding price decomposition index will be unity.

Observation of the profit decompositions reveals anumber of insights
aboutvessel performanceinthe fishery. Scatter plots (see Foxetal. 2006)
ofthe indexsuggest that the contribution to profits fromthe implicit
output priceis higher forlarger vesselsand thatitsimportance forall
vesselsrises over time. Part of the reason for this difference across vessel
sizesisthatlargervesselsareable to harvestin deeperwaters much further

60



Commonwealth fisheries abare.gov.au clientreport

offshoreand, thus,are able to target some very high priced species, suchas
orange roughy, which cannot be harvested by the smallerinshore vessels.
Both smalland large vessel classes (defined relative to average vessel size)
however, experiencedincreasesin the contribution to relative profits from
rising output prices. Forinstance, table 7 shows that the geometric mean of
the output priceindexforall vessels rose from 0199 and 0.238in 1997 and
1998t0 0.374and 0.360in1999 and 2000. No consistent trend is apparent
forthe variable inputs (PFin table 7) across vessel sizes or over time, but the
contribution of labour to profits declines over the period. The trendin the
relative contribution of labour to profitsis consistent withan increase inthe
value of landings over the period that raised crew remuneration.

Ourresultssuggestthat since 1997 profit performancein the fishery has
improved. The extent to which thisimprovementisattributable to the
combined license buybackand industry assisted brokerage services,
however, is notimmediately clear. The profitability of both smallandlarge
vesselsimproved over the period 1997-2000 because of arise in output
prices, but this was independent of the buyback because the fishery has
been managed by ITQs since 1992. A possibility exists, however, that the
establishment of limited brokerage services for trading quotain 1997 might
have stimulated increasesin output prices by allowing fishers to adjust their
harveststo better suit market conditionsand their catches. Suchan outcome
issupportedby the factthatannuallease quota trades increased by more
than 50 per cent for the period 1997-2000 compared to the period 1992-96.

7 Decomposition of Profit Ratios in the south east trawl

fishery
obs no. 0 R PO PF PL K
Allyears 120 0.085 0.271 0.279 1.044 3.955 0.318
Small 73 0.057 0.304 0.261 1.037 4.058 0.201
Large 47 0.156 0.226 0.309 1.056 3.800 0.648
1997 30 0.055 0.21 0.199 1.057 5.643 0.303
Small 19 0.037 0.201 0187 1.049 6.368 0.203
Large 1 0108 0.229 0.221 1.073 4.581 0.602
1998 33 0.074 0.283 0.238 1.068 4117 0.306
Small 20 0.047 0.280 0.221 1.059 4.435 0.195
Large 13 0.151 0.288 0.263 1.082 3.670 0.608
1999 29 0.113 0.307 0.374 1.047 3105 0.337
Small 17 0.083 0.417 0.359 1.034 2.913 0.204
Large 12 0174 0.198 0.395 1.064 3.308 0.686
2000 28 0.117 0.297 0.360 1.000 3.313 0.331
Small 17 0.081 0.390 0.336 1.000 3.078 0.202
Large 11 0.205 0.195 0.399 1.000 3.713 0.709

Note: Thearithmetic meanis used to average over the profit values, while the geometric meanis
usedtoaverage over the indexes. Vessel tonnage (K) is used to split up observations into “small”and
“large” vessels. Small vesselsare defined as those beinglighter than the sample average (K< 0.318),
andlarge vesselsare defined as those being heavier than the sample average (K> 0.318).“No.” denotes
thenumber of vesselsin eachyear/size category.
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If the vessel buybackand increased quota trading combined did have a
positive economic benefit to fishers, it should also have raised overall
vessel productivity. The evidence from the profit decompositions is that
productivity rose over the period 1997-2000, but only for small vessels.
This difference explains why the gap inthe mean of profit ratio for large and
small vessels narrowed substantially inthe period between 1997-1998 and
1999-2000.

Bothvessel classes experienced a productivity jump in 1998 with the
productivity contribution (Rin table 7) to profits rising by 39 per cent for
smalland 26 per cent for large vessels. Such gains, in part, occurred because
the totalallowable catchforall quotaspecies was non-binding prior to 1997.
Thus, despite the existence of individual harvesting rights, the removal of
capacity helped toincrease the landings of the fishers who remained. Indi-
viduallandings rose because the 27 licence holders that were bought out
fromthe SETF with the 1997 buyback were obliged to sell their quota-hold-
ings, thereby allowing remaining fishers to optimise their scale of produc-
tionandraise productivity. Such quota trading s likely to have provided
greater benefit to smaller vessels that have less flexibility than larger vessels
tosubstitute betweeninputsand, thereby,increase efficiency (Grafton, et
al.2000).

Furthersupportforthe buybackand increased quota tradingas the causes
for the productivity increases is that such gains were simultaneous with a
declinein catch perunit of effort for seven of the 16 quota species over the
period1997-1998 (AMC Search Ltd 2000) and a decline in the overall stock
index. Changes in fish stocks, however, may help to explain the subsequent
declinein productivity of large vessels since 1998. In particular, orange
roughy, whichisanimportant species for large vessels, has declined inabun-
dance over this period (Kompasand Che 2008).

Overall,the empirical evidence provides support for the hypothesis that
the combined license buybackand the establishment of a brokerage service
institutedin the fisheryin 1997 have had a positive impact on profitability via
productivity improvements. Unlike vessel or license buybacks implemented
in other fisheries, such as British Columbia’s salmon fishery or the US north-
east multi-species fisheries (Holland, etal.1999),it has occurred withina
fishery managed by individualand transferable output controls. Thus the
SETF offersaunique ‘natural experiment’ where abuyback, coupled with
ITQs,appears to provide on-going benefits to fishers.

The payoffs of the combined buyback and brokerage service donotappear
to have diminished over time which might otherwise have been the case if
thefishery had been managed by only input controls —atype of fisheries
management that canresultinbothinput substitution (Dupont1991) and
rent dissipation (Dupont 1990).Indeed, increasing productivity gains for
smallvesselsin1998,and again in 1999, is suggestive that increased quota
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trading has helped smaller vessels to better optimise their scale of produc-
tionand raised productivity. In other words, because the SETF is managed
by individual harvesting rights, with an effective quotatrading system since
1997, itappears to have avoided the incentive for fishers to increase fishing
effortthat often follows buybacks (Campbell1989; Weninger and McCon-
nell2000).

Theresultsindicatealarge range inthe relative profitsand productivi-

ties of vessels within the fishery and measurable differences across vessel
sizes.Inthe threeyearsfollowing the buyback and the establishment of an
industryassisted quotabrokerage service, all vessels have benefited froma
riseinoutput prices. The resultsalso indicate a substantialincrease in mean
stock-adjusted productivity for both smalland large vessel classes the year
immediately following the license buyback and establishment of the quota
brokerage service. Smaller vessels, which may lack the flexibility of large
vessels to substitute across inputs,appear to have benefited the most from
the buybackandincreased quotatrading with the mean contribution of
productivity to profitsalmost doubling from 1997-98 to 1999-2000.

The findings suggest that the buyback, coupled with individual tradeable
harvestingrightsand greater quotatrading through the establishment of
aquotabrokerage service, have been successfulat improvingeconomic
performance.Suchadesirable outcomeisindirect contrast to the unfa-
vourable long-term outcomes oftenassociated with vessel andlicense
buybackinfisheries managed exclusively by input controls.

A stochastic cost frontier analysis for the
south east trawl fishery

Stochastic cost frontier model

This case study constructs a cost frontier. Since our concernis with a panel
dataset (time seriesand cross sectional data), indexvessels by iand time
periods by t.Ingeneral terms, the stochastic cost frontier takes the form:
7.27 InC =C(Q

it? W/’t ’B> +V/’t +uit

where Cisthe cost of harvest, Qis the volume of output produced, winput
pricesand 3 parameters to be estimated. The term vrepresentsarandom
stochastic variable, with the usual properties, or v~N(o, sz) accounting for
effects on costs beyondvessel control. The term uisanon-negative cost
inefficiency effect,assumed to be drawn fromanormal distribution trun-
catedatzero. Inthe case where u, = 0 acrossall vesselsand time periods,
equation 7.27 revertsto standard (minimum) cost function implying that
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allvessels are fully efficient. Forany u, >0 costsare largerand harvestinef-
ficient. The value u, canbe furtherrestricted by:

228 u=u(z, ;0)

where zaccounts for the effects of fishery and vessel-specific terms that
influence efficiency and & are parameters to be estimated. Equation 7.28
canalsoincludearandom stochastic variable. The measure of efficiency £,
is given by:

7.29 E/.t:e‘”ff

and s clearly bounded between zero and one. In more specific terms, fora
production functioninlog-linear form:

n
730 InQ =InA+nZatInx
it ENY R

forinputs x (indexed byj) and resulting factor demand equations, the cost
frontier takes the form:

1 n o 1
7.31 /”C,-faoJ“f /nQ/_t+%7’/npj+ v (v+u,
forinput prices p and:

n
732 f'—EOCj
isameasure of returns to scale. Equation 7.32is bounded below by the case
inwhichu, =o forallvessels andyears and thus represents the minimum
possible cost of harvesting fish giveninput prices. The complications of
asystems estimate with first order conditions for optimal imput use by
afactor of productionare avoided in this paper. Thus,a decomposition
between so called technicaland allocative efficientcy is not possible (see
Coellietal.1998).

Although total input payments for each factor of productionare listed in
the dataset, exactinput price datais not available for the SETF. However,
when constant returns to scale holds, equations 7.27and 7.31 can be trans-
formedto give a cost function of the form:

733 C=0 QIII Pt e+
' CA o)
it

accounting for total payments to inputs, orin log-linear form equation
731forr=1.Inlogform, parameter estimates for 7.33are obtained through
maximum likelihood estimates (MLE), where the maximum likelihood
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functionis based onajointdensity functionfor the errortermv, +u,
(Stevenson,1980). Efficiency can be calculated for each individual firm or
vessel peryear by:

1-0(0+y(v+u /)
-0(y(v+u /)

734 Elexp(u)v +u ]= exp[Y(v+u)+0 /2]

for ¢ =\/v(1-y0*) ,0°=0> +6;,Y=0;/6” and ¢ () thedensity function of
astandard normal random variable (Battese and Coelli 1988). The value of
when there are no deviations in costs due to inefficiencyandy =1implies
that no deviationsin costs result from stochastic random effects with vari-
ance G

Data sources and variables

The unbalanced panel dataset usedin this paper consists of 47vessels over
the period 1997 to 2000, or 131 0bservations with 57 missing observations.
The original database was drawn fromannual surveys and statistics for the
SEFT fleet carried outand compiled by ABARE and AFMA. The raw data-
base includes measures of output (value and quantity of total fish landed),
type of fishing (otter trawland Danish seine), length of vessels, under-deck
tonnage, engine power, fishing hours, boat composition (wood, steel etc),
boatvalue, boat depreciation,average number of crew onboard, labour
costs, fuel costs, gear costs, material costs (including costs for oil, grease,
boatandgear repair, bait, ice,and packing materials). Fishing logbook data
obtained from AFMA includes dataforall vessels for the period 1997-2000,
including the number of fishing hours (effort) and other vessel character-
istics. Of the roughly 103 vessels operatingin the SETF during the sample
period, the 47 vessels in the unbalanced panel data set represent more than
50 per cent of the total catch of fish in the fishery each year.

Asummary list of all specific variables is contained in table 8. All values are
in 2000 prices. Output variables are available for both quantity and value.
Total fishvolume soldforall species was provided from ABARE surveys.
Thevalue of fish landed or totalincome from fish sold was derived as the
difference between the total value of fish sold and the expenditures for fish
marketingand transportation. Based on raw cost variables, cost expendi-
ture components were derived, including those for four major groups:
capital, labour, fuel,gear and materials. The value of boat capitalis the
market value of boat, hull,engine and onboard equipment (excluding quota
and endorsement values) as of July during the survey year. Capital costs are
defined by the user cost of capital calculated as a sum of depreciation cost
(depending onthe life time of the vessel, usually 10-15 years),annual oppor-
tunity cost of the total capital value (5 per centayear) and the differencein
boatvalue between season openingand closing timeinagiven year.
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8 Description of outputs, inputs and vessel-specific
variables in the south east trawl fishery
47 vesselsforthe period1997-2000

variables  description sources
Q Total fish volume sold (kg) ABARE
Y Gross value from fish sold ($) ABARE
TYPE Type of fishing operation: AFMA Log Book

Trawl =1; Danish=0
TIME Year of observation

1997=1,1998=2;1999=3,2000=4
SIZE Vessellength (meters) AFMA Log Book
WEIGHT  Under deck tonnage AFMA Log Book
POWER Registered engine power (kW) AFMA Log Book
EFF Fishinghours (hours) AFMA Log Book
HULL Boat material, eg., wood, steel,aluminium AFMA Log Book
K Boat value (%) ABARE
DK Boat depreciation ($) ABARE
LAB Average number of crew on boat (no.) ABARE
LCOST Labour costs ($) ABARE
FCOST Fuel costs ($) ABARE
GCOST Gear costs (%) ABARE

MCOST Other costsincluding costs for oil grease, repairs for boat, ABARE
cost gear, bait, packing materials, ice and other materials ($)

Vessel depreciationis based on the discrete diminishing value approach.
The opportunity cost for vessel capital was derived as the multiple of the
nominal interest rate and vessel capital value. Fuel cost was calculated as
total fuel expenditures used for fishing for the financial year. Gear cost was
calculated as total expenditures for gear (purchasing, maintaining and
repairing) used for fishing each year. Material costsare calculatedasasum
of the costs for boat repairs (the most important part of material costs),
baitandice, packing materialsand other material costs. The factor price for
capital, labourandfuelis derived as the cost required to produce a dollar
value of output. Since gear and material costs generally depend on fish
volume harvested (regardless of the value of fish) this measure is derived as
the costrequiredforharvestinga kilogram of fish. Expenditures for labour
(crewandskipper) are obtained from ABARE surveys and generally include
both wage and share payments.

Estimated results and efficiency analysis

Prior to testing the cost frontier estimations, a production function for

the SETF was estimated to test for returns to scale. Coefficients for capital,
labour, gear, materialinputs and gear are 0.01,0.65,0.044, 0.11,0.16 (table 9).
A Wald test witha null hypothesis of no constant returns to scale is rejected,
with critical value 39.0 >16.07. With constant returns to scale, an estimate of
equation 7.33forthe SETFis thus specified by:
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9 Parameter estimates
of the production
functionin the south
east trawl fishery

coefficient  asymptotic

T-ratio

Constant 1.69 3.48
Capital 0.01 0.34
Labour 0.65 *** 12.32
Fuel 016 *** 4.49
Material 0.1 3.26
ear 0.04 ** 173

Notes:*, **and *** denote statistical signifi-
canceattheo.1olevel,0.05and 0.o1level
respectively.
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735 InC =B+ B InQ +B.inpi+B.inp,+ B Inp+B.Inp [+ B Inp+(v,-u,

for Cand Q costsand output (or harvest) and input prices p* p/,pf, p™ and
péfor capital, labour (total labour costs including skipper), fuel, materials
and gear per unit of output, allindexed for each vesseliand time period t.
Theinefficiency model, orequation 7.28,is given by

736 u,=8_+98 Inqt+d,trawl+ 8, Inweight + w,

where gtisthe volume of lease quotatraded, traw/is the type of traw!
method used (a binary variable with zero for Danish seine and one for
inshore and offshore otter trawlers), weight is vessel weight and ®, isa
random stochastic variable for @, ~N(0, 62). Since thisisa ‘share payment’
fishery various values for payments to labourare trialled, ranging from
reported ABARE data (whichincludes all payments to labour and skipper,
composed of standard wages and share payments for labour per unit of
output sold on eachvessel) to cases where total labour costs, including
skipper costs, are arbitrarily divided by 2,2.5,and 3to account fora potential
difference between wage andshare payments. A precise decomposition is
notreportedinthe dataset. The estimated results for the stochastic fron-
tierandinefficiency modelsare reportedin table 10.

The specification given by equations 735and 7.36 was determined on the
basis of generalized likelihood ratio tests, with the relevant test statistic
given by

737 LR=-2{In[L(H )]-In[L(H, 1}

where L(H_)and L(H,)are the values of the likelihood function under the
nullandalternative hypotheses. The null hypotheses of atranslog cost func-
tionandatimetrendin either the cost frontier orinefficiency model were
bothrejectedat the 5per cent level of significance. Additional likelihood
ratio tests show the critical values for the test statistic drawn from a mixed
X -squared distribution as reportedin Kodde and Palm (1986). The null
hypothesis that technical inefficiency effectsareabsent (y=8_+6 =8 =39,
=0) andthatvessel-specific effects do not influence technical inefficiencies
(8,=8,=8,=0)inequationy.28arebothrejectedasis § =8 =8 =8 =0)
.Finally, the nullhypothesisthaty=c /(G + G )=o0,orthatinefficiency
effectsare notstochastic,isalsorejected. All results indicate the stochastic
and inefficiency effects matterso that usual OLS estimates are not appro-
priatein this study.

The maximum likelihood estimates for the stochastic cost function 7.35and

theinefficiency modelequation 7.36 are reportedin table 10 for the case
of wages thatinclude all share payments (model 1) and the case in which
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‘I Parameter estimates of the stochastic cost frontier
and technical inefficiency models in the south east
trawl fishery

model1 model 2

coefficient T-ratio coefficient T-ratio
Stochastic cost frontier
Constant 118%0¢ (0.059) 19.86 130"*  (0.08) 15.25
Output 1.00%** (0.005) 209.35 1.00™*  (0075) 132.35
Capital price 0.08%#* (0.008) 9.29 01T (0.086) 12.33
Labour price 0.577%% (002) 27.97 0.337*  (0020) 16.36
Fuel price 0.12%%% (0.007) 16.66 0A7***  (0.010) 16.60
Material price 0.20%** (oo12) 16.15 0.27%**  (oon) 20.55
Gear price 0.04%%* (0.004) 9.44 0.05"*  (0.005) 8.92
Technical inefficiency model
Constant 7.34%* (334) 2.19 1410 (5599) 2.52
Quotatraded -1.05%* (0.45) 230 -1.70%%F (066) 256
Type of trawl 0.70** (036) 1.94 0.69™  (0273) 2.51
Boat weight 0.47%%* (016) 2.87 0.45%*  (0153) 2.95
Sigma-squared 0.10%* (0.04) 2.49 oN7¥* (0042 2.78
Gamma 0.997*%* (0.001) 673.80 0.995"**  (0.003) 3.77

Notes:* **and *** denote statistical significanceat the 0.10 level,0.05and 0.o1level respectively.
Figuresinparenthesisareasymptotic standarderrors.

half of the wage rate isassumed to be a share paymentand thus excluded
from costs (model 2). In both cases the largest component of costs in the
stochastic cost frontieris the price of labouralthough (not surprisingly) its
valuefalls from 0.51to 0.33in model 2. The price of materials and fuel are the
nextlargest components. All estimates are significantat the 1 per cent level,
with standard errorsin parentheses. Coefficients in the stochastic cost
frontier roughly correspond to those givenin the estimates of the produc-
tion function forthe SETF,as expected. The results for the estimates of the
costand production frontiers were confirmed usinga ‘random coefficients
approach’, following Kalirajan and Obwona (1994), allowing for the possi-
bility of non-neutralshifts in the frontiers. Estimated coefficients varied
little fromthose reportedin table g and table 10 and all efficiency rankings
remain unchanged.

Of particularinterestintheinefficiency modelis the estimated coefficient
onthe volume of quotatraded. In both models, the sign on this coefficient
is negative indicating that an increase in the volume of quota traded (in
tonnes of fish) results in enhanced efficiency and a consequent decrease

in costs. Again, not surprisingly, this value rises from -1.05 to -1.70 in model
2since adjusted wage rates are now half of their previous value. Positive
values for coefficients on trawland boat weightindicate that inshore and
offshore otter trawlers are larger boats andless cost efficient. The reason
forthisisclearinthe SETF. Offshore otter trawlers, which are typically made
of steel, fish more than 5o kilometres offshore, principally targeting orange
roughy, eastern gemfishand blue warehou. More recently, these otter
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trawlers have moved to the inshore sector.

However, stocks of these fish are thought to have declined considerably
indicatinglonger fishing trips and higher costs for offshore vessels. Danish
seine vesselsare typically smaller vessels made of wood and target closer
toshore on species thatare relatively more abundant. The value of y=0¢
J/(©,+6 )ishighinboth modelsindicating that differencesin efficiency
dominate stochastic rahdom effects, alikely characteristic of an ITQfishery
where fishing days can be reserved for favourable weather conditionsand
the specific targeting of each species depending on quota holdings. Mean
technical efficiencyisalso roughly the samein both models but rises from
00.42(89.29) inmodel1(model2) in1997to 92.12inboth modelsin the year
2000, reflecting the efficiency gains fromincreased trades in quota.

Sensitivity results (Kompasand Che 2005) for different values of labour
costs confirm expectations. The lower are the labour costs (and hence the
higherare potential share payments) the lower is the estimated coefficient
onthe price of labourand the larger is the coefficient on the volume of
quotatraded.Removing potential share payments from labour costs thus
increases the measure of efficiency or the cost savings from having tradesin
quota.Model3is the case where labour costsare divided by 2.5and in model
4by3(models3and g4are notdescribed intable 10;see Kompasand Che
(2005) for details). The coefficient on the volume of quota traded ranges
from-1.05to-2.02. Theimpact on cost savings for the surveyed fishery from
trade inITQsis substantial.

Table1oindicates total fishing costs and cost savings per kilogram of fish
landedthatresultfromaone percentincreasein the total volume of quota
traded, for the years1997to 2000. Depending on the amount of total
payments to labour, cost savings range from 1.8 to 3.5 cents per kilogram.
Evenin the case where total payments for labour are not adjusted for poten-
tial share payments (model 1), cost savings range from 1.8 to 2.1 cents per
kilogram,or1to 2.4 per cent of total variable costs, with total cost savings
(based onactual catch) tothe surveyed fisheryin1999,for example, of

$110 ooo. Inall four models, cost savings fall slightly from 1998 to 2000. The
reason forthisis unclear,although itis possible that either efficiency gains
aredissipating over time as the volume of quotatrade increases or thereare
unknown falls in the stock of fish.

Thisfinal case study providesan analysis of the eastern tunaand billfish

fisheryasanapplication of the profit decomposition and productivity index
numberapproach.
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8 Case study: the eastern
tuna and billfish fishery

Overview of the eastern tuna and billfish
fishery

The eastern tunaand billfish fisheryisa complexfishery systeminvolving
multiple species and fishingmethods. Thereisalso asignificant recreational
sector targeting the same stocks. The commercialfishery includes longline
and minor line fishing methods;and the non-longline sector, which uses
purse seineand pole fishing methods.

The eastern tunaand billfish fishery extends along Australia’s entire eastern
seaboard from the tip of Cape Yorkto the southern most point of the
Australian Fishing Zone. Itincludes Commonwealth waters off Queensland,
New South Wales, Victoriaand Tasmania out to the 200 nautical mile limit
of the Australian Fishing Zone and includes waters around Norfolk Island
(map3). The fishery has been commercially exploited since the early 1950s
when the Japanese began pelagic longlining off the east coast of Australia.
Major ports used by the fleet include Cairns, Mooloolaba, Coffs Harbour
and Hobart (AFMA 2008c¢). In2006-07 the gross value of production (GVP)
of the entire fishery wasaround $32 million, of which the longline sector
accounted forovergg per cent (ABARE 2008a).

Australianlonglineand minor line fishers catch over seventy species of
fishin the eastern tunaand billfish fishery. However, the principal catches
are yellowfin tuna (Thunnus albacares), bigeye tuna (Thunnus obesus),
broadbill swordfish (Xiphias gladius),albacore tuna (Thunnus alalunga), and
skipjack tuna (Katsuwonus pelamis) (Larcombe and McLoughlin 2007). In
2005-06 these speciesaccounted for 8o per cent of the total gross value of
production of the fishery (ABARE 2008a). Many other species are caught as
byproducts,suchasstriped marlin, pelagic sharks, longtail tuna, rudder fish,
black oilfish, dolpinfish, rays bream, moonfishand wahoo. Incidental catches
of blueand black marlin occur, but these must be returned to the seaundera
legislative amendment that came into effectin July 1998, in recognition that
these speciesare the key target species of the game fishing sector.

Tunaandbillfishare highly migratory species. Thelink between fish caught
in Australian watersand the large stocks of the centraland western Pacific

is poorly understood,and s the subject of ongoing research because of its
obvious management implications. Approximately, 2 million tonnes of tuna
are taken annuallyinthe centraland western Pacific Ocean. International
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%3 Area of the eastern tunaand billfish fishery
£

135°E

1
V
INDONESIA

’: :
15°S

‘ 'S
VANUATU

Townsville

'NEW
. /CALEDONIA

Ay
e

LY / Y
S| LordHowel. /
A _NEW
Q & VESAOEE ZEALAND

141° 00' 00" E
2
g

7
Sea
g
o

135°E 150°E 165°E

eastern tunaand billfish fishery

(7> areaofHigh Seas
O land and coastline

stockassessmentadvice indicates that these levelsare generally sustain-
able,although concernis beginning to emerge about the status of bigeye
and yellowfin tunastocks.

Overall, ETBF catches show high inter-annual variability. It is thought that
catchvariability is influenced by oceanographic factors (eg. EI Nifio), which
influences the migration of tunato and within the fishery, particularly as the
southern half of the AFZ isat the extreme migration range for many of these
species.

Commercial fishing for major tunaand billfish speciesin the ETBF is regu-
lated by the Commonwealth government through the Eastern Tunaand
Billfish Fishery Management Plan 2005, which was adopted in October
2005.Under the plan,annual fishing permits are to be replaced by statutory
fishing rights (SFRs) (AFMA 2005). Longline SFRs will restrict the number of
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branchline clips (hooks) available to operators using longline methods on
ayearly basisand minor line SFRs will define the maximum number of lines
that may be used at any one time by minor line operators. Operatorsinboth
sectorswillalso need an additional permit to operate in the Coral Sea Zone,
formerly referred toasZone E. Allother management zones in the fishery
have been removed under the new management plan.

Until SFRs are granted, the fishery continues to be managed by annual
fishing permits (through transitionalarrangements under the Manage-
ment Plan). Species specificarrangementsare alsoin place for operators
targeting southern bluefin tuna, broadbill swordfishand albacore.

During the 1990s the ETBF expanded rapidly, particularly innorthern
Queensland waters where catch rates of yellowfinand bigeye were high. In
late 1997, many longliners began to fish out of southern Queensland ports,
suchasMooloolaba, to target both bigeye tunafor sashimi markets and
swordfish for marketsin the United States (AFMA 2004a).

Effortinthe ETBF increased steadily throughout the 1990s before peaking
at12.7 millionhooks in 2002-03. Since then effort has decreased signifi-
cantly to 8.9 millionhooksin2006-07 (figure nand table 11). The number of
active vessels had also decreased fromaround 143in 2001-02 to 113 vessels
in 2004-05and 71vessels in 2006-07.

Incontrast,average effort per vessel hasincreased sharply (figure n) from
oo thousandhooksin2001-02 to101thousand hooksin2005-06 and
125thousand hooks in 2006-07. The number of hooks perset hasalso
increased, fromaround 9oo hooks per set duringin1998-99 to 2001-02 to
around1,200 hooksin2006-07 (computed from AFMA 2008d and Camp-
bell2007).

Catches of yellowfin, bigeye and broadbill swordfish are shownin figure o.
Swordfish catches grew strongly until2001-02 when they peaked at 3129
tonnes before fallingto 1633 tonnesin 2006-07. Similarly, catches of yellowfin
peakedat 3394 tonnesin 2002-03, fell to 1385 tonnes in 2005-06 before
recoveringslightly to 1800 tonnesin 2006-07. In contrast, catches of alba-
core have increased from 632 tonnes in 2004-05t0 2814 tonnesin 2006-07
(ABARE 2008a).

Inline with the trend in catch, the gross value of production (in2006-07
dollars) for the fishery declined from $78 million dollarsin 2001-02 to
$28 million dollars in 2005-06 and back to about $32 million dollars in
2006-07 (withasignificant contribution from the albacore fishery). The
GVP of the major species, including yellowfin, bigeye and billfish, has all
fallen dramatically in recent years (figure p).
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‘I ‘I Effort statistics of the eastern tuna and billfish fishery

year hooks sets hooks per set active vessels
millions
1986/87 0.29 760 377 62
1987/88 1.07 1618 664 68
1988/89 1.09 2099 520 94
1989/90 079 2300 345 o8
1990/91 1.56 2864 543 101
1991/92 176 3252 541 109
1992/93 1.86 2975 625 91
1993/94 238 3664 650 79
1994/95 3.37 4509 747 98
1995/96 3.98 5552 717 12
1996/97 533 7645 698 123
1997/98 753 9270 812 150
1998/99 9.91 10762 921 156
1999/00 0.86 11070 891 147
2000/01 10.09 11529 875 136
2001/02 1.8 12874 916 143
2002/03 12.69 13535 938 140
2003/04 1117 1766 945 131
2004/o5 9.37 9869 950 13
2005/06 933 8976 1039 92
2006/07 8.9 7315 1217 71

Source: AFMA (2008d).

The harvestand gross value of production of albacore hasincreased substan-
tiallyinrecent yearsandis shownin figure g.In 2006-07 albacore accounted
foraround18 per cent of the total gross value of production of the fishery.

Profit decomposition and productivity in the
eastern tunaand billfish fishery

Individual prices per species per vessel are not available for the fishery.
Consequently, the vessel output price is defined as the total value of land-
ings of fish divided by the total weight of the fish landed. This data limitation
prevents relative profit contributions of the different fish species being
assessed, but allows the overall effect of fish returns on individual and
industry performance to be assessed. Profit decompositions canalso be
used toassess the contribution of harvests to relative profits.

Profitis defined as net gain from fishing activity, which equals total boat
cashincome minus capital cost (repairs and maintenance), labour cost and
material costs.Net gain from fishingin this reportis different than boat
cash profitin Vieiraetal. (2007). The differencesare in terms of measured

73



Commonwealth fisheries abare.gov.au clientreport

labour costs, repairs and maintenance costs and material costs. In Vieira et q Harvest and gross value of
al. (2007) cash costs include administration, bait, crew costs, freight and production of albacore,
marketing expenses, fuel,insurance, interest paid, license fees and levies, 1991-92t0 2006-07

packaging, repairs and maintenance and other costs. Labour cost (usually 6000 3000
the highest cash cost) includes wages and an estimated value for ownerand

] ) 5000 2500
partner,family and unpaid labour.
4000 . 2000
Interms of total revenue, vessel owners assert that totalincome before
3000 .. 1500

packaging, recordedinthe ABARE surveys, islowerthan the true income
(ETBF RAG meeting,14-15 July 2007). Without takingintoaccountincome 444
after packaging, many vessels may show false losses. Inaddition, labour cost

- 1000

in ABARE surveys may reflect share payments in profits. The ‘true’labour 1000 500
costs for crewmay thus be lower. GVP harvest
$)OOO\ LI et e e B B | tonnes
1994 1997 2000 2003 2006
Fishing effortis measuredas number of hooks (AFMA logbook data2007). 95 -98 -o1 -04 07
Forthelonglinefisheriesin the Western Central Pacific Ocean, the fishing —— quantity (LHaxis)
costis usually measured by dollars perhook (Kompas and Che 2006). For value (RH axis)

the ETBF study, the fishing cost and the labour cost perhook is not avail-
able, thereforeitis estimated based on total effort (number of hooks)
(AFMA logbook data 2007),average hooks per fishing day (Campbell 2007),
average number of crew on board (ABARE survey data), and average wage
perdayforagricultureand fishing (DOL 2008).

Source: Estimated from ABARE 2008.

The number of fishing days is computed by dividing total effort (number of
hooks) by average hooks per day. The labour quantity is defined as the multi-
plication of the average number of crew on board (ABARE survey data) and
fishing days (defined by dividing total number of hooks by average hooks set
perday). To calibrate, a time series for wage labour isalso computed from
theaverage wage per day foragriculture and fishing during2000-2005
(DOL2008).

Since fuelis the mostimportant material in fishing costs,a fuel price indexis
usedasa proxy forthe material price index. The fuel price index is computed
fromtheaverage diesel price from ABARE (2008b). The quantity of fuel is
computed by dividing fueland gear costs (surveyed at boat level) by fuel
price. Capital costis measuredasasum of the repair costs and maintenance
andacharge for the opportunity cost of capital (6 per cent per year).
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Estimated results and profit, productivity
analysis

Therelevant decomposition takes the form (see section 5 above):

(81 ea,b: Rab.pOab.pFab.p| a,b.Ka,bi

Sb
so that the performance of vessel arelative to vessel b can be decomposed
into differences because of productivity (R**), output (PO**), variable
inputs (PL**and PF*®) and vessel fishing power (K**).In constructing the
indexin (8.1) PL** and PF** are treated as negative outputs. In this study
vesselfishing power is measured as total number of hooks.

For comparative purposes,areference firm (@) must be chosen. Usinga
benchmark thatisan observed firm or vessel helpsfishers to betterassess
thosefactors thatare constraining profits under their control (such as
productivity) fromfactors thatare not (such as fuel prices). The reference
vesselisthearithmetic average vesselin 1999.1n 1999, profit and capital
were highand stable and duringthat year the average TFP wasalso highest.
Allvalue variables are in 2004-05 prices. The profit decompositions are
presentedintable12fortheyears1989-9oto2004-0s5.

1 Decomposition of Profit Ratios in the longline
eastern tuna and billfish fishery

indexes

profit productivity output fuel labor capital stock
price  price  price

Obs 0 R PO PF PL K S
1989-90 22 0.80 114 0.95 0.95 0.96 018 218
1990-91 25 0.85 1.07 0.92 0.95 0.97 028 145
1991-92 32 0.47 0.74 0.96 0.97 0.97 032 149
1992-93 34 0.69 1.00 0.96 0.97 0.98 0.35 153
1993-94 27 1.00 1.21 0.90 0.96 0.98 0.48 1.21
1994-95 33 1.03 1.06 1.06 0.99 0.99 0.54 1.21
1995-96 25 0.75 0.87 116 1.00 0.99 0.50 131
1996-97 27 113 1.07 115 1.02 0.99 056 125
1997-98 20 1.44 1.00 117 0.97 1.00 0.84 114
1998-99 32 214 1.57 1.00 1.00 1.00 1.00 100
1999-2000 25 213 136 1.20 117 1.00 0.96 0.95
2000-01 37 231 1.24 132 116 1.00 117 0.99
2001-02 42 272 1.20 134 116 1.01 118 1.21
2002-03 31 1.62 0.80 1.09 118 1.01 115 113
2003-04 16 1.89 0.99 0.79 119 1.01 1.04 113
2004-05 20 233 1.20 1.30 114 1.01 1.06 113

Note: The geometric meanisused toaverage overtheindexes. Theresultsfor1989-90t02002-03
are extracted from Kompasand Che (2007). All value are in 2004-05 prices.
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During1989-90 to 2002-03 the stock component of the productivity
decomposition shows that the contribution of the fish stock to profitin
the ETBF has been falling steadily since 1990. However, the profitindex
hadincreased duringthis time because of higher output pricesanda

larger contribution from vessel capital to profits. During 2000-02, higher
output prices contributed relatively more to profit relative to the reference
year (1999),as did higher productivity and additional capital investment.
However, during that period higher fuel costs had a negative impacton
profits.Note:all valuesare in 2004-05 prices.

The profitlevelin 2002-03 decreased dramatically froman indexvalue

of morethan2inthe previous fouryears (1998-99 to 2001-02) to 1.62.
However,in 2003-04and 2004-05 there isimprovement in profit. The profit
indexincreased from1.62in2002-03t01.89 and 2.33in more recent years
(seefigurer). Theimprovementin profitability is because of higher produc-
tivity (seefigure s), higher relative output prices,and afallin the capital cost
index.

Theincrease in productivity can be partly explained by two main factors.
First,the tendency of over capitalisation detailedinan earlier report
(Kompasand Che 2007) seems to have been partially resolved, undoubtedly
because of anumber of ‘highly expensive’ vessels leaving the fishery. Average
vessel capital decreased fromabout $1.5 millionin 2002-03to $1.3 million,
and $1.1millionin 2003-04and 2004-05. In terms of fishing power (measured
asnumber of hooks), the average hooks per vesselalso decreased from
about 120 000 hooksin2002-03toabout 1710 000 hooks per boat in 2004-
05.Also, the number of operatingboats decreased from 150 in 2002-03to
161N 2004-05. Typically, those vessels that exit a fisheryare the least produc-
tive, leaving onaverage higher efficiency vessels operatingin the fishery.

Along with the higher productivity in 2004-05, the higher profitindexin
2004-05 canalso be explained by lower fishing costs (number of hooks per
vesselhad decreased),and higher output price index. Inaddition, itisargued
thattheincreaseinthealbacore catchalso added to profits, especially in
2004-05 (Kompas 2008).In the sample, the catch of albacore increased by
roughly 50 per cent from2003to 2005 (or fromanaverage 4.8 tonnes to
almost 7.0 tonnes per vessel). The average contribution of albacore to GVP
pervesselincreasedto more than A$9000 in 2004-05.

Comparedwith the period 1998-99,in 2004-05 the output price index
hadincreased, indicating that the relative contribution of the output price
toprofithasincreased. The increase of the output pricesand the profitin
2004-05is because of higher share of harvest in yellowfin and bigeye tuna,
with highervalues (higher fish prices) in total GVP. The changes in fuel and
labour priceindexesare negligible (see table 12).
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Though this study only covers the period to 2004-05, itis likely that 2005-
06 profit may be lower than over the period 2000-01t0 2004-05, because
of the decrease in share of high value catch (yellowfin and bigeye). Overall,
thereappearsto be little trendin productivity,a characteristic of ‘limited
openaccess’fisheries.
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9 Efficiency and performance
measures for other
Commonwealth fisheries

The preceding case studies have focused on three of the main Common-
wealth fisheries: the eastern tunaand billfish fishery, the northern prawn
fisheryandthe south east trawl fishery. However, these methods can be
appliedtoanumber of other fisheriesas well. Table 13 (constructedin
conjunction with AFMA) indicates which methods are appropriate for each
of the candidate fisheries. MEY is ‘maximum economic yield”. This usually
requiresastock-recruitment relationship and key parameter values for the
price of fishand the cost of fishing. INPD refers to indexnumber and profit
decomposition methods. This requires data onall outputsand inputs, in
quantity andvalue terms. ‘Efficiency’ refers to stochastic cost and produc-
tion frontiers. Since thisis an econometric exercise, thisis the most data
intensive of all methods, requiring detailed output and input data overa
large number of boatsand time periods. All considered, table 13 indicates
the potential for broad coverage, in terms of performance indicators, for
Commonwealthfisheries.

AFMAis nowimplementinganumber of these performance measuresin
selected Commonwealth fisheries, with plans to include more.

78



Commonwealthfisheries abare.govau clientreport

‘I 3 Potential performance indicators for
Commonwealth fisheries

MEY INPD Efficiency

Northern prawn fishery
Banana (common)
Banana (red leg)
Tiger/endeavour

< 2 2
2 2 2 =2
2 2 2 2

Southern and eastern scalefish and shark

South east traw! fishery
(multiple species)

Orange roughy

Flathead (Danish seine)

Gummy shark

Schoolshark

Non trawl sector

Otter trawl

Great Australian Bight
(Redfish and flathead)

Auto longline

2 2 2 2 2 2 2 <
22222 2 2 <

Heard, McDonald
Eastern billfish fishery
Tuna (excluding albacore)
Swordfish

Albacore

< 2 2 <. <2 22222 2 2 <

<L <2 2 <
< 2 2 <

Western tuna

Skipjack/SBT

<. <2
<2 <2
<

Torres strait prawn
Torres strait rock lobster \

Coral sea (line fishing) N

North-west slope \/ J
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