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INTRODUCTION } S
Since 1965 the Western Rock Lobster thshery has been managed by what is essentially a license

* limitation schemeé mvolvmg restricted entry for boats, and strict controls on the aggregate number of
~ pots which can be used by the commercial fishing sector. These core pohcy instruments have been

supported by a range of other regulations, such as a closed season for several months, prohibitions on
taking berried or setose adults, controls:on pot desngn, and other gear restrictions. Many of the
additional regulations have the effect, at least in part, of reinforcing the effectiveness of the hcense
lumtauon schcme in hmltmg fishing effort by limiting pot numbers..

By most measures, management of th1s fishery has been highly successful. Biological over-explmtahon
of the fish stock has been prevented, at least until recently. The level of compliance with fishery
regulations has also improved significantly over the past twenty-five years, and has been achieved with

- relatively low levels of enforcement costs. However, by far the most significant achievement, and one
* which is still quite rare in the management of fisheries around the world, has been the generation and
preservation of significant resource rents (i.¢. the long run net returns to ownership of the resource stock

net of all “real” catching costs other than those related to accessing the fish stock, such as pot, boat, and
quota license costs). Generation of these rent has been dtiven primarily by increases in the price of the
product from subsistence to luxury levels, but it has been the management of the fishery which has been
primarily responsible for preservation of a significant proportion of the potential rent. The tangible |

.evidence of this rent is the prices paid for pot licenses, which are freely tradable. The aggregate

capitalised value of pot licenses in the fishery now exceeds $1,000 million, which, at a discount rate of 3
per cent, implies that over $30 million in resource rent is generated annually.

Noththstandmg these achxevements, there is widespread concern that the future profitability, and even
the viability of the industry is under threat unless the current management practices are reformed. For a
number of years, there has been continuing increases in nominal fishing effort, and even greater

increases in effective ﬁshmg effort despite continuing attempts to tlghten regulations governing the level
of use and effectiveness of fishing gear in the industry. This increasing effort is linked to higher

exploitation rates which in tumn has led to marked decreases in the estimated size of the breeding stock.
in pamcular growing concern over the level of the breeding stock has led to an emerging consensus that
further changes to the methods used to manage the Western Rock Lobster Ftshery will have to be made
in order to protect its long term proﬁtabthty and viability.

In broad tcrms there are two options which could be adopted to manage the fishery on a sustainable

basis. One is to continue to rely on a modified version of the current management scheme, the essence
of which is a License Limitation Scheme (license limitation schemes ) involving restricted use of key
inputs (i.. pots and boats). If the primary objective of restoration of the breeding stock to a viable level -
(and subsequent preservation at this level) is to be achieved using this option, then the average annual
catch and exploitation rate will need to be reduced by further reducing effort so that a higher proportion
of recruits “escape” into the breeding stock. Available means of reducing effort include further
reductions in the number of licensed pots, and/or further restrictions to the effectiveness of their use
(e.g. by reducing the length of the fishing season, by changing minimum size limits, and by banning
tcchnologles wluch enhance gear “catchability”). '



Economic theory' suggests that reducing catch by reducing licensed pot numbers is likely to increase the

average cost of effort because it encourages increasingly inefficient combinations of licensed and. )
unlicensed inputs. As a result, realized resource rent will be less than potential resource rent, a ue
phenomena known in the literature as “rent dissipation”. Furthermore, any regulations which impede -
rationalisation of boat numbers operating in the fishery in order to meet socio-economic policy goals . y
will exacerbate this problem of inefficient input combinations and consequential rent dissipation. :
Likewise, regulations which restrict the effectiveness or “catchability” of licensed fishing gear will also

dissipate potential rent. Where such regulations restrict the duration or timing of fishing effort, they may

reduce the average return per unit of catch as well as increasing the average cost of effort, thereby

further dissipating rent. Finally, if past history repeats itself, there will be a continuing need over time to

further reduce the number of licensed pots to offset the impact of fishermen's ingenuity in exploiting -

technological change to further raise the effective level of effort. Such ongoing change in the regulation

of the industry would involve additional administrative, managerial, and political costs.

The alternative approach is to abandon methods of management based on input controls for one based
on direct control of output, or level of catch. One intrinsic benefit of catch control based management -
methods vis-3-vis input control based management methods is that the effectiveness of the former in
limiting exploitation rates and ensuring the desired level of escapement to the breeding stock is not
compromised by advances in fishing technology nor by favourable changes in economic circumstances e
(e.g. higher prices and/or lower costs) which provide an incentive to increase effective fishing effort.

Consequently, so long as the total allowable catch is introduced before the fishery is over-exploited, and v
is set at the correct level from the outset, there should not be any need for continual adjustments to -

fishery regulations as is the case with input control based management systems.

Historically, the most common method of managing a fishery by controlling output has been to rely on a
variable closed season, whereby the season is closed as-soon as the total allowable catch (TAC) is -
reached. Under such a system, no attempt is made to limit level of catch by individual fishing firms. It is
widely recognised that the inevitable consequence of a management scheme which relies solely on a
TAC is total rent dissipation (i.e. net returns from the fishery are driven down to the point where
catching costs at least equal gross returns). For this reason, an hybrid system comprising both elements
of a License Limitation Scheme and a TAC with variable closed season has been suggested. At least in
the short run, such an hybrid system might support positive aggregate net economic returns, but there is
still likely to be significant economic waste incurred in the “rush to fish”. :

A more sophisticated approach to output control is to base the management system on individual
transferable (catch) quotas (ITQ’s). The disadvantages of ITQ based management systems have been
discussed by Copes (1986). In particular, they revolve around difficulties associated with compliance:
and enforcement, and the consequences of actual catches exceeding the TAC. Other management costs,
such as stock assessment research, are also likely to be greater than is currently the case. These two
aspects are addressed in detail elsewhere in the main report, and in special attachments by McLaugh]an
and by Penn et. al. . : «

'_See Anderson 1983 and Campbell and Lindner (1989).



In theory, an ITQ based management system should foster gencratlon of thc maximum potential
resource rent from the fishery. In practice, there is insufficient evidence available from the
implementation of ITQ based management systems on which to base a Judgemcnt about whether there:
will, or will not be any rent dissipation under this type of management system.” Consequently,

‘economic models have to be used to try to estimate whether possible changes in the method of fishing

under ITQ based management systems are likely increase aggregate net economic returns from the
fishery relative to those which could be eamed under a modified version of the current system.

Given that regulations are set so as to ensure equivalent protection of the breeding stock under both

- systems, economic theory suggests that the main beneﬂts of an ITQ based scheme relative to a license
. limitation scheme will include :

e lower cost per unit of effort (1 e. effective pot hﬁ) due to:
- fewer boats,
- more cost efficient boat and gear configurations,
- more timely fishing, and
- more efficient fishers.
o a higher return per unit of catch due to:
- better matching of the seasonal distribution of catch to seasonal variations in market
demand, and '
- better quality (¢.g. better class size mix, more “live”, more reds, etc.).
Given that both the level of compliance and the quality and reliability of stock assessment are equivalent
under each method of management, the primary disadvantages of ITQ’s relative to a license limitation
scheme will include:

¢ higher enforcement and compliance costs.
¢ higher costs of rescarch for stock assessment..

It is likely that the risk of stock failure also will be affected by the choice of management method, but
further research is required to determine both the direction and the magnitude of this effect. The
evaluation below of long run management options for the Western Rock Lobster Fishery reported is
restricted to one key issue, namely the impact of the two principal alternative management systems on
expected resource rent from the fishery duc to changes in cost per unit of effort, and in return per unit
of catch. In particular, estimates are made of the magnitude of rent dissipation under License Limitation
associated with current regulations in the Western Rock Lobster Fishery, as well as the level of rent
dissipation consequential on furthier reductions in the level of licensed inputs (pots) needed to reduce the
exploitation rate to levels required to protect the breeding stock. Estimates also are made, inter alia, of

_changes in catching costs, in caich returns, and in resource rent from the fishery due to:

e reduced boat numbers

less intensive pot use

more intensive pot use

extended fishing season

altered seasonal catch distribution

2 What 15 clear is that the likelihood and degree of rent dissipation will be greater if regulations used to reinforce a hcense
limitation system of management are not dlSC&I'dl.d upon adoption of an [TQ based management system.



ANALYTICAL OVERVIEW
Alternatives Analytical Approaches

‘Because of the complexity and intrinsic uncertainty of evaluating counter-factual situations, the
approach adopted in this study was to employ several methodologically different procedures in an
attempt to obtain broadly consistent estimates of the relative benefits and costs of a change from an
input based management system to an output based management system. Specifically, the following
three methods were used:

¢ Bioeconomic Model
e Accounting Model

e Programming Model .
In all three approaches, the primary consideration was the need to achieve the pre-eminent objective of
preserving the fishery on a sustainable basis. To do so, it is essential that the breeding stock be
maintained at a sufficient level, and this will only be possible if catch is constrained so as to allow
sufficient animals to escape capture long enough to reach sexual maturity. In recent years, fishing effort
has been of the order of 12 million pot lifts per annum, which given average seasonal conditions
affecting recruitment and catchability will result in an annual catch of nearly 11 million kg, in the short
term, and probably a significantly lower catch on a sustainable basis. Expert advice is that average
annual catch needs to be reduced to approximately 9 million kg. if the breeding stock is to be
maintained at sustainable levels. In all three models, the first estimate to be made was the consequence
of reducing average annual catch to this sustainable level.

Relative to a base case defined to approximate current organization of the catching sector and the
average aggregate net economic returns being generated from the fishery performance, the models
described above were used to explore the economic consequences of changing the method of managing
the Western Rock Lobster Fishery in some or all of the following respects:

e retain the License Limitation Scheme and reduce pot lifts and the average catch level
(from about 10.8 million Kg. to 9 million Kg.)

o retain the license limitation schemes and adopt a variable closed scason with a TAC set equal to 9

million Kg.

adopt a management system based on ITQ’s, and with a TAC set equal to 9 million Kg
extend the end of the fishing season from June 30 to Sept. 30 for cach management method
prevent decline in pot nos. (by appropriate regulation)

prevent decline in boat nos. (by appropriate regulation)

relax regulations governing catching efficiency (e.g. maximum pots/boat)

v
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The bloeconomlc model

.. The bxoeconormc model was used to undertake steady state analysis of the economic eﬂicrency of
' alternative management systems (broadly defined) using a modified form of the Schaefer bioeconomic
. model, which is a classical bioeconomic model incorporating both biological stock-dynamics

relationships and economic relationships. Because the focus in the model is exclusively on sustainable
levels of exploitation of the fishery, this approach provides the best guide to the long run economic
consequences (¢.g. degree of rent generation/dissipation) from retaining the current License Limitation
Scheme and relying on reductions in pot numbers to reduce the catch and the exploitation rate in order
to protect the breeding stock. Given constant average catch value, the model also can be used to predict
the theoretical maximum level of resource rent which potentially would be generated under an ideal
management system. It is not possible to use the model to determine whether actual aggregate net
economic returns from the fishery under an ITQ based management system would approxnnate this
theoretlcal ta.rget ' '

On the other hand, this approach relies more on abstract theory than the other two approaches, and for
that reason the results need to be viewed with some skepticism. Moreover, some results may depend
critically on the value assumed for the elasticity of constrained supply when one or more inputs are
limited by a License Limitation Scheme. In the absence of research to determine the value of this key
parameter, estimation of the impact on rent dissipation of changes in the level of fishing effort had to be
based on “best guess” estimates together with sensitivity analysis to determine the range of possible
outcomes for all likely values of the elasticity of constrained supply.

Another disadvantage is the highly aggregated nature of the analysis, which precludes allowing for
changes in the duration of the fishing season, or in the monthly distribution of the catch (and in
consequential changes in the average value, or worth, of the catch). This approach also does not provide
any detailed insights into how reductions in fishing effort might be achieved. For instance, it is not '
possible to predict the: unpact of a reduction in licensed pot numbers on number of boats operatmg in
the fishery from results obtained from this model. ' :

The accountmg model

The accounting model is a simple simulation model of the fishery incorporating primarily economic
relationships, and can be used to investigate specified sub-problems in more detail. For instance, itis
used to predict the impact on resource rents (i.c. net returns to the ﬁsherv) of mtroducmg regulauons to

" maintain boat numbers when pot numbers are reduced

There are severe limitations on the questions which can be addressed in an accounnng model, but
because of its simplicity, it does have the virtue of being relatively easy to understand, and can highlight
some of the key issues in a comprehensible way. Like all models, the utility of the results depends above
all else on the validity of the valucs assumcd for the parameters in the model



The programming model

The mathematical programming model of the fishery developed for this study incorporates both
economic relationships and limited biological relationships. It can be used to investigate optimal
economic behaviour by individual fishermen.

- Given specified management regulations, it also can be used to determine the aggregate configuration of
inputs which will maximize aggregate net economic returns from the fishery (i.c. the method of fishing
which is collectively optimal for the hypothetical scenario of management by a sole owner). Because the
model mcorporates limited biological relationships, there is some capacity to test the extent to which
particular scenarios enhance long run viability of the breeding stock.

This model also is ideally suited to identify the optimal monthly pattern of exploitation of the fishery
which takes account of both seasonal variations in abundance and catchability on the one hand, and
seasonal variations in average catch worth on the other hand. For this reason, it provides the best
available indication of the potential economic benefits of switching to an ITQ based management
system, although it is difficult to predict all of the ways in which such a system would evolve in the
absence of any input based controls.

BIOECONOMIC MODELLING OF RENT DISSIPATION FROM LICENSE LIMITATION

Background

Anderson (1985) has demonstrated that fishery regulation by means of license limitation may.generate
resource rents in a commercial fishery. While restricting the amount of a major input (e.g. pots) used in
the production of effort may increase the unit cost of effort, the reduction in the total amount of effort
devoted to the fishery will yield a benefit through a shift of resources to higher value uses elsewhere.

Rent dissipation is defined in this paper as the difference between the level of resource rent actually
generated under a license limitation scheme and that for the benchmark case of a sole owner generating
maximum potenual rent. Dupont (1990) describes the sources of such rent dissipation as:

. capltal stuffing, or input substitution, which results when fishermén attempt to increase their
catches by using more unrestricted inputs in place of the restricted input;
o fleet redundancy, or excessive effort, due to the fact that the regulator pemuts more than the .
optimal number of restricted inputs to be employed in the fishery; ,
° heterogeneous vessels and/or catching technology which allows less efﬁuent firms to continue to
operate in the fishery. :
As there is a high degree of homogeneity of vessel type in the Western Rock Lobster Fishery, the
judgement was made that the third source of rent dissipation was unlikely to be important, and it is
ignored in the rest of this paper. The other two types of rent dissipation were estimated from the
following analytical model, which is based on that in Campbell and Lindner (1990).

‘e



Analytical Framework

The basic model for the analysis is illustrated in Figure 1 of the present paper. Note that this model is a
static model, but that conclusions drawn from it about the optimal level of effort are good
approximations if the intrinsic growth rate for rock lobster is large relative to the discount rate. Figure 1
shows a linear schedule for the average revenue of effort, AR, such as that which can be derived from
the Schaefer model (Schaefer 1967), and a perfectly elastic long-run supply curve of effort, Se. It
should be noted that the Schaefer model is based two contentious assumptions, one being the use of a
logistic growth function to represent biomass/stock dynamics, and the second being that catch per unit
of effort is always a constant proportion of the size of the fish stock. In the absence of regulation, long-
run steady-state equilibrium is at the effort level £¢ at which the value of average product of effort '
equals the long-run average cost of effort, Co. Because inputs are combined in the least cost manner at
all points on S, it will be referred to below as the efficient average/marginal cost curve. '

When one or a range of inputs is restricted in supply by license limitation to a level significantly less than
that which would prevail in an open access fishery, the marginal cost curve for the industry is coincident
with Se up to level of effort £ - defined as the level of effort at which the limited supply of the restricted
input becomes binding. Beyond £, the constrained industry marginal cost curve diverges from the
most efficient cost path because increases in effort beyond E, can only be achieved by substituting
unrestricted inputs for the restricted input. -This somewhat inelastic section of the industry’s constrained
marginal cost curve is labelled MC, . Note that it is equivalent to the short-run marginal cost curve for
an industry which can only increase the use of some factors in the short-run.

Equilibrium effort in such an industry will be determined by the intersection of the constrained MC,
curve with the average revenue of effort curve (4Rz). This point of intersection is labelled G in Figure
1, and determines both the actual level of effort (£, ) and the actual value of average revenue of effort.
Because £, of effort could have been generated at total cost of OCHE, the efficiency loss from
excessively costly effort (i.e. rent dissipation due to input substitution, or capital stuffing) is measured by
the area of the triangle FGH.

Optimal effort in Figure 1 is depicted by £* as this level of effort equates efficient marginal cost with
the marginal revenue of effort (MR, ), thus maximizing potential rent which is represented by area 4BC
in Figure 1. As actual effort exceeds optimal effort, there is a further amount of rent dissipation due to
excessive effort, or fleet redundancy, which is represented by the area of the triangle BDH.
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Given that the fishery is to be managed by a license limitation scheme, the second best solution is to
minimize the combined value of rent dissipation due to input substitution and to fleet redundancy. This
is equivalent to maximizing the realized rent, represented by the area CFGJ. Campbell and Lindner
(1990) have derived an analytical result for this second best solution given particular assumptions about
the form of the kcy rclatxonshxps and the denvanon is rcproduced as Appendxx 1.

The key determinant of the degree of rent dissipation is the form and slope of the industry constrained
marginal cost curve, MCe. A license limitation scheme will be successful in minimizing rent dissipation
if this marginal cost curve is lughly melasuc Campbell and Lindner (1990) show that the necessary

" conditions are:

e The elasticity of substitution betwcen restricted and unrestricted inputs should be very low so that
there is very limited scopc to mcreasc effort mdeﬁmlely by using more and more unrestricted
inputs. .

e The restricted input(s) should be a major component of total factor costs

On the face of it, the Western Rock Lobster ﬁshcry meets the critical conditions for successful
management by an appropriately designed license limitation scheme. While level of usage of both boats
and pots is restricted to the number of licenses issued, it is clear that the restriction on the number of
pots that can be used is the effective policy instrument for controlling level of effort and generating rent.
Because of the biology of the Western Rock Lobster, lifting pots more than once every 24 hours is
subject to severe diminishing returns. With complete diminishing returns, the absolute limit on the
number of pot lifts would simply be the product of the number of licensed pots in the fishery multiplied
by the potential number of fishing days in the fishing season. ‘Since most other types of fishing gear and
methods arc banned by regulation, it should be difficult to substitute other inputs for pots. On the other
hand, the cost of boats and pots do not represent a major part of catching costs, so the marginal cost
curve will be less than complctcly inclastic.

This theoretically derived conclusion is supported by empirical evidence from the history of the ﬁshcry
Fishermen have shown remarkable ingenuity in finding ways to work their pots harder. For most of the
duration of the license limitation scheme, there has been a steady increase in the ratio of the actual
number of pot lifts to potential number of pot lifts. Fishermen also have devised means to increase the
catchability per pot lift, mainty by more careful pot placement. New technologies such as colour depth
sounders, GPS, mechanised pot lifters, and even remote controlled mini-submarines with video camcras
and transmitters have been tried, and where succesful have materially assisted ﬁshermcn to increase
"effective pot hfts without i mcrcasmg nominal pot lifs,
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Parameter Values

Despite a degree of input substitution, tanglble evndencc of rent generauon in this fishery is provided by
the prices at which pot licenses are traded. For the past two years, advertisements asking $14, 000 or
more per pot license have not been uncommon. Of course, prices actually paid may be lower than
asking prices, but even at a price of $12,000 per pot license, the total capital value of the fishery exceeds
$800 million. It is not easy to decide on an appropriate discount rate to amortise these capital values to
obtain an estimate of annual rent generated in the fishery. In a study of the market for ITQ's in New
Zealand where data was available on prices paid both.for annual lease of quota as well as for quota in
perpetuity, a figure of 3% was suggested as a reasonable average. This figure is not inconsistent with the
long term real rate of retum on farm land, although it may be too low if the mdustry belicves that there
is a significant degree of soverexgn risk associated with holding pot licenses. Because the regulations
governing this fishery have been changed fairly frequently in recent years, discount rates of 3%, 5% and
7% could be justified, yielding estimates of current annual ﬁshery rent ranging from $24 million to $56
million.

The data necessary to estimate the magnitude of the two types of rent dissipation identified above differs
in the extent to which it is “available” by way of direct observation. For example, the actual level of
-effort in the fishery in any given year (£, ) is directly observable, because the Fisheries Department
collects detailed data on both catch and effort (as measured by number of pot lifis). Currently there arc
approximately 12 million pot lifts per annum of effort béing applied in the Western Rock Lobster
fishery. Average priced paid to the fishermen per kilogram of catch is also fairly easy to obtain,

although it does fluctuate markedly, both intra-seasonally, and between fishing seasons. Some
judgement is required in choosing a value likely to prevail in the future. In the analysis below, a value of
$18.18 per kilogram was used as an estimate of likely “beach price” in the foreseeable future. This '
reflects a view that the real price of rock lobster is likely to continue to rise in the future.

Catch per unit of effort is also quite volatile on a year to year basis due to significant annual fluctuations
in the level of recruitment to the fishery. For the purpose of estimating the average level of rent
dxssxpatzon under alternative management regimes, what is really required is the relauonshxp between
level of effort and the sustainable catch per unit of effort. To derive this rclatnonsmp, a simple
simulation model was constructed which could be used to predict a time series of annual catches based

© on data on the actual annual levels of effort applied in the fishery from 1945 to 1992. The parameters
of this model are the three cocfficients of the logistic growth curve, namely the intrinsic growth rate (#),
ceiling stock size (X), and a catchability coefficient (4). Values for these parameters were obtained by
visually fitting the predicted time series of catches derived from the simulation model to the actual series
of catches in the fishery for the period from 1945 to 1992. The plot of these two time series of annual
catches is illustrated in Figure 2. There are significant differences between the predicted and actual

~ catch in many years, largely due to year to year environmentally determined fluctuationss in recruitment
to the ﬁshery Wthh could not be taken account of in the simulation model.

-
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Estimated baratnetcr values derived by this-nict_hod were::
o unexploited stock size (K): = 50 million kg
e catchability coefficient (4): = .03
- o intrinsic growth rate (r): = 0.8

These parameter values were then used in the logistic growth function to predict sustainable catch per

,unit of effort for vaﬁous 'lcvels of effort required in the analysis below.

The actual Ievcl of rent currently bcmg generated in the fishery also needs to be estimated. In Figure 1,
the amount of annual rent being generated from £, of effort is depicted by the area CQFGJ. As noted
above, this annual amount of rent cannot be observed directly, but it can be estimated from the prices
paid by ﬁshcnnen for pot licenses; which are freely tradable. The current selling price for pot licenses is

~ about $14,000, so with 69,000 licensed pots in the fishery, the capitalised value of the industry’s

expcctatlons about future rent total $966 million. Using a discount rate of three per cent to amortise this
value, yields an estimate of annual resource rent bemg generated in the fishery of about $28 million. If
the prices being paid by fishermen for pot licenses are based on expectations about continuing increases
in product prices, and/or efficiency gains in catching rock lobster, then this value might over-estimate
the annual resource rent currently being generated in the fishery, but will stﬂl approximate the average
annual resource rent expected for the foreseeable future.

The other three values required to e_stxmatc the level of rent dissipation in the fishery are:

e the average cost of effort using minimum cost combinations of inputs (i.e. C)

o the efficient level of restricted effort (i.e. the point at which the constrained marginal cost curve
for the industry diverges from the eﬂicxem margmal cost curve - depicted by Ey in Figure 1)

o the slope of the constrained margmal cost curve (g)

Ottly one of the above val_l_xcs is needed in order to estimate the other two given that all of the more
directly observable information discussed above is available. Campbell (1991) in an analysis of the

" Tasmanian Rock Lobster Fishery has estimated that the elasticity of substitution is less than unity, and

has an expected value 0.75. The biology of the Southerni Rock Lobster in Tasmanian waters differs in

some respects from that of the Western Rock Lobster, and therc also are some differences between the
Tasmanian and West Australian fisheries in terms of regulations and catching technology. Nevertheless,
the degree of substitution between pots a_nd other inputs is likely to be similar in both fisheries.
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In order to carry out the analysns, it was assnmed that the constrained marginal cost curve is linear, and

that it shifts in a parall¢! manner when fishery managers alter the number of licensed pots in the fishery.
Because of uncertainty about the slope of the constrained marginal cost curve (g), and about trading
prices for pot hcenscs sensmvlty analysis was carried out using the following ranges of values for:

@ at 12'million pot lifts, the constrained level of effort, £y, varied over the range from 65% ,
' to 95% of Eq.. (NB this determines the slope of the restricted marginal cost curve )
e pot license tradmg prices varied over the range from $12,000 to $16,000 per pot
(NB there have been substanual further increases since the analysis commenced).

Results

The relationships set out in the Appcndu( 2 were used to gencrate a range of esumates for

e the minimal average cost, Cy,
o the optimal level of effort, £*, and
e the max1mum potcntxal rent which could be generated under sole ownership.

The results of esnmanng these variables are set out in the top part of Table 1. "Minimum" average cost
(i.c. based on least cost input combinations) of effort was estimated to range from $12.17 up to $12.49

- per pot lift, and with an average (or “best guess”) value of $12.32 per pot lift. The corresponding range

of values for optimal effort is 7.2 to 7.4 million pot lifts (average =7.3 million pot lifts), which should
yield a sustainable catch of 7.9 million to 8.0 million kg. (average =7.96 million kg.). If this catch were
caught in the least cost manner, then it should generate a resource rent of $53.4 million to $55.8 million
(average =$54.7 million) per annum.

Note that the expected value of $54.7 million is the expected maximum potential resource rent which -
could be generated from the fishery given current regulations on such things as duration of the fishing
season, pot design,_and other regulations designed to preserve the breeding stock’ . Because -
bioeconomic models of this type cannot analyse the effect of changes to such regulations, all of the
results derived using this model presumes no change in the regulations which reinforce the effectiveness
of the basic license limitation scheme. With a longer fishing season, with “better” designed pots to
enhance catching power, and like changes the potential resource rent could be considerably larger than
$54.7 mﬂhon

For reasons already discussed, effective license limitation schemes generally increase average and
marginal cost of effort to some degree, and so involve some degree of rent dissipation. Hence maximum
realisable resource rent under an ITE/TAE system of management will be considerably less than the
maximum expected value of resource rent of $54.7 million no matter what the level of fishing effort and
the size of the catch. Moreover, because the degree of rent dissipation is sensitive to the severity of the
license limitation scheme and the consequential level of effort actually applied in the fishery, the “second
best” level of effort under an ITE/TAE system of management will almost certainly exceed the “ﬁmt

~ best” estimate of 7.3 million pot hﬁs

} Such as the prohibition on taking setose or tar-spot animals.
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 Hence, the bottom part of Table 1 contains estimates of the impact of scenarios ranging from the status
. quo level of effort of 12 million pot lifts down to a reduced level of actual effort of only 8 million pot
" lifts (i.e. a 33% reduction in actual effort bought about by the retirement of licensed pots). The results
- presented include estimates of the unpact on the following measures of rent dissipation (i.e. efficiency
_ ’loss) plus assoc1ated measures:

. eﬂicxcncy loss (rent dxssxpatioh) due to input substitution (arca FGH in Figure 1).
efficiency loss (rent dissipation) due to excess effort (area BDH in Figure 1).
-total cﬂic1cncy loss (total rent dissipation due to both input substitution and to excess cﬁoﬁ)
‘ pcrccmagc total efficiency loss (relative to potential maximum rent).
percentage reduction in numbcr of licensed pots relative to status quo rcqulrcd to achieve assumed
level of effort.
e estimated actual level of aggregate annual resource rent to be reahsed given specified levels of
- fishing effort.
e percentage change in possible realised aggregate annual resource rent relative to thc best guess
estimate of current realised aggregate annual resource rent.

At current effort levels of 12 million pot hﬂs the sustainable catch predicted by the model is only 9.90
million kg,, which is significantly lower than average annual catches for recent years of about 10.8
million kg.. It can be seen from Table 1 that given current effort levels, on average, approximately $29.0
million of sustamablc resource rent is likely to be realised from the fishery, while $3.2 million plus $22.5
million will be dissipated due to capital stuffing and excess effort respectively. Total efficiency loss (or
degree of rent dissipation ) of $25.7 million p.a. is the difference between maximum potential
sustainable resource rent (854.7 million p.a.) and sustainable annual rent given current effort in the

'hshcry ($29.0 miilion p.a.). Note that short run net returns currently being eamed in the industry, which

are estimated below to be at least $32.4 million per annum, are not sustainable because recent catch
levels exceed estimated maximum sustainable yield (catch) for the fishery of 10 million kg.. These
excessive catches are the source of the efficiency loss of $22.5 million due to excess effort. However,
adjusting the level of effort applied to the fish stock within the framework of the existing license
limitation management system will havc rclatncly minor effects on the degree of rent dxssnpat:lon and
realised resource rent. .

Among the various scenarios presented in Table 1, reducing effort to 10 million pot lifts, and sustainable

_catch to 9.4 million kg., comes closest to maximizing the mean valug of realized annual resource rent

(i.e. minimizing mean aggregatc annual rent dissipation). Using best guess parameter values, itis

. estimated that a 35% reduction in the current number of 69,613 licensed pots in the fishery is likely to

be required to achieve a long run reduction in fishing effort to 10 million pot lifts. However, note that
depcndmg on the true value of the elasticity of the constrained industry marginal cost curve, the required
reduction in licensed pot numbers could be as low as 13%, or as high as 40%. Polmcally it may be
dliﬁcult to achlcve the rcquxred reducuon, whatever its magnitude. - '
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Even if the required pot reduction could be achieved, annual fesource rents would only increase by
about $8.31 million (29%), and rent dissipation, totalling between $9.5 million and $25.2 million, would

still remain, with a value of $17.4 million bemg most likely. Hence maximum sustainable rent is unlikely

to exceed $37.5 million, (69% of potential) if a license limitation scheme is retained. Aggregate realised
sustainable resource rent under a license limitation sctieme is relatively insensitive to reductions in
licensed pot numbers (and consequential reductions in the equilibrium level of effort) because even
though achievable reductions in rent dissipation due to fleet redundancy can be substantial, they will be
more or less offset by large increases in rent dxssxpatlon duc to input substltutlon (i.e. capital stuffing).

The estimate of expected aggregate level of annual resource rent dnssxpauqn of $17.4 million associated
with the second best level of fishing effort under a license limitation scheme also provides an estimate of
the potential gain in economic efficiency from switching to a management system based on ITQ’s. On
the one hand, this could be regarded as an upper bound estimate because, as noted above, there may
well be other unanticipated sources of rent dissipation under an ITQ based management system which
will partly, or even totally offset the potential gains identified in this analysis. On the other hand, the
above estimate does not include any allowance for gains in efficiency which might be possible due to
relaxation of regulations which reinforce the effectiveness of the basic license limitation scheme, such as
limits to the duration of the fishing season , and/or controls on pot design which reduce possible
catching power. While at least some such regulations also could be relaxed if the license limitation
scheme was retained, to do so while reducing the size of the catch to sustainable levels would require
even greater reductions in pot numbers, and much larger associated amounts of rent dissipation due to
capital stuffing than those estimated above.

With fishery management changes such as a longer fishing season, and w1th a “better” distribution of
effort throughout the scason, the potential resource rent from the fishery could be considerably larger
than $54.7 million. For reasons to be discussed below, much of the potential increase in annual resource
rent which might be generated under either management system will only be realised if substantial
rationalisation of boat numbers in the fishery is allowed to proceed. Under a license limitation scheme,
this gain in efficiency is unlikely to be fully realised because the use of pots will become increasingly
expensive relative to boats* as the number of pot licenses is reduced in order to reduce effort. This
distortion in the cost of pot use relative to boat use will both inhibit existing pressures for rationalisation
of boat numbers, and increasingly will provide the incentive for more intensive and uneconomic use of
pots, such as pulling each pot more than once per day. In fact, further investment in expensive
electronic navigation equipment, further expenditure on travel to the “hot spot” fishing grounds, and
more time spent on pot placement, together with more intensive pot use are likely to be the main sources
of ever increasing rent dissipation under a license limitation scheme

To sum up, under a License Limitation Scheme, protection of thc breeding stock will require .
increasingly drastic reductions in pot numbers or equivalent changes in other regulations, either of which
will incur substantial efficiency losses in the form of rent dissipation. Any changes in regulations, such
as an extended season, which might improve industry returns, will require even Wore drastic reductions
in pot numbers. Hence, there is only limited potential to improve the level of realised aggregate net
economic returns from the fishery under this form of management.

* And to other inputs as well.
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ACCOUNTING MODEL ANALYSIS

" The aim of the analysis reported in this section was to derive estimates of the annual net (economic)
_retums being generated in the fishery in the short run given defined levels and seasonal patterns of

effort and catch, given specified assumptions about the values of a few key parameters, and given

- exnstmg economic structure in the catching sector of the industry. Short run annual net returns may not
- equate with annual resource rents for several reasons. For instance, there is no necessary reason why

short run net returns should be sustainable in the long run, and therefore they can give a very misleading
' impression of the level of resource rents. :

" The level of resource rents being generated in a hshery also depends on the economic structure in that
. fishery.. As noted above, the economic structure of the industry is determined, inter alia, by the method

of fishery management Consequently, the accounting model was used to explore the consequences of
changes to some aspects of the cconomic structure of the industry, and for reasons discussed above

. including in particular the average number of pots per boat. Nevertheless, the results reported below

provide an imperfeet guide to the consequences of changing the method of management in the fishery
because of the difficulty of predicting all of the ways in which economxc structure will change in
response to a change in the system of management.

The starting point for the analysis of changes to the econonue structure of the industry is a base case

. scenario embodying actual average monthly patterns of effort and catch for the period from 1980 to

1992 inclusive. Figure 3 presents an overview of this data, while Appendix 5 contains more detail for
each zone. All of the alternative scenarios are based on assumed monthly shares of a defined total
allowable catch (TAC), which in each case was'set equal to a safe sustainable level of 9 million kg.
These catch scenarios for the fishery were combined with the estimated current economic structure in
the catching sector of the industry, which were derived from a combination of survey data and other
sources. More. details on these data sources are provided in Appendxx 3, and the key economic
parameters denved. from them are set out in Table 2.

A detailed outline of the computational method used to calculate annual economic net returns to the

- catching sector of the mduslry is provided in'Appendix 4. In brief, historical averages, or assumed
" parameters for catch per unit eﬂort, number of days fished, and pots per boat were used to calculate

corresponding monthly levels of effort, and minimum required pot and boat numbers. These structural
variables were then combined with the economic parameters (average costs and monthly catch worth) as
sct out in Table 2 to derive estimates of short run aggregate industry catching costs, revenue and net
economlc retums Defmmon of some of the key vanables i is set out below.,

Net Rcturn _ Total Revenue - Total Costs

It

" Total Revenue
N.B. Beach priCe is based on "worth/kg" as estimated by P. Monaghan

'Z(mon't_hly beach price/kg. of catch* monthly catch)

Total Costs = Z( boat costs pot costs trip costs; pot llft costs catch costs)
Boat Costs = cost/boat* Requu:ed boat nos.

) Pot Cqsts" = cost/pot* Required pot nos.
Tﬁp Cests - cost/tnp* Required boat nos.*No. days flshed

Pot Llft Costs = cost/pot lift* Number of pot lifts
Catch_Costs = co_st/kg. of catch# annual catch
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Number of pot lifts by month required to achieve a specified seasonal catch pattern can be calculated
simply provided that catch per unit of effort (CPUE) is known. Historical average monthly patterns of
catch per pot lift are depicted in Figures 4 and 5. Apart from stock abundance, CPUE will depend on
“managerial” variables such as catching technology and care and time taken in pot placement, as well as
on various environmental factors which are imperfectly understood. It is well documented that the
downward trend over time in CPUE due to declining stock levels has been ameliorated to some degree
by the above “managerial” factors. The extent to which this is likely to continue in the future will
depend upon the method of management used in the fishery, and in the case of a license limitation
scheme, on the severity of further pot reductions. Other things being equal, CPUE is likely to be hlgher
(i.. decline slower) under a license limitation scheme than under an ITQ based management system.
Because there is no evidence available on which to base predictions of the magnitude of such a
difference, it was not built into the calculations in the accounting model.

Monthly minimum required pot numbers was calculated from the corresponding levels of required
effort, and from an assumption about number of days fished. In any given month during the mandated
fishing season, the expected number of “available” fishing days will be a function both of expected’
“weather conditions for that time-of the year as well of current boating and catching technology. Ii can be
seen from Figure 6 that number of days fished per year has been increasing steadily since the
introduction of the license limitation scheme to manage effort levels in the fishery. In recent years, this
trend has continued despite significant reductions in the number of pots licensed for commercial use.

Appendix 6 presents historical patterns of number of days fished per month for each month of the
fishing season. In the more “productive” months, such as December, March and April, it can be seen
that number of days fished is at, or closcly approaching the maximum number of available “days” so
long as pots are only pulled once daily. In other months, historically the number of days fished has been
much lower than the theoretical maximum, and is still trending upwards. Moreover, an analysis of data
on fishing effort for a sample of individual boats (see Appendix 7 for histograms for selected months ) -
. revealed that while almost all boats are pulling their pots on every available day during the “productive”
months, only some boats are doing so during the “unproductive” months. Consequently, it would seem
that there is still considerable potential for further increases in effort under a license limitation scheme.
Subjective predictions of potentially available fishing days by month were based on the above evidence, _
and used in the accounting model to estimate pot numbers required on an annual basis to achieve the
specified seasonal pattern of catch and effort.

To estimate required boat numbers, an assumption had to.be made about average number of pots per
boat used in the industry. Based on data for recent fishing seasons, a value of 104 pots per boat was
assumed for most scenarios. However, for reasons discussed above, number of pots per boat is likely to
be appreciably larger under an ITQ based management system than under a license limitation scheme,
S0 an average value of 144 pots per boat was assumed in some scenarios.

In other scenarios, the implications of adopting a policy of preventmg ratlonahsatxon of boat numbers by
regulating number of pots per boat was investigated by fixing boat numbers at the current® levels of 669 -
" boats. Average pot numbers per boat in these scenarios was simply the ratio of minimum pot numbers
required to take the specified catch to the mandated number of boats.

5 At the time of initiation of this study.
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Table 3 summarises the results of using this model to evaluate the following scenarios® :

o 0. the base case involving status guo management, including:
an-unsustainable catch of about 10.8 million kg.,
no change in boats (669) or pot nos. (69,613), and
a close to the fishing season on June 30.
o 1. the first case mvolvmg
a sustainable catch of about 9 million ke,
reduced nos. of boats (558) and pots (58,031), and
a close to the fishing season on June 30.
o 2. the second case involving:
a sustainable catch of about 9 million kg.,
reduced nos. of pots (58,031), but boat nos. constant (669) by regulatmg pots/boat, and
a close to the fishing season on June 30. ' .
e 3. the third case involving:
- a sustainable catch of about 9 million kg.,
reduced nos. of pots (58,031), but even fewer boats (403) by pemuttmg more pots/boat,
and a close to the fishing season on June 30.
e 4. the fourth case involving:
a sustainable catch of about 9 million kg.,
reduced nos. of boats (445) and pots (46,264), and
. a close to the fishinig season on September 30.
e 5. the fifth cas¢ involving:
a sustainable catch of about 9 million kg.,
reduced nos. of pots (46,264), but boat nos. constant (669) by regulatmg pots/boat. and
a close to the fishing season on September 30.
e 6. the sixth case involving;
a sustainable catch of about 9 million kg., _ o
reduced nos. of pots (46,264), but even fewer boats (321) by perrmttmg more pots/boat,
and a close to the fishing season on September 30..

As note above, because this model does not incorporate any biological relationships, it is best suited to
estimating short run economic impacts. Thus achieving a reduction in catch by pro rata reductions in
boat and pot numbers in order to protect the breeding stock (scenario 1) has no effect on net returns per
pot or per boat, at least in the short run, but does reduce aggregate nét returns to the industry in
proportion to the rediction in catch. In the longer run, this lower exploitation rate should improve stock
abundance, and lead to higher catch rates and the need for even fewer pots and boats to take the defined
catch. If this outcome eventuates, aggregate net returns as well as net returns per pot and per boat will
increase above those estimated from the model.

$The spreadsheets used to compute these results are reproduced in Appendix 8.



25

TAAOW DNILNNODOY - SLTASTA IO AAVININNS

@

6196078 VLYELS €81°011$ vLLITIS 09T°L1S G223 1EV'8rs Je0q/uITgaY 18N
A wes 65018 ovss$ 8618 99v$ 997$ jod/umysy 19N
ove'L9% LI8SIS v10'6v$ vLO'6V$ €ISTIS vT0'LTS - 8I¥'T€$ (wg) wngay 19N
LSYTLIS LSY'TLIS LSYTLIS SE9'E91S SE9'€91$ SE9E9IS S6T:961$ (1g)anusATy

AREII§Y 0£9'961$ A ATARS 196v11$ (7ARAYES T19°9€1$ LLS'EITS: (wg)sisod rejo | -
008'8$ 008'87$ 008'87$ 008'8Z$ 008'87$ 008'87$ . 8vSvES (wg)s1s00 yores|
weI1Ts w61t we'iTs - L10°0Z8 L100T$ L10°0Z$: €10YT$ . (wg) s1500 ymod -
SIL0T8 967°7T$ 9e8 V1S 986018 €81'81$ 1esis LYT 8IS (wg) 51500 din
LV6'9€S’ €88'9L$ LSTISS vrEovs LOL'OLS 6919$ - 9L6'9LS (wg) 51500 J8OQ
. 80,9 80L'9% 80L'9$ viv'ss vir'ss rir'ss. v60°01$ (wg) 53503 30d
1€ 699 sy €0y L99 8¢ 699 "sou jeog|
127A yoTor A 1€0°8S 1€0°8S 1€0°8S £1969. 'S0 J0d
980, 980 98°0. 60" 60 V60 - V60 ando|-
6hv'01 - 6vvol - 6t 01 - TES'6 €56 %56 SEv 1l (ur) syryod| .
0€T 0€T 0eL 881" 88l . 881 881 paysy sAeq
448 69 - bot- Al L8 ol e 180q/S10d|.
0006 000°6 " 0006 0006 000°6 000°6 96L 01 (3 “u)) yored
- papuaxy POpUXy . . PIpusXy Py PR payun] payun uoseas uTysLy| -
1e0qysjod azow ' S180qQ JUBISUOO  'SOU 1od jeoqysiod srour.  Sjeoq JUBISUOD  SOU ﬁoa. . sON jod .
sjod psonpay  sjod peonpay % Je0q paonpay sjod peonpsy . siod poompay 7 180q P2ONpaY - 180q JURISUOD
9 s 2 € B / 1 sseD aseg = ( OUBU30S




26

A companson between scenarios 1, 2 and 3 hxghhghts thc vaotal nnportancc of the numbcr of pots per.
boat to the economic performance of the industry, and the corresponding implications for rationalisation
of boat numbers. This parameter value has been increasing steadily in recent years, and the current level
of approximately 104 pots/boat would almost certainly be higher in the absence of regulatlons hmltmg
maximum number of pots/boat. As steps are taken to rcduce catch levels, thc cconomlc incentives to
increase number of pots/boat is likely to intensify. :

Cases 1,2, and 3 all depict scenarios where catch is rcduccd to9 million kg. by rcducmg pot numbers to
58,031 pots. If boat numbers are pcrtmtted to decline 50 as to mamtam an industry average of.104 pots
per boat; then the impact of reducmg catch to a safe sustainable level can be achieved withonlya
modest reduction in industry net returns from $32.4 million to $27.0 million. Scenario 3 represents a
~ situation where the average value of this parameter increases to 144 pots/boat while reducing the catch
to 9 million kg.. Despite the lower catch and fewer pots, net returns to the industry are some $16.5
million greater than for the base case. Net returns per pot are nearly double, and net returns per boat
nearly treble those for the base case scenario. While introduction of an I'I’Q based management system
is likely to lead to an increase in pots per boat for reasons already discussed, the magnitude of the
change may not be as large as that assumed in scenario 3. 'Conversely, if rationalisation of boat numbers
is prevented by even tighter regulations on numbers of pots per boat, then scenario 2 indicates that net
returns per pot and per boat are likely to be less than half that for thc base case, whlle industry net
returns will be reduced by about $20 million. _

Possible short run economic impacts of extendmg the close of the ﬁsfung seasori to- Septembcr 30 are .
depicted in scenarios 4, 5, and 6, which in all other respects correspond to scenarios 1,2, and 3. . -
respectwc!y Note that these estimated impacts reflect both changes in the monthly levels of catch worth
as estimated in the attached marketing report, as well as changes in the average cost of effort and the
average catch per unit of effort due to extendmg the fishing season. . :

The most striking feature of the result is the sensitivity of the esumated mcreasc in industry net returns
to policies on boat numbers. Depending on the assumptions made about numbers of pots per boat, this

analysis suggests that extending the season by three months may or may not have a significant unpact on
industry net returns. If boat numbers are not permitted to fall below current levels, then the gains in net -

returns from spreading the defined catch over more of the year are unlikely to be much larger than $4.3
million. However, if boat numbers are allowed to vary in proportion to pot numbers (cases 1 and 4), so
as to maintain constant numbers of pots pef boat, then extending the fishing season may increase -
industry net retumns by up to $22 million. However, this increase in net returns due to a longer season
reduces to $18.3 million if additional ranonahsanon of boat numbers occurs (cases 3and 6)soasto

" increase pots per boat to 144, .

To sum up, there is a very strong, mteracuon between pollcy on boat numbers and changes in industry
net returns resulting from changes in other aspects of management in the Westem Rock Lobster
F:shcry .

A
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. PROGRAMMING MODEL ANALYSIS
v In many respects, the structure of the mathematical programming model, and the assumptions on which
o ' . itis based are similar to those of the less sophisticated accounting model. Like the accounting model, the
. programming model provides estimates of the net (economic) returns being generated in the fishery in
the short run given a defined total allowable catch (TAC), given specnﬁed assumpnons about the values
“of a key parameters and constraints, and given an assumed economic structure in the catching sector of
the industry. Unlike the accounting model, the programming model -identifies the optimal seasonal
patterns of effort and catch.which maximise net returns subject to specified constraints. So far as
poss;ble ‘the same parameter values as set out in Table 2 for the accounting model have been assumed

m the programmmg model.

Thc prmmpal ways in which the programming modcl differs from the accounting model are as follows
e boat and pot numbers, and monthly effort levels are detemuned simultaneousty rather than

S sequentially :
¢ subject to defined constramts on, inter alia, the level of total catch, the monthly distribution of
effort is optumsed $0 as to maximise net economic returns to the industry
e the mathematical programming model incorporates some simple representations of steady state
population dynamics in the Western Rock Lobster Fishery which allow for natural mortality and
for animals to grow in size over time (if they are not caught). In addition, the model ensures that
monthly catch levels are consistent with stock availability, and can estimate whether sufficient
~ ' animals “escape” into the breeding stock '
o the results from appropriately defined scenarios provxde a guide to behaviour of fishermen under
an ITQ based management system -

The scenanos evaluated using the programming model were as follows

e 0. the base case involving status quo License Limitation Scheme management, including:
an unsustainable catch of about 10.8 million kg.,
no.change in boats (669) or pot nos. (69, 576), and
a close to the fishing season on June 30.
- e 1. the first case involving License Limitation Scheme management, and mcludmg
a sustainable catch of about 9 million kg.,
reduced nos. of boats and pots, and
_ a close to the fishing season on June 30.
o 2. the second case involving License Limitation Scheme management, and mcludmg
a sustainable catch of about 9 million kg, .
reduced pot nos., but boat nos. held constant (669) by regulating pots/boat, and
- : 4 a close to the ﬁshing season on June 30.
e 3. the third case involving a TAC with variable closed season management, and including:
- . a sustainable catch of about 9 millionkg., .
h ' ~ constant nos. of pots (69,576), and constant nos. of boats (669) and
a close to the fishing season as soon as the TAC is reached
4. the fourth case simulating aspects of an ITQ based management system, and including:
a sustainable catch of about 9 million kg.,
reduced nos. of boats and pots, and
a close to the fishing season on June 30.
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o 5. the fifth case simulating aspects of an ITQ based management system, and mcludmg
a sustainable catch of about 9 millionkg., . -
reduced pot nos., but boat nos. held constant (669) by regulatmg pots/boat, and
: -aclose to the ﬁshmg season on June 30.
e 11. the eleventh case involving License Limitation Scheme management, and including:
a sustainable catch of about 9 million kg.,
reduced nos. of boats and pots, with more pots/boat (144), and
_ aclose to the fishing season on June 30. '
- o 14. the fourteenth case simulating aspects of an ITQ based management system, and mcludmg
a sustainable catch of about 9 million kg,
- reduced nos. of boats and pots, with more pots/boat (144), and
a close to the fishing season on June 30.
o 21. the twenty first case involving Ltcense Limitation Scheme management, and mcludmg
a sustainable catch of about 9 miltion ke.,
reduced nos. of boats and pots, and
~ an extended fishing season closing on September 30
¢ 22. the twenty second case involving License Limitation Scheme management, and mcludmg
a sustainable catch of about 9 million kg,
reduced pot nos., but constant boat nos. (669) by regulating pots/boat, and
an extended ﬁshmg season closing on September 30.
o 24. the twenty fourth case simulating aspects of an ITQ based management system, and mcludmg
a sustainable catch of about 9 million kg., . ,
reduced nos. of boats and pots, and. :
an extended fishing season closing on September 30 _
o 25, the twenty fifth case simulating aspects of an ITQ based management system, and mcludtng
: a sustainable catch of about 9 million kg., =
reduced pot nos., but boat nos. held constant (669) by regulatmg pots/boat, and
. an extended ﬁslnng season closing on September 30.
o 31. the thirty first case involving License Limitation Scheme management, and mcludmg
a sustainable catch of about 9 million kg.,
reduced nos. of boats and pots, with increased nos. of pots/boat (144), and
an extended fishing season closing on September 30.
¢ 34, the thirty fourth case simulating aspects of an I'I‘Q based management system, and mcludmg
a sustainable catch of about 9 million kg., ~
reduced nos. of boats and pots, with increased nos. of pots/boat (144), and
an extended fishing season closing on September 30.

- The results of evaluating the above scenarios are presented in Appendxx 9, and summansed in Tables 4
-and 5. While considerable trouble was taken to try to make this model directly comparable with the
A accountmg model, structural differences between the two models inevitably resulted in some dxﬁ'erences
_ in estimated industry net returns. However, these differences are relatively minor, and the differences
between the respective base case results and those of alternative scenarios are even smaller. For
. instance, the base case as well as scenarios 1 and 2 are defined equivalently in both models.
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“In Appendxx 9, there i is a separate table of results for each s scenario. Answer Report 1 presents results for
both the base case scenario, in the column headed “Original Value" and for scenario 1 in the column
headed “Final Value”. In all other 4nswer Reports it is the “Final Value” column which contains the
results for that scenario. The row titled “Profit Total” contains the estimated value for annual industry
net return, and the following rows contain estimates of the level of (constrained) catch, numbers of
boats, pots, and potlifis by month. The final set of rows contain values for “transfer activities” designed
to ensure that enough animals remain at the end of the fishing season to mamtam a sustainable breeding
-stock .

Scenarios 1, 2, 11, 21, 22, and 31 are all intended to simulate vanauons on the current hcense hmltanon
scheme of management, and are summarised in Table 4. It can be seen that reducing catch under an
ITE/TAE based system by reducing pot and boat numbers (case 1) reduces aggregate net returns by
about $5.7 million p.a., while reducing pot numbers only but preventing any decline in boat numbers .
(case 2) reduces aggregate net returns by over $18.5 million p.a.. These estimates approxxmate those
obtained from the accounting model, but neither accounts for any offsctting losses due to additional rent
dissipation likely to accompany attempts to reduce effort and catch while retaining the ITE/TAE system.
Again, the results clearly demonstrate that failing to allow rationalisation of boat numbers when the
catch is reduced to sustainable levels involves a large opportunity cost. For the current length fishing -
season, the cost is estimated at about $13 million (case 1 - case 2), but with an extended season up to
$30 million (case 21 - case 22) could be involved.

' Pot and boat numbers are both treated as freely variable (up to current levels) in cases 1 11, 21 and 31.
A comparison of cases 1 with 21, and of 11 with 31, which differ only in the length of the ﬁshmg -
season indicates that the potential gain from an extra three months fishing under an ITE/T AE based .
system is likely to be substantial, and of the order of $17 million to $21 million. However, where boat
numbers are constrained to equal current numbers, the potential gain is - much smaller. A comparison of
cases 2 and 22 yields an estimate of only $4.3 million. Note that an ITE/T. AE system is hkely to inhibit
rationalisation of boat numbers.

It has been suggested that a sustainable ﬁshery could be achleved by setting a Total Allowable Catch
(T AC), and closing the fishery as soon as the TAC was reached Scenario 3 estimates the consequences,
given current technology and economic structure, of reducing average catch levels to 9 million kg. while
maintaining both pot and boat numbers by means of a TAC and a variable closed season. It can be seen
from Table 5 that even in the short run, this scenario involves a greater loss of economic efficiency than’
cither cases 1 or 2, and on average will result in closure of the fishery sometime in April. Such an
outcome is clearly wasteful, and reduces industry net returns by about $21 million relative to the base
case. In the long run, these efficiency losses would almost certainly swell to the point where catchmg
costs at least matched gross revenue as fishermen invested more and more heavnly in boats, gear, and

: eqmpmcnt in order to catch as much of the TAC as possible before the season closed. - :

-Table 5 summanses the results for scenarios 4, 5, 14 24, 25, and 34, each of which snnulates an IT Q
based management system by allowing monthly levels of effort to be constrained only by available
numbers of fishing days and pots, and to be selected so as to maximize industry net returns. Both pot
and boat numbers are allowed to vary freely up to maxima equal to current levels in cases 4, 14, 24, and -
34, while boat numbers are constrained to equal current numbers in cases 5 and 25. In cases 4 and 5,
the fishing season ends on June 30, while it is extended to September 30 in cases 6 and 7.
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In the main, the ﬁndmgs from the results in Table 5 simply reinforce the points made above, but there
‘are some nnportant differences. By switching to an ITQ/TAC based system while reducing catch to 9
million kg,, it is quite possible that aggregate net returns might actually increase by about $4.3 mllhon
(relative to the base case) so long as both pot and boat numbers (case 4) are permitted to reduce to the -
most efficient level. Moreover, the actual gains realised might even be larger than this estimate if rent -
dissipation due to capital stuffing also declines in importance under an ITQ/TAC based system. Some
idea of the importance of this consideration is provided by the difference in annual net retums of $15.2
~ million between cases 4 and 14. The starting point for these two cases differed only in the economic -

structure implicit in the model (average pots per boat assumed was 104 for case 4,.and 144 for case 14).

‘The latter value is probably best treated as an upper bound, but it does illustrate that under an ITQ/TAC
based system, it might be possible to reduce catch to sustainable levels and increase annual net returns
by up to $19.5 million at the same time even if the season is not extended. Since introduction of ITQ s
should make it easier to extend the season, the upper bound on increase in annual net returns could
exceed $30 million.

However, it needs to be stressed that the possibility of such large gains matenahsmg depends on very
large reductions in boat numbers (i.e. down to less than 300 boats). If rationalisation of boat numbers is
prevented, increases in net returns will be much more modest because of the large opportunity cost of
preserving boat numbers, which could range from nearly $20 million (case 4 - case 5) if the length of

the fishing season is not extended, and up to $27. 5 million (case 24 - case 25) if it is extended by threc o

months.

An appreciation of the possible gains from extending the fishing season under an ITQ based systcrn can
be gained by comparing case 4 with 24, and case 14 with 34. In all these cases, both pot and boat ~
numbers are allowed to vary freely (up to current levels). Aggregate annual net returns are estimated to
increase by about $16 million to $17 million dug solely to differences in the length of the fishing season.
These estimates are slightly less than the estimated potential gain from an extra three months fishing
under an ITE/TAE based system. Where boat numbers are held constant, the gain is only of the order
of $4.3 million, again similar to but smaller than the figure for a license limitation scheme ‘

Key parts of the results presented above are rearranged in Table 6 to facilitate a companson of mdustry
net returns from an ITE/TAE based system with those possible under a system of ITQ’ s: In particular, -
this table highlights the pivotal role of policy towards rationalisation of boat numbers, and the
corresponding importance of the impact of type of management system on nurnber of pots per boat. -
Consider first the case depicted in column one where boat numbers are held constant, atid the duration

of the fishing season is unchanged. Changmg the management system from one based on ITE/TAE’s to

one based on ITQ/TAC’s is estimated to increase net returns from $15.8 million to $18.9 million.

However, this gain is almost totally offset by additional costs of research and enforcement, which were

deemed to be $1 million and $1.7 million respectively. If the season is extended to September 30, but
boat numbers are still held constant, the increase in industry annual net returns from adoptmg ITQ s of
$7.7 million is still largely oﬁ'set by additional research and enforcement costs. '

If rationalisation of boat numbers is permitted, prediction of the consequences of a ehange to the
management system is rather more difficult: As noted above, an ITE/TAE systemi is likely to inhibit

rationalisation of boat numbers, and thus result in rather fewer pots/boat on average than would pertain

under an ITQ/TAC based system. Just how large this difference would be has to be'a matter for
conjecture because of a lack of hard empirical evidence on which to base a realistic assumption.

o



ZoL $ 922 9 NN € § LG $ v0o _§ (wg) uieo 19N
oL $ ot 8 N N0l § 0l $ 01, | (wg) sisoD yosessey enxy
AR VA S \ NIt $ 2V 8 $ L1 ¢ [wsg) sisoD usweoioug enxg
68l $ €Sz $ N 09 $ L2 $ , $ L€ $1 (wg) swnjay 18N enxy
2gg - ¢ 6¢S S 289 ¢ €65 ¢ 9/ % 6€5 ¢ 98 $ 68 § (wg) swnmay 19N
9s0L $ SOLL $ '9c0L $ SBLL $ T.SL $ SOLL $ 2SZL. % LOSL 8 (wg) s1s0p Ansnpuj
gcLl $ vPvoL $ g€/l ¢ @€/l $ 068L $ vvoL $ vY9L $ 069 S| (w$) suinay Asnpul
9/50L  0.86 - 9/S0L  9/60L  TOLLL  0.86 0.86 v69'6 : (w) syrjlod
vog8'ty 0096V vos'Ly  vOS'LY  9/G'69  009'6Y  009'6Y - 9.569 | ' 'SON 10d
062 vre 062 or 699 144> Ly . 699 'SON jeog
e 4" 14 vl 14 S 3se) ov.LOL
ey $ 98¢ - L'0T RN 9682 $ 86t $ (wg) suinisy 19N
zezZL $ osel § TSt osel $ 8Livik S (wg) sys0) Ansnpuyy
gTLL $ 9€9L $- STLL. geol $ geol S| (wg) swmay Asnpu)
6S€0L 6256 6SE 0L 6256 . 6Z56 _ (w) syinied
LEZ'op  000'8S - 9/5'69 000'ss  000'8s | 'SON 10d
144 86G - 699 855 699 , "SON yeog
1z L . (44 . L 4 .__@sep Ivyanl
0ez - - 88l . o€z (8] oz 88l 881 88l 1 B paysiy shegf
0g Wes  ogsunf . oc 1des o des ogides ogdunt  geeunt  oedunnp ~ -spus uosesg

o pyi= yoL=  v0L> pri= yoL= o> 1eoqssiod ‘Bay]
- S3LVYWIST _ ajqeuep . sjqeueA  9(qeuep  SjgqeHMEA  S|qelEA  djqeleA . 'SoNlod
- aNNOg ¥3ddn ‘o|qeueA  9jgBUEA JUBJSUOD  B|GELEA  S|qEUBA  juesuod|. - _ 'SON jeog

TAAOW ONTNAVID0Ed * NOSTIVANO0D JVL/O LI SA AVIJALL 9 ATaVL




34

The second and fifth columns in Table 6 are based on an assumption that the current industry average
of 104 pots per boat will continue under a restructured ITE/TAE systém as well as under an ITQ/TAC
based system. These net gains in these columns probably underestimate the potential gains of switching
systems by a significant margin, because they take no account of efficiency gains from better input
combinations and/or more effective fishing gear likely to be fostered under an ITQ based management

~ system. Hence these columns are best regarded as providing lower bound estimates of potential
efficiency gains for the current, and an extended season respectively. If the introduction of ITQ’s
increases average numbers of pots per boat, then the relevant parts of the third and sixth columns
arguably provide a better estimate of industry net returns for this system of management The last two
columns in Table 6 provide such a comparison, namely between cases 1 and 14 for a season closing on
June 30, and between cases 21 and 34 for an extended season. Depending on length of season, this
comparison suggests potential efficiency gains of switching systems of either $22.6 million or $16.2
million, which should be treated as upper bound estimates of net gains if rationalisation of boat numbers
is permitted. .

CONCLUSIONS

To judge the s1gmﬁcance of estimates of the rmpact of any partlcular change in the system of
management in the Western Rock Lobster fishery on aggregate annual net retums, it is necessary to
establish a numeraire or benchmark against which any predicted changes can be measured. In the
section on the bioeconomic model, sustainable annual resource rents currently being generated in the
fishery were estimated at about $28 million. This estimate is somewhat lower than that of short run

. annual net economic returns estimated at $32.4 million in the accounting model, or at $34.3 mﬂhon In
the programmmg model. $50 million has been adopted in the discussion that follows as a broad esnmate
of current gross income collectively being earned in the industry as a return to management, as a r_etum
on “real” capital invested in the fishery, and as a (resource) rent on the fish stock. Various estimates of
gains and losses are expressed in the discussion below as a percentage of this measure of current
aggregate annual gross income. : ‘

There are several conclusions to be drawn from the analysis rebortcd above. Some refaie to changidg
one or other aspect of the method of managing the Western Rock Lobster ﬁsherv so not all of the .
- - estimated benefits are independent and additive. Specific conclusions are:

e given current regulations on such things as duration of the fishing season, pdt design, and other _
regulations designed to preserve the breeding stock, the first best optimal level of fishing effort is
7.3 million pot lifts, which should on average yield a sustainable catch of about 8.0 million kg. If
this catch were caught in the least cost manner, then it could gcnerate resource rents of up to $53 - '
million per annum.

e currently some $25 million (50%) of potential resource rents are being drssrpated under the hcense '
limitation system of management. Even without a longer fishing season, without “better” designed -
pots to enhance catching power, and without adjusting the seasonal catch pattern to better match
market conditions, some or all of this potenual rent might be reahsed if anIT Q/T AC. based
system of management were adopted.

o reducing the catch to sustainable levels under an ITE/T AE based managemem system closmg on
June 30 is most unlikely to increase realised resource rents even if ratlonahsanon of boat numbers .

" is allowed to proceed unimpeded by policy regulauons
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if boat numbers are held at current levels by policy measures under an ITE/TAE based
management system, measures adopted to reduce catch levels to sustainable levels will aimost
certainly result in large losses in industry annual net returns. With the current fishing season, these
losses: could up to $20 mllhon (40%) and of the order of $14 mllhon (28%) if the season is

‘extended.

there are potentlally large economic gams in tcxms of industry net retumns to be gamed from -
allowing market forces to reduce the number of boats operating in'the industry to economically
efficient levels. For a fishing season of the current duration, it has been estimated to be of the

~-order of $13 milliori (26%) of current income collectively being eamed in the industry. This :
* amount could be as large as $30 million (60%) for an extended season lasting until September 30. -
, Howevcr it needs to be stressed that the possibility of such large gains materialising depends on
. very large reductions in boat numbers (i.c. down to less than 300 boats).
there are potentlally large economic gains in terms of mdustry net returns to be gained from

extending the duration of the fishing season. Estimates range from $16 million to $21 million so

. long as boat numbers are pemutted to fall to cconormcally efﬁclent levels but otherwise will be

comparatively small .
there may be potenually large economic gains to be gained from chang,mg the system of managing

‘the Western Rock Lobster ﬁshery from one based on ITE’s/TAE to one based on ITQ’s/TAC.

Depending on length of season, potcntlal gains in industry net returns of switching systems could

o range from negligible to '$22 million (44%) for a June 30 closure, and from $2 mxlhon (4%) to

$16 mﬂhon (32 %) for a September 30 closure. '
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APPENDIX1 A Model of Rent Dissipation and Second Best Effort
S Under License leltatlon (from Campbell and Lindner

(1990))

We need to specify functional forms. for the average product of effort schedule
and the supply or marginal cost of effort schedule consistent ‘with the
assumptions we have made so far: |

ARe=a - bE subjecttoa, b>0; - [1]
MCe = Co + C|(E -EB) subject to 0, C1 > o, E_EB. 21

The equ1l|br1um condmon for the fishery is ARe = MCe, and so it follows that:
,v_EB—[C1+b)E (a CO)]CI'l ' o - [3]

llhe fishery rent can be defined as:
_F=(a- Co bEE o , (4]

and the level of effort which gives a first-best optimum can be calculated as:
E*-05@-Coe-l. , (5]

The efficiency loss resulting trom the input restriction can be e\pressed as:
L=0. S(MCe CoXE-EB), , (6]

Wl‘llCh on substituting for MCe and EB, 51mple' €s to:
L =0.5[(a - C0) - bE]7-C1' - - (7]

~ The second- best opt1mum level of effort, £, is obtamed by choosmg E to
maximise:
W= p-L. The solutlon value IS:

E=05a- Co)b'.'l[(Cl +B(C1 + b/2)]
=E*[(C] + b)/(C1 + b2)]. | (8]

‘Given our assumptions about the production of effort, the proportion of the

restncted input excluded from the fi shery by the limitation program is defined as:
=1 - (EB/EQ). Substituting for £B and £( and semng E and E nges the level

of the second-best optimum licence llmltauon program

B 0. 5[(C I+ b)/(C1 + b/2)]



APPENDIX 2: Defivation of Formulae to Estimate Kg’v Parameter Values
and VMeasures of-Rent Dissipation Under License Limitation -

In Figure 1, CFGJ .depi‘cts realised aggfegat_é annual resource rent from Eq4 of
effort and associated average revenue of effort, {R(E,) -

CFGJ = CHGJ-FGH
=(AR(Eg) - Co Y+ (Eq+ Ey)
=(g/2)*(Eq"2-E/2)

| where g= (AR(Ey) -Co )/ (Eq-Ep)
Hence : . '

Er = (Eq™2-(CFGI/2))0.5
Co=AR(Eg) -g *( Eq-Ep)

Rent diésipation due to input substitution : .
FGH= (AR(Eg) -Co )*(Eq-Ey)/2
=(g/2)*(Eq-Ep)™?

In the Schaefer model, sustainable average revenue of effort:
ARy =P*A*K*(1-(2*E*A)/r)

where P = priceof catch
A = catchability coefficient
K = unexploited stock size
E = sustained level of effort
r = intrinsic growth rate

A

Optimal effort, o | :
Eopt., =(1-Co /(P*A*K)*(r/(2*A));

and corrésponding maximum pbtential sustainable} annual resource rent is:
Opt.rent =( P*A*K*(1-Eopt*Alr)- Co)* Eopt

Rent;dissipati'on due to fleet redundancy : .
BDH=(Eg- Eopt)*(Co-AR(EY )



APPENDIX 3: Data Sources for the Accountmg and Programmmg Mode]s

A ABS (or Flshery retums) (1964 1992)

gg[gggtc Catch (Kg ) by Month and by Zone

ggreggte Effort (pot hﬂs) by Month and by Zone
Aggre g ate chensed pots (nos L by Year and by Zone

Fremantle Fishing Cooperative (1992/93 fishing season): ‘
(individual boat data for an anonymous sample of 59 boats for the)
' No. pot licenses: by Month ‘ '
Catch (Kg.): by Month, Zone, and by Size Grade
Expenses for Bait, Fuel, Gear and Other: by Month

Department of Fishery Returns (1991/92 & 1992/93 fishing seasons)

(mdmdual boat data for the same anonvmous sample of 59 boats above
- matched using double blind codmg procedu.re to preserve anonvrmty of boat hcensees)

No. days fished: by Month and by Zone
Crew Nos.: by Monlh

_ Location (block) fished: by Month
Landin g. gor_t; by Month'
N_o'. pots used: by Month

. Catch (Kg.): by Month and by Zone

Jurien ﬁshennen mformal survey - (1992/93) ﬁshmg seasons
No. pots used and Crew Nos '
No. days fished: by Month
Distance travel]ed to ﬁshmg g;round by Month
atch (Kg.): by Month
Camtal Value: (by type of asset)
. All expenses: (by rnonth and by type of ekpense) _

Economic study of S.A. Rock Lobster industry - Edwards & Presser



MAP‘., EN;DIX4‘ Detalls of . Com’ utatlonal ‘Prooedures

‘The ;model contamed the followmg wvariables, which were cither derived from specxﬁed data; sources- or “
calculated as accordmg to the equations below:

sfor the Acco ______gModel

% catch by month- (based on.average for, recent ﬁshmg seasons)
Aggregate Annual TAC-. (based Oon averqge for recent fishing seasons, oF: assumed)
Monthly mtch "
= TAC # monthly % share
€CPUE by month (based ON average: for recent ﬁshmg seaSOns)
Number .of pot fifts
= monthly @atch/(CPUE) o . _
Potential no. days fished by month - (based on pro;ecnon of trends for reccnt yeais) B

Required pot nos.

# pot hftS/Potentlal # days fished
max.( ‘pet nos./mo. )

required pot nos.

. pots/boat (based on average for recent ﬁshmg seasons)
Requlred ‘boat nos.
Required pot nos. / { pots/boat)
lb $. cost/pot (e.g. replacement of old pots) - based on suxvey data & SA study

$ cost/boat (e g. fixed overheads mcluding antn—fouhng msurance, storage, etc.)
. ~based on. survey data & SA study : :

$ cost/trip (mamly fuel) - based on. survey data & SA. study
$ cost/pot lift (bait, pot mamtenance, etc. ) - based on survey data & SAstudy
$ cost/kg catch (deck labour) based on suxvey data & SA study

Total Costs =

(cost/kg of catch* annual catch) +
(cost/pot-liftx Number of pot lifts) + .
(cost/tripx Required ‘boat nos *No. days fxshed) +
(cost/pots Required pot nos.) #

{cost/boatx Required boat nes.)

.Beach pnce
o based on estimated "worth/kg" -by P. Monaghan)
Total Revenue : .
Sum of (monthly beach prioe/kg of catch* monthly catch)
Net Return _
= Total Revenue - Total Costs



- APPENDIXS:
Historical Catch Patterns

by Zoné’ and Month |
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' APPENDIX 6:

Historical Fishing Patterns
© by Selected M’ohths |
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APPENDIX 7:
Individual Boat Fishing Patterns
| by Selected Months
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- "APPENDIX 8:

Individual Sp_readsheets fqr the Accounting Model
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APPENDIX 9:

Individual Scenario Results for the Programming Model



Answer Report 1

Microsoft Excel 5.0 Answer Report
Worksheet: [WRLITQ.XLS]JWRLITQS6 (1)

Case 1: Variable Boat & Pot Nos. -Season ends June 30
LLS management - TAE set to ensure sustainable catch & breeding stock

Target Cell (Max)

Cell Name Original Value Final Value

$C$5 Profit Total

34,282,366 28,578,394

Adjustable Cells

Cell Name Original Value Final Value
$D%$4 #'s Catch 10,795,339 8,999,188
$E$4 #'s Boats 669 558
$F$4 #'s Pots 69,576 58,000
$G$4 #'s Nov Pot Lifts 1,020,278 850,522

- $H$4  #'s Dec Pot Lifts 2,018,782 1,682,893
$I1$4  #'s Jan Pot Lifts 1,243,343 1,036,473
$J$4  #'s Feb Pot Lifts 1,464,628 1,220,940
$K$4 #'s Mar Pot Lifts 1,801,387 1,501,668
$L94  #'s Apr Pot Lifts 1,663,190 1,386,465
$M$4  #'s May Pot Lifts 1,310,311 1,092,298
$N$4  #'s Jun Pot Lifts 908,661 757,476
$0%4 #'s Jul Pot Lifts 0 0
$P$4  #'s Aug Pot Lifts 0 0
$Q$4 #'s Sep Pot Lifts 0 0
$R$4 #'s Oct Pot Lifts 0 0

o ]

$S%$4 #'s Nov/Dec
$T$4 #'sDec/dJan
US4 #'s Jan/Feb -

20850533.74 17781072.35
15193842.75 13057959.21
13009709.79 11229776.95
$V$4 #'s Feb/Mar 10997060.48 9544688.088
$W$4 #'s Mar/Apr 7407667.372  6545336.2
$X$4 #'s Apr/May , 4.5E+06 4.1E+06
$Y$%4 #'s May/Jun B : - 3.0E+06 2.8E+06
$Z%4 #'s Jun/Breed - ‘ 2.1E+06 2.1E+06




| Ahsw,er,Repon 2

Microsoft Excel 5.0 Answer Report
Worksheet: [WRLITQ. XLS]WRLITQS (4)

Case 2: Variable Pot Nos. but Constant Boat Nos. - Season ends June 30

| Target Cell (Max)

LLS management - TAE set to ensure sustainable catch & breeding stock

Cell Name

- Original Value. Final Value

$C3$5 Profit Total 34,282,366 15,777,789
Adjustable Cells : . :
Cell . Name Original Value Final Value
- $D%4 #'s Catch 10,795,339 8,999,188
$E$4 #'s Boats 669 669
$F34  #'s Pots , - 69,576 58,000
$G%4 #'s Nov Pot Lifts 1,020,278 850,522
$H$4 #'s Dec Pot Lifts 2,018,782 1,682,893
$I1%4  #'s Jan Pot Lifts 1,243,343 1,036,473
$J$4 #'s Feb Pot Lifts 1,464,628 1,220,940
$K$4. #'s Mar Pot Lifts 1,801,387 1,501,668
$L$4 #'s Apr Pot Lifts 1,663,190 1,386,465
$M$4  #'s May Pot Lifts 1,310,311, 1,092,298
$N$4  #'s Jun Pot Lifts 908,661 757,476
$0%$4 #'s Jul Pot Lifts 0 0
$P$4  #'s Aug Pot Lifts 0 0
$Q3%4 #'s Sep Pot Lifts 0 0
$R$4 #'s Oct Pot Lifts 0 -0
$S$4 #'s Nov/Dec 20850533.74 17781072.35
$T734  #'s DeclJan 15193842.75 13057959.21
$US4 #'s Jan/Feb 13009709.79  11229776.95
$V$4 #'s FebMar 10997060.48 9544688.088
$W$4 #'s Mar/Apr 7407667.372  6545336.2
$X34 #'s Apr/May 4.5E+06 . 41E+06
$Y$4 #'s May/Jun 3.0E+06 2.8E+06
$Z%4 #'s Jun/Breed 2.1E+06 2.1E+06




Answer Report 3

Microsoft Excel 5.0 Answer Report
Worksheet: [WRLITQ.XLS]WRLITQG (1)

Case 3: Constgnt Boat & Pot Nos. - Variable Closed Season
Competitive TAC set to ensure sustainable catch & breeding stock

Target Cell (Max)

Cell A - Name Original Value Final Value
$C$5 Profit Total 34,282,366 13,233,586
Adjustable Cells
Cell Name Original Value Final Value
$D%$4 #'s Catch 10,795,339 8,996,809
$E$4 #'s Boats 669 669
$F34 #'s Pots 69,576 69,576
$G$4 #'s Nov Pot Lifts 1,020,278 1,020,278
$H$4 #'s Dec Pot Lifts 2,018,782 2,018,782
$1$4  #'s Jan Pot Lifts 1,243,343 1,243,343
$J%4  #'s Feb Pot Lifts 1,464,628 1,464,628
$K$4 #'s Mar Pot Lifts 1,801,387 1,801,387
$L$4 #'s Apr Pot Lifts 1,663,180 1,202,299
$M$4  #'s May Pot Lifts 1,310,311 0
$N$4 #'s Jun Pot Lifts 908,661 0
$0%$4 #'s Jul Pot Lifts 0 0
$P$4  #'s Aug Pot Lifts 0 0
$Q%4 #'s Sep Pot Lifts 0 0
$R$4 #'s Oct Pot Lifts , 0 .0
$S$4 #'s Nov/Dec 20850533.74 17444203.49
$T$4 #'s Dec/Jan 15193842.75 11852232.78
$US$4  #'s Jan/Feb 13009709.79  9731590.409
$V$4 #'s Feb/Mar 10997060.48 7781225.371
SW$4 #'s Mar/Apr 7407667.372 4252933.129
$X%4 #'s Apr/May 4.5E+06 2.2E+06
$Y$4  #'s May/Jun 3.0E+06 2.1E+06
$Z2%4 #'s Jun/Breed 2.1E+06

2.1E+06
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Microsoft Excel 5.0 Answer Repo‘_r_t‘
Worksheet: [WRLITQ.XLSJWRLITQS (7)

Case 4: .V.ariable Boat & Pot Nos.‘ -Season ends June 30‘ .

ITQ's & TAC set to ensure sustainable catch & breeding stock -

Target Cell (Max)

Original Value Final Value

Cell v Name
$C$5 Profit Total 34282366 38,631,710
Adjustable Cells , : :
Cell ~ . Name - . Original Value Final Value
$D%$4 ~#'s Catch 10,795,339 9,000,000
$ES4 #'s Boats 669 477
$F$4 #'s Pots 69,576 49,600
$G%4 #'s Nov Pot Lifts 1,020,278 744,007
$H$4 #'s Dec Pot Lifts 2,018,782 1,488,013
$1$4  #'s Jan Pot Lifts 1,243,343 1,289,611
$J%4 #'s Feb Pot Lifts 1,464,628 1,240,011
$K$4 #'s Mar Pot Lifts 1,801,387 1,388,812
$L94 #'s Apr Pot Lifts 1,663,190 1,339,212
$M$4 #'s May Pot Lifts 1,310,311 1,289,611
$N$4 #'s Jun Pot Lifts . 908,661 1,091,210
$0%4 #'s Jul Pot Lifts 0 0
$P$4  #'s Aug Pot Lifts 0. 0
$Q3%4 #'s Sep Pot Lifts 0 0
$R$4 #'s Oct Pot Lifts 0 0
- $S%4 #'s Nov/Dec 20850533.74 17963528.02
$T$4 . #'s Dec/Jan 15193842.75 13744763.75
$US4 -#'s Jan/Feb - - 13009709.79 11517628.12
$V$4 #'s Feb/Mar - 10997060.48 9804081.78
$W$4 #'s Mar/Apr . 7407667.372 7011585.094
'$X$4 #'s ApriMay 45E+06  4.7E+06
$Y$4 #'s May/Jun - 3.0E+06 3.1E+06
$2%4 #'s Jun/Breed 2.1E+06

. 2.1E+06
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Microsoft Excel 5.0 Answer Report
- Worksheet: [WR'LITQ.V,X‘LS]WRLITQ.G (3)

Case 5: Variable Pot Nos. but Constant Boat Nos. - Season ends June 30

ITQ's & TAC set vt‘o‘é.nsgg‘e sustainable catch & breeding stock

Target Cell (Max) v , :
Cell "Name Original Value Final Value

$C95 Profit Total 34,282,366 18,862,472

Adjustable Cells

Cell . Name Original Value Final Value

$D%4  #'s Catch R 10,795,339 9,000,000
$E$4 #'s Boats ' 669 669
$F$4 #'s Pots 69,576 69,576
$G$4 #'s Nov Pot Lifts 1,020,278 1,043,640
$H$4 #'s Dec Pot Lifts 2,018,782 1,484,522
$1$4  #'s Jan Pot Lifts 1,243,343 N 0
$J%4 #'s Feb Pot Lifts 1,464,628 0
$K$4 #'s Mar Pot Lifts 1,801,387 1,948,128
$L$4 #'s AprPot Lifts - - 1,663,190 1,878,552
$M$4 #'s May Pot Lifts 1,310,311 1,808,976
$N$4 - #'s Jun Pot Lifts 908,661 1,530,672

- $0%4 #'s Jul Pot Lifts 0 0
$P$4-  #'s Aug Pot Lifts , 0 0

$Q$%4 #'sSep PotLifts 0 0
$R$4 #'s Oct Pot Lifts ; 0 0
$S$4 #'s Nov/Dec 20850533.74 17542944.19
$T$4 #'s Dec/Jan 15193842.75 13341267.69
$U$4 #'s Jan/Feb - 13009709.79 13087783.6
$Vv$4 #'s Feb/Mar - 10997060.48 12839115.72
$W$4  #'s Mar/Apr - 7407667.372 8939352.144
$X3$4 #'s Apr/May 4.5E+06 5.7E+06
‘$Y$4  #'s May/Jun 3.0E+06 3.5E+06
$Z2%4

#'s Jun/Breed

. 21E+06

2.1E+06
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Microsoft Excel 5.0 Answer Report
' Worksheet: [WRLITQ.XLS]JWRLITQS (1)

Target Cell Max)

Cell .. . ‘Name ”.-Aorigin,al Value Final Value

$C35 _ Profit Total 34,282,366 46,393,504

Adjustable Cells

A{A-\A,O‘ryigkinal.Va'lue _Fin_al Valde .

_Cell ~_Name
$D%4 #'s Catch 10,795,339 8,999,188
$E$4 #'s Boats 669 . .403
$F34 #sPots . - 69,576 . 58,000
$G$4 #'s Nov Pot Lifts . .1,020,278 850,522
$H$4 #'s Dec Pot Lifts - 2,018,782 1,682,893
$1$4  #'s Jan Pot Lifts 1,243,343 = 1,036,473
$J%4  #'sFebPotlLifts 1,464,628 1,220,940
$K$4 #'s Mar Pot Lifts .1,801,387 1,501,668
$L$4 #'s Apr Pot Lifts 1,663,190 1,386,465
$M$4  #'s May Pot Lifts 1,310,311 1,092,298
$N$4 #'s Jun Pot Lifts 908,661 757,476
$0%4  #'s Jul Pot Lifts - 0 0
$P$4  #'s Aug Pot Lifts 0 0
$Q%$4 #'s Sep Pot Lifts 0 0
$R$4 #'s Oct Pot Lifts o 0 ‘ 0
$S%4 #'s Nov/Dec - 20850533.74 . 17781072.35

- $T$4  #'s DeclJan 15193842.75 13057959.21.
$US4 - #'s Jan/Feb - 13009709.79 11229776.95
$V$4 #'s Feb/Mar - -10997060.48 9544688.088
$W3$4 #'s Mar/Apr - 7407667.372 6545336.2
$X34 #'s ApriMay - 4 5E+06 4.1E+06 .
$Y$4  #'s May/Jun 30E+06 - 2.8E+06
$Z2%4 = #'s Jun/Breed 2.1E+06 - 21E+06

s
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Microsoft Excel 6.0 Answer Report
Worksheet [WRLITQ XLS]WRLITQG (5)

Case 14: Variable Boat & Pot Nos. + more pots/boat -Season ends June 30

ITQ s & TAC set to ensure. sustamable catch & breedmg stock

Target Cell (Max)
Cell Name
$C$5  Profit Total

v -Original Value Final Value
34,282,366 53,866,888

Adjustable Cells

- Cell ‘Name - Original Value Final Value
$D$4 #'s Catch 10,795,339 - 9,000,000
$E$4 #'sBoats - 669 344
$F$4 #'s Pots . 69,576 49,600
$G$4 #'s Nov Pot Lifts 1,020,278 - 744,007
$H$4 #'s Dec Pot Lifts 2,018,782 1,488,013
$1$4  #'s Jan Pot Lifts 1,243,343 1,289,611
$J%4 #'s Feb Pot Lifts - 1,464,628 1,240,011
$K$4 #'s Mar Pot Lifts 1,801,387 1,388,812
$L$4 #'s Apr Pot Lifts 1,663,190 1,339,212
$M$4 #'s May Pot Lifts 1,310,311 1,289,611
$N$4 #'s Jun Pot Lifts 908,661 1,091,210
$0%4- #'s Jul Pot Lifts 0 -0
$P$4  #'s Aug Pot Lifts -0 -0
$Q%4 #'s Sep Pot Lifts Q- -0
$R$4 #'s Oct Pot Lifts 0 . 0
$S$4 #'s Nov/Dec 20850533.74 17963528.02
$T%$4 #'s Dec/Jan - 15193842.75 13744763.75
$US4 #'s Jan/Feb 13009709.79 11517628.12
$ve4 #'s Feb/Mar -10997060.48 9804081.78
- $W$4  #'s Mar/Apr 7407667.372 7011585.094
$X$4 #'s Apr/May - 4 5E+06 - 4.7E+06
$Y$4 #'sMay/Jun - 3.0E+06 3.1E+06
- 2.1E+06

#'s Jun/Breed

$2$4

- 21E+06
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Microsoft Excel 5.0 Answer Report
Worksheet: [WRLITQ.XLSJWRLITQS (7)

Case 21: Vanable Boat & Pot Nos Extended Season ends Segtember 30.
LLS management - TAE set to ensure sustainable catch & breeding stock

Target Cell (Max) o v .
Cell . Name - = Original Value = Final Value
$C$5 Profit Total _ - 20,100,105 49,283,960

Adjustable Cells

Orig‘inel Value, Final 'Value )

Cell~ - Name

_$D$4 - #'s Catch 9,000,000 9,000,000

$E$4 - #'s Boats - 669 _ 445
$F$4 #'s Pots 69,576 . 46,231
$G$4 #'s Nov Pot Lifts 676,636 676,636

- $H$4  #'s Dec Pot Lifts 1,331,648 1,331,648
$1$4  #'s Jan Pot Lifts 1,011,116 1,011,116
$J84 #'s Feb Pot Lifts 1,152,990 1,151,680
$K$4 #'s Mar Pot Lifts 1,224,385 1,223,901 ‘
$L$4 #'s Apr Pot Lifts : 1,248,228 1,248,228
$M$4 #'s May Pot Lifts 1,104,851 1,104,851
$N$4 #'s Jun Pot Lifts - 823,049 823,049
$0%4 #'s Jul Pot Lifts 636,466 - 636,466

- $P$4  #'s Aug Pot Lifts 551,020 551,020
$Q3%4 #'s Sep Pot Lifts 600,000 600,000
$R$4 #'s Oct Pot Lifts e -0 0
$S%4 #'s Nov/Dec 21337889.33 21337889.33 -
$17%4 #'s Dec/Jan 17436408.83 17448394.08
$US$4 #'s Jan/Feb 15563692.06 15575449.59 -
$V94 #'s Feb/Mar 13879744.3 13886469.43
$WS4  #'s Mar/Apr 11319279.3 11314875.59"

'$X$4 #'s Apr/May 9.0E+06 9.0E+06
$Y$4 #'s May/Jun . - 7.6E+06 7.6E+06
$Z2%4 - #'s Jun/Jul 6754765.677 6750608.239
$AAS4 #'s JullAug _60E+06  6.0E+06

' $AB$4 #'s Aug/Sep 53E+06  53E+06 -
$ACS4 #'s Sep/Oct . 46E+06 46E+06 . -
$AD$4 #'s Oct/Breed 4 5E+06 4 5E+06

w
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Microsoft Excel 5.0 Answer Report
Worksheet: [WRLITQ.XLS]JWRLITQS (7)

Case 22: Variable Pot Nos. & Constant Boat Nos. - Season ends September30
LLS management - TAEA set to ensure sustainable catch & breeding stock

Target Cell (Max)
Cell . Name
$C3$5 Profit Total

Original Value Final Value
20,100,105 20,084,344

Adjustable Celis

Cell Name Original Value Final Value
$D%4 #'s Catch 9,000,000 9,000,000
$E$4  #'s Boats 669 669
$F$4 #'s Pots 69,576 69,576
$G$4 #'s Nov Pot Lifts 676,636 676,636
$H$4 #'s Dec Pot Lifts 1,331,648 1,331,648
$1$4  #'s Jan Pot Lifts 1,011,116 1,011,116
$J$4 #'s Feb Pot Lifts 1,152,990 1,151,680
$K$4 #'s Mar Pot Lifts 1,224,385 1,223,901
$LS4 #'s Apr Pot Lifts 1,248,228 1,248,228
$M$4 #'s May Pot Lifts 1,104,851 1,104,851
$N$4  #'s Jun Pot Lifts 823,049 823,049
$0%4 #'s Jul Pot Lifts 636,466 636,466
$P$4  #'s Aug Pot Lifts 551,020 551,020
$Q$4 #'s Sep Pot Lifts 600,000 600,000
$R$4 #sOctPotlifts - ~ 0 0
$S$4 #'s Nov/Dec ' 21337889.33 21337889.33
$T%4  #'s Dec/Jan 17436408.83 17448394.08
$US4 #'s Jan/Feb 15563692.06 15575449.59
$V$4 - #'s Feb/Mar 13879744.3 13886469.43
$W$4 #'s Mar/Apr 11319279.3 11314875.59
$X$4 #'s Apr/May ~ 9.0E+06 9.0E+06
$Y$4 #'s May/Jun 7.6E+06 7.6E+06
$2%4 #'s Jun/Jul 6754765.677 6750608.239
$AAS4 #'s Jul/Aug 6.0E+06 6.0E+06
$AB$4 #'s Aug/Sep 5.3E+06 5.3E+06
$ACS4 #'s Sep/Oct 4.6E+06 4.6E+06
$AD$4 #'s Oct/Breed 4 5E+06

4.5E+06
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Microsoft Excel 5.0 Answer Report
Worksheet: [WRLITQ.XLS]JWRLITQS (6)

. Case 24: Variable Boat & Pot Nos - Extended Season ends Segtember 30
ITQ's & TAC set to ensure sustainable catch & breedlrthock

Target Cell (Max)
Cell Name
$C3$5 Profit Total

- Original Va'lué Final Value
34,282,516 55,314,285

Adjusmble Cells

Original Value Fihal Value

Cell - Name

$D%$4 = #'s Catch 10,795,339 9,000,000
$E$4 #'s Boats . 669 402
$F$4 #'s Pots 69,576 41,804
$G%4 #'s Nov Pot Lifts 1,020,278 627,061
$H$4 #'s Dec Pot Lifts 1,058,252 1,254,122
$1$4  #'s Jan Pot Lifts - 1,043343 1,086,906
$J$4 #'sFeb PotLifts 1,064,628 1,045,102
$K$4 #'s Mar Pot Lifts 1,501,387 1,170,514
$LS4 #'s Apr Pot Lifts - 1,363,190 1,128,710
$M$4 #'s May Pot Lifts 1,310,311 1,086,906
$N$4 #'s Jun Pot Lifts 908661 - 919,690
$0%4 #'s Jul Pot Lifts - - 908,661 752,473
$P$4  #'s Aug Pot Lifts 908,661 752,473
$Q%4 #'s Sep Pot Lifts 908,661 752,473
$R$4 #'s Oct Pot Lifts -0 ' 0

20861600 21406598.93
15204699 14679580.19
13020360 12743703.14

$S$4 #'s Nov/Dec
$T$4 #'s Dec/Jan
$U$4  #'s Jan/Feb

$V$4 #'s Feb/Mar 11007508  11241805.1
$W$4 #'s Mar/Apr 7417916 8831645881
$X%$4 #'s Apr/May 4 5E+06 6.8E+06
$Y$4 #'s May/Jun 3.0E+06 5.5E+06
$Z2%4 #'s Jun/Jul 2.1E+06 45E+06
$AAS4 #'s Jul/Aug - 21E+06 . 3.7E+06
$AB$4 #'s Aug/Sep 2.0E+06 29E+06 .
$ACS4 #'s Sep/Oct 2.0E+06 ~ 21E+06
$AD$4 #'s Oct/Breed 2.0E+06

2.1E+06
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Microsoft Exeel 5.0 Answer Report
Worksheet: [WRLITQ.XLS]WRLITQS (6)

- Case 25: Variable Pot Nos. & Constant Boat Nos. - Season ends September30
lTQ's & TAC set to ensure sustainable catch & breedmg stock

Target Cell (Max)
Cell Name

$C$5 Profit Total

Original Value Final Value
34,282,516 27,824,391

Adjustable Cells - .

Cell Name - Original Value Final Value
$D%4 #'s Catch 10,795,339 9,000,000
$E$4 #'s Boats 669 669
$F$4  #'s Pots 69,576 69,576
$G%4 #'s Nov Pot Lifts 1,020,278 1,043,640
$H$4 #'s Dec Pot Lifts 1,058,252 0
3194 #'s Jan Pot Lifts 1,043,343 0
$J%$4 #'s Feb Pot Lifts 1,064,628 0
$K$4 #'s Mar Pot Lifts 1,501,387 1,948,128
$L$4 #'s Apr Pot Lifts 1,363,190 1,878,552
$M$4  #'s May Pot Lifts 1,310,311 1,544,047
$N$4 #'s Jun Pot Lifts 908,661 1,530,672
$0%4 #'s Jul Pot Lifts 908,661 1,252,368
$P$4  #'s Aug Pot Lifts 908,661 1,252,368
$Q%4 #'s Sep Pot Lifts 908,661 1,252,368
$R$4 #'s Oct Pot Lifts ' 0 0
$S$4 #'s Nov/Dec 20861600 20829227.8
$T7%4 #'s Dec/Jan 15204699 ~ 17428110.4
US4 #'s Jan/Feb 13020360 17096976.3

$V$4 #'s Feb/Mar
$W$4  #'s Mar/Apr

11007508 16772133.75
7417916 12797642.83

$X$4 = #'s Apr/May 4 5E+06 9.4E+06
$Y$4 #'s May/Jun 3.0E+06 7.6E+06
$Z%4 #'s Jun/Jul 2.1E+06 . 6.0E+06
$AAS4 #'s Jul/Aug 2.1E+06 4.7E+06
$AB$4 #'s Aug/Sep 2.0E+06 3.4E+06
$AC$4 #'s Sep/Oct 2.0E+06 2.1E+06
$AD$4 #'s Oct/Breed 2.1E+06

2.0E+06
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Microsoft Excel 6.0 Answer Report
Worksheet: [WRLITQ.XLS]JWRLITQS (7)

Case 31: Variable Boat & Pot Nos. + more pots/boat - Season ends Sept. 30
LLS management - TAE set to ensure sustainable catch & breeding stock

Target Cell (Max) |
Cell Name

Original Value Final Vélue

$C3$5 Profit Total - 20,100,105 63,484,087

Adjustable Cells , : o

Cell Name Original Value Final Value .

$D%4 #'s Catch 9,000,000 9,000,000
$E$4 #'s Boats 669 321
$F34 #sPots 69,576 46,231
$G3%$4 #'s Nov Pot Lifts 676,636 676,636
$H$4 #'s Dec Pot Lifts 1,331,648 1,331,648
$i1$4 #'s Jan Pot Lifts 1,011,116 1,011,116
$J94 #'s Feb Pot Lifts 1,152,990 1,151,680
$K3$4 #'s Mar Pot Lifts 1224385 1,223.901
$L$4 #'s Apr Pot Lifts 1,248,228 1,248,228
$M$4  #'s May Pot Lifts 1,104,851 1,104,851
$N$4 - #'s Jun Pot Lifts 823,049 823,049
$0%$4 #'s Jul PotlLifts 636,466 636,466
$P$4  #'s Aug Pot Lifts 551,020 551,020
$Q3%4 #'s Sep Pot Lifts 600,000 600,000
$R$4 #'s Oct Pot Lifts . 0 3 0
$S$4 #'s Nov/Dec - 21337889.33  21337889.33:
$T$4 #'s Dec/Jan 17436408.83 17448394.08
$U$4 #'s Jan/Feb 15563692.06 15575449.59
$V$4 #'s Feb/Mar 13879744.3 13886469.43
$WS$4 #'s Mar/Apr 11319279.3 11314875.59
$X3$4 #'s Apr/May 9.0E+06 9.0E+06
$Y$4 #'s May/Jun 7.6E+06 7.6E+06
$Z34 #'s Jun/Jul . 6754765.677 6750608.239
$AAS4 #'s Jul/Aug 6.0E+06 = 6.0E+06
$AB$4 #'s Aug/Sep 5.3E+06 5.3E+06
$AC34 #'s Sep/Oct 4 6E+06 46E+06
$AD$4 #'s Oct/Breed 4 5E+06

4 5E+06



Answer Report 34

Microsoft Excel 5.0 Answer Report
Worksheet: [WRLITQ.XLS]JWRLITQS (8)

Case 34: Variable Boat & Pot Nos. + more pots/boat - Season ends Sept. 30
ITQ's & TAC set to.ensur'e sustainable catch & breeding stock

Target Cell (Max)
Cell - Name
"$C$5 Profit Total

Original Value Final Value
34,282,516 68,154,747

Adjustable Cells

Cell Name Original Value Final Value
$D%$4 #'s Catch ‘ 10,795,339 - 9,000,000
$ES4  #'s Boats - 669 290
$F$4  #'s Pots ' | 69,576 41,804
$G$4 #'s Nov Pot Lifts ' 1,020,278 627,061
$H$4 #'s Dec Pot Lifts 1,058,252 1,254,122
$i1%34  #'s Jan Pot Lifts 1,043,343 1,086,906
$J$4 #'s Feb PotLifts 1,064,628 1,045,102
$K$4 #'s Mar Pot Lifts - 1,501,387 1,170,514
$L$4 #'s Apr Pot Lifts 1,363,190 1,128,710
$M$4 #'s May Pot Lifts 1,310,311 1,086,906
$N$4 #'s Jun Pot Lifts 908,661 919,690
$0O%$4 #'s Jul Pot Lifts 908,661 752,473
$P$4  #'s Aug Pot Lifts 908,661 - 752,473
$Q%4 #'s Sep Pot Lifts 908,661 752,473
$R$4  #'s Oct Pot Lifts 0 0

£ g

20861600 18295174.08
15204699 14679580.19
$US4  #'s Jan/Feb 13020360 12743703.14
$V$4 #'s Feb/Mar ‘ 11007508 - 11241805.1
$W$4  #'s Mar/Apr : ’ 7417916 8831645.881

$S%4 #'s Nov/Dec
$T$4 #'s Dec/Jan

$X$4 #'s Apr/May ' 4.5E+06 6.8E+06
$Y$4 #'s May/Jun ' 3.0E+06 5.5E+06
$2%4 #'s Jun/Jul L 2.1E+06 4 5E+06
$AA%4 #'s Jul/Aug 2.1E+06 3.7E+06
$ABS$4 #'s Aug/Sep - 20E+06 - 29E+06
$ACS4 #'s Sep/Oct ' 2.0E+06 2.1E+06

$AD$4 #'s Oct/Breed 2.0E+06 2.1E+06
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