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We introduce a modified version of the Gordon-Schaefer (GS) fishery model that neatly 

describes different sources of inefficiency in limited entry fisheries. In our modified model, 

each vessel chooses the number of fishing days as well as the rest of the inputs, where the 

choice of the latter determines its catchability coefficient. Consequently, our model explicitly 

isolates two sources of fishery inefficiency: (i) excess vessel days (vessels operate for more 

than the optimal number of days); and (ii) capital stuffing (vessels spend more than optimal on 

increasing their catchability coefficient). Our model predicts that when vessels cannot choose 

the number of fishing days as they like, both of the two sources of inefficiency become relevant 

in assessing the policy effects. We find that, in fisheries with fish stocks below maximum-

sustainable-yield levels, introducing restrictions on fishing days or day-based access fees can 

increase harvest, fish stocks and total rents. 
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1. Introduction

Effort restrictions are a major element of traditional fisheries management and fisheries 

economics literature. It is often argued that limiting entry is a flawed approach to restricting 

effort, which does not solve the problems of overfishing and stock depletion. For example, 

Grafton et al. (2004) note that, although it is easy to attempt to control effort by limiting the 

number of boats that enter the fishery, regulating the effort of each boat once they have gained 

access is more problematic. The argument goes: once fishers have gained entry, the equilibrium 

outcome for harvest and stock levels is still likely to end up being the same as in the unregulated 

fishery because each fisher would have incentive to increase their investments in technology 

to increase their harvests. 

Some time ago, Townsend (1990) offered a long list of fisheries that experienced an increase 

in overall effort, despite controls such as limited entry, gear restrictions and seasonal 

restrictions. This excessive effort is sometimes the result of too many vessels operating in the 

fishery, but a key problem appears to be excessive use of inputs by each vessel. For example, 

the number of vessels in the British Columbian Salmon Fishery was reduced from 1969, but 

this did not stop fishing power from continuing to grow. Fresh water fisheries in Ontario were 

subject to entry restrictions prior to 1984, but this simply led to the use of more powerful gear, 

and the amount of effort in the fishery still increased. Likewise, in Norway, entry restrictions 

reduced the number of purse seiners, but each vessel increased its use of inputs and the capacity 

of the fleet still increased. In the Alaskan Salmon fishery dramatic increases of capital and 

labour per licence occurred, despite gear restrictions. Here, the level of capital per licence 

doubled between 1973 and 1982, and that of labour increased by one third. Based on this pattern, 

Townsend concludes that limited entry is “at best, one element in a broader program of fisheries 

management” (Townsend 1990, p.374). 

These examples focus on fisheries where an inefficiently large amount of effort is brought 

about by excessive input utilisation by each of the vessels. In the literature examining limited 

entry fisheries, this excessive input utilisation by a vessel appears to be a synonym to capital-

stuffing. For example, Townsend (1985, p.195) describes capital-stuffing as “the increased use 

of capital by each firm.” Dupont (1990, p.26) notes that capital-stuffing “occurs when 

fishermen attempt to increase their catches by using more unrestricted inputs in place of the 

restricted input, usually vessel size.” Aside from the examples mentioned above, over many 

decades, similar stories regarding capital-stuffing behaviour have been reported in the literature 

(e.g., Wilen, 1988; Dupont, 1990, 1996; Clark and Munro, 2002; Kirkley, Morrison Paul and 

Squires, 2002; Kompas, Che and Grafton, 2004; Smith, Zhang and Coleman, 2008), indicating 

the importance of the phenomenon. 

Thus, there is abundant recognition in the fisheries literature that effort in a fishery can be 

increased via three key margins: a larger number of vessels; a greater number of days fished 

per vessel; and increasing the catchability coefficient (Grévobal 2003) by increasing the use of 

other inputs such as labour and gear.  It is vessels’ ability to make decisions about all three of 

these types of effort that can render regulator’s attempts to reduce fishing power ineffective.  

In the theoretical literature, the excessive effort in a fishery has been described predominantly 

at the industry level under different policy environments. Whilst the seminal work by Gordon 

(1954) focussed on the excessive industry effort in an unregulated open access fishery, Homans 

and Wilen (1997) present a model of a regulated open access fishery where a total allowable 

catch (TAC) is enforced with a seasonal closure. They predict that regulated fisheries are likely 
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to end up with a greater redundant capital than in Gordon’s unregulated open access model. 

Deacon, Finnoff and Tschirhart (2011) extend their work by allowing substitution between 

restricted and unrestricted inputs to take into account the industry effort expansion on the 

uncontrolled margin. 

Meanwhile, little theoretical work has focused on individual vessels and their excessive use of 

effort. Anderson (1976) examines the link between a fishery and firms (vessels) in operation. 

Karpoff (1987) studies how firms, hence a fishery in aggregate, might respond to a regulation 

that restricts the use of effort, which Campbell and Lindner (1990) extend by allowing for 

substitution between restricted and unrestricted inputs. More recently, Boyce (2004) has 

offered a general model that compares inefficiencies under various policy environments both 

at vessel and industry levels, whilst Costello and Deacon (2007) have developed a model to 

uncover potential inefficiency in fisheries under the individual transferable quota (ITQ) 

regulation.   

Our paper adds to the above literature by presenting a modified version of the Gordon-Schaefer 

(GS) model which disaggregates ‘effort’ into its three components; number of vessels, days 

fished and fishing technology. We model vessel choices about the number of days fished and 

expenditure on fishing technology under a limited-entry regulation. Accordingly our model 

separately identifies the two main sources of inefficiency and rent dissipation in limited-entry 

fisheries. The first source of inefficiency is called ‘excess vessel days’, which is caused by the 

entire fleet of vessels fishing greater than the optimal number of days. Excess vessel days are 

influenced by the regulator that exogenously sets the total number of vessels and, potentially, 

the total number of fishing days (for example, through seasonal entry restrictions). Importantly, 

excess vessel days can lead to rent dissipation even when each vessel is efficiently equipped.5 

The second source of inefficiency is ‘capital stuffing’, which is caused by excessive or 

inefficient input utilisation by each vessel. Such capital-stuffing behaviour is influenced by 

vessels that endogenously choose their level and type of gearing.  

Our paper is in the same spirit of Anderson (1976; 1985), Karpoff (1987) and Campbell and 

Lindner (1990) in terms of explicitly focussing on the vessel level inefficiency, but ours is 

distinct in examining fisheries under a limited-entry regulation.  Boyce (2004) describes 

vessel’s capital stuffing in an entry-restricted fishery, but in a more generic framework.  Instead, 

we describe vessel’s capital stiffing behaviour in an explicit bioeconomic framework which 

enables us to illustrate various outcomes using diagrams that conform to those used in the 

standard GS model. 

Our focus on limited-entry fisheries is important, due to the prevalence of this management 

approach around the world. Many fisheries still rely on limited entry and effort regulations, 

despite the large literature on their drawbacks discussed earlier. This is especially the case in 

5 The existing literature has pursued the now familiar notion of ‘fleet redundancy’, which is a similar but different 

idea to excess vessel days. Fleet redundancy is relevant to fisheries where the seasonal harvest, rather than the 

number of vessels, is restricted – usually by setting a TAC. If more than the minimum number of vessels required 

to harvest the TAC actually operate in these fisheries, and if some vessel costs are non-malleable, total fishery 

costs are higher and rents lower than otherwise. This excess of vessels in a fishery with harvest restrictions is 

called fleet redundancy. Rent dissipation caused by fleet redundancy is theoretically presented in Munro and Scott 

(1985) by employing Clark’s (1990) seasonal fishery model, and is found to be significant in the British Columbia 

commercial salmon fishery in the empirical work by Dupont (1990). In our modified version of the GS model, 

though, as in the standard one, all vessel costs are assumed to be malleable, so fleet redundancy in the sense of 

Munro and Scott (1985) is precluded. 
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developing countries as effort restrictions are generally easier to implement (Grévobal, 2003). 

In addition, there is growing research interest in managing fishing capacity, which includes 

vessel entries (see for example Pascoe, 2007; Nostbakken, Thébaud and Sørensen, 2011; and 

Pomeroy, 2012). By separately identifying inefficiencies caused by capital stuffing and excess 

vessel days, our model can explicitly examine how various policies affect vessel behaviour in 

a limited-entry fishery. This, in turn, allows the model to describe the effect on fishery rents 

and fish stocks. Our model is therefore a powerful tool to assess the benefits and costs of 

alternative management programs in limited-entry fisheries; for example, our model can assess 

a policy change that has taken place in the Western and Central Pacific tuna fishery. 

 

This paper is organised as follows. In Section 2 we describe the model, particularly 

emphasising the departure from the standard GS model. Various equilibria in the model will 

be explained in Section 3, where important equilibria in the standard GS model are represented 

as those under extreme cases in our model. Section 4 introduces additional regulations and 

access fees and we examine their effect on the equilibrium. Section 5 discusses the implications 

of our model and concludes. 

 

2. The model 

 

The modelling approach adopted will broadly follow that of Clark (1990), who first derives the 

decisions of single vessels according to their profit maximisation problems and then aggregates 

these decisions to arrive at the equilibrium conditions for the entire fishery. The disaggregation 

of the decision making process to the individual vessel level is different to the GS model, and 

allows us to describe possible capital-stuffing behaviour by each vessel. The aggregation of the 

vessels in the steady-state equilibrium, however, allows us to examine a diagram which is 

conformable to that used in the GS model. 

 

2.1 Departures from the GS model 

 

The classification of ‘effort’ will be central to the analysis. As noted in the Introduction, the 

term ‘effort’ is used in a variety of ways in the literature. Usually ‘effort’ refers to the most 

general notion of fishing effort, and is used as an index encompassing all measures of effort 

such as days fished, number of vessels, labour, fuel, technology and so on. 

 

We use the total number of days vessels operate as the basic measure of effort, and delegate 

the other traditional measures (labour, fuel, gear etc.) each vessel chooses to employ to items 

that determine technology, which will be explained shortly. B is used to represent the number 

of vessels (or boats) allowed to operate in the limited-entry fishery, and is assumed to be fixed 

by the regulator. ‘Days,’ 𝐷𝑖 ≥ 0, is the number of days Vessel i chooses to operate. Hence, the 

total number of days in the limited-entry fishery is given by ∑ 𝐷𝑖
𝐵
𝑖=1 .  

 

Each vessel chooses harvest levels in order to maximise their profit. The harvest function for a 

single vessel is written as: 

ℎ𝑖 = ℎ(𝐷𝑖 , 𝑤𝑖, 𝑋) = 𝑞𝑖(𝑤𝑖)𝐷𝑖𝑋, (1) 

for 1, 2, ,i B , and where: 
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ℎ𝑖: harvest for Vessel i, 

ℎ(𝐷𝑖 , 𝑤𝑖, 𝑋): harvest function, 

X: total stock of fish, 

𝑞𝑖(𝑤𝑖): ‘catchability coefficient,’ which is a function of wi, 

𝑤𝑖: cost (per day) of using Vessel i. 

 

The function is similar to the harvest function in the traditional GS model, but there are three 

important differences. First, the Schaefer harvest function specifies the harvest level for the 

whole fishery, but our harvest function specifies the harvest for each vessel. Second, the harvest 

level is a function of days instead of effort since we delegate the other traditional measures of 

effort to technology. For that reason, third but not the least, unlike in the GS model, the 

catchability coefficient for each vessel is assumed to be a function of wi. This specification of 

the harvest function is the most important departure from the GS model whose harvest function 

has only one choice variable, effort, which encompasses both days and technology. 

 

As in the GS model, the catchability coefficient, 𝑞𝑖(𝑤𝑖) , describes the biological and 

technological characteristics of the fishery that control how easy it is to catch the fish. More 

specifically, in our vessel’s harvest function, 𝑞𝑖(𝑤𝑖) determines the proportion of stock that 

any vessel will capture for a day’s fishing. 

 

Assuming that the catchability coefficient is a function of expenditure per day allows the model 

to capture the observed inefficient gearing behaviour at the vessel level, or capital-stuffing. By 

increasing the level of per day expenditure on technology, wi, the vessel operator can increase 

their catchability coefficient. In order to reflect inefficient gearing behaviour, the qi(wi) 

schedule must be non-linear, as shown in the expenditure-catchability schedule depicted in 

Figure 1. 

 

 

 
Figure 1: Catchability and expenditure 

 

As expenditure per day increases from a very small level, catchability will increase at an 

increasing rate, as shown in Figure 1. For example, if a vessel uses larger nets or travels further 
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to reach more productive fishing areas, it can be expected to have a significant positive impact 

on harvest. Thus, at low levels of daily expenditure, the 𝑞𝑖(𝑤𝑖) curve will be increasing and 

convex. However, at some point, the cost of increasing catchability by one unit will begin to 

increase. This gives rise to the S-shape of the curve shown in Figure 1. 

 

The slope of any ray from the origin might be loosely termed as ‘catchability per expenditure,’ 

the inverse of which is the average cost of catchability. The S-shape of the catchability curve 

implies that the average cost curve for an individual vessel is the familiar U-shape. Thus, there 

will exist a unique efficient scale, where average costs will be minimised. This level is shown 

in Figure 1 as *

iw . Capital-stuffing occurs whenever a vessel spends more than *

iw . 

 

2.2 Vessel’s optimisation problem and equilibrium in the fishery 

 

Provided our harvest function, profit for Vessel i is written as: 

𝜋𝑖 = 𝑝ℎ𝑞𝑖(𝑤𝑖)𝐷𝑖𝑋 − 𝑤𝑖𝐷𝑖 (2) 

where: 

 

𝜋𝑖: profit for Vessel i, 

𝑝ℎ exogenously given price per unit of harvest. 

 

The following conditions must hold in any steady state Nash equilibrium: 

 

1. every vessel maximises profits given the other vessels’ behaviour, i.e. no vessel has an 

incentive to deviate from the equilibrium outcome, and; 

2. the biological steady state condition holds, that is, total harvest is equal to biological 

growth in the fish stock. 

The first condition implies that vessels 1, 2, ,i B  maximise 𝜋𝑖  by choosing 𝑤𝑖 ≥ 0  and 

𝐷𝑖 ≥ 0. However, in equilibrium, the second condition must also hold, and to discuss it we 

need to introduce the growth function F(X) for the fish stock X. As in the GS model, it is 

assumed to be the logistic growth function, where r is the natural growth rate of the stock and 

K is the carrying capacity so that:  

𝐹(𝑋) = 𝑟𝑋 (1 −
𝑋

𝐾
). (3) 

Condition 2 implies that ( )F X H  in the steady state, where H is the total harvest in the 

fishery. Together with the fact that 𝐻 = ∑ ℎ𝑖
𝐵
𝑖=1 = ∑ 𝑞𝑖(𝑤𝑖)𝐷𝑖𝑋 

𝐵
𝑖=1 , the following must hold 

in equilibrium: 

𝑟𝑋 (1 −
𝑋

𝐾
) =∑ 𝑞𝑖(𝑤𝑖)𝐷𝑖𝑋.

𝐵

𝑖=1
 (4) 

which simplifies to:  
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𝑋 = 𝐾 [1 −
1

𝑟
∑ 𝑞𝑖(𝑤𝑖)𝐷𝑖 

𝐵

𝑖=1
]. (5) 

It is apparent that the steady state level of fish stock depends on total harvest. The equation 

therefore also implies that each vessel’s level of profits is affected by the decisions of the other 

vessels, since the stock level depends not only on its harvest, but also on the harvest of the 

other operating vessels. This is the well-established stock externality. Substituting Equation (5) 

into the vessels’ profit identity gives: 

𝜋𝑖 = 𝑝ℎ𝑞𝑖(𝑤𝑖)𝐷𝑖𝐾 [1 −
1

𝑟
∑𝑞𝑖(𝑤𝑖)𝐷𝑖

𝐵

𝑖=1

] − 𝑤𝑖𝐷𝑖 . (6) 

Hence, vessels i’s optimisation problem can be written as: 

max
𝑤𝑖,𝐷𝑖

[𝑝ℎ𝑞𝑖(𝑤𝑖)𝐷𝑖𝐾 [1 −
1

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] − 𝑤𝑖𝐷𝑖] , (7) 

subject to 𝑤𝑖 ≥ 0 and 𝐷𝑖 ≥ 0  , ∀i = 1, 2, ..., B.  

 

First-order conditions for interior solutions are as follows: 

𝑝ℎ𝑞𝑖(𝑤𝑖)𝐾 [1 −
2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] = 𝑤𝑖 (8) 

𝑝ℎ𝑞𝑖
′(𝑤𝑖)𝐾 [1 −

2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] = 1 (9) 

Putting the two conditions together yields the following:  

𝑞𝑖(𝑤𝑖)

𝑤𝑖
= 𝑞𝑖

′(𝑤𝑖) or 𝑞𝑖
′(𝑤𝑖)

𝑤𝑖
𝑞𝑖(𝑤𝑖)

= 1 (10) 

Equation (10) will hold for any vessel operating in the limited-entry fishery and imply that the 

vessel’s choice of wi does not depend on the decisions of their competitors. The first expression 

says that the average ‘catchability’ per unit of expenditure is equal to the marginal benefit of 

increasing expenditure. Based on the cost structure developed in the previous subsection, this 

implies that each vessel operates at minimum average cost. The second, equivalent, expression 

says that the elasticity of catchability with respect to expenditure per day is set equal to unity, 

which makes intuitive sense. For example, consider the case where the elasticity of 𝑞𝑖(𝑤𝑖) with 

respect to wi is greater than unity, then if the vessel increased expenditure by one per cent, 

catchability would increase by more than one per cent. In this situation, the vessel would be 

able to increase revenue from harvest by a greater proportion than it increased costs, and so it 

would be profitable to increase wi. By the same reasoning, it would be profitable to decrease 

wi whenever the elasticity is less than unity. Hence, the equilibrium outcome involves the 

elasticity at unity. In Figure 1, the catchability coefficient 𝑞𝑖(𝑤𝑖
∗) for a profit maximising vessel 

i is illustrated. 
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3. Equilibrium analysis 

 

The previous section examined the profit maximising choices of each vessel in a limited-entry 

fishery. In this section we will compare static steady-state equilibrium outcomes for the case 

of a single-vessel fishery and a multiple-vessel fishery. These outcomes can be illustrated using 

diagrams that conform to those used in the GS model. The equilibrium analysis here will serve 

as a reference point for the following section where we examine the effects of additional 

regulations. 

 

3.1 Single-vessel equilibrium 

 

Consider the case where there is only one vessel operating in the fishery. Finding the decisions 

of this firm will be equivalent to maximising the rents in the entire fishery. This is because the 

stock externality mentioned in the previous section is completely internalised since the single 

vessel is the only one to bear any cost of a decreased fish stock. The profits of the single vessel 

are known as the maximum economic yield (MEY) and they acts as a benchmark against which 

to compare other outcomes for the limited-entry fishery. The vessel, however, is still 

considered to be a price taker in the product and factor markets as in the GS model. 

 

For the single vessel, the maximisation problem is the same as the profit maximisation problem 

specified above except that the terms involving the harvest of other vessels drop out. Removing 

the i subscripts the maximisation problem becomes:  

max
𝑤,𝐷

[𝑝ℎ𝑞(𝑤)𝐷𝐾 [1 −
1

𝑟
𝑞(𝑤)𝐷] − 𝑤𝐷] (11) 

subject to 0w and 0D . Assuming an interior solution, then, the first order conditions are: 

𝑝ℎ𝑞(𝑤)𝐾 [1 −
2

𝑟
𝑞(𝑤)𝐷] = 𝑤 (12) 

and 

𝑝ℎ𝑞
′(𝑤)𝐾 [1 −

2

𝑟
𝑞(𝑤)𝐷] = 1. (13) 

 

Using (12) and (13), the optimal level of w is implicitly determined by the following, as before: 

𝑞′(𝑤)
𝑤

𝑞(𝑤)
= 1. (14) 

This equation means that the single vessel will operate at minimum average cost w*, i.e. 

wmey = w*. This equation and the first order conditions imply that the optimal vessel days, 𝐷𝑚𝑒𝑦, 

are: 

𝐷𝑚𝑒𝑦 =
𝑟

2𝑞(𝑤∗)
[1 −

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
]. (15) 
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For Dmey to be positive, the only requirement is that 𝑝ℎ𝑞(𝑤
∗)𝐾 > 𝑤∗. That is, the parameters 

have values such that it is possible to make positive profits by fishing the first day, starting 

with the fish stock at its carrying capacity. 

 

The stock of fish (𝑋𝑚𝑒𝑦 ), the harvest (𝐻𝑚𝑒𝑦 ), and the rent (𝜋𝑚𝑒𝑦 ) for the single-vessel 

equilibrium are given, respectively, as follows: 

𝑋𝑚𝑒𝑦 =
1

2
[𝐾 +

𝑤∗

𝑝ℎ𝑞(𝑤∗)
], (16) 

𝐻𝑚𝑒𝑦 =
1

4
𝐾𝑟 [1 − (

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
)
2

], (17) 

𝜋𝑚𝑒𝑦 =
1

4
𝑝ℎ𝐾𝑟 (

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
− 1)

2

. (18) 

In the single-vessel equilibrium, rents are maximised in the fishery: the vessel is geared 

efficiently and there are no excess vessel days. The fish stock is also at its rent-maximising 

level, which is even larger than the level associated with maximum sustainable yield, so there 

is no overfishing problem. 

 

3.2 Multiple-vessel equilibrium 

 

Now consider the case of a limited-entry fishery with multiple vessels, 1B  . The profit 

maximisation problem for each vessel in this situation has been discussed in Section 2.2, and 

was represented in Equation (7). As shown in Equation (10), vessels will choose to operate at 

minimum average cost, 𝑤𝑖
∗.  

 

In this limited-entry fishery the vessel numbers are exogenously set, so the zero profit condition 

cannot be invoked in order to close the model. Instead, using the first order condition in 

Equation (8) to solve for the profit maximising number of days for Vessel i gives:  

𝐷𝑖 =
𝑟

2𝑞𝑖(𝑤𝑖
∗)
[1 −

𝑤𝑖
∗

𝑝ℎ𝑞𝑖(𝑤𝑖
∗)𝐾

] −
∑ 𝑞𝑗(𝑤𝑗

∗)𝐷𝑗
𝐵
𝑗≠𝑖

2𝑞𝑖(𝑤𝑖
∗)

. (19) 

The first term in this expression is the same as the vessel’s choice of days for the single vessel 

case. The second term accounts for the effect that other vessels operating in the fishery have 

on each vessels’ choice of days. The number of days chosen by any vessel is a negative function 

of the total harvest of other operators. 

 

Since the profit maximising choice of days must now take into account the choices of other 

vessels, the identity above can be viewed as a reaction function. In a Nash Equilibrium, each 

vessel’s choice of days must be a best response to the harvest decisions of the remaining vessels. 

Hence, at the equilibrium the following will hold, where all decisions are taken to maximise 

profits of individual vessels: 
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∑𝐷𝑖

𝐵

𝑖=1

=
𝑟

2
[∑

1

𝑞𝑖(𝑤𝑖
∗)

𝐵

𝑖=1

−
1

𝑝ℎ𝐾
∑

𝑤𝑖
∗

𝑞𝑖(𝑤𝑖
∗)2

𝐵

𝑖=1

] −∑[
∑ 𝑞𝑗(𝑤𝑗

∗)𝐷𝑗
𝐵
𝑗≠𝑖

2𝑞𝑖(𝑤𝑖
∗)

] .

𝐵

𝑖=1

 (20) 

Assuming identical vessels and a symmetric solution simplifies this equilibrium condition to: 

𝐵𝐷𝐵 = (
𝐵

𝐵 + 1
)

𝑟

𝑞(𝑤∗)
[1 −

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
], (21) 

and hence we have: 

𝐷𝐵 = (
1

𝐵 + 1
)

𝑟

𝑞(𝑤∗)
[1 −

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
]. (22) 

For the multiple-vessel limited-entry fishery, the stock of fish (𝑋𝐵), the total harvest (𝐻𝐵), and 

the rent for each vessel (𝜋𝐵) can be derived as follows. 

𝑋𝐵 =
1

𝐵 + 1
[𝐾 + 𝐵

𝑤∗

𝑝ℎ𝑞(𝑤∗)
], (23) 

𝐻𝐵 =
𝐵

(𝐵 + 1)2
𝑟𝐾 [1 + (𝐵 − 1) (

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
) − 𝐵 (

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
)
2

], (24) 

𝜋𝐵 =
1

(𝐵 + 1)2
𝑝ℎ𝐾𝑟 (

𝑤∗

𝑝ℎ𝑞(𝑤∗)𝐾
− 1)

2

. (25) 

Comparing these multiple-vessel outcomes with the single-vessel optimum in Equations (15) 

to (18), it is apparent that the single-vessel equilibrium is just a special case of the more general 

limited-entry equilibrium, where B = 1. 

 

As the number of vessels in a limited-entry fishery increases, the number of days fished per 

vessel falls, but the total number of fishing days for the whole fishery increases. Total rent in 

the multiple-vessel fishery, 𝐵𝜋𝐵 , also falls as the number of vessels increase, as might be 

expected since the single-vessel case maximises profits for the fishery as a whole. Since overall 

rents are not maximised, this is an inefficient outcome.  

 

Interestingly, each of the vessels that are allowed to enter this fishery choose to operate at 

minimum average cost, w*, so the inefficiency is not a result of capital stuffing. Instead, the 

inefficiency occurs because the fleet operates for too many days compared to the single-owner 

optimum. That is, in a limited-entry fishery, where there are no other restrictions, rent 

dissipation is caused by excess vessel days, rather than capital stuffing – there is no excessive 

expenditure on fishing technology that causes a ‘race to fish’.6 

                                                 
6 This result may sound counter-intuitive to some readers, but it is driven by the parsimonious nature of our model. 

Namely, our model is static and so the vessels are assumed to be non-myopic. For non-myopic vessels, if number 

of fishing days can be adjusted freely, investing further in fishing technology is not rent-maximising.  Whilst 

myopic vessels are not the focus of our paper, in the following section we shall examine the situation where the 

other choice variable, number of days, is restricted and show that even non-myopic vessels with perfectly 

malleable capital engage in capital-stuffing behaviour. 
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Along with rents, the fish stock is also smaller than in the single-vessel equilibrium, which 

could cause overfishing if the fish stock falls below the regulator’s desired level. For fisheries 

targeting a fish stock at the rent-maximising level, Xmey, overfishing occurs whenever more 

than one vessel is allowed to enter the fishery. However, many fisheries instead target a fish 

stock that delivers maximum sustainable yield, Xmsy. For these fisheries, overfishing is present 

if the stock is lower than this level.  

In passing, it can also be shown that equilibrium in an open access fishery is another special 

case of the multiple-vessel limited-entry equilibrium presented above. Under open access, the 

number of vessels is endogenous, but perfect competition means that each vessel operates at 

zero economic profits. The equilibrium presented in this section tends towards the open access 

outcome as the number of vessels increases.  

3.3 Diagrammatic representation 

The equilibrium outcomes for the fishery can be represented graphically, as in Figure 2. The 

diagram is a representation of the entire fishery, and is similar in appearance to diagrams used 

to represent the GS model. However, a key difference is that total days, BD, is on the horizontal 

axis rather than the single index of effort used in the GS model. Here, total days can increase 

through either an increase in days per vessel, D, or through an increase in the number of vessels, 

B.  

The curves depicted show the total revenue, TR, and total cost, TC, which are the aggregated 

revenue and costs for the entire fishery as functions of total days. The functions are:  

𝑇𝑅 = 𝑝𝐾𝑞(𝑤∗)𝐵𝐷 (1 −
1

𝑟
𝑞(𝑤∗)𝐵𝐷), (26) 

𝑇𝐶 = *w 𝐵𝐷 (27) 

The fishery rents, П, are total revenue minus total cost.  Sketching the two curves, we get a 

GS-style diagram as in Figure 2, which depicts the three key equilibrium outcomes discussed 

above. 
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Figure 2: Fishery equilibria 

 

As in the standard GS analysis, the MEY occurs at the level of total fishery days where the 

slope of total revenue curve is equal to the slope of total costs curve. That is, marginal revenue 

from an extra day fished in the fishery is equal to the marginal cost of a day, the optimally 

chosen w*. Total fishery rent will be maximised at Dmey, since here the difference between TR 

and TC is maximised. 

 

On the other hand, rents will be zero in an open access equilibrium. As shown in Figure 2, the 

open access level of vessel days, (BD)oa, is at the intersection of the total revenue and total cost 

curves.  

 

The limited-entry equilibrium where B  vessels are allowed to enter is shown as �̅�𝐷𝐵, which 

is a case where the restriction on vessel numbers implies positive rents (ПB) in the fishery. ПB 

is smaller than the maximum economic yield, implying that some fishery rents are dissipated. 

In this case, this inefficiency is caused by vessels operating for too many days, i.e. ‘excess 

vessel days’ which can be illustrated by the horizontal distance between Dmey and �̅�𝐷𝐵 in 

Figure 2. 

 

At the limited-entry equilibrium outcome shown in the diagram, overfishing is present. The 

rent-maximising level of fish stock, Xmey, is associated with Dmey, and the harvest-maximising 

level of fish stock, Xmsy, is associated with a  �̅�𝐷𝐵 at the peak of the TR curve. Depending on 

the regulator’s targets for fish stock, any BD above these respective levels would imply 

overfishing.  

 

4. Effect of regulations in limited-entry fisheries 

 

The previous section examined the equilibrium outcome for a limited-entry fishery which faced 

no other restrictions. However, in practice, limited entry is often only one aspect of the 

regulatory environment. For example, seasonal restrictions are enforced which cap the number 

of days that each vessel can fish. Regulators also seek to raise revenue and (in some cases) 

BD 
𝐷𝑚𝑒𝑦 

TR 

TR, TC 

TC 

 

 

Excess vessel days 

�̅�𝐷𝐵 (𝐵𝐷)𝑜𝑎 

𝜋𝑚𝑒𝑦 

𝑟

𝑞(𝑤∗)
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restrict effort by charging fees for access to the fishery. For example, these could be paid as a 

lump sum licence fee, or as a per-day payment. The model developed in the previous sections 

is used to investigate the effect on fishery outcomes from these additional regulations. 

4.1 Restrictions on days fished 

 

So far, it has been assumed that vessels operating under the limited-entry program are able to 

increase their fishing days indefinitely. If, however, vessels were to face an upper limit to the 

days that they can fish per regulatory period, the outcome would be altered. In a typical limited-

entry fishery, a seasonal entry restrictions are usually enforced, and hence it is perhaps more 

reasonable to assume that each boat is faced with a constraint on days. 

 

Under these conditions, the maximisation problem becomes: 

max
𝑤𝑖,𝐷𝑖

[𝑝ℎ𝑞(𝑤𝑖)𝐷𝑖𝑋 − 𝑤𝑖𝐷𝑖] such that   0iD D   and , 0i iD w  , (28) 

where D  is the limit for the number of days that can be fished per regulatory period by each 

vessel. 

 

Considering the case where the constraint on days is binding, the first order conditions imply 

that: 

𝑝ℎ𝑞𝑖(𝑤𝑖)𝐾 [1 −
2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] > 𝑤𝑖, (29) 

𝑝ℎ𝑞𝑖
′(𝑤𝑖)𝐾 [1 −

2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] = 1. (30) 

Together, these conditions imply that: 

𝑞𝑖
′(�̅�𝑖)

�̅�𝑖
𝑞𝑖(�̅�𝑖)

< 1, (31) 

where �̅�𝑖 is the level of expenditure chosen by a vessel when the constraint on days is binding. 

Equation (31) says that the elasticity of catchability with respect to expenditure is less than 

unity. In other words, if expenditure increases by one percent, catchability is raised by less than 

one per cent. Here, the vessel is no longer operating their technology at the minimum efficient 

scale, as shown in Figure 3. This excessive gearing is the vessels’ attempt to compensate for 

the fact that they cannot choose to fish as many days as they would like to.  
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Figure 3: Capital stuffing 

 

This behaviour is the capital stuffing that our model has been designed to incorporate. As 

discussed in the introduction, this type of vessel-level inefficiency has been observed in many 

fisheries (see for example, Townsend, 1990; Dupont, 1990). To see how this inefficiency 

affects the outcomes for the limited-entry program, note that the total revenue and total cost 

curves for the fishery, assuming identical vessels, are now: 

1
( ) 1 ( )( ) ,

D
TR pKq w BD q w BD

r

 
  

 
 (32) 

.
D

TC wBD  (33) 

Compared to the unconstrained equilibrium, the total revenue and total cost curves shift, as 

shown in Figure 4.  They are labelled as 𝑇𝐶𝐷 and 𝑇𝐶�̅�, respectively. The higher catchability 

coefficient, 𝑞(�̅�), moves the non-zero intercept of the total revenue curve towards the origin 

as shown, although the maximum value of the curve is unchanged. The rise in w also increases 

the slope of the TC curve. 

 

 

 

Capital 
stuffing 
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Figure 4: Limited-entry fishery with a constraint on fishing days 

 

While vessel-level inefficiency may rise due to capital stuffing, the constraint on fishing days 

acts to reduce the other type of inefficiency that we mentioned earlier: ‘excess vessel days.’ 

Excess vessel days is the number of fishing days over and above the rent-maximising level 

(evaluated when all vessels are efficiently equipped). In Figure 4, it is represented by the 

horizontal distance between the rent-maximising number of days, 𝐷𝑚𝑒𝑦, and the level at the 

constrained equilibrium, �̅��̅�.  

 

The overall impact of restricting fishing days on harvest, fish stock and rents will depend on 

the relative size of two opposing effects on total ‘fishing power’ (the multiple of catchability, 

𝑞(�̅�), and days fished, �̅�). On one hand, fewer excess vessel days works to decrease overall 

fishing power. On the other hand, reduced fishing days gives vessels an incentive to substitute 

towards using more powerful gear, engaging in capital stuffing to raise the catchability 

coefficient, which increases overall fishing power. 

 

However, it turns out that the elasticity of catchability with respect to the number of fishing 

days is less than unity (in absolute value), i.e.:7 

|
𝜕𝑞(�̅�) 𝑞(�̅�)⁄

𝜕�̅� �̅�⁄
| < 1. (34) 

Thus, the increase in catchability per vessel day does not fully offset the reduction in fishing 

days, and overall fishing power will fall. Reduced fishing power implies a recovery in the 

equilibrium fish stock and hence the steady state fish stock under the day constraint �̅� rises: 

|
𝜕𝑞(�̅�) 𝑞(�̅�)⁄

𝜕�̅� �̅�⁄
| < 1 ⇒  

𝜕�̅�

𝜕�̅�
< 0. (35) 

Given the biological characteristics as in Equation (3), it follows that: 

                                                 
7 See Appendix A for some calculation details for the following equations. 

BD 

 

TR 

 

TR, TC 

 

TCD 

 

𝑟

𝑞(�̅�)
  

Excess vessel days 

�̅��̅� 

 

𝐷𝑚𝑒𝑦 
𝑟

𝑞(𝑤∗)
  

Capital 
stuffing 
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{
 

 
𝜕ℎ̅

𝜕�̅�
< 0   if   �̅� < 𝑋𝑚𝑠𝑦 ,

𝜕ℎ̅

𝜕�̅�
> 0   if   �̅� > 𝑋𝑚𝑠𝑦 .

 (36) 

where ℎ̅ is each vessel’s harvest under the day constraint and Xmsy is the level of fish stock that 

maximises harvest and therefore revenue. Equation (36) shows that in a biologically-inefficient 

fishery, where the stock has been depleted below Xmsy, introducing the constraint on fishing 

days will lead to a higher level of equilibrium harvest than previously. This is illustrated in 

Figure 4. 

 

How restrictions on fishing days might affect fishery rents (�̅�) depends on how it affects both 

revenues and costs in the fishery. For a biologically-inefficient fishery, as discussed above, a 

tighter restriction on days will lead to an increase in harvest, so revenues will increase when 

the number of fishing days is reduced. There are two offsetting effects on costs; costs could be 

lower because fewer days are fished, but on the other hand the cost per day increases due to 

the induced capital stuffing. Thus, the effect of tightening restrictions on fishing days is 

ambiguous, a priori. However, we show in Appendix A that, for a biologically-inefficient 

fishery, overall fishery rents will be higher whenever the restriction on fishing days is tightened. 

That is, when �̅� < 𝑋𝑚𝑠𝑦: 

𝜕�̅�

𝜕�̅�
< 0 . (37) 

Hence our model shows that both harvests and rents unambiguously increase when a restriction 

on fishing days is tightened.8 

 

4.2 Access fees 

 

Regulators of limited-entry fisheries may impose access fees with the aim of either sharing in 

the fishery rents or providing an incentive for vessels to reduce fishing power. This section 

examines the effect of two such policy options: the first is a lump-sum licence fee, and the 

second is a daily access fee.  

 

Lump-sum licence fees 

Returning to the case of a fishery with unconstrained fishing days, a lump-sum licencing fee 

could be levied on each vessel with access to the limited-entry fishery. A licencing fee, L, set 

by the regulator would adjust each vessel’s profit maximisation problem as follows: 

max
𝑤𝑖,𝐷𝑖

[𝑝ℎ𝑞𝑖(𝑤𝑖)𝐷𝑖𝐾 [1 −
1

𝑟
∑𝑞𝑖(𝑤𝑖)𝐷𝑖

𝐵

𝑖=1

] − 𝑤𝑖𝐷𝑖 − 𝐿] (38) 

subject to 𝑤𝑖, 𝐷𝑖 ≥ 0. Assuming an interior solution, then, the first order conditions are:  

                                                 
8 For a biologically efficient fishery, where �̅� > 𝑋𝑚𝑠𝑦, the effect tightening restrictions on fishing days on fishery 

rents is ambiguous. (see Appendix A). 
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𝑝ℎ𝑞𝑖(𝑤𝑖)𝐾 [1 −
2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] = 𝑤𝑖 (39) 

and 

𝑝ℎ𝑞𝑖
′(𝑤𝑖)𝐾 [1 −

2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] = 1. (40) 

These are the same conditions as the unconstrained equilibrium, presented in Section 2.2. 

Therefore, by itself, a lump-sum licencing fee does not give rise to any capital stuffing, it is a 

sunk cost each period that does not affect vessel behaviour. Instead, it simply shares any fishery 

rents between vessels and the regulator. 

 

For a fishery with a binding constraint on the number of days fished each period, capital 

stuffing would be observed, as described in the previous section. However, this inefficiency is 

caused by the constraint on days, and is unrelated to the licencing fee. 

 

Day-based access fees 

Alternatively, a regulator may choose to impose an access fee paid based on the number of 

days that each vessel fishes. If vessels must pay a daily access fee, of 𝑝𝐷, but face no other 

restrictions, then each vessel’s profit maximisation problem becomes: 

max
𝑤𝑖,𝐷𝑖

[𝑝ℎ𝑞𝑖(𝑤𝑖)𝐷𝑖𝐾 [1 −
1

𝑟
∑𝑞𝑖(𝑤𝑖)𝐷𝑖

𝐵

𝑖=1

] − (𝑤𝑖 + 𝑝𝐷)𝐷𝑖] (41) 

subject to 𝑤𝑖, 𝐷𝑖 ≥ 0. Assuming an interior solution, then, the first order conditions are:  

𝑝ℎ𝑞𝑖(𝑤𝑖)𝐾 [1 −
2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] = 𝑤𝑖 + 𝑝𝐷 (42) 

and 

𝑝ℎ𝑞𝑖
′(𝑤𝑖)𝐾 [1 −

2

𝑟
𝑞𝑖(𝑤𝑖)𝐷𝑖 −

1

𝑟
∑𝑞𝑗(𝑤𝑗)𝐷𝑗

𝐵

𝑗≠𝑖

] = 1. (43) 

Thus, dropping subscripts again, the profit maximising level of w is determined by: 

𝑞′(𝑤𝐷)
𝑤𝐷 + 𝑝𝐷
𝑞(𝑤𝐷)

= 1, (44) 

where the subscript D on w indicates the expenditure chosen by vessels in the equilibrium under 

a certain 𝑝𝐷.  

 

This implies that vessels engage in capital stuffing by increasing expenditure on fishing 

technology, even in the absence of a constraint on the number of days fished. This behaviour 

is induced as vessels aim to boost per-day harvest to compensate for the daily access fee.  

 

The number of days that each vessel chooses to fish under a day-based access fee, 𝐷𝐷, is as 

follows: 
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𝐷𝐷 = (
1

𝐵 + 1
)

𝑟

𝑞(𝑤𝐷)
[1 −

𝑤𝐷 + 𝑝𝐷
𝑝ℎ𝑞(𝑤𝐷)𝐾

]. (45) 

It can be shown that this is fewer than the number of days that each vessel will fish in the 

absence of a day-based access fee (see Appendix B). Thus, when a day-based access fee 

increases the cost of fishing per day, vessels substitute away from using days as a fishing input 

and towards technology.  

 

The effect of an increase in the day-based access fee is similar to that of tightening the 

restriction on fishing days. It can be shown that, following an increase in the daily fee, the per 

cent reduction in fishing days is always larger (in absolute value) than the percent increase in 

the catchability coefficient, i.e.:9 

|
𝜕𝐷𝐷
𝜕𝑝𝐷

|

𝐷𝐷
>

𝜕𝑞(𝑤𝐷)
𝜕𝑝𝐷
𝑞(𝑤𝐷)

 
(46) 

Thus, the decrease in excess vessel days outweighs the increase in capital stuffing and overall 

fishing power in the fishery will fall. The fall in fishing power increases the equilibrium fish 

stock in the fishery, and so if the fish stock is initially smaller (larger) than the level associated 

with maximum sustainable yield, then this improved fish stock leads to an increase (decrease, 

respectively) in equilibrium harvests. 

{
 

 
𝜕ℎ𝐷
𝜕𝑝𝐷

> 0   if   𝑋𝐷 < 𝑋𝑚𝑠𝑦 ,

𝜕ℎ𝐷
𝜕𝑝𝐷

< 0   if   𝑋𝐷 > 𝑋𝑚𝑠𝑦 .

 (47) 

where the subscript D on h and X indicates their equilibrium values under a certain 𝑝𝐷.  

 

As for the effect on total rents accruing to the fishery, which now comprises vessels’ profits as 

well as the access-fee revenue, we have an ambiguous result. Since any change in access-fee 

revenue is simply a transfer between the vessels and management, to determine the change in 

total fishery rents, it suffices to examine the impact on vessel profits before day-based access 

fees are paid: 

𝜋𝐷 = 𝑝ℎℎ𝐷 − 𝑤𝐷𝐷𝐷. (48) 

How a rise in 𝑝𝐷 might affect 𝜋𝐷 depends on how the two terms on the right hand side (RHS) 

of Equation (48) change. In the following, we shall focus on a biologically-inefficient fishery 

where 𝑋𝐷 < 𝑋𝑚𝑠𝑦 . Following Equation (47), we know that the first term of the RHS of 

Equation (48) increases, but the second term is unclear. On one hand, 𝑤𝐷  rises (increased 

capital stuffing), but on the other hand, 𝐷𝐷 decreases (reduced excess vessel days), and so the 

overall effect is uncertain. When the former effect dominates the latter, the second term of the 

RHS of Equation (48) rises, and if that rise is greater than that of the first term, then 𝜋𝐷 might 

fall as 𝑝𝐷 rises. However, as shown in Appendix B, it turns out that when 𝑝𝐷 is sufficiently 

small relative to 𝑤𝐷, 𝜋𝐷 will increase following a rise in the day-based access fee, i.e.: 

                                                 
9 See Appendix B for some calculation details for the following equations. 
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0     if      and   suffciently small relative to .D
D MSY D D

D

X X p w
p


 


 (49) 

Therefore, in a biologically-inefficient fishery, increasing the day-based access fee will work 

to recover its fish stock and also reduce rent dissipation, so long as 𝑝𝐷 is sufficiently small 

relative to 𝑤𝐷.10 

 

5. Discussion and concluding remarks 

 

This paper has presented a model of the limited-entry fishery which separately identifies two 

distinct sources of rent dissipation, motivated by ample evidence of capital-stuffing behaviour 

from the fisheries literature. Our model is a modified version of the well-known Gordon-

Schafer (GS) static model. However, instead of classifying all forms of fishery ‘effort’ into a 

single index, it disaggregates effort into three components in order to separately identify the 

main sources of inefficiency and rent dissipation observed in empirical studies. By isolating 

inefficiency caused by excess vessel days from that caused by capital stuffing, our model 

enables us to understand rent dissipation in fisheries within the familiar GS framework, and 

hence is useful in providing a theoretical assessment of the effect of regulations in limited-

entry fisheries. 

 

Our model has illustrated that limited entry, by itself, does not cause capital stuffing. As long 

as all other inputs, such as days fished, are unrestricted, there is no incentive to over-invest in 

fishing technology. Rent-dissipation and overfishing in this kind of fishery can be wholly 

attributed to excess vessel days.  

 

However, regulators in limited-entry fisheries often enforce seasonal restrictions, limiting the 

number of days that each vessel can operate. While such a restriction can reduce excess vessel 

days, our model predicts that this also causes capital stuffing, as each vessel attempts to boost 

their per-day harvest to compensate for the lower number of fishing days. This outcome is 

consistent with the observations reported in much of the literature, where a restriction on some 

inputs (such as fishing days) leads to substitution towards other inputs (such as technology). 

 

Despite the capital stuffing that is induced, our model also predicts that a restriction on fishing 

days has the intended impact so long as the fishery in question is biologically-inefficient. For 

biologically-inefficient fisheries, the net effect of the restriction will be to increase fish stocks, 

harvest and rents, that is. the benefit from reduced excess vessel days outweighs the cost of 

additional capital stuffing. Thus, in biologically-inefficient limited-entry fisheries, regulators 

can both reduce overfishing and improve the profitability of the fishing fleet by tightening a 

restriction on fishing days.11 This policy implication is in line with a finding in Dupont (1990) 

where capital stuffing’s contribution to dissipated rent in the British Columbia commercial 

fishery is found to be less significant than other types of inefficiency. 

 

Instead of directly restricting the number of fishing days, the fishery management might want 

to give vessels incentive to operate for fewer days by increasing the per-day fishing cost. 

Limited-entry fisheries often impose access fees, and in this regard we have investigated the 

                                                 
10 In Appendix B, it is shown that Equation (49) also holds in a biologically efficient fishery where 𝑋𝐷 > 𝑋𝑚𝑠𝑦. 
11 An important caveat is that the rent-maximising equilibrium will not be achieved. 
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effects of lump-sum licence fees and day-based access fees. Our model has shown that, whilst 

a lump-sum licence fee does not affect vessel behaviour, a rise in a day-based access fee turns 

out to affect a fishery in a similar way as tightening a restriction on fishing days. Again, we 

have shown that a day-based access fee works to increase the level of both fish stocks and 

economic profits in a biologically-inefficient limited-entry fishery, as the effect of reduced 

excess vessel days dominates the effect of increased capital stuffing. 

 

In 2007 a limit on vessel numbers has been replaced with a limit on total fishing days in the 

Western and Central Pacific tuna fishery, and this switch has recently been affirmed as a 

permanent policy.12 Accordingly, the total fishing days are limited and each vessel day is priced 

through day-based licences. In light of our model, this policy change can be seen as mixture of 

the two regulations discussed above. Hence, in principle, this Vessel Day Scheme (VDS) is 

likely to be capable of achieving one of its major objectives: to promote the conservation of 

tuna resources. 

 

Our model, however, is rather silent on the other major objective of the VDS, which is to 

increase economic returns to the governments in the region, through licensing revenues. To 

evaluate rent sharing between fleets and the fishery management, a different model that can 

adequately describe negotiation process between the two parties may be required. 

 

Our model and analysis, needless to say, have other limitations. As Dupont (1990) reports, fleet 

composition is an important source of inefficiencies in fisheries when regulations perpetuate a 

fleet composition in which some types of vessels are less efficient than others. Our analysis 

lacks this aspect as we have only focussed on static equilibria with identical vessels. Another 

important item in our analysis that requires further attention may be the shape of the q function. 

We have used an S-shaped function because it is consistent with well-known capital-stuffing 

behaviour by vessels, but to our best knowledge there is no empirical work that measures the 

relationship between vessel’s expenditure and catchability. Finally, the static model developed 

here could be extended to a dynamic framework. These tasks are left for future research. 

  

                                                 
12  See Havice (2013) regarding the Vessel Day Scheme (VDS) introduced in the PNA (Parties to Nauru 

Agreement) countries in this fishery. Also see PNA (2016). 
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Appendix A: Impacts of a restriction on days 

 

This appendix presents a detailed analysis on the effect of further restricting the number of 

days fished in a limited-entry fishery, where there is already a binding constraint on the number 

of days that each vessel can fish. We examine the effect on harvest decisions and rent levels 

for an individual vessel. However, total fishery harvests and rents will move in the same 

direction as each vessel’s harvest and rents since we are examining limited-entry fisheries with 

identical vessels and no access fees. The results presented in this appendix are discussed in 

Section 4.1. 

 

Effect of restricting fishing days on harvest 

 

Starting from the harvest function for an individual vessel, as in Equation (1), together with the 

equation for total fish stock, as in Equation (5), the effect on harvest from a further restriction 

in days can be found, as follows: 

𝜕ℎ̅

𝜕�̅�
=
𝐾

𝑟
(𝑞′(�̅�)

𝜕�̅�

𝜕�̅�
�̅� + 𝑞(�̅�)) (𝑟 − 2𝐵�̅�𝑞(�̅�)). (A1) 

In this equation, the term in the second set of brackets is related to the steady state level of fish 

stock. Specifically, 

sign(𝑟 − 2𝐵�̅�𝑞(�̅�)) = sign(�̅� − 𝑋𝑚𝑠𝑦). (A2) 

In words, if the second bracketed term in equation (A1) is negative (positive), then the fishery 

is biologically-inefficient (efficient, respectively) since the fish stock level is lower (greater, 

respectively) than the case for maximum sustainable yield. 

 

Now consider the first bracketed term in equation (A1). This term turns out to be positive as 

shown below. Note that showing this is equivalent to proving that the elasticity of catchability 

with respect to the constraint on fishing days is less than unity (in absolute value). 

𝑞′(�̅�)
𝜕�̅�

𝜕�̅�
�̅� + 𝑞(�̅�) > 0 (A3) 

⇔ 
𝜕𝑞(�̅�)

𝑞(�̅�)

�̅�

𝜕�̅�
> −1 (A4) 

⇔ |
𝜕𝑞(�̅�) 𝑞(�̅�)⁄

𝜕�̅� �̅�⁄
| < 1. (A5) 

To prove (A5) is the case, first of all, differentiate Equation (30) with respect to 𝐷𝑖 = �̅�: 

𝑞𝑖
′′(�̅�𝑖)

𝜕�̅�𝑖

𝜕�̅�
=
2

𝑟
𝑞𝑖
′(�̅�𝑖)𝐷𝑖

𝜕�̅�𝑖

𝜕�̅�
+
2

𝑟
𝑞𝑖(�̅�𝑖). (A6) 

Hence, removing subscripts, we obtain 
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𝜕�̅�

𝜕�̅�
=

2𝑞(�̅�)

𝑟𝑞′′(�̅�) − 2𝑞′(�̅�)�̅�.
(A7) 

Therefore, 

𝜕𝑞(�̅�)

𝜕�̅�
=

2𝑞(�̅�)𝑞′(�̅�)

𝑟𝑞′′(�̅�) − 2𝑞′(�̅�)�̅�
. (A8) 

Using the above we can obtain the elasticity we are after: 

𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)
=

2𝑞′(�̅�)�̅�

𝑟𝑞′′(�̅�) − 2𝑞′(�̅�)�̅�
=

1

𝑟𝑞′′(�̅�) 2𝑞′(�̅�)�̅�⁄ − 1
. (A9) 

Since the term 𝑟𝑞′′(�̅�) 2𝑞′(�̅�)�̅�⁄  is negative, the elasticity of catchability with respect to days

is less than unity. The catchability coefficient increases by less than one percent when fishing 

days are reduced by one per cent.∎ 

Therefore, together with Equation (A2), we can conclude that: 

sign
𝜕ℎ̅

𝜕�̅�
= sign(�̅� − 𝑋𝑚𝑠𝑦). (A10) 

In words, tightening (already binding) restrictions on fishing days will result in greater (less) 

harvests in a biologically-inefficient (efficient) fishery.  

Effect of restricting fishing days on rents 

This section uses the result found above to investigate the effect on rent from tightening 

restrictions on fishing days. 

First, since the equilibrium rent of an individual vessel is �̅� = 𝑝ℎℎ̅ − �̅��̅�: 

𝜕𝜋

𝜕�̅�
= 𝑝ℎ

𝜕ℎ̅

𝜕�̅�
− �̅� [1 +

𝜕�̅� �̅�⁄

𝜕�̅� �̅�⁄
]. (A11) 

This condition decomposes the change in rent from tightening the restriction on fishing days 

into two effects. The first is the effect on revenue through the effect on harvest. As shown 

above, a tighter restriction on days will lead to an increase in harvest, so this first term will be 

negative and revenues will increase when the number of fishing days is reduced. The second 

term is the effect on costs. On the one hand, costs could be lower because fewer days are fished, 

and on the other hand costs could be higher because the cost per day increases due to the capital 

stuffing. Thus, the impact of tightening restrictions on fishing days is ambiguous, a priori. 

However, it can be shown that, overall, fishery rents will be higher whenever the restriction on 

fishing days is tightened in a biologically-inefficient fishery. 
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Substituting (A1) into (A11) yields: 

𝜕�̅�

𝜕�̅�
=
𝑝ℎ𝐾

𝑟
(
𝜕𝑞(�̅�)

𝜕�̅�
�̅� + 𝑞(�̅�)) (𝑟 − 2𝐵�̅�𝑞(�̅�)) −

𝜕�̅�

𝜕�̅�
�̅� − �̅� 

 

=
𝑝ℎ𝐾𝑞(�̅�)

𝑟
(
𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)
+ 1) (𝑟 − 2𝐵�̅�𝑞(�̅�)) −

𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)

𝑞(�̅�)

𝑞′(�̅�)𝑞′(�̅�)
− �̅�. 

(A12) 

The sign of (A12) is ambiguous in general, however, the sign can be determined for a 

biologically-inefficient fishery. In the presence of a binding constraint on fishing days, profit 

maximising vessels choose w so that 𝑞(𝑤) 𝑞′(𝑤)⁄ > 𝑤. Therefore, we have: 

𝜕�̅�

𝜕�̅�
<
𝑝ℎ𝐾𝑞(�̅�)

𝑟
(
𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)
+ 1) (𝑟 − 2𝐵�̅�𝑞(�̅�)) − �̅� (

𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)
+ 1) 

 

= (
𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)
+ 1) (𝑝ℎ𝐾𝑞(�̅�) − �̅� −

2𝐵�̅�𝑞(�̅�) ∙ 𝑝ℎ𝐾𝑞(�̅�)

𝑟
) 

 

< (
𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)
+ 1) (−�̅�). 

(A13) 

The final inequality above follows from the assumption that the first bracketed term is positive 

from Equation (A9), and that the fishery is biologically-inefficient, so that 

𝑟 < 2𝐵�̅�𝑞(�̅�), from equation (A2). 

 

Thus, we have shown that, in a limited-entry fishery with fish stocks at inefficiently low levels, 

tightening an already binding restriction on fishing days will unambiguously increase rents in 

the fishery. 

𝜕�̅�

𝜕�̅�
< −�̅� (

𝜕𝑞(�̅�)

𝜕�̅�

�̅�

𝑞(�̅�)
+ 1) < 0.  (A14) 
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Appendix B: Effects of a day-based access fee  

 

This appendix presents further details on the effect of imposing a day-based fee on a limited-

entry fishery. First, we show that a day-based access fee reduces the number of days that vessels 

choose to operate. Second, we assess the effect of a day-based access fee on harvest and overall 

fishery rents. The results presented in this appendix were discussed in Section 4.2.  

 

Effect of day-based access fee on days fished 

 

As discussed in Section 4.2, the number of days that each vessel in a limited-entry fishery with 

a day-based access fee chooses to fish is as follows: 

𝐷𝐷 = (
1

𝐵 + 1
)

𝑟

𝑞(𝑤𝐷)
[1 −

𝑤𝐷 + 𝑝𝐷
𝑝ℎ𝑞(𝑤𝐷)𝐾

]. (A15) 

An increase in the price of days, 𝑝𝐷, will induce vessels to increase their expenditure per day, 

𝑤𝐷, in order to raise their catchability coefficient, q. To show that the number of days chosen 

by each vessel in the presence of a day-based access fee, 𝐷𝐷, is less than the days chosen in the 

unconstrained equilibrium, 𝐷𝐵 , we must show that as 𝑝𝐷  rises, 𝐷𝐷  falls. To achieve this, it 

suffices to show that: 

𝜕(𝑤𝐷 + 𝑝𝐷)

𝜕𝑝𝐷
>
𝜕(𝑝ℎ𝑞(𝑤𝐷)𝐾)

𝜕𝑝𝐷
, (A16) 

or equivalently: 

𝑝ℎ𝐾
𝜕𝑞

𝜕𝑤𝐷

𝜕𝑤𝐷
𝜕𝑝𝐷

−
𝜕𝑤𝐷
𝜕𝑝𝐷

− 1 < 0. (A17) 

In the meantime, note that for an interior solution, where 𝐷𝐷 > 0, it must be that 𝑝𝑞(𝑤𝐷)𝐾 >
𝑤𝐷 + 𝑝𝐷. It therefore follows that the above inequality in Equation (A17) is met whenever: 

𝑤𝐷 + 𝑝𝐷
𝑞(𝑤𝐷)

𝜕𝑞(𝑤𝐷)

𝜕𝑤𝐷

𝜕𝑤𝐷
𝜕𝑝𝐷

−
𝜕𝑤𝐷
𝜕𝑝𝐷

− 1 < 0. (A18) 

Given Equation (44), the above inequality is met. Therefore, we have proven that vessels will 

choose to fish fewer days when a day-based access fee is imposed, compared to the case of 

unrestricted fishing days and no access fee. 

 

Effect of day-based access fee on harvest 

 

Again, starting from the harvest function for an individual vessel, as in Equation (1), together 

with the equation for total fish stock, as in Equation (5), the effect on harvest from an increase 

on the day-based access fee can be found, as follows. 

𝜕ℎ𝐷
𝜕𝑝𝐷

=
𝐾

𝑟
(
𝜕𝑞(𝑤𝐷)

𝜕𝑝𝐷
𝐷𝐷 + 𝑞(𝑤𝐷)

𝜕𝐷𝐷
𝜕𝑝𝐷

) (𝑟 − 2𝐵𝐷𝐷𝑞(𝑤𝐷)). (A19) 
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As discussed in Appendix A, the term (𝑟 − 2𝐵𝐷𝐷𝑞(𝑤𝐷)) is related to biological efficiency of

the fishery. 

sign(𝑟 − 2𝐵𝐷𝐷𝑞(𝑤𝐷)) = sign(𝑋𝐷 − 𝑋𝑚𝑠𝑦) (A20) 

Now we investigate the first bracketed term in (A19). By partially differentiating the vessels’ 

choice of days, from Equation (45) with respect to to 𝑝𝐷, we get: 

𝜕𝐷𝐷
𝜕𝑝𝐷

= 

𝑟

𝑝ℎ𝐾[𝑞(𝑤𝐷)]3(𝐵 + 1)
[[(𝑤𝐷 + 𝑝𝐷) − 𝑝ℎ𝐾 (1 +

1

𝑞′(𝑤𝐷)
)]
𝜕𝑞(𝑤𝐷)

𝜕𝑝𝐷
− 𝑞(𝑤𝐷)]. 

(A21) 

It follows that the elasticity of catchability with respect to days (following a change in the price 

of days) is given by the following: 

𝜕𝑞(𝑤𝐷)
𝜕𝑝𝐷

∙ 𝐷𝐷

𝜕𝐷𝐷
𝜕𝑝𝐷

∙ 𝑞(𝑤𝐷)
=

1

−1 − 𝐴
, (A22) 

where: 

𝐴 =
𝑞(𝑤𝐷) (

𝜕𝑤𝐷
𝜕𝑝𝐷

+ 1)

𝑞′(𝑤𝐷)[𝑝ℎ𝑞(𝑤𝐷)𝐾 − (𝑤𝐷 + 𝑝𝐷)]
𝜕𝑤𝐷
𝜕𝑝𝐷

. 

Since 𝐴 > 0, the (absolute value of) the elasticity will always be less than unity, that is: 

|
𝜕𝐷𝐷
𝜕𝑝𝐷

|

𝐷𝐷
>

𝑑𝑞(𝑤𝐷)
𝑑𝑝𝐷
𝑞(𝑤𝐷)

. 
(A23) 

Equation (A23) implies that the first bracketed term in Equation (A20) is negative. In words, 

it implies that the percent change in 𝐷𝐷 is larger than the percent change in 𝑞(𝑤𝐷) following a 

change in 𝑝𝐷, when the day-based access fee is increased. This, in turn implies reduced overall 

fishing power and greater fish stocks. Accordingly, together with Equation (A21), it then 

follows that: 

sign (
𝜕ℎ𝐷
𝑑𝑝𝐷

) = −sign(𝑋𝐷 − 𝑋𝑚𝑠𝑦) (A24) 

If a biologically-inefficient fishery, an increase in the day-based access fee causes harvest to 

increase as fish stocks recover.  
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Effect of day-based access fee on fishery rents 

The total fishery rent is of interest, which comprises vessel profits and the fees collected. As 

discussed in the main text, to see how it is affected by an increase in the day-based access fee, 

it suffices to see how the profit of an individual vessel before the day-based access fee is paid 

( 𝜋𝐷 = 𝑝ℎℎ𝐷 − 𝑤𝐷𝐷𝐷) is affected. 

𝜕𝜋𝐷
𝜕𝑝𝐷

= 𝑝ℎ
𝜕ℎ𝐷
𝜕𝑝𝐷

− 𝐷𝐷
𝜕𝑤𝐷
𝜕𝑝𝐷

− 𝑤𝐷
𝜕𝐷𝐷
𝜕𝑝𝐷

. (A25) 

Given 𝜕ℎ𝐷 𝜕𝑝𝐷⁄  from equation (A19), and that profit-maximising vessels will operate where

𝑞′(𝑤𝐷) = 𝑞(𝑤𝐷) (𝑤𝐷 + 𝑝𝐷)⁄ , we have:

1

𝐷𝐷

𝜕𝜋𝐷
𝜕𝑝𝐷

= [
𝑝ℎ𝐾𝑞(𝑤𝐷)

𝑟(𝑤𝐷 + 𝑝𝐷)
(𝑟 − 2𝐵𝐷𝐷𝑞(𝑤𝐷)) − 1]𝐷𝐷

𝜕𝑤𝐷
𝜕𝑝𝐷

+[
𝑝ℎ𝐾𝑞(𝑤𝐷)

𝑟
(𝑟 − 2𝐵𝐷𝐷𝑞(𝑤𝐷)) − 𝑤𝐷]

𝜕𝐷𝐷
𝜕𝑝𝐷

1

𝐷𝐷
. 

 (A26) 

In the meantime, it turns out that: 

𝜕𝐷𝐷
𝜕𝑝𝐷

1

𝐷𝐷
= −[

1

(𝑤𝐷 + 𝑝𝐷)

𝜕𝑤𝐷
𝜕𝑝𝐷

+
1

𝑝ℎ𝐾𝑞(𝑤𝐷) − (𝑤𝐷 + 𝑝𝐷)
]. (A27) 

Which, in turn, implies that: 

𝑟(𝑤𝐷 + 𝑝𝐷)

𝐷𝐷

𝜕𝜋𝐷
𝜕𝑝𝐷

= 

 −
[𝑝ℎ𝐾𝑞(𝑤𝐷)(𝑟 − 2𝐵𝐷𝐷𝑞(𝑤𝐷)) − 𝑤𝐷𝑟](𝑤𝐷 + 𝑝𝐷)

𝑝ℎ𝐾𝑞(𝑤𝐷) − (𝑤𝐷 + 𝑝𝐷)
− 𝑟𝑝𝐷

𝜕𝑤𝐷
𝜕𝑝𝐷

(A28) 

1

𝐷𝐷

𝜕𝜋𝐷
𝜕𝑝𝐷

= −
[
𝑝ℎ𝐾𝑞(𝑤𝐷)

𝑟 (𝑟 − 2𝐵𝐷𝐷𝑞(𝑤𝐷)) − 𝑤𝐷]

𝑝ℎ𝐾𝑞(𝑤𝐷) − (𝑤𝐷 + 𝑝𝐷)
−

𝑝𝐷
(𝑤𝐷 + 𝑝𝐷)

𝜕𝑤𝐷
𝜕𝑝𝐷

(A29) 

By substituting in the expression for days fished, Equation (45) in Section 4.2, this simplifies 

further to: 

1

𝐷𝐷

𝜕𝜋𝐷
𝜕𝑝𝐷

=
2𝐵

𝐵 + 1
−

[𝑝ℎ𝐾𝑞(𝑤𝐷) − 𝑤𝐷]

𝑝ℎ𝐾𝑞(𝑤𝐷) − (𝑤𝐷 + 𝑝𝐷)
−

𝑝𝐷
(𝑤𝐷 + 𝑝𝐷)

𝜕𝑤𝐷
𝜕𝑝𝐷

(A31) 

This result implies that the effect of increasing daily access fees on total fishery rents depends 

on both the number of vessels operating in the fishery, and the size of 𝑝𝐷 relative to 𝑤𝐷. 

For any number of vessels greater than one, the first term is greater than one, and is close to 2 

for large B. If the price of fishing days is small relative to 𝑝ℎ𝐾𝑞(𝑤𝐷) − 𝑤𝐷, then the second

term will be close to 1  . If the price of fishing days is small relative 𝑤𝐷, then the third term 

will be close to zero. Thus, for large B and small 𝑝𝐷, fishery rents are likely to increase when 

the price of fishing days is increased. 



Editor, UWA Economics Discussion Papers: 
Sam Hak Kan Tang 
University of Western Australia  
35 Sterling Hwy 
Crawley WA 6009 
Australia 

Email: ecoadmin@biz.uwa.edu.au 

The Economics Discussion Papers are available at:  
1980 – 2002:  http://ecompapers.biz.uwa.edu.au/paper/PDF%20of%20Discussion%20Papers/ 
Since 2001:  http://ideas.repec.org/s/uwa/wpaper1.html 
Since 2004:  http://www.business.uwa.edu.au/school/disciplines/economics 

ECONOMICS DISCUSSION PAPERS - 2015 
DP 
NUMBER 

AUTHORS TITLE 

15.01 Robertson, P.E. and Robitaille, M.C. THE GRAVITY OF RESOURCES AND THE TYRANNY OF 
DISTANCE 

15.02 Tyers, R. FINANCIAL INTEGRATION AND CHINA’S GLOBAL 
IMPACT 

15.03 Clements, K.W. and Si, J. MORE ON THE PRICE-RESPONSIVENESS OF FOOD 
CONSUMPTION 

15.04 Tang, S.H.K. PARENTS, MIGRANT DOMESTIC WORKERS, AND 
CHILDREN’S SPEAKING OF A SECOND LANGUAGE: 
EVIDENCE FROM HONG KONG 

15.05 Tyers, R. CHINA AND GLOBAL MACROECONOMIC 
INTERDEPENDENCE 

15.06 Fan, J., Wu, Y., Guo, X.,  Zhao, D. and 
Marinova, D. 

REGIONAL DISPARITY OF EMBEDDED CARBON 
FOOTPRINT AND ITS SOURCES IN CHINA: A 
CONSUMPTION PERSPECTIVE 

15.07 Fan, J., Wang, S., Wu, Y., Li, J. and 
Zhao, D. 

BUFFER EFFECT AND PRICE EFFECT OF A PERSONAL 
CARBON TRADING SCHEME 

15.08 Neill, K. WESTERN AUSTRALIA’S DOMESTIC GAS 
RESERVATION POLICY THE ELEMENTAL ECONOMICS 

15.09 Collins, J., Baer, B. and Weber, E.J. THE EVOLUTIONARY FOUNDATIONS OF ECONOMICS 

15.10 Siddique, A., Selvanathan, E. A. and 
Selvanathan, S. 

THE IMPACT OF EXTERNAL DEBT ON ECONOMIC 
GROWTH: EMPIRICAL EVIDENCE FROM HIGHLY 
INDEBTED POOR COUNTRIES 

15.11 Wu, Y. LOCAL GOVERNMENT DEBT AND ECONOMIC 
GROWTH IN CHINA 

15.12 Tyers, R. and Bain, I. THE GLOBAL ECONOMIC IMPLICATIONS OF FREER 
SKILLED MIGRATION 

15.13 Chen, A. and Groenewold, N. AN INCREASE IN THE RETIREMENT AGE IN CHINA: 
THE REGIONAL ECONOMIC EFFECTS 

15.14 Knight, K. PIGOU, A LOYAL MARSHALLIAN? 

15.15 Kristoffersen, I. THE AGE-HAPPINESS PUZZLE: THE ROLE OF 
ECONOMIC CIRCUMSTANCES AND FINANCIAL 
SATISFACTION 

15.16 Azwar, P. and Tyers, R. INDONESIAN MACRO POLICY THROUGH TWO CRISES 

29

mailto:ecoadmin@biz.uwa.edu.au
http://ecompapers.biz.uwa.edu.au/paper/PDF%20of%20Discussion%20Papers/
http://ideas.repec.org/s/uwa/wpaper1.html
http://www.business.uwa.edu.au/school/disciplines/economics


15.17 Asano, A. and Tyers, R. THIRD ARROW REFORMS AND JAPAN’S ECONOMIC 
PERFORMANCE 

15.18 Arthmar, R. and McLure, M. ON BRITAIN’S RETURN TO THE GOLD STANDARD: 
WAS THERE A ‘PIGOU-MCKENNA SCHOOL’? 

15.19 Fan, J., Li, Y., Wu, Y., Wang, S., and 
Zhao, D. 

ALLOWANCE TRADING AND ENERGY CONSUMPTION 
UNDER A PERSONAL CARBON TRADING SCHEME: A 
DYNAMIC PROGRAMMING APPROACH 

15.20 Shehabi, M. AN EXTRAORDINARY RECOVERY: KUWAIT 
FOLLOWING THE GULF WAR 

15.21 Siddique, A., Sen, R., and 
Srivastava, S. 

AUSTRALIA-THAILAND TRADE: AN ANALYSIS OF 
COMPETITIVENESS AND THE EFFECTS OF THE 
BILATERAL FTA 

15.22 Tyers, R. SLOWER GROWTH AND VULNERABILITY TO 
RECESSION: UPDATING CHINA’S GLOBAL IMPACT 

15.23 Arthmar, R. and McLure, M. PIGOU ON WAR FINANCE AND STATE ACTION 

15.24 Wu, Y. CHINA'S CAPITAL STOCK SERIES BY REGION AND 
SECTOR 

15.25 Clements, K. and Si, J. ENGEL'S LAW, DIET DIVERSITY AND THE QUALITY 
OF FOOD CONSUMPTION 

15.26 Chen, S. SHIFTS OF DISTORTION AND CORRUPTION OVER 
LOCAL POLITICAL CYCLES IN CHINA 

15.27 Chen, S. THE EFFECT OF A FISCAL SQUEEZE ON TAX 
NFORCEMENT: EVIDENCE FROM A NATURAL 
EXPERIMENT IN CHINA 

15.28 Jetter, M. BLOWING THINGS UP: THE EFFECT OF MEDIA 
ATTENTION ON TERRORISM 

15.29 Tang, S. MEDIUM-TERM MACROECONOMIC VOLATILITY AND 
ECONOMIC DEVELOPMENT: A NEW TECHNIQUE 

15.30 Alim, A., Hartley, P. and Lan, Y. ASIAN SPOT PRICES FOR LNG OTHER ENERGY 
COMMODITIES 

15.31 Gannon, B., Harris, D., Harris, M., 
Magnusson, L., Hollingsworth, B., 
Inder, B., Maitra, P, and Munford, L. 

NEW APPROACHES TO ESTIMATING THE CHILD 
HEALTH-PARENTAL INCOME RELATIONSHIP 

15.32 Czaika, M. and Parsons, C. THE GRAVITY OF HIGH SKILLED MIGRATION 
POLICIES 

15.33 Parsons, C., Rojon, S., Samanani, F, 
and Wettach, L. 

CONCEPTUALISING INTERNATIONAL HIGH-SKILLED 
MIGRATION 

15.34 Chen, S. VAT RATE DISPERSION AND TFP LOSS IN CHINA’S 
MANUFACTURING SECTOR 

15.35 Tait, L., Siddique, A. and Chatterjee, I. FOREIGN AID AND ECONOMIC GROWTH IN SUB-
SAHARAN AFRICA 

30



ECONOMICS DISCUSSION PAPERS - 2016 

DP 
NUMBER 

AUTHORS TITLE 

16.01 Xu, R., Wu, Y. and Luan, J. ANALYSIS OF FARMERS’ WILLINGNESS TO ADOPT 
GENETICALLY MODIFIED INSECT-RESISTANT RICE IN 
CHINA 

16.02 Lia, Y., Fan, J., Zhao, D., Wu, Y. and 
Li, J. 

TIERED GASOLINE PRICING: A PERSONAL CARBON 
TRADING PERSPECTIVE 

16.03 Clements, K.W., Lan, Y. and Si, J. UNCERTAINTY IN CURRENCY MISPRICING 

16.04 Parsons, C. and Vézina, P.L. MIGRANT NETWORKS AND TRADE:THE VIETNAMESE 
BOAT PEOPLE AS A NATURAL EXPERIMENT 

16.05 Chang, S., Connelly, R. and Ma, P. WHAT WILL YOU DO IF I SAY ‘I DO’?: THE EFFECT OF 
THE SEX RATIO ON TIME USE WITHIN TAIWANESE 
MARRIED COUPLES 

16.06 Yu, F. and Wu, Y. BIASES IN PATENT EXAMINATION AND FIRMS’ 
RESPONSES: EVIDENCE FROM THE 
PHARMACEUTICAL INDUSTRY 

16.07 Fan, J., Li, J., Wu, Y., Wang, S. and 
Zhao, D. 

THE EFFECTS OF ALLOWANCE PRICE ON ENERGY 
DEMAND UNDER A PERSONAL CARBON TRADING 
SCHEME 

16.08 Golley, J., Tyers, R. and Zhou, Y. CONTRACTIONS IN CHINESE FERTILITY AND 
SAVINGS: LONG RUN DOMESTIC AND GLOBAL 
IMPLICATIONS 

16.09 McGrath, G. and Neill, K. FOREIGN AND DOMESTIC OWNERSHIP IN WESTERN 
AUSTRALIA’S GAS MARKET 

16.10 Clements, K.W. and Si, J. SIMPLIFYING THE BIG MAC INDEX 

16.11 Priyati, R.Y. and Tyers, R. PRICE RELATIONSHIPS IN VEGETABLE OIL AND 
ENERGY MARKETS 

16.12 Wu, J., Wu, Y. and Wang, B. THE GREENNESS OF CHINESE CITIES: CARBON 
DIOXIDE EMISSION AND ITS DETERMINANTS 

16.13 Arslan, C., Dumont, J.C., Kone, Z., 
Özden, Ç., Parsons, C. and 
Xenogiani, T. 

INTERNATIONAL MIGRATION TO THE OECD IN THE 
TWENTY-FIRST CENTURY 

16.14 Tomioka, K. and Tyers, R. HAS FOREIGN GROWTH CONTRIBUTED TO 
STAGNATION AND INEQUALITY IN JAPAN? 

16.15 Donovan, J. and Hartley, P. RIDING THE IRON ORE CYCLE: ACTIONS OF 
AUSTRALIA’S MAJOR PRODUCERS 

16.16 Czaika, M. and Parsons, C. HIGH-SKILLED MIGRATION IN TIMES OF GLOBAL 
ECONOMIC CRISIS 

16.17 Lefroy, T., Key, J. and Kingwell, R. A LONGITUDINAL EXAMINATION OF BROADACRE 
FARM SIZE AND PERFORMANCE IN WESTERN 
AUSTRALIA 

16.18 Arthmar, R. and McLure, M. SRAFFA, MYRDAL AND THE 1961 SÖDERSTRÖM GOLD 
MEDAL 

19.19 Azwar, P. and Tyers, R. POST-GFC EXTERNAL SHOCKS AND INDONESIAN 
ECONOMIC PERFORMANCE 

19.20 Chen, A. and Groenewold, N. OUTPUT SHOCKS IN CHINA: DO THE DISTRIBUTIONAL 
EFFECTS DEPEND ON THE REGIONAL SOURCE? 

19.21 Wu, Y., Zhu, X. and Groenewold, N. THE DETERMINANTS AND EFFECTIVENESS OF 
INDUSTRIAL POLICY IN CHINA: A STUDY BASED ON 
FIVE-YEAR PLANS 

31



16.22 Liu, H. THE INCOME AND PRICE SENSITIVITY OF DIETS 
GLOBALLY 

16.23 Asano, A., Neill, K. and Yamazaki, S. DECOMPOSING FISHING EFFORT: MODELLING THE 
SOURCES OF INEFFICIENCY IN A LIMITED-ENTRY 
FISHERY 

32


	DP 16.23 Title page
	decomposing_fishing_effort_nov2016_final
	ECONOMICS DISCUSSION PAPERS LIST 2015, 2016

