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Abstract
Fish stocks in developing countries typically are managed either as common pool 
resources by many fishing communities or by individual communities, each of which 
claims territorial use rights over a fraction of a management area. Due to extraction 
externalities, each of these two regimes results in an economically inefficient outcome 
relative to a situation where a social planner manages the entire fishery. We have 
obtained expressions for a feasible tax on cost of harvest (as opposed to ad valorem 
tax) that could generate first-best outcomes in static and dynamic settings. The tax 
rate has been computed for a communally owned fishery using data on artisanal 
fishing in Ghana. Furthermore, in the absence of such a tax, an expression has been 
developed based on the relationship between the size of the carrying capacity of 
the fish stock per fishing community and the number of communities involved in 
harvesting the stock, to determine which regime is better than the other.  
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1. Introduction

Renewable resources such as wild fish stocks self-generate and could potentially 
provide perpetual flows of goods and services if the rate of usage is kept at sustainable 
levels (Clark, 1973). In the world's poorest regions, where 65-75 percent of people 
live in rural areas, natural resources are communally owned, with access usually 
restricted to individuals with historic rights (Dasgupta, 1982; 2005). Gordon (1954) 
and Hardin (1968) indicated that unregulated commons are subject to overuse. This 
is because the appropriation cost a user incurs is less than what it ideally ought to 
be, thereby triggering a race to the bottom. The result is rent dissipation, a situation 
termed "the tragedy of the commons," as "freedom in the commons brings ruin to 
all" (Hardin, 1968). Hardin (1968) indicated that it is in the interest of society to 
restrict usage either by fencing or clearly defining use rights. However, Bromley 
(1992) and several other studies (see e.g. Wade, 1987; Ostrom, 1992) found that, if a 
renewable resource is managed as common property, access is restricted to members 
of the community, which makes it possible to avoid the tragedy of the commons. 
According to Ostrom (2010), there exist multiple cases where resource users were 
successful in organizing themselves, which challenges the presumption that it is 
impossible for resource users to solve their own problems of overuse. In addition, 
Bromley (1991) noted that introduction of state property regimes to address resource 
degradation in developing countries weakens local customary regimes. 

However, in the absence of any restriction on inputs, if private cost of harvest 
is low relative to the number of users of the resource, the aggregate catch level 
may deviate from the first-best costless cooperative solution due to congestion 
externalities. As a result, managing a renewable resource as a common property 
could potentially result in an economically inefficient outcome. An alternative 
management strategy of a renewable resource (e.g., marine fish stock) is to zone 
the area occupied by the resource (e.g., the ocean) and grant territorial use rights 
(TUR) to each beneficiary community that has socially integrating forces (Defeo and 
Castilla, 2005; Wyman, 2008; and Costello and Kaffine, 2010)1. The TUR is usually 
accompanied by responsibilities relating to exercising rights of use, exclusion, and 
proper management of the resource base (Panayotou, 1984; Martin, 1994). However, 
the character of typical growth functions (e.g., logistics growth function) of fish 
stocks commonly used in bioeconomic modeling exhibit subadditivity properties, 
implying that dividing the management area (i.e., giving up the benefits of carrying 
capacity at a larger scale) results in suboptimal aggregate economic surplus. Thus, 
resource use externalities make it economically inefficient to divide them into private 

1. TUR in fishing is feasible if the species involved have limited mobility, which happens to be the case 
for small pelagic species such as sardines and anchovies, considered in this study (Palumbi, 2004; 
and Castilla, 2010). Within the context of this paper, TUR is characterized by community-based sole 
ownership.
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parcels, even if each parcel is managed as a community-based sole owner resource 
(see Dasgupta and Heal, 1979; Dasgupta, 1982).

This study seeks (1) an optimal tax on the cost of harvest, at the level necessary 
to internalize the congestion externality if a renewable natural capital is communally 
owned; and (2) an optimal tax that regulates harvest to accommodate overharvesting 
due to divisibility of the management area. Among other contributions, the manuscript 
extends the work of Dasgupta (2005), which derives an expression for an ad valorem 
tax for a common pool resource. Such a tax is costly or impossible to implement due 
to incomplete and imperfect output markets in developing countries. In addition, 
there is overwhelming evidence in support of communities charging user fees to 
regulate the rate of extraction in Common Pool Resources (CPRs) (see e.g., Chopra 
and Dasgupta, 2002; Dasgupta, 2005; Chou 2010). 

Our study reveals that the tax under communal ownership depends on 
(cooperative) harvest elasticity of effort and on the number of resource users. 
Furthermore, supposing that non-economic factors such as political forces render the 
implementation of such an optimal tax impossible, we have shown that it is possible 
to compare the two suboptimal regimes in order to determine which one is better. 
The decision rule regarding which of the two options is better in both static and 
dynamic settings rests on the relationship between the size of the carrying capacity 
of the stock and the number of communities. To the best of our knowledge, this is the 
first attempt at comparing these two potentially suboptimal management regimes to 
obtain a second-best outcome. Using data on an artisanal marine fishery from Ghana, 
the optimal tax is illustrated.

The remainder of the paper is organized as follows. Section 2 introduces the 
modeling strategy. The timeless (static) theoretical model is developed in Section 3, 
followed by a dynamic model in Section 4. The last section (i.e., Section 5) highlights 
the conclusions of the paper.  

2. The model 

Two sets of models are presented: a static (timeless) model and a dynamic model that 
accounts for time discounting. For each set of models, equilibrium catch conditions 
under CPR and TUR fishing are compared with benchmark best solutions and optimal 
taxes that could guarantee first-best outcomes. Furthermore, if it is (say, politically) 
infeasible to impose such taxes, a second-best solution is sought by comparing the 
suboptimal outcomes under the CPR and TUR fishing.  We begin by presenting the 
static model, followed by the dynamic one. 
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2.1. The Static (Timeless) Model   

Suppose a biomass (x) of a renewable resource, e.g., fi sh stock grows according to 
the logistic function, g (x,K); where K is a constant environmental carrying capacity 
and gxx(g) ˂ 0.2 Assume there is human predation and defi ne a Schaefer harvest 
function as H (x, E)  (with Hx(.) ˃ 0 ,  HE(g) ˃ 0 and HEx(g) ˃ 0), where E signifi es 
effort, and harvest is concave in both arguments.  Let the stock dynamic equation be:  

          !x = g x,K( )− H (x,E)                                                                           

where           . In steady state,                and equation (1) becomes  

                                                                 

If the value of x (from equation 2) is substituted into the harvest function (i.e. 
H(x,E), an equilibrium harvest function (i.e., yield function) denoted by equation (3) 
is obtained.                                                                             

where YE (.) > 0   and YEE (.) > 0.

2.1.1. Fish stock as a common-pool resource (CPR) under Static Optimization

Now, following Cheung (1970) and Dasgupta (2005), suppose the stock is 
exploited as a common-pool resource and each community representative obtains a 
fraction of the value of the communities’ total yield defi ned by the expression                      
              , where i  (= 1, 2, …, n )  is a community index,        

          ,     ,               and p is the price per kilogram of fi sh, which is normalized to 

one hereafter.3  Furthermore, let c  be cost per unit effort. The instantaneous net 
benefi t of community i  is:  
                                              

If equation (4) is maximized with respect to Ei and symmetry is assumed

(i.e.                ), we have the following Nash equilibrium solution: 

                                                                              ,                                     

(1)

                                                                 (2)

(3),

              , where 

2. Note that gxx(.)  denotes the second-order derivative of the growth function with respect to x. Similar 
notation is used for other derivatives in this paper. 

3. Although individual fi shers within a community could be inherently heterogeneous, we model 
the behavior of a representative or generic fi sher within each community, but different across 
communities, in order to avoid the complexities involved in dealing with individual heterogeneity 
within and across communities. The assumption of a representative agent is not uncommon in the 
literature (see, e.g., Champetier et al. 2010; Smith and Crowder, 2011).  Notably, the parameters 
in the model represent averages over the population of fi shermen in each community (Smith and 
Crowder, 2011). 

                                              (4)

(i.e.                ), we have the following Nash equilibrium solution: 

                                                                              ,                                     (5)

!x = dx
dt

!x = 0

E = Ei
i=1

n

∑ Y = Yi
i=1

n

∑
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where Y'(E,K) = dY(E,K)/dE. Equation (5) stipulates that, in equilibrium, marginal 
benefi t from investing an extra unit of effort must equate the cost per unit effort. 
Interestingly, the benefi t is a weighted average of marginal revenue plus average 
revenue, with the weight defi ned by the number of communities. If the fi shery is 
managed by a single community (i.e., n =1), the equilibrium condition becomes 
the desirable profi t maximizing condition, i.e., marginal revenue equals marginal/
average cost (dY(E,K)/dE=c\E= E*).

On the other hand, if the resource is managed as open-access (i.e., n → ∞) then 
the condition is: average revenue equals average cost (i.e., Y(E∞,K)/E∞=c). Note 
that, if the functional forms of the harvest and growth functions are known, an 
equilibrium effort level corresponding to equation (5) could be solved for, i.e.,      
Ei = Ei(n,ki) , where                 or K = nk  if symmetry is assumed.4

2.1.1a. CPR and Optimal Tax under Static Optimization

In this section, we seek an optimal tax on cost per unit effort (i.e., c ) that guarantees 
maximum economic surplus from the fi shery. In situations where prices of output 
vary considerably depending on the quality of output (i.e., size and species of fi sh 
caught), taxes on cost of effort (e.g. taxes on premixed fuel or fi shing license fees) 
seem desirable. Let the tax rate be τ  so that the cost per unit effort is scaled up by  1 
+ τ . With the tax, equation (5) becomes: 

But we know that maximum benefi t is obtained if  n = 1, Y'(E*,K) = c and          
E* = E(K,c). To obtain the expression of the tax that generates the fi rst-best outcome 
(i.e., the outcome corresponding to  n = 1), equation 6 becomes:

Let                , where ɛ is yield elasticity of effort evaluated at E = E* (i.e., effort 
level corresponding to maximum economic yield). Because YEE(.) < 0 and   

Y(.)/ E* >Y '(.) at E = E* > 0, it follows that                 , if Y(.) > 0  and YE(.) > 0. The 
optimal tax (i.e., τ ) expression from equation (7) is 

) , where                 or 

4. The assumption that carrying capacity is dependent on the size of management area or patches 
is common in the fi sheries literature (see, e.g., Bensenane et al., 2013; Sanchirico, 2005). The 
community specifi c carrying capacity ki can be perceived as community i’s share of the total fi sh 
biomass. 

(6)

(7)

Let                , where 

0, it follows that                 , if 

(8)
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If the entire resource is managed by a social planner (i.e., if n = 1) there is no 
need for a tax on cost per unit effort (i.e., τ = 0). On the other hand, if the resource 
is open-access (i.e., n = ∞), then                    . Figure 1 illustrates how the yield 
elasticity is obtained.

Fig. 1. Illustration of yield elasticity of effort (                ) 

The horizontal line represents the cost per unit effort (i.e., c); Y(.)/E* = VMR  (i.e., 
the Value of Marginal Productivity) and Y'(.) (i.e., Marginal Revenue Product). 
The effort level corresponding to maximum economic yield is E*. The elasticity is 
therefore calculated as             . Note that, if the cost curve shifts down (up), the 
elasticity coeffi cient decreases (increases). Thus the tax accounts for the externality 
and the tax increases if the gap between marginal social benefi t and marginal 
private benefi t increases.5 

2.1.1b. Properties of the Optimal Tax

Taking the partial derivative of the tax expression with respect to the number 
of resource users and the yield elasticity of effort, the following expressions are 
obtained:

 = ∞), then                    . Figure 1 illustrates how the yield 

Fig. 1. Illustration of yield elasticity of effort (                ) 

therefore calculated as             . Note that, if the cost curve shifts down (up), the 

5.  Suppose the growth function is logistic (i.e., g(.) = rx(1-xK-1) and the harvest function is of a Schaefer-
type (i.e.,H = σxE). Then the tax expression is τ = 0.5(pσKc-1-1)(n-1)n-1. The use of the logistic 
growth function is based on the assumption that the existing fi sh stock is greater than the minimum 
viable stock level.  

(9)

(10)
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where Δn  is the discrete derivative of the tax function with respect to n. Equation (9) 
implies that the optimal tax must increase if the number of the benefi ciaries from the 
resource increases, due to the congestion externality. Equation (10) requires some 
elucidation. The elasticity simply measures the ratio of the marginal yield to the 
average yield if the economic benefi t from the resource is at maximum. The ratio (or 
elasticity) gets smaller as the maximum economic yield approaches the maximum 
sustainable yield (i.e., the yield level at which dY(E,K)/dE = 0). As a result, if the 
elasticity increases (decreases), the tax rate necessary to maximize total economic 
surplus should decrease (increase). As illustrated in Fig. 1, an increase in cost per 
unit effort, for example, will increase the elasticity coeffi cient and thereby reduce 
the tax rate.

2.1.2. Zoning the Fishing Area under Static Optimization 

In a bid to regulate overexploitation of fi shery resources and generate maximum 
economic surplus in developing countries, fi sheries managers grant communities 
territorial use rights over the resources within given management areas. It is 
common for a fi shing community that is assigned TUR to have a leader (e.g., the 
chief fi sherman in Ghana) who oversees the management of the fi shery and enforces 
harvest rules. Thus, we assume that, under the TUR, the management of the fi shery 
mimics community-based sole owner management. Furthermore, let the carrying 
capacity of the stock (i.e., ki )  be  defi ned by the size of the management area of the 
community. The stock dynamic equation within the management area i is 

where, e.g., d  is a parameter for dispersion of species in community i ;

       Note that   is the density of the 
stock in the management area of community i. For analytical convenience, we 
assume that the stock is made up of pelagic species that are uniformly mixed so that 
the last term in the parentheses of equation (11) is zero. Furthermore assume that the 
growth function of the stock is logistic. The corresponding yield equation is                 Yi 
= h(Ei,Ki). The instantaneous net benefi t function for each symmetric community is:    

where h(Ei,Ki) is yield. Maximizing equation (12) with respect to effort gives: 

Equation (13) indicates that, in equilibrium, marginal revenue (i.e., dh(Ei,Ki)/dEi) 
equals marginal cost (i.e., c) of harvest at each fi shing zone.

(11)

       Note that   is the density of the        Note that   is the density of the 
,

, ; and       Note that   is the density of the 
stock in the management area of community 

,       Note that   is the density of the .       Note that   is the density of the 

(12)

(13)

!xi = gi xi ,ki( )− hi (xi ,Ei ) + d X −i

K−i

−
xi
ki

⎛

⎝⎜
⎞

⎠⎟
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2.1.2a. TUR and Optimal Tax under Static Optimization 

Due to the subadditivity property of logistic growth functions, it follows that           

 for all E ≥ 0.6  This implies the aggregate harvest of all the 
zones may exceed the most economically profi table levels of 

harvest if carrying capacity is proxied by the size of the management area of each 
zone. As a result, an economic incentive may be needed to regulate harvest if more 
than one zone exists. The corresponding expression for the optimal tax on cost per 
unit effort is:

where H(c,K) is the socially desirable yield. Using a logistic growth function and 
Schaefer harvest function, the solution for the tax yields the following specifi c 
expression:    

It can be verifi ed from (15) that 

                                 

2.1.3. Timeless (static) second best condition 

From the preceding discussion, both CPR management and granting territorial 
use rights to communities could potentially result in ineffi cient outcomes if policy 
instruments are not employed. In this section, the conditions under which one 
outcome is better than the other is investigated by comparing the economic surpluses 
in the two situations. Let the net economic benefi t from the CPR (i.e.,π(Ei(n,ki)))
equal that of TUR management (i.e., π(E/

i(ki))), i.e.,   

Equation (16) stipulates an equilibrium relationship between the carrying capacity 
of each community and the number of fi shers required to guarantee equal economic 
surplus under the two outcomes. A deviation from this equilibrium relationship 
implies that one outcome must be preferred. To clarify this condition, some specifi c 
functional forms are adapted for convenience. The harvest and growth functions are 
H(x,E) = σxE  and g(x,K) = rx(1-xK-1), respectively. The corresponding equilibrium 
net benefi t functions for the CPR and TUR are (17) and (18) respectively.     

(14)

(15)

, and .

(16)

(17)

6.  Suppose there is no human predation and i = 1,2. In steady state,                                            . 
On the other hand, if there is human predation,
      E ≥ 0. ∀
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(18)

The equilibrium relationship between the number of communities (n) and the 
carrying capacity (ki ) is established by equating equation (17) to (18). Thus 

which generates 

where       

As expected, there are multiple equilibria, of which n = 1 is one of the two. If 
the social planner of one community manages the entire fi shery on behalf of the 
community, the outcome will generate the maximum economic surplus. On the other 
hand, if there is more than one community (i.e., if n > 1 ), then CPR is better (worse) 
than TUR management if n > Ω(k)(n < Ω(k)). The function n = Ω(k)) , which defi nes 
the situation of indifference, is graphed below. 

Figure 2. The equilibrium relationship between the number of fi shing 
communities (n) and carrying capacity per capita (k)

From the fi gure, as the number of communities increases, the carrying capacity 
for each community necessary to ensure that the two management regimes produce 
equivalent economic benefi ts must also increase. Thus, for any given level of carrying 
capacity attributable to each community, if the number of communities lies below 
the indifference line, then territorial use right (TUR) is better that CPR. Conversely, 
if, for any number of communities, the carrying capacity per capita lies above the 
indifference line, then CPR is a better management regime. 

(19)

(20)

where       .
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2.2. The dynamic model 

The preceding discussions are based on static equilibrium analysis with no provision 
for discounting of future costs and benefi ts. In this section, a dynamic version of the 
model is presented. Suppose future benefi ts and costs are discounted at a rate σ > 0 by 
each community.7 The value function of the social planner who manages the entire 
fi shery is equation (21) and the stock dynamic equation is (22). 

The corresponding current value Hamiltonian of the program is

From the maximum principle, assuming an interior solution exists, the fi rst order 
condition (with respect to the fl ow variable H ) is

Equation (24) simply stipulates that, in an inter-temporal equilibrium, harvest must 
be at a level that equates net marginal benefi t (i.e., p - c(x)) to the scarcity value of 
the stock (i.e., μ ). If p - c(x) > μ, harvest must be at its maximum. On the other hand, 
it must be set to zero if p - c(x) < μ . The corresponding co-state equation is

Equation (25) implies that, in dynamic equilibrium, the interest earnable on the net 
marginal benefi t from harvesting a kilogram of fi sh today (i.e., δμ) must equate the 
sum of the capital gain from conserving that kilogram of fi sh (i.e., δμ) and some 
stock effect (i.e.,                                  ).  In steady state,                , so that (25) and 
(24) become:

Note that the social planner’s equilibrium stock (i.e., x* ) is obtainable from equation 
(27). 

(21)

(22)

(23)

(24)

7.  Although individuals in each community may have different rates of time preference, we used social 
or community level discount rate, which we surmise is constant across communities since all the 
communities are generally considered poor and depend on the same resource.

 

(25)

stock effect (i.e.,                                  ).  In steady state,                , so that (25) and 

(26)

(27)

!x = rx 1− x
K

⎛
⎝⎜

⎞
⎠⎟
− H

!µ −δµ = −
∂H .( )
∂x

= cxH − µr 1− 2x
K

⎛
⎝⎜

⎞
⎠⎟

!x = !µ = 0
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Now suppose the stock is harvested as a CPR by n users. Following Maler et al. 
(2003), the optimization program for each community is: 

The corresponding fi rst order condition from the maximum principle is

The shadow value assigned to the resource by each symmetric community is            . 
The symmetric open-loop Nash equilibrium solution is 

Equation (31) can be solved for the equilibrium stock level (i.e., x** = x(k, n)).

1. CPR and Optimum Tax under Dynamic Optimization 

Now suppose the resource is harvested as a CPR and let a tax be imposed on cost 
of harvest (i.e., c(x)(1 + τ)) to generate a fi rst-best solution. The equilibrium stock 
equation corresponding to equation (31) is

or

Using equation (31) in (32) gives the following expression for the tax.8 

A comparative static analysis indicates the tax must be increasing in the number 
of communities and the price of fi sh but decreasing in the social discount rate           
(i.e.,                    ,              , and            ).

(28)

(29)

(30)

The shadow value assigned to the resource by each symmetric community is            . 

(31)

(32)

8.  If the specifi c functional forms are used, the expression for the tax is

(33)

(i.e.,                    ,              (i.e.,                    ,              , and            )

!x = rx 1− x
K

⎛
⎝⎜

⎞
⎠⎟
− hi

i

n

∑ ,   H = hi
i

n

∑
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Thus, in order to obtain the maximum benefi t from the fi shery, the tax rate must 
increase if the number of communities increases. Furthermore, if the price of fi sh 
increases, more fi sh could be caught, so the tax rate must increase to regulate the 
catch. Finally, if the society is impatient or uncertain about the future, then more fi sh 
should be harvested now, hence the tax rate must be reduced. Recent studies have 
found a positive relationship between discount rates and catch rates (see e.g. Akpalu, 
2008, 2011).

2. TUR and Optimal Tax Under Dynamic Optimization 

If the fi shery is zoned and tax is imposed on cost of harvest, the equilibrium condition 
corresponding to equation (32) is 

Using equation (31) in (34) and solving for the optimal tax gives9:

  

Again, the tax expression indicates a zero tax rate if the resource is managed by a 
single community representative (i.e., τ = 0 if n = 0). In addition, in the absence of a 
tax, the corresponding equilibrium harvest is denoted as x**(k, n).

3. The second-best solution for the dynamic specifi cation 

In the absence of the economic policy instruments (i.e., the optimal tax), the 
equilibrium harvest conditions have been equated to obtain an expression for the 
relationship between the number of resource users and the size of the carrying 
capacity per capita. As noted earlier, if this condition does not hold, one of the two 
regimes is preferred. Equating the two functions, we have

Using the specifi c functional forms and solving for n in equation (36) gives the plot 
in Figure 3.

(34)

(35)

(36)

9.  The specifi c value of the tax is 
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Figure 3. The dynamic equilibrium relationship between the number of fi shing 
communities (n) and carrying capacity per capita (k) for low and high discount 
rate. 

Figure 3, which is like Fig. 2, also indicates that the relationship between the number 
of fi shers and the carrying capacity that generates the same net benefi t under the two 
regimes are positively related. The dashed and thick lines indicate the relationship 
between the two variables for high and low discount rates respectively. Thus, for any 
level of carrying capacity per capita, if the number of communities lies above the 
indifference line, then CPR is better than TUR. Most importantly, a higher discount 
rate favors the management of the fi shery as a CPR.

3. Empirical Illustration of the Optimal Taxes 

To empirically illustrate the optimal taxes under CPR, data on artisanal fi sheries in 
Ghana is used to compute the yield function and the optimal effort. The nation’s capture 
fi shery stocks targeted by artisanal fi shers are generally managed as unregulated 
common pool resources (Akpalu, 2008). There are 185 fi shing communities 
with a total of 11, 213 canoes and 124, 219 fi shers along the country’s coastline 
of 550km. The marine fi sh resources are classifi ed as small pelagic, large pelagic 
(i.e., mainly tunas), demersal, and mollusc and crustaceans. The artisanal fi shery 
sector which dominates in terms of fl eets (64%) and catch volumes (70-80%) targets 
small pelagic species such as sardine, grunt, ilisha, threadfi n, and mackerel (MOFA, 
2004). The sector has undergone considerable changes, including improvement in 
artisanal fi shing gear, introduction of outboard motors, and improvement in fi sh 
processing and storage techniques, which have led to overexploitation of stocks 
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(Koranteng, 1992; Akpalu, 2008). Each fi shing village or community has an elected 
fi sher, usually called Chief Fisherman, who oversees fi shing activities within the 
fi shing community. He is usually granted the power to implement fi shing laws and 
regulations, to resolve fi shing-related confl icts, and to punish violators of the fi shing 
laws and regulations. The data for the empirical illustration was obtained from the 
marine fi sheries research division (MFRD) at Tema, Ghana. It is aggregated monthly 
data on artisanal catch and effort of the 185 fi shing communities along the coast of 
Ghana between 2000 and 2006. The descriptive statistics are presented in Table 1.

Table 1. Descriptive Statistics of Catch and Effort Data (2000-2006) 

Variable # of obs Mean SD

Catch (in kg)
(for  185 communities)

84 19942.97 10998.31

Fishing effort (# of Trips) 
(for 185 communities)

84 84683.93 19796.86

Source: Secondary Data from the marine fi sheries research division (MFRD), Tema, Ghana.

The mean monthly catch for the entire 185 communities is 19,943kg, with a very 
high standard deviation (10998.31). The average number of trips, which is a proxy 
for effort, is about 85,000 per month. 

The yield function estimated is Y = (σK)E - (σ 2Kr -1)E 2, which is a quadratic function 
without an intercept. The ordinary least square regression results are presented in 
Table 2. The F-statistics indicates that the line is a good fi t. The coeffi cients of effort 
and effort-squared are signifi cant at the 1 percent level. 

Table 2. Estimation of Equilibrium Yield Function    

Variable Coeffi cient

Fishing effort  (# of Trips)   0.439
 (0.063)***

Fishing effort  squared (# of Trips squared) -0.0000023
 (0.000000582)***

F( 2, 82) =  211.50 (Prob >  0.00 )

Notes: Robust standard errors are in parentheses. *** signifi cant at 1%.  The coeffi cient of “Fishing 
effort squared” and its standard error are very small and hence may be sensitive to the type and memory 
of the software used for the computation. As a result, the value may be considered as an approximation. 
Source: Computed by Author   

From the regression results, the yield function is 0.439E - 0.0000023E2 and the 
corresponding condition for maximum economic benefi t from the fi shery (i.e.,

                                                                                            .                                                                          .
dY E,K( ) dE = c

E=E*
) is
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3.1. CPR  and Estimated Optimal Tax under Static Optimization  

Estimation of optimal effort requires values for cost per unit effort and price of 
fi sh. Based on the median running cost of fi shing vessels in Ghana and average 
revenue from catch reported in Brinson et al. (2009), fi gures of c = $95.88US and p 
= $264.36US have been used. The optimal effort is calculated to be E* = 16589.73   
and the corresponding elasticity is ɛ = 0.90481. Currently there are 185 fi shing 
communities in Ghana, implying the optimum tax rate is:

Thus, because the entire artisanal fi shery is managed as an unregulated common 
pool resource by the 185 communities, a tax rate of 10.5% on cost per unit effort could 
generate the optimal economic benefi t from the fi shery. On the other hand, if n is 
defi ned as the number of fi shers, then it equals 124,000 and the tax rate is approximately 
10.52%. Notably, the two values are very close because (185-1)/185≈(124,000-1)/ 
124,000≈1. In Ghana, premixed fuels constitute a signifi cant portion of fi shing cost 
and hence potentially could be taxed to regulate harvest. 

The results from the simulations are presented in Table 3. The base line optimal 
tax value is 13.9%. The tax rate must increase if the price of fi sh or the catchability 
coeffi cient increases, but must decrease if cost per unit of effort or social discount 
rate increases.    

Table 3. Estimation of Equilibrium Yield Function

P r c K δ σ n tax (τ)

264 1.59 96 66614.14 0.03 0.000007 185 13.88%
264 1.59 96 66614.14 0.05 0.000007 185 13.79%
300 1.59 96 66614.14 0.03 0.000007 185 22.46%
264 1.59 100 66614.14 0.03 0.000007 185 11.36%
264 1.59 96 66614.14 0.03 0.000008 185 22.86%

Source: Computed by Author   

TUR fi shing and Optimal Tax under Static Optimization  

If each community had territorial use rights over a given management area, a 
counterfactual optimal tax rate could be calculated based on equation (15). Note that   
τ = 0 if n = 1. Using σnk = 0.439 and the other parameters values, the tax is 

(37)

(38)
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Comparing this rate with the figures obtained for the static and dynamic CPR 
cases, it is clear a higher tax rate would be required to generate maximum sustainable 
economic surplus under the TUR management regime. Consequently, the current 
CPR management regime, though suboptimal, is better than granting TUR to the 185 
communities. Thus, the current CPR management regime generates better economic 
surplus compared to granting TUR.    

4. Conclusion 

A sizeable proportion of the world’s poor in rural areas depend on renewable 
natural capital. The resources are usually communally owned, and access is based 
on historical rights. However, in the absence of adequate rules of appropriation, 
such resources are typically overused. An alternative management strategy has been 
granting territorial use rights (TUR) to each community. However, if the growth 
function of the stock is logistic, then parceling the carrying capacity into bits is also 
economically inefficient. Thus, in principle, each of these two regimes results in 
inefficient outcomes relative to a costless cooperative optimum. 

We have obtained an expression for a tax rate necessary to internalize the resource 
use externality when the resource is managed communally, as well as a tax rate to 
accommodate the divisibility externality for stocks that generate first-best outcomes. 
The tax rate on a communally owned fishery, which has been illustrated using data on 
artisanal fishing in Ghana, is decreasing in harvest elasticity of effort and increasing in 
the number of resource users. Furthermore, in the absence of such a tax, an expression 
has been developed based on the relationship between the size of the carrying capacity 
of the fish stock within each community and the number of communities involved in 
harvesting the stock to determine which regime is better than the other.  
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