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ABSTRACT 

Over the last two decades, fisheries sector has been playing an important role in the global economy as a vibrant sector. 
By looking into the interactions among natural resources, human beings and government, this paper first briefly exam- 
ines the issue of complicated conflicts in fisheries together with its influence on fisheries management. Under the as- 
sumption that the fishing resources will not be exhausted, this paper further reveals the particular conflicts between 
economic performance and community welfare by modelling the strategic interaction amongst the government and 
fishing firms based on the two stage non-cooperative game theory. With a dynamic model enclosed, this paper demon- 
strates with how the government establishes the fishing fee rate to achieve its primary goal and how the fishing firms 
react to the policy in each scenario. In the end, it concludes with some brief suggestions regarding policy-making for 
future work priorities. Although fishery industry is used as an example in this article, our main results, however, can be 
applied to any industries of oligopoly competitions with entry and exit. 
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1. Introduction 

As a sunrise sector of our economy, the fishery industry 
in China has emerged from a subsistence traditional ac- 
tivity into a government-controlled commercial enter- 
prise. However, fishing conflicts are among the persistent 
problems due to its complex and dynamic bio-socio-eco- 
nomic system, with its many interactions among natural 
resources, human beings and government. Conflicts are 
broadly defined as a situation of non-cooperation be- 
tween parties and contradictory objectives (FAO 1998) 
[1]. Conflicts in fisheries usually arise among stake- 
holders with differing economic and social motivations 
regarding the allocation and access rights to the limited 
natural resources. 

Why are there conflicts in fisheries? There is a set of 
three fisheries “world views” which reflect the philoso- 
phical basis of fisheries conflicts. This framework was 
specified by Charles (1992) [2] to analyse the conflicts 
by introducing a trio of fishery paradigms, i.e. the con- 
servation, rationalization, and social/community para-  

digms. Together the three paradigms form the corners of 
a “paradigm triangle” within which differing approaches 
to fisheries conflicts and policy problems can be ana- 
lysed (see Figure 1). 

Figure 1 features three philosophical paradigms and 
their unique policy objectives, which are: 
● The conservation paradigm operates with a policy 

objective aimed at resource maintenance. 
● The rationalization paradigm focuses on the pursuit of 

economic performance and productivity. That is, the 
government should centre on fishery fee maximiza- 
tion. 

● The social paradigm emphasizes community welfare, 
equity of distribution, and other social and cultural 
fishery benefits, which takes into account of the total 
welfare of government plus the fishery firms. 

Charles (1992) [2] enclosed three cases in his study to 
illustrate the framework of analysing conflicts. However, 
the hotspot discussed in academic field is about the con- 
flicts between the conservation paradigm and the ration- 
alization paradigm. Most of the coastal countries’ poli- 
cies are focusing on enhancing the community welfare 
while ensuring the sustainability of fishery resources.  

*Each of the four authors has made equal contributions to this article. 
#Corresponding author. 
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Figure 1. Framework for understanding and resolving con-
flicts in fisheries. 
 
Those researches propose policy makers to adjust and 
control the fisheries by targeting on the total harvest 
amount. For example, Mainland Fisheries Authority of 
China imposed a two-month fishing moratorium in the 
South China Sea during Jun and July 1999 to preserve 
fishery resources (AFCD 1999) [3]; there are established 
systems of individual transferable quota (ITQ), which 
“gives fishers, vessels and/or producers dedicated access 
privileges to land a specified portion of total allowable 
catch (TAC)” and hundreds of fisheries globally is man- 
aged by this TAC-ITQ system (Chu, 2009) [4]. We 
therefore raise the interest of building a mathematical 
model to study the conflicts between the bottom two 
factors in Figure 1, namely the economic performance 
and community welfare. 

In most of studies, conflicts are modelled by game 
theory. Essentially, it is a strategy that uses mathematics 
to describe player strategies in sources of conflict and 
common interest, and predicts what rational players 
should do, and not what they actually do (Luce & Raiffa, 
1957) [5]. 

We begin our review with the early principal-agent 
model developed by Clarke and Munro (1987) [6], in 
which a coastal nation imposes a fishing fee on a single 
distant water fishing nation (DWFN) which has the same 
rate of discount as it does. They (1991) [7] further gener- 
alize their first model by considering the possibility that 
the coastal nation and DWFN have different discount 
rates on future return from fishery. They find that the 
coastal nation can increase its discounted net return from 
the fishery by simultaneously using a tax on harvest and 
a tax on effort rather than only using one tax.  

Raissi (2001) [8] examines a model in which uses a 
dual tax system with an inferior fishing technology on 
two fishing firms—a domestic firm and a foreign firm. 
Raissi demonstrates that if there is no regulation on fish- 
eries then the foreign firm will eliminate domestic com-  

petition by exerting the maximum effort. However, it 
may be optimal if the coastal nation encourages the two 
firms to converge to the equilibrium at which they are 
both exploiting the fishery by using taxes. Neither Raissi 
(2001) [8] or Clarke and Munro (1987, 1991) [6,7] allow 
the coastal nation to choose the number of firms that op-
erate in its fishery. 

Additionally, some other authors use non-cooperative 
game theory to model the tactical interactions between 
firms in an international, unregulated fishery. Among 
those studies, Levhari and Mirman (1980) [9] and 
Fischer and Mirman (1996) [10] uses a utility maximiza- 
tion model while Dockner et al. (1989) [11] and Ruseski 
(1998) [12] uses a profit maximization model. They all 
conclude that the firms will over-fish the stock. Ruseski 
[12] shows that the respective government of each firm 
that competes over the fishery has the incentive to license 
more vessels than that at socially optimal level. The re- 
ceived revenue is used to subsidize its own firm’s effort, 
which in turn exacerbates over-fishing. 

Yoav Wachsman (2002) [13] develops a model to 
simulate interactions between coastal nation (principal) 
and foreign fishing firms (agents) by involving n firms 
into a 2-stage game. Besides, the study further reveals the 
conflicts between economic performance and social wel- 
fare, which means when government chooses to maxi- 
mize its own profit it has to sacrifice the maximum level 
of total return of the principal-agents system as a whole. 
One of the significant contributions of this study is that it 
allows the number of firms to be a variable in the coastal 
nation’s objective function. However, this solution is 
possible only based on the strong assumptions of identi- 
cal firms and zero fixed costs so that the size of firm is 
allowed to be extremely tiny when number of firms goes 
to infinity. Nevertheless, this study is a unique approach 
to evolve previous 2-players or 2 groups-players game 
theory model. 

Our paper is to provide a thoughtful advice on the 
fishery policy by simulating the dynamic process of 
market interactions and considering the full aspect of 
fishery paradigm triangle. Resource sustainability is set 
as a pre-requirement, and a proper tax rate is obtained by 
a compromise between economic performance and social 
welfare. Furthermore, the model is made to be more re- 
alistic by taking into account of the fixed cost of each 
individual firm. While we analyse the fishery industry as 
an example, our results actually applies to any oligop- 
oly industries with entry and exit.  

This paper is structured as follows: model description 
is presented first; followed by the mathematical analysis. 
Next, we simulate a simple case where firms have the 
same marginal cost of efforts and fixed costs, and sup- 
plemented by further discussion on social welfare pros- 
pect. Finally we conclude the paper with policy reviews 
for the governments.  
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2. Model Description 

Copyright © 2013 SciRes.                                                                                  TEL 

x

In most of previous studies concerning resource con- 
straint, Schaefer’s Model (1957) [14] was used. In his 
model, harvest of each firm from the fishery can be cal- 
culated from a “catch per unit of effort (CPUE) product 
function”. According to this function, each firm harvests 
a constant portion of the stock per unit of effort, ei. De- 
fine qi as the quantity (harvest) for firm i. Consider the 
situation when the total harvest of n existing firms Q is 

less than the stock size x, i.e., 
1

n

ii
Q q


  , each 

firm’s harvest can be calculated as: 

i iq lxe  

where l is the catching ability coefficient, 0 < l < 1. It 
was assumed that l is independent from the stock size 
and it is identical for all the firms. 

In a working paper written by Wachsman (2002) [13], 
the author proposed a fishery model based on Schaefer’s 
Model. In Wachsman’s Model [13], no fixed cost is as- 
sumed, and potentially it was assumed that the number of 
firms could tend to infinity.  

The advantage of Wachsman’s Model is that the con- 
straint of the resource is explicitly modeled and dis- 
cussed. The weakness of Wachsman’s Model is that, the 
assumption of zero fixed costs does not really capture the 
reality of the fishery industry, and under such an assump- 
tion, entry into or exit from the industry cannot be dis- 
cussed. Additionally, when the number of firms, n, be- 
comes larger and larger, and tends to infinity eventually, 
the capacities of the firms must become smaller and 
smaller given the fixed amount of natural resource, this 
looks quite absurd.  

Comparing to the Wachsman’s study, this paper re- 
leases the zero-fixed-cost assumption and gives a snap- 
shot of the dynamic process in the fishery industry. In 
this dynamic process of interaction, each individual firm 
would decide whether to continue operating under a spe- 
cific tax rate imposed. A firm will quit once the after-tax 
profit turns negative.  

In our model there are totally N firms. Each firm i has 
a marginal cost of ci and a fixed cost of fi. The market 
inverse demand for the produce is given by 

P a Q                  (1) 

where Q is the total quantity supplied to the market and P 
is the market clearing price. In addition to the production 
marginal costs as mentioned above, we also consider the 
tax rate r against revenue imposed by the government. 

The model is derived by backward induction. We start 
with solving the level of effort that each firm will select 
in the second stage. Subsequently we solve the optimal 
fishing tax rate r, which will maximize the government’s 
tax revenue after computing the equilibrium quantity as a 
function of r. 

We will not consider the resource constraint in the first 
place. Instead we will have a section to discuss it later. 

3. Mathematical Analysis 

Throughout our discussion, we will assume that any in- 
cumbent firm will not exit from the industry so long as 
its equilibrium profit is greater than or equal to zero, and 
we will also assume that any potential entrant will enter 
into the industry if it can get a nonnegative equilibrium 
profit after entry. 

In our model firm i’s profit function is expressed as: 

 1i iPQ VC FC r Pq c q f i i i           (2) 

where r is the tax rate that the government set, and ci, fi 
are the marginal cost of quantity and fixed cost respec- 
tively for firm i. Therefore, 

  1
1 ( )

n

i i ii
r a q q c q f

 i i i         (3) 

Notice that firm i will continue to operate only if its 
profit is greater than or equal to zero.  

For firm i, its objective function is 

 max 1
i

n

q i i j i i i i
j i

r a q q q c q f


 
      





   (4) 

Rearrange firm i’s profit function:  

  21
n

i i j i i
j i

r q a q q c q


  
i if         

   
    (5) 

Mathematically, when the first-order condition (F.O.C) 
with respect to qi of the profit function is satisfied, i.e. 

0i iq   , the corresponding quantity maximizes firm 
i’s profit. 

The first-order-condition of Equation (5) is 

     2 1 1i jj i
r q r a q c

 i           (6) 

Subtracting (1 − r)qi from both sides: 

    1 1i ir q r a Q c             (7) 

Adding cross all firms: 

      1
1 1 1

n

ii
r Q r na r nQ c


          (8) 

therefore, we have: 

 
  

1
1

1 1

n

ii
r na c

Q
r n


 


 


           (9) 

Substituting Equation (9) to Equation (7) and solve for 
qi: 

  1 1 1

n

j ij i
i

c nca
q

n r n



 

  


         (10) 

For our model, we assume that any firms stay in as far  
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as the after-tax profit is greater than or equal to zero. 
With a process of a continuously increasing tax rate r, we 
assume that firms exits one by one. Let n(r) be the num- 
ber of firms remained in business for a given r. 

In the first stage, government chooses a tax rate, r, to 
maximize the total amount of tax revenue received, T: 

 max r T r rPQ             (11) 

Notice that there exists a supreme for all feasible r, 
noted by rsup. It is the largest tax rate government could 
impose due to the limited fisheries stock. That is to say, 
any r high than rsup is not feasible. 

The following method can be used as a good approach 
for finding an optimal r.  

Lemma 1: Assume that a group S of existing firms can 
survive in the industry under a tax rate r (i.e. each has a 
nonnegative equilibrium profit) when no entry occurs, 
then when the tax rate is reduced to , these same 
group of firms can also survive. 

r r 

Proof: We only need to show that, under the smaller 
tax rate, the new equilibrium profit for each firm in- 
creases.  

Originally, the profit function for firm i is  
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i i i   1i ir a Q q c q f              (12) 

Substitute Equations (9) and (10) into Equation (12) 
and simplify: 

 
 

2
2

2

1
π 1 2

11
i i

b
r a ab f

rn

 
       

   (13) 

where 
n

j ib c  j i
At the critical point that firm i could survive, its profit 

equals to zero. Set Equation (13) equals to zero, we will 
get two solutions of r. In this case, we choose the smaller 
r because beyond this r firm i has already decided to quit 
the industry and the larger r is not feasible. 

nc , approximately equals ci. 

Take first-order derivative of Equation (13), we have: 

     

2 2

2 2
1 1 1

i a b

r n n


  

    2
r

      (14) 

Equivalently: 

   
   2 2

1 1

1 1
i

a r b a r b

r n r

         
  

      (15) 

In this function, a denotes the maximum price deter- 
mined by supply-demand mechanism and b is approxi-
mately equals to firm i’s marginal cost. Since firm i can 
survive at given r, its unit after-tax revenue (1 − r)a 
should be able to at least cover its marginal cost, b, and 
fixed cost per unit. Explicitly, (1 − r)a − b > 0 Thus 

0i  at r. In addition, from Equation (14) we 
know that when r decreases, 

r  
i  also decreases. 

Therefore the derivative is negative for a given n on 
r 

 0, r . By First Derivative Test, i  is decreasing on 
 0, r . Therefore, under the smaller tax rate, r , the new 
equilibrium profit for each firm will be larger. To be ex-
act, the same group of firms will remain survivable.  

Let N be the number of all potential firms in fishery 
industry. Now let us consider all possible nonempty sub- 
set of the set of N firms. There are 2N − 1 of these sub- 
sets.  

Definition: A subset S of firms is said to be coexistible 
if there exists a tax rate r  0 under which each member 
in S earns a nonnegative profit and no entry will occur in 
the industry. 

Now let us discuss the situations for coexistable sub- 
sets. Obviously the number of coexistible subsets of N is 
finite.  

Lemma 2: For any coexistiblesubset S of firms, there 
must exist a maximal tax rate  such that under 
this tax rate S remains coexistible and at least one mem- 
ber in S has 0 equilibrium profit. 

   0hr S

Proof: Because S is coexistible, there is a tax rate 
 under which each member in S earns nonnegative 

profit and no entry occurs in the industry. When the tax 
rate increases, by Lemma 1 no entry can occur, and at the 
same time the profit of each of the existing firm is re- 
duced gradually. Note that each existing firm’s profit 
depends on r continuously, and as a result the smallest 
profit among them also continuously depends on r. The 
smallest profit is negative when r is increased to 1, by 
continuity there must exist some tax rate 

0r 

  0hr S  
making this smallest profit exactly equal to 0. 

Lemma 3: For any coexistible subset S of firms, either 
there exist some   0lr S   such that entry into the in- 
dustry will start to occur under this tax rate, or entry 
never occurs even the tax rate is reduced to 0. 

Proof: The argument is trivial. 
Let S be a coexistible subset of firms. Now we con- 

sider two different cases in Lemma 3. 
Case 1: Suppose entry will occur when tax rate is re- 

duced to rl(S). 
The tax revenue T(S,r) for the government from these 

firms is continuously dependent on r in the interval on 
   , r S lr S h . In this interval, there is a least upper 

bound on government revenue. If it can be attained at 
some r-value  *r S  within the half open interval, we 
will denote it  *T S ; if it is cannot attained within this 
interval, we define: 

 
 

  lim , ,
l

l
r r S

T TS S T
 

   S r


r S  

Note that  ST  cannot be precisely achieved, but 
can be approximately achieved as r is reduced to suffi- 
ciently closed to but not equal to rl(S). 

Case 2: entry will never occur 
When r varies from 0 to rh(S), the firms in S are al- 

existible. Again we use  ways co *T S . 
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try, to find  3hr S , we set  for Equation (17). 
Solving the equation gives us . When r 
decreases from 8.35% to 0, no entry will occur. 

0i 
3hr S  8.35%

Denote  ~T S  to be either  *T S  or  ST

ich 
. As 

th

ach subset S of coexistible firms, 
le

ere are a N − 1 coexistible su ets, wh is fi- 
nite,   ~ :T S S N  has finite elements. Therefore, a 
maxim  all the elements TM exists as ei- 
ther a maximum value achievable or a supremum. 

To sum up we have 

t most 2

 value am

bs

um ong Government’s Revenue Function is: 

 rT rPQ r a Q Q              (18) 

Substitute Equation (9) into Equation (18): Proposition 1: For e
t  ~r S  be  *r S  or rl(S), dependent on whether or 

not axim f T(S) can be achieved within 
   ,l hr S r S  . Let  ~T S  to be either 

the m um o
 *T S  or 

max . Then TM is either the 
s the least upper bound. 

 S . Let T M

maximum revenue achievable
 ~

s S
, 

T T
or i

 
 2 1 11

3 3 1
7 7

16 1 1

nr nc c
T r a a

r rn

r

r r

      

         





    (19) 

4. Numerical Examples 

on govern- 

potential firms in total in the in- 
du

ign the values for parameters as fol- 
lo

a c f N 

Take the first-order derivative of Equation (19): 

 3

147 33 51

16 16 1

T

r r


 

 

r
         (20) To better illustrate the optimization process 

ment’s decisions, we give a simple example with all 
firms to be identical.  

Suppose there are 5 
Take the second-order derivative of Equation (19): 

 


2

2 4

768 1632
0 for 0,0.0835

256 1

T r
r

r r

 
  

 
stry, i.e. N = 5.  
We randomly ass

    (21) 

ws: 
 

7 1 2 5 

By first-order derivative test, T r   is increasing for 
 0,0.0835r . Thus  

 0r . Therefore T 
is an increasing function on 

18 for 0,0.0835T r T r r      
 0,0.0835r . So we have 

   * 0.0835 0.950T S T  
s all firms are identical, all subsets of n firms, de- 

no

3

We continue to solve the cases with subset S2 and S1 
by similar methods and the results are shown in Table 1: 

. 
A
ted by Sn, are exactly the same combination as long as 

nis fixed. We can simplify Equation (13) into 

 
 

21 c 2
2

1 2
11

i r a ac f
rn

        
   (16) 

Substitute the values into above equation: 

We plot T(Sn) against r for n = 1, 2 and 3, as shown in 
Figure 2. 

 
 2

1 1 
49 1 14 2

11
i r

rn
       

    (17) 

when r = 0, n = 5, we get 

The result shows that government can achieve the 
maximum revenue of 6.426 by imposing a revenue tax at 
the rate of 60.23% and when only one firm remaining in 
the industry.  

5. Social Welfare Perspective 

1 0i    ; 
existible. 

i.e. the subset 

i.e. the 
su

consisting all 5 firms is non-co
When r = 0, n = 4, we get 0i  

The total profit earned by the firms can be obtained by 
summing Equation (12) across the n existing firms, 
w h i c h  i s    1 1 1 ii i i  

, 
where Q is the total harvest of all existing firms. Then 
the government’s revenue is 

1i
. Define W 

as the net return from the entire fishery industry that is 
the summation of total profit from all the firms and the  

 1
n n n

i i ir a Q q c q f     

  n

ir a Q q 

.56 0 ; 
existible. bset consisting 4 firms is non-co

When r = 0, n = 3, we get 0.25 0i   ; i.e. the sub- 
se

in the indus-  
t consisting 3 or less firms ar
For subset S3 consist of 3 firms operating 

e coexistible 

 
Table 1. Calculations results 1. 

  lr S  hr S    *r S   *T S   T S  

S5 Non-coexistible 

S4 Non-coexistible 

S3 0 8.35% 8.35% 0.950 - 

8.  S2 35% 37.98% 37.98% 4.649 - 

S1 37.98% 60.23% 60.23% 6.426 - 
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Figure 2. Tax Revenue against Tax Rate. 
 

overnm

i      (22) 

Instead of achieving maximum revenue, g
ca

g ent’s revenue, i.e.: 

   
n

W r a Q  
1 1 1

n n

i i i
i i i

q c q f
  

  

overnment 
n also set tax rate r targeting to maximizing social 

welfare. The process of determining this r can follow the 
same method of finding the tax revenue maximization 
tax rate.  

For each S of coexistible firms, consider welfare W(r) 
when r varies in    ,l hr S r S  . Either the maximum 

 *W S  is attained with terval at some in the in  *
Wr S , 

or t upremum  *W S  is achieved as r tends to ) 
from the right. Very h similar to the arguments for 
Proposition 1, we have 

Proposition 2: For each subset S of coexistible firms, 
let  *

he s rl(S
muc

  r S  be  Wr S  or  lr S , dependent on 
whether not the maxi um soci elfare of W(S)can 
be achieved within  

 or m al w
 ,l hr S r S  . Let  ~W S  to be 

either  *W S  or  W S . Let  ~maxM S . 
Then WM is either t ximum  welfare ac -
able, or is the least upper bound. 

In the example of identical firms above, substitute 
Eq

 
hiev

sW W
he ma social

uations (9) and (10) into Equation (22), we get the 
welfare function when all firms are identical: 

 
 

   
2

21 2
n c

W r r a ac


   
2 11

1 1

rn

nc c
r a a nf

r r


 

          

   (23) 

Plot W(Sn) against r for n = 1, 2 and 3. 
t imposes a tax 

ra
Figure 3 shows that when governmen
te larger than but extremely close to rl(S3) = 37.98%, 

the social welfare can be ultimately close the maximum 
value. Yet this maximum value can never be exactly 
achieved. However, this preferred tax rate is clearly dif- 
ferent with the tax rate that achieving TM, which is 
53.18%.  

 

Figure 3. Social Welfare against Tax Rate. 
 

In above example, we notice that social welfare is 
maximi opo

his ma  the 
e

zed when the firm is operating as a mon
y due to a relative large fixed cost compare to

list. 
T
d mand. Explicitly speaking, when firm quits with an 
increasing tax rate, the increase in demand is less than 
the decrease in total fixed costs; and hence the total re- 
turn from the entire industry increases. Next we reduce 
the fixed cost of each firm to 0.7 to see whether social 
welfare will still be maximized in monopoly market.  

In a new example, the parameters have following val- 
ues: 

 
a c f N 

7 1 0.7 5 

 
Calc n results are listed in T le 2 below: 
Figure 4 plots bo ax revenu nd social welfare 

against rate. 
n duo- 

po

In the above discussion so far we did not directly con- 
e 

wa  it’s the one period welfare. In the long 

ulatio ab
th t e a

In this example, social welfare is maximized i
ly market with a tax rate of 60.01%; while the maxi- 

mum tax revenue, 7.56, is achieved when the tax rate is 
64.28% and 2 firms remain in the industry. Again, the 
two goals are achieved at different tax rate. 

Generally speaking, government can target to either 
maximize its revenue T or social welfare W but hardly to 
achieve both of them simultaneously. 

6. Taxation as a Measure for Protection of  
Resource 

sider the resource constraint, and when social welfar
s considered,

term an economy may also need to consider resource 
protection. Fortunately in our model, the government 
could use taxation to control the total amount of resource 
being consumed.  

Actually it is easy to see that, when the tax rate is in- 
creased, the total amount Q harvested is reduced, as is 
stated in. 
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Table 2. Calculat 3. 
 

ion esults 2

  lr S  

 r

 hr S   *r S   * S  T  T S   *

Wr S   *W S   W S  

S5 0 22.61% 22. 22.61% 2.415 - 61% 2.413 - 

S4 22.61% 39.06% 39.06% 4.543 - 39.06% 4.543 - 

39.  

7.  

S3 06% 52.90% 52.90% 6.467 - 52.90% 6.467 - 

S2 52.90% 64.28% 64.28% 7.560 - 60.01% 7.600 - 

S1 64.28% 73.37% 67.59% 6.671 - 64.28% - 49

3    *  re the tax rat hat maxim  welfare.  (or Wr S presents e t izes social  *T S   ) is *

Tr S  denote rate that  tax revens the tax maximizes ue and *W S the 

 tax r  social we  it can b chieved max mimu evenue (or lfare) when e exactly a and    (or R S W S ) is the s  tax reven cial welfa en it 

 exactly achieve. 

upreme of ue  so(or re) wh

cannot be

 

 

Figure 4. Revenue and Social Welfare against Tax Rate. 
 

Proposition 3: For any coexistible subset S of firm as 
th

duced. 

s, 
e tax rate r increases, the total quantity harvested Q is 

re
Proof: Rewriting Equation (9): 

    
1

1
iina

n



         (24) 

Note that, when r increases, the seco
right-hand side has a larger absolute value
Q is smaller. 

note that, when the firms are asymmetric, 
th

a = 7. However, now the 
fir
co

1

1 1
Q

n r
 

 

n
c

nd term in the 
, and as a result 

Remark: While the proof of Proposition 3 is easy, the 
result is not completely trivial. From equation (10), it is 
interesting to 

e firm with the smallest marginal cost might increase 
its output when the tax rate r increases, yet the industry 
total output is always reduced. This is an important fea- 
ture for an oligopoly industry. 

It can be better illustrated with the following example. 
To be consistent, we again assume that there are 5 

firms in the market and keep 
ms are asymmetric, their marginal costs and fixed 
sts differ with each other. They are listed as follows: 

i  2 3 4 5 

ci 0.5 1.2 1 0.9 1.1 

fi 2 0.4 0.6 0.7 0.5 

 
Note that firm 1 is the leading firm in the market, 

wh h has t  smalle inal cost.  
Set tax rate r as 8%. We calc late each firm’s harvest 

according t quatio 0): 

q  q  q  q  q  Total (Q)

ic he st marg
u

o E n (1
 

1 2 3 4 5

1.47 0.71 0.93 1.04 0.82 4.98 

Now we assume the tax rate increases to 10%. The 
harvest of each firm becomes: 

 
q1 q2 q3 q4 q5 Total (Q)

1.48 0.70 0.93 1.04 0.81 4.96 

 
In this example, we can see that with tax rate increa- 

sing from 8% to 10%, although the total production 
dr d by 0.02, firm 1’s individual harvest raised from 
1.4  1.48. is is a eature of an  
ma with pres of a ing  
ca general result: 

oppe
7 to Th noteworthy f oligopoly
rket  the ence  lead firm. In fact we

n state a 
Proposition 4: In an oligopoly industry with n firms, as 

the corporate tax rate r increases, any member with its 
marginal cost less than  1n n   of the average mar- 
ginal cost will increase its output. 

Proof: Let c be the average marginal cost:  

1

1 n

jj
c

n 
  . Suppose for firm i it holds that c

11 1
n j

i j

cnc
c

n n
 

  . Th ivalent to  is is equ

Recall Equ

n  1
1

n

i jj
c c


   , or i jj i

nc c
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ation (10): 
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Now the second  in the right-h d side is positive, 
and as r increases its value increases. 

 3, for resource protection the 
government could always choose a tax rate making sure 
the total resource consumed does not exceed some upper 
bound. With this additional constraint the government 
co

diffe
 fixed costs are applied to different
In this dynamic model, with a s

,” 

doi:10.1016/0308-597X(92)90006-B

 term an

In view of Proposition

uld redo the calculations, discovering an optimal tax 
rate to maximize the per-period social welfare and at the 
same time protecting the resource for long term con- 
sumption. In view of Proposition 4, increasing tax rate in 
the long run will force firms with backward technology 
(with higher MC) to exist and encourage firms with more 
advanced technology (with lower MC) to enter. 

7. Conclusions 

Throughout the paper, non-cooperative game theory is 
used to model the strategic interactions between fishery 
firms and the government.  

We construct a dynamic model in which rent 
 marginal costs and

firms respectively. peci- 
fied tax rate, firms may earn negative profits due to the 
presence of fixed costs. Hence it may choose to retire 
from fishery. Government will revise the tax rate ac- 
cording to its goal because of the changes in the number 
of firms and the existing firms’ strategies. New tax rate 
will induce firms’ new decisions. The iteration will go on 
until equilibrium achieved when government accom- 
plishes its goal and no existing firms chooses to quit. The 
dynamics in this model makes the government revenue 
and net return are not always continuous in r (tax rate). 
However, we can determine the optimal r by a discrete 
optimization process. We assert that government can set 
a tax rate either to achieve (or to be infinitely closed to) 
the maximum revenue or to achieve (or to be infinitely 
closed to) the social welfare maxima. It is hard to find a 
single tax rate that can achieve both goals simultaneously. 
Moreover, taxation on fishing firms’ revenues can be 
used as a tool for protecting fishing resources. When 
government increases tax rate, the total production will 
always reduce. One interesting point to note here is that, 
even though the total production reduces, the leading 
firm with the smallest marginal cost in an oligopoly mar- 
ket might still increase its production. 

Based on the model constructed, the existence of fi- 
shery conflicts paradigm is revealed automatically. Now- 
adays, because of the upsurge discussion on environ-
mental sustainability among the public, policy makers 
pay most of their attention to resource maintenance. 
However, conflicts are prevalent because of the poor 
implementation and enforcement of most fishery laws 
and regulations. Thus, it is necessary to involve all 
stakeholders in the fishery industry and related sectors as 
well as the policy makers and fisheries managers in a 

thorough and periodic review of policies and institutions. 
This paper suggests that future policy making should 
take into account of thorough argumentation in favor of 
the necessity not only to maintain the natural resources 
but also to increase yields and social welfare in future. 
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