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Tax policy – is it a better alternative to patent policy? 

 

1. Introduction 

The common wisdom suggests that patent protection is not required if the patent authorities 

and the innovators have similar information. As nicely summarised by Scotchmer (1999), 

“Firms have better information on the costs and benefits of R&D than the government has and 

can thus make better decisions. If the patent authorities were as well informed as firms, a better 

system would be to commission R&D directly. Firms could then be remunerated using optimal 

taxation rather than patents, which would reduce deadweight loss to consumers.” 1 

 There are two important aspects in the above quote: information asymmetry and 

optimal taxation. If the innovators have better information than the government, there is a 

debate on the usefulness of the patent system. On one hand, patent system may create 

duplication of R&D costs and as Wright (1983) suggested, other reward systems may dominate 

the patent system. On the other hand, Loury (1979) suggested that patent system may benefit 

by increasing R&D expenditure, which, in turn, accelerates innovation. Even if the benefit from 

higher expenditure dominates the cost of duplication, a patent system may not use the private 

information efficiently. See Gandal and Scotchmer (1993) and Minehart and Scotchmer (1999) 

for the implications of private information. 

 We focus on the other aspect, i.e., optimal taxation. We show that even if there is no 

informational problem but optimal taxation is not possible due to the reasons discussed later, a 

patent system will be preferable than a tax/subsidy scheme depending on production efficiency 

created by the patent system by eliminating imperfect imitation, which is the reason for higher 

 
1 It is generally believed that patent protection encourages innovation and increases social welfare, thus creating 
“dynamic efficiency”. However, it also creates a “static inefficiency” problem by increasing product market 
concentration. The optimal patent protection must take into consideration the issue of static inefficiency vs. 
dynamic efficiency (Leffler and Leffler 2004, Ordover 1991, O'Donoghue and Zweimiuller 2004, etc.). 
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marginal costs of the imitators compared to the innovator. Patent system is preferable than a 

tax/subsidy scheme with no patent protection if the marginal costs of the imitators are 

sufficiently higher than that of the innovator.  Our result holds under both Cournot and Bertrand 

competition. The consideration of a single innovator in our analysis eliminates the effects of 

the patent race mentioned above, and the production inefficiency created by imitation is the 

reason for our result. 

 We considered that patent protection eliminates imitation while the tax/subsidy scheme 

generates imperfect imitation. Hence, it is implicit that the patent breadth is large enough to 

eliminate imitation. On the other hand, the complexity of the technology and/or the efficiency 

of the imitators in imitating the technology of the innovator may determine the extent of 

imperfect imitation under the tax/subsidy scheme. If the technology is complex and/or the 

imitators are not very efficient in imitating, our result suggests that patent protection with 

maximum patent breadth (which eliminates imitation) is better than the tax/subsidy scheme. 

However, if the technology is not complex and the imitators are efficient in imitating, a patent 

protection with maximum patent breadth is not better than the tax/subsidy. In this situation, the 

authority can choose an appropriate patent breadth to replicate the outcome of the tax/subsidy 

scheme, implying that the tax/subsidy scheme and the patent system with an appropriate patent 

breadth will create the same welfare. Thus, our paper also contributes to the literature on patent 

design (see, e.g., Arrow, 1962, Nordhaus, 1969, Scherer, 1972, Gilbert and Shapiro, 1990, 

Klemperer, 1990 and Gallini, 1992; see, Langinier and Moschini, 2002, for a nice overview of 

this literature). 

 There are some other papers (O’Donoghue et al., 1998, Scotchmer, 1999 and Cornelli 

and Schankerman, 1999) looking at the optimal patent system in the presence of a single 

innovator. However, the focus of those papers is on the informational problems, while our 

argument is based on production inefficiency. 
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 There is an existing literature showing the effects of tax/subsidy policies on innovation 

and on investment in general. See Leahy and Neary (2009) for a nice survey of this literature. 

However, that literature did not consider how a tax/subsidy scheme performs in relation to a 

patent policy, which is the focus of our paper. 

 We assume that the government cannot choose optimal taxation. If a government can 

choose optimal taxation, it can impose discriminatory per-unit output tax on the imitators to 

induce them to exit the market, thus eliminating production inefficiency. However, as 

mentioned in Coşgel (2006, p. 333), “The cost of administering a system with discriminatory 

rates can be very high when the characteristics of tax payers do not differ systematically or 

when these differences cannot be easily observed. It is generally easier to identify differences 

between the sectors of the economy than within each sector, making it harder to implement 

discriminatory rates within a sector.” Heady (1993) also discusses the limitations of optimal 

taxation due to administrative and compliance costs. Hence, if the government needs to use 

uniform tax, it is better for the government to use non-distortionary lump-sum profit tax, which 

we consider in our analysis. 

The remainder of the paper is organised as follows. Section 2 describes the model and 

shows the results under Cournot competition. Section 3 considers the case of Bertrand 

competition. Section 4 concludes. 

  

2. The model and the results under Cournot competition 

2.1. Patent protection to induce innovation 

Assume that there is an innovator, called firm 1, which invests an amount R to invent a new 

product. We normalise the marginal cost of producing the product by firm 1 to 0. If there is 

patent protection, firm 1 produces the good as a monopolist, implying that the patent breadth 

is large enough to eliminate imitation. We will discuss below the implications of a smaller 
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patent breadth. However, if there is no patent protection, we assume that (n – 1) number of 

firms imitate the technology of firm 1, and each imitator produces the good with the marginal 

cost c ≥ 0, implying that imitation can be imperfect, and as mentioned in the introduction, the 

complexity of the technology and/or the efficiency of the imitators in imitating the innovator’s 

technology may be the reason for imperfect imitation. All firms compete like Cournot 

oligopolists. We will consider Bertrand competition in Section 3. 

 To show our results in the simplest way, we assume in this section that the products are 

homogeneous and the inverse market demand function for the product is 1P q= − , where P is 

price and q is the total output. We also assume that 
2

2

(1 ( 1) ) 1( , )
( 1) 4

n cR
n

+ −
∈

+
. It will be immediate 

from our analysis that if 
2

2

(1 ( 1) )
( 1)

n cR
n

+ −
<

+
, there will be no need for patent protection or a 

tax/subsidy scheme to induce innovation, since the innovator has the incentive to innovate the 

technology even if (n – 1) firms imitate the technology and compete with the innovator.  

 If there is patent protection, straightforward calculation shows that the equilibrium net 

profit of firm 1 is 1
1
4

P Rπ = − , which is positive since 1
4

R <  by assumption. Welfare under 

patent protection is 3
8

PW R= − . 

  If there is no patent protection, the equilibrium net profit of firm 1 under innovation can 

be found as 
2

1 2

(1 ( 1) )
( 1)

NP n c R
n

π + −
= −

+
. We have assumed 𝑅𝑅 > (1+(𝑛𝑛−1)𝑐𝑐)2

(𝑛𝑛+1)2 , implying that firm 1 

will not invent the technology in the absence of patent protection, and the corresponding 

welfare will be zero. 

Hence, patent protection can generate welfare 3
8

PW R= −  by inducing innovation. 
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2.2. Tax/subsidy scheme to induce innovation 

 Now consider a situation with no patent protection, but the government imposes tax on profits 

and lump-sum tax on the consumers and uses the tax revenue to cover any loss of the innovator 

due to imitation. This can happen provided the sum of total gross industry profit and consumer 

surplus is higher than the cost of R&D, i.e., if welfare is positive. 

 If n firms (i.e., the innovator and (n – 1) imitators) produce like Cournot oligopolists, 

straightforward calculation gives the equilibrium output of the innovator and the ith imitator as 

,
1

1 ( 1)
1

NP t n cq
n

+ −
=

+
 and , 1 2

1
NP t
i

cq
n
−

=
+

, i = 2, …, n, respectively. We assume that 1
2

c < . The 

gross equilibrium profit of the innovator and the ith imitator are respectively 

2
,

1 2

(1 ( 1) )
( 1)

NP t n c
n

π + −
=

+
 and 

2
,

2

(1 2 )
( 1)

NP t
i

c
n

π −
=

+
, i = 2, …, n.2 The government can raise a tax 

revenue and can use the tax revenue to subsidise the innovator for any loss due to imitation if 

the sum of total gross industry profit and consumer surplus is higher than the cost of R&D, i.e., 

2 2 2

2 2 2

(1 ( 1) ) ( 1)(1 2 ) ( ( 1))
( 1) ( 1) 2( 1)

n c n c n c n R
n n n

+ − − − − −
+ + >

+ + +
 or 𝑛𝑛(2+𝑛𝑛)+𝑐𝑐2(−1+𝑛𝑛)(5+3𝑛𝑛)−2𝑐𝑐(−2+𝑛𝑛+𝑛𝑛2)

2(1+𝑛𝑛)2
 > R, 

which is satisfied since 1
4

R <  by assumption. 

Welfare under the tax/subsidy scheme is 

2 2 2
,

2 2 2

(1 ( 1) ) ( 1)(1 2 ) ( ( 1))
( 1) ( 1) 2( 1)

NP t n c n c n c nW R
n n n

+ − − − − −
= + + −

+ + +
. 

 

2.3. Comparing welfare 

 
2 For simplicity, we impose tax on the gross profit of the innovator, i.e., excluding the R&D cost. The result will 
not be affected even if we impose tax on the net profit of the innovator, i.e., including the R&D cost. 
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Now compare welfare under “patent protection” and “no patent protection with tax/subsidy”. 

We find that ,NP t PW W≥
<

 if 
2 2 2

2 2 2

(1 ( 1) ) ( 1)(1 2 ) ( ( 1)) 3 0
( 1) ( 1) 2( 1) 8

n c n c n c n
n n n

+ − − − − − ≥
+ + −

+ + + <
 or 

*3
10 6

nc c
n

≤ +
≡

> +
, where * 1(0, )

2
c ∈ . 

Both the patent system and the tax/subsidy scheme induce innovation for 

2

2

(1 ( 1) ) 1( , )
( 1) 4

n cR
n

+ −
∈

+
, and the patent system generates higher welfare and therefore, is 

preferable compared to the tax/subsidy scheme for * 1( , )
2

c c∈ . 

The reason for the above result is as follows. The tax/subsidy scheme increases 

competition but also creates production inefficiency in the industry if the marginal costs of the 

imitators are higher than that of the innovator. On one hand, higher competition under the 

tax/subsidy scheme increases the total output compared to patent protection and tends to 

increase welfare. On the other hand, production inefficiency under the tax/subsidy scheme 

tends to reduce welfare by increasing the cost of production in the industry. This happens since 

the imitators steal business from the innovator, implying that some of the outputs produced by 

the innovator under the patent system will be produced by the relatively high-cost imitators 

under the tax subsidy/scheme. If the marginal costs of the imitators are sufficiently higher than 

that of the innovator, the production inefficiency effect dominates the competition effect and 

the tax/subsidy scheme reduces welfare compared to patent protection.3 In this situation, patent 

protection with a maximum patent breadth that eliminated imitation is preferable than the 

tax/subsidy scheme even if there is no informational problem between the firms and the 

government. 

 
3 In different contexts, Klemperer (1988) and Lahiri and Ono (1988) discussed similar effects of competition and 
production inefficiency under Cournot competition. 
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 The tax/subsidy scheme creates higher welfare and therefore, is preferable compared to 

patent protection for *(0, )c c∈ . As discussed in the introduction, this result holds if the patent 

breadth is large enough to eliminate imitation. However, the authority can choose an 

appropriate patent breadth to replicate the outcome of the tax/subsidy scheme. Hence, for 

*(0, )c c∈ , the tax/subsidy scheme and the patent system with an appropriate patent breadth 

will create the same welfare. 

 The above discussion is summarised in the following proposition. 

 

Proposition 1: Consider 
2

2

(1 ( 1) ) 1( , )
( 1) 4

n cR
n

+ −
∈

+
. The patent system preventing imitation is 

preferable than the tax/subsidy scheme for * 1( , )
2

c c∈ . If *(0, )c c∈ , the tax/subsidy scheme 

and the patent system with an appropriate patent breadth will generate the same welfare. 

 

3. The case of Bertrand competition 

The purpose of this section is to show that the result shown in the previous section under 

Cournot competition also holds under Bertrand competition. 

 We assume in this section that the inverse demand function faced by the ith firm, i = 1, 

2, …, n, is given by 
1

1 –  –  
n

i i j
j

P kx xγ
=

= ∑ , i j≠ , where k = ( )( )1   –  1 1 –  n γ+   . The 

corresponding demand function is given by 
( )( )

( ) ( )
1

   [  –  2   ]

  –     –  
x

1

n

i j

i
j

P k n P

k k n

k γ γ

γ γ

γ
=

+ +

+

− −
=

  

∑
, 

i j≠ . This demand function is similar to Shubik and Levitan (1980), and follows from the 
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utility function 2

1 1

1 [ 2 ]
2

n n

i i i j
i i i j

U x k x x xγ
= = ≠

= − −∑ ∑ ∑ . Under this utility function and the demand 

structure, the market size is not affected by the number of products. 

 

3.1. Patent protection to induce innovation 

If there is patent protection and only firm 1, the innovator, produces the product, like subsection 

2.1, we get the equilibrium net profit of firm 1 as 1
1
4

P Rπ = − , and the corresponding welfare 

as 3
8

PW R= − .  

We assume that 1( , )
4

R∈ Ω , where 

2 2 2

2 2

[ ( 2)][2 (3 ( 2)( 1) 2 ) ( 5 ( 1) 2 )]
( )[2 ( 3)] [ ( 1)][2 (2 3)]

k n k c n n n k c n n
k k n k n k n

γ γ γ
γ γ γ γ

+ − + + − − − + − + − +
Ω =

− + − + − + −
  implying that 

firm 1 will not innovate in the absence of patent protection and tax/subsidy scheme, since, in 

the absence of patent protection and the tax/subsidy scheme, the net profit of firm 1 will be 

1 0NP Rπ = Ω− <  . 

 

3.2. Tax/subsidy scheme to induce innovation 

Now consider the tax/subsidy scheme, which will induce the innovator to innovate if the tax 

revenue can at least cover the cost of R&D, and this can happen if the welfare is positive. 

 If n firms (i.e., the innovator and (n – 1) imitators) produce like Bertrand oligopolists, 

given the demand and cost functions, we get the equilibrium prices charged by the innovator 

and the ith imitator as 
2 2

,
1

[2 (3 ( 2)( 1) 2 ) ( 5 ( 1) 2 )]
[2 ( 3)][2k (2 n 3)]

NP t k c n n n k c n nP
k n

γ γ
γ γ

+ + − − − + − + − +
=

+ − + −
 and 

2 2 2
, [2(1 ) (3 2 ( 2) 2 ) ( 5 4 ( 2) 2 )]

[2 ( 3)][2k (2 n 3)]
NP t

i
c k c n n k c n nP

k n
γ γ

γ γ
+ + + − − + − + − +

=
+ − + −

, i = 2, …, n, 
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respectively. The corresponding outputs are 

2 2
,

1
[( ( 2))(2 (3 ( 2)( 1) 2 ) ( 5 ( 1) 2 ))]

( )[2 ( 3)][ (n 1)][2 (2n 3)]
NP t k n k c n n n k c n nq

k k n k k
γ γ γ

γ γ γ γ
+ − + + − − − + − + − +

=
− + − + − + −

 and 

2 2
, [( ( 2))(2(1 ) (3 ( 1) 2 ) ( 5 2 ( 2) 2 )]

( )[2 ( 3)][ ( 1)][2 (2n 3)]
NP t
i

k n c k c n n k c n nq
k k n k n k

γ γ γ
γ γ γ γ

+ − − + + − − + − − − +
=

− + − + − + −
, i = 2, …, n. 

We assume that 2 2

( )[2 (2 3)]
2 2 ( 2) ( 1)

k k nc
k k n n

γ γ
γ γ

− + −
<

+ − − −
. 

The gross equilibrium profit of the innovator and the ith imitator are respectively 

2 2 2
,

1 2 2

( ( 2))[2 (3 ( 2)( 1) 2 ) ( 5 ( 1) 2 )]
( )[2 ( 3)] [ (n 1)][2 (2 n 3)]

NP t k n k c n n n k c n n
k k n k k

γ γ γπ
γ γ γ γ

+ − + + − − − + − + − +
=

− + − + − + −
 and 

2 2 2
,

2 2

( ( 2))[2(1 ) (3 ( 1) 2 ) ( 5 2 ( 2) 2 )]
( )[2 ( 3)] [ ( 1)][2 (2 n 3)]

NP t
i

k n c k c n n k c n n
k k n k n k

γ γ γπ
γ γ γ γ

+ − − + + − − + − − − +
=

− + − + − + −
, i = 2, …, n.4  

The government can raise a tax revenue equal to the cost of R&D and can use this tax 

revenue to subsidise the innovator for the cost of R&D provided the sum of total gross industry 

profit and consumer surplus is higher than the cost of R&D, i.e., 

2

2

2 4 3 2 2

4 3

2

( ( 2))[2 ( )(3 ( 4))( 1)(2 (2 3))
( )(3 ( 4)) (2 (2 3))

( 1)( 12 28 ( 2) ( 89 (89 20 ) )
( 1)(6 ( 6) ) 2 ( 2)(13 (2 13)))]
2( )[2 ( 3)] [ ( 1)][2 (

k n c k k n n k n
k k n n k n

c n k k n k n n
n n n k n n n

k k n k n k

γ γ γ γ

γ γ γ

γ γ

γ γ
γ γ γ γ

+ − − + − − + −

− − + − + −

+ − − − − + − + −

+ − + − − − + −
− + − + − + 22 3)]

R
n

>
−

, 

and this will happen since 1
4

R <  by assumption. 

 
4 For simplicity, we impose tax on the gross profit of the innovator, i.e., excluding the R&D cost. The result will 
not be affected even if we impose tax on the net profit of the innovator, i.e., including the R&D cost. 
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Welfare under the tax/subsidy scheme is 

2

2

2 4 3 2 2

4 3
,

2

( ( 2))[2 ( )(3 ( 4))( 1)(2 (2 3))
( )(3 ( 4)) (2 (2 3))

( 1)( 12 28 ( 2) ( 89 (89 20 ) )
( 1)(6 ( 6) ) 2 ( 2)(13 (2 13)))]
2( )[2 ( 3)] [ ( 1)]

NP t

k n c k k n n k n
k k n n k n

c n k k n k n n
n n n k n n nW

k k n k n

γ γ γ γ

γ γ γ

γ γ

γ γ
γ γ γ

+ − − + − − + −

− − + − + −

+ − − − − + − + −

+ − + − − − + −
=

− + − + − 2[2 (2 3)]
R

k nγ
>

+ −
. 

 

3.3. Comparing welfare 

Now compare welfare under “patent protection” and “no patent protection with tax/subsidy”. 

It can be shown that ,NP tW  is higher (lower) than PW  if c is lower (higher) than a critical value, 

say, **c . Since the expression for **c  is complicated, we use an example here to show that a 

result similar to Proposition 1 holds. 

We plot ,( )NP t PW W−  in Figure 1 for n = 2 and .5γ = . It is immediate from the figure 

that the tax/subsidy scheme creates higher (lower) welfare compared to patent protection for 

smaller (larger) values of c, implying that the tax/subsidy scheme is preferable (not preferable) 

to the patent system for smaller (larger) values of c. However, if c is small, an appropriate 

patent breadth will create the same welfare under the patent system and the tax/subsidy system. 
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Figure 1: ,( )NP t PW W−  for n = 2 and .5γ =  

 

 The above analysis shows that the results under Bertrand competition are similar to that 

of Cournot competition. The reasons for the results under Bertrand competition are similar to 

that of under Cournot competition. 

 The following proposition summarises the result under Bertrand competition. 

Proposition 2: Consider 1( , )
4

R∈ Ω . The patent system preventing imitation is preferable than 

the tax/subsidy scheme for sufficiently higher values of c. If c is not sufficiently high, the 

tax/subsidy scheme and the patent system with an appropriate patent breadth will generate the 

same welfare. 

 

4. Conclusion 

The patent system is used quite commonly to encourage innovative activity. However, there is 

also an undesirable effect of the patent system known as the “static inefficiency” problem. This 

arises because the patent system grants monopoly rights to the patent holder, which, in turn, 

0.2 0.4 0.6 0.8
c
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restricts output to increase profit. It is generally believed that patent protection is not required 

if the patent authorities and the innovators have similar information (Scotchmer, 1999). 

 We show that even if there is no informational asymmetry between the firms and the 

government, there is still a case for patent protection. Patent protection is preferable to a 

tax/subsidy scheme with no patent protection if the marginal costs of the imitators are 

sufficiently higher than that of the innovator, which may happen if the technologies are 

complex and/or the imitators are inefficient in imitating the innovator’s technology. Otherwise, 

the authority can choose an appropriate patent breadth to replicate the outcome of the 

tax/subsidy scheme. Our result holds under both Cournot and Bertrand competition. 
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