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QUANTIFYING OPTIMAL POLICY IN AN ENDOGENOUS MODEL:  

A THEORETICAL ANALYSIS 

The subject matter of research is the examination of the optimal public policy in an R&D-based endogenous growth model with 

monopolistic supply of intermediate goods. The goal of the work is to study whether an adequate government intervention can 

provide the required incentives to correct market inefficiencies and make the decentralized economy to replicate the optimal solutions 

attainable by a social planner. The article solves the following tasks: finding the model economy’s decentralized equilibrium and 

social optimal solution, comparison of the welfare effects of different fiscal variables, consideration of the different market distortions 

and the choice of the appropriate policy variables that allow the decentralized economy to achieve sustainable optimal growth. 

Methods of mathematical formulation, theoretical analysis and economic interpretations have been used.  The following results were 

obtained: the first-best optimum can be decentralized by means of a tax on capital income at a constant rate combined with equality 

between the share of public spending in the total expenditure on education and the tax on labor income and a time-varying subsidy to 

R&D. Conclusions. Investments in knowledge-capital are the principal determinants of economic development. Our model 

incorporates three sources of inefficiency: monopolistic competition in the intermediate-goods sector, duplication externalities and 

spillovers in R&D. To correct these imperfections and achieve sustainable optimal growth, the intervention of the state by an effective 

fiscal policy is necessary. 

Keywords: endogenous growth; R&D intensity; social planner; monopolistic distortions; optimal policy. 

Introduction 

 

There Fiscal policy has received much attention in 

the literature on taxation and growth. Numerous 

theoretical and empirical studies have been devoted to 

understanding the growth and welfare effects of various 

taxes and government expenditures and the optimal 

structure of tax systems (e.g., Chamley, 1986; Barro, 

1990; Turnovsky, 1996; Judd and Kenneth, 1999; Guo 

and Lansing, 1999; and Turnovsky, 2000). Almost all the 

theoretical studies in this literature use either neoclassical 

models or capital-based endogenous growth models. In 

the fully-industrialized phase three sectors are acting: the 

competitive final goods sector, the schooling sector where 

knowledge (human capital) is accumulated, and the 

intermediate goods sector which produces an increasing 

variety of goods due to R&D. In this sector there is 

monopolistic competition, so innovative firms charge a 

markup of price over cost and, therefore, production of 

intermediate goods is too low relative to its efficient 

value. 

However, monopoly power is not the only plausible 

source of inefficiency in R&D-based growth models. 

Thus, empirical evidence reported, e.g., by Griliches 

(1992) and Porter and Stern (2000) also supports the 

existence of R&D spillovers in innovation  a "standing 

on shoulders" effect (e.g., Jones, 1995). Engelbrecht 

(1997) and Del Barrio-Castro, Lopez-Bazo and Serrano-

Domingo (2002) find that R&D spillovers are actually 

statistically significant in empirical specifications that 

include human capital. Several authors have also pointed 

out that the R&D activity may be subject to an external 

effect associated to the duplication and overlap of research 

effort  a "stepping on toes" effect (e.g., Jones, 1995, 

Stokey, 1995). Intuitively, the larger the number of people 

searching for ideas is, the more likely it is that duplication 

of research would occur. Evidence of duplicative research 

has been found, e.g., by Kortum (1993) and Lambson and 

Phillips (2007). 

According with this empirical evidence, Grossmann 

et al (2010), Gόmez (2011) and Iacopetta (2011) have 

incorporated R&D spillovers in innovation and an 

externality associated to the duplication of research effort 

into the Arnold (2000a) and Strulik (2000) model. This 

raises the question of whether an adequate government 

intervention can provide the required incentives to correct 

these inefficiencies and make the decentralized economy 

to replicate the first-best solution attainable by a social 

planner. However, only a little number of these previous 

contributions has analyzed this issue. The majority of 

studies focus on studying the equilibrium dynamics of the 

market economy only. This paper seeks to fill this gap. 

In Arnold (2000b) studies the optimal combination 

of production and R&D subsidies in the Romer (1990) 

model. This model has been criticized because of the 

implied counterfactual scale effects and, furthermore, it 

does not include duplication externalities. Grossmann et 

al. (2010b) consider instead a semi-endogenous growth 

model à la Jones (1995), in which economic growth is 

driven solely by exogenous population growth. The 

introduction of human capital as an additional source of 

growth allows to overcome this shortcoming because 

economic growth is fully endogenous, Gomez and 

Sequeira (2011), i.e., ultimately driven by private 

incentives to invest in human capital. As argued by Strulik 

(2007), this also reduces the importance of R&D and, 

therefore, the role of externalities associated to innovation. 

Furthermore, Grossmann et al. (2010b) do not study 

analytically the stability of the centrally planned economy. 

Other related research has been made by Jones and 

Williams (2000), Alvarez-Pelaez and Groth (2005), Steger 

(2005) and Strulik (2007). These studies of the optimality 

of investments in R&D concentrate on the quantitative 

assessment of distortions on the steady state  

disregarding the transitional phase. Hence, the dynamic 

optimal policy is not analyzed. Furthermore, aside from 

Strulik (2007), their models do not allow for human 

capital accumulation. Grossmann, Steger and Trimborn 

(2010a) compute numerically the optimal policy in a 
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version of the Jones (1995) model with human capital 

accumulation calibrated to U.S. data. However, as it is 

subject to diminishing returns, human capital is not a true 

engine of growth and it assumes a stationary long-run 

value. Furthermore, the optimal fiscal policy is not 

characterized analytically. Grossmann et al. (2010a) take 

into account the transition dynamics in their numerical 

simulations, for tractability reasons they only consider 

policies in which the subsidy rates are constant over time. 

This paper aims to characterize analytically the 

optimal dynamic fiscal policy in R&D-based endogenous 

growth model which incorporates domestic innovation, 

investment in education, distance to technology frontier 

and external technology spillovers through import of 

technologically advanced products and foreign direct 

investment as engines of growth. The model incorporates 

three sources of inefficiency: monopolistic competition in 

the intermediate-goods sector, duplication externalities 

and spillovers in R&D. To this end, we analyze the 

efficient growth path that a benevolent social planner 

would implement. We aim to provide conditions for the 

existence of a unique feasible optimal steady state with 

positive long-run growth. The optimal growth path can be 

decentralized by means of a tax on capital income at a 

constant rate, an equality between the share of public 

spending in the total expenditure on education and the tax 

on labor income and a time-varying subsidy to R&D. 

Unlike previous works that rely solely on steady-state 

analysis, we take explicitly into account the transitional 

dynamics when evaluating the economic effect of 

removing the inefficiencies. 

The remainder of this paper is organized as follows: 

Section 2 describes the decentralized economy. Section 3 

analyzes the socially planned economy. Section 3 devises 

an optimal fiscal policy capable of decentralizing the 

optimal growth path and Section 4 concludes. 

 

The Market Economy 

 

Consider an economy where total supply of labor is 

constant  ,
t

L L t  . It consists of education sector 

knowledge (human capital) is accumulated and three other 

productive sectors: a final goods sector, an intermediate 

goods sector, and finally, a research sector. While the final 

goods sector and the R&D sector are competitive, the 

intermediate goods sector is monopolistic. The 

endowment of time is normalized as a constant flow of 

one unit per period. A fraction 
y

u of time is devoted to 

production of final goods, a fraction  
h

u to education, and 

a fraction 1
R y h

u u u    to innovation activities. 

The market for final goods is perfectly competitive 

and the price for final goods is normalized to one. Final 

output, Y is produced with a Cobb-Douglas technology: 

  
1

0

,0 1

A

i

y i
Y u H x di


 





     (1) 

Where, H is the level of total human capital, (1) is the 

human capital’s income share and 
it

x  is the amount used 

for each one of the A intermediategoods. To enter the 

intermediate sector, a firm must acquire a patent from the 

successful innovator which allows the firm to produce an 

improved differentiated intermediate by employing 

physical capital K and charge a monopoly price for the 

product. In the sector i, the production function of the 

quantity 
it

x  is specified as 
i

x K A . Profit maximization 

delivers the factor demands as follow: The interest rate 

 2r Y K , the wage rate per unit of employed human 

capital  1 /
y

w Y u H   and the price of the thi

intermediate goods is
1

0

A

i i i

i

p Yx x di
 







 
 
 

 . 

Each firm in the intermediate goods sector owns an 

infinitely lived patent for selling its variety 
i

x , which 

costs r unit of Y to be produced. For each unit sold of the 

intermediate goods producers receive a unit price 
i

p . 

Producers act under monopolistic competition and 

maximize operating profits:  i i i
p r x   . Profit 

maximization in this sector implies that each firm charges 

a price of  i
p r  . Under symmetric hypothesis, we 

have 
i

x x  and 
i

p p i  . Hence, the quantity of 

intermediates employed is 2 /xA Y r , firm profit is 

(1 ) /Y A     and 
0

A

i

i

x di Ax 



 . Substituting this 

expression into (1) yields  
1

y
y k Au h






 . Where, y, k 

and h are the final output, physical capital and human 

capital per worker, respectively.  

A representative household derives utility from 

consumption, c according to 

 
1

0

1
, 0

1

tt
c

e dt


 


 




 , (2) 

Where,  is the rate of time preference and  is the relative 

risk aversion. His human capital is accumulated according 

to: 

   1 .h h hh B u h D
   (3) 

Here, B is a positive technical parameter determining 

at what rate investments in the education sector are 

converted to a growth human capital, D  is the private 

expenditure on education per student and  0 1   

captures decreasing returns to teaching input. The fraction 

h
u  is not directly observed. It’ modeled in many studies 

by the ratio of the average number of years of schooling S 

to the life expectancy eL ;  /h eu S L .  

The budget constraint faced by a representative 

individual is given by the following equation: 

        1 1 1 1k w h h da ra w u h c s D         ,   (4). 

Where, a  is the average wealth and a  is its variation. k , 

w  and ds  are taxes on capital and labor incomes and 
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education subsidy accorded by the government. Empirical 

evidence shows that both types of school expenditure 

(private and public) are proportional on average. We then 

assume a linear relationship between the two variables 

defined as follows: 
priv pub

D D , where  is a positive 

constant.  

Let xg  denote x’s growth rate, 
x

g x x and 0x  the 

initial value of the variable x. The individual maximizes 

her intertemporal utility (1), subject to the human capital 

accumulation technology (3) and the budget constraint (4).  

The resolution of this program gives: 

1 1 1

0

0

0

11 1

0

0

log log

h

y pub

h

h

pub

h h

y

h

u Dy
h h B u

u h Y

D
g u

Y

u y
B

u h

  

 





  

 

  

 





     
     

    

     
     

  







 

 

This result shows that the education subsidy 

stimulates human capital accumulation, whereas the tax 

on labor income has a negative impact. This confirms the 

empirical evidence provided by Hanushek and Kimko 

(2000) and Pritchett (2001), Marcelo Soto (2006) and 

Florent (2016). From these equations, we deduce that the 

aggregate human capital H acquired through education 

can be expressed as follow: 

 

1

0
,

pub

h

D
S

Y
H H e






 
 
    (5) 

Where, 
pub

D

Y

 
 
 

 is the total public 

expenditure on education expressed as a percentage of 

GDP (Index of Education Quality) and 
h

  is the rate of 

return to schooling corrected by the quality index. In the 

R&D sector, the intervention of new intermediates 

according to following model: 

  sup

Externalit effectsup
Domestic innovation Technology spillovers

Distance to frontier

A A
M FDI

A u h A
R Y Y A

y




 





 
     
        

 

Where, 0    is a parameter of research 

productivity and  R
u h  represents average human capital 

devoted to innovation. Hence, this specification 

incorporates a duplication externality of research effort, as 

well as the potential for spillovers in R&D. We assume 

that 0 1   and 0 1 . The fraction 
R

u  is 

approximated by the proportion of scientists and engineers 

engaged in R&D 
R

L  to the total labor force L (see Ha and 

Howitt, 2007; Madsen, 2008; Madsen et al., 2010). It is 

parameterized by R

R

L
u

L

 
 

 

. The term sup
A  is the 

frontier technology. It measures the available "leading-

edge technology" and 
sup

sup

A A

A

 
 
 
 

 is the relative difference 

in total factor productivity of one economy from the 

global maximum. This term captures the idea that there 

are benefits to backwardness. M is nominal import of 

technologically advanced products from the industrial 

countries and (FDI/Y) is the share of inward FDI flows in 

GDP. In this model, we divide by GDP to allow for 

product proliferation and increasing complexity of new 

innovations as productivity increases (Ha and Howitt, 

2007). 

Since developing countries carry out little or, 

insignificant R&D activities, the degree of technological 

diffusion from countries close to the frontier is likely to be 

one of the key drivers to accelerate the TFP growth in 

those developing economies (Savvides and Zachariadis, 

2005). Coe et al. (1997) argue that total factor 

productivity in developing countries is positively and 

significantly related to R&D in their industrial country 

trade partners and to their import of technology. 

Innovation is usually embodied in capital and intermediate 

goods and therefore the direct import of these goods is one 

channel of international technology spillovers (Grossman 

and Helpman, 1991; Coe and Helpman, 1995). Foreign 

Direct Investment (FDI) by the Multinational 

Corporations (MNCs) may be another channel for the 

international transmission of technology (Savvides and 

Zachariadis, 2005). 

The rate of the subsidy to R&D is noted by R
s . This 

means that  1
R

s  represents the proportion of costs that 

are supported by the firm. Innovative firm profit is: 

   1 . .
R m

CTinv

AV s R M        (7) 

Where, 
R R

R wH wL h  , V is the value of an 

innovation and ˆ
Tinv

C  is the total cost supported by the 

firm. 
m

  is a positive constant inferior to the unity. An 

innovation is worth the present value of the stream of 

monopoly profits 

 

 

r s ds

t
t

tV e d



  


 


. Differentiating 

this expression with respect to time yields the no-arbitrage 

equation 
v

g r V  . 

The government takes investment in human capital 

accumulation, subsidize education and R&D costs and 

accord fiscal advantages to Multinational Firms to attract 

foreign investment, financed by the sum of taxes on labor 

and physical capital incomes. Its budget constraint is 

assumed balanced at each period. In other terms, the total 

of taxes collected on wages   1
w h
w u H   and on 

capital income  k
raL  must be equal to the expenses 
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supported by the state in the form of tax incentives or 

financial charges for the attraction of foreign direct 

investment 
d
FDI , public expenditure on education pub

D  

and the subsidy of total private school expenditure 

 d priv
s D  and a subsidy of the total R&D cost  R R

s wu H . 

Here, the principal of the state is to determine the optimal 

Mix (subsidies and taxes) that maximize social welfare. 

Let 
C

K
   denote the consumption to physical 

capital ratio, and, 1h A   the knowledge-ideas ratio. 

Physical capital and claims to innovative firms are the 

assets in the economy. Aggregate wealth is then 

aL K AV  . The equilibrium dynamics of the market 

economy in terms of the variables , , ,
y

r u   and A
g  is 

determined by: 

    

1 11

1* 2 0
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11 α 1 1 α
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     (12)

If  0
R

s  , so that  0
R

s  , we obtain the system 

that describes the dynamics of the market economy in the 

absence of government intervention analyzed by Gόmez 

(2011). Proceeding in a similar manner as there, taking 

into account that the optimal subsidies have to be constant 

in the long-run  0
R

s  , the steady state of the market 

economy is given by: 

1. 
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6. 
  * *1

*

*
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y
g
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,

where, 
1





 
 
 

. In this model, long-run growth 

depends on fiscal policy parameters. 

 

The Socially Planned Economy 

 

The social planner possesses complete information 

and chooses all quantities directly such that all the 

information. Since the intermediate-goods sector is 

symmetric, the production function can be rewritten a

 1y
Y K Au H

 
 , and the economy’s resources 

constraint is  1
pub m d

K Y C D M FDI       , 

given that  1
Totale pub

D D  . The human capital 

accumulation function is expressed in the aggregate form 

as follow:    
1

1
y R pub

H B u u H D
 

   
 

. The social 

planner seeks to maximize (2) in aggregate form subject to 

the resources’ constraint  0K  , knowledge formation 

 0H   and technologies  0A  . Let  be the current 

value Hamiltonian of the planner’s maximization problem, 

and let ,   and   be the multipliers for the three 

constraints, respectively: 

 

   

1
1

1 1 1
1

,1

1 sup

sup

1
1

,
.

C
t

u H A K C D M FDI
t y t t t t pub t m jt d t

M A AFDI
jt tt

u H A
t R t tL Y Y A

t t t

B u u H D
t y R t pub t



   
  



 

  


 





  
      









  

 
  

                   
        

  
    

Here, the control variables are , , , ,
y R

C D u u M  and 

FDI, and the state variables, K, H and A. We focus on a 

fully industrialized economy characterized by the 

presence of physical capital accumulation, human capital 

formation and R&D.  

- The first order conditions for an interior solution 

0
t t

d
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dC
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, ,

0 1 1t
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- Resources’ Constraints 
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- Transversality Conditions 

  lim 0t

t t
t

e K 


 , lim 0t

t t
t

e H 


 ,  

  lim 0.t

t t
t
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There are two main qualitative differences between 

the equilibrium outcome of a decentralized economy and 

the first-best optimum attainable by a social planner. First, 
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the social planner internalizes the inefficiency due to the 

presence of monopolistic competition in intermediate-

goods production. Therefore, he chooses to devote to 

intermediate-goods production a fraction of output equal 

to the square of the elasticity of intermediates in the 

production of the final good multiplied by the interest rate,
2/xA Y r . Second, the social planner internalizes the 

spillovers in R&D and the duplication externalities that 

are present in the innovation process. Thus, this is taken 

into account when choosing the optimal fraction of time 

devoted to innovation and when setting the optimal 

shadow value of an innovation. 

In balanced growth path (or steady state) all 

variables grow at constant but possibly different rates, and 

the shares of labor in its different uses are constant. We 

can state the following proposition. We associate the 

index (^) to indicate social equilibrium’s solutions. 

Proposition 1. Let  

11 1

12 0
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1
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1

y
B
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The socially planned economy has a unique positive 

steady state with positive long-run growth, in which: 

The interest rate is 
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The consumption to physical capital ratio 
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Fractions of time devoted to education, R&D and final production, respectively 

7. 
 

 

11 1

12 0

0

1
1 1 1

1
1

ˆ
h

y
u

B
h

 



 

 
 



 



 
  




 
 
 
           
       

. 



 ISSN 2522-9818 (print) 

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2019. No. 3 (9) 

  

28 

And  
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9. ˆ .ˆˆ 1
y h R

uu u    

In the absence of government intervention,  

( 0
R d w k

s s      ), we observe that the long-run 

equilibrium growth rates of consumption, output, physical 

capital, human capital and the number of product 

varieties, as well as the time devoted to education, in the 

market economy coincide with their stationary optimal 

values. Long-run distortions only arise in the ratio of 

consumption to physical capital, , the interest rate, and 

the fractions of time devoted to production and 

innovation, 
y

u  and 
R

u . 

The steady-state ratio of consumption to physical 

capital is too high in the market equilibrium, reflecting the 

fact that the production of intermediate goods is too low 

due to monopolistic competition in this sector. However, 

the relationship between the long-run equilibrium and 

optimal shares of labor devoted to production and 

innovation is ambiguous. R&D spillovers cause the 

equilibrium share of labor devoted to innovation to be too 

low relative to its optimum value. The suboptimal low 

production of intermediates due to markup pricing has a 

similar effect. However, duplication externalities would 

make the market economy to overinvest in R&D. Thus, 

the overall effect depends on the relative values of the 

externalities associated to the R&D process, as well as on 

the size of the markup. 

 

Market inefficiencies and optimal policies: Theoretical 

analyzes 

 

Theoretical analyzes show the existence of some 

market distortions. The first one is linked to the presence 

of imperfect competition in the intermediate goods sector. 

The second inefficiency results from the knowledge 

externality that affects technology. While innovation is a 

source of social surplus in the R&D sector, this surplus is 

not entirely appropriate by innovators. However, the 

existence of non-internalized externalities by the  

decision-makers can lead to non-optimal solutions. To 

correct these imperfections, the intervention of  

the state by an effective fiscal policy is necessary. More 

specifically, the state must choose the appropriate policy 

variables that allow the decentralized economy to achieve 

sustainable optimal growth. To better understand this 

phenomenon, several theoretical analyzes need to be 

developed. 

A. Physical capital investment 

At equilibrium, the demand function of the 

intermediate good is defined by: 

1
2 1

*

i y
x u H

r

  
  
 

. This 

latter relationship shows that a high real interest rate 

discouraged the demand for intermediate goods by the 

producer of the final good. In other hand, in the case of a 

strong monopolistic competition ( is low), the cost of 

using intermediate goods in final production is so higher. 

This can lead to a decrease in their demand. In the long 

run, this phenomenon can lead to a reduced investment 

rate (underinvestment in K), which in turn leads to a 

decrease in final output. However, monopolistic 

competition can have negative effects on the accumulation 

of physical capital and, in turn, on economic growth. 

To correct this negative effect, the state can act 

through several effective policies. Any policy that reduces 

the cost of using physical capital or motivates households 

to save more will be beneficial for growth. Empirical 

studies show that the attraction of FDI, economic 

openness, an important subsidy of school expenses and a 

reduced tax on incomes are some of the most favorable 

policies. Our main objective here is to understand the role 

that the state can play in dealing with monopoly 

distortions through optimal tax policy. At market 

equilibrium, the real interest rate is defined by: 

   

    

1 11

2 0

0*

11
1 1

1

1 1 1

w

d

k

y
B

s h
r

 


   


 

      
       

     
    
 
 
 

.  

This expression shows that the two tax variables 
w

  

and 
k

  have opposite impacts on the real interest rate. An 

increase in 
k

  creates an augmentation in the cost of the 

physical capital, whereas the taxation of wages has 

opposite effects. This theoretical result was explained by 

Judd (1987).  

We denote by LFx , the optimal solutions of the 

laissez-faire equilibrium. They are exactly the solutions 

found at market equilibrium but with zero fiscal variables. 

Based on this definition, our analytical results show that 
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the ratio 
ˆ
LF

r

r

 
 
 

 is found less than unity. However, 

without the intervention of the state through an effective 

policy, the real interest rate remains very higher than its 

optimal value.  

At the decentralized equilibrium, if we replace *r  by 

its expression in the investment rate defined by 
K

Inv
Y

 , 

we obtain the following expression: 

 
2

* 1 1
*

Inv
k r

 




 
    

 
. 

If we replace *r  by its expression, we remark that 

the subsidy of education can have an indirect positive 

effect on the rate of investment in physical capital but all 

types of taxation have a negative impact. In other words, 

education subsidy motivates households to save more but 

high taxes discourage physical capital accumulation. 

Companies will therefore have limited access to new 

technologies that require less labor. As a result, labor 

productivity will fall, which reduces the growth rate of 

output per worker. 

For zero tax variables, the investment rate in 

physical capital is expressed as: 

 

   

2

1
1

1 1
1

12 01 1

0

LFInv

y
B

h




 




   





 
 
 

    
  

           
  

. 

Since 0 1  , and 1
1




, then the comparison 

between the optimal rate of investment in physical capital 

and its level with zero tax remains ambiguous. The 

optimal rate of investment is obtained for 

1

1 1

w

d

priv

Totale

D

s D

     
           

 and 
1

1
k




 
  

 
. It is the 

optimal Tax-Mix to achieve optimal level of this type of 

capital. 

Our theoretical results also show that the subsidy of 

education 
d

s  can improve the rate of investment in 

physical capital in an indirect way through the reduction 

of school expenses supported by households. Thus, the 

state can react through this type of subsidy to correct 

imperfections of underinvestment in physical capital and 

technology. This idea is also identified in the following 

aggregate constraint: 

 
Phy capital accumulation Inv in technology

aL K AV AV  



. 

These results constitute to my knowledge a 

contribution in the literature of endogenous growth. 

B. Human capital investment 

At the decentralized equilibrium, the fraction of time 

devoted to education is expressed by: 

 
 

1

2 0

0

1

1

1
* 1

1 1
1

1

s
d

w
u
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h











 






  
  
  

   
  

   
       

. 

This equation shows that an increase in the tax rate 

w
  has negative effecton the investment in education 

(under-investment in human capital), while education 

subsidy encourages households to devote more time to 

education. 

At the market equilibrium, the growth rate of human 

capital is expressed as follows: 

 
1 11

* * *0

0

11
1

1 1

w

h h y

d

y
g B u g

s h

 


 


 
      

        
       

. 

From this equation, we remark that taxation of wages 

has a negative impact on the accumulation of skills and, in 

turn, on economic growth. These negative repercussions 

can be corrected by the mean of a high education subsidy. 

The optimal growth rate of human capital is achieved for 

equality between the ratio 
1

1

w

d
s

 
 
 

 and the share of 

private expenditure in total expenditure on education. In 

other words, the negative impact caused by the taxation of 

wages must be offset by the education subsidy. 

The analytical development of the expression of 
*

h
g  

shows that the growth rate of human capital can be 

expressed as a function of the investment rate as follows: 

 

 

 

* *

*

2

1 11

1
1

1

h h

k
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. 

This new expression shows that the rate of growth of 

human capital depends positively on the rate of 

investment in physical capital. A high investment rate is a 

favorable condition for skill accumulation. This 

theoretical result confirms the empirical evidence found 

by Judson (2002) that in rich countries, the level of human 

capital is relatively higher than in poor countries. This 

proves the strong complementarity between the two types 

of capitals. 

To understand the imperfections related to 

monopolistic competition and the role that the state can 

play by its own policies to stimulate investment in R&D, 

we will take as a starting point the non-arbitrage condition 

in the R&D sector. 

Let 
A

  the profit research firm. It is defined by the 

following equation: 

 
0

1 .
t

A ix R m
A dx s R M      . 



 ISSN 2522-9818 (print) 

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2019. No. 3 (9) 

  

30 

Although innovation is a source of social surplus, 

innovators may not internalize this positive externality in 

their decisions. This distortion linked to the externality of 

knowledge can affect the production of technology and 

lead to suboptimal solutions. 

The economic surplus resulting from R&D is defined 

theoretically by  1t t

t t

dY Y

dA A


 
  

 
, while the profit of a 

monopoly is expressed by    * 1 1t t

t

t t

Y Y

A A
       

Real Economic Surplus. This inequation shows that for a 

very small  (strong monopolistic competition), 

innovative firms only consider a small part of the 

economic surplus. As a result, the existence of non-

internalized externalities can lead to the prediction of a 

reduced present value of profits of intermediate goods 
t

V

and, in turn, to an underinvestment in technology. 

C. R&D investment 

At market equilibrium, the optimal fraction of the 

time devoted to R & D is expressed by 
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This expression shows that an increase in the R&D 

subsidy has a positive impact on 
*

R
u  while tax on capital 

income discourages investment in technology. The effects 

of the subsidy on education and the tax labor income are 

ambiguous. For a low level of , the fraction 
*

R
u  is 

reduced. This explains the market imperfection problem 

related to monopolistic competition. Thus, a powerful 

monopoly favors underinvestment in technology. To 

overcome this imperfection, the state can act through 

several policies to stimulate investment in R&D.  

At the laissez-faire-equilibrium, the part of the time 

devoted to research and development is expressed by:
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.

The level ˆ
R

u  is the optimal value that we want to 

achieve. To detect the sources of economic and fiscal 

imperfections, we will start from the most preferred 

situation, for which the laissez-faire equilibrium solution 

coincides with the optimal value. Theoretical analyzes 

show that the ratio  ˆ LF

R R
u u equals the following 

expression::
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This ratio is expressed in terms of the rate of growth 

of human capital, the share of public spending in the total 

expenditure on education and the distance to technology 

frontier indicated by the term 
sup

A

A A

 
 
  

. 

Analytically, an inequality between the two fractions 

( LF

R
u  and ˆ

R
u ) implies a situation of market inefficiency 

that requires the state’s intervention through the 

appropriate policies to reach optimal values. For a reduced 

value of , 
ˆ
LF

R

R
u

u 
 
 

is high. Pushed to the extreme, this 

implies that the fraction LF

R
u  is less than its optimal value. 

This implies that without state intervention, monopolistic 

competition can lead to underinvestment in technology. 

We also note that for a reduced value of the term 

sup

A

A A

 
 
  

 (a high technological gap), the quotient 

ˆ
LF

R

R
u

u 
 
 

 is high. This means that a country lagging behind 

the leader in technology is spending less on R&D. So, a 

big distance to technology frontier favors underinvestment 

in technology. Several important policies are required to 

overcome this type of imperfection. Economic openness, 

an increase in public spending on education in particular 

are the most favorable policies for the improvement of 

domestic capacity of innovating and absorbing foreign 

technologies. It is also important to note that the 

introduction of a well-harmonized and simplified tax 

system to further support innovation. More specifically, 

the state must choose the appropriate policy variables that 

allow the decentralized economy to achieve optimal 

growth.  

Our theoretical analyzes identify that the first-best 

optimum can be decentralized by means of a tax on capital 

income at a constant rate 
1

1
k



 

  
 

, combined  with  

an equality between the share of public spending in the 

total expenditure on education  net of subsidy and the tax 

on labor income
1

1 1

privw

d Totale

D

s D

     
           

 and a 

time-varying subsidy to R&D. The following proposition 

determines the optimal subsidy  R
s  and its variation over 

time. 

Proposition 2. In the conditions of Proposition 1, the 

first-best optimal solution attainable by a central planner 

is decentralized by means of: a tax on capital income at a 

constant rate, 
1

1
k



 

  
 

 combined with an equality 

between the share of public spending in the total 

expenditure on education net of subsidy and the tax on 

labor income 
1

1 1

privw

d Totale

D

s D

     
           

 and a time-

varying subsidy to R&D that evolves according to: 

   
sup

2
1 1 1 1 .
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And converges in the long-run to the optimal value 
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. 

 

It is financed by means of taxation. 

 

Conclusion 

This paper aims to characterize analytically the 

optimal dynamic fiscal policy in R&D-based endogenous 

growth model which incorporates domestic innovation, 

investment in education, distance to technology frontier 

and external technology spillovers through import of 

technologically advanced products and foreign direct 

investment as engines of growth. The model incorporates 

three sources of inefficiency: monopolistic competition in 

the intermediate-goods sector, duplication externalities 

and spillovers in R&D. To correct these imperfections, the 

intervention of the state by an effective fiscal policy is 

necessary. More specifically, the state must choose the 

appropriate policy variables that allow the decentralized 

economy to achieve sustainable optimal growth. To better 

understand this phenomenon, several theoretical analyzes 

were developed. To this end, we analyzed the efficient 

growth path that a benevolent social planner would 

implement. We provided conditions for the existence of a 

unique feasible optimal steady state with positive long-run 

growth. The optimal growth path is decentralized by 

means of a tax on capital income at a constant rate, an 

equality between the share of public spending in the total 

expenditure on education and the tax on labor income and 

a time-varying subsidy to R&D. 



 ISSN 2522-9818 (print) 

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2019. No. 3 (9) 

  

32 

References 

1. Alvarez-Pelaez, M. J. and Groth, C. (2005), "Too little or too much R&D?", European EconomicReview, No. 49 (2), P. 437–456. 

2. Arnold, L. G. (2000a), "Endogenous growth with physical capital, human capital and product variety: A comment", European 

Economic Review, No. 44 (8), P. 1599–1605. 

3. Arnold, L. G. (2000b), Endogenous technological change: A note on stability. Economic Theory, No. 16 (1), P. 219–226. 

4. Basu, S. (1996), "Procyclical productivity: Increasing returns or cyclical utilization?", Quarterly Journal of Economics, 

No. 111 (3), P. 709–751. 

5. Barro, R. (1990), ―Government Spending in a Simple Model of Endogenous Growth‖, Journal of Political Economy, Vol. 98, 

No. 5, P. S103–S125. 

6. Coe, T, Helpman, E. (1995), ―International R&D Spillovers‖, European Economic Review, No. 39, P. 859–887. 

7. Coe, T, Helpman, E and Hoffmaister, W. (1997), ―North-South R&D Spillovers‖, The Economic Journal, No. 107, P. 134–149. 

8. Del Barrio-Castro, T., Lopez-Bazo, E. and Serrano-Domingo, G. (2002), "New evidence on international R&D spillovers, human 

capital and productivity in the OECD", Economics Letters, No. 77 (1), P. 41–45.  

9. Desislava, S. (2017), "Tax structure and economic growth: Evidence from the European Union", Contaduría y Administración, 

No. 62 (3), P. 1041–1057. 

10. Engelbrecht, H.-J. (1997), "International R&D spillovers, human capital and productivity in OEC Deconomies: An empirical 

investigation", European Economic Review, No. 41 (8), P. 1479–1488. 

11. Funke, M. and Strulik, H. (2000), "On endogenous growth with physical capital, human capital and product variety", European 

Economic Review, P. 44 (3), P. 491–515. 

12. Gômez, M. A. (2011), "Duplication externalities in an endogenous growth model with physical capital, human capital, and R&D", 

Economic Modelling, No. 28 (1-2), P. 181–187. 

13. Griliches, Z. (1992), "The search for R&D spillovers", Scandinavian Journal of Economics, No. 94, P. S29–47. 

14. Grossman, G and Helpman, E. (1991), ―Quality Ladders in the Theory of Growth‖, Review of Economic Studies, No. 58, P. 43–

61. 

15. Grossmann, V., Steger, T. and Trimborn, T. (2010a), Dynamically Optimal R&D Subsidization, CESifo Working Paper Series 

3153, CESifo Group Munich. 

16. Grossmann, V., Steger, T. and Trimborn, T. (2016), "Quantifying Optimal Growth Policy", Journal of Public Economic Theory, 

No. 18 (3). 

17. Guo, Jang-Ting & Lansing, Kevin J. (1999), "Optimal taxation of capital income with imperfectly competitive product markets," 

Journal of Economic Dynamics and Control, Elsevier, Vol. 23 (7), P. 967–995. 

18. Ha, J and Howitt, P. (2007), ―Accounting for Trends in Productivity and R&D: A Schumpeterian Critique of Semi-Endogenous 

Growth Theory‖, Journal of Money, Credit and Banking, No. 30 (4), P. 733–774.  

19. Iacopetta, M. (2011), "Formal education and public knowledge", Journal of Economic Dynamics and Control, forthcoming. 

20. Jones, C. I. (1995), "R&D-based models of economic growth", Journal of Political Economy, No. 103 (4), P. 759–784. 

21. Jones, C and Williams, J. C. (2000), "Too much of a good thing? The economics of investment in R&D", Journal of Economic 

Growth, No. 5 (1), P. 65–85. 

22. Judd, R and Kenneth L. (1987), ―The Welfare Cost of Factor Taxation in a Perfect-Foresight Model‖, Journal of Political 

Economy, No. 95, P. 675–709. 

23. Judd, R and Kenneth L. (1999), ―Optimal Taxation and Spending in General Competitive Growth Models‖, Journal of Public 

Economics, No. 71, P. 1–26 

24. Kortum, S. (1993), "Equilibrium R&D and the patent-R&D ratio: U. S. Evidence", American Economic Review, No. 83 (2),  

P. 450–457. 

25. Lambson, V. E. and Phillips, K. L. (2007), "Market structure and Schumpeterian growth", Journal ofEconomic Behavior & 

Organization, No. 62 (1), P. 47–62. 

26. Madsen, Jacob B. (2008), ―Semi-Endogenous versus Schumpeterian Growth Models: Testing the Knowledge Production Function 

using International Data‖, Journal of Economic Growth, No. 13, P. 26. 

27. Madsen, Jacob B, Saxena, S. and Ang, James B. (2010), ―The Indian Growth Miracle and Endogenous Growth‖, Journal of 

Development Economics, No. 93, P. 37–48.  

28. Norrbin, S. (1993), "The relation between price and marginal cost in U.S. industry: A contradiction", Journal of Political 

Economy, No. 101 (6), P. 1149–1164. 

26. Porter, M. E. and Stern, S. (2000), Measuring the „Ideas‟ Production Function: Evidence from 

30. International Patent Output. NBER Working Papers 7891, National Bureau of Economic Research, Inc. 

31. Robin, B., Jean Denis, G. and Louis, P. (2019), "Optimal mixed taxation, credit constraints, and the timing of income tax 

reporting", Journal of Public Economic Theory, Association for Public Economic Theory, No. 21 (4), P. 708–737.  

32. Romer, P. M. (1990), "Endogenous technological change", Journal of Political Economy, No. 98 (5), P. S71–S102. 

33. Savvides, A. and Zachariadis, M. (2005), ―International Technology Diffusion and the Growth of TFP in the Manufacturing 

Sector of Developing Economies‖, Review of Development Economics, No. 9 (4), P. 482–501. 

34. Sequeira, T. N. (2011), "R&D spillovers in an endogenous growth model with physical capital, human capital, and varieties", 

Macroeconomic Dynamics, forthcoming. 

35. Steger, T. M. (2005), "Welfare implications of non-scale R&D-based growth models", Scandinavian Journal of Economics, 

No. 107 (4), P. 737–757. 

36. Stokey, N. L. (1995), "R&D and economic growth", Review of Economic Studies, No. 62 (3), P. 469–89. 

37. Strulik, H. (2007), "Too much of a good thing? The quantitative economics of R&D-driven growthrevisited", Scandinavian 

Journal of Economics, No. 109 (2), P. 369–386. 

38. Trimborn, T., Koch, K.-J. and Steger, T. M. (2008), "Multidimensional transitional dynamics: A simple numerical procedure", 

Macroeconomic Dynamics, No. 12 (3), P. 301–319. 

https://www.sciencedirect.com/science/journal/01861042
https://onlinelibrary.wiley.com/journal/14679779
https://ideas.repec.org/a/eee/dyncon/v23y1999i7p967-995.html
https://ideas.repec.org/s/eee/dyncon.html
https://ideas.repec.org/s/bla/jpbect.html


                                                                                                                                                           ISSN 2522-9818 (print) 

Сучасний стан наукових досліджень та технологій в промисловості. 2019. № 3 (9)  ISSN 2524-2296 (online) 

  

33 

39. Turnovsky, Stephen J. (2000), "Fiscal Policy, Elastic Labor Supply, and Endogenous Growth", Journal of Monetary Economics, 

No. 45.1, P. 185–210. 

40. Vera, T. (2018), "On the Optimal Progressivity of Higher Education Subsidies: The Role of Endogenous Fertility", CERGE.El 

Working Paper Series, Charles University in Prague, No. 613. 

41. Robin, B., Jean Denis, G. and Louis, P. (2019), "Optimal mixed taxation, credit constraints, and the timing of income tax 

reporting", Journal of Public Economic Theory, Association for Public Economic Theory, No. 21 (4), P. 708–737. 

Received 12.08.2019 

 
Відомості про авторів / Сведения об авторах / About the Authors 

Ahmed Bellakhdhar – PhD (Economics Sciences), Associate Professor, Higher Institute of Management of Tunis, Professor of 

the Department of Managment, Bardo, Tunisia; e-mail: bellakhadar@yahoo.fr; ORCID: https://orcid.org/0000-0001-8590-7610. 

Ахмед Белхадер – кандидат економічних наук, доцент, Вищий інститут менеджменту Тунісу, професор кафедри 

менеджменту, Бардо, Туніс. 

Ахмед Белхадер – кандидат экономических наук, доцент, Высший институт менеджмента Туниса, профессор кафедры 

менеджмента, Бардо, Тунис. 

 

КІЛЬКІСНА ОЦІНКА ОПТИМАЛЬНОЇ ПОЛІТИКИ В ЕНДОГЕННІЙ МОДЕЛІ: 

ТЕОРЕТИЧНИЙ АНАЛІЗ 

Предметом дослідження є вивчення оптимальної державної політики в моделі ендогенного зростання на основі НДДКР з 

монопольною пропозицією проміжних товарів. Мета роботи полягає у вивченні того, чи може адекватне державне 

втручання забезпечити необхідні стимули для виправлення неефективності ринку і зробити децентралізовану економіку 

відтворюючу оптимальні рішення, досяжні соціальним планувальником. У статті вирішуються наступні завдання: 

знаходження моделі децентралізованої рівноваги економіки і соціального оптимального рішення, порівняння впливу на 

добробут різних фіскальних змінних, розгляд різних ринкових спотворень і вибір відповідних змінних політики, що 

дозволяють децентралізованої економіці досягти стійкого оптимального зростання. Використано методи математичного 

формулювання, теоретичного аналізу і економічних інтерпретацій. Були отримані наступні результати: перший найкращий 

оптимум може бути децентралізовано за допомогою податку на дохід від капіталу за постійною ставкою в поєднанні з 

рівністю між часткою державних витрат у загальних витратах на освіту та податком на трудові доходи і змінюється в часі 

субсидією на НДДКР. Висновки. Інвестиції в капітал знань є основними детермінантами економічного розвитку. Наша 

модель включає три джерела неефективності: монополістична конкуренція в секторі проміжних товарів, зовнішні ефекти 

дублювання і побічні ефекти в НДДКР. Для виправлення цих недоліків та досягнення стійкого оптимального росту 

необхідне втручання держави за допомогою ефективної фіскальної політики. 

Ключові слова: ендогенне зростання; інтенсивність НДДКР; соціальний планувальник; монополістичні спотворення; 

оптимальна політика. 

КОЛИЧЕСТВЕННАЯ ОЦЕНКА ОПТИМАЛЬНОЙ ПОЛИТИКИ В ЭНДОГЕННОЙ 

МОДЕЛИ: ТЕОРЕТИЧЕСКИЙ АНАЛИЗ 

Предметом исследования является изучение оптимальной государственной политики в модели эндогенного роста на основе 

НИОКР с монопольным предложением промежуточных товаров. Цель работы заключается в изучении того, может ли 

адекватное государственное вмешательство обеспечить необходимые стимулы для исправления неэффективности рынка и 

сделать децентрализованную экономику воспроизводящей оптимальные решения, достижимые социальным 

планировщиком. В статье решаются следующие задачи: нахождение модели децентрализованного равновесия экономики и 

социального оптимального решения, сравнение влияния на благосостояние различных фискальных переменных, 

рассмотрение различных рыночных искажений и выбор соответствующих переменных политики, позволяющих 

децентрализованной экономике достичь устойчивого оптимального роста. Использованы методы математической 

формулировки, теоретического анализа и экономических интерпретаций. Были получены следующие результаты: первый 

наилучший оптимум может быть децентрализован посредством налога на доход от капитала по постоянной ставке в 

сочетании с равенством между долей государственных расходов в общих расходах на образование и налогом на трудовые 

доходы и изменяющейся во времени субсидией на НИОКР. Выводы. Инвестиции в капитал знаний являются основными 

детерминантами экономического развития. Наша модель включает три источника неэффективности: монополистическая 

конкуренция в секторе промежуточных товаров, внешние эффекты дублирования и побочные эффекты в НИОКР. Для 

исправления этих недостатков и достижения устойчивого оптимального роста необходимо вмешательство государства 

посредством эффективной фискальной политики.  

Ключевые слова: эндогенный рост; интенсивность НИОКР; социальный планировщик; монополистические 

искажения; оптимальная политика. 
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