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ABSTRACT 

The empirical tax rate on capital income ranges between 0.4 and 0.6 in OECD countries. This paper presents the opti-
mal taxation problem in an one-sector dynamic general equilibrium model where the government is confronted with 
fiscal constraint (the ratio of government expenditure to GDP is exogenously given) while households and firms do not 
recognize the fiscal constraint. We derive analytically the positive optimal tax rates on capital income. Under the fiscal 
constraint, the optimal tax rate on capital income depends on the discount rate, the rate of capital depreciation, and the 
ratio of government spending to GDP. Our model can generate the country-specific optimal tax rate on capital income 
(0.2 to 0.4). Thus, this paper insists that the empirical data of tax rates in OECD countries are higher than the results 
predicted by our model. 
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1. Introduction 

Just as endogenous growth models attempt to explain the 
differences in the rate of economic growth, we require a 
new model to explain the differences in the tax rate on 
capital income in each country. Chamley (1986) [1] 
shows that the optimal tax rate on capital income be- 
comes eventually zero at a steady state in an one-sector 
dynamic general equilibrium model. This proposition is 
thought to be theoretically robust, and Judd (1985) [2] 
also shows the zero tax rate on capital income in the 
classical framework where there coexist capitalists and 
workers. In fact, however, in OECD countries, the tax 
rate on capital income ranges between 0.4 and 0.6 as 
shown in Table 1. Mankiw et al. (2009) [3] survey the 
optimal taxation problem and point out a large gap be- 
tween theoretical results and empirical evidence. The 
capital income tax rate for the United States economy is 
far from zero. Lucas (1990) [4] points out that the tax 
rate on capital income in the US is accounted for 36 per-
cent. 

The difference between our model and the Chamley 
(1986) model is whether there exists fiscal constraint—the 
ratio of the government spending to GDP—the govern-
ment faces. Chamley (1986) takes the level of govern-
ment expenditure as given exogenously. On the other 
hand, our model assumes that the ratio of government 
expenditure to GDP is the exogenous variable and the  

government spending is determined endogenously by the 
government’s choice. The government should be anxious 
about the fiscal constraints. For one example, when draft- 
ing the government budget, the government is deeply 
concerned about the ratio of government expenditure to 
GDP rather than the level. For second example, when we 
examine the financial situations of the government in 
each country, comparing the ratios is much easier than 
the level values. For third example, the government in 
each country belonging to the European Union (EU) 
should comply with the criteria for joining the European 
Monetary Union. It provides that the ratio of government 
expenditure to GDP should be kept within a certain ratio. 
For final example, the political party that declared the 
fiscal constraints on the campaign hustings must keep the 
election promise after it wins by the election. We derive 
the positive optimal tax rate on capital income. This re- 
sult from our model depends only on the discount rate, 
the rate of capital depreciation, and the exogenous ratio 
of government spending to GDP. Thus, our model plays 
role in the tax policy proposals at each country. 

We are interested in the positive optimal tax rate. 
There are some literatures which derives the positive (or 
negative) optimal tax rate. Aiyagari (1995) [5] shows that 
the optimal tax rate on capital income becomes positive 
in the case that the uncertainty of heterogeneous agent’s 
labor income exists in the incomplete market model. 
Since the precautionary savings bring about the excessive  
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Table 1. The empirical tax rate on capital income at 2006 
year (OECD data). Overall statutory tax rates on dividend 
income. Source: OECD Stat Extracts. OECD Tax Database. 
Part 2. Taxation of corporate and capital income (2006). 

Country 
CIT rate on dist 

prof 
Net personal 

tax 
Overall PIT + 

CIT rate 

Australia 0.300 0.236 0.465 

Austria 0.250 0.250 0.438 

Belgium 0.340 0.150 0.439 

Canada 0.341 0.251 0.506 

Denmark 0.280 0.430 0.590 

Finland 0.260 0.196 0.405 

France 0.344 0.327 0.559 

Germany 0.389 0.222 0.524 

Italy 0.125 0.420 0.493 

Ireland 0.330 0.125 0.414 

Japan 0.395 0.100 0.456 

Korea 0.275 0.293 0.487 

Luxembourg 0.304 0.195 0.440 

Netherlands 0.296 0.250 0.472 

Norway 0.280 0.280 0.482 

Spain 0.350 0.230 0.500 

Sweden 0.280 0.300 0.496 

United 
Kingdom 

0.300 0.250 0.475 

United States 0.393 0.181 0.503 

 
accumulation of capital stock in the model, the positive 
tax rate on capital income is needed to reduce capital 
accumulation. Correia (1996) [6] shows that the optimal 
tax rate on capital income does not zero if there is the 
production factor on which the government cannot im- 
pose taxation. Jones et al. (1993) [7] show that the opti- 
mal tax rate on human capital as well as on physical 
capital become zero. Chari et al. (1994) [8] shows nu- 
merically that there is a quantitative presumption that the 
ex ante capital tax rate is approximately zero. 

We find that the empirical tax rate on capital income 
(Overall PIT + CIT rate)1] ranges between 0.4 and 0.6 in 
OECD countries. The tax rate on capital income at 2006 
year (OECD data) is shown in Table 1, which indicates 
the overall statutory tax rates on dividend income. Let us 
regard the tax rate on capital income as the Overall PIT 
(Personal Income Tax) plus CIT (Corporate Income 
Tax). 

Of course, the optimal tax rate must be different across 
countries, and it must be country-specific depending on 
the fiscal situation of the government in each country. In 
reality, there are countries such as France, Denmark, and 

Sweden have a large public sector (where the ratio of 
government expenditure to GDP is around 0.230) while 
there are countries such as the United States and Japan 
have maintained a relatively small public sector (where 
the ratio of government expenditure to GDP is around 
0.15), as shown in Table 2. These data are constructed 
by dividing the real government expenditure by the real 
GDP. Note that the government expenditure does not 
include government investment in Table 2. 

By injecting some parameters and the empirical ratio 
of the government spending to GDP in OECD countries 
into our theoretical results as for optimal tax rate on 
capital income, we can find the country-specific optimal 
tax rates as shown in Table 3. 

Then, we can compare the theoretical optimal tax rate 
on capital income shown in Table 3 with the empirical 
value of capital income tax rate shown in Table 1. The 
empirical tax rate on capital income in OECD data is 
higher than the theoretical optimal tax rate predicted by 
our model. Let us present our model below. 
 
Table 2. The ratio of the government expenditure to GDP at 
2006 year (OECD data) by using real term. Source: OECD 
Stat Extracts, and National Accounts. Y is real GDP. G is 
the government expenditure in real term. G is final con- 
sumption expenditure of the general government. Note that 
G consists of government consumption only and does not 
include government investment. G/Y is the fiscal ratio ex- 
cept for government investment. 

Country G Y G/Y 

Australia 115,152 640,246 0.180 

Austria 47,161 258,081 0.183 

Belgium 66,637 314,693 0.212 

Canada 190,040 1,019,354 0.186 

Denmark 43,032 169,334 0.254 

Finland 29,858 157,797 0.189 

France 387,392 1,703,950 0.227 

Germany 417,823 2,266,699 0.184 

Ireland 20,206 149,863 0.135 

Italy 305,289 1,554,336 0.196 

Japan 615,197 3,538,341 0.174 

Korea 128,514 1,060,452 0.121 

Luxembourg 4532 29,480 0.154 

Netherlands 125,759 516,953 0.243 

Norway 35,798 185,192 0.193 

Spain 196,910 1,048,685 0.188 

Sweden 67,656 291,288 0.232 

United Kingdom 334,490 1,786,536 0.187 

United States 1,636,379 11,448,543 0.143 

1PIT is personal income tax, CIT is corporate income tax, and dis prof
is distributed profit. Overall Pit + CIT rate reports the overall (corporate 
plus personal) tax rate on distributed profit. 
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Table 3. The optimal tax rate on capital income predicted 
by our model. 

Our model results Optimal tax rate on capital income 

OECD Country τ*k
 

Australia 0.291 

Austria 0.295 

Belgium 0.335 

Canada 0.300 

Denmark 0.390 

Finland 0.304 

France 0.355 

Germany 0.297 

Ireland 0.226 

Italy 0.314 

Japan 0.283 

Korea 0.205 

Luxembourg 0.254 

Netherlands 0.376 

Norway 0.310 

Spain 0.302 

Sweden 0.362 

United Kingdom 0.301 

United States 0.238 

2. The Model 

Let us consider the optimal taxation problem in an 
one-sector dynamic general equilibrium model with fiscal 
constraint. We adopt “the primal approach to the Ramsey 
problem” which was developed by Lucas and Stokey 
(1983) [9]. The primal approach is divided into six steps. 
1) The households choose consumption and leisure in 
order to maximize their discounted lifetime utility subject 
to their budget constraints. We can obtain the first-order 
conditions which are the Euler equation of consumption 
with after-tax rate of return, and the condition that the 
marginal rate of substitution of leisure and consumption 
equals to the after-tax real wage. Next, we solve the profit 
maximization problem of firms. These lead to the com- 
petitive equilibrium solution in private sector. Denote the 
competitive equilibrium solution by (CE); 2) By solving 
the differential equation of budget constraints of house- 
holds at each time, we can obtain an intertemporal budget 
constraint of the households expressed in terms of present 
value; 3) By substituting the first-order conditions of 
households into the intertemporal budget constraint of 
households, the implementability condition is obtained; 4) 
By using the first-order condition from the profit maxi- 
mization of the firms and their Euler’s Theorem and non- 
arbitrage condition, the budget constraint of the govern- 

ment and the households can reduce to the simple resource 
constraint; 5) The government maximizes the social 
welfare function subject to the resource constraints and 
the implementability condition. This leads to the Ramsey 
plan solution. Denote the Ramsey plan solution by (RP); 6) 
Search the tax rate on capital income and labor income at 
steady state which is compatible both in the competitive 
equilibrium solution (CE) and in the Ramsey plan solution 
(RP), respectively. 

2.1. Househlds 

Let us consider homogeneous households who have in- 
finite horizon. A household maximizes the discounted 
lifetime utility given by 

 
   

0,
exp log log 1 dmax

t tC L
t C L 


   t     (1) 

subject to the budget constraint of an household given by  

   1 1k lC B K rK wL BB             (2) 

where C is consumption, L is labor,  is leisure, 1 L   
is a preference parameter weighted on the felicity by lei- 
sure,   is discount rate, B is bond and K is capital 
where initial capital 0K  and bond  are given, r is 
real interest rate, rB is a rate of bond return, rk is a tax rate 
on capital income, and 

0B

l  is a tax rate on labor income. 
 is an initial bond holdings. We assume that the gov- 

ernment does not impose tax on a rate of return for the 
bond holding. The important two equations which gene- 
rate the competitive equilibrium solution are given by  

0B

   
1

1

1
1 k

L
w

C









            (3) 

 1 kC
r

C
  


          (4) 

where (3) is the optimal labor supply condition that the 
marginal rate of substitution of leisure and consumption 
equals to the after-tax real wage, and (4) is the Euler equ- 
ation of consumption which determine an intertemporal 
allocation of consumption. The non-arbitrage condition is 
given by  1 kB rr   . We denote the after-tax wage 
rate by  1 lw   w , and the after-tax interest rate by 

 k r1r    . Non Ponzi Game (NPG) condition faced 
by household is given by  

 0
exp d 0,lim

T

T
t

K r s


    and Non Ponzi Game (NPG) 

condition faced by government is given by  

 0
exp d 0.lim

T

T
t

B r s


    NPG condition implies that it is  

prohibited to borrow infinitely. By using the budget con- 
straints of households at each time periods (2) and NPG 
condition, we can obtain an intertemporal budget con- 
straint of households expressed by present value which is 
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given by  

 
 

0 0

0 0 0 0

exp d d

exp d d

T

T

C r s t

K B wL r s







   

 

 



 
 

t
    (5) 

where the left-hand side of this intertemporal budget 

2.2. Firms 

er perfectly competitive firms. The produc- 

constraint is lifetime consumption, and the right-hand 
side is lifetime income which consists of an initial capital 
(which is an initial asset) and lifetime labor income.  

Let us consid
tion technology of firms satisfies the neoclassical pro- 
duction function expressed as   1,Y F K L K L    
where Y is output, K is capital s  
perfect competitive firms maximize the profit where R is 
the rental rate of capital, and w  is the wage rate. The 
optimal conditions for the profit maximization problem 
implies that each factor price equals to the marginal 
product of its factor as follows:  ,KR F K L and 

 ,Lw F K L . 

tock, L is Labor. The

ital of one unit to a firm, If one household lends the cap
the firm earns the rate of return R which equals to the 
marginal product of capital, but the utilization of capital 
for production involves capital depreciation. Denote the 
capital depreciation rate by  . The non-arbitrage condi-
tion must hold as follows: r R   .  

2.3. The Government 

he government is given by  The budget constraint of t
k l BrK wL B G B               (6) 

where the left-hand side is tax revenue, a

nt of households and 
th

nd right-hand 
side is the government expenditure. 

By combining the budget constrai
e government, and by using the equation of net domes- 

tic production, we can obtain the resource constraints; 

 ,K F K L K G C             (7) 

Let us impose an important assumptio
st

n on the con- 
raint of the government problem. That is, the govern- 

ment should be concerned with the upper limit of the 
ratio of the government expenditure to GDP. 

We assume the fiscal constraint as follows: 
Z G Y                   (8) 

The Problem faced by the go
th

2.4. Implementability Condition 

ion of the house- 

vernment (what is called 
e Ramsey Problem) is to maximize the objective func- 

tion (1) subject to (3), (4), (5), (7), and (8). Without the 
Equation (8) in this Ramsey problem, our model reduces 
to the model of Chamley (1986). 

By substituting the first-order condit

holds into the intertemporal budget constraint of the 
households, we can obtain the implementability condition 
as follows:  

      1 1
0 0 00

1 1 exp dL L t t K B C           (9) 

2.5. Primal Approach to the Ramsey Problem 

n- 

2.6. Solving for the Ramsey Problem 

The Ramsey problem is to maximize the objective fu
ction (1) subject to the resource constraint (7), fiscal con- 
straint (8), and implementability condition (9).  

Let us set up a Lagrangian where   is a Lagrangian 
multiplier associated with the implem tability condition, en
  is a Lagrangian multiplier associated with the re- 

rce constraint, and sou   is a Lagrangian multiplier as- 
sociated with our fiscal onstraint. By using the formula 
of the integral in part, we can obtain 

 

 c

t   

 

 

 

0

1

1
0 0 0 0 00

0

0

exp

log log 1 1 1 d

lim d

, d

, d .

T T
T

t

C L L L

K K K t K B

F K L K G C t

ZF K L G t



  

   

 









C







  

          

    

     

   









  

The first-order conditions of the Ramsey problem are 
given by 

  10 exp t C
C

 
   


       (10) 

 

     
  

1 1

0 exp

        1 1 1

     , 1L

t
L

L L L

F K L Z



  



  


  


2

L       
 

 (11) 

   

 

1

0

1
0 0 0

1
0 1 1 exp d

2
L L t t

K B C

 


 



       

 


  (12) 

0 0
G

 
    


               (13) 

 0 (1 ) ,KZ F K L
K

 



     




   (14) 

 0 ,ZF K L G



  


            (15) 

(10) is the condition that the marginal utility of con- 
sumption equals to the shadow value of capital (the pre- 
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sent-value costate variable) in the Ramsey problem (RP). 
(11) is the condition that the marginal substitution of 
leisure and consumption equals to the real wage in the 
Ramsey problem (RP). (12) is the implementability con- 
dition, which is the crucial equation in the model of the 
optimal taxation problem. 

By introducing the fiscal constraint, there occurs a re- 
la

 condition which determines opti- 
m

equation from the Ramsey 
Pr

tion output and the government spending. Since the 
fiscal ratio is exogenously given, an increase in output 
due to the increase in capital brings about the increase in 
the government spending, therefore the increase in the 
tax rate. Thus the larger fiscal ratio gives rise to the 
higher tax rate. An increase in capital increases the gov- 
ern-ment expenditure. The households do not recognize 
the fiscal constraints. 

Equation (13) is the
al government expenditure at every time periods. An 

increase in the fiscal ratio increases the degree of free- 
dom of government’s behavior, while it gives rise to the 
crowding out of private consumption, which decreases 
the marginal utility of consumption. In other words, the 
government can increase the government expenditure 
due to an increase in the fiscal ratio by one unit and it can 
obtain the marginal utility of the government consump- 
tion, while it decreases private consumption and de- 
presses the marginal utility of consumption, which brings 
about an increase in capital stock. This surplus capital 
stock gives rise to the increase in tax rate on capital in- 
come in order to avoid the excess capital. This is the 
mechanism which generates the positive tax rate on 
capital income in our model. 

We can obtain the Euler 
oblem as follows:  

   1 ,K

C
Z F K L

C
          (16) 

By using both the condition that the marginal product 
of



 capital equals to the real rental rate, and non-arbitrage 
condition, and by substituting  ,KF K L r    into 
the Equation (16), we obtain as follows:  

  1
C

Z r
C

            (16)’ 

The conditions (10), (11), and (16) described above 
ge

 fiscal ratio de- 
cr



nerate the Ramsey problem solution.  
We know that the an increase in the
eases the objective function (social welfare) as follows;  

 , 0F K L
Z


   . 



3. The Optimal Tax Rate on Capital Income 

 Let us seek out the optimal tax rate on capital income
which is compatible the Euler equation from the Ramsey 

problem given by 

  1 (RP)Z r
C

          (16)’ 

with the Euler equation from the households problem 

C

(the competitive equilibrium) given by  

 1 kC
r

C
      (CE). 

Therefore, the positive optimal tax rate on capital in- 
co

Proposition 

 the one-sector dynamic optimal taxation 



me is derived as follows.  

If we consider
problem with fiscal constraint, the positive optimal tax 
rate on capital income is derived as follows:  

 * 0.k Z  
Z


 

 


 

The essence of the paper is that under a fiscal con- 
straint, an income tax (on both labor and capital income) 
is a Pigouvian tax and therefore desirable. The fact that 
the government must throw away a fraction of output is 
formally equivalent to saying that output Y produces so- 
cial waste ZY . A Pigouvian tax rate Z on production is 
then desira  and this can be implemented by an in- 
come tax rate Z. 

The intuition is

ble,

 the same as in models where the social 
an

diture does not enhance well- 
be

d the private returns to capital are not the same due to 
externalities (as in the learning-by-doing model but of 
opposite sign). Here the social return to capital is lower 
than the private because capital also increases govern- 
ment spending above the optimal level (zero) and there- 
fore the need of taxation. 

The government expen
ing of the representative household or productivity of 

the economy. In this regard, it is just wasteful. Then this 
paper establishes that the capital income tax rate is con- 
stant over time and takes strictly positive value. The in- 
tuition of the argument can be illustrated as follow. 
Given that a fixed portion of the output is wasted as gov- 
ernment expenditure, social productivity of capital is 
lower than perceived by the household. Or instance, 
government spending occupies 20% of GDP and private 
(before tax) return on capital is 10%. The household de- 
cides an amount of his/her saving based upon the latter. 
However, he/she overvalues productivity of increasing 
capital stock whereas productivity of capital from social 
standpoint is 8%. 2% (=10% – 8%) is wasted resource by 
the government on margin. Therefore households results 
in accumulating excess capital more than the social op-
timality eventually. This surplus capital stock gives rise 
to the increase in tax rate on capital income in order to 
avoid the excess capital. This is the mechanism which 
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generates the positive tax rate on capital income.  
We adopt the empirical value shown in Table 2
ogenous variable of fiscal constraint and the parameter 

settings of 0.048   and of 0.055  . Substitute the 
exogenous v  our crucial equ n:  

 
alues into atio

* 0.k Z  



   Then, we obtain the optim

Z 
al tax rate 

on capital income that is appropriate for each country as 

4. Conclusion 
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capital income shown in Table 3 with the empirical 
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though our theoretical model treats with normative prob- 
lem of public economics, the results predicted by our 
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