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Abstract 
The purpose of the present study is to demonstrate how distortions that arise 
from taxation could affect consumers’ behaviour and working time, which 
might prevent Pareto’s maximisation process from achieving the objectives of 
optimal trade-off between equity and efficiency. A utility maximisation model 
is built up and the first-order conditions are manipulated to reach an equili-
brium between the MRS and the MRT. The validity of model is then tested. In 
drawing a comparison of actual with optimal (in)direct tax rates, we find that 
most of the countries considered have formulated a tax policy that favors eq-
uity over efficiency, in terms of a static model, even though the introduction 
of the dynamic model provides a less clear-cut outcome. 
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1. Introduction 

One of the most important objectives of fiscal policy is to design a tax system to 
balance the various desirable, but often counteracting, attributes of taxation: to 
raise the required government revenue in a way that treats individuals fairly (eq-
uity) without inflicting damage to private agents’ incentives to growth (efficien-
cy). 

These attributes are usually analyzed in an optimal taxation area of research, 
which is a normative approach to tax analysis based on the standard tools of 
welfare economics. However, the first-best allocation of resources and a fair in-
come distribution can rarely be achieved simultaneously. This leads to a diver-
gence between optimal tax theory and practical tax design but, at the same time, 
it provides a scope for researchers to develop models which could help policy 
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makers to reconcile opposing theoretical and practical considerations, so as to 
devise appropriate tax schemes. One of the main objectives of the present article 
is to reach a compromise between tax designers and policy makers, when an op-
timal tax policy fails to be achieved, due to the existence of distortions arising 
from the response of consumers and wage earners to changes in (direct-indirect) 
tax rates. Ignoring that taxes are collected at some cost to various economic 
goals implies that basic policy prescriptions are unlikely to result in improve-
ments in welfare. 

The major contributions of our study to existing literature are twofold: 
1) To extend the analysis of the optimal trade-off between equity and efficien-

cy by including indirect taxation in the relative discussion. So far, it was changes in 
direct tax rates that could affect income distribution, assuming that the response 
of workers to taxation is mainly captured by the elasticity of the wage rate with 
respect to changes in direct tax rates. The extra assumption in our study is that 
consumers’ behaviour is significantly affected, if fiscal authorities make adjust-
ments to indirect tax rates, given that indirect taxes tend to cause distortions by 
“forcing wedges” between post-tax and pre-tax prices. 

2) To extend the analysis of the effects of an optimal tax system on economic 
equilibrium beyond the conventional Pareto’s maximisation framework. In a 
competitive market, there is no monopoly power and hence no market distor-
tions through price setting. Private agents are taken to act as independent units 
and to interact via the price system. This ensures that there are no externalities 
and no public goods. In such a framework, the trade-off between equity and effi-
ciency is evaluated in terms of whether tax-rate changes succeed in equating the 
marginal rate of substitution (MRS) and the marginal rate of transformation 
(MRT) between consumption and leisure.  

The present study will keep distance from Pareto’s comfortable postulate of 
equality between MRS and MRT, due to the non-existence of distortions in a 
competitive economy. Such a postulate might be theoretically valid in the case of 
a utility function, in which consumption and leisure would be treated as inde-
pendent variables. In the real world, however, consumption (net of indirect taxes) 
is significantly affected by indirect-tax induced changes in market prices, whe-
reas working time may be greatly affected by a progressive income-tax system, 
that generates disincentives to work effort. 

In short, the present study makes an attempt to overcome the problem that 
arises from the first theorem of welfare economics, according to which a com-
petitive equilibrium is Pareto optimal. Adopting such a position would imply 
that the optimisation process leads to the equality MRS = MRT, due to the lack 
of distortions. Instead, our analysis will be based on the alternative assumption 
that allows for indirect-tax induced changes in consumers’ behaviour and di-
rect-tax induced changes in wages to disturb the optimisation procedure. Equi-
librium will be reached after eliminating these distortions (MRS ≠ MRT), by in-
troducing appropriate fiscal-policy measures, which would not be set off against 
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the electorate’s volition because of their preferences for equity (efficiency) over 
efficiency (equity).  

Instead of disputing over the validity of the equity and/or efficiency hypo-
theses, an attempt is made in the present study to extend the analysis by pro-
ducing argumentation in support of an alternative approach that overcomes the 
problem of the equity-efficiency dichotomy. Following the standard optimisa-
tion process, a simple social welfare function is maximized with respect to con-
sumption and labour, subject to the government budget constraint. If there are 
no distorting factors arising from the level or structure of taxation and affecting 
the behaviour of consumers and/or workers, the manipulation of the first-order 
conditions leads to Pareto optimality. In this case, the marginal rate of substitu-
tion (MRS) is equal to the marginal rate of transformation (MRT) and no gov-
ernment intervention is required. However, if such distortions occur and the 
MRS takes on a different value from the MRT, a scope is provided for policy 
makers to eliminate them via changes in the direct/indirect tax scheme.  

In other words, the aim of the present study is not to give credit to any of the 
above approaches. The indicators (proxy variables) which are employed in em-
pirical or theoretical analyses to evaluate variations in income distribution and/or 
growth performance are not considered to be reliable measures of equity and ef-
ficiency (see Thurow, 1981). For example, comparing the top and the bottom 
quartiles of the income scale, before and after taxes, or putting the Gini coeffi-
cient into practice, tends to ignore the importance of the skill level as a determi-
nant of income inequalities. Similarly, the use of the rate of growth of GDP to 
measure variations in efficiency levels ignores the quality aspects of growth (en-
vironmental effects, incentives to the factors of production, potential growth, the 
use of human and physical resources, and so on), which enter the welfare function. 

In summary, the research innovation in our study is that it introduces well- 
founded combinations of direct and indirect tax rates which can be used by fiscal 
authorities to define the optimal choice of equity-efficiency objectives compati-
ble with the existing budget constraint or other potential budget constraints ap-
proved by the electorate.  

In section 2, a literature review is presented with the most important contri-
butions to the equity-efficiency doctrine. In section 3, we outline some of the 
important considerations that have been largely ignored by the conventional 
analysis, by using econometric techniques, simulations, numerical examples and 
mathematical tools to underline the practical implications of incorporating our 
theoretical work to the sphere of applied fiscal policy management. In section 4, 
a dynamic macroeconomic model is built-up to trace out the intertemporal 
choices of policy makers and to permit comparisons with the static model. Fi-
nally, section 5 concludes the discussion, laying out directions for further work.  

2. Literature Review 

Literature on both the theory and the empirical evidence on the equity-efficiency 
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dilemma has never gone out of print. For example: 
• Tillmann (2005) argues that optimal income redistribution policies and Pa-

reto optimal allocations can never co-exist, if there is variation in individual 
preferences. In our study, we claim that government intervention in the form of 
employing equity and/or efficiency enhancing tax-rate adjustments can lead to 
Pareto optimality and competitive equilibrium.  

• Ng (1985) supports the view that a Pareto optimal outcome may result in an 
unacceptably unequal distribution of income, with ambiguous effects on incen-
tives and growth.  

• Thurow (1981) and Okun (1975) deal with the question of whether the 
co-existence of two discrete fiscal objectives in the same analytical model struc-
ture can bring out into the open the problem of whether equity and efficiency 
are rivals or complementary factors in the design and implementation of eco-
nomic policy regulations.  

• A number of researchers (see, for example, Okun, 1975) support the view 
that equity and efficiency cannot be achieved simultaneously: a greater equity 
comes at the cost of a loss of efficiency. Policy situations that promote greater 
equity will have adverse effects on efficiency and vice versa. In particular, in-
come redistribution causes changes in work effort, in savings and investment 
behaviour and in attitudes (motivation to acquire human capital), thus leading 
to less efficient use of resources. 

• Stevans (2012) contends that existing literature finds no empirical evidence 
for the argument that economic incentives are necessary for capital accumula-
tion and growth or that inequality has any significant impact on investment. The 
resulting policy situation is one in which equity and efficiency complements 
each other.  

• For further discussion of the equity-efficiency controversy, see for example 
Dalamagas et al. (2022), Goulder et al. (2019), Stantcheva (2020), Piketty and 
Saez (2013), Gürer (2021), Colas and Hutchinson (2021), Jacobs et al. (2010), 
Gerritsen (2017), McKenzie (2021), Muinelo-Gallo and Lescano (2022), Magna-
ni and Piccoli (2020). 

3. Modeling Structure 
3.1. The static Model  
3.1.1. Some Introductory Notes 

In building econometric models two forms of utility function are usually em-
ployed, always in the framework of a competitive economy.  

1) The first formulation is related to the so-called private-sector oriented util-
ity function, in which the utility of the household depends upon their consump-
tion, c (or income) and the hours worked, l, i.e.  

( ),U U c l=  

Subject to the household’s income (y) constraint 
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y wl=  

with the hourly wage rate, w, being determined in the labour market at the point 
of intersection of the labour demand and supply curves. At this point, the mar-
ginal rate of substitution (MRS) in consumption is equal to the marginal rate of 
transformation (MRT) in production, i.e. equal to the wage rate,  

( )c pMRS MRT w= =  

and the equilibrium condition in the economy is satisfied. The equilibrium point 
is determined after maximising the utility function with respect to consumption 
and hours worked subject to the income constraint and manipulating the 
first-order conditions. 

2) The second formulation refers to a public-sector oriented utility function, 
that is known as Samuelson-type utility function: the household’s utility depends 
on: 

a) The consumption of private goods, c, where consumption is assumed to be 
equal to income;  

b) The supply by the government or, equivalently, the household’s demand of 
the tax-financed public goods and service, G, i.e.  

( ),U U c G=  

subject to the government budget constraint, 

i yG t C t Y= +  

where it  stands for the indirect tax rate (indirect tax revenue as a percentage of 
income), yt  represents the direct tax rate (direct tax revenue as a percentage of 
income) and Y is the private-sector’s taxable income.  

The maximisation of the new utility function with respect to it  and yt , sub-
ject to the government budget constraint, and the manipulation of the first-order 
conditions lead to an equilibrium point, where the marginal rate of substitution 
between private and public goods is equated to the marginal rate of transforma-
tion between direct and indirect tax rates, 

, ,i yc G t tMRS MRT=  

The MRT in a Samuelson-type utility function measures the marginal cost in 
terms of equity-efficiency arising from moving from a direct (indirect)-tax fi-
nancing of government spending to an indirect (direct) one.  

By analogy with the above MRT definition, the MRT in a private-sector 
oriented utility function is considered to be the marginal cost of labour (wage 
rate) in the production of private goods.  

What is of crucial importance in any econometric analysis is that both the 
market oriented and the Samuelson-type utility functions can be used alterna-
tively in any maximisation exercise, on the basis of the rule of relative prices and 
the predictions of Walras’ law. In particular:  

1) The basic interpretation of price given in the Arrow-Debreu economy: Ac-
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cording to this interpretation, the price is considered to be the number of units 
of numeraire that have to be surrendered in exchange for one unit of a com-
modity, where the numeraire is a good denoted as having unit price. Suppose for 
simplicity that the consumer wants to purchase one unit of the commodity XA at 
price PA = 10 and one unit of the good XB at price PB = 25. In this case, the re-
searcher has to solve two demand functions with two unknowns, the prices PA 
and PB (in our example, the prices are given to facilitate the analysis). Ar-
row-Debreu’s suggestion, adopted in our text, as well as in most empirical stu-
dies, is to hold that one unit of XB can purchase two and a half (2.5) units of XA. 
In this case, we save one degree of freedom, since we must solve one equation at  

one unknown, the relative price 0.4A

B

P
P

= : 

one unit of one unit of A
A B

B

PX X
P

 
= ∗ 

 
 

with the price of XA being used as numeraire, PA = 1. Thus, throughout our 
analysis, it is only relative prices that determine private and government choices.  

2) Walras’ law provides results that make more widely applicable the afore-
mentioned Arrow-Debreu’s definition of numeraire and carry significant impli-
cations for the analysis of the general equilibrium analysis. Suppose that we have 
a system of n (demand) equations with n goods and n prices to be solved simul-
taneously. The content of Walras’ law is that these n equations are not indepen-
dent and that only n − 1 actually need to be solved. In other words, the equality 
form of Walras’ law implies that, if demand is equal to supply in n − 1 equations 
of the system, that is if n − 1 markets have zero excess demand, so must the nth. 
Hence, there are only n − 1 independent equations in the system since the value 
of any n − 1 implies the value of the nth. By using the price of any equation of 
the system as a numeraire, there are also n − 1 relative prices that determine 
trade patterns. Thus, the set of n − 1 independent equations can be solved for n 
− 1 relative prices.  

Walras’ law does have another implication that has been exploited in public 
economics. The statement above can be modified to the following. If n markets 
are in equilibrium and all agents but one are satisfying their budget constraint, 
the remaining agent must also be satisfying his budget constraint. The conse-
quence of this statement in an economy with a government is that if the n mar-
kets are in equilibrium and households are meeting their budget constraints, the 
government must also be meeting its budget constraint. When describing such 
an economy, it is therefore optional to include the government budget constraint 
as an equation and to consider equilibrium on n-1 markets. By the same token, if 
private and public sector markets are in equilibrium and the government meets 
its budget constraint, it is optional to include the household’s income constraint 
as an equation. Consequently, we can consider equilibrium solely in the gov-
ernment sector, ignoring the income constraint of the private agents.  
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For a detailed description of the Arrow-Debreu economy and Walras’ law, see 
Myles (2012), Introduction.  

3.1.2. Describing the Static Model  
Since the aim of the present study is to trace out a reliable approach that would 
optimise the distribution of the tax burden in a way that would meet both targets 
of income redistribution and efficient resource allocation, it is natural to opt for 
a Samuelson-type budget constraint in carrying out our analysis. Central gov-
ernment planning, with the power to re-design radical state-budget policies re-
maining with the fiscal authorities, is required to develop an effective innovation 
process with superior economic, social and political changes.  

As becomes evident, in the context of the present analysis, the elements of the 
utility function, i.e. consumption (or income) and labour (or leisure), is no 
longer tenable to be determined exogenously because the maximisation of such a 
utility function subject to a government budget constraint would not ensure re-
liable results. As a matter of fact:  

1) indirect taxes are considered to erode the purchasing power of the house-
holds and reduce private consumption. 

2) income taxes are usually seen as a direct means of effecting income redi-
stribution in order to meet equity objectives, even though they are viewed as a 
major disincentive to work effort and entrepreneurship. Therefore, disregarding 
the influence of taxation on the two elements of the utility function would ob-
scure the importance of the diffusion of fiscal-policy measures into the so-
cio-economic activities of private agents. As a consequence, consumption in 
Equation (1) of our model is treated as a function of indirect taxes (and other 
determinants), whereas labour supply is treated as a function of direct taxes and 
a set of other explanatory variables.  

Consider an economy with two commodities, a consumption good c ≥ 0 and a 
single labour service, l, where 0 ≤ l ≤ 1. To derive the efficiency rule, it will be 
assumed that the economy consists of H households, indexed 1, ,h H= � , with 
identical preferences. Each household has a utility function 

( ) ( )ln , lnh h h h
i yU U c t l t=                        (1) 

Private consumption (net of indirect taxes) is taken to be a function of the in-
direct tax rate, it , and the exogenously determined disposable income, y = wl, 
whereas labour supply is a function of the direct tax rate, yt , and the exogen-
ously determined wage rate, w, that is, 

( ) ( )0 1 2ln ln lnh
ic a a t a wl= + +                   (2) 

( ) ( )0 1 2ln ln lnh
yl b b t b w= + +                    (3) 

Note that the utility function (1) is continuously differentiable, strictly in-
creasing in consumption and strictly decreasing in leisure, i.e. 

0, 0, as 1c cc lU U U l> < → −∞ →  
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To characterise the set of first-best or Pareto efficient allocation, each house-
hold chooses consumption and working time (hours of work) to maximise their 
utility level, constrained by the condition that the government will raise suffi-
cient revenue from direct and indirect taxes to finance public spending, G, i.e. 

( ) ( ) ( ) ( )ln ln lni y i yG t C t wL G t C t wL
δγ γ δ= ⇒ = +           (4) 

where 
1

h
h
HC c
=

= ∑ , and 
1

h
h
HL l
=

= ∑ . 
The lagrangian for this maximisation problem is written  

( ) ( ) ( ) ( )ln , ln ln ln lnh h h
i y i yU c t l t t C t wL Gλ γ δ   = − + −   L     (5) 

Note that the set of Equations (1) to (5) describe a simple static model of util-
ity maximisation, in the context of a theory of optimal taxation that explores op-
timal (in)direct tax formulae with utility functions logarithmically linear in con-
sumption and leisure (or working time). In a static framework, there are no transi-
tional dynamics, the steady state is reached immediately and the elasticities of 
consumption and leisure with respect to the (in)direct tax rates are finite. Such a 
framework allows for a tractable optimal tax analysis with formulae expressed in 
terms of empirical elasticities and social preferences that can address important 
fiscal-policy questions. See, for example, Saez and Stantcheva (2018), Chiappori 
and Mazzocco (2017), Gayle and Shephard (2019) and Farhi and Gabaix (2020). 

A dynamic utility maximisation model will be considered in Section 3. 
Coming now to the solution of the static maximisation problem, it is pre-

sumed throughout that: 
• Responses of consumption spending to changes in indirect tax rates are 

equalised across households and to the population as a whole, i.e., 

1
ln ln
ln ln

h

i i

c C a
t t

∂ ∂
= =

∂ ∂
, and 

• Responses of labour supply to changes in direct tax rates are also equalised 
across households and to the population as a whole, i.e., 

1
ln ln
ln ln

h

y y

l L b
t t

∂ ∂
= =

∂ ∂
. 

The necessary conditions describing the choice of both the direct tax rate and 
the indirect tax rate are 

ln ln1 0
ln ln lnln

h h

h
y y y

U l L
t t tl

λδ
 ∂ ∂ ∂ ∂

= − + =  ∂ ∂ ∂∂  

L
             (6) 

ln ln1 0
ln ln lnln

h h

h
i i i

U c C
t t tc

λγ
 ∂ ∂ ∂ ∂

= − + = ∂ ∂ ∂∂  

L              (7) 

Substituting the corresponding derivatives from (2) and (3) into (6) and (7), 
we get 

( )1 11
ln

h

h
U b b

l
λδ∂

= +
∂

                      (6a) 
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( )1 11
ln

h

h
U a

c
λγ α∂

= +
∂

                     (7a) 

Dividing (6a) by (7a) gives 

1 1

1 1

1ln
1ln

h

h

b bc
a al

δ
γ

+∂
=

+∂
                       (8) 

Following the simple mathematical formula 

1
1 1

1

1 1
1

b b a
a

+
= + −

+
 

Equation (8) takes the form 

( ) 1
1 1 ,

1

ln 1
ln h h

h

h c l

ac b a MRS
bl

δ
γ

∂
= + − =

∂
                 (9) 

Given that the ratio of ln
ln

h

h
c
l

∂
∂

 stands for the marginal rate of substitution 

between consumption and labour and 

1
,

1

ln
ln lnln ln

ln ln ln ln
ln

y yi
C L

i i

y

C
t tta C MRTLb t L t

t

∂
∂ ∂∂ ∂

= = =
∂ ∂ ∂ ∂
∂

, 

with ,C LMRT  representing the marginal rate of transformation between con-
sumption and labour, Equation (9) takes the form 

( )1 1 ,,

ln
1

lnh h
y

C Lc l
i

t
MRS b a MRT

t
δ
γ

∂
= + −

∂
              (10) 

Equation (10) implies that market equilibrium exists (MRS = MRT) only if 

( )1 1

ln
1 1

ln
y

i

t
b a

t
δ
γ

∂
+ − =

∂
, 

that is, if 

( )1 1
ln 1
ln

i

y

t b a
t

δ
γ

∂
= + −

∂
                     (11) 

The interpretation of (11) is that:  
1) Pareto efficiency results only if 
• The direct-tax elasticity of labour supply ( 1b ) and the indirect-tax elasticity 

of consumption goods ( 1a ) exactly offset each other, 
• The percentage changes in both direct and indirect tax rates are equal, 
ln lny it t∂ = ∂ , and 
• The direct-tax revenue share in total tax revenue is equated to the indi-

rect-tax revenue share, δ γ= . 
2) When the direct-tax elasticity of labour supply differs from the indirect-tax 

elasticity of consumption, then the only way to achieve Pareto efficiency is to 
change the structure of the tax system by placing greater emphasis on direct or 
indirect taxation.  
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In the usual case of asymmetric responsiveness of labour supply and con-
sumption to changes in (in)direct tax rates, restructuring of the tax system is re-
quired to redress the balance. Policy makers have to reschedule the ratio of the 
two sorts of tax rates in a way that eliminates the tax-induced distortions in de-
mand and labour market. To establish a reasonable relationship between indirect 
and direct tax rates, Equation (11) is solved for ti to generate the following reac-
tion function:  

( )1 1d ln 1 d lni yt b a tδ
γ

= + −∫ ∫ , or 

( )1 1ln 1 ln lni yt b a t kδ
γ

= + − +                    (12) 

where k is a constant that captures the initial conditions in the economy. From 
Equation (12), we receive 

( )1 11 b a

i yt kt
δ
γ

+ −
=                           (13) 

In order to measure the response of the indirect tax rate to changes in the di-
rect tax rate in a practicable and manageable way, that would help fiscal authori-
ties to properly re-design the tax structure, we must turn to the empirical inves-
tigation of our theoretical proposition by using market data and assigning nu-
merical values (from the real economy) to the variables of interest. 

3.2. The Empirical Evidence and Simulations of the Static Model 

The scope of our empirical analysis is to provide practical policy recommenda-
tions. This implies that the tax rules must be capable of being applied to the data 
and to the estimated values of the resulting optimal tax rates. All the data series 
used in evaluating the parameters of the relevant relationships have been taken 
from Ameco Database (Eurostat) and OECD Statistics (see Appendix 2). To put 
our proposals into practice and to reach an optimal (in)direct tax-rate regime, 
we must further manipulate Equation (13). 

Equation (13) describes an infinite number of combinations of optimal direct 
and indirect tax rates. It measures the extent to which the indirect tax rate 
should change after a pre-determined one percentage-point increase (decrease) 
in the direct tax rate to maintain equilibrium.  

A reverse relationship between the above two tax rates can also be found by 
dividing (7a) by (6a) and replicating the forgoing procedure that was employed 
for deriving Equation (13): 

( )1 11 a b

y it kt
γ
δ

+ −
=                          (14) 

Equation (14) may be interpreted as providing a map of indifference curves 
that present the preferences of policy makers for direct (indirect) tax rates over 
indirect (direct) tax rates. The construction of this map is the necessary condi-
tion for eliminating distortions coming from the labour market and/or from the 
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market for consumer demand. It can be shown that, in Equation (14), the direct  

tax rate is a convex function of the indirect tax rate, if ( )1 11 1a b γ
δ

+ − > . In con-

trast, the indifference curves are concave to the origin if ( )1 11 1a b γ
δ

+ − < . 

It is well understood that the design of a map per se that includes an infinite 
number of indifference curves, on the basis of (14), does not seem to solve the 
problem of determining an equilibrium point. It is clear that Equation (14) by 
itself cannot lend support to a mathematical method capable of proving the ex-
istence of equilibrium, unless a constraint on the direct/indirect tax-rate struc-
ture is introduced: the equality between government spending, G, and the sum 
of direct and indirect taxes (Ty + Ti) is considered to be a contextual and prag-
matic constraint, i.e., 

y iG T T= +  

or, dividing by national income, 

( )y i
y i

T TG T g
Y Y Y Y

τ τ τ = = = = + = + 
 

                (15) 

The intersection of the budget constraint and one of the indifference curves 
gives the equilibrium values for the direct and indirect tax rates.  

With the parameter values of γ and δ being given by estimating Equation (4), 
the last step is to assign an appropriate value to the constant, k, and then to run 
two regressions (Equations (2) and (3)) for each of the six countries considered 
(France, UK, Italy, Germany, USA, Japan) in order to estimate the coefficient  

values of 1
d ln
d ln i

Ca
t

=  and 1
ln
ln y

d Lb
d t

= . The choice of these six countries was  

based on two criteria: 1) the adequacy, availability and reliability of the data on 
crucial (especially qualitative) variables, and 2) the existence of both experienced 
and well qualified personnel in the public sector and fiscal policy managers, ca-
pable of making major changes in re-designing economic policy. The logarith-
mic form of both the consumption and labour-supply functions is chosen be-
cause it provides currency-free elasticity estimates for both the indirect-tax in-
duced changes in demand and the direct-tax induced changes in labour supply. 

It should be stressed from the outset that it is beyond the scope of the present 
study to construct a fully-fledged system of equations (or an econometric model), 
that would capture the effects of all of the explanatory variables on consumers’ 
behaviour and labour-supply incentives. What we actually intend is to describe 
how our proposed model could successfully function in practical, real world 
terms, as a rough guide to policy makers. To this end, we opt for employing 
econometric estimates based on Equations (3) and (4) for each country rather 
than numerical values or numerical examples.  

The results for the parameters of interest are presented in Table 1 (values of 
remaining coefficients, significance levels and other diagnostic tests are provided 
on request). 
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Table 1 is the estimates of the main coefficient values. Please have an intro-
duction to the content in the Table 1. 

Table 1 provides the parameters of the model that determines the optimal 
choice of the pair of direct and indirect tax rates within the framework defined 
by a given budget constraint. These parameters are shown to be the indirect tax 
elasticity of consumption, a1, the direct tax elasticity of labour supply, b1, a con-
stant, k, and the ratio of indirect to direct taxes, γ/δ.  

The constant term is taken to stand for the initial conditions prevailing in an 
economy, in which tax-induced distortions that arise from the labour market 
and/or from consumer demand should be minimised via introducing carefully 
designed changes in the mix of direct-indirect tax rates. A widely accepted indica-
tor of a constant term is argued to be the ratio of average direct to average indirect  

tax rates, y

i

t
k

t
= . Τhe value of k can be determined either directly from the 

Government Finance Statistics or indirectly by running the following regression: 

ln ln lny ikτ τ= +                       (16) 

The inverse logarithm of k in (16) may be interpreted as representing the ini-
tial conditions in each country, as shown in Table 1 (column 5). 

To summarise, the three steps that should be taken to estimate the optimal 
(in)direct tax rates are the following: 

1) To introduce the parameter values—as shown in columns 4 - 7 of Table 
1—for each country into Equation (14), in order to obtain a numerically defined 
map of indifference curves, depicting the preferences of the policy makers over 
feasible combinations of direct and indirect tax rates. 

2) To employ Equation (15) 

y it tτ = + , or y it tτ= −                    (17) 

where the average tax rate, τ , is taken from the official government statistics of 
each country. The budget constraint (17) describes affordable direct-indirect 
tax-rate combinations.  
 
Table 1. Estimates of the main coefficient values. 

Country 1
d ln
d ln i

Ca
t

=  1
d ln
d ln y

Lb
t

=  1 11 a b+ −  Constant, k γ δ 

(1) (2) (3) (4) (5) (6) (7) 

France −0.329 0.127 0.544 0.257 0.617 0.393 

Germany 0.025 0.061 0.964 0.552 0.476 0.525 

UK 0.554 0.271 1.200 0.260 0.458 0.544 

USA −0.020 0.005 0.975 0.553 0.367 0.629 

Japan −0.256 −0.068 0.811 0.445 0.430 0.566 

Italy 0.412 0.236 1.177 0.448 0.480 0.497 

Source: Ameco database (Eurostat), OECD Statistics. 
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3) To substitute (14) into (17) 
 

( )1 11 a b

i ikt t
γ
δτ

+ −
= +                        (18) 

assuming that Equation (14) holds for any combination of feasible direct and in-
direct tax rates (including their average values). 

Equation (18) can be easily solved in terms of the (average) indirect tax rate. 
Substituting the latter into (17) gives the (average) direct tax rate.  

The pair of (in)direct tax rates derived from (18) and (17) determine the point, 
at which the government budget constraint intersects the potentially higher in-
difference curve and corresponds to the optimal combination of direct and indi-
rect tax rates. Accordingly, such a mixture of (in)direct tax rates is argued to 
eliminate any distortion, originating in the labour market and/or in the market 
for consumer goods and to achieve equilibrium via equating the marginal rate of 
substitution with the marginal rate of transformation.  

Table 2 presents the details of calculating the optimal indirect tax rates, while 
Table 3 presents the actual (in)direct tax rates vis-a-vis the optimal ones. 

A graphical representation of the budget constraint, the indifference curve, 
the equilibrium point and the optimal tax rates for each country is given in Ap-
pendix 1 (Figures A1-A6). In particular, the familiar conflict between equity and 
efficiency is illustrated in these figures, as well as in the results of Table 3. The 
indifference curve is derived from the solution of the relation 

( )1 11 a b

y it kt
γ
δ

+ −
= . 

The intersection of the indifference curve and the budget constraint y it tτ= −  
marks the point where the optimal combination of direct-indirect tax rates is 
achieved (point A).  

The resulting optimal equilibrium pairs of direct and indirect tax rates for 
each of the six countries considered are then used to construct Table 3, columns 
4 and 5. Finally, the above optimal values for (in)direct tax rates are compared to 
the corresponding actual (average) tax rates (columns 1 and 2) to provide valua-
ble information as to the required restructuring of the tax system in the direction 
of removing distortions originating in the labour market and/or in consumer 
demand.  

 
Table 2. Estimation of the indirect tax rates. 

France 0.8540.257 0.70i it t+ =  0.472it =  

UK 1.0800.260 0.64i it t+ =  0.54it =  

Italy 1.1360.448 1i it t+ =  0.70it =  

Germany 0.8740.552 0.51i it t+ =  0.311it =  

USA 0.5690.553 0.44i it t+ =  0.212it =  

Japan 0.6160.445 0.38i it t+ =  0.21it =  

Source: The estimations are based on the parameter values of Table 1. 
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Table 3. Actual and optimal direct and indirect tax rates. 

 

Average ty Average ti Average total tax rate Optimal ty Optimal ti 

(1) (2) (3) (4) (5) 

France 0.300 0.405 0.705 0.135 0.472 

UK 0.344 0.294 0.638 0.134 0.54 

Italy 0.503 0.498 1.001 0.299 0.70 

Germany 0.267 0.241 0.508 0.199 0.311 

USA 0.276 0.160 0.436 0.229 0.212 

Japan 0.214 0.170 0.384 0.170 0.21 

Source: Ameco database (Eurostat) and OECD Statistics (OECD.Stat) for columns 1 - 3.  
 

Consider, for example, the case of the UK. In this country, the optimal indi-
rect tax rate (0.54) is higher than the actual (average) indirect tax rate (0.294), 
whereas the optimal direct tax rate (0.134) is lower than the actual (average) di-
rect tax rate (0.344). This finding may be interpreted as follows: 

1) Actual direct-tax incentives are very effective in discouraging people both 
to work harder and to save and invest more of their income. 

2) Actual indirect taxation tends to provide a strong incentive to consume 
more and save less of their income. 

Accordingly, at a given level of total tax revenue, optimal taxation rules rec-
ommend that more resources be devoted to efficiency criteria, via causing the 
tax burden to move from direct to indirect taxation. 

The general conclusion that arises from the inspection of Table 3 is that all 
the sample countries appear to assign a greater social welfare weight to equity 
considerations. Even though our findings seem to be in line with those of many 
other studies (see, for example, Sandmo, 1976; Forbes, 2000; Okun, 2015), it re-
mains to be seen whether employing data from other countries or using alterna-
tive methodological procedures would differentiate the observed tendency of the 
tax systems in the sample countries to weigh the fair distribution of income heavi-
ly against efficient allocation of resources. Last but not least, it should not escape 
our attention that the conclusions of the present study are based on the assump-
tion that high direct tax rates distort optimal households’ choices between work 
effort and leisure, whereas high indirect tax rates discourage consumption and 
cause serious damage to the welfare state of the poor.  

4. The Dynamic Model 
4.1. Introduction 

In the dynamic, macroeconomic framework of this section, we adopt the Solow 
growth model to explore how the preferences of the representative household 
change over time and how these preferences influence the path of direct-indirect 
tax-rate combinations and the policy makers’ optimal choice between equity and 
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efficiency through time. Such an extention of the theoretical discussion is neces-
sary in order to incorporate the temporal and social aspects of an optimal tax 
policy.  

The dynamic analysis in the present context is based on Solow (1956) growth 
model and its extension to the public sector by Barro (1990) and Mankiw (1992). 
The Solow model or endogenous growth model is an economic model of long-run 
growth. It attempts to explain long-run growth by looking at capital accumula-
tion, labour or population growth and increases in productivity largely driven by 
technological progress. A key component of growth is savings and investment 
which raise the capital stock and hence the full-employment income.  

Savings, investment, factor accumulation and technological growth are ex-
ogenous. The production function with physical capital K, labour L and tech-
nological knowledge A, is given by 

( ) ( ) ( ) ( ),Y t F K t A t L t =    

Time affects output only through K, L and A. The term for a labour-augmenting 
technology is “effective labour”. Land and natural resources are ignored. With 
constant returns to scale in the context of a Cobb-Douglas production function, 
we get  

1a aY K L −=  

with L from now on representing effective labour. Setting Yy
L

=  and Kk
L

= , 

the production function takes the form ( ) ay f k k= = . 

Assuming constant and exogenous savings rate, s (or investment rate) and 
constant depreciation rate of capital, δ, the net capital formation is given by the 
relationship  

( ) ( ) ( )K t sY t K tδ= −�  

The dynamics of capital per unit of effective labour is defined as  

( ) ( )( ) ( ) ( )k t sf k t n k tδ= − +  

where n stands for the growth rate of effective labour. 
Thus, the first term in the last equation is the actual investment in physical 

capital per unit of effective labour and the second term is the effective deprecia-
tion of capital per unit of effective labour. The steady state equilibrium occurs at 
such a value of capital per effective labour, *k , that ( ) 0k t = , i.e. 

( ) ( )* * 0sf k n kδ− + =  

Note that, at *k , investment equals effective depreciation and k remains con-
stant over time, because there is only a single value of * 0k > , according to In-
ada conditions: ( )0lim l

k f k→ = ∞  and ( )lim 0l
k f k→∞ = . 

4.2. Description of the Dynamic Model 

The steady-state properties of our econometric structure will be explored within 
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the framework of the aforementioned Solow growth model. However, since 
some crucial features of our static model in Section 2, such as the utility function 
and the budget constraint, are not normally incorporated in Solow’s formulation, 
the latter will be slightly modified to bridge the gap. The manipulation of the 
first-order conditions from the maximisation process will allow us to evaluate a 
number of parameters which are indispensable for carrying our discussion and 
argumentation to a logical conclusion. 

Consider an economy with H households, who have identical preferences 
and differ only in their skill level, the average level of which is given by the 
prevailing wage rate, w. Each household aims at maximising a utility function 
of the form 

( ), a bU C L C L=                         (19) 

subject to the constraints 

( ) 21 aa
iC At wL=                         (20) 

1 2b b
yL Bt w=                           (21) 

( ),Y F K L K Lγ δ= =                       (22) 

I sY=                             (23) 

( ) i yG T t C t wL= = +                       (24) 

Y C I G= + +                          (25) 

where A and B are constants, C represents consumption, L stands for labour 
supply (=number of annual working hours), Y (=GDP) is taken to be a function 
of both the capital stock, K, and labour supply, and the level of investment, I, is 
defined as a constant proportion, s, of GDP.  

There are two additional constraints: Firstly, the government budget constraint, 
i.e. a balanced budget, with government spending, G, being equal to the total tax 
revenue, T. The latter is equal to the sum of indirect tax revenue (=average indi-
rect tax rate, ti, multiplied by the private consumption spending) and direct tax 
revenue (=average direct tax rate, ty, multiplied by the wage income, wL). The 
second additional constraint is the national income identity, where GDP is equal 
to the sum of private consumption, investment and government expenditure. 

Given the initial (base-year) values of capital and income, K0 and Y0 respec-
tively, the equation system (19)-(25) may be re-written as follows: 

max a bC L                           (26) 

where 

( ) 21 aa
iC At wL=                         (27) 

1 2b b
yL Bt w=                          (28) 

( )1 i yY I s Y C G C t C t wL− = − = + = + + , or 

( ) ( )1 1 i ys Y C t t wL− = + +                     (29) 
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YY K L L
K

γ δ δ
γ= ⇒ =  

or YL
K

δ

γ=                          (30) 

The Lagrangean of maximizing the utility function (26), subject to the con-
straint (29) is  

( ) ( )1 1a b
i yC L t C t wL s Yλ  = − + + − − L             (31) 

The first-order conditions from maximising (31) with respect to consumption 
and labour are 

( )1 1 0a b
iaC L t

C
λ−∂

= − + =
∂
L                  (32) 

1 0a b
yC bL t w

L
λ−∂

= − =
∂
L                   (33) 

Dividing (32) by (33) gives 

1 1i i

y y

t ta L bL C
b C t w a t w

+ +
= ⇒ =                   (34) 

Let us now substitute (34) into (29) 

( ) ( ) ( )11 1 1i
i y i

y

tbs Y C t t w C C t
a t w

+
− = + + = + , or        (35) 

( ) ( )1 1 i
a bs Y C t

a
+ − = +  

 
                  (36) 

Rearranging the terms of (36), we get 

( ) 11
1 i

aC s Y
a b t

  = −   + +  
                 (37) 

Solving (34) with respect to C, we find  

1
y

i

t waC L
b t

=
+

                        (38) 

The next step is to substitute (38) into (29) 

( ) ( )1 1
1

1

y
i y y y

i

y y

t wa as Y L t t wL Lt w t wL
b t b

a a bLt w t wL
b b

− = + + = +
+

+   = + =   
   

, or       (39) 

( ) 11
y

bL s Y
a b t w

 = −  + 
                    (40) 

Equations (20), (21), (30), (37) and (40), which are repeated below 

( ) 21 aa
iC At wL=                       (41a) 

1 2b b
yL Bt w=                         (41b) 
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( ) 11
1 i

aC s Y
a b t

  = −   + +  
                  (41c) 

( ) 11
y

bL s Y
a b t w

 = −  + 
                   (41d) 

YL
K

δ

γ=                          (41e) 

can be said to represent a system of five equations with five unknowns:  
C, L, ti, ty, w 

which can be solved simultaneously to provide optimal values for the di-
rect-indirect tax rates—and the remaining three variables—for the static model 
(one-step or current optimisation).  

To turn the static model into a dynamic one, we should follow a number of steps:  
1) We estimate econometrically, by using the 2SLS method, Equations (41a), 

(41b) and (41e) to determine the values of the parameters A, B, a1, a2, b1, b2, γ, δ. 
The value of the parameter s is calculated on the basis of Equation (23), as the 
ratio of investment to GDP. The capital allowance, r, is derived from the formula  

gross K net Kr
gross K

−
= , 

where K stands for the capital stock. 
The parameters of the utility function cannot be directly estimated by any 

econometric technique, because the dependent variable, U, is not a cardinally 
measurable variable. However, these parameters can be indirectly calculated by  

manipulating the relation (29), 
1 i

y

ta L
b C t w

+
= . 

It is assumed that the utility function is homogeneous of degree one, that is, 
1a b+ = . Thus, the relation (34) takes the form 

1
1

i

y

ta C
a L t w

+
=

−
, or                       (42) 

( )1 1 11i i i

y y y

t t tC C Ca a a
L t w L t w L t w

     + + +
= − = −          
     

, or 

1 1i i

y y

t tC Ca a
L t w L t w

 + +
+ =  

 
, or 

1 11 i i

y y

t tC Ca
L t w L t w

  + +
+ =      

, or 

1

11

i

y

i

y

tC
L t w

a
tC

L t w

+

=
 +

+   
 

, and 

1b a= −                            (43) 
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The estimated values of the above thirteen parameters are presented in Table 
4, for all the sample countries. 

2) The second step is to define the horizon of the optimisation process. For 
the purpose of the present analysis, an horizon of twenty years is considered to 
be a sufficient period to capture the short and long-term paths of tax-rate changes. 

3) We use the value of the capital stock in the first year of the sample period, 
K0. Note that the data set for the actual capital stock is provided by Eurostatistics 
for the EU countries (France, Germany, Italy). For the remaining sample coun-
tries (USA, UK, Japan), the capital stock is estimated by employing the widely 
used formula 

( ) ( ) ( )2
1 21 1 1 n

t t t t t nK I I r I r I r− − −= + − + − + + −�  

where n is taken to be equal to 20, in order to justify a plausible average depreci-
ation rate of 5% (or 20-year life expectancy) of the (public and private) capital 
stock.  

The initial (base year) value of the capital stock, K0, is then recalculated, year 
after year, for each of the remaining years, till the end of the sample period, after 
successively updating the relation 

( )1 1t t tK r K I+ = − +                       (44) 

The updated as above values of the capital stock are now introduced into the 
system of Equations (41a) to (41e) to determine the path of intertemporal move-
ments of the variables of interest. To this end, Equations (41a) to (41e) are esti-
mated for every period of time that is part of the longer 20-period of time that is 
considered with respect to the direct-indirect tax rates and the remaining va-
riables (C, L, w).  

4) To proceed with the sequential updating and computation of Equations 
(41a) to (41e), by solving this equation system. The first stage in the process is to 
solve Equation (41e) in terms of L, given the values of GDP and the updated values 
of the capital stock. The second stage is to solve Equations (41b) and (41d)—in 
logarithmic form—simultaneously in terms of ty and w. The third stage is to 

 
Table 4. Parameter values for the equation system. 

 A B a1 a2 b1 b2 a b s γ δ r K0 

France 2.166 22.567 −0.329 0.902 0.081 0.047 0.79 0.21 0.218 0.617 0.393 0.054 4,745,800,000,000.00 

Germany 7.521 24.742 0.025 0.730 0.061 0.016 0.81 0.19 0.207 0.476 0.525 0.054 7,014,400,000,000.00 

UK 10.152 21.898 0.554 0.668 −0.161 0.056 0.80 0.20 0.171 0.458 0.544 0.050 3,975,562,690,275.64 

USA −9.189 21.830 −0.020 1.318 0.005 0.165 0.82 0.18 0.211 0.367 0.629 0.045 23,531,910,905,612.20 

Japan −48.886 45.312 −0.256 2.686 −0.068 −0.923 0.83 0.17 0.260 0.430 0.566 0.040 11,702,326,042,207.70 

Italy 16.696 0.706 0.412 0.408 0.236 1.434 0.72 0.28 0.194 0.480 0.497 0.048 4,586,600,000,000.00 
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substitute these values of L, ty and w into (41a) and (41c) and solve them simul-
taneously in terms of ti and C, in every subperiod of the selected horizon.  

4.3. Discussing the Results of the Dynamic Model  

The quantitative findings from the estimation of the dynamic model, as well as 
those from the estimation of the static model, are presented in a modified form 
in Table 6. Specifically, they are depicted in a qualitative form to facilitate the 
comparison between the two models and to help interpreting the internal work-
ings of each model and their possible interactions. Lines 2 and 3 of Table 6 
simply reproduce the basic conclusions of the static model:  

The actual direct tax rates are higher than the corresponding optimal direct 
tax rates in all of the sample countries, whereas the actual indirect tax rates are 
lower than the corresponding optimal ones.  

As becomes evident, policy makers in these countries concentrate mainly on 
progressive income taxes, which are claimed to be a major disincentive to work 
effort but, at the same time, they contribute to a fair distribution of income. In 
other words, the tax policy in these countries aims at meeting the equity objec-
tive, overlooking the efficiency criterion. Similarly, low actual indirect tax rates 
imply that a low (actual) tax burden is concentrated among goods consumed by 
low income groups, thus favouring the fair distribution of income. 

Given that policy makers in the sample countries seem to sacrifice the effi-
ciency target of taxation in favour of equity considerations, one should expect 
that, at the optimal level, the optimal direct tax rates will be lower than the op-
timal indirect tax rates. This is really shown to be verified, in the first line of Ta-
ble 6, for all of the sample countries, except for the United States. The same 
tendency seems to prevail for the optimal direct-indirect tax relationships in the 
dynamic model (last line in Table 6). 

Table 5 briefly reviews some evidence on the time path of optimal direct-indirect 
tax rates over the first ten-year subperiod of our steady-state growth experiment 
and allows us to consider the implications of the alternative formulations of the 
tax-rate schedules. However, even though the optimal direct-indirect tax-rate 
combinations of the static model (see Table 3) seem to be in compliance with 
the direct-indirect tax-rate profile of the long-run evolutionary process, the 
tax-rate pairs are shown to exhibit considerable variations over time and serious 
discrepancies among the six sample countries. To be specific,  

1) France: Starting with a static optimal tax-rate scheme that is clearly in sup-
port of efficiency ( * *47.2% 12.8%i yt t= > = ), France appears to reverse the earlier 
policy in favour of a mild equity objective, with optimal long-term income tax 
rates slightly above the optimal long-run indirect tax rates over the first ten sub-
periods. However, the data for the remaining ten subperiods (not displayed in 
the table but available on request) are in inverse relation to our findings related 
to the first ten subperiods of the steady-state growth model.  

2) Germany: The short-term findings of the static model show a pro-efficiency 
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attitude of Germany’s tax system ( * *0.31 0.20i yt t= > = ). It was in the first five 
subperiods of the dynamic model that our estimates did change the direction of 
the tax-policy target to its opposite, with the emphasis being shifted to equity 
considerations. However, policy-makers gave priority again to efficiency during 
the next five subperiods of the dynamic model.  

3) United Kingdom: The tax system of the UK appears to be coded with an im-
pressive pro-efficiency attitude in the short-run static model ( * *0.10 0.54y it t= < = ) 
and the same attitude is shown to be taken during the first five subperiods of the 
dynamic model, although at a slower pace. Nevertheless, the last five subperiods 
of the steady-state growth put the equity-efficiency priorities in the opposite or-
der (i.e. of equity).  

4) United States: The USA is the only country in our sample that appears to 
place as much emphasis on equity in the static model ( * *0.212 0.229i yt t= < = ) as 
it does in the first five subperiods of the dynamic model. Priorities change in the 
opposite direction by focusing on efficiency considerations during the last five 
subperiods of the steady-state growth model.  

 
Table 5. Optimal direct-indirect intertemporal tax rate changes of the dynamic model for the first ten of the twenty periods ex-
amined. 

Period 
UK Italy Japan USA France Germany 

ti ty ti ty ti ty ti ty ti ty ti ty 

1 54.99% 23.71% 21.10% 49.20% 20.56% 45.81% 33.58% 50.22% 20.96% 24.55% 11.50% 40.90% 

2 48.25% 27.79% 22.90% 50.00% 23.70% 44.95% 33.76% 46.21% 18.21% 20.28% 14.60% 34.60% 

3 43.27% 31.42% 24.70% 50.70% 26.69% 44.27% 33.86% 42.41% 16.18% 17.98% 17.50% 30.20% 

4 39.40% 34.41% 26.40% 51.30% 29.47% 43.74% 33.88% 38.82% 14.61% 16.98% 20.20% 27.10% 

5 36.27% 36.61% 28.00% 51.80% 32.01% 43.34% 33.84% 35.44% 13.35% 16.97% 22.70% 25.00% 

6 33.68% 37.95% 29.50% 52.20% 34.29% 43.05% 33.74% 32.28% 12.32% 17.87% 25.20% 23.60% 

7 31.50% 38.42% 30.90% 52.50% 36.29% 42.86% 33.58% 29.35% 11.46% 19.70% 27.50% 22.80% 

8 29.63% 38.07% 32.10% 52.70% 38.02% 42.76% 33.36% 26.62% 10.73% 22.66% 29.80% 22.50% 

9 28.00% 36.99% 33.30% 52.80% 39.48% 42.75% 33.10% 24.11% 10.11% 27.08% 31.90% 22.60% 

10 26.58% 35.31% 34.40% 52.80% 40.67% 42.81% 32.78% 21.79% 9.56% 33.51% 34.00% 23.10% 

 
Table 6. Comparison of actual-optimal (in)direct tax rates (static-dynamic models). 

 
France Italy Germany USA Japan UK 

Static model y it t∗ ∗<  y it t∗ ∗<  y it t∗ ∗<  y it t∗ ∗>  y it t∗ ∗<  y it t∗ ∗<  

 y yt t∗>  y yt t∗>  y yt t∗>  y yt t∗>  y yt t∗>  y yt t∗>  

 i it t∗<  i it t∗<  i it t∗<  i it t∗<  i it t∗<  i it t∗<  

Dynamic model y it t∗ ∗<  y it t∗ ∗<  y it t∗ ∗<  y it t∗ ∗>  y it t∗ ∗<  y it t∗ ∗<  

Note: The asterisk represents optimal values of (in)direct tax rates. 
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5) Italy: The main characteristic of the Italian tax system is that it does not 
take good care of the process of weighing up the pros and cons of the controver-
sy over the equity-efficiency dispute. Our estimates point to a clear-cut position 
of policy makers in support of the equity principle during the entire 20-period 
horizon of the dynamic model, in sharp contrast to the short-run support for the 
efficiency criterion.  

6) Japan: The tax scheme of Japan is shown to follow the track of the Italian 
tax system. Estimation results demonstrate a consistent equity profile through-
out the 20-period horizon of the dynamic model, even though the short-run 
outcome of the static model exhibits a mild anti-equity performance.  

It should be stressed that, regardless of the results obtained when we get 
through to the first ten sub-periods, the validity of the estimates of the static 
model tends to be verified if we take into account the average estimates of the 
total 20-period horizon. 

Lastly, the optimal tax rate profile of the USA should not escape our notice 
(lines one and four in Table 6). In contrast to what happens to the rest of the 
sample countries, the optimal direct tax rate ( yt∗  = 0.229) is slightly higher than 
the optimal indirect tax rate ( it

∗  = 0.212). The optimal tax profile in not signifi-
cantly different from the actual tax rate profile (ty = 0.276, ti = 0.16 in Table 3). 
Both tax profiles are of the same ordering of the tax rates, even though the actual 
direct-indirect tax rate margins are larger than the optimal ones. In essence, the 
optimisation process does not introduce major reforms in the tax system of the 
USA.  

5. Concluding Remarks 

So far, the focus of the tax literature on the equity-efficiency dichotomy has been 
on the role of personal income taxes in shaping the structure of the equity vs. ef-
ficiency basic idea. It is not a common practice to frame this object in terms of 
the ongoing discussion that is characterised by the distortions arising from the 
presence of indirect taxes. This paper presents a new feature of the Mirrless 
problem that takes the form of reaching an efficient co-existence of direct and 
indirect taxes and explores the practical insights that it provides.  

In carrying out our analysis, the principle of equality between the marginal 
rate of substitution and the marginal rate of transformation is used to determine 
and eliminate the distortions originating in both the labour market and demand 
as a result of introducing suboptimal combinations of direct and indirect taxes. 
We demonstrate that this objective can be satisfied by making direct and indirect 
tax-rate adjustments, which are capable of minimizing these distortions. Our 
methodology is used to analyse existing tax schedules for six developed coun-
tries, providing meaningful answer to the question of whether the cost of over-
coming the problem of inefficient tax systems is great enough to negate the value 
of improving social welfare. 

A well-founded answer to the above question requires testing appropriate 
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combinations of (in)direct tax rates and then using them to simulate alternative 
MRS-MRT equality conditions. The results of these experiments in our study 
strongly imply that the tax systems of the sample countries are mixed: actual tax 
systems give little weight to efficiency concerns relative to equity, even though 
the efficiency gains might be greater than the opportunity cost associated with 
sacrificing part of the equity objective. On the contrary, the tax systems of the 
static model give the opposite evidence on the subject. 

To be more specific, the estimates of the static model show that in just one 
country, France, the prevailing actual direct/indirect tax-rate combinations tend 
to favour efficiency concerns, in line with the corresponding optimal combina-
tions. In four other countries (UK, Italy, Germany, Japan), the actual di-
rect/indirect tax-rate combinations seem to support equity factors, in sharp con-
trast to the optimal ones which lend support to the efficiency target. Lastly, the 
USA is the only country that is a real pro at planning an equitable static di-
rect/indirect tax-rate mix, following the optimal-level results which also point to 
a fair income distribution.  

It is worth noting that the results of the long-run dynamic experiments over a 
20-period horizon construct a continuous interplay between equity and efficiency 
objectives within subperiods for each country and through time. However, on 
the average, the optimal inferences of the dynamic model tend to coincide with 
the corresponding inferences of the static model (though to a different degree). 
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Appendices  
Appendix 1. Determination of the Optimal Direct-Indirect Tax  
Rate Combinations Leading to a Pareto Efficient Trade-Off  
between Equity and Efficiency 

 

 
Note: the data for the construction of the indifference curve and the budget constraint 
have been taken from Table 1. 

Figure A1. France: competitive equilibrium with optimal combination of direct and in-
direct tax rates.  

 

 
Note: the data for the construction of the indifference curve and the budget constraint 
have been taken from Table 1. 

Figure A2. UK: competitive equilibrium with optimal combination of direct and indirect 
tax rates.  
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Note: the data for the construction of the indifference curve and the budget 
constraint have been taken from Table 1. 

Figure A3. Italy: competitive equilibrium with optimal combination of direct 
and indirect tax rates.  

 

 
Note: the data for the construction of the indifference curve and the budget 
constraint have been taken from Table 1. 

Figure A4. Germany: competitive equilibrium with optimal combination of 
direct and indirect tax rates.  

 

 
Note: the data for the construction of the indifference curve and the budget 
constraint have been taken from Table 1. 

Figure A5. USA: competitive equilibrium with optimal combination of direct 
and indirect tax rates.  
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Note: the data for the construction of the indifference curve and the budget constraint 
have been taken from Table 1 

Figure A6. Japan: competitive equilibrium with optimal combination of direct and indi-
rect tax rates.  

Appendix 2. Data Sources 

The annual data cover the period 1991 to 2021.  
Private final consumption expenditure, Final consumption expenditure of 

general government, Gross Domestic Product (GDP), Direct tax revenue, Indi-
rect tax revenue, Direct tax rates, Indirect tax rates, Αnnual hours actually 
worked, Hourly wage rate: 

Organisation for Economic Co-operation and Development (OECD) database. 
Data taken from 2022—OECD Statistics (OECD.Stat). 

Gross fixed capital formation, Net fixed capital formation, Net capital stock, 
Gross capital stock, Consumption of fixed capital:  

1) For the United States, the United Kingdom and Japan: Organisation for 
Economic Co-operation and Development (OECD) database. Data taken from 
2022—OECD Statistics (OECD.Stat). 

2) For Germany, France and Italy: Ameco Database (Eurostat). Data taken 
from 2022—Ameco Database. 
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