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Introduction. The evaluation of different tax systems per se is a very complicated
problem. For example, if the Pareto criterion is used for this purpose the dimensionality of the
problem becomes so big that it is not solvable even using modern technical tools. However,
this comparison is essential and experts often rely on some verbal indicators to evaluate a tax
reform proposal.
We will concentrate here on the analysis of the policy, maximizing consumers’ welfare.
A real policy may pursue another aims, but in that case it would distort consumers’ behavior
leading to welfare loss. Ideally a policymaker would use the welfare function of the society
for a comparison like that. However, to use the welfare function one needs to aggregate
individual preferences that can also be unknown. Thus, in most cases it is only possible to
assume that the welfare function exists. One can compare different functional forms for the
welfare function, but in this case a policymaker does not have any consistent criteria for the
evaluation of the given proposals. Moreover, given a certain specification it remains unclear
how close this specification is to the true welfare function.
In this paper it is shown that for a quite wide variety of welfare functions given some
distribution of wealth in the population utilitarian welfare function with equal weight and an
inequality index compose a sufficient statistics. Thus, the criterion for the comparison is twodimensional. Ranking of welfare functions is already a difficult task (see Shorrocks, (1987)
and Sen, (1973)), so ranking of a two-dimensional characteristic is more difficult. A possible
solution is to compare the characteristics with some standard characteristics. One can find it
convenient to compare the situations with an imaginary no-tax case. This comparison will be
incorrect, because that will be an attempt to compare an unconstraint Pareto – optimum with a
situation which at best can be a constraint Pareto – optimum. Therefore, the result will depend
on a particular welfare specification. The possible solution to this problem is to compare a
current tax system with a system, maximizing a particular welfare function given a tax
revenue constraint. This is done empirically in this paper.
Statistical analysis of welfare functions. In this paper we consider a class of welfare
functions that are mapping from the space of distributions of income to real numbers. In other
words welfare functions assign a number to each particular income distribution function. The
overview of some properties of such functions can be found in Myles (1995).
Consider an integrable distribution function f. Then the aggregate welfare function W[f]
can be taken to be positive. In reality, however, W is unknown. To uncover some of its
properties from economic data we need to impose more properties on it. Suppose that W[•]
has Gateaux derivatives up to the third order and denote them G1, G2, G3. Suppose also that
the empirical distribution of incomes

, for instance taken from a survey is known. Then we

could expand it as
. Here
is
some norm for the distance between the actual and the empirical distribution function.
Assume also that is uniformly converging to f. This makes
be converging to
zero faster than other terms and leaves only the first two components in the expansion.
Note that the empirical distribution function has a random character and so does the
chosen norm. Now note that the corresponding Gateaux derivatives are non-random. The
performed expansion allowed us to represent the stochastic welfare function as a linear
combination of the measures of distribution.
© ФГУ 2005

1

Public Management. Electronic journal
Issue № 4. 10 september 2004

The notion of sufficient statistics has become common in the statistics literature. The
relevant references include Lehman, (1959). Now consider the transition from the random
variable W[ ] to random variable
. Due to the presumed expansion the connection
between them is quadratic.
The corresponding Jacobian is linear. But this also makes this linear combination factor
out of the probability distribution function, so that if the density function for

is , then

the density for W[ ] can be represented (in the limit) as (
)(G1+G2
1). This
means that the linear combination is factored out from the density function for the welfare. By
factorization theorem we can argue that the combination G1+G2
1 is a sufficient
statistics for the welfare function.
Literally speaking sufficiency implies that the whole information about the distribution
is captured by those variables. This means that the represented combination of the norm of the
empirical density function if it is uniformly converging in probability to the true density
function. Take the norm
the norm

1

be of an integral form that is

. Then

can be chosen to represent the weighted average of the distribution, while

the norm
2 can be chosen to represent the Gini coefficient. Thus, the combination of
the weighed mean of income and the inequality index represent the sufficient statistics for the
consumer’s welfare.
Ranking the welfare. Statistical analysis of welfare functions leads us to the
conclusion that the sufficient statistics for capturing the welfare is two-dimensional. In this
case two different after tax income distributions of the population can be incomparable
because to be able to rank two distributions one needs to establish strict Lorenz domination of
one distribution by the other (see Kakwani, (1956)). The proposed way of resolving this
problem is to build classes of equivalent distributions. In this case the policymaker in the
«worst» case of incomparable distributions can at least say that the one he or she is choosing
is not the inferior one. A possible way of building these classes is to compare the current
distribution of incomes with the one that arises when an optimal taxation is in effect. The
optimum taxation here is presumed to maximize the welfare function given the revenue
constraint for the government budget.
The formal income taxation theory was introduced in the paper by Mirrles, (1977).
Mirrles managed to reduce the welfare maximization problem to the problem of an optimal
control. The derivations lead to the conclusion that the optimal marginal income tax rate is
increasing as the elasticity of labor supply increases. Moreover, marginal tax rate increases as
the productivity of workers is decreasing as well as the density of individuals with a given
income level is decreasing. Formal analysis leads us to the expression for the optimum
income tax rate given the parameters of the consumers. Such an analysis was performed for
the United States by Saez, (1999). Therefore, to be able to construct reference level for
welfare comparison we need to estimate the parameters of consumers’ labor supply.
Micro-analysis of labor supply. The analysis of labor supply in Russia has been made
thoroughly since the extensive databases like RLMS became publicly available. Relevant
literature includes Stillman, (2000), Sabirianova, (2000), Roshin and Razumova, (2002) and
others. In these papers the RLMS database is found to be extensive and giving reasonable
estimates for various individual parameters. In this paper we obtain the characteristics of the
labor supply for different population groups to get the elasticities of labor supply with respect
to a post tax wage. To get this dependence an hourly wage for RLMS respondents was
calculated which was augmented with the aid of the Goskomstat data on regional price
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indices. The original sample was split into 4 and 20 parts according to the quantities of the
hourly wage distribution.
The rounds of RLMS were chosen to capture the effect of the reform of income
taxation in the Russian Federation so only ninth and tenth rounds were used. The basic result
of the reform is that the structure of labor supply has changed. As one can see from Table 1,
labor force participation has decreased in the year 2001.
Table 1. The structure of employment in the rounds 9 and 10 in the RLMS sample

Year

Fraction of respondents
having a job

Fraction of female
respondents having a job

Fraction of male respondents
having a job

2000

49.94%

45.40%

55.91%

2001

49.52%

45.94%

54.39%

The discrepancy in the figures is quite small and can be caused by some random
increment in the sample. An important result is that the tendencies for the labor force
participation for males and females are different. While the participation of females has risen
by 0.54% the participation among males has dropped by 0.48%.
The model for the estimation was taken to be a combination of linear and nonlinear
models. The main dependence for the estimation is the dependence of the weekly hours of
work from the hourly wage and household’s individual parameters. The hourly wage in turn is
taken from the supporting equation which is a standard Mincer wage equation with
independent variables containing age, age squared and experience level. In addition the first
step equation included binary variables representing having children younger than 5 years and
between 5 and 17 years old, and the quality of parents’ education.
The main equation of the hours worked monthly was estimated in logarithms:
, while wag equation takes the form:
, where
– coefficients,
– random increments, - wage, predicted from the first step, Faminc – family income
variable, AGE – age of RLMS respondent, EXP – work experience, INS – the variable,
reflecting the possession of higher education, М – the variable, reflecting marriage status. The
first step equation can be motivated by the theory of human capital so that age and age
squared reflect the return to human capital and diminishing returns of scale.
The family and education variable reflect the dynamics of the human capital over time.
The sample was split into 20 parts and for each labor supply equation was estimated.
The presented graph represents the elasticity of labor supply as the logarithm of hourly
wage is changing
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One can see that the elasticity of labor supply tends to increase on the interval of
observation, but it is statistically insignificant for low wage levels. Therefore, labor supply of
the males with a high income is the most elastic to wage changes.
The labor supply of females is overall less elastic than the labor supply of males.

While this graph shows that the elasticity of labor supply tends to grow as the wage
grows. However, in most cases the elasticity estimate is not significant which can imply that
the labor supply of females is less sensitive with respect to the real wage.
Therefore, it can be concluded that the labor supply of males and females has the
property of increasing elasticity as the real wage increases. One can also notice very low
estimates for the labor supply elasticity that can be caused by the legal constraints on the
working day. This effect can be reduced if one considers secondary employment as well, but
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then some complications from taxation issues and interpretations of an hourly wage can
occur.
Inequality analysis. To analyze the connection between distributional and welfare
impact of taxation it is necessary to determine the distributional characteristics of the taxation.
It was shown above that the Gini index is a part of the sufficient statistics for the welfare
function so it can be used to measure this distributional impact.
For the construction of distributional impact the panel of RLMS respondents was
matched with their individual characteristics relevant for the tax liabilities calculation. The
built array of data was used to calculate the income of the respondents before taxes (assuming
that the respondents were reporting their true post-tax income and all possible allowances and
deductions were fully utilized for their actual tax payments). The considered taxes included
the personal income tax and the payments to the non-budgetary funds that were supposed to
be fully shifted towards the workers. This helped to calculate after-tax and post-tax wages for
all working individuals.
Consider the trends in inequality indices on the basis of 20 subsamples of the original
RLMS sample. On the graph below one can see the dependence of the Gini coefficient from
the logarithm of an hourly wage of RLMS male respondents for the year 2000.

Inequality indices are close up to the groups of males with a high income. One can also
notice that as a wage becomes higher the inequality of wages becomes higher as well with the
exception of the males with the lowest incomes.
This tendency remains in effect for the sample of males in the year 2001.
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In this case no significant decrease in inequality for the males with a low income is
observed.
The trend in inequality for the females is the opposite from that of the males.

As one can see from the graph a steep decrease in inequality when the wage increases
from the lowest to the median is followed by a small increase in inequality for the wages of
the women with the highest wages. It is also possible to see that the difference between the
inequality indices before and after taxes is small.
In the year 2001 the decreasing trend in wage inequality for female subsample is not
observed.
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While it is possible to argue that the inequality in the subsamples of females with
higher wages is lower on average, this trend is unstable over the time. The inequality is
smoothly increasing from the lowest to the average wage and is increasing when the wage is
higher than average.
The construction of welfare–maximizing marginal income tax rates. To construct
reference level for the two-dimensional welfare comparisons we need to establish the
parameters of the welfare-maximizing tax system. In this paper Mirrles’ calculations were
used to find the optimal marginal income tax rates. To simplify the computational procedure
the utility functions of individuals were chosen to be separable with respect to consumption
and leisure. This leads to the parameters of the optimal tax system.
Mirrles’ result implies that the marginal tax rates for the highest and the lowest wage
individual should be zero. On the other hand, as the elasticity of labor supply goes down to
zero the optimal tax rate can be set equal to 1 (as the individual is not distorted by high
marginal tax rates). Thus, according to our estimates of labor supply elasticity, the optimal tax
system for Russia should be based on complete smoothing of incomes for the most of the
income distribution (i.e. withdrawing all income beyond the certain level).
This result of course cannot be taken as a guide for a tax reform. Firstly, it is obtained
assuming perfect tax administration without taking into account the behavioral response of
individuals on the change in the tax rates by increased tax evasion. Secondly, administrative
costs of collecting income tax with high marginal tax rates are not taken into account. Lastly,
individual preferences over the level and quantity of offered public goods are not incorporated
into considered utility functions. In particular, high marginal tax rates can lead to
overproduction of public goods and will not be optimal.
The constructed optimal income tax schedule was applied to the calculated pre-tax
incomes of individuals in the RLMS sample.
Calculation of welfare change due to taxation. In the previous paragraph the
construction of inequality indices was discussed. The other component of the two–
dimensional criterion under consideration is the weighted average of individual welfares that
represents the utilitarian welfare function. In this paper it is assumed that an individual utility
is separable with respect to leisure and consumption. As a result the elasticity of compensated
labor supply coincides with the uncompensated elasticity. This means that the estimates of the
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uncompensated elasticity obtained above remain applicable here. Standard ways of
calculating the welfare change are appropriate here as appropriate normalization leads to the
equivalence of leisure and consumption. The general task for the welfare change is to
construct a reasonable estimate of the utility change for the economic agents. The value of the
utility function itself has no meaning, so appropriate normalization is needed to make it
comparable across individuals. Such normalization can be represented by the money-metric
utility function.
To obtain the appropriate welfare change for the simplest case let us consider an
individual utility as a function of consumption (equal to the wage income wl for simplicity)
and the utility of labor l:
, then the change in the wage leads to the following
change in the utility:

. Using the

.
envelope theorem one can reduce this expression to:
If we denote the income of the individual by y and the elasticity of labor supply with
, the following expression can be obtained:
.
respect to the wage by
The first term in this expansion represents the change in the utility level due to the
change in the individual income. The second term shows the change due to the change in the
labor-leisure choice. Particularly, if the change in the wage occurs due to the change in the tax
rate, then the second term can be rewritten as:
.
The analog of this formula was used for the calculation of the welfare change for the
transition from the optimal income taxation to the actual income taxation.
The graph below represents the results of calculations of the welfare change in the
sample during the transition from the optimal income taxation to the actual income taxation.

As one can see the distribution of welfare change is such that the main change occurs
on the individuals with a high income. These fractions tend to grow with the income growth
both in the year 2000 and the year 2001. One can see from the graph that in the year 2000 the
wealthiest individuals had a relatively bigger welfare change then those in the year 2001. At
the same time the fractions of the welfare change for the lower income individuals increase in
the year 2001.
Aside from the rather abstract consideration of the welfare at the current tax schedule
and the optimal tax schedule it is possible to look at the welfare change during the tax reform
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in the year 2000. The graph below shows that the highest changes in the welfare due to the
reform in the year 2000 are observed for the individuals with the highest income. The reform,
on the other hand, resulted in the decrease in the marginal tax rates for the high wealth
individuals, which leads us to the conclusion that the reform was welfare–improving with
respect to the utilitarian welfare criterion. Moreover, the welfare increase is higher for the
higher wage individuals.

Thus, this analysis points out that without regard to the incomparability of the welfare
change distributions for the two years the tax reform has lead to the increase in the welfare if
measured with the aid of the utilitarian criterion.
The application of the two-dimensional criterion. To compare the situations before
and after the tax reform in the year 2000 two indicators – the welfare change value (as
compared to the optimal tax system) and the inequality index was assigned to each of the
twenty subsamples. These characteristics correspond to the coordinates on the graph below.
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One can notice that the points for the year 2000 on average are located far from the
origin (which corresponds to the optimal tax system). On the other hand the points for the
year 2001 are located closer to the origin.
To find out the difference between the two locations significantly the test for the mean
comparison was performed. It shows that the locus of the points for the year 2001 is
statistically closer to the origin than that of the points for the year 2000. This leads to the
conclusion that the tax reform has led to the increase in the welfare of Russian working
individuals according to the presented two-dimensional criterion.
Conclusion and policy recommendations. This paper considered one way of reducing
the dimensionality of the problem of welfare comparisons for different tax systems. It was
proved that the utilitarian welfare function and the inequality index represent the sufficient
statistics for a wide variety of welfare functions. Further it was argued that the comparison of
the current tax system with the situation without taxes is not completely justified because it
leads to the comparison of a constrained Pareto-optimum with an unconstrained one. The
better criterion can be created by the comparison of the current tax schedule with the tax
schedule leading to the constrained Pareto–optimum. A schedule like that was built on the
basis of Mirrles’ optimal taxation theory.
The implementation of this criterion to the situation with the Russian tax reform in the
year 2000 has led us to the conclusion that the tax reform was welfare–improving with respect
to the built criterion.
The constructed criterion can appear to be useful in the policy analysis because it
allows to reduce significantly the arbitrary character of the choice between the «almost
equivalent» tax rules. This criterion is applicable to the situations when the aim of the tax
policy is the increase in the welfare of the individuals and it can be not relevant in the case of
other policy objectives. However, as the maximization of the aggregate welfare is important
in most cases it can be used as one of the additional characteristics for the analysis of a policy
change.

© ФГУ 2005

10

Public Management. Electronic journal
Issue № 4. 10 september 2004

References:
1. Atkinson, A.B., «Horizontal Equity and the Distribution of the Tax Burden», in «The
Economics of Taxation», Aaron H. J., Boskin M.J. eds.
2. Auerbach A. J., «The Theory of Excess Burden and Optimal Taxation» / Handbook of
Public Economics. – Vol.1 / Auerbach A.J., Feldstein M., eds. – North-Holland, 1987, pp. 61129.
3. Auerbach A. J., James R. H. Jr. «Taxation and Economic Efficiency». – NBER Working
Paper #8181. – Cambridge, MA: National Bureau of Economic Research, 2001.
4. Ballard C.L., «The Marginal Efficiency Cost of Redistribution», The American Economic
Review, vol. 78, iss. 5, (Dec., 1988), pp. 1019-1033.
5. Barrett, C R, and Maurice Salles. «On a Generalisation of the Gini Coefficient.»
Mathematical Social Sciences 30.3 (1995): 235-44.
6. Bartolomew D.J., «Stochastic Models for Social Processes», Wiley, 1976, p. 24.
7. Dasgupta, P., A. Sen, and D. Starret. «Notes on the Measurement of Inequality.» Journal
of Economic Theory 6.2 (1973): 180-87.
8. Kakwani N.C., «Applications of Lorenz Curves in Economic Analysis», Econometrica,
vol. 45 (April 1977), pp. 719 –727.
9. Lambert, P., and J Richard Aronson. «Inequality Decomposition Analysis and the Gini
Coefficient Revisited.» Economic Journal 103.420 (1993): 1221-27.
10. Lehman E., «Testing Statistical Hypotheses», Wiley, 1959.
11. Merton, R. K., A. S. Rossi. «Contributions to the Theory of Reference Group
Behaviour.» Social Theory and Social Structure. Ed. R.K. Merton. Glencoe, 1957.
12. Milanovic, Branko. «The Gini-Type Functions: An Alternative Derivation.» Bulletin of
Economic Research 46.1 (1994): 81–90.
13. Mincer, J. (1974), «Schooling Experience and Earnings», Columbia University Press,
N.Y.
14. Mirrlees J., «An Exploration in the Theory of Optimal Income Taxation», Review of
Economic Studies, vol. 38, 1971, pp. 175-208.
15. Myles G., «Public Economics». – Cambridge: Cambridge University Press, 1995.
16. Roshin S., Razumova T., «Secondary employment in Russia: modeling of the labor
supply», 02/07, EERC, 2002.
17. Sabirianova K., «The Great Human Capital Reallocation. A Study of Occupational
Mobility in Transitional Russia», WP 2K/11, EERC, 2000.
18. Saez E., «Using Elasticities to Derive Optimal Income Tax Rates», Review of Economic
Studies, 2001, vol. 68, pp. 205-229.
19. Salanie, B., «The Economics of Taxation», The MIT Press, 2003.
20. Sen, A. K. On Economic Inequality. Oxford Clarendon Press, 1973.
21. Shorrocks, A. F. «Transfer Sensitive Inequality Measures.» Review of Economic Studies
LIV (1987): 485-97.
22. Slemrod J., «Optimal Taxation and Optimal Tax Systems», 1990, Journal of Economic
Perspectives, vol. 4, No. 1, pp. 157-178.
23. Zee H. ed., «Tax Policy Handbook», Tax Policy Division, Fiscal Affair Department,
IMF, Washington, D.C., 1995.
24. Zoli, C., «Intersecting Generalized Lorenz Curves and the Gini Index.» Social Choice and
Welfare 16.2 (1999): 183-96.

© ФГУ 2005

11

