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INTRODUCTORY NOTE

The normative theory of taxation explores the implications of postu-
lated social objectives for the choice of tax policy. Hence it derives
recommendations which are conditional on the social preferences or welfare
functions which are adopted. A model of the economy and a set of feasible
taxes constitute the setting within which the social objectives can be

pursued.

The theory can either adopt the optimum tax approach or the related
tax reform approach. The purpose of optimum tax theory is to characterize
the optimum choice of tax system, tax schedules and tax rates within the
assumed economic, informational and political constraints regardless of
the initial tax policy. The purpose of tax reform analysis is to assess
(usually small) revisions of the tax policy from a specific starting-
point. Both branches of normative tax theory are usually defined as
being concerned with the structure of taxation rather than the tax level.
The properties of the tax system do however have important implications
for the assessment of tax-financed public spending and thus for the choice
of tax level. Exploring such implications is therefore a natural exten~-

sion of normative tax theory.

Normative tax theory is an application of second best welfare theory.
By the second best assumption the full use of lump sum taxes is ruled out.
The implications for economic efficiency are very significant. It has
been a major achievement of economic theory to demonstrate that under
certain conditions a competitive market economy, possibly supplemented
by appropriate correcting interventions by the govermment, produces a
socially efficient allocation. The key to the understanding of this
result is the observation that under the appropriate conditions the agents
of the economy do in fact individually bear the full social costs and
receive the full social benefits of their actions. Hence incentives are
such that private optimizing behaviour is in perfect harmony with social

optimization.

A crucial assumption behind this outcome is that a complete set of
lump sum taxes is available. In practice it is not. In particular,
redistribution through lump sums requires that we are able to detect the

exogenous characteristics of individuals on which lump sum taxes and



transfers would have to be based. But in practice there is no device by
which the true skills and other characteristics can be screened. In other
words, the true initial endowments are hidden, and the assumption behind
the basic theorems of welfare economics that redistribution through lump
sums is possible, is not satisfied. When lump sum taxes are ruled out as
impracticable and the tax instruments are income taxes, excise taxes, VAT,
etc., private costs and benefits get distorted in the sense that they no
longer reflect the social costs and benefits. Choices are then motivated
by comparisons between private costs and benefits which may reverse the

outcome of comparisons between social costs and benefits.

Ideally a commodity should be used to the extent that the marginal
benefit from having more of it equals the marginal real cost of providing
it measured as the potential benefit from other commodities foregonme.
When there is a tax on a commodity, there is a private incentive to use
it to the extent that the benefit from having more of it is no less than
the private cost which includes the tax,which in general is not a real
cost but simply a transfer of spending power from the private to the
public sector within society. An exception is of course externality-
reflecting taxes. Thus private agents are encouraged to make choices
that are not socially efficient in the first best sense. This is a major
concern of normative tax theory along with the concern with income distri-

bution.

It is important to distinguish between tax—induced changes in quan-
tities and tax distortions of the allocation. No matter how taxes are
moulded one does not escape from income effects. Even lump sum taxes
well known to be compatible with first best efficiency change the alloca-
tion as compared to a no-tax situation. The concern is therefore with
allocative distortions defined as changes deviating from the lump sum
tax income effects. It is clearly desirable as such to choose a tax
structure which minimizes the efficiency loss from tax distortions. On
the other hand it is desirable to use the tax policy for distributional

purposes.

Normative tax theory has derived a number of characteristics of
optimum taxes and welfare-improving tax changes under various circum-
stances. The basic insight underlying most special results is that taxes

should distort the real allocation as little as possible for a given



distribution and within the constraints on feasible taxes. Translated
into the price space this insight implies that prices strongly affecting
real quantities through high price elasticities in absolute values should
be relatively less distorted than prices having less effect on real quan-
tities. And there must be a trade-off between conflicting concerns with

distribution and efficiency.

There are several strands of research in normative tax theory. There
is an important distinction between analysis focusing on efficiency and
neglecting distributional concerns and analysis explicitly concerned with
distribution. Within each broad category models can be classified accor-
ding to a number of criteria. Models can focus on various markets and
distortions or interactions between various markets and distortions. The
focus may be on the labour market, the capital market, consumer goods or
certain interactions between these markets. We can alsolabel models
according to the kinds of taxes that are analysed, such as income tax,
commodity taxes, expenditure tax, or according to the technical forms of
taxes, such as linear or general tax schedules. Most tax models choose
assumptions by which they escape from dealing with tax—induced changes in
equilibrium prices. Only rather few analyses are concerned with endoge-
nous prices. In most tax models taxpayers are assumed to be individuals.
Normative models of multiperson households as taxable units are rather

rare.

The present study consists of seven separate papers which contribute
to the normative theory of taxation. Strictly speaking one can argue
that the first article entitled "Some important properties of the social
marginal utility of income" is a paper in general welfare economics
rather than tax theory in particular. It has, however, useful applica-
tions in normative tax theory. The paper contains an analysis of how the
social marginal utilities of income assigned to different persons change
in response to changes in prices, the provision of public goods and other
parameters faced by the individual. The effect of a parameter change is
interpreted as composed of a change in the real value of marginal income
and a change in total real income (or utility level). It is implied that
even if utility levels are kept constant, social marginal utilities of
income remain unaltered only under special conditions, which are exposed

and interpreted. Some of the formal results are known from before.



The main contributions are interpretations and applications.

The second contribution is the article "Which commodity taxes should
supplement the income tax." The analysis takes as its point of departure
a continuum of consumers economy in which an optimum non-linear income
tax exists and is the only tax instrument in operation. Individuals face
exogenous wage rates. The welfare effects of introducing small excise
taxes to supplement the income tax are then explored. Essential in this
context are changes in the tax distortions of work incentives. It is
shown that a commodity should be taxes or subsidized depending on whether
it is positively or negatively related to leisure in a sense which is
precisely defined. The results are reléted to earlier contributions to

the literature on direct versus indirect taxation.

The third paper is entitled "The choice of excise taxes when savings
and labour decisions are distorted." The framework is a simple two period
life-cycle model with identical individuals who work in period 1 and are
retired in period 2. Initially there are optimally chosen uniform income
and commodity tax rates, which lead to distortions in both the labour/
leisure choice and the consumption/savings choice. The purpose is to
demonstrate in an intuitively comprehensible way how differentiating
commodity taxation by slightly increasing the tax on one consumption good
can mitigate existing distortions. The sufficient conditions for a welfare
improvement are similar to that derived by Corlett and Hague in the early

fifties plus some conditions on average and marginal consumption propensities.

In optimum tax models income is usually assumed to be endogenous as
the result of tax—affected labour supply or savings decisions. There
may, however, be reasons for assuming that there is a mixture of endoge-
nous and exogenous income. If the income tax cannot discriminate between
the two kinds of income, we face the second best tax problem analysed in
"The optimum taxation of mixed endogenous and exogenous income." There
is a discrete distribution of individuals according to exogenous income
and exogenous wage rates. The total income of an individual consists of
exogenous incoﬁe and endogenous labour income. An optimum linear income
tax is analysed. Special attention is focused on how the composition of

income may affect the optimum degree of income tax progressivity.

In the papers surveyed above the taxable units are individuals as

has been the tradition in normative tax theory. The special problems



involved in taxing families are then missed out. Such problems are dealt

' A model is construc-

with in "Income taxation of two-person households.'
ted to analyse the tax treatment of secondary wage earners in two-person
households. The households have different income opportunities, and
potential secondary wage earners differ in their willingness to take a

job. In a variety of numerical cases the optimum tax structure is computed
allowing for income distribution and the tax distortions of the labour
market participation of secondary wage earners. Special tax systems of

the kinds actually in operation are analysed and compared.

General equilibrium effects of taxes on prices and wages are addressed
in the paper entitled 'Choice of occupation, tax incidence and piecemeal
tax revision.”" A model is presented in which workers move between two
different occupations in response to economic incentives which are dis-—
torted by a linear income tax. Prices and wages assume equilibrium values
which are affected by the tax parameters. Incidence and welfare effects
of small tax revisions are analysed within different variants of the basic
model and with particular attention paid to the role of tax-induced wage
and price changes. It is demonstrated that within the economic setting
of the model one may neglect such wage and price effects in assessments

of piecemeal tax revisions.

In the last article with the title "Evaluation of public projects

under optimal taxation"

we return to the standard model of a continuum

of taxpaying individuals facing exogenous wage rates. In this paper the
scope of analysis is extended to the implications of optimum taxation for
cost~benefit analysis. The conventional cost-benefit criterion accepts
or rejects public projects on the basis of the sum of unweighted net
benefits. It can generally be blamed for neglecting distributional
objectives and tax distortions. It turns out, however, that more commonly
accepted social welfare criteria can be reduced to the conventional
criterion in certain interesting cases. In this paper conditions are
established under which the conventional cost-benefit criterion or a
simple modification of it is valid as such a reduced form in the presence

of distributional objectives and optimal second best taxation. Such

results may help simplifying cost-benefit anéiysis.
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Some Important Properties of the Social
Marginal Utility of Income

Vidar Christiansen

University of Oslo, Norway

Abstract

This paper contains an analysis of how the social marginal utilities of income assigned to
different persons change in response to changes in prices. the provision of public goods and
other parameters faced by the individual. The etfect of a parameter change is interpreted as
composed of a change in the real value of marginal income and a change in total real income
(or utility level). It is impiied that even if utility levels are kept constant. social marginal
utilities of income remain unaltered only under special conditions, which are exposed and
interpreted. The results are useful in applied welfare economics.

I. Introduction

The social marginal utility of income or the distributive weight assigned to
an individual is a key concept in applied welfare economics concerned with
income distribution. A very good basic introduction to this concept is found
in Meade (1976). An excellent survey of various approaches to the concept
is found in Stern (1977). In this paper, we analyze some important proper-
ties of the social marginal utility of income which have not received proper
attention in the literature.

Most modern books in applied welfare economics. for instance cost-
benefit analysis, make use of or at least refer to distributive weights.' But
the discussion of circumstances which determine the distributive weights is
rather scanty. In most cases the weights are simply treated as conditional
on the value of some measure of real income. Often the weights are only
assumed in principle to vary among population groups that are understood
to be different with respect to economic well-being.

Economists sometimes appear to believe that if social preferences are
egalitarian, a lower social marginal utility of income should always be
assigned to a person on a higher level of utility than to a person on a lower
level of utility. Similarly the social marginal utility of income shouid be the
same if two individuals enjoy the same level of utility. But, in general, these

' A few references which may serve as examples are Brown & Jackson (1978). Layard (1974)
and Pearce & Nash (1981).
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360 V. Christiansen

are spurious conclusions. It is therefore important to consider more closely
the relationship between the social marginal utility of income. the utility
level and the conditions tfaced by the individual and perhaps also by other
individuals. We begin by exploring the circumstances under which the
social marginal utility of income is uniquely determined by the utility
level(s). We then investigate how social marginal utilities of income are
affected by changing the parameters of the economy (prices. provision of
public goods, etc.). Some applications of the analysis are also discussed.

II. The Model

We consider a market economy with a public sector. Consumers are
assumed to act in accordance with standard theory of consumer behavior.
The utility of an individual is expressed by the indirect utility function

V(y, a).

where y is the exogenous income of the individual and a is a vector of other
parameters. These parameters may be of different kinds, i.e., prices. public
goods or other exogenous parameters which affect an individual’s situation
such as health status or job characteristics. Some of the parameters may
vary across individuals, while others may be common parameters in all
utility functions. Examples are provided by differing wage rates and uni-
form commodity prices.

We consider a population of individuals with uniform preferences. Ho-
mogeneous preferences represent a common assumption in much of the

* literature to which this analysis is relevant.

Social preferences are assumed to be represented by a Bergson-Samuel-
son welfare function ‘
1

WV, ..., vY), 1))

which is increasing in all arguments.

The question to which we address ourselves first is under what condi-
tions relative distributive weights are determined solely by the utility levels
of the individuals. Since only relative weights matter in economic analyses,
we are not interested in absolute values. The social marginal utility of
income of person i is

w"—.:‘_a__"‘_’_..ia_v".. )
v’

The relative weight is expressed as

o _ @WIRVY) dVIsY 4 N 3)

o' (BWBVY) aVi/iay!
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Social marginal utility of income 361

III. When are Relative Weights Uniquely Determined by
Utility Levels?

Since the arguments of the W-function are all utility levels. the relative
distributive weights w‘/w"' will only depend on utility levels when

3V _ i gl @
Sy

where ¢ denrotes the parameters of a which are common to all individuals.
Expression (4) is a partial differential equation which can be solved to
obtain the class of utility functions

V(g(c)y+h(a)). (%)
Equation (5) is equivalent to

av

da; _ 3hlda;
3V )
dy
and

av

dc; _ (3gldc) y+3hiac;

v 8(c)
Ay

for all i when q; is not a common parameter. (6a)

for all j. (6b)

In order to interpret (6) it is useful to distinguish among four cases defined
according to whether the parameter is common or individual and whether
or not it is a price. When a; is the price of a commodity, we know from
Roy’s identity that the quantity demanded is

X, = —— 7

Then (6) implies that the demand for a commodity is independent of income
if the price is individual and a linear function of income if the price is
common. The best example of an individuai price is probably the price of
leisure, which varies with the (after-tax) wage rate. In this case, (6) requires
the income elasticity of leisure to be zero. A more intuitive interpretation of
these results is easily provided.

The social value of a marginal income unit to a person depends partly on
his utility level and possibly the utility levels of others and partly on the real

Scand. J. of Economics 1983
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value of a marginal income unit to this person. The more expensive the
goods on which he tends to spend a marginal income unit. the lower the real
value (or purchasing power) of his marginal income. no matter how badly or
well off he is. He will derive less utility from marginal income than before.
Expressions (6a) and (6b) imply that the marginal propensity to spend
income on a commodity is zero or constant, respectively. If only one
person faces a compensated price increase, the marginal real value of his
income is lowered. and so is the social marginal utility of income, unless no
marginal income is spent on the good which becomes more expensive, as
implied by (6a). If a common price increases, the marginal real value of a
person’s income is depressed and more so, the higher his marginal propen-
sity to spend money on that good. Relative social marginal utilities of
income are left unchanged only if this marginal propensity is the same for
everybody as implied by (6b).

Let us now assume that the parameter is some physical good. e.g. a
public good. An extra unit of the good tends to add more to the marginal
value of income, the more of a marginal income unit the person is prepared
to give up in order to obtain the extra unit of the good. This amount is equal
to the rise in marginal willingness to pay for the good as an additional
income unit is obtained. Relative social marginal utilities of income are left
unchanged only if this change in marginal willingness to pay is the same for
everyone, as implied by (6b). If the good does not effect everybody, the
common change in marginal willingness to pay as income rises must be
zero, as implied by (6a).

Equations (6a) and (6b) are strict conditions. They imply that the social
marginal utility of income wiil be uniquely related to the level of utility only
under certain strong restrictions on the preferences of the individual him-
self. It is not left to some social authority to determine, on the basis of a
Bergson-Samuelson welfare function, whether the (relative) social marginal
utilities of income should be functions of utility levels only. It follows that
two persons who enjoy the same utility level may have different social
marginal utilities of income if they otherwise face different conditions.

IV. The Effects of Compensated Parameter Changes

Since we cannot expect relative social marginal utilities of income to
depend solely on utility levels, it may be interesting to see how they are
affected by compensated parameter changes. We should then examine the
compensated derivative of w with respect to some parameter a. denoted by
™. For simplicity subscripts are omitted, although a particular individu-
al and a particular element of the a-vector are in fact considered. Let us
also introduce the notation:

Scand. J. of Economics 1983
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A=3V/ay. (8)

Then

w=W . 9)
3V

Since all utility levels are kept constant by the compensation

Zomp= SW ,{ZOMP. (10)
Vv

w
Let E(a, V) be the expenditure function. At the individual equilibrium
E(a, V(a,y)) =y, (1
from which it follows that

A=1/Ey. (12)
Then it can easily be seen that

A’ = ~F JE,=—AE,,. (13)
To find E,, we fix the utility level at V° and write

V(a, E(a, V) =V, - (19
which implies that ‘

E,= -V /i=~m(a,E(a, V), (15)

where m is simply the individual’s marginal willingness to pay for a margin-
al rise in the relevant parameter. Hence

E,=-mE,=-mJi. (16)
This result is substituted into (13) to obtain

A" =1m,. (17)
From (9) and (10) we then find that

0™ = wm,. (18)

Since only relative marginal utilities of income matter, elasticities are more
appropriate tools. We therefore define the compensated elasticity

D™ = aw™w. (19)
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It can be seen immediately that

A

G5 = am,. (20)

Let us now interpret the marginal willingness to pay, m. more carefuily.
If the parameter we have considered is a price, say the price of good i, then
m=-x;, which is seen from (7). Let the price be denoted by p; and the
expenditure derivative by x;. Then (20) can be written as
@™ = =p Xy, (21
which is minus the marginal propensity to spend income on good i. In order
to exclude changes in relative social marginal utilities of income, the
elasticity must be the same for everyone, which implies that marginai
expenditure propensities must be the same. This result confirms our earlier
findings as to when relative social marginal utilities of income are left
unaltered when utility levels are unchanged. Expression (21) implies that if
a price rises and everybody is compensated. the marginal real value of
income and consequently the marginal utility of income are reduced more
strongly for those who are more heavily inclined to spend marginal income
on the good which becomes more expensive.

If the parameter considered above was the amount of a public good, say
g, then m is the marginal willingness to pay for a marginal unit or, in other
words, the Lindahl price of g:

ACOmp
@™ = gm,. 22)

If a wealthier person (in terms of y) tends to place a higher value on the
public good, the value of his marginal income will rise as compared to that
of a poorer person.

If the health status of a person improves but his income is reduced so as
to leave him no better off, the marginal value of his income rises if his
marginal willingness to pay for better health is positively income elastic.

V. The General Effects of Parameter Changes

Of course, most changes in the parameters of the economy are not compen-
sated changes. So, to obtain more general results let us now set aside the
compensation requirement. Our resuits thus far also prove useful in the
more general context. We can now easily derive the effect of a change in a
parameter g on A:

A=AXMa, E(a, V)). (23)
Hence

Scand. J. of Economics 1983
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A, =ATPFAELV 24
From (12) and (15) we see that EyV,=m. so that
A=A +A m. (25)

a

Thus the effect of a on 4 has been split into a compensated effect (which we
have already studied) and an income effect. The marginal social utility of
person {’s income is in general

w' = —-/l‘ (26)

Differentiating and using (25), we find that

. . 2 .
o= i+ S i S SNy
v svVav
=P m = aw iyt 2 av'aw @

where (15) has been recalled. From (26) we obtain

8 3*FwW
o' ,l' +AT 2 (28)
)’ y aV,Z . .
Substituting into (27) we get
!, = W™ + i+ A int. (29)
,2,., aviav

In this quite general form, the formula is not very illuminating. But if a is an
individual parameter the last term vanishes, since /=0 for j=i, and (29)
then simply reads

o), = W™ +m'o). (30)
Omitting the superscript and invoking (18) we obtain
w, = wm,+mw,. 30D

A simple manipulation then leads to

@, = am,+"—)""- @,, (32)

where @, and @, are elasticities with respect to a and y, respectively.
Formula (29) may also be useful once a more specific welfare function is
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postulated. The special class of welfare functions most frequently used in
applied welfare economics is probably the additive form

w=> V, (33)

where the cardinalization of V* is chosen by the government so as to reflect
its distributional preferences properly. When preferences are uniform

W= Z V(¥ ¢, ¥, (34)

where b’ is the vector of individual parameters apart from income. In the
additive case w=A, so that (25) can be used to study the effect on the social
marginal utility of income. Employing (17), we can rewrite (25) as

A, =Am,+im. (35)
A simple manipulation then leads to

_ am
'{a = amy+ —y—

(36)

y’

where 4, and ,f_v are elasticities with respect to a and v, respectively.

Formulas (32) and (36) are quite similar. Expression (32) is valid when the
changing parameter is individual, while (36) is valid when the welfare
function is additive. In the latter case A and w coincide.

If the income of an individual rises, he becomes better off than a person
who does not receive any more income but otherwise faces the same
economic conditions. Thus an inequality will arise. If the social marginal
utility of income of the person who becomes better off falls, the government
can be said to show aversion towards inequality and more so, the greater
the relative change in the social marginal utility of income. Hence the
absolute value of @, can be taken as a measure of (local) inequality
aversion. Formulas (32) and (36) tell us that the social marginal utility of
income will rise relatively more in response to a parameter change. the
more strongly the marginal value of income increases, the greater the loss
of income needed to give compensation and the greater the inequality
aversion.

Suppose that a is a common price, say pi. Let ¢, denote the expenditure
(or Engel) elasticity of good & and :t, the budget share of good k. Using
these entities, we can write (36) as

1, = 7(e,+4,). (37)
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The social marginal utility of income will then rise or fall depending on
whether the Engel elasticity is greater than or lower than the inequality
aversion (—4,).”

V1. Remarks on Applications

The (relative) social marginal utilities of income are essential in all branches
of applied welfare theory concerned with distributional effects. They are
particularly crucial in optimum conditions which counterbalance the distri-
butional effects and the effects on allocative efficiency of policy measures
in terms of tax policy, income maintenance programs, investment projects,
etc. A typical example is provided by the theory of optimum taxation. In
this field, relative marginal utilities of income are used to characterize
optimum tax schedules and rates.’

A model frequently studied in optimum tax theory describes a population
of individuals who have the same preferences and differ only with respect
to their efficiency as workers, which is in turn reflected by differing wage
rates. In this model it is important to know how the social marginal utility of
income varies with the wage rate, which in this instance is the only cause of
variation in the marginal utility of income. If we assume that the marginal
tax rate on income is constant (as it is in the case of linear tax schedules),
we can consider the after-tax wage rate. Let this be denoted by z and work
effort by 4. Let p and x denote the vector of commodity prices and the
consumption bundle, respectively. The budget constraint of an individual is
then

—hz+px=y, (38)
and the indirect utility function is
Viz,p,y). (39

Using the notation introduced earlier in the paper, we observe that when 2
changes

m=h and m,=h,. (40)

Since the wage rate is an individual parameter, we can make use of (31),
from which it follows that

W, = a)hy+hwy. 41)

? Formula (37) is the same as formula (50) in Frisch (1959), but his derivation of it is different
and far more complicated. The interpretation and application of the formula also differ.
3 See e.g. Atkinson & Stiglitz (1980).
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If, as is usually assumed, work effort is an inferior good. 4, is negative. If.
in addition, the government is inequality averse. both terms in (41) are
negative, and the social marginal utility of income is negatively related to
the wage rate. The interpretation is the same as before. A higher wage rate
implies that leisure becomes more expensive. If a person is inclined to
spend some of his marginal income on leisure, the marginal purchasing
power of income is reduced. This effect tends to reduce the marginal utility
of income. On the other hand, a higher wage rate implies that the individual
becomes better off and also for this reason only becomes entitled to a
reduced social marginal utility of income, as the government is inequality
averse. Hence the normal case is that the social marginal utility of income
declines as the wage rate rises.

Another normal case is that an individual’s pre- and post-tax wage
income increases as the wage rate becomes higher. A situation whereby
consumption of market goods is noninferior is sufficient to obtain this
result. From the analysis above it then follows that the social marginal
utility of income is negatively related to pre- and post-tax wage income.

Once optimality conditions have been established in tax theory or other
relevant areas, it may be interesting to explore the comparative static
effects of changing certain parameters of the economy. For instance, how
do optimal tax rates change in response to changes in exogenous prices or
the provision of certain public goods? In such comparative statics analyses,
we obviously need to know the effects on social marginal utilities of income
examined earlier in this paper.

The relationship between the social marginal utility of income and the
wage rate discussed above confirms the conventional notion of this rela-
tionship. Let us now consider a case which may have a more unconvention-
al outcome. Suppose that a transfer payment T is made from one population
group to another. For simplicity each group is assumed to be homogeneous.
The transfer payment is received as a lump sum. But it is financed by a
proportional tax on the labor income of the other group. Prices and wage
rates are assumed to be fixed. These assumptions make the case under
consideration as simple as possible. Let v(yv+T, a) be the utility function of
the recipients of the transfer payment, and let V((/—~r)w, Y, a) be the utility
function of the taxpayers. The wage rate is denoted by w, the tax rate by ¢,
and Y is exogenous income. Let 4 denote the labor supply of the taxpayers.
It is assumed that & is determined in accordance with the standard textbook
theory of household behavior. An additive welfare function is assumed so
that

W=u+V. (42)

The possible combinations of T and r are given by the constraint
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T =wh. (43)

Eliminating T by means of (43), we can write the welfare function with its
arguments as

W=u(y+twh, a)+V((I-t)w, Y, a). (44)
Let
1=38uldy, A=3VI3Y. (45)

The social optimization problem of the government is then to maximize W
with respect to ¢. The first-order condition of this maximization is

W' = dW/dt = \wh—Awh+itwh, =0, (46)

where h,=3h/3t.
The second-order condition is

W <0. 47

The recipients of the transfer payment are assumed to be worse off and to
be assigned a higher marginal social weight than the taxpayers. We can
rewrite (46) as

1=A/A=—th/h. (48)

This is a standard trade-off between the distributional improvement and the
loss of efficiency caused by the tax/transfer policy. We may note that the
marginal effect of the tax rate on labor supply at the optimum is negative
under our assumptions:

h, <0, (49)
and the absolute value of the corresponding elasticity is less than unity:

—h,=-th/h<l. (50

Let us now examine the effects of a shift in external circumstances repre-
sented by a change in one of the parameters of a (denoted by a to avoid
subscripts). Differentiating (46), we get

A wh—A wh+A twh,+W't,=0, ‘ (D

where, for simplicity, no direct effect on labor supply has been assumed. In
order to simplify even more, assume that only the marginal utility of income
of the worse-off group is affected. We then see that
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t,= =2 i _with,+h). (52)
W"

Now it follows from (47) and (50) that the tax rate and the transfer payment
will both fall if 1,<0. The preceding analysis in this paper has shown that
even if the less well-off group becomes worse off, it may be given a lower
social marginal utility of income because the marginal real value of income
is somehow reduced or, in other words. the ability or opportunity to derive
satisfaction from marginal expenditure is reduced. The effect then arises
that the transfer payment to the less well-off group is reduced when the
recipients become worse off. Whether this will happen depends among
other things on the degree of inequality aversion. The important conclusion
is that comparative statics analysis of distribution and welfare policy within
the conventional analytical framework requires more insight than simple
observations of whether external shifts make various groups better or
worse off.

VII. Concluding Remarks

It has been emphasized in this paper that the weight attached to a change in
the income of a given individual in a Bergson-Samuelson type of social
welfare function is in general not solely a function of utility levels. Even if
all individuals have identical preferences and face identical external circum-
stances, the weights will depend on these circumstances. Thus. while
weights will depend solely on utility levels, for a given set of circumstances.
as soon as these circumstances change (e.g. a change in relative prices), the
weights will change as well. Once some of the external circumstances are
allowed to vary across individuals, the weights at any point in time will not
solely be a function of utility levels. Indeed., two people with the same
utility level may have different weights. Or, whether and in what direction
they differ may depend on the external circumstances. One individual may
have a higher weight than another, even if the latter has a lower utility level
than the former. This fact was emphasized in principle by Sen (1973) in his
criticism of the utilitarian approach.® Sen’s main point was that when
people are different, the approach of equating marginal utilities from in-
come (as required in a first-best welfare optimum) does not, in general,
amount to equating total utilities.

Another objective of this paper, which is at least as important as these
general conclusions, has been to add to our understanding of the relations
between the social marginal utilities of income, utility levels and external
circumstances such as prices, provision of public goods and more personal

* We may note, however, that this fact is not limited to the utilitarian case. i.e. to the case of
an additive welfare function.
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characteristics. This has been accomplished by establishing the effects of
changes in various parameters of the economy on social marginal utilities of
income. distinguishing between compensated and real income effects and
interpreting the implications. At the same time tools have been provided for
comparative statics analysis of optimum welfare and distribution policy.
This kind of analysis has been surprisingly rare. The formulas may also be
useful for the purpose of revising distributive weights—once derived from
the implicit trade-offs underlying actual decisions or some other source—in
response to changing external circumstances.
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The analysis takes as its point of departure a continuum of consumers economy in which an
optimum income tax exists and is the only tax instrument in operation. The welfare effects of
introducing small excise taxes to supplement the income tax are then explored. Essential in this
context are changes in the tax distortions of work incentives. It is shown that a commodity
should be taxed or subsidized depending on whether it is positively or negatively related to
leisure in a sense which is precisely defined. The results are related to earlier contributions to the
literature on direct versus indirect taxation.

1. Introduction

The history of debates on the proper roles of direct and indirect taxation
goes back at least to the days of Gladstone, as well described by Atkinson
(1977). The prevailing political opinion of the balance between the two types
of taxes has varied over time. At present the swing in a number of European
countries seems to be in favour of reforms towards tax systems which rely
more heavily on indirect taxation and less on income taxation. In view of
this long economic-political record, it is not surprising that the choice
between income tax and commodity taxes has also become an important
subject in tax theory.

An early contribution to the understanding of this issue was Corlett and
Hague (1953-54). Their main model considers a three-good economy,
containing leisure and two taxed commodities. There is only one consumer
(or a population of identical consumers). Labour is the only source of
income. Producer prices are fixed. The government’s revenue requirement is
given. The starting point of the analysis is a situation in which the two
commodities are taxed at uniform rates. The question which is analyzed is
then how the government can raise welfare by slightly differentiating the tax
rates. The answer which is derived is that the consumer good which is the
stronger substitute for labour (complement with leisure) should be taxed at

*Previous versions of this paper have been presented at seminars at the University of Bergen
and the University of Stockholm. I am indebted to seminar participants, to Tony Atkinson,
Seren Blomquist, Kire P. Hagen, Agnar Sandmo and the referces for valuable comments and
suggestions.

0047-2727/84/53.00 © 1984, Elsevier Science Publishers B.V. (North-Holland)
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the higher rate. The degree of substitutability (or complementarity) can be
measured by the compensated cross-elasticity with labour (leisure). It is
intuitively easy to grasp the essence of this result. As expressed by Sandmo
(1976). ‘The economic rationale of this rule is clearly that since we have
barred ourselves from taxing leisure, we can do it indirectly by taxing
commodities that are complementary with liesure.’

As Corlett and Hague put it: ‘the main analysis considers small changes in
tax rates and does not indicate the size of the movements away from the
initial equilibrium position needed to obtain an “optimum” system of
taxation’. Thus, it may be considered as an early contribution to what is now
known as tax reform analysis. But, as has been shown, the same result is
valid at optimal taxation; see for example Sandmo (1976).

It is important to note, as was emphasized by Corlett and Hague, that
taxation of the two consumer goods at uniform rates is equivalent to a
proportional income tax. Deviation from uniform tax rates is therefore
equivalent to the introduction of an excise tax in addition to a proportional
income tax. In this sense the model is suitable for throwing light on the
income versus commodity tax issue. Although the model is rather special, it
may be argued that the insight obtained is rather basic.

Meade (1955) discussed the role of commodity taxes as a supplement to
the income tax within a more general, but purely non-mathematical
framework. He allows the income tax schedule to have a more general form,
and the taxpayers may have unequal income. His approach is clearly
described in his own words:

We assume, therefore, that the revenue is being raised by a progressive
income tax which, as explained on p. 47, introduces throughout the system
a large rate of divergence between the value of the marginal product of
effort and the marginal cost of that effort.... The question which we shall
discuss is whether, given this situation, it would be desirable to turn to
some extent from the direct taxation of income to the indirect taxation of
particular goods and services as a means of raising revenue [Meade (1955,

p. 112)].

His reasoning leads him to the conclusion that a welfare improvement
would be obtained by making a small marginal change in the tax system
which raises the price of those things which are jointly demanded with
leisure, and lowers the price of those things which are good substitutes for
leisure, provided that seriously adverse effects on the distribution of income
are avoided. This is a result which is very close to that of Corlett and Hague.
It is, however, less precise, as one might expect from a non-mathematical
analysis. In particular the substitute concept is not precisely defined. Meade’s
analysis deals with the welfare effects of ‘a small marginal change in the tax
system’. Thus, his analysis may also be considered as an early contribution to
tax reform theory.
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A third important contribution to the literature on direct versus indirect
taxation is Atkinson and Stiglitz (1976). In their analysis the taxpayers are
assumed to have homogeneous preferences, but different wages. Optimality
characteristics of simultaneous non-linear schedules for income and
commodity taxes are derived. These characteristics are related to the
properties of the taxpayers’ common utility function. It turns out that
whether a good is complementary with or a substitute for leisure in the
Edgeworth sense (defined by the sign of the cross derivative of the utility
function) is crucial in determining the excise tax to be imposed on it. The
great merit of the paper was to show that if the utility function is weakly
separable between labour and all goods taken together, then there is no need
to employ indirect taxation in the optimum solution.

A fourth key paper to be mentioned in this field is Mirrlees (1976) which
derived conditions for optimal mixed taxation consisting of optimal tax
schedules and rates. Some details of this paper will be discussed in section 8.

The existing body of optimum tax literature has obviously a good deal to
say about the optimal choice of indirect taxes in addition to the income tax.
Yet economists who want to apply these theories, for instance as political
advisers, do encounter a number of problems. One reason is that modern
optimum tax results are often given in such a form that they are hard to
convey to the layman on the political scene or elsewhere.! There is obviously
a need for simpler characteristics of optimal tax policy. In older analyses of
commodity taxes such as Corlett and Hague (1953-54) and Meade (1955) the
key to understanding the role of commodity taxes is presented in terms of
substitutability and complementarity between leisure and consumer goods.
No doubt this approach has a strong intuitive appeal both to the expert and
the layman. In recent and technically more complicated optimum tax theory
the possible roles of substitutes and complements are much less exposed or
even left completely in the dark, in my opinion at the expense of intuitive
insight. This is also one reason why the connection between the various
analyses included in the brief survey above is not easy to see, although one
would suspect that they are closely related. In particular one would expect
the simple implications of the older analyses to be embodied in some form in
the more complicated results of modern theories. Further exploration of this
subject therefore seems worthwhile.

The first purpose of this paper is to provide a mathematical- and more
precise analysis of the problem formulated and discussed by Meade (1955).
In order to define the starting-point more precisely than was done by Meade,
the shape of the initial income tax schedule is assumed to have been
optimized by a welfare-maximizing government. The analysis will then
examine how welfare can be raised even further by turning slightly from
income taxation to the taxation of particular commodities. This will allow us

!An exposition aiming at a larger public is found in Atkinson (1977).
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to review the Meade results in a precise manner. It also paves the way for
the second task, which is to relate the Meade type results to those of
Atkinson and Stiglitz (1976) and Mirrlees (1976). The third and closely
related purpose is to focus attention on the roles of various relations between
leisure and the demand for other goods, which I believe to be most helpful
guides to the understanding of theoretical results in this field of tax analysis.
In contrast to a lot of modern tax literature the technical analysis is going to
be rather simple.

It may be useful to give a preliminary idea of the approach to be foilowed
as it deviates somewhat from the standard analysis. The behaviour of the
consumer/taxpayer is assumed to be ordinary maximizing behaviour both in
the commodity and labour market. But for analytical reasons it is useful to
treat it here as a two-stage optimization whereby the demand for
consumption goods is optimized for a given supply of labour in the first
stage, and the supply of labour is optimized in the second stage taking into
account the relations between commodity demand and labour supply
established in the first stage. This approach will enable us to extend the
tradition of making use of relations between the demand for various goods
and labour supply in throwing light on the choice of excise taxes. The
income tax will be treated in an analytically simple manner by applying a tax
function with a shift parameter which allows us to carry out a shift in the
whole tax schedule to accompany the introduction of an excise tax.

The main assumptions underlying the analysis to follow are presented in
section 2. Individual behaviour is described in section 3, and section 4 briefly
presents the optimum income tax. The analysis of marginal commodity taxes
in section 5 is the main part of the current paper. Section 6 discusses the
roles of substitutes and complements. Sections 7 and 8 provide comparisons
with the results of Atkinson and Stiglitz and those of Mirrlees. Section 9
takes a closer look at the treatment of leisure goods. Section 10 presents
some concluding remarks and also draws attention to some of the limitations
of the preceding analysis.

2. Main assumptions

The analysis will be based on a number of assumptions which have
become common in modern optimum tax literature (including the above
references). A one-period model (or timeless economy) is considered. This is
important because we have then barred ourselves from discussing effects on
savings behaviour which might be interesting. Individuals are assumed to
have identical preferences on consumption bundles and work effort (leisure).
Work is the only source of income apart from possible government transfers.

The wage rate of each person is exogenous and determined by his ability.
It is then convenient to consider the ability level and the wage rate as equal.
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There is a continuum of individuals distributed by ability (wage rate). The
distribution is characterized by the density function f(a), where a is the
ability level which is taken to be positive. Producer prices are given. There is
no tax evasion.

Each person chooses his work effort and consumption bundle optimally
taking his own ability, the prices and the tax policy as given. This individual
behaviour, which is analysed in the next section, is taken as given by the
government when designing its tax policy. The revenue requirement is given.
An additive welfare function is used as welfare criterion.

3. Individual behaviour

We study an individual who does an amount 4 of work at a given wage
rate, a (reflecting his ability). His gross income is:

I=ah. (1)

He faces an income tax schedule T(I), so that his disposable income
becomes:

y=I—T(I)=ah~- T(ah). Q)

This income is spent on n consumer goods in quantities x,,...,X, at prices
P,,...,P,. Let x and P denote the consumption vector and price vector,
respectively. The scalar product of the two vectors is written as Px.
Preferences are described by the utility function u(x,h). The individual is
assumed to maximize u as a price-taker subject to his budget constraint. As
suggested above, it will prove useful to conceive of this maximization as
being carried out in two stages. First the work effort, A, is treated as fixed,
and u is maximized with respect to x. We establish the Lagrange expression:

L=u(x,h)—w(Px—y), (3)

and derive the well-known necessary first-order conditions:

L ,
a—x‘--—u,(x,h)-—wP,-=0, i=1,...,n 4
Px—y=0. (9

Partial derivatives are indicated by appropriate subscripts. These conditions
define a special kind of demand functions:

xi(P,y, h), i=1,...,n (6)

JPE-C
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Adopting the terminology of Pollak (1969), we may call them conditional
demand functions since they express the demand for consumer goods
conditional upon the value of h. dx;/Gh is the marginal effect on the demand
for good i of an increase in work effort when disposable income, y, is
somehow kept constant. The corresponding conditional indirect utility
function may be written as:

(P, y, h)=u(x(P, y, h), h), (7

where x(-) is a vector function.
We know from duality theory that:

| = — WX, i=1,...,n, (8)
v, =, 9)
Uy = Uy, (10)

Subscripts y and h indicate partial derivatives with respect to these
. arguments, respectively. The second stage of the optimization is to maximize
(7) with respect to h taking into account that y is a function of h. Provided
that the income tax function is differentiable, the first-order condition for an
interior optimum is:

o =37 =0,(P, 3, Ba(l—T'(ah) +ou(P. 3, i) =0, (11)

where the marginal income tax is denoted by T"=dT/d!. The differentiability
assumption will be discussed in more detail below.
The second-order condition is:

v <O. (12)

For given prices and tax schedule h, x, I, v and @ become functions of the
wage rate or ability parameter, a. We denote the (unconditional) indirect
utility function by V(a).

4. The optimal income tax

We shall explore the effect on welifare of switching slightly away from pure
income taxation to the combined taxation of income and some commodity.
As it seems natural to exhaust the opportunities for welfare improvements
within the original system before introducing a new tax instrument, we shall
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assume that the initial income tax has got an optimal design. We can then
benefit from making use of the optimality characteristics. In particular it will
allow us make use of the envelope properties.

The optimal income tax has been analysed in a number of papers [see, for
example, Mirriees (1971, 1976, 1977)], and we shali not go into details in the
present context. It is not the purpose of this paper to extend the analysis of
the pure income tax. On the contrary, we shall make assumptions about the
optimal tax schedule (differentiability, etc.) which mean that we have to be
somewhat modest about the generality of the analysis. The analysis of the
optimal income tax is a complicated piece of mathematical economics. The
optimization probiem is usually formulated as an optimum control problem.
But, as emphasized by Mirrlees (1977), it is hard to tell, because of the
special nature of the problem, when the optimum is characterized by the
standard first-order conditions usually found in the literature. In particular, it
may be dubious to represent the individual optimization simply by the first-
order conditions of that problem in the social optimization. It is not the aim
of this paper to take up these mathematical problems which apply to a wider
class of optimum tax problems than the one presented here.

The analysis will be based on a number of crucial differentiability
assumptions without which the analysis becomes much more complicated.
First, the tax function itself is assumed to be differentiable. This may not be
true in general, as pointed out by Mirrlees (1971). As we shall see, the
assumption has got important implications. The budget set corresponding to
a particular tax schedule and the consumption points chosen by different
individuals are often illustrated in an I, y-diagram. For a given wage (ability),
a, indifference curves can be drawn on this diagram to illustrate the trade-off
between gross income and net income and hence the consumption-leisure
trade-off of an a-individual. One such indifference curve is shown in fig. 1.
We shall adopt the common assumption that an individual with a higher
ability has a flatter indifference curve through any given point (/, y) than an
individual with a lower ability. [See Seade (1982).] With this assumption it is
obvious that individuals on different ability levels can have the same
consumption point only if this is a corner point of the budget set. With
corners ruled out by the differentiability assumption, gross income becomes a
strictly increasing function of the individual wage-rate except for possible
wage-rates at which no labour is supplied. Let I(a) denote this relationship.
[For more details see Seade (1982).]

In the following analysis we shall make use of shifts in the tax function.
Introducing a shift parameter S we obtain an income tax function T(I,S). It
is common to assume that the economic variables are differentiable functions
of the ability parameter a. [See, for example, Mirrlees (1976).] In the current
analysis it is an essential assumption that the economic variables are
differentiable with respect both to a@ and S. These assumptions are to some
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extent related. In general one of the problems encountered in tax
optimization (in particular with a finite population) is that some consumers
may be left indifferent among widely different consumption bundles. If this
were the case, a small change in a might lead to discontinuous jymps in
consumption points. In that case a small change in the tax schedule is also
likely to produce discrete shifts of consumption points.

The case is illustrated in fig. 1. It shows the budget curve (B-B) resulting
from a particular tax schedule and the indifference curve ({’-I') for a person
of ability a’. As the figure has been drawn, this person is indifferent between
point P and point Q. With the usual assumption that people with higher
ability have flatter indifference curves, people with a greater than a’ will be to
the right of Q and people with lower a than &’ will be to the left of P. Thus,
there will be a discrete jump. If the a’-person is initially at P, and a marginal
shift in the budget curve takes place which makes it slightly less favourable
at and around P, the person will move his consumption point discretely to
Q. Such discrete shifts are not permitted in the current analysis.
Differentiability is crucial.

v

Py

I'

Fig. 1.

Let us now turn to our characterization of the optimal income tax. We
start out by considering the situation in which a general income tax is the
only tax instrument of the government. When designing its tax policy the
government must take into account the whole population of individuals, each
following the behaviour described above, and the ability distribution f(a). A
total tax revenue amounting to T° is required. The government must then

" choose its tax policy within the budget constraint
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I T(I(a) f(a)da=T", (13)

where the size of the population has been normalized at unity.” The shape of
the tax schedule is chosen so as to maximize

W={V(a)f(a)da (14)

subject to (13).

It is not the concern of this paper to characterize in detail the optimum
shape of the income tax function. A rather compact characterization will do
for our purpose. Let us therefore assume that the optimal shape of the
income tax function has been determined up to a number of parametric
shifts. The last part of the optimization can then be carried out by means of
usual parametric optimization. In order to do this we make use of the shift
parameter S in the income tax function, T(I,S). A shift is generated by
changing S. It is denoted by Ty=JT/dS. Let us also assign the shadow price
u to the tax revenue constraint (13). The tax function can then be optimized
with respect to S by means of the standard Lagrange expression

L={V(a,S) f(a)da+u(| T(ah,S) f(a)da—T"). (15)
The first order condition can then be expressed as

3—;‘-=-_fwTsfda+yj'Tsfda+u_fT’ahsfda--O, (16)

where we have used the fact that §V/6S= —wT;, which is easily established
by applying the envelope theorem to (7). The second and third term of the
left hand side express the resulting change in tax revenue evaluated by means
of u. The Lagrange multiplier has the usual interpretation:

u=—06W/6T® evaluated at the optimum. (17)

At the optimum an arbitrary marginal shift in the tax function must neither
lower nor raise welfare, otherwise a shift could always be devised which
would increase welfare, and it follows that the initial schedule would not
have been optimal.

In order to be able to differentiate h with respect to S, as done in
expression (16), our differentiability assumptions are obviously essential. As
discussed above, a situation such as the one depicted in fig. 1 might lead to
discrete jumps in the consumption point in response to a marginal shift in
the tax schedule. It is important that such cases have been ruled out.

*For simplicity integration limits are omitted.
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A shift parameter, S. can obviously be used to express any shift in the tax
function from the optimal one. To see this let T*(I) be the optimal tax
function, and let F(I) be some arbitrary function of /. The income tax
function can generally be written as T(I,S)=T*(I)+SF(I). The optimum
value of S is obviously zero, and a small change in S will generate a marginal
shift, of which the first-order effect on welfare is zero. .

5. Marginal commodity taxes

Let p,,...,p, denote the fixed producer prices per unit of x,,...,X,,
respectively, and let p denote the corresponding price vector. Suppose that
commodity taxes may be levied as taxes ¢,,...,t, per unit of x,,...,Xx,,
respectively. Let ¢t denote the corresponding vector. Negative taxes are
allowed, which means that commodities may be subsidized.

We are now prepared to consider the introduction of marginal excise taxes
to supplement the optimal income tax. What commodities should then be
(positively) taxed, left untaxed or subsized, respectively?

It should be noted at this stage that proportional taxation of all
commodities is obviously equivalent to a proportional income tax. So this
possibility is already covered by assuming the existence of an optimal initial
income tax. The question we are asking is therefore: What commodities
should be taxed if differentiated indirect taxes may be imposed?

In order to deal with commodity taxes, we must write the tax revenue
constraint as

{ T(ah,S) fda+[txfda—TO°=0. (18)

The special case t;=t,=...=t,=0 takes us back to (13) and the results of
. the preceding section, which we now take as our point of departure.® The
imposition of marginal unit tax rates t,,...,t, can now be analysed by
applying the envelope theorem to the Lagrange expression:

L={v(P,y,h) f da+u([ T(ah,S) fda+[txf da—TO). (19)

Making use of (8) and bearing in mind that P,=p,+t, and t; =0 for all i, we
find that:

ow

where h, =Gh/at,.

3The exposition is simplified by omitting the arguments of the functions where no confusion is
likely to arise. The reader should bear in mind that h=#h(qa,S,t), y=ah— T(ah,S), x, =x,(a,S,¢),
and f= f(a).



V. Christiansen, Commodity taxes and income tax 208

Let us now pick one good, say good 1, for further consideration. How a
small excise tax on good 1 would affect social welfare depends on the sign of

%—?= ~fwx,fda+ufx,fda+pu | Tah, fda. (21)
1

Eq. (21) expresses the welfare effect of levying a marginal commodity tax on
commodity 1 without changing total tax revenue. The first term of (21)
captures the immediate effect of the tax burden imposed by the new tax
while the second and third term together capture the effect of the ensuing tax
changes which are required to keep total tax revenue unaitered.

There is not much to say on the basis of (21). Further manipulation is
obviously necessary to be able to arrive at policy recommendations. The first
thing we do is to define a marginal shift in the income tax function of which
the immediate effect is to impose a tax increase x, on each taxpayer.
Formally:

T’s=xl. (22)

This analytical trick is a crucial point which may require a more detailed
explanation. Since the income tax is a function of gross income, and the
function must be the same for everybody, it is only admissible to define such
a shift if x, can be expressed as a function of gross income alone. Taking the
initial income tax function as given, and recalling that preferences are
uniform across individuals, the individual decision variables ultimately
become functions of the wage-rate only. We can therefore express x, as a
function x,(a) which is the initial relationship between x, and a.* Moreover,
as we have seen already, gross income is a strictly increasing function of
a which can be inverted so that a becomes a function of I. Inserting
this relationship into x,(a) we obtain a function x¥(I) which is exactly the
kind of relationship which allows us to write eq. (22). We can now write
T(I,S)=T*(I)+ Sx}(I). Hence, the shift is well defined for all I.

Our differentiability assumptions are crucial at this stage. If the tax
schedule were kinked, there would be people with different wage-rates and
different consumption bundles earning the same income. Then there would
not be a unique value of x, associated with each value of I, and (22) would
not be a meaningful definition of a shift in the income tax function.

The reader should not be confused by the fact that I=ah is a variable in
the tax function, while we also write h as a function of S. A change in §
changes the tax associated with each value of [ =ah. This is a quite ordinary
shift. But, since the individual will normally respond to the shift in the tax

“x, is used as a function symbol both in x,{P,y,h) and x,(a) since this is not likely to cause
any confusion. ‘ :
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schedule by changing his consumption point, the chosen value of h (or I)
depends on S. The actual change in the tax paid by an individual is the
combined effect of a shift in the tax function and a movement along the tax
schedule. This is analogous to a shift in an ordinary partial demand function
which implies that we can write the price as a function of the shift parameter.

Since (16) is true for any marginal shift in the tax function from the initial
optimum, it is also valid for the shift defined by (22). Hence, if we substitute
x, for Ty in (16):

~f{wx,fda+pu(x,fda+uf T'ahsfda=0,

or:
~fwx,fda+ufx,fda=—puf T'ahsf da. (23)

Inserting this expression into (21) we obtain:
ow ,
EtT:yfTa(h,l—hs)fda. (24)

Now the complexity of the formula has been reduced, and we can approach
the problem of signing. In general (h, —hs) can be of any sign, and the
question is whether positive terms outweigh the negative ones or vice versa.
A more interesting approach is to ask whether there are classes of utility
functions or demand patterns which ensure sufficiently unambiguous
reactions across individuals to guarantee a unique sign. Indeed. we know of
one such case already from the weak separability result of Atkinson and
Stiglitz (1976).

Since u, T', a and f are all positive, what we want to explore is the sign of
(he, — hs). The effect of ¢, on h is obtained from the optimality condition (11):

v,(p+t,ah—T(ah,S),h)a(1 —T'(ah,S)) + v,(p+ t,ah— T(ah, S), h) =0.
Differentiating with respect to ¢, we find:
v'hy, +a(1—-T)v,; +v,, =0,

and hence:

t:l’

1 (v
htl =7( , Uy -vh!.)s (25)

where (11) has again been applied. hs is found in a similar way by
differentiating (11):
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oT’
v”hs+a(1-T’)v,,(—Ts)+v,a<-——(§>—vh,7‘s=0. (26)

A number of substitutions can be made by means of the relations:*

- vy NT
Tmxy=-2, TLIB B Jn) @)
y

We find that:

1 Uy Uy Uy d vy
hs=v_n|:;y’vyyv_—vhy;:_vyagi AN (28)

Since y and h are functions of a, and, as we have seen, a can be expressed
as a(I), we can write:

xl(P’y’h)=xl(P7y(1)s h(I))= —UI(P,Y(I), h(l))/vy(Psy(l)vh(I))s

which hold at the initial equilibrium where S=t, =0.° Hence we find'that:

0xy d (v, _ d dy  ox(P,y,h) ch
G- (“)' %y ()61“ Gh ol

=_<_v,_, 1.7112,,)(1 ™a +6x,(Py,h)a6h
y Uy oh ar

é (v\_(v1y, V1o, Uy 6x1(P v,h) ch ,
aal(v >-(v v? v, Gh el (29)

y

This result simplifies (28) so that:

1 /v,,0, Do ox,(P,y,h) ¢ch
hom—( 2ts% _ Onyl1 1 a2
s v"( oy v, ok "az) (30
Applying (25) and (30):
. 1 Upy?y dx,(P, y,h) ch
b —hs=—5 (”"‘ o, U n %el) 1)

*Recall that T(I,S)=T*(I)+Sx3(I). Hence, T'(I, §)=T*/é1 + Sdx?/51, and §T"/3S =35x3/0l.
%These parameters have been suppressed. However, we shail use the partial derivative dh/él to
denote Gh(1,S,t,)/6] evaluated at S=t, =0.
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We know that x, = —v,/v,. Diiferentiating with respect to h, we obtain:

0x(P,y, h) 1 ( vhyvl>
i = 17 ’

Gh y y

which is evaluated at the initial consumption point. Inserting this result into
(31) we obtain:

_vyaxl(Payah) - _5_}_1_
by, —hs = Z—=2 l-az). (32)

Under the assumptions which have been made, a and I are positively related.
By definition I =ah, which implies that 1—agh/dI =hda/dI > 0.

From the second-order condition of the individual optimum we know that
v” <0. It then follows from (24) and (32) that:

ﬁ>0, for all aa?—vv< 0,

ch : at,

0x, ow

=0 for all a=>a—t1-0, (33)
Jx, oW

—5}7<0, for all a=>5t—l—>0.

Analogous results may, of course, be derived for x,,...,x,. Thus, there are
certain demand patterns which uniquely determine whether a small tax or
subsidy on a commodity should be recommended. The partial derivative of
the conditional demand function, dx,(P, y, h)/Gh, expresses the effect on the
demand for x, when an individual who is initially optimally adjusted is
forced to work a little more without any change in disposable income. A
detailed discussion of conditional demand functions is found in Pollak
(1969). Adopting his terminology, we say that

(a) if dx,;/0h>0, x; is positively related to h,

(b) if ox,/Gh=0, x, is unrelated to h, and

(c) if dx,/0h <0, x; is negatively related to h.
We can now state:

Proposition 1. Starting from a situation in which an optimal income tax is the
only tax, a welfare gain is achieved by imposing a (positive) marginal excise tax
on a commodity which is negatively related to labour and by introducing a
marginal subsidy on.a commodity which is positively related to labour.
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" In other words, commodities one typically buys more (less) of if more leisure
is obtained without any loss of income, are candidates to be taxed
(subsidized). This is a very simple result, although it may not be quite as
simple to determine in practice what kind of relationship holds true for a
particular commodity. '

Proposition 1 gives a more precise meaning to the results of Meade (1955).
A precise meaning has been assigned to Meade’s references to ‘substitutes for
leisure’ and ‘things which are jointly demanded with leisure’. The relevant
relations between the demand for various goods and the demand for leisure
(or labour supply) are those precisely defined by Pollak (1969) as stated
above. In a rough sense these relations are a kind of complement and
substitute concepts, which are akin to but not identical to the usual Hicksian
concepts used by Corlett and Hague. With this background it is interesting
to explore further the various relations between leisure and the demand for
the various commodities, which we now do.

6. The roles of substitutes, complements and quasi-separability

It may be interesting to relate the results of this paper to the conventional
substitute and complement concepts. This may be helpful when trying to
trace the effects of working time on demand, and it may reveal to what
extent the results of the simple Corlett—-Hague model carry over to the more
complicated model of mixed taxation studied in the current paper and in
modern tax theory.

The simplest procedure is to establish directly the relationship between the
Pollak concepts and the Hicksian concepts. Let us consider the conditional
demand function,

Xi (P’ ah— T(ah)9 h)9 - (34)

at the unconditional equilibrium; that is where h is optimally adjusted to the
price and tax parameters. Let m denote the marginal wage rate:

m=a(l-T). (35)
The effect of a change in m on x, is found by differentiating (34):

oy _dxy b dx o

dm dy dm dohom
Hence:

gfi _ 0x,/0m _ ox,

Zh - ahiam "oy (36)
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It is well known that the labour supply responds positivelv to a higher
marginal wage rate so that ¢h/om>0. For convenience let us rule out inferior
goods so that dx;/dy>0. Then we see that if x; and h are substitutes,
0x,/0m<0, then x; is negatively related to h in the Pollak sense. x; is
negatively related to h if they are ‘weak’ complements, and positively related
to h if they are ‘strong’ complements. Thus, we find that a complement with
leisure (substitute for labour) should be taxed and so should a sufficiently weak
substitute for leisure, while a strong enough substitute for leisure should be
subsidized from our tax reform point of view. Likewise the demand for a
complement with or sufficiently weak substitute for leisure should be
discouraged in the Mirrlees sense at the full optimum, while the demand for
a strong enough substitute for leisure should be encouraged (see section 8
below). We may note that the effects pointed out by Corlett and Hague do
play a crucial role, even in the present context.

An alternative way to relate our results to the roles of substitutes and
complements may bring out more clearly how the various effects arise. It
starts out considering the crucial difference (h, —hs) of formula (24). Each
term may be decomposed into a compensated effect and an income effect:

h, —hs=h, |, +income effect - hs|, —income effect
=h |, ~hs|.s (37

since the shift is designed in such a way that the income effects are equal and
cancel out. From the definition m=a(1 — T") it follows that:

ém T’
E'——‘ —a—é.—s,-. (38)

Making use of the assumption that Ty=x;, we find that:

oT" 9Ty ox,
F T Ta » (39)

Eqgs. (38) and (39) together imply that:

om ox;
T 40

Hence we can derive:

hely = OB 0 @1
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We insert this result into (37) and obtain:

dh ¢h Gx;

= 9% 42
ot |, Temi e (42)

hr —hs

i

where the sign of the compensated derivative (¢h/ét;)|, defines whether h and
x, are substitutes or complements. The presence of dx;/dI in (42) shows that
a sort of income effect is important. It should be noted that this effect arises
only because it determines the change in the marginal after-tax wage-rate
which in turn has a pure substitution effect. The greater the inequality
aversion of the government, the steeper will the initial income tax schedule
tend to be. If a tax is levied on a commodity of which high-income people
will buy far more than low-income people, the steepness of the income tax
schedule can be reduced significantly without changing the overall
distributional profile of the tax policy. Hence, the marginal income tax is
reduced with favourable effects on efficiency. This is exactly what is expressed
by the second term of (42).

If the choice of commodity taxes is approached in terms of ordinary
Hicksian substitute and complement concepts, one must also allow for the
income effect on commodity demand discussed above, which in general may
be positive or negative. In this sense Meade was right in making his
qualification about the distributional impact of a commodity tax. If
sufficiently adverse (from an egalitarian point of view) it may, as noted by
Meade, dominate the otherwise advantageous effect of a tax on a
complement with leisure.

The role of the income effect may be related to the tax results obtained in
the case of quasi-separability [see Deaton (1981)]. Goods i and j are said to
be quasi-separable from leisure (work) if the marginal rate of substitution
between good i and good j is independent of leisure (work) along an
indifference curve, if the consumer is compensated for the change in leisure
(work) by a proportional change in the vector of all goods (including leisure).
An important implication of quasi-separability is that compensated changes
in the wage-rate affect commodity demands proportionately. Since a sole
change in the marginal wage-rate is equivalent to a compensated change in
the wage-rate, we have that in the case of quasi-separability:

dx,/0m=dx;, (43)

where J is independent of i. We can then reformulate (36) to obtain:

0x;/6h o madx; y

= - . 44
x4 chiom y dy x; (44)
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The message derived from this formula is that commodity taxes should be
levied on commodities with sufficiently high income elasticities, as may be
the case for a typical luxury. This result bears a certain resemblance to the
finding that progressive (non-linear) commodity taxation is desirable under
quasi-separability [Deaton (1981, p. 1249)]. This means that the tax-rate
should be higher the more luxurious one finds a good, in the sense that it is
more highly valued by people on high utility levels than by people on less
favourable indifference curves. It also seems interesting to relate the results of
the present analysis to those of Atkinson and Stiglitz (1976) and Mirrlees
(1976), as will be done in the following two sections.

7. Comparison with Atkinson and Stiglitz

From Atkinson and Stiglitz (1976) we know that commodity taxes are
always non-optimal regardless of how the population is composed if the utility
function is of the weakly separable form u(¢(x),h) so that &(u,/u,)/ch=0
for all i. It is easy to verify that this is equivalent to dx;/6h=0 for all i, as
indeed it should be if our results are correct. This equivalence sheds new
light on the Atkinson-Stiglitz result.

The optimality conditions for x when 4 is given are:

u, P] .

—-=—_—’ V’ 4
a, " P, j (45)
y ——1—

P P, X. (46)

Let us introduce the notation xj;=dx;/dh. Differentiating the equation system
(45) and (46) we obtain the system:

d u, d u, d u\ ,  du
(6x,ul>x,‘+(6x2ul)x,2+'"+<6x,ul)x:'—-éhul’

(47)
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We immediately see that:

M=O, for all j@g_ﬁ=0, for all j. (48)
éh éh

Eq. (48) allows us to state:

Proposition 2. The demand pattern ix;/0h=0, for all j, obtains if and only if
the utility function belongs to the class of weakly separable utility functions

u(¢(x), h).

For later application it is useful to solve the equation system of the two-
good case using commodity 2 as the numeraire:

0xy _0uy/uy) 1 49)
oh oh D
0x, o(uy/uz) uy 1
2 VYR 50
éh éh u,D’ (50)
where
0 uy 0ty

D= 0x, U, 0x5 U,

i 1

u,

As usual, u is assumed to be strictly quasi-concave in x, and x,, which
implies that D>0.

8. Comparison with Mirrlees

Mirrlees (1976) established conditions for optimal mixed taxation
consisting of income and commodity taxation. His analysis is presented in a
very general form. Let us now consider the case in which simultaneous
optimization of a non-linear income tax and excise tax rates on the various
commodities takes place.

Sticking to the notation of the current paper, we can write the demand
functions used by Mirrlees as:

xx(P,y,I,d) (51)

(with P, I and a replacing g, z and n, respectively). Let us define
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dx;
—_— = x¢ . 5-,
d Pk . Xik ( 1-)
which denotes the compensated derivative of x; with respect to P,.

In our notation the following necessary optimum conditions derived by
Mirrlees can be established:

P
axi( W I,a)da

< ,  i=1...,m (53)
éa

& EI; x{itef(@)da= -—jv(a)

where v(a) >0 [Mirrlees (1976, eq. (9.86))].

Adopting Mirrlees’ own interpretation, e¢; is a measure of the extent to
which commodity taxes encourage consumption of the different commodities.
Then 0x;/0a>0 implies that the consumption of commodity i should be
discouraged, while Jx;/6a <0 implies that it should be encouraged.

The results of Mirrlees apply to the full optimum, while the analysis of the
preceding sections of this paper is concerned with the introduction of small
excise taxes to supplement the income tax. However, the results are closely
related to each other. To see this, rewrite (51) in the following way:

xi(P’Y7I’a)Ext(Poy’ I/a)
Exi(P’yvah/a)Ext('P’y’h)s (54)

which is identical to the conditional demand function (6). We immediately
see that:

axi(P’y,Iva) — _axl(P’Y9h) .E

da ch a (33)

We can therefore say that if x, is negatively related to h, the consumption of
commodity i should be discouraged by the optimum excise taxes, while if x, is
positively related to h, the demand for commodity i should be encouraged by
the optimum excise taxes.

Condition (53) was explained by Mirrlees (1976, p. 347) in the following
words: ‘This surprisingly simple criterion says that commodity taxes should
bear more heavily on the commodities high-a individuals have relatively
strongest tastes for.” We have seen that a good is negatively related to labour
if a reduction in hours worked, holding income constant, results in an
increase in demand for the good. Such a reduction in hours worked with
constant income can be achieved by increasing ability. It is in this sense that
a good that is negatively related to labour is a good for which people of
higher abilities have ‘strongest tastes’.



V. Christiansen, Commodity taxes and income tax 215

9, Leisure goods and the Becker—Lancaster approach

In much of the literature on excise taxes and tax-distorted labour supply a
special importance is attached to leisure goods. It is typical that after
showing that there is no need to employ differentiated indirect taxation in
the presence of a weakly separable utility function, Atkinson and Stiglitz
(1980) make the following comment: ‘...and it is quite possible that this
separability requirement may not in practice be met, for example, in the case
of leisure goods’. This comment leads to no further conclusion. But it seems
to be a popular belief among many economists that taxation of leisure goods
should be recommended. It is therefore interesting to discuss whether this is
an implication of the tax theory.

An approach to the relationship between working time (or leisure) and
market goods which may be useful for this purpose, is the Becker—Lancaster
approach [Becker (1965) and Lancaster (1966)]. The key idea of this
approach is that the basic goods enjoyed by a consumer are produced in the
household by means of own effort and cornmodities purchased in the market.
Recreation may be one such basic good which is produced by means of a
certain input of time (leisure) and leisure goods.

We shall consider a simple case where utility is derived from two basic
goods, of which one is recreation and the other is simply a market
commodity. The enjoyment of the latter is assumed not to be time
consuming. Let z denote the amount of recreation. Leisure, r, is the amount
of time spent on recreation. Commodity ! is now interpreted as the market
good used as an input in the production of z. The household production of
recreation is described by the technology function:

2(xy, 7). (56)

Partial derivatives are denoted by z, and z, and are assumed to be positive.
x, may consist of sporting equipment, travelling, tickets for concerts or
amusement parks, etc.

The relationship between r and A is given by the time budget:

r+h=k=constant. (57)
The utility function is now written as:

u(z(x4,7), X3, h) = u(z(x,, k —h), x5, h), (58)
which is basically a function of x,, x, and h, as before. Note that h enters
twice, once because of its opportunity cost through the time budget and once

because work may be disliked or enjoyed as such. The following notation is
used:
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¢ ou .
u:=T-7 ui=:—7 l=1,2;
3%,
3%z
2y = ——
o 0x,0r -

As was discussed in section 7, a small excise tax on x, should be
recommended or not depending on the sign of J(u,/u,)/dh. We easily find
that:

Uy _YIx (59)
U U
Then the following expression is obtained:
G(u,/u,) u;  0(u/uy) 9(u/u,)
e ST —— —— z .z -+ Zxs 60
ah ™4y 0z ' oh (60)

where both effects of h are allowed for. Let us consider the terms in reversed™
order. The last term expresses how the marginal valuation of recreation
changes with work effort. It seems natural to assume that this effect is non-
negative. Probably recreation is more highly valued the harder a person
works. For a given labour supply &(u_/u,)/dz<0 if x, is a normal good,
which seems to be a natural assumption, especially at this level of
aggregation. If x, and r are technically independent, z,,=0, or technical
substitutes, z,, <0, the first term on the right-hand side is non-negative, and
the whole expression becomes positive. If x;, and r are technical
complements, z., >0, the overall sign is positive if x, and r are sufficiently
weak complements, and negative if they are sufficiently strong complements
in a technological sense. Thus, a small excise tax on x, should be
recommended only if x, and leisure are strong technical complements.
Otherwise a small subsidy should be recommended.

It follows that it is not necessarily appropriate to recommend taxation of
leisure goods, even if one is willing to make the tempting assumption that
they are technical complements with leisure within a Becker-Lancaster
framework. The notion behind the belief that leisure goods should be taxed
is presumably that by making leisure goods more expensive, recreation is
made less attractive and so is leisure time. The weak point in this argument
is that even if recreation becomes less attractive compared to other goods,
leisure goods may be substituted by leisure time in the production of
recreation, and the labour supply may shrink. Recreation may simply be
made more time-intensive and less commodity-intensive. As an extreme
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example a long cheap cottage holiday may be substituted for a short service-
intensive luxury cruise.

We may explore this matter further after adding a few more simplifying
assumptions which reduce the efforts needed to bring out the main point.
Utility is assumed to be a function of z and x, only, which means that there
is no utility or disutility from work effort per se. This utility function is
assumed to be homothetic. The technology function z is assumed to be
homogeneous of degree one. The respective marginal rates of substitution
can be expressed as:

i‘i=a(ﬂ) : (61)
Uy -4 -

Zx _of T :
2(2)

where « and f§ are both increasing functions.
The elasticities of these functions are denoted by & and 3. We also define

and

the elasticities of substitution: .

g, =1/a (63)
and '

a.=1/B. (64)

In order to focus on demand properties, taxes are left on one side. The
budget constraint of the consumer then becomes: -

Pxy +P,;x,=ah. 69

The optimum choice of the consumer is determined by eq. (65):

X\ _ Py

a(?) =Pz (66)
ry_P,

(5)-% "

and

z(xy,r)=2z. (68)
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In order to study compensated effects, utility is assumed to be constant:
u(z, x,) =constant. (69)

Let ¢, and ¢, denote the partial elasticities of z. Also, let 7, denote the partial
elasticity of z, with respect to x,. Since z, is homogeneous of degree zero,
the partial elasticity of z, with respect to r is —Z,. Let a caret (*) over x, x,,
z and r denote the compensated elasticity with respect to P,. The elasticities
are derived by means of the equation system (66)—(69). We find that:

Xy—Zi=0,+06,I.(F—X%,), (70)

F~%,=0,, (71)

g Xy +&,F=3, : (72)
and

U.Z . UaXs .

_'_z+_2__2.x2=0,

u u

i+%,=0. ; (73)

F=g,0,+2. (74)

We see that even if the effect of a higher P, is to make z less attractive, Z <0,
r may still rise because of the positive substitution term ¢,0,. From (70), (71),
and (73):

1

f=‘7<a.+a.a,f,), (75)
where ,
P,z
=14t
7 +P2xlzx

Combining (74) and (75), we get:

e 7
0, \O0, 7 7
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Z. is assumed to be negative so that the term in parentheses is positive.
Hence, we see that the substitution properties of the z-function are crucial in
determining the sign of 7.

If o, is big enough so that substitution possibilities are good, 7 will become
positive, because a higher P, motivates a large-scale substitution of x, by r.
Thus, x; and leisure become substitutes, even though they are used jointly to
produce recreation. If o, is small enough so that substitution possibilities
dwindle, 7 obviously becomes negative, and x, and r are complements.

Substitution between leisure time and leisure goods is a complication
which must be carefully allowed for when excise taxes on leisure goods are
considered. This is not to argue that leisure goods should be left untaxed. A
number of leisure goods are probably not easily substituted by leisure time.
And even if a commodity is a substitute for leisure, we know from section 6
that it may be desirable to tax this commodity if the substitution property is
moderate. Hence, there is good reason to believe that many leisure goods
should be taxed. But a general prescription to this effect may easily prove
too hasty. Which specific commodities show such demand properties that
they should be taxed (subsidized) is, of course, an empirical question which is
not going to be pursued any further in this paper.

10. Conclusion

Within a tax-theoretical framework and starting from a situation in which
an optimal income tax is the only tax, this paper has analysed which
commodities should be taxed (subsidized) if small excise taxes may be levied
and the income tax adjusted to keep total tax revenue unchanged. The
answer is simple. A commodity should be taxed (subsidized) if it is positively
(negatively) related to leisure in the Pollak sense, which means that more
(less) of the good is consumed if more leisure is obtained at constant income.
Furthermore, it was shown that the result of Atkinson and Stiglitz, that no
excise taxes should be levied if the utility function exhibits weak separability
between leisure and all other goods together, simply means that if all
commodities are unrelated to leisure in the Pollak sense, no commodity
should be taxed (or subsidized). It was also demonstrated that the sign of the
same relation determines whether the consumption of a commodity should
be encouraged or discouraged in the Mirrlees sense when the income tax and
excise taxes are all set optimally.” The analysis has provided a link between
the older analyses by Corlett and Hague and by Meade and modern
optimum tax theory on the roles of direct and indirect taxation.

The analysis has been confined to circumstances where all essential
functions are differentiable. This approach, shared with a number of other
analyses in this field, has allowed the use of ordinary differential calcuius.

"See Mirrlees (1976, p. 347).
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Although of limited generality, it seems that differentiable cases can
contribute to our insight into the optimum choice of commodity taxes to
supplement the income tax, and thus have a fair claim for interest.

The partial nature of the analysis should be noted. The choice between
direct and indirect taxation has a number of interesting aspects, of which the
effect on labour incentives, focused on- above, is only one. The argument for
excise taxes most firmly rooted i economic theory is, of course, the
externality argument for Pigouvian taxes. This aspect is well known and
hardly needs elaboration. It has therefore been suppressed in the present
context. Two aspects have received little attention in the theoretical literature
so far. One is the choice of excise taxes when savings decisions are distorted
by income taxation, and the other is the implications of tax evasion for the
choice between direct and indirect taxation. Further exploration of these
aspects within the framework of optimum tax theory or tax reform theory
would certainly be worthwhile in order to broaden the basis of economic
advice in this practically and politically important field.
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The framework is a simple two period life-cycle model with identical individuals who work in
period 1 and are retired in period 2. Initially there are optimaily chosen uniform income and
commodity tax rates, which lead to distortions in both the labour/leisure choice and the
consumption/savings choice. The purpose is to demonstrate in an intuitively comprehensibie way
how differentiating commodity taxation by slightly increasing the tax on one consumption good
can mitigate existing distortions. The sufficient conditions for a welfare improvement are similar
to that of Corlett and Hague plus some conditions on average and marginal consumption
propensities.

1. Introduction

It is well known within tax theory that an income tax and a general tax on
consumption (for instance a general purchase tax, VAT or expenditure tax)
both distort the marginal trade-off between work and leisure by driving a
wedge between the wage rate paid by the employer and the wage rate
received by the empioyvee. It is also known that excise taxes on particular
commodities may help to mitigate this distortion, and thus may be re-
commended despite the fact that they tend to distort relative commodity
prices. In an early contribution Corlett and Hague (1953-54) showed that by
taxing a commodity which is complementary with leisure, one can indirectly
make the enjoyment of leisure relatively more expensive, and hence to some
extent counteract the opposite effect of a tax on income or general
consumption. [For a modern exposition of this result see Sandmo (1976).]
The same basic idea was discussed in Meade (1955). A central reference to
modern tax reform analysis is Dixit (1975), which derives a number of
results, including a generalization of the Corlett and Hague result. These
analyses are all carried out within the framework of a timeless or one-period
model.

Another well-known fact in tax theory is that an income tax distorts the
trade-off between consumption and savings (or present and future consump-

*The revision of this paper has benefited a ot from the comments of the two referees.

0047-2727/85/83.30 1988, Elsevier Science Publishers B.V. {North-Holland)
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tion), while a general tax on consumption is neutral in this respect. This
recognition has led to several studies of the relative merits of taxes on
income and consumption when savings and labour supply distortions are
both allowed for. [See, for instance, Atkinson and Sandmo (1980) and King
(1980).]

The purpose of this paper is to approach the question of choosing excise
taxes on particular commodities when the income tax distortion of savings
behaviour is taken into account in addition to the wage distortion. As a
starting-point for extending the analysis in that direction, the optimal
balance between taxation of income and consumption in general will be
assumed rather than analysed. The more precise question to be taken up is
under what conditions the introduction of a small excise tax on a particular
commodity should be recommended. Hence the analysis may be regarded as
an exercise in tax reform theory.

The analysis will focus on pure efficiency aspects. Hence only one
individual (or a population of identical individuals) is considered. To simplify
the analysis, only two periods are considered. The person works, consumes
and saves from one period to the next. In these activities he is faced with a
two-period budget constraint, which is affected by the tax policy. The model
can be interpreted in two ways. It can be considered as a simple extension of
* the one-period model needed to cope with intertemporal problems, while a
fixed population is assumed. Or one may assume that in the background
there are in fact overlapping generations, but we shall consider only one
representative generation. This would be more in line with the model of
Atkinson and Sandmo (1980) and King (1980). If all generations are assumed
to be equally endowed, it also seems natural to require that they should be
treated equally, so that the tax policy should be the same in all periods. In
any case this may be a convenient simplification.

We shall assume that a person supplies labour only in the first period. The
nearest interpretation is, of course, that the person is retired in the second
period. This assumption is in line with the approach of Atkinson and
Sandmo (1980) and King (1980). It is a useful simplification. In particular it
makes it easier to relate the results of the two-period model to the one-
period results of Corlett and Hague (1953-54) or Dixit (1975). The important
extension of the current analysis is the introduction of savings, and ad-
ditional complications in other respects are rather avoided.

We consider a simple tax system. First, there is a proportional income tax
with the same tax rate in both periods. The tax rate is denoted by t. Second,
there is a proportional tax on consumption, which we may think of as a
general purchase tax. The tax rate is constant over time. It is denoted by z.
This is equivalent to a situation with two taxes on wage and interest. An
important and well-known property of a purchase tax is that it is non-
distortive with respect to the trade-off between savings and consumption
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provided that the tax rate is constant over time. This is a property which
distinguishes the consumption tax from an income tax. The existence both of
an income tax and a general purchase tax allows us to consider the effects of
differentiating an originally uniform commodity tax when savings are distor-
ted by an income tax. In order to differentiate the indirect taxation the
introduction of an excise tax on one commodity, say commodity I, is
considered. The tax rate is denoted by t,, and is assumed to be the same in
both periods. For simplicity, and without important consequences, prices are
assumed to be constant over time. Section 2 presents an analysis of the
individual behaviour. The tax policy is described in more detail in section 3.
The main analysis of differentiating the indirect taxation is developed in
section 4. Some brief concluding remarks are presented in section 3. There is
an appendix for deriving mathematical results.

2. Individual behaviour

In general there are many consumption goods. The reform to be consi-
dered is to increase the tax on one consumption good consumed in both
periods. Let x; denote the quantity of this commodity consumed in period i.
All other commodities may as well be lumped together and treated as one
composite good. Let y; denote its quantity in period i. Let # be the amount
of labour supplied, s be the amount of savings in period 1, and i be the (pre-
tax) interest rate. The pre-tax wage rate and producer prices are assumed to
be constant, and are all set equal to unity by proper normalizations. The
interest rate is also taken to be constant.

The assumptions are in line with those made in much of the optimum tax
literature, and simplify the analysis a lot. Different justifications might be
provided. A simple one is to assume that there are two commodities being
produced under constant returns to scale with commodity prices given from
the world market. As is well known, factor prices are then determined
independently of factor supply. One might assume that savings take place at
a given interest rate in an external financial market, and marginal productiv-
ities of labour being constant. Or more complicated stories might be told, for
instance making use of golden rule assumptions, as in King (1980).

The preference ordering of an individual is represented by a utility
function which is assumed to be additively separable between periods. This
kind of assumption is fairly common and ailows us to obtain more striking
results. We write the utility function as

Ui(xy, y1, )+ Uz(x3, ¥2). (1)

It is convenient to refer to U, and U, as the utility functions of period 1
and period 2, respectively. The individual is faced with the budget
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constraints:

(L+7)(x, +y1) +(1+0)7,%, +5—(1—=)h=0 (2)
and

(1+)(x3+ya) +(1+ 1)ty x; — (1 +i—it)s=0. 3)

We have assumed that the general purchase tax is levied on an excise tax
inclusive price. We might use (2) or (3) to eliminate s and only consider
explicitly the choices between different commodities consumed at the same or
at different dates. We shall, however, choose to keep s as an explicit variable.

The individual is assumed to maximize (1) with respect to the consumption
bundle, labour supply and amount of savings subject to (2) and (3) taking
prices, interest rate and tax parameters as given. We treat this optimization
as carried out in two stages. In the first stage U, is maximized subject to (2)
and U, is maximized subject to (3) for a given arbitrary amount of savings.
These standard textbook optimizations lead to ordinary demand and supply
functions and the indirect utility functions corresponding to U, and U,,
respectively.

If we divide (2) and (3) by (1 —1), we can introduce the new variables,

g=(1+1)/(1-1) (@)
and
gu=(1+ (1 +7)/(1—1), (5)

which can be interpreted as consumer prices of y; and x;, respectively. We
also define:

Ii=—=s/(1—1) (6)
and
I;=(1+i—it)s/(1—1). g ¥

For a given s, I, and I, can be interpreted as exogenous incomes received in
the respective periods. We can then write the indirect utility functions as

Vl(quqvll) (8)

and
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V2(q1, 9 12)- (9)
Let
L=dVvy/él, i=12 (10)
. The labour supply function is written as
h(qqu’llj' (11)

The final optimization takes place by maximizing ¥V =V, + V, with respect to
s. The necessary first- and second-order conditions are

V’=dV/ds=——).1/(1—1)+}.2(}+i—iz)/(1—t)=0 (12)
and

" =d*V/ds® <0. (13)

3. The tax policy

Taxes are set by the government so as to satisfy a given revenue
requirement. The government may lend or borrow at the given interest rate
so that the revenue requirement is given in terms of the present value of the
tax proceeds, T, or its second-period equivalent, (1+i{)T. To simplify the
notation we define:

C‘=yt+x‘, i=1,2. (14)
We can then express the revenue requirement as

R=(1+i)(tc, +(1+ )t x  +th)+tcs+ (1 + 1)t x5 +Lis=(1L+)T, (15)
where T is given exogenously. Initially 7, =0. ¢t and t are assumed to be
chosen so as to maximize V subject to the constraint (15) and subject to the
individual optimizing s. The optimization is carried out by using a Lagrange
function:

L=V+uyR-(1+0T), (16)

where u is the shadow price of the revenue constraint. We shalil not deal with
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the optimum taxes in detail. We shall only make use of the first-order
conditions,

AT * 3 & .
JL JL -0, (17)

at at

where the asterisks indicate that the derivative is evaluated at the optimum.
These conditions imply that at the initial optimum:

Vv oV
R / oV 4R / é (19)

I

4. Introduction of a small excise tax

Let us now consider the marginal welfare effect of introducing an excise
tax on commodity 1. We consider a tax reform which in general involve
changes in all three tax parameters represented by the vector (dt,dr,dr,).
The tax reform is welfare-improving if dV' 20, and dR20 with at least one
strict inequality.! It is convenient to choose a reform such that d¥ =0 which
implies that we must have dR>0 in order to obtain a welfare improvement.
By slightly increasing 7, from zero initially, we shall normally get d¥ <0 and
dR>0 keeping the original tax parameters fixed. In order to restore the
utility level, changes dt and dr must be implemented. Several changes are
then possible. State in mathematical terms, the surface d¥ =0 is of dimen-
sion two in the three-dimensional tax space, and several curves on this
surface may be considered. But since ¢ and 7 have been optimized initially, it
makes no difference which particular curve (vector dt, dt) we select as far as
the first-order effect on revenues is considered. To see this, remember that by
the optimality assumption dR/dV must be the same for any small deviation
(de,dr) from the initial situation, as implied by (18). The welfare change dV
resulting from a small movement (dt,dt) is determined by being required to
offset the partial effect on welfare of imposing a small tax dz,. Hence dV is
given, and since dR/dV is given and the same in any direction (dt,d7), dR is
also determined independently of the choice of direction. This is, of course,
an envelope property of the original situation. Hence the net effect on tax
revenue, that we are concerned with, is independent of the particular choice
of path on the surface where the net welfare effect of changing all three tax
parameters is zero.

For analytical reasons we choose a path of tax reform represented by the
vector (d¢,dr,dr,)=(¢,7,1)dr,, such that dV,=dV,=0, keeping savings
constant. These conditions determine the compensating variations ¢ and 7.

!For a general introduction, see Atkinson and Stiglitz (1980, p. 382).
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One verifies immediately that a change in savings has no first-order effect on
utility since savings are optimized in the initial period.

It follows that the introduction of a small excise tax will be welfare-
improving if the reform defined above has a positive total effect on tax
revenue, dR/dt, >0. In order to analyse this effect, we have to compute the
vector of tax reform (¢,t’,1) from the conditions dV,/dt, =dV,/dt, =0. This
is a straightforward computation which has been done in the appendix. We
find that

_(1=t)(1+v)ish(x,/h—x,/is)
- s{cy +c¢3)

7

(19)

and

(l —t)(l +T)C1C2(x2/C2—xl/Cl)
s(cy +c¢3)

!

(20)

The general purchase tax rate will rise or fall depending on whether the
consumption of commodity 1 as a share of current income (from labour or
capital) is higher or lower in period | than in period 2. The income tax rate
will rise or fall depending on whether the expenditure share of commodity 1
is higher or lower in period 2 than in period L.

Making use of these resuits, as shown in the appendix, we find that the
total effect on tax revenue can be expiessed as

dR—(l+i)r+t dh+i t ds
dr, l+tdr, l+tdr,’

(21

where all derivatives with respect to 7, are total derivatives which aiso take
into account the compensating variations in t and ¢. Whether the tax revenue
will increase depends on the responses of labour supply and savings. This is
not surprising since these are the decisions which are distorted in the first
pilace. We may note that if t=0 savings decisions are not distorted and only
the labour supply effect remains as long as the purchase tax is present. The
same thing is obviously true if the interest rate is zero.

In order to find the effects on labour supply and savings, we need to make
use of the price changes, ¢ and ¢/, derived in the appendix:

, I+t ity
41=T"‘" .
_t CI+C2

’ (22)

We see that the price of commodity | increases and relatively more the

JPE—E
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greater the share of commodity y in total consumption over the two periods.

g =__i_+_£.ﬂii‘_2_ (23)

We see that the price of y decreases. The relative fall is greater the greater
the share of commodity | in total consumption over the two periods.

Let us then analyse the effect on labour supply. Since the price
changes which take place are compensated changes, we can make use of the
compensated partial derivatives:

oh
= —— 24
& . v, (24
and
éh
eny=g‘; . (25

For given s the individual is compensated in period 1. So for no change in s
we can look at compensated effects. But in general s will also change so that
in period 1 there is an income effect on labour supply in addition to the
compensated price effects. Hence we find that

, , 0Oh ds /
a’;‘shlql + &4 —-aT;dtl/ (1=2). (26)
From (22) and (23):
, _(+)(x + X0y +V2) [ & Eny ”
fudi o = (1—=20)cy +ca) X1+x3 y+y2) @

where the sign is determined by the sign of the expression in parentheses.
This is exactly the criterion of Corlett and Hague (1953-54, formula (8)),
allowing for the fact that each commodity is consumed in two periods. The
effect of differentiating the commodity taxation depends on the substitution
effects pointed out by Corlett and Hague. To use their own words: ‘If there
are three goods, X, Y and L%, a consumer will always work harder as the
result of the introduction of the indirect tax (total tax paid remaining
constant) if it is levied on that good (X or Y) which is more complementary

2L denotes leisure.
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with leisure.” If in the current analysis commodity 1 is more complementary
with leisure than the composite commodity it follows that y is more complemen-
tary with work effort than x, which means that e&,,/(x, +x;) >&,/(y, + V2).
Hence we have a benchmark which allows us to extend the analysis of the
effects of differentiating commodity taxation directly from the result of Corlett
and Hague. We shall refer to (27) as the Corlett—Hague effect.

A modern and more general version of the Corlett—-Hague result is
theorem 6 of Dixit (1975): ‘In a competitive economy with constant producer
prices and an initial equilibrium with equal proportional distortions, a small
change in tax rates holding commodity tax revenue constant will increase
welfare if all commodities whose prices are lowered are better substitutes for
the numeraire than all those whose prices are raised.” Although Dixit’s
analysis and modern exposition may be a more adequate reference than the
original Corlett~-Hague article,® we shall continue to associate the relevant
effect with the names of the pioneers in this field, as done by Dixit in his
article. :

The existence of savings adds two kinds of effects to the Corlett—-Hage
effect. First, a change in savings affects the labour supply. Since normally the
income effect is negative, a positive effect on savings reducing the income left
for consumption in period 1 will bring about a greater supply of labour.
Thus there is a connection between the distortion of savings and the
distortion of labour supply. Second, the effect on savings is important as
such since it can mitigate or aggravate the original distortion of savings.

Let us now analyse the effect on savings. We then recall formula (12), the
first-order optimum condition for savings:

—iyJ(1=0) + Ay(1 +i—i)/(1 —t)=0.

We can now make use of the compensated price effects on the marginal
utilities of income:*

0y ox,
e B R (28)
o4, |v, ol
04y ay ”
Al 3% o2 (29)
aq |y, al;

3This was strongly pointed out by one of the referees.

*Let there in general be n commodities with quantities written as x,,...,x, and prices as

qy,---, 4y OF simply g in vector notation. Let V(q,/) and e(q, V') be the indirect utility function
and the expenditure function, respectively. Let subscripts, apart from the commodity index of x;,
denote derivatives with respect to the relevant arguments. Also let a superscript ¢ indicate that
compensation is provided. Then from the equilibrium condition e(q, ¥(q, [)) =/ we find that the
marginal utility of income, i(q, [), equals e, '. Hence

e -2, __,=2 -2 .
ApTS @y €y = =@ T €= €y T Xy, = — AX;).

For further discussion of this result, see Christiansen (1983).
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Differentiating the first-order optimum condition we then get:

ds 1 . [éx ay, ,
V”—-—+-———-—41( Ly, +20 )

g, 1= \Gr, 1t e, 1

1 ox; , vy [\ A
- i—it)| =2q) +=2q |- —=it'=0. 30
=2 ')<512‘11+512 ) ¢ (50

Eliminating i, by means of the first-order condition and solving for ds/dz,,

we get:
ds i ox 0x5\ q ay dy\q
=t (a5 - 22 )R~ (R - g2t )T
dfl —V (l—t) 0’1 511 ql 012 Gll q

i(l—t) '(1+T)C1C2(x1/cl".‘2/C2)}
(1+i—it) s(cy +¢2) i

(31

where (20) has been used. The right-hand side is an expression in square
brackets with a positive coefficient. The expression in square brackets con-
sists of three main terms. The first term is positive if q, éx,/¢I, >q, 6x,/¢1,.
This partial effect is easily interpreted. At optimum a marginal unit of expen-
diture must be equally valuable to the consumer regardless of whether it is
consumed in the first period or in the second period. When a price rises, the
real value (or purchasing power) of a marginal expenditure unit is reduced.
By how much it is reduced depends on the propensity to spend marginal
expenditure on the good which becomes more expensive. If this propensity is
lower in period 2 than in period 1, the value of marginal spending is reduced
less in period 2. Then it becomes advantageous to transfer some spending
from period 1 to period 2, which simply means saving more. The interpteta-
tion is, of course, analogous for the opposite sign.

The marginal consumption propensities do, of course, in general depend
on preferences as well as the parameters of the economy (prices. interest rate
and tax rates). Even if preferences were in some sense identical over periods,*
marginal consumption propensities might stiil differ.

The interpretation of the second term is quite similar. The term is positive
if the marginal propensity to spend income on other market commodities
(than commodity 1) is higher in period 2 than in period 1 (since g’ <0). In the
present model the marginal propensity to consume the composite com-
modity in period 2 is obviously higher the lower is the marginal propen-
sity to consume commodity 1 in that period. This is because q dy,/¢l. +4q, 0x,/

*Preferences for consumption bundles might be identical in the sense that U,(x,,y,, k)=
@(xy,y1) +y(h) and Usx(xy, y2) =@(x2,¥2).
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¢l,=1 from the budget constraint. In the first period there is not such a
tight relationship because marginal income can in addition be spent on
leisure. Yet there is a tendency towards one commodity having the higher
propensity in one period and the other commodity having the higher
propensity in the other period. :

The third term of (31) is the effect of the change in the after-tax interest
rate which arises if the income tax rate changes. The income tax rate will fall
and savings be stimulated by a higher net interest rate if the expenditure
share of commodity 1 is higher in period ! than in period 2.

To sum up we have found that savings will be encouraged if:

(i) the marginal propensity to spend income on the more strongly taxed
commodity is higher in the first period than in the second period:

(i) the marginal propensity to spend income on other commodities is
higher in the second period than in the first period:

(ili) the share of the more strongly taxed commodity in expenditure is
higher in the first period than’in the second period.

In a more compact way we may say that savings will be more encouraged
the greater the propensity, both at the margin and on the average. to spend
income on commodity 1 in period I as compared to period 2.

Let us now bring together the various partial effects by making use of (21),
(26), (27) and (31) to get:

9_§=(1+i)(r+t)(x1+xz)(y1+y2)( B o
drl (l—[)(cl+C2) ’Vl+x2 yl+y2
—(1+1) (c+) ohds ;¢ G (32)

—_— —_—
(1+0(1—1) oI, dz, | 1+zdt,

‘where the savings effect is given by formula (31). The first term is the
Corlett-Hague effect. The second and third term express the fact that
stimulation of savings has an indirect positive effect on weifare through the
labour supply response as well as a direct positive effect by reducing the
initial distortions. Each effect has been discussed above.

We have considered a reform which introduces a marginal excise tax on
one commodity and adjusts existing taxes to keep the utility level constant.
- (The particular choice of compensating adjustments is arbitrary because of
the optimality of the original taxes.) Then, if tax revenue increases, a welfare
improvement is obtainable by increasing government expenditure, or by
taking the tax reform one step further, whereby taxes are lowered so as to
make the after-tax price vector of the economy more favourable to the
consumers without loss of initial government revenue. In this sense the tax
reform may be welfare-improving. The Yormulae (31) and (32) establish a



106 V. Christiansen. Excise taxes

number of characteristics which can serve as guides in identifying such
welfare-improving reforms whereby marginal excise taxes are imposed in
addition to the existing income and purchase taxes. In addition to the
Corlett-Hague characteristics these are such simple characteristics as mar-
ginal and average propensities to consume the various commodities.

Proposition. Starting from a situation with an optimum proportional income
tax and optimum uniform commodity taxes, a marginal tax reform which
introduces an excise tax on a particular commodity is efficient under the
Jollowing sufficient conditions:

(a) the particular commodity is more complementary with leisure than other
commodities;

(b) the marginal consumption propensity of this commodity is higher in the
first period than in the second period;

(c) the marginal consumption propensity of other commodities is higher in the
second period than in the first period; and

(d) the expenditure share of the particular commodity is higher in the first
period than in the second period.

5. Concluding remarks

In the tax literature the choice of commodity taxes has mainly been
discussed in relation to labour supply distortions in a timeless economy. The
tax distortion of savings has mainly been attended to in analyses of the
balance been the taxation of income and the taxation of total consumption
expenditure (in the form of a general purchase tax or an expenditure tax).
The present analysis has combined the roles of labour supply and savings
distortions due to income and purchase taxes in the search for excise taxes to
supplement an initially uniform purchase tax and a proportional income tax.

This has been done within the simplest possible model capturing only the
most essential features of an economy with tax-distorted labour supply and
savings. All taxes are proportional. Capital market imperfections and un-
certainty are non-existent. Distributional considerations are ignored.
Economic growth problems are not discussed. A tax reform approach has
been adopted by analysing the effects of deviating slightly from uniform
commeodity taxation. The optimum choice of commodities for imposing small
excise taxes has been shown to depend on the degree of complementarity
with leisure, as demonstrated by Corlett and Hague. and the marginal and
average propensities to consume the various commodities at different stages
in life. If the marginal and average propensities to consume a commodity are
falling over the life cycle, an excise tax on that commodity will stimulate
savings. An intuitive explanation is that the consumer will be encouraged to
postpone more of his spending as the future real value of marginal spending
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increases as compared to the present one. In addition the after-tax return to
savings rises as the income tax is reduced.® -

Appendix

We have defined a direction of marginal tax reform which implies that for
fixed savings utility levels in both periods are kept constant. To keep utility
levels constant the introduction of marginal excise tax dt, on commodity 1
has to be accompanied by compensating variations 7' dr, and t'dz, in t and
t, respectively. Compensation implies that

£— N+ +t)/(1=-0,(1+0/(1=1), -=s/(1—1)=0 (A.1)
1

and

E%[ V2((1+09Q +7)/(1 =0, (1 + )1 =0t),(1 +i—it)s/(1 =) =0. (A.2)

When we recall that initially 7, =0, it follows from (A.1) that

. I+ 7 l+7 .t
41<- 1_txl—l_tcl—(l__t)zt’cl---(—l——__—t)zs>—0. (A.3)

Similarly from (A.2):

. 1+1 4 1+7 t
42(— 'l—txz - l—tcz —(l_t)zt’cz+(l_t)2s)—0. (A4)

From the budget constraints (2) and (3) we have that

(I1+7)cy+s=(1-0)h : (A.5)
and

(1+1)cy—s=(1-1t) is, (A.6)
when initially 7, =0. Due to (A.5), eq. (A.3) is equivalent to

-, U —ht' =(1+1)x,. (A7

5Since incqme eﬂ'q:ts of changing the balance between taxes cancei out, the ambiguous effects
of a change in the interest rate on savings, demonstrated in every elementary textbook, is not
relevant in the present context.
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And, due to (A.6), 2q. (A.4) is equivalent to

— ¢, —ist' =(1 +1)x,. (A.9)
We can then solve for 7’ and ¢’ to obtain;

_=(l=0)(1+7)x,is+(1 +7)x2h(1 1)

(I=0)c,is—c h(1—1) (A-9)
and
_(1 — (1 +1t)(caxy —CyX3)
T (I=t)cyis—csh(l—t) (A-10)
Eq. (A.5) and eq. (A.6) imply that
(1—t)isc, —eh(1~1)= ~s(c; +c,) <0. (A.11)
Inserting this into (A.9) and (A.10), we get:
,=(1—-t)(1+1:)zsh(xl/h—x2/zs) (A12)
scy+¢,)
and
t,___(l—t)(l+f)clcz(xz/cz'-‘1/cl)' (A.13)

s(cy +¢3)
We are now prepared to derive the total effect on tax revenue, dR/drt,,

which takes into account the compensating variations in 7 and ¢. Differentiat-
ing eq. (15) from the main text, we find that

F=(1 +i)(c, ' +1dey/dty +(1 +7)x, +’h+tdh/dz,)
1

+cyt’'+1dey/dry + (1 +1)x,+ 1V is+tids/dz,. (A.14)
Differentiating the budget constraint (2), we get:
¢, T +(1+7)de,/dty +(1 +1)x, +ds/dt, ~(1 —t)dh/dz, + h' =0. (A.15)

Also employing (A.7), we get:
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de, 1 ds 1-tdh

dr,  l+tdr, l+tdr, (A.16)

Also differentiating the budget constraint (3), we get:
Yoy +(1+7)dey/de, +(1 + )%y —(1 +i—if) ds/de, +ist =0.  (A.17)
Then employing (A.8), we obtain:

de, 1
d—2-=m(l+i—it)ds/drl. (A.18)

Substituting from (A.7), (A.8), (A.16), and (A.18) in (A.14), we obtain:

dR t+tdh _ t ds

&, -0 a Ve (A.19)

Moreover, we find the effects on the prices defined by eq. (4) and eq. (5) in
the main text:

= ——— 0' (A.ZO)

_d (142 _(1—pr+(1+0)
Tdr \1-t)  (1-1)?

- —(1=0*1+0)xyis +(1 = )4 (1 + )xh+ (1 = 8)(1 +1)%cox, = (1 = £)(1 +7)%¢ X,
—(1—=1)*s(c, +¢,)

1+7 x,+x,
1—t Cl +CZ

<0, (A.21)

where (A.5) and (A.6) have been used.

JIPE—F
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Abstract

In optimum tax theory all income is usually assumed to be endogenous.
The present paper analyses the optimum uniform taxation of a mixture of
exogenous income and endogenous labour earnings. The tax policy is a
linear income tax. The population consists of individuals with different
wage rates and exogenous income endowments. Special attention is focused
on the role of the composition of income. Counter—intuitive results are

derived.



THE OPTIMUM TAXATION OF MIXED ENDOGENOUS AND EXOGENOUS INCOME

By

Vidar Christiansen

1. INTRODUCTION

In optimum taxation analysis income is usually treated as completely
endogenous, e.g. as a result of labour supply decisions. The opposite
polar case would of course be simple from an analytical point of view
since any income tax scheme would then be equivalent to a system of
lump sum taxation. There would be no loss of efficiency from redis-
tribution or net taxation. The policy problem would be reduced to that
of selecting the first best allocation with the desired income dis-

tribution.

For practical purposes the intermediate case with mixed endogenous
and exogenous income may, however, be more relevant than the purely en-
dogenous income case. My argument is that the primary sources of income
are labour and inherited capital. The latter source of income can for
many purposes be treated as exogenous. In particular, this will be true
in a one generation model where the bequest behaviour of the preceding
generation is a fact of history. Moreover, certain kinds of inherited

capital, for instance land, is essentially of an exogenous nature.

I shall assume that endogenous and exogenous income cannot be or
for some reason are in fact not taxed differently. There may be adminis-
trative and other practical difficulties in distinguishing between the
two kinds of income. One kind of income may fairly easily be dis-
guised as another type of income. In particular, income from inherited
capital can hardly be identified from the return to savings of own labour

income, which is not a primary source of income.

The purpose of this note is to analyse the uniform taxation of
mixed endogenous and exogenous income. Apart from the distinction bet-

ween types of income the model is firmly rooted in the tradition of



optimum income tax analysis. A comparison with Sandmo and Dixit

(1977) is of particu}af relevance.

2. THE MODEL
v
A timeless model is considered. Each indiﬁidual is endowed with
an exogenous income and faces an exogenous wage rate which may be
taken to reflect his skill level. There is a number of individuals
simultaneously distributed by these two characteristics. A linear in-
come tax is considered. Each individual chooses his supply of labour

giving rise to endogenous labour earnings. The following symbols are

used:

W = wage rate

e = exogenous income

t = the marginal tax rate

h = labour supply

a = lump sum transfer payment
*

w = (1 - t)w = net wage rate

I = vwh + e = gross income

C = (1 ~-t)l +a = consumption

V(1 - t)w, (1 -~ t)e + a) = indirect utility function
A = 9V/3a = marginal utility of income

R = total net tax revenue

An additive welfare function is used as the objective function ot
the government. The cardinalisation of the indirect utility function
is then chosen so as to reflect the distributional preferences of the
government. The net tax revenue is required to be equal to a preset
level R®. Everybody js assumed to have some earned income. The size
of tlie population is set equal to n, A subscript i is used to

assign a variable to the ith individual.



3. THE TAX DESIGN
The tax revenue requirement may be expressed as

n
@D) R = .E tl. - na=R

or
_ 0
(2) R = thihi((1 t)wi, (1 t)ei+ a) + Ztei—na = R,
(2) implicitly defines a as a function of t, a(t). Let a' = da/dt.

The optimum tax problem is to maximize
(3) W=2Iv((1 - t)wi, (1 - t)ei + a)

taking into account the relationship between t and a imposed by the tax

revenue requirement. The first order condition becomes

_dW

(4) W' = It

= -3X.I. + TAX.a' = 0,
i7i i
The second order condition 1is

(5 W' <O0.

It is convenient to rewrite (4) as

(6) W' = - }:)\i(Ii - 1) - Zli(I -a') =0
or
¢ -ncov(A, I) - zxi(i -a') =0

where I = ZIi/n. The first term on the left hand side of (7) may be
interpreted as the distributional effect of marginally increasing t
while the second term captures the effect on efficiency.When the
marginal utility of income is negatively correlated to income this
is an argument in favour of redistributing more income to the rela-
tively poor by increasing the marginal tax rate and the lump sum

transfer.



But since economic incentives are adversely affected, the increase
in the transfer payment will be less than the average gross burden
which is imposed on the taxpayers, a' < I. Society as a whole

suffers a loss of income in the process of redistribution. So the

two opposing effects must be balanced against each other.

Differentiating (2) we find that

oh. 2 ahi
I, - Itw,I, Ea—l' - Zew; s+ (Ztw; o= -ma' =0,
and hence
ohy 2
- ZTtw.I. =— - ZItw. s + II.
(8) a' = i71 da i “hw i

Bhi
-Ztw. = +n
1 da

where St is the Slutsky derivative of h with respect to the net wage

rate. (For simplicity the subscript is omitted.)

We then find that

oh.

YI. II, - Ttw.l. —- - Ttw> s
I-a'e= i_ i i1 da i "hw
a n Bhi
n - Itw, =
i da
] dh dh

i i 2
= T (n):Ii (Hi) (thia—a_)-nZIi+nthiIi_+nztwi s

i da
n(n - thi e

oh.
I -a' @t 1 -1 2
(9) I1-a ahi (Z(wiaa (Ii I)) + Zwi shw)'
n - thiga—-
We can then rewrite (7) as
ah. _ 9
_nfw—= (I, - I)  _ nfw] s
(10) W' =-ncoWA,I) - th —= 3; -t ——— =0
n - th.——l n - th.——i
19a ida

hw)



The covariance still represents the distributional concern. The
second term normally differs from zero if the marginal propensity
to pay income tax differs across individuals. Then marginal redistri-
bution will change the total tax payment and hence aggravate or alleviate
the initial efficiency loss from second best taxation. The third term
captures the marginal efficiency loss due to the private incentive to
substitute socially less valuable leisure for socially more valuable
income when the marginal tax rate increases. The social opportunity
cost of leisure in terms of income foregone, w, exceeds the social and

private willingness to pay for leisure, (]-t)w, when t>0.

Formally, the optimum tax condition is no different from the one

obtained in the case of earned income only, but the contents of the

various expressions are generally different. Hence a further explo-

ration is called for.



4. THE RELATION BETWEEN INCOME AND MARGINAL UTILITY OF INCOME

The covariance between the marginal utility of income and total
income plays a crucial role in the analysis above. Let us therefore
explore this relationship in more detail. A change in total income is
made up of a change in earned income and a change in exogenous income.
Earned income is affected directly by the wage rate and indirectly
through effects on work effort both by the wage rate and the exogenous
income. Since

1

(19) 1 i cC((t = t)w, (1 - t)e + a) -

-
1T -t

~where C is total consumption of an individual, we can express a change

in total income due to changes in w and e as

(20) ar = 2 gy + L ge .
* da
ow
Letting Sy denote the Slutsky effect of w* on C, writing Ca for 3C/3a,

and making use of the Slutsky equation, we can rewrite (20) as

(21) dl = stdw +h Ca dw + Ca de

For constant income, dI = 0, (20) defines a downward sloping curve

in the (de,dw)-diagram below. We easily see that

dw - Ca
(22) de |1 " 5. +hcC °
Cw a

The curve defined by dI = 0 divides the (de,dw)-diagram into two half-
spaces showing the directions of change which increase total income and
those which reduce total income. The shaded area shows the changes which

increase total income.



dl = 0

N4

de

Figure 1

Changes in the wage rate and the exogenous income will affect the

marginél utility of income in the following way:

(23) ar =22 (1 - p)aw %*- (1 - t)de
Bw* a
I L, L,
= Xw (1 t)dw + 2 (1 t)h dw + 2 (1 t)de

1)

where AS is the compensated (or purely marginal) effect of w* on A.

We further obtain
_ ,0oh _ A _ 3 _
(24) dA = AE (1 - t)dw + EPY (1 - t)h dw + 5 (1 - t)de .

Setting dA = 0 we get another curve in our diagram. The.slope is

given by

-
(25) dw = a
de |A Xha + hAa’

where a partial derivative is indicated by subscript a.



dA =0
dA < 0

dA >0

%

Figure 2

When consumption is normal and the welfare function exhibits ine-
quality aversion, ha and Aa are both negative and the slope is obviously
negative. The shaded area shows the changes which reduce the marginal
utility of income. In general the curve defined by dI = 0 and the one

defined by dA = 0 do not collapse into one. They do only if

c A

a - a
(26) s +hC Ah +hA >
a a a

Cw

which is equivalent to

Ca xa xa
27) —_— e o '
st A ha XS

If the curves do not collapse we have either the situation depicted in

figure 3 or the one depicted in figure 4 below.



de

Figure 3

The shaded area shows the changes which imply that when total

income increases the marginal utility of income goes down. We see

vV

that there are two cones of directions of change in which total income

and marginal utility of income move in the same direction.

A similar picture is obtained in figure 4.

ax N

[
o

dw

Figure 4

de

a7
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If the typical increase in total income is generated by directions
of movement into the shaded area there will be a negative covariance
between total income and marginal utility of income. Note that this

will always be the case if w and e are both increasing.

The effect of a change 1in total income on the marginal utility of
income depends on whether the change is due to a change in the wage
rate or a change in the exogenous income. Let us examine the two al-

ternatives. Let dI be a given change in total income.

' dl = s dw + h C dw + C_ de

Cw a a

For de = 0,
_ dIl

(28) dw = S .

Cw a
For dw = 0,
(29) de = 4L

C
a

Let - dkw and - dke denote the reductions in A corresponding to (28)

and (29), respectively.
Combining (24) and (28) we see that

- A ha - h Xa -Xa - Xha/h
(30) -d\ = (1 - t)dI= (1-t)dI.
w Scw * h Ca Ca + st/B

Combining (24) and (29) we get

- A
a
(31 - dke = (1 - t)d1.
a
We see that
-d 2 -ax di
W < e according as
AC
w >
(32) ha A/Aa = X; < st/Ca



We may note that c, = a - t)wha + 1. Some polar cases may be
interesting. If the income effect on labour supply is very small
an increase in total income will always have a stronger effect on the
marginal utility of income if it is due to a change in
exogenous income than if it is brought about by a change in the wage
rate. 1f the cross substitution effect is very small, i.e. s, 1is

Cw
close to zero, the opposite will be true.

Let us now try to get more insight into the formal results derived
above. When a person's income increases and he becomes better off, the
marginal utility of income decreases. This is true for an increase in

exogenous income as well as the pure real income effect of an increase

in the wage rate. However, an increase in the wage rate will in addition
reduce the marginal value of income because a marginal income unit buys
less leisure than before as leisure becomes more expensive. This effect
occurs when marginal income is used to buy some leisure, ha'<0. To
focus on one effect at a time let us for the moment assume away this
effect. The magnitude of the real income effect of increasing the wage
rate depends on how strongly the wage rate increases. Since a rise in the
wage rate has a positive substitution effect on earned income, it must be
smaller the stronger the substitution effect is, to bring about a preset
change in observed income. If for a moment we also neglect the substitution
effect, scw==0, (30) and (31) coincide. A wage change is then equivalent
to a change in exogenous income, both affecting equally full (potential)
and observed income. The effects on the marginal utility of income are
pure income effects which are the same in both cases. Then observed in-
come and the marginal utility of income obviously move in opposite
direction no matter why income changes, as is confirmed by formula (26).

When there is a positive substitution effect, the increase in the
wage rate required to produce a given rise in earned income gets lower,
and the real income effect of such an increase in the wage rate falls
below that of an increase in exogenous income. Hence the effect on the
marginal utility of income also becomes smaller when w changes than when
e changes, as we also see from (32) since by assumption the left hand side
is zero and the right hand side is positive.

However, if there is also a marginal real income effect of changing
v, ha'<0, the total effect of changing w on the marginal utility of income
gets stronger. The individual gets better off and the real value of

marginal income is reduced.3)So this will be an effect in the opposite
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direction. If |ha| is sufficiently large, this effect will dominate, and
a change in earned income will have a stronger effect on the marginal
utility of income than an equally large change in exogenous income.

It might be possible to have increasing exogenous and total income
combined with a diminishing wage rate. Since w, unlike exogenous income,

has a marginal real income effect on A which is positive when w decreases,

it might also be possible to have a positive covariance between I and A
as shown in figure 3 and figure 4. But I do not expect this to be the
prevailing case in practice. '

. The above analysis is useful for discussing the effects of the
composition of income on the marginal utility of income. These effects
are important when considering the impact of the composition of in-
come on the optimum tax design to which we shall turn in the next

section.

5. EFFECTS OF THE COMPOSITION OF INCOME ON THE OPTIMUM TAX DESIGN

It would be interesting to know how changes in the composition of
income would affect the optimum tax policy. For instance would a
larger exogenous component work in favour of higher or lower progres-
sivity? More precisely we may ask: If the population with the
original characteristics were replaced by a population with the same
observed distribution of actual income but with higher exogenous
income and lower earned income, would the government then want to
change the tax policy. This is obviously a complicated question.
1f we consider the first order condition for the optimum tax rate,
there are a number of effects to take into account. In general
little or nothing can be said about how substitution effects, in-
come effects, etc. change with the wage rate, exogenous income, etc.

It may, however, be of interest to consider simple cases.

Let us first make clear some implications of the experiment we
conceive of. First, there is no change in Ii for i = 1,...,n at the
original tax policy. It follows that Ci is also left unchanged for
all i. Moreover, the tax revenue constraint remains fulfilled without
changing any tax parameters. However, it may be desirable to change

the tax policy.
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Let us consider the case where the preferences of the individuals

are represented by a Stone-Geary utility function:

(33) u=aln(L -L) + In(C - C)

where L denotes leisure, o is a positive parameter and L and C are
parameters usually interpreted as minimum requirements.

Let us define

(34) x=L-1
and
(35) y=C-C .

The budget constraint can then be expressed as
(36) m=w*+ (1 -tle+a-C-wl=vuws+y

where the available amount of time (for labour and leisure) has been

set equal to unity.

The Gossen condition becomes

S OY L
X

£ |eF

which 1s equivalent to

*
WX = ay

or

*
W X.

=1
y a

Also employing the budget constraint,we then get the demand functions:

(37) y Z _=¢C- E,

#

i
=
|
[

"
1
o
|
(o

(38) x = —2% =
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We see that

oh a

(39) Y. TO+ru0-v

which is independent of w and e.

The Slutsky derivatives with respect to the net wage rate, s
and syw,are derived from the Gossen condition and the condition that

utility is constant. Hence

X +w's =0 s
Xw yw
and

uL sxw + uC syw =0

which is equivalent to

gs +ls =0

X Xw y yw
and hence

s = - s =-ws

yw X Xw XwW
We find that

*
(1 +a)(1 -1t) (1 +a)(1 - 1t)

(41) s = g =-___aay—

oo s vt

. . 2 . .
Since our experiment leaves C and y unchanged, w Shw also retains its

initial value.

Inspecting (9) we now see that if preferences are of the Stone-
Geary type, there will be no change in (I - a'). The absolute value
of X can of course be manipulated by the conventional choice of units
of welfare. It is convenient to keep X fixed. Then there will be no

change in the second and third term of (10), i.e. the efficiency terms.
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The remaining question is how the first term, i.e. the equity term,
is affected. When X is fixed, the change in the covariance equals
L(dr; - O)Ii/n=cov(dki, Ii)' If the changes in the marginal welfare
weights are negatively correlated with income, the marginal tax rate
should be increased. Let us assume that initially marginal welfare
weights are negatively correlated with income. Then the covariance
will be reduced if marginal welfare weights are reduced relatively
more at higher income levels than they are at lower income levels
neglecting the requirement that the mean value should be preserved.z)
Since the mean restoring adjustments are proportional changes,
absolute mean preserving changes in the marginal welfare weights will
then be negatively correlated with income. The relative change in
some marginal welfare weight, A, when e increases and w changes to

keep income unaltered, is from (22) and (24):

A/X-h C /s
(42) a2 a3 OV (1 - t)de.
1+hC /s

a" Cw

Unfortunately there is not much to say about how this expression
changes with income in general. However, it may be interesting

to consider the special case in which distributional preferences are
adequately represented by the special cardinalisation of the
utility function presented in formula (33). Let us first introduce
the corresponding indirect utility function, denoted, by v, which

is obtained by plugging (37) and (38) into (33):

aln(__lag___>+1n_@._
(1 + a)w* 1 +a

(43) v

"

r a
Ay 2
_(1+a)w* 1 +a

o m V+af a\a]. 1+a
o (G A

where £ is defined implicitly.
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We easily derive that

e 1
(44) A Ty

1+a
(45) Aa

and hence

>

(46) ~a_ -1
m

I would like to argue that this is not an arbitrary special case,
but rather one which may have a special claim for interest. In applied
welfare economics the welfare weight is frequently assumed to be some

isoelastic function of total consumption expenditure
(47) r=cC,
(See for example Stern (1977)).

As a special case 0 is often assumed to be unity, which may even
have some empirical support. (See Christiansen and Jansen (1978,
p. 233). If in addition the minimum consumption requirement, C,
is zero, (44) and (47) are equal. Even if C > 0, one can hardly

argue that (44) is a less plausible specification than (46).

We find from (39) and (41) that

_ o
*
ha (1+a)w _ 1
Sow ay _ y °’
(1+a)w

and from(39):
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* ol _ 1
C =w ha +1=1- 5 * T
Hence
Cha - - .1
a sy, (1+a)y m

due to (37).

The numerator of the fraction in (42) then becomes

AJ/A-h C/ N RS BN
g/ by Clsg, = -4 v =0

The denomimator becomes
- *

1-L w_ (1-D)w" (1+a)
o y )

am

We see that if the utility function (33) represents the individual
preferences as well as the distributional preferences of the govermment,
then the optimum degree of income tax progressivity is unaffected by

the composition of income.

Intuitively it might be tempting to believe that the existence of
exogenous income should lead to a higher marginal tax rate because
efficiency effects might be believed to be less important and perhaps
because high income people might be believed to have more unearned
income. But in general this intuition does not hold. As we have seen
the composition of income is not necessarily important. But in general
we cannot tell whether studies of optimum taxation neglecting exogenous

income tend to over - or underestimate the optimum marginal tax rate.
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2)

3)

4)
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FOOTNOTES

Let E(w*,V) denote the expenditure function. From the condition

E(w™, V(w*,(1-t)e+a)) = (1-t)e+a we find that A equals E;l. Hence

=2 -2

As an alternative formulation we could divide (10) by X and consider
the covariance Z(Xi/X-1)Ii/n. The change would then be

/X),1.).
cov(d(XI/ )’11)

These effects are analyzed in more detail in Christiansen (1983).

A more straightforward route is to observe that since A = ucs
which only depends on C, A does not change when C remains the same.
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INCOME TAXATION OF TWO-PERSON HOUSEHOLDS
By

Vidar Christiansen

ABSTRACT

A model is comstructed to analyze the tax treatment of secondary
wage earners in two-person households. The households have different
income opportunities, and potential secondary wage earners differ in
their willingness to take a job. In a variety of numerical cases the
optimum tax structure is computed allowing for income distribution and
the tax distortions of the labour market participation of secondary
wage earners. Special tax systems of the kinds actually in operation

are analyzed and compared.



1. INTRODUCTION

Most normative tax theory has explicitly or tacitly been concerned
with the taxation of single individuals. The special problems raised
by the taxation of couples have received little attention.  One excep-
tion is Blundell and Walker (1982). At the same time the taxation of
families has been an issue in the tax debate in many countries. The choice
of taxable unit has been a source of controversy. Different countries have
adopted different schemes such as joint taxation (the United States),
single filing (Sweden), optional single or joint filing (Norway) or in-

come splitting.

There has, however, been considerable interest in the positive
analysis of the labour supply of spouses, which is highly relevant to
the tax design problem. A large number of empirical studies are reported
in the literature. Although eétimates vary, there is general agreement
that the labour supply of married women is far more responsive to
economic factors (wages, taxes, etc.) and non-economic circumstances
(number of children, etc.)-than men's labour supply. The latter is often
found to be very inelastic. In the wake of these econometric studies
there has been a growing interest in exploring the effects of alter-

native tax treatments of the family, see for example Feenberg'and Rosen
(1983).

The purpose of the present analysis is to study the taxation of two-
person households from a welfare point of view. We consider an exogenous
population of two-person households. The households may be married couples
or people living'together as unmarried couples. If both categories are
included we assume that they are treated equally by the tax authorities.
Our assumption implies that in the world of our model tax rules do not
motivate the formation or breaking up of households. The couples may
have children, but they are not treated explicitly in the model. Hence

child allowances are neglected. Single persons are not included in the
analysis.



Each person is endowed with an exogenous earnings capacity equal to
the wage that the person will obtain if entering the labour market.
There is a discrete number of wage levels. A pair of potential wage
levels, LT wj, will then characterize the earnings capacity of a
household. By -<convention wi>wj if and only if 1>j - Let nij denote the
number of households with the pair of potential wages Ve, wj, where by
convention vi;wj. These numbers then characterize the discrete distri-

bution of potential wages.

In each household the person with the higher potential wage is

always in the labour force. This person is called the primary wage

earner. The other person chooses whether to take a job or mot. This is

the secondary wage earner. In parts of the analysis she or he is also

assumed to have the option of taking a part-time job. These are the
only choices made by households in the model. Thus we abstract from a
large part of household behaviour in order to focus on participation

in the labour force.

A household will incur a certain disutility from having a secondary
wage earmer. In other words the potential secondary wage earner has a
certain reservation wage, or a certain willingness to take a job, which
varies among households due to a number of circumstances. Persons may
have different abilities to do a job. Hence efforts required to manage
a job may vary. People with children or other family members in their
care are less inclined to take a job than those without such duties.
Preferences with respect to income and leisure may vary. Health, age,
etc. may be important. To capture the effect of such factors a para-
meter z is included as argument in the utility funciton. The value of
zis a characteristic of the household. We assume that there is a
continuous distribution of z which is independent of potential incomes.
In other words, if households are grouped by pairs of potential wages,
the same distribution of z applies to all groups. This is mainly a

reflection of the desire to keep the analysis fairly simple.

An income tax is imposed on each household. The tax-Yiability of

a household is a function of the actual earnings of the two persoms.



Since potential earnings and the reluctance to take a job (the value of
z) are unobservable in practice, the tax policy is obviously constrained
to a second best system. Further constraints may be added by requiring
taxation on an individual base or, at the other extreme, joint taxation
of the two household members. The alternatives will be discussed below.
Throughout the paper optimum taxation is used synonymous to optimum
second best taxation with no further constraint on the choice of system.
When there is a need, we shall make explicit reference to first best
taxation or special constrained second best systems. The government has

a fixed tax revenue requirement.

For the assessment of alternmative tax policies an additive welfare
function is formulated. The purpose of the analysis is to explore the
optimum taxation of secondary income and to compare special tax systems
such as taxation on an individual base, joint taxation etc. The ana-
lysis will be carried out by means of numerical examples using special

functional forms and parameter values.

Weshould 1ike to emphasize that our interest is in the broad struc-

ture of the taxation of secondary income. Our concern is with the main

features and not the details of the tax schedule. Our ambition is not
to prove that a tax rate should be 0.4 rather than 0.5. Our purpose
is rather to explore if the marginal tax rate should increase, be
constant or decrease, whether a special tax system is likely to be

close to or far from the optimum, etc.

The paper is organized in the following way: The formal model is
presented in a general form in Section 2. The special functional forms
used in the computations are introduced and discussed in Section 3.
Section 4 defines more precisely the scope and limits of the analysis.
Optimum tax rules are derived in Section 5. The computational method
is described very briefly in Section 6. Results are presented and dis-

cussed in Section 7. There is a short concluding section. A couple

of computations considered in the main text are presented in more detail

in an appendix.



2., THE FORMAL MODEL

Let tij denote the tax imposed on a household earning incomes w,
and wj, where Vo T 0. (For convenience we shall often write only t,
instead of tio.) Moreover, let wij denote the corresponding after-tax

income:
(1) Weo =Wt wj -t.. Vi, j

The preferences of a household are described by a utility function

(2) u(wij,c. z),

where § = 0 if there is no secondary wage earner, ¢ = 1 if there is
a secondary wage earner working full time, and 0<6<1 if the secondary
wage earner takes a part-time job.

Moreover,
(3) du/dw. > 0, u/36<0, du/dz<0.

Let us first consider the choice between a full-time job and no job.
Then a household characterized by a special value of z will have a secon-
dary wage earner if '

0,
It will have no secondary wage earner if the opposite inequality holds.
Normally there will be a critical value of z denoted by zij such that
households endowed with this value of z are indifferent between having
one or two wage earners. Formally zij is implicitly defined by the

equation

(4) U(Wij,1, zij) - u(wio, O)Zij) = (.

There is a secondary wage earner if z < IPE



Let z be distributed by the density function f(z). The
cumulative distribution is described by F(z), where f(z)=dF/dz.
Let us assume that z 2 z,e

We can then write the welfare function as

Zij -]
(5) W=§ 5ii.(£ u(wij, 1,z)nij f(z)dz + i..u(wio, 0,z)nijf(z)dz%

Total tax revenue, R, becomes
6) R= L + . (1-F, .
(6) R= Lica(egsmysFag® &y ny5-Fygd)s

where Fij=F(z*')'

The structure of income taxation is then determined by the tax

parameters tij and t. for all i and j.

3. SPECIAL FUNCTIONAL FORMS

In this section we shall introduce special functional forms for the

utility function and the distribution of z to be used in the numerical

calculations. But before we do so a general discussion of principles

may be of interest.

We would like the form of the utility function to satisfy a number of

requirements:

(1) It should comply with reasonable behavioural assumptions.

(ii) It should, with a proper choice of cardinalisation, reflect
plausible distributional preferences.

(iii) It should allow us to work with simple analytical expressions
and carry out fairly simple calculations (avoiding numerical

integration, etc.)

The final choice is, of course, likely to be some compromise between

conflicting concerns.




There may be many reasons why households with the same income oppor-
tunities choose to supply different amounts of labour. Number of chil-
dren, age, health condition, differences in pure preferences and a
number of other characteristics are obviously important. It would not
be feasible to include explicitly in the model all characteristics of
this kind. But it might be desirable to model explicitly some of the
more important factors. In our present model there is, however, only
one variable (z) to capture the various factors. It is then important

to keep in mind the underlying factors when the role of z is considered.

A particularly difficult question is how households with different
characteristics should be treated in the distributional preferences.
Should a household with a high reservation wage for a secondary wage
earner be given a higher or a lower distributional weight than a house-
hold with a lower reservation wage? One problem is that the factors
behind the reservation wage are a mixture of very different factors.

It may be very useful to consider various kinds of factors.

One category consists of properties of pure preferences. This
concept is not easily defined in a rigorous way. We have in mind that
different households choose to behave differently although there are no
observable differences in the circumstances under which they make their
choices. For some reason of their minds their indifference curves slope
differently. This phenomenon is phrased in various ways. Some people
are said to be lazy or to cultivate the non-matéerialistic values of life.
Others are characterized as industrious or as greedy. There seems to be
little or nothing to go by in deciding hoﬁ differences in pure prefe-

rences should be allowed for in distributionzl preferences.

A second category of factors are such that are commonly considered
to reduce welfare if a person is working. A person may be physically
or mentally less able to work than some other person. And it may some-
how take more effort to do a job if one is less able or less qualified,
or opportunities are unfavourable. It may seem intuitively reasonable
that those who are less favourably endowed should be given a higher
distributional weight when the persons in question are working. But

on second thoughts the matter is not so simple.




To see this let us consider the following illustration. Let r be
some observable measure of labour supply, say number of working hours.
Then let Y be some parameter which converts working hours into units
of effort,where y is a characteristic of the individual. Now suppose
that work effort is represented in the utility function by yr = 2.
Let us also assume that r is fixed. We then consider a utility

function u(w,z) where w denotes disposable income. ! 1

If u denotes the utility level, u(w,z)=u, which impli&itly defines
the disposal income required to obtain a particular utility level for a
given work effort: w(u,z). Let subscripts denote partial derivatives.

Then the social marginal utility of income can be expressed as
(7) A=y (w(u,z),2) < Ay, 2).

|
This formulation allows us to distinguish between the eff#cts on A of a
change in z along a given indifference curve (the compensated effect)
and the effect via the change in utility level (the real income effect).

Analytically the former effect is

Aauw+u =-—_w—Lz_-+u .
ww 2z wz u wz

The latter effect is

Then we can write
(8) A_=Au_ + A,
z uz z
and we can easily establish that

A -u
(9) =

>IN
[~
&
[~

1) Even though z varies in our model because households have different
characteristics (y varies), the utility function is also valid if we
consider a change in working hours (r) for a fixed characteristic (Y).
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The first term is positive when inequality aversion prevails (uww<0)’
and implies that cet.par. a lower utility level tends to increase

the marginal utility of income. The second term is negative under
normal assumptions (work effort is inferior) and implies that the
relative marginal valuation of income is reduced when income
increases. There is in general no reason why any one of these effects

should dominate the other.

On the other hand there may be other persons who are particularly
well qualified for do-it-yourself activities such as cooking, growing
vegetables, painting, doing repair work on cars, houses, etc. They
may be reluctant to work even though income prospects may be good
because their opportunity cost in terms of self-made goods foregone

may be too high. It may seem reasonable that a relatively lower distri-

1)

butional weight should be assigned to such people if they are not working.

At last there are factors which tend to reduce welfare in general
and also the ability to work such as a poor health. The low welfare
may tell in favour of relatively high distributional weight. It may,
however, be the case that a person with a lower level of welfare may

also be considered as less able to benefit from a marginal unit of income.

This discussion leaves considerable scope for making alternative
assumptions. But we are not entirely free to choose. A simple assump-
tion would be that the social marginal utility of income is independent

of work effort, so that

(10) u = a(w)
and hence
(1) - u = b(w) + d(z) .

But let us now consider the case in which there is no income effect on

labour supply:

-

Uy
(12) i g(z).
z

Empirical studies for Norway by Str¢m et al. suggest that this may be

close to reality. See Strgm and Ljones (1985, p. 24).

1) This point may, however, be of minor relevance in the present model
since household production activities are not explicitly dealt with.



(11) and (12) together obviously imply that
(13) u =cw + d(z),

where ¢ is a constant. But this means that there is no inequality aver-
sion. The distributional weight is the same for everybody. This is not
anattractive property. In order to retain the possiblity that there is

no income effect we have to discard assumption (10), and thus accept that

(14) uwz * 0. v

The class of functions consistent with no income effect so that (12)
is valid is found by solving this partial differential equation. We

obtain the class of functions
(15) u = ¢(w+G(2)),

where uw/uz = 1/G'(z) = g(z).

Including 6 as an explicit argument, we can write u = ¢(w+G(z,d8)) or,
since ¢' > 0, we can use the transformation u = w+G(z,6). There is

obviously no income effect on the choice of §.

We shall consider two alternative specifications of the utility
function. For the sake of reference we shall label the first alternative
as the logarithmic specification and the second alternative as the expo-
nential specification.

The utility function - logarithmic specification.

The first alternative is the utility function:

(16) u(w.,., 62) =k lnw.. = 6 1ln z, -
1] 1)

where k is a positive constant.
It is convenient to introduce the notation:

(17) h=1ln z.

We can then rewrite the utility function as
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u(wij, §,h) =k 1n vis T sh .

We have retained the function symbol u, since no confusion is

likely to arise. We easily see that

c
L]

k 1In wij-h if both persons are working, and,

[~
"

k 1n Y0 if only one person is working.

The critical value of h separating the two cases is then given by

w.tw.~-t..
1

w..
(18) h,. =k ln —4— =k 1n 4 .
] ¥i0 ¥iTh

The utility function plays a double role. It is assumed to motivate
household behaviour. The chosen cardinalisation also appears in the wel-
fare function of the government. Let us first discuss the utility func-
tion from the point of view of household behaviour which in the current

analysis is synonymous to labour supply behaviour.

We see that the critical value hij increases as the secondary income,
Wy increases. More households will then find their h-values to be
below the critical level, and more households will have a secondary
wage earner. Under thereasonable assumption that a secondary income
will raise total disposable income, an increase in primary income will
lower hij' Thus there is a negative income effect on the participation
rate of secondary wage earners.
We see from (18) that the labour supply of a category of households de-
pends only on the ratio between disposable income if both persons are
working and the disposable income if only one person is working. Leaving
taxes aside, this means that the negative income effect of say a 10
per cent increase in the income of the primary wage earner will be exactly
offset by the positive effect on labour supply from a 10 per cent increase
in the income of the (potential) secondary wage earner. This is of

course a special assumption implied by the choice of functional form.
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By varying the value of the parameter k the volume of labour supply

from secondary wage earners can be adjusted to a reasonable level.

The welfare function implied by the choice of cardinalisation of
the utility function has two important properties which may be subject
to discussion. First, the marginal social utility of income (or the
distributional weight assigned to a household) is independent of h.

It is independent of the number of wage earners in the household and
the disutility incurred by having a secondary wage earneY. Assessing

this assumption raises difficult questions as discussed in some detail

above.

The utility function - exponential specification.
Let the utility function be
b

(19) u=-e ¥ zm(5 zP

where a, b, m and p are parameters; a > 0, 0<b <1, m>0, p > 0,and

m+ p < 1. As we shall see below there is no income effect on labour supply

if b=1 and a negative effect if b<l. The social marginal utility of income

then becomes

(20) u, Taw wb-1 zmd zP.

abe

We see that

us > 0.

For a given income the social marginal utility of income
is higher when there is a secondary wage earner.
The elasticity of u, with respect to w is

u w b

-~ W - -
(21) a_ = ™ = b-1-abw

which is obviously negative and decreasing as income rises.

Let us consider two households, labelled 1 and 2, respectively,

both with the same value of z. The relative distributional weight is then
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1 b b 1-b
u a(w -w1){w
(22) Yo 2 -3)
u2 \w1
w

If there is no income effect, b=1, the relative distributional weight
depends only on the absolute difference between disposable incomes.
Unfortunately this is hardly an attractive property. If there is

an income effect, b<1, relative income matters too.

The elasticity of u, with respect to z is
(23) d _ =m S + p,

which is higher when there is a secondary wage earner (&=1)than other-
wise. The parameters m and p then determine how strongly the social
marginal utility income is affected by the level of z. We shall assume

that u, gets higher as z increases.
A useful transformation of u is

1

(24) u* = — 1n (-u)~
m
= E-wb - +2 1n 2
m m

W - (8 + )n,
m

[
gBlp

If disposable income is Vi when there are two wage earmers in the
household, and disposable income is Y0 if there is only one wage

earner in the household, then the critical value of h is given by

b aw b
2 w.. - h.. = 10
m ij ij m
which implies that .
_a b _a_b
(25) hij m wij m “ig
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If b =1, (25) reduces to
h.,. =2(w, - t,, + t.)
ij m ] ij i

and the income effect vanishes.

In general

The participation rate is an increasing function of the extra in-

come obtained by a secondary wage earnmer.

The distribution of h and =z.

1
We now restrict h to be non-negative (z > 1) and choose a

Gamma distribution with density :

-h
(28) gh) =he " ; h >0,
and the cumulative distribution:

~h

(29) G(h) = 1-(1+h)e .
Then 2z is distributed by the density fumction
(30)  £(z) = In z/22,

and the cumulative distribution is

« 11 _1n 2
(31) F(z) = 1- = .



(h)

.30

.20

.10
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. . . . ~h
Figure 1. The Gamma distribution with density g(h) = he .,

This distribution implies that no potential secondary wage-earner
would be willing to take a job without being paid. Some, but few,
would be willing to accept a very low pay. Some would demand an ex-
tremely high pay in order to take a job. Most people are in between.
The distribution is singlepeaked. These very general features are
hardly very controversial. Apart from this we shall make no attempt
to justify this particular distribution in its own right. We consider
the essential test to be whether the labour supply function derived

from this distribution and the utility function is judged to be rea-

sonable.
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A further argument is that the chosen distribution in combination
with either utility function allows us to compute the welfare level
by simple methods since the relevant integrals are expressed by analy-
tical functions. Being able to compute the welfare level (at a rea-
sonable computational cost) 1s a great advantage since different
tax vectors can then be compared directly from a welfare point of
view. This can be used in the search for an optimum. We are not re-
stricted to rely on first order conditions alone, but can actually
check numerically that deviations from the assumed optimum do reduce
welfare, that constrained optima are actually less favourable than
unconstrained optima, etc. And different tax systems can be compared

rather easily.

Labour surply functions.

For each group of households defined by pair of potential incomes
there is a labour supply function expressing the participation rate
of potential secondary wage earners as a function of wage rates and
taxes. For wages v, and wJ the participation rate is F = F(z ) =
G(h..) - Applying the logarithmic specification ol the ut111ty %unction,
thelcritical h-level Zs given by formula (18) and the supply function

becomes

w.. W.O k
(32) F.. = 1= (1+k 1n w—ll—)(—-‘;l——)

1] i0 ij

From (32) and the definition of disposable income we can derive a
number of elasticities in order to measure labour supply responses to
changes ir economic data. One measure which may be of interest is the
elasticity of Fij with respect to the net income of the

secondary wage earner defined as wj - tij +ts, when w, is the primary
income and wj is the secondary income. We may note that t..-t. is

the net increase in tax payment due to the secondary wage income. This

elasticity is by definition:

N t.. ..
(33) E... = —3 FlJ .,
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It may also be interesting to consider the elasticity of.Fi. with

respect to the net primary income w.ot.:

(34) M,.. = 1? 3 1)
ij i

It turns out that a property of our labour supply function is that

(35) Miji = -Eijj'
Applying the exponential specification of the utility function

the participation rate becomes

(148 b__ Db - (w,. .n).
(36) Fij 1 (1*; (wij wio)) e m ij i0

Part-time work.

We shall also consider the case where a secondary wage earnmer has
the option of taking a part-time job. We shall then apply the exponen-
tial specification of the utility function. To allow for part-time work
§ can now assume three different values: O if there is no secondary wage
earner, x if there is a secondary wage earner taking a part-time job, and
1 1f there is a secondary wage earner working full time. Let ij be the
part-time wage rate corresponding to the full-time wage rate “j' Em-
ploying the transformation of the utility function

we now obtain two critical h-levels. Households with h close to zero
are almost solely concerned with income and choose to have secondary
wage earners in full-time jobs. For a value of h equal to hij (poten-

tial full time wages being v, and wj), the secondary wage earner is

us

ob

e
t

indifferent between taking a full-time job and taking a part-time

[ ST
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where wipj is the disposable income of a household with gross incomes

v, and w 5 For some larger value of h, hipj’ the potential secondary

wage earner is just indifferent between taking a part-time job and

not taking a job at all:
b

a a
—-—W. . =X h.. = =w.
m 1p] 1) m

So the choice of the potential secondary wage earnmer becomes:

full-time job if h < hij’

part-time job if h,., < h < h, .,
ij = = "ipj

no job if h > h, ..
1p]

The participation rate becomes F(hipj)' The share of potential
secondary wage earners in this group working full time is F(hij) and
the share of part-timers is F(hipj) - F(hij)' If the full-time second
wage increases, more people will work full time instead of part time.
If the part-time wage increases the part time group will attract more

people both from the group of non-workers and the group of full-time

workers.

In the case of part-time work the welfare function takes the

following form:

Z. .
: z, . ipj :
(37)W=§ z IlJu(wij, 1, 2) nij f(z)dz + L Z I (wip.,x,z)nijf(z)dz
ij¢izg . gz, J
o«
+TX [ ulwg,, 0,2z)n, .f(z)dz
ij<i 2505 J .

The corresponding tax revenue becomes:
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z.. z. .
(38) R=IXI X flJt.. n,.f(z)dz + £ T [*Ple. .n..f(2)dz
VR 1] 1] PR 1p] 1]
js zo .o1J<1 zij

-}

+Ix t. n,. £(z)dz
. s 1 1]
1381 zipj

4. SCOPE AND LIMITS OF THE ANALYSIS

We are interested in the optimum tax structure. Our model has,
however, strong limitations which imply that it is suitable for analy-
sing only part of the tax structure. In particular, actual wages of
primary wage earners are exogenous. It follows that the marginal tax
rate on primary income for a fixed secondary income has by itself
no distortionary effect. It could therefore become quite high. It
could even exceed 100 per cent. To see the mechanism involved let
us consider on the one hand households with low primary income and
on the other hand households with high primary income. Assuming that
inequality aversion prevails, one would like to tax high income house-
holds at a high rate. From a pure distributional point of view one
would like to impose particularly high taxes on those households who
add a secondary income to a‘high primary income. However, by taxing
‘the additional income at a high marginal rate considerable distortions
may arise. To combine the concerns with equity and efficiency, already
those households who earn only a high primary income should be faced
with a very high tax rate compared to those who earn a low primary
income. Hence a very high marginal tax on primary income may be

implied.

Due to various incentive problems this is not realistic. A person
may be able to earn a lower income than his potential income and would
prefer to do so if the marginal tax rate exceeds 100 per cent. 1In
practice also the primary wage earner has some scope for varying his
work effort. Also the concern with tax evasion does not allow extre-
mely high marginal tax rates. As a compromise between elaborately

modelling and completely neglecting these factors we shall simply
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restrict marginal tax rates from '"exploding' by imposing upper limits.
As long as marginal tax rates are restricted to a reasonable level
we consider the completely exogenous behaviour of primary wage earmers
to be an acceptable approximation which allows us to focus on the
behaviour of secondary wage earners. This is in line with the common
view and empirical evidence that the most important variations are

observed in the female labour supply.

By our approach the policy analysis is confined to the taxation
of secondary incomes. The advantage of the model is that it allows
us to analyze this issue within a relatively simple framework.

Refinements in other respects would add a good deal of complexity.

Let us now consider more closely the role of an upper limit on
marginal tax rztes related to primary incomes. Let us consider two
income levels, v, and w,. Restrict the marginal tax rate to be no

1
greater than ¢. Then

t ‘t1
(39) v - W _<__Cp
1
t
(40). m_w”gc
Y2 1

Let us then consider the trivial relation:

tyy7ty = tyyTtyy ~(Eymr)et, -,

which is easily transformed to:

f217%  _ E1TRin Mo tt

W1 WZ'W1 W1 WZ'W w W1

We immediately see that if the constraints (39) and (40) are both
binding then

t
(41) — = ’
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which means that the marginal tax rate on a low secondary income is the
same for a high and low primary income. So constraints on marginal

tax rates associated with primary income may have immediate implica-
tions for marginal tax rates on secondary incomes. If (41) holds,

the remeiring issue to be analyzed is how the marginal tax rate on a low

secondary income compares with that on a higher secondary income.

In practice family taxation usually takes the form of joint tax-

ation, taxation on an individual base or a mixture (as presently in

Norway). Joint taxation by definition implies that trs=tij if
wr+ws=wi+wj. The tax 1iability depends only on the total income of

the household. Also by definition taxation on an individual base im-

plies that tijgti0+tj0' Each person of a household is taxed as a
single person. The total tax imposed on two incomes is the same if
they are earned by members of the same household as when they are

earned by persons belonging to different households.

5. OPTIMUM TAXATION

The optimum set of taxes is the one that maximizes the welfare
function (5) subject to the tax revenue requirement (6) and the con-
straints on marginal tax rates. These constraints take the following

form:

for i 1,2,.., n—-1, 3j=0,.., n-1,

(42) t < cl(w, . ,~w.) and j < i, where j=0 implies

. .~t. .
1+1,3 1 3= i+1 "1
that there is no secondary income.

The number of strictly positive wage levels has been denoted by n.

The parameter c is the upper limit imposed on the marginal tax rate.
To avoid an arbitrary asymmetri, the same upper limit is in principle
valid for marginal taxes on secondary income.

But since this constraint is less likely to be effective, we disregard

it at this stage.
The Lagrange function of our optimization problem is then

(43) L=W+puR-R?) -2 I u..(t, ., . B -¢.. - -
g §ogei HOA,y T By T el T ).
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Necessary first order conditions become:

3L _ oW oR

(44) .= T e — 4+t U= . +U. =0, k=1,2,...,n j=0,..

M T B ong M Eng T Yot TN

and j ¢ k,
uij > 0 and ti+1,j - tij = c(wi+1 - wi) .
LY
or
(45) “ij = 0 and ti+1,j - tij < c(wi+1 - wi) for i=1,2...,n-1
and j < 1,
.. = 0 for all other indices, and R = RC.

ij

Similar conditions are derived in the case of opportunities for
part-time work.

So far the number of income levels has been arbitrary. To deal with
system-constrained optimization it is convenient to consider a small

number of income levels as we shall do in the subsequent computations.

Let us introduce three income levels: w1=1, w,=2, and w3=3.

The conditions of (44) are then equivalent to

(46) L, . =L, =L

11 =~ Lo =Ly =1L

22 " Lgy " Llyg ™ Ly3 =Ly; =Ly =Ly, =0.

Joint taxation implies that

tyy = a0 since 2w1 =V,

t21 = t30 since "2 + W1 = W

3'

t22 = t31 since 2w2 = v, + Voo

"n’
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In place of the conditions (46) we now get:

(47) L 0.

11 207 21 L3072 317107 33730

Taxation on an individual base implies that

t1172t e

21 -20 "10°

t317t30% 00

t327t30%t 200

=2t

33 7730°

The conditions (46) are now replaced by the conditions:

(48) L10+2L11+L21+L31=L +2L +2L..=0

20"L2 1 2L go* Ly yygtly tlyptily,y

6. COMPUTATIONAL METHOD 1)

To solve the respective optimization problems we used a programme
for solving a system of non-linear equations. The special programme
used is the TK-solver programme.Z)The programme is not capable of
handling inequality constraints. We therefore assumed various subsets
of constraints to be binding neglecting the remaining ones. The budget
constraint was always assumed to be binding. We then solved the equation
system consisting of these effective constraints and the first order
conditions (46) [or (47) or (48)] with respect to the tax parameters and
the shadow prices (Lagrange multipliers) assigned to the constraints.

If neglected constraints were then violated this candidate for a solution

1) The computations are partly joint work with Gunnar Bramness.

2) For a description see Konopasek and Jayaraman (1984).
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of the original problem was discarded. So it was too if shadow prices
turned out to get a wrong sign, thus violating the Kuhn-Tucker condi-
tions (45). By this procedure we reached solutions of all the first
order Kuhn-Tucker conditions of the original optimization problem.

We also made use of the objective function to check directly

that imposing a constraint did reduce its value. Also systematic
searches in the neighbourhood of some of the solutions were carried

out to verify that they do imply maxima. Also different starting-
points were tried. And direct welfare comparisons with quite different
tax vectors were made. Thus we did not rely solely on first order

conditions.

7. NUMERICAL RESULTS

In this section we report the numerical results obtained by

applying the respective specifications of the utility function.

Logarithimic specification of the utility function

We first consider two cases in which there are two income levels.
In the first case income levels are 1 and 2. 1In the second case income
differences are made larger by choosing income levels 1 and 3. The
tax revenue requirement is chosen so as to make the resulting tax level
equal to one third of the national income. Other exogenous characteristics
of the economy are the same in both cases. Optimum taxes and other
endogenous variables characterizing the economy at optimum taxation

have been calculated. The data and results are reported in table 1.
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Table 1. Two income levels. Data and numerical results.

wage distribution of preferences tax revenue marginal
levels earning capacities requirement tax rates
exogenous
parameters Y1 Y2 M1 P21 P22 L k R
case | 1 2 0.2 0.6 0.2 1 4 0.884 < 0.75
case 2 " 3 " " " " " 1.157 < 0.75
optimum taxes marginal tax rates
endogenous t, -t t,,~t t,,~t t,,"t t,,~t
variables n_ t, .n: sy ty, Nn 1 5.. UL ﬁe_g 1 21 72 MNIzN_
Y™ ¥2™ 1 Y1 27%1
cagse 1 0.09 0.84 0,23 0.98 1.61 0.75 0.75 0.14 0.14 0.63
case 2 -0.28 1.22 -0.18 1.32 2,50  0.75 0.75 0.10 0.10 0.59
participation labour supply observed national tax
rates elasticities income distribution income level
endogenous
variables Fio Far Fao By Ean Ey22 5 5 52 Y R/
case | - 0.74 0.65 0.78 0.49 0.63 0.42 0.15 0.37 0.48 2.65 1/3
case 2 0.63 0.49 0.75 0.66 0.88 0.47 0.21 -0.31 0.48 3.47 1/3

F.. = the labour market participation rate of secondary wage earners in households with

i) . .
potential incomes W and zm.
8; = the relative number of persons with actual income i; i = 0, WiaWye
m»uun the elasticity of mwu with respect to the net wage of the secondary wage earner,

w.~(t.

RCTRITE



- 25 -

We see that the marginal tax rate on primary income is effectively

constrained to 0.75 as might be excepted. The most striking feature

of the results is that the marginal tax rate on a low secondary income

is very low, while the marginal tax rate on high secondary income is high.

We then consider an economy with three wage levels. Four different
tax systems are then considered. First, optimum taxes are calculated.
Second, optimum taxes are calculated on the coﬁdition that people should
be taxed on an individual basis. Third, joint taxation.of household
members is imposed and optimum taxes are calcuiated under this restric-
tion. Fourth, a presumably far from optimal tax system is considered.
The system is constructed by reversing main characteristics of the optimum
system making marginal taxes on secondary income high at intervals where
they are low in the optimum system and vice versa. More precisely, marginal
taxes are exogenously set equal to 0.75 on primary and low secondary income
and equal to 0.25 on medium and high secondary income. Then there is
only one degree of freedom left, and ti'is determined so as to satisfy
the revenue requirement. The system is referred to as "the reversed system".

A survey of the data and results is presented in table 2.

Also in this model we obtain a pattern with a second best marginal
tax rate which is very low on a low secondary income, but steeply in-

creasing as the secondary income increases.

The welfare weights or social marginal utilities of income which
materialize at the second best optimum are easily computed. As a normali-
sation the weight assigned to a household earning two low incomes is set

equal to unity. The following results are obtained:

gross incomes welfare weight

AN WOoWWL;LOWw

WWWWNRNN - -
v v v w v e v v w
WN—-0ON-=-0-—=0
OO0 -0 0 = — =

Since a marginal primary income is taxed at a higher rate than a marginal
secondary income for efficiency reasons, a household earning only one

income is left with a lower disposable income than a household earning
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Table 2.

exogenous
parameters

endogenous
variables
optimum
taxation
individual
base

joint
taxation

"reversed"
system

endogenous
variables

optimum
taxation
individual
base

joint
taxation

"reversed"
system

Three income levels.

wage

tax

=-0.12

-0.11

0.01

-0.24

0.08

0.75

Data and numerical results.

levels number of households preferences tax revenue
of each type requirement
Wp o W3 My My My My O3 033k R
2 3 0.1 0.15 0.3 0.15 0.25 0.05 4 1.18
marginal tax rates
B275 f37% Tt f3Tfar 37t fpThi faR2
Y27V ¥3TV2 MYy Y372 Y372 Y1 Y1
0.75 0.75 0.75 0.75 0.75 0.01 0.01
0.75 0.75 0.75 0.75 0.75 ~0.11 -0.11
-0.53 0.56 0.56 0.08 0.56 0.53 0.56
0.75 0.75 0.75 0.75 0.75 0.75 0.75
marginal tax rates national tax welfare
income level
t,,—t t,,~t |
antn_ 32 31 uul 32 Y R/Y W
W2 2™ Y372
0.57 0.57 0.69 3.54 1/3 2.36
0.75 0.75 0.75 3.55 2.35
0.08 0.56 0.65 3.41 2.25
0.25 0.25 0.25 3.15 2.14

marginal
tax rates

< 0.75
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the same gross income by having two wage earners. Hence the one-income
household also gets a higher welfare weight at the optimum. This fact
reflects that the optimum welfare weights are affected both by the

distributional concern and the efficiency effects present in our model.

As a benchmark which may be of some interest, we have also considered
the first best tax system. In this system the tax levied on a household
is determined by its potential incomes and reluctance to supply labour,
which are exogenous characteristics. Taxes vary so as to equalize social
marginal utilities of income. Hence disposablk incomes are equalized.

For each pair of potential incomés there is a critical first best value

of z (and h) drawing a line between those households which should have

a secondary wage earner and those which should not. Households with a
lower value of z are faced with a higher tax and choose to have a secondary
‘wage earner, while those with a higher value of z are faced with a lower
tax and choose not to have a secondary wage earner. Since the first

best system is a purely hypothetical one we shall not elaborate any

further on details.

It may be of some interest to compare the labour market partici-
pation rates of potential secondary wage earners under the various
systems. Let us recall that Fij is the participation rate in the group
of households with potential incomes wo and wj. The following results

are obtained:

Tax system:

first optimum individual joint reversed

best taxation base taxation system
F11 0.49 0.72 0.76 0.50 0.17
F21 0.49 0.64 0.69 0.30 0.13
F22 0.84 0.78 0.76 0.76 0.61
F31 0.49 0.57 0.62 0.49 0.10
F32 0.84 0.72 0.70 0.65 0.54
F33 0.95 0.79 0.76 0.74 0.77

We observe that joint taxation reduces the participation rate for
low secondary income significantly compared to the optimum second best

system. With the reversed system this effect is dramatic.
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To compare the welfare levels achieved under the various systems
we have computed the increase in tax revenue under optimum (second best)
taxation which would reduce welfare to the level achieved under the
alternative system. The extra tax revenue is assumed to be collected,
but used for no purpose - neither redistribution nor public spending.
This would be a waste of resources equivalent to the welfare cost of an
inefficient tax system. We then find that the tax revenue would have
to be raised by only 0.24 per cent to reduce welfare to the level
achieved under taxation on an individual base. It would have to be
raised by 5.5 per cent to bring down the welfare level to that of the
joint taxation system. An increase of 11 per cent would give a welfare
level equal to that of the reversed system. The first best tax system
would yield a welfare level of 4.66 which is clearly of a different
order of magnitude from the figures in table 2. This suggests that the
comparisons between the welfare achievements of a first best and a second
best system, sometimes presented in the literature, may tell us very

little about the welfare effects of practically feasible tax reforms.

Exponential specification of the utility function

We consider the income levels 1 and 2. Exogenous parameters are

varied to produce four cases. The results are reported in table 3.

The general pattern is the same as it was with the previous
-specification. The marginal tax rate on a low secondary income is low,
while the marginal tax rate on a high secondary income is high. The
optimum progressivity is, however, sensitive to the degree of inequa-
lity aversion. This is seen by comparing case 1 and case 2. In case

2 the parameters a and m have been increased. This is tantamount to
an increaseiin inequality aversion as we can see from the formulas

(20) - (23). We see from (36) that there is no shift in the labour
supply function. The switch to this case produces a negative income
tax and there is a substantial rise in the marginal tax rate on low
secondary income. The marginal tax rate on a high secondary income

was already close to the upper limit.



Table 3. Exponential specification. Two income levels.
Data and numerical results.
v, = 1, v, = 2, n, = 0.2, n,, = 0.6, Ny, = 0.2
Case 1 Case 2 Case 3
a 1 2 1
b 1 1 K
m 0.3 0.6 0.3
) 0.01 0.01 0.01
c 0.75 0.75 0.75
R 0.839 0.802 1.119
Numerical results
t, 0.02 -0.13 0.30
(tz-tl)/(wz—wl) 0.75 0.75 0.75
()=t )/ (wymv)) 0.75 0.75 0.75
(-t ) /w, 0.10 0.29 0.10
(ty=-ty) /v, 0.10 0.29 0.10
(typ=ty )/ (wy=w)) 0.749 0.75 0.749
Fii 0.80 0.68 0.80
Foy 0.80 0.68 0.80
Foy 0.90 0.83 0.90
Ein 0.56 0.77 0.56
E i 0.56 0.77 0.56
E;os 0.36 0.50 0.36
M -0.61 -1.22 -0.44
M0 -0.77 ~-1.49 -0.59
M,5) -0.38 -0.72 -0.29
R/Y 0.3 0.3 0.4
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Case 4

1.3

0.75

0.3

0.01

0.75

0.813

0.001

0.75

0.75

0.69

0173

0.71

0.84

0.64

0.68

0.44

-0.86

-1.11

-0.55

0.3
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Looking at case 3 and case 1 we can trace the effects of raising
the total tax level. The remarkable result is that this change does
only produce an upward shift in the whole tax schedule, while marginal

tax rates are left unchanged.

In case 1 to case 3 there is no income effect on labour supply
since b=1. In case 4 there is an income effect, b < 1. At the same
time distributional preferences are obviously affected by changing
a and b. The resulting tax rates lie between those of case 1 and
those of case 2 apart from a small reduction in the top interval

marginal tax rate.

The distributive weight or social marginal utility of income
assigned to a household is a function of the characteristics of the
household. To get some feeling about the weights which are embodied
in the optimum tax situation, we have computed the average weights
obtained by the various income groups in case ! and case 2, respectively.
In each case the weight given on average to households earning two low
incomes has been set equal to unity. The results are presented in table
4 below.

Table 4. Average marginal welfare of income.

Household characteristics Average distributive weights

Potential incomes Actual incomes Case 1 Case 2

1,1 1,0 1.60 2.87

1,1 1,1 1.00 1.00

2,1 2,0 1.25 1.76

2,1 2,1 0.78 0.61

2,2 2,0 1.24 1.74

2,2 2,2 0.66 0.42

The greater differences in case 2 obviously reflect that a higher
inequality aversion has been assumed. We observe that the weights
given to households earning one high income differ slightly between
households with a low potential secondary income and those with a high
potential secondary income. This is due to the fact that the marginal
welfare of income is also a function of the reluctance to take a job

(the value of z).
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In section 4 we discussed the need to impose constraints on marginal
tax rates because of the exogenous primary incomes. To give an idea
of what the optimum would look like in the absence of such constraints

we have computed one free optimum. The data used were n,, = 0.2,

n,, = 0.6, n,, = 0.2, w, = 1, W, = 2, a=1,b=1, p =0.01, The
following tax rates were obtained: £, = -0.25, t, ~t, = 1.09,
tyy ~ til = 1.03, tyg T 0.15, t21 -t, = 0.10, thy "ty = 0.72.

The tax level is one third of the total income. We note that marginal
tax rates on primary income now exceed unity, while the taxation of

. . . \]
secondary income remains strongly progressive.

Exponential specification and part-time work

Optimum taxes have been computed for alternative values of the
strategic parameters in the presence of opportunities for part-time

work. The full-time wages are set equal to vl-l and w2-2. A

secondary wage-earner capable of earning a full-time wage w, has the

b
3 This will be

a8 half-time job if total pay is proportional to working hours, but

option of taking a part-time job at the wage 0.5 w

there is in principle no need to make this assumption. The relevant
part-time wages in our case are wbl-O.S and wpz-l. A survey of

parameters and results are provided in table 4 and table 5.

The following not#tion is used: The index .5 refers to the part-time
income 0.5. For instance the tax levied on a household with a primary
income v and a secondary part-time income 0.5 is denoted by t. 5-

The upper limit imposed on marginal tax rates is denoted by c. As
before Fij dg?oteS“'w the share of potential secondary wage earners
from the group of households with potential incomes Vi W in full-time
jobs. Let Pij denote the similar share of potential wage earmers in
part-time jobs, and let the total participation rate be denoted by

R.. =F.,. +P... The following elasticities have been computed:
1] 1] 1)

E,,,= the elasticity of the full-time participation rate F

133 with respect

i3
to the net wage increment from working full time instead of part time,
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pijk- the elasticity of the part-time participation rate Pij with

respect to the net wage from working part time,

wk-(tik—ti), where wk-O.S Vﬁ’

e,,.,.™ the elasticity of the total participation rate R,, with respect

ijk i]

to the net wage from working part time, wk-(tik-ti).

The data are varied to produce four different cases. But the
general taxpattern .is uniform. The marginal tax rate on secondary.- income
is rising. It is considerably higher on a high secondary income than
on a low secondary income. The introduction of part-time work has,
however, had a strong dampening effect on the marginal tax rates on
high income. This is not surprising since one would expect the part-
time option to make labour supply on the whole more elastic and the

concern with efficiency more prominent.

We may observe that the effect of raising the total tax level or
lovering the upper limit on marginal tax rates is mainly to push up

the base tax rate, t1.



Table 5. Exponential specification and part-time work.
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Data and numerical tax results.

Case 1

a 1

b 1

] 0.01

m 0.3

x 0.45

c 0.75

R ' 0.969

t 0.15
9=t )/ (wymwy) 0.75
2.5-t1.5)/(w2-w1) 0.75
21-t11)/(w2-w1) 0.75
15707 V.5 0.16
tz.s-tz)/ LA 0.16
tll-tl.s)/(wl-w.s) 0.20
€217t2.5)/ (¥17¥ . 5) 0.20
tyty )/ (wymw)) 0.47

R/Y 0.35

0.

1.

Optimum
0.

0.

Data

Case 2
1.

2

9

.01

.3

.45

.75

i

taxes

27

75

.75
.75
.18
.18
.22
.22
.48

.40

Case 3
1'2

0.9

0.45

0.971

0.75

0.75

0.22

0.22

0.48

0.35

Case 4

0.01
0.3

0.45
0.65

0.968

0.23

0.65

0.65

0.65

0.20

0.20

0.47

0.35
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Table 6. Exponential specification and part-time work.

. . - . s o . P
E T S PSP SN e em 23 D U D e e e

Data

and computed participation rates and elasticities.

Data

n,,=0.2, 0.6, n

n,,= 22=0.2, w1=1, wa=2,

part-time wages = 0.5 - full-time wages

11

Case 1 Case 2 Case 3
a 1 1.2 1.2
b 1 0.9 0.9
P 0.01 0.01 0.01
m 0.3 0.3 0.3
p 3 0.45 0.45 0.45
c 0.75 0.75 0.75

Participation rates and elasticities

Fl; | 0.70 0.71 0.71
P, 0.12 0.13 0.13
R, 0.82 0.84 0.84
F)) 0.70 0.70 0.70
P, 0.12 0.13 0.13
Ry, 0.82 0.83 0.83
F,, 0.83 0.83 0.83
P,, 0.15 0.16 0.16
R,, 0.98 0.99 0.99
E) | 0.75 0.71 0.72
Pi1s 8.28 7.23 7.33
115 0.53 0.47 0.48
Eyy) 0.75 0.73 0.74
Pyy.s 8.28 7.41 7.48
€21.5 0.53 0.49 0.50
Egosp 0.50 0.50 0.51
P221 4.76 4.58 4.58
€221 0.09 0.08 0.08

Case 4

0.01

0.3

0.45

0.65

0.70

0.11

0.81

0.70

0.11

0.81

0.83

0.98
0.75
8.26
0.53
0.75
8.26
0.53
0.50

4.73
0.09
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8. CONCLUSION

A model framework for analyzing the taxation of secondary income in
two-person households has been presented. The numerical cases that have
been analyzed provide strong evidence that a low secondary income should
be taxed at a low rate. The marginal tax rate should be steeply increa-
sing to reach a high value at a high secondary income. This outcome
differs from the result frequently obtained in traditional optimal tax
models that the optimal income tax schedule is close to a linear ome.
Options for part-time work do, however, have a strong dampening effect on
the marginal tax rate on high secondary income. Our results suggest that
choices among different family tax systems produce welfare differences
that would justify the concern of tax designers, even though it is not a
question of changing the order of magnitude of our standard of living.

In our contest between special systems taxation on an individual base

comes out as the superior onme.

The present research can be extended along various lines. One could,
of course, always try different assumptions to a reasonable extent. But
rather than extensively pursuing the implications of other data and
specifications, it would be desirable to adapt these more closely to the
empirical knowledge about the actual economy. In particular this would
be the appropriate direction for further research if the ambition extends
beyond that of achieving a rough outline of the optimal tax system. A
widening of the scope of the analysis would be to consider simultaneously
the taxation of couples and single persons, and to deal more explicitly
with the presence of children and child allowances, which clearly affect
incomes and labour supply behaviour. It would also be desirable to allow
for explicit labour supply reactions of primary wage earners. In the
present analysis potential incomes are taken to be exogenous. A modelling
of wage responses to tax induced changes in labour supply behaviour would
bring the model closer to a general equilibrium analysis. Such responses
would affect both distribution and efficiency, and it is not clear a
priori what the net effect on the tax design would be.
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APPENDIX

A detailed description of all the camputations would fill many
pages and vill not be presented. We shall, however, display two
important computations. The other computations a&re very similar. Let
us first present the equation system which yields the optimum second
best solution for the logarithmic specification of the utility function.

The welfare function is expressed as

e ~h ) ? k1 he 2dh
W= ;,; g (k 1In vij-h)nij he "dh + I, . n v, g0y ybe ,
ij

for i=1,2,3and j < 1, and the equation system becomes:

gli/(2*rl1-t11)+ul*H114+uS-ub=0
(b2rll-Qll)/(wl-ti)+ulxinli-H1l)—LE8-uS=3
gol/(wE+wl-tal)+uli#HE1 +u3-vb+vb—ub=) '
(Lk*nN2-g21-g228) / (w2-t2)+u 1% (n2-HE1-H2EZ )1 uE-u3~-u7=0
ge2/ (2xw2-t22) +u 1 xH22+u4a—u9=0

@31/ (w3+wl-t31)+ul¥HZ1+uB+ul0-ul11=0
(L¥n3-g31-g32-g33) / (W3-t3)+ul* (NI-HZ1-H32-H3I2)+u7-ul O=0D
G322/ (m3+we—-t32)+ul #H3Z+uF+ull-uia=0
g33/(2»w3-1t33) +ul1*H33+u12=0
hil=k*ln((2*wl-t11)/(wi-t1))
gli=k#(Hil-nl1*¥hil®kenp(-hil)*(£11-t1)xul)
Hl1l=nl11*(1-(1+hill)%expi{~-hil))
h2l=k*1In((w2+wl-t21)/(w2-t2))
g2l=kx(H2l-n2i*¥h2lxenpi—h21 )% (t21-t2)»ul)
H2i=n2i*{1-(1+h21)*exp{-h31))
hec=L+1n((2%a2-t22)/{(WwE-tC}
gec=k*(H2E2-nc2*¥h22¥e p{ -hZ2 ) {t228-t2)#ui)

Ho2=n22¥ (1-(1+h22)*eup(-he2})
h31=k%#1n({w3+Wl1-t31)/ {(wW3-t3))

g31=k* (H21-n31%h31*exp(-h31)*(t31-t3)>%ul)
H31=n31%(1-(1+h31)*exp(~-h31))

h32=k#1n( (W3+w2—-t32)/(Ww3-t3))
g32=k*(H32—-n32+h32%*exp (~h32)#{t32-t3)*ul)
H32=n32* (1-{1+h32)*xexp (~-h32))

h33=k#1n( (2%u3—t33)/{(w3-t3))

g33=k* (H33-n33%h33%exp (—h33)# (t33-t3)*ul)
H33=n233#%(1-(1+h33)*exp(-h33))



VI(EI1#HII+t1#(NI1-HI1)+t21#H21+t2#(r2-H21~-H22)+t22#H22)=ta
tay+ul ® (t31#H31+¢t3e#H32+tIINHII+t3# (NI-HI1-HRE-HII)-F)=0
t2-t1-w2+wl+c2i=0

wl—-tlil+d2l-w2+t21=0C

W2-t2+t3-w3+c32=0

t31-t21-w3+w2+d32=0

t32-t22-w3+we+elde=0
Y=(nl1l+H11+HE21+H31) 8wl + (N2+H22+H32) #w2+ (Nn3+H33) #w3

3*fR=Y

F11=1—(1+h11)*exp(—h11)
wl1=n11*(h11*F11+k*1n(w1-t1)—E+E*(1+h11+.‘*r11*h11)* p (-
F2i=1-(1+h21)*exp(~-h2}) - Sxpimhiihy
w21=n21*(hEi*F81+k*1n(wE-tE‘—E+E*(1+h21+ S*h21#hel )«

) . expi{-hal))
Faeg=1-(1+h22)*exp(-h22) :
NEE=nEE*(hEE*FEE*k*ln(wE—tE)—E+E*(1+hEE+ Sxheexhed )«
F31=1-(1+h31)*exp(-h31) . P e
N31=n31*(h31*F31+k*1n(w3-t3)—8+2*(1*h31+ S*¥h31%*¥h31 ) *eup(-h3}
F32=1-(1+h32) *exp (~h3=) N SHpITRIID
w32=n38*(h32*F32+k*1n(w3—t3)—2+E*(1+h32+ S*h32*¥hI3e ) *exp(-h3
F33=1-{1+h33)#*exp(-h33) e SrpiThSEN
N33=n33*(h33*F33+k*1n(w3—t3)—E¥E*(1*h33+.5*h33*h33)lexpf-h33))
W=W11+UH21+WE22+W21+W32+133

Variables are explained below. The first nine relations are first
order conditions for the welfare maximum which are obtained by deriving-
partial derivatives of the Lagrangian with respect to tygs By toys o
toys thys ty, ta, and taqe The next eighteen relations define the critical
values of h for the various groups of households and a number of auxiliary
variables used to shorten the equations. The first seven relations on this
page reflect the binding constraints. Then total income, Y, is defined and
the relative tax level is determined. The remaining equations determine
the participation rates and the welfare level. In the welfare equations

it is useful to recall that hij =k ln(wij/wio).



The output and input table of the computation is

s=ss=rxa=sesc==zsse VARIJARLE SHEET =srsreccrrarracr s r s S rrcSIEESEESEESEES

Input Name Output Unit Comment
t1 -.1193%35
te « 63060650
t3 1.3806065 The nine
tii -.1108518 tax rates
t21 . 63214816
taz 1.20568%2
t31 1.3891482
t32 1.9556852
t33 2.6432426
ul -1.706201 Shedow price of revenue requirement
uz 05118791
A u3
O ua The twelve
o us shadow prices
ué 01415030 asscciated with
u’? Q54468338 marginal tax constraints
ug .01392124
ue . 00523418
O vl
0 vit
& ulz
ali .28927184
gcl . 386246885 Auxiliary variables
Q22 1.127073%9 defined in the model
g3} - 34800897
32 91613278
g32 . 22562740
hit 2.5372183
hel 2.17846183
h&z 2.8528760 The critical values of h
h31 1.92104994
r32 2.5248967
h33 2.7156%950
Hit . 07202552
H21 09602810
H=Z 23333191 furxiliary variables
H31 .0BE38B410 Hij = nij*Fij

H32 «17924433%



&

.25
29
2%
.25

.29

H33
nil
n21
nea2
n31
n3c
n32
ne
n3
wl
we
w3

cel
del
c3c
da32
e3c

F11
F21
Fes
F31
F3c
F33
Hil
W21
Wz
W31
Wa2
W33

tex

. 03937505

1.1823%1¢

2.547173%5
. 7202552%
. 664018730
e 77777305
. 96922730
« 71777356
78790101
. 13471972
LEB63ES0OE
L 71707587
. 36262280
. 70384212
. 15550836

£.3601410

Number of househcolds
of each type,
ni is the sum over j of nij

Wage levels

Total tax revenue
Freference perameter

Farameters constraining
marginal tax rates

Total 1income

The six
participation rates

Six auxiliary welfare
variables asscciated
with the varicue groups
of households

Total welfare
Auxiliary variable



Applying the exponential specification of the utility functionm,

the wvelfare function is expressed as

z
b ij
-a .
We-Z e  Yijn.. { zm6+p(1n z/zz)dz
1

i, H

b ® 2
- e 2% nij { 2P (1n z/z°)dz, i,j = 1,2 and j < i.
i,3 z.. =

1]

Solving the integration problem we find that

S + p-1
mé + p-2 - z" _ _ 1
[z 1nz dz Y — (in 2 m) + C = I(2)
We find that
1
I(1) = - 3 +C
(mS + p-1)
and
1lim I(z) = C, when m§ + p < 1.
>
Z-+co
Hence
243 23
f zm6 * p-21n z dz = =1 (1n 2., --1—) + 1 ,
1 q o9 2
where g = m8 + p-1, and
© Pl
f zp-zlnzdz=i§—-(—1——l )
p-1_p-1 0 Rl

z2..
1]

The equation system which yields the optimum second best solution is



Nll%v11#(z117q*(1n(211)-1/Q)/Q+1/Q @) +ul1#n11#(F11+F1111#(t11-t1))-uS+ub=C
Nllxviez11°F#(1/F=1n(z11))/P+ul®niie(]1-F11+F111%(t11-¢t1))+u+uS=0
nEl*vEl*(:El“q*(ln(zal)-I/q)/q+1/q“E)+u1*n21*(F21+F2181*(tEl—tE))-u3—ub=0
n22#vaa« (2227q* (In(z22)~1/q)/q+1/g 2 ) +ul*n2e* (FRR+F2222% (t22-t2) ) =0
El=—n81*v2*281“P*(I/P—ln(zEI))/P+u1*nal*(1—F21+F812*(t81-t2))-uE+u3
22=—n22%va* 22 F* (1/P-1n(z22) ) /F+ul #n22+ (1-F2R+F222# (t22-t2) )
Bl+r228=0
10=wl-t1
11=2%wl-t11
20=we—-t2
21=wa+wil-t21
R2=2xwe—-t22
11=exp((wll b-—wiO~b)®xa/m)
Bl=exp ( (w21 b—-w20"b)*a/m)
2e=exp ((Ww22"b-w20"b)*a/m)
i=axbrexp(—a#wlO b)#wl O (b-1)
li=axbrexp(—a®*wlil~bh)*wli~(b-1)
2l=axbrexp(—a*w2l“b)*w2l(b-1)
2e=arbrerp (—a*we22 b ) *wll" (b=-1)
E=axbreryp(—a®*w2O b)) *w20~(b-1)
1#n11+(t11-t1)*n11#F11+t2%(N21+m22)+(t21-t2)*N21¥F21+(t22-t2)*n2E#FRe=K
11=1-(1+1ln{(z11)) /211
2l=1-{1+1ln(z21))/z21
ee=1-(1+1ln(z22))/z28
1111=-1In(z11)*wili"(b-1)»axb/(m*z11)
eigl=-1n(z21)*xn2l1 " (b—-1)xast/(m*z21)
2222=-1n(z22)*#Ww22  (b=1)Y*arxbh/ {m*z22)
111=1n(z11)»wl O™ (b—1)®axbE/{(m*¥=11)
2l12=1n({z21)#w20"{b—-1)*xa*t/(m*z21)
222=1n{(z22)#w2 ("~ (b—-1 ) *axb/ (m*=22)
WwlO+cg2l1-weQ)=0
wed+c10-w2l ) #u3=0 -
wlO+cli-wll)*uS=0 ’
wll+c2l-w2l)=0
Swienii*{1+F1ll)+weH{rn2l+reZ)+wiHn2i*F21+worr2e*Fae
*Y=R T ’
®

The variables are defined below. The first four equations and the éeventh
are first order conditions for the welfare maximum which emerge when deriving
the partial derivatives of the Lagrangian with respect to tigs B togs too and
ty. The next five equations define disposable incomes. Then the three critical
values of z are determined. Equation twentyone is the total tax revenue constraint.
The participation rates and a number of derivatives are defined by the following
nine equations. There are four equations reflecting the constraints imposed on
marginal tax rates. The last two equations define Y and the relative tax level,

respectively.

The output and input table of the computation is presented below.
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Input

.6

.:

.c)l
-.99
l3
—Ibq

-25
.25

.3

Name Output

t1 .022e2239
te . 77222239
ti1 . 12364093
21 . 87364093
tee 1.62295%1
{2 . 83946051
wlQ 97777761
wao 1.227777&
wll T 1.8763591
w2l 2.1263591
wee 2.3770409
Y 2.7982017
Fi1 B0014436
Feil .B0014436
Fee . 89521550
vl . . 37614611
ve . 29294289
vil - 153146469
vel . 11927076
vee .0928248BS
=11 19.990787
=21 15.990787
ze2 L4b.102980
ul .21899781
uz 00471603
uld 1.497E-12

~ub -
us 1.497E-12
ubd 0065225
Fil111 -. 4994420
F2121 -. 4994420
Faseg ,—-.2765798
F111 L49744198
Feiz 493441538
Feee 27697975
rel - . 0084535
ree . 00845348
nil

nal

n2e

]

b

p

Fn

m

qQ

wl

wa

clo

cel

<

Unit

Comment

The five fax ratecs

Total tax revenue

Dispcsable incomes

Total income

Participation rates

Five auxiliary variables

Critical values of =
Shadow price of public revenue

Shadow prices assccisted
with marginal t&:x constraints

Tayx devrivatives of Fij

Auxiliary
variables

Number of househcolds
of each type

Six preference paramsters
F=p-1

qQ=m+p-—1

Wage

levels

Farameters conetrainig
marginal tax rates
Relative tax level
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Abstract

A model is presented in which workers move between two different
occupations in response to economic incentives which are distorted by an
income tax. Prices and wages assume equilibrium values which
are affected by the tax parameters. Incidence and welfare effects of
small tax revisions are analysed within different variants of the basic
model and with particular attention paid to the role of taxinduced wage
and price changes. It is demonstrated that within the economic setting
of the model one may neglect such wage and price effects in assessments
of piecemeal tax revisions. It is also shown that provided that there is

an optimum income tax, there is no need to employ commodity taxation.



1. INTZODUCTION

In a general equilibrium setting wages and other prices and pretax
incomes will in general be endogenous variables which are affected by the
tax policy. Taxes which in the first place are imposed on the income or
consumption of one group, may be passed on to some other group when the
market responds to tax-induced shifts in supply and demand. But in most
optimum tax literature assumptions are chosen which rule out changes in
pretax prices and wages and thereby simplify the incidence problems con-

siderably.l)

A notable exception is Feldstein (1973). His model distin-
guishes between two classes of workers whose wages are determined by the
market. Both kinds of labour are used in a production process displaying
constant returns to scale so that no pure profit arises. A linear income
tax is imposed. Each class of workers then choose how much labour to supply
and leisure to enjoy in accordance with the standard textbook theory of
labour supply. There is no mobility between classes. Wages then adjust to
clear the markets for the two kinds of labour, and equilibrium wages are
obviously sensitive to the choice of tax parameters. Employing numerical
examples Feldstein found that the optimum tax rates with endogenous wage
rates changed little from those obtained with wages held constant (at no

tax equilibrium values).

Allen (1982) argues that these results are mainly due to the use of a
Cobb-Douglas production function. Using an analytical approach to the same
basic model he argues that the endogeneity of wages may make a considerable

difference to optimal linear tax rates.

The purpose of the present paper is to analyse a tax policy which affect
pretax wages and other prices within a somewhat different economic model,
which may have claim for interest in its own right. The basic assumption of
the model is that workers move between two different occupations in response
to economic incentives which are distorted by taxes. Work effort may be
different in the two occupations, but within each occupation there is no
choice of work effort. A person has to choose a fixed bundle of work
characteristics when he chooses occupation. This seems at least as realis-
tic as the assumption of perfectly free choice of working hours within a

given occupation. Labour from the two occupations are used in production



which exhibits constant returns to scale. From the production sector(s)
there is a demand for labour belonging to each occupation, and wages are
then determined as equilibrium wages in the labour market. Simultaneously

prices adjust to clear the market for consumer goods.

In the simplest version of the model the two kinds of labour are in-
puts in a macro production function with constant returns to scale. This
model differs from that of Feldstein in that changes in the supply of the
two kinds of labour are due to mobility between the two categories, and not
to changes in the hours worked by each person. In other respects the models

are similar.

With the assumption of constant returns to scale a major simplification
from most optimum tax theory is retained. This simplification may be a
great help in the search for clear-cut benchmark results. Otherwise one
would also expect results to be sensitive to how the claims for profit are

assumed to be distributed.

The typical outcome of optimum tax analysis is to characterize the
trade-off between efficiency and distributional considerations. The model
of the current paper obviously requires that such a trade-off is considered.
A more progressive taxation will shift a greater tax burden on to the better-
off tax payers, which is presumably desirable from egalitarian distributional
preferences. On the other hand a higher marginal tax will more strongly
distort the wage difference between the two occupations and lead to a more
inefficient allocation of labour between occupations. The priority of the
paper is, however, to focus on other aspects than the familiar trade-off

problem.

As in the articles by Feldstein and Allen the important question is how
tax-induced price changes must be allowed for in the process of tax design.
Although we shall later distinguish between price and wage changes, we now
use price changes as a common term. Since price effects are awkward to cope
with in tax analysis, it is interesting to see to what extent they may be
neglected. Neglecting tax shifting through price changes can mean different
things depending on how taxes are assumed to be designed. One interpre-
tation is that prices are assumed to remain fixed as we move from a situation
without taxation to the tax optimum. But this is hardly an interesting
situation in practice, because taxes are already there when we start thinking

about their optimal structure. An alternative interpretation is that prices



are assumed to retain their initial values when the tax structure is taken
from the initial one to the optimal one. It might then be analysed if and

when such an extreme neglect of price adjustments would be permissible.

The present analysis will adopt a different approach. The basic idea
2)
A full

optimization will then be carried out by a step—-wise procedure which stops

is that taxes are changed gradually through piecemeal revisions.

vhen a marginal tax adjustment has got no further effect on welfare. One
way to neglect price changes is then to assume at each step that prices
are fixed at the values actually resulting from the previous step. We can
say that price changes are neglected at the margin. It is this case that

will be analysed in the current paper.

To provide a formal treatment, let us take as our starting point the
basic structure of the government's tax design problem. The government is
to choose the value of a tax parameter, t, taking into account the effect
on social welfare. (Without changing anything t may be thought of as a
vector). The welfare level is ultimately a function of the tax parameter
(and other exogenous parameters suppressed here). It is affected by the
tax parameter through various channels. We may distinguish between effects
via induced changes in prices and direct effects which are independent of
price reactions.3) Let p denote the vector of prices. The welfare level
can then be written as a function of t directly and of p which in turn

depends on t:
(1.1) W(t,p) = W(t,p(t)).

The direct effect of t on welfare is equal to the partial effect of the
first argument which is expressed by the partial derivative 3dW/3t. The

total effect is expressed by the total derivative
(1.2) dw/dt = 3W/3t + (9W/3p) (dp/dt),

where 9W/9p and dp/dt are the proper vectors of derivatives. The second
term is the effect via changes in prices. Let us introduce some more nota-
tion. Let t° be some arbitrary value of t and let po = p(to) be the corres-
ponding value of p. To neglect price changes at the margin implies that the
welfare effect of a marginal tax revision at (to,po) is judged by considering

at that point aW(t,p°)/3t instead of dW(t,p(t))/dt. This is clearly permissible



only if the partial and total effects have the same sign.

Within the framework outlined above we shall analyse tax incidence and
in particular the opportunities for neglecting tax-induced price changes
when contemplating piecemeal tax revisions. Before taking up the very tax
analysis, the modelling of the choice of occupation is described in detail
in Section 2. Tax revisions are then explored within three different models
sharing the basic features which have been set out in the introduction.
Section 3 deals with a model of one production sector with two occupations
(labelled model 1I). Section 4 presents a model of two production sectors
with one occupation in each (labelled model II), while Section 5 presents a
model of two production sectors with two occupations in each (labelled

model 1II). Some concluding remarks are presented in Section 6.

2. THE CHOICE OF OCCUFATION

A basic model of choice of occupation is an important ingredient of
the analyses to be carried out in this paper. There are two occupations,
labelled 1 and 2. Let N1 and N2 denote the number of workers in the respec-
tive occupations. The total number of workers is exogenous and equal to the
number of consumers, while the distribution of workers between occupations
is endogenous. The size of the work force is normalized at unity so that

The workers differ with respect to some sort of ability measure, a,
which is taken to be non-negative. There is a continuous distribution of
workers with respecs to a described by the density function f(a). In this
respect the set~up is inspired by the Mirrlees model where people have
different productive skills (see Mirrlees (1971)). But whereas productive
efforts of people with unequal abilities are perfect substitutes in the
Mirrlees model, implying that relative wages reflect relative exogenous
abilities, quite different implications of the ability structure are assumed

in the present analysis.

We shall assume that occupation 1 is the moré demanding 6céﬁpati6n, and
that it is too demanding to the workers of lowest ability. Workers of
somewhat higher ability may be able to be in occupation 1 with strong
enough efforts, but will prefer the less demanding occupation 2 unless
they are compensated by a sufficiently higher wage rate in occupation 1.

A person will find occupation 1 less demanding the higher ability he has



got, and may even find it the more attractive alternative at a sufficiently

high level of ability,

It is important to note that there may well be people who are skilful
enough to enjoy a very demanding job as well as people who are unfit for
the demanding job. The crucial assumption is that there is a marginal group
of workers who must have an economic compensation to be attracted to the

more demanding job.

The choice problem of an individual is to choose occupation and con-
sumption bundle at given prices, wages, ability and tax policy. Let I denote
after-tax income in occupation j and p the vector of commodity prices. The
utility of an individual in a given occupation as expressed by the indirect

utility function is
(2.1) V(p,Ij,a,j), j =1,2.

Occupation is chosen by picking j so as to maximise V.

Let xij denote the amount of commodity i purchased by a person choosing

occupation j. The demand functions are written as

(2.2) X.., = xij(p,Ij,a), i,j 1,2.

1]

We know from duality theory that

-1 .
(2.3) X; X;-BV(p,Ij,a,J)/api,

h A. = 9V(p,I.,a,]j .o
where ; (p j°8 J)/BIJ

We shall assume that the market situation is such that a higher wage
(w) is paid in occupation 1 in order to attract workers to the more demanding
job: vy > v, and I1 > I,. Then at some ability level a workers are indiffe-

2
rent between the two occupations:

(2.4) v(p,11,5,1) = v(p,12,5,2).

Those with higher ability choose occupation 1, while those with lower ability

choose occupation 2. The amount of labour in occupation 1 equals



(2.5) N, = 1 f(a)da.
a

The amount of labour in occupation 2 equals

(2.6) N, =

2 f(a)da.

O—n i

(2.4)- (2.6) thus describe the supply side of the labour market. 1If a is

eliminated from this relation system we get

(2.7) N, = Nl(p,Il,Iz)
and
(2.8) N2 = Nz(p,Il,Iz).

We can then analyse the responses of labour supply to price and income

changes. Since N2 = 1-N1, it will be sufficient to study the effects on

Nl' Let us define
(2.9) D(a) = V(p,Il,a,l) - V(p,Iz,a,Z).
From the assumptions made above

D(a) < O for a < a,

D(a)

"

0,
and

D(a) > 0 for a > a.
Hence
(2.10) D'(a) > 0.
Differentiating

(2.11) D(a)= v(p,Il,E,l) - V(p,12,5,2) =0



we find that

- 22
(2.12) é—— = = —% ’
311
- 2 °
(2.13) g; =2,
2
_ 2050 A%%°
92 "1%i1 T Mo%i2
(2-14) ap. = D' 9y
i
- - o -
where li = BV(p,Il,a,l)/Bll, Xg = BV(p,IZ,a,Z)/BIZ, Xy = xil(p’Il’a) and
o

Xi, = xiz(p,lz,a).

We see that

Making use of (2.5) and (2.12)-(2.14) we see that

aN, A°
(2.16) 3= = 57 £(@)
1
BN, AY  _
(2.17) 3T D7 f(a)
2
oN oN oN
. 1 o 1 o 1
(2.18) — = - X,, = - X —
Bpl il 311 i2 312

We can notice the rather obvious result that a higher income in one occupa-
tion makes that occupation more attractive and the alternative less attrac-
tive. A higher price on a commodity has a far more uncertain effect on the
choice of occupation. It tends to reduce the real income in both states,
and by how much depends on the consumption in both states of the commodity
which becomes more expensive. If the consumption depends only on income
and not on the consumer's occupation as such, and the commodity is non-

o

" . O . .
inferior, then xi1 > xi2' In that case the loss of real income is larger

for a person in occupation 1 than in occupation 2. On the other hand the



effect of a one unit income loss in occupation 2 may well have a larger
effect than a one unit income loss in occupation 2. To see this, assume
that people become more inclined to choose the less demanding job if the
income level rises without changing income differentials. This will happen
if BNl/all + 3N1/312 < 0 which implies that - BNI/BI2 > BNI/BII. Hence the

ultimate price effect is likely to be ambiguous.

Before the model is completed we have to describe the tax policy. The

government is assumed to impose a linear tax function
(2.19) T(w) = tw - b

where 0 < t < 1 is the marginal tax rate and -b is a headtax which is nega-

tive if b > 0. It follows straight away that
(2.20) I1 = (l-t)w1 +b
and

(2.21) = (l-t)w2 + b,

I2
We can then write
(2.22) N1 = Nl(p,(l-t)w1 + b, (l-t)w2 + b),

and we see straight away that

1 1
(2.23) = = (1-t) =—— ,
Bwl 311
oN oN
1 1
(2.24) — = (l-t) = ,
sz 312
oN oN oN
1 1 1
(2.25) 5= 13T, T Y270,

(2.26) = +
1



In order to add some practical flavour to the theoretical choice of
occupation model, we may briefly review some relevant labour market obser-
vations. A number of jobs are obviously tough, maybe risky, require hard
work, offer bad working conditions, imply long spells of separation from
families etc., but are in return well paid. O0il drilling in the North Sea
and several kinds of construction work may provide good examples. Managers
of big firms are extremely well paid to take heavy responsibility and become
nearly full-time servants of their firms. Liberally interpreted we may also
think of necessary efforts in taking education and acquiring special compe-
tence as the features making certain jobs more than normally demanding and
more than normally well paid. These are all examples of characteristics

captured by the theoretical model.

On the other hand there are occupations which do not fit well into the
model. An obvious objection is that there are jobs which are both unattractive
(for instance tedious or physically strenuous) and offering a rather low
pay. This phenomenon may be explained by lack of workers in these occupations
who are able to compete for more attractive jobs. Moreover, there are people
who are highly paid for other reasons than the need to attract marginal
workers to the occupation in question. There are occupations with barriers
to entry and other departures from competitive conditions. In contrast to
the assumptions of the present model there are occupations where people differ
in their performances, and differences in quality or efficiency are being
screened and reflected in wages. Conspicuous examples are people with

4)

talents as artists, professional sportsmen, etc.

3. MODEL I: ONE PRODUCTION SECTOR WITH TWO OCCUPATIONS

3.1 The model

We shall assume that only one (aggregate) commodity is produced. The
output, x, is related to the amount of labour in two occupations by the macro

production function
(3.1) X = F(NI’NZ)’

which is assumed to be homogeneous of degree one. As assumed already
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is

N1 + N2 = 1. The output is used as numeraire. The wage per unit of N1

Vs and the wage per unit of N, is Wy

The condition that production takes place on the expansion path is, of course,
that
W

1

"I'IIH"I'I

(3.2) , v

N

where Fi = BF/BNi, i =1,2. If we write the unit cost function as c(wl,wz),

we also know that in equilibrium

(3.3) c(wl,wz) =1.

It is a well-known property of the cost function that
(3.4) 8c/3wi = Ni/x, i=1,2.

Hence from (3.3)

dw2 N
(3.5) _—= -,
dw1 N2

Equations (3.2) and (3.3) are equivalent to the conditions
(3.6) w, = Fl(Nl,l—Nl),

(3.7) w

9 = FZ(Nl,l-Nl).

Let us then turn to the supply side of the labour market. As special

cases of the relations (2.1), (2.7) and (2.8) of the previous section, we

now get
(3.8) v(1;,a,i),
(3.9) N1 = Nl(Il’IZ)’

(3.10) N2 = NZ(II’IZ)'
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The budget constraint of the government is

(3.1 wlNlt + w2N2t =D + xg,

where xg is exogenous govermment expenditure. When t is determined by the
government, the equilibrium values of wl,wz,N ,Nz,x and b are determined by

1
the relations

(3.12) x = F(N;,N,),
F

1=
Fa

(3.13)

CIH‘J

N

(3.14) c(wl,wz) =1,
(3.15) N, = Nl((l—t)w1 + b, (l-t)w2 +b),

(3.16) N, = 1-N

(3.17) b= wlNlt + w2N2t - xg,

which form the complete equation system of the model. All equilibrium

values are then functions of t.

In the previous section we discussed at a rather abstract level the
distinction between. the direct effects of a change in tax policy and the
effects through induced price changes. Considering the equation system
above, we see that by using eq. (3.12) and the equations (3.15)-(3.17) we
can express all quantities as functions of t,w, and vy Also eliminating
v, by means of equation (3.14), we are left with only one wage variable.
We can then distinguish between the partial effects of changes in t and
changes in Wys respectively, as described in the introductory section.

We now adopt this approach and treat b,Nl,N2 and x as functions of t and Wys
keeping in mind that Wy is ultimately a function of t at the general equilib-
rium which is determined when the expansion path condition (3.13) is also

5) -

taken into account.

It is useful to derive the partial effects of t and w, on b. Let the

partial derivatives be denoted by bt and b, respectively. From (3.15) -



- 12 -

(3.17) we obtain

f= ) %N

aNl
[w N. + w.N, + t(wl-wz) EE—]’

(3.18) bt 1M oNy

where

1 1

oN 3N1 oN
(3.19) n=1- t(wl-w2 w5 - 1 - t(wl'wz)(sfz ' §T;>

We assume that n > 0 which rules out the possibility that a one unit lump
sum transfer from the government generates a more than one unit increase in

tax revenue,

Similarly we find that

: oN N, ©oN
1 1 1 1
(3.20) b =— [t(w -w )(——— - = )].
W n 1 72 Bwl N2 w2

Making use of (2.23) - (2.25) we find that

1 Ny 3N,
(3.21) bt == [wlN1 + w2N2 - t(wl-wz)w1 5?; - t(wl—wz)w2 5?;]
and

1 BNI N1 3N1
(3.22) bw = B‘ [t(wl’wz)(l-t) 51—1 - t(wl—wz)(l"t) Fz- ﬁ;]

3.2 Incidence effects of more progressive taxation

Let us assume that from some arbitrary starting point where 0 < t < 1
the tax policy is made slightly more progressive by raising t a little and
adjusting b accordingly. We shall consider the gain in disposable income,
8:» obtained by the workers in each occupation; i = 1,2. The gain g; is
made up of the direct effect of the change in t, denoted by 8> and the

consequence of the general equilibrium effects on wages, denoted by 8
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Hence, recalling (2.20) and (2.21),

- - - 1 1
(3.23)  g) =gy, * g, = (vb) + (Q-t) w) + bow)

' =
where vy dwl/dt.

1
N, 1

(3.24) 8, " 8y, * By = (-w2+bt) + (-(1-t) )

1
+ bwwl)'_

We make use of (3.16), (3.19) and (3.21) and find that

oN oN

(3.25) 8, * %-[-vl + wlt(wl-w2 Efl + wlt(w
1

) —L
172" 31,

1

aN, aN
* W Ny Ny Tt (et )y 3T, t(w)=w,)v, ST;}

1 !
= ;(wl-wz) ('NZ + t(wl-wz) 31—2>.

The sign is obviously negative. Hence we have got:

Concluston 1: A higher marginal tax rate has a negative direct effect on
the disposable income of the high-wage group.

We make use of (3.16), (3.19) and (3.22) and find that

1 (.. o
(3.26) glw = 'E [l-t-t(wl_wz) '5-1»; (l_t)
BNI BNI
-t(wl-wz) 15; (1-t) + t(w1~w2)(1—t) 35;
Nl aNl
-t(wl-wz) (1-t) -}g -31—2' ]wi

oN
. 1
oN, ( N2+t(w1-w2)'5T;) wi .

In a quite analogous manner we find that

) aN,
(3.27) gzt = ;(wl-wz)(Nl-t(wl-wz) aT )
1
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and
oN
1-t 1
(3.28) 8w =~ ;ﬁ; (Nl-t(wl-wz) iﬁz) vy

Taking a closer look at gy» Ve see that

X 1 3N1 N1
- - - — - - | . - — L
(3.29) g, "% ( N2+t(w1-w2) 312)(w1-w2 (1 t)w1 (1-t) N, "’1)

1 !
a2 ('N2+t("1"’2) 3—1;)(32'31) y

From our general knowledge of tax distortions we expect a more progres-
sive tax to cause a loss of allocative efficiency, and we do not expect
that g, and g, both can be positive. Another question is whether a higher
marginal tax rate may create general equilibrium effects which outweigh
the direct effect on the disposable income of the high-wage group. Let us
now look into these matters. We let a prime indicate total derivatives
with respect to t. Since total production equals private disposable

income plus the government's share we can write

(3.30) X = ((1-t)w1+b)N1 + ((1-t)w2+b)N2 + X,

Differentiating we get

! = ] |- - ] - '
X FlNl + FZNZ Q1 t)w1+b)N1 + (1 t)v2+b)N2

+ b'N

- 1 - | . - ]
+ Nl(l t)w1 + Nz(l t)w2 w.N w,N, + b'N 29

11 272 1

where the production function has been used. Since F1=w1, F2=w2 and

Né = -Ni, we further get

' = ' = - [}
(3.31) x (wy=wyIN] = (1-t) (w;~w,)N] + g,N; + g,N,.
One more manipulation gives us

= ]
(3.32) glN1 + gzN2 t(wl-wz)Nl.
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We also obse;ve that

g;78y = v, ¢ (l-t)wi t v, - (l-t)wé.
and since vi - -wiNI/NZ.
(3.33) g8,78, * -(wl-wz) + (l-t)wi/NZ.

Let us hypothetically assume that g, wvere positive. Then it would follow
from (3.29) that 8,78, > 0, and from (3.33) that vy would have to increase
since v, > v, But then it would follow from the production side that N1
would be reduced. According to (3.32) this could only happen if 8,< 0. But
if g, were positive and g, negative, more labour would definitely move in-~
to occupation 1, while on the production side labour belonging to occupa-
tion 1 would be substituted by labour from occupation 2. So adjustments
on the supply side and the demand side of the labour market would not match,
and these effects would not be compatible with the maintenance of a market
equilibrium. Thus we can rule of the possibility that gl> 0, and wve can

state:

Conclusion 2: A higher marginal tax rate has a negative total effect om
the disposable income of the high-wage group.

We see that the direct effect and the total effect have the same
sign and general equilibrium effects on wages do not outweigh the direct

effect. .

We know that when g1'<0 and g2> 0, labour will move from occupation 1
to occupation 2 so that Ni'<0. We also see from (3.32) that this would be

true also if g, and g, were both negative. Hence we can state:

Conclusion 3: A higher marginal tax rate will alvays cause a movement
of labour from the high-wage occupation to the low-wage occupation.

Such a movement will only be consistent with necessary adjustments

on the production side if the high wage increases. So we can state:

Conclusion 4: A higher marginal tax rate will lead to an increase in

the high wage and a lowering of the low wage. So induced gemeral equili-
brium effects on wages will to some extent, but not entirely, offset the
direct effect on the disposable income of the high—wage group.
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Since more workers move from the high—-wage occupation to the low-wage
occupation, it follows from (3.31) that the total income will fall. This
confirms our expectation that a higher tax progressivity entails a loss of

allocative efficiency.

Conclusion 5: A higher marginal taxr rate tends to lower the total income
of society.

3.3 Welfare effects of tax policy

The social welfare function is written as

a
(3.34) W= [V((1-t)w, + b,a,1)f(a)da + [ V((1-t)w, + b,a,2)f(a)da.
0

w~— 8

As usual when adopting an additive welfare function the cardinalisation of

V is assumed to reflect the distributional values of the government.

Differentiating with respect to t we find that

a -
(3.35) W' = A 8, (a)da + {) A,8,f(a)da + (V(Iz,z,z) - V(Il,;,l));'f.(a)-

wi— 8§

L

Due to (2.4 ) the last term vanishes. Let us define

- 1 - -] -
(3.36) M =g [ Mf(a)da,
b
- 4, a
(3.37) A2=i; {)Azf(a)da

which are average marginal utilities of income in the two categories of
consumers. We can then write

+ AN

' o 3 .
(3.38) 1) Alngl 2N,85
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Substituting from (3.25) - (3.28) we get

aN
17¥2) 1,
aN,

5 1-t
+ AlNl -(-t) 2 ) (=N +t(w1-w2) 31 ) w

- oN

1
+ A2N2 E(wl-wz)(Nl t(wl-w

1

(3.39) W' = AN} 2w W) (-Ny+t (v 7v,) 70)

1

) 57)

27 91,
aN

3 -(l-t) -.)
1 72 81

+ AN
2

22 TN 30 Y1

(Nl-t(w

BN oN

'% [- N, (-Ny+t(w;—w,) @, ) + A N, (N =t (w,=w,) 311)](\71 —v,~(1-t)ws /N

(3.40) W' = k(wl-wz-(l't)wi/Nz) = k(gz‘gl)

where k is the expression in square brackets divided by n.

Suppose that in some arbitrary tax situation a small adjustment of the
tax parameters is considered, and we want to know whether it will increase
social welfare or not. An important question is then whether general
equilibrium effects on wages can be neglected. Since wi does not appear in
the expression for k, the sign of W' can obviously be determined without

knowing wi if
(3.41)  sgn(w -w,) .= sgn(g,-g,)-

1 2
from (3.29) we then see that 8, > 8ys and (3.41) is satisfied. We can there-

fore state:

We know from the previous sub-section that w, > w, implies that 8, < 0, and

Proposition 3.1: Induced wage changes can be neglected when piecemeal tax
revisions are considered.

Let us-assume that the tax parameters are determined by a step-wise
procedure which stops when a marginal tax adjustment has got no further
effect on welfare when possible wage effects of that marginal adjustment

are ignored. Hence at each step wages are assumed to be fixed at the
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values actually resulting from the former step. Since in practice most
changes in tax policy are small adjustments, and also rather infrequent
major revisions are followed up by small adjustments, this seems to be a
relevant and interesting case. Now it is interesting to notice that if the
tax policy has been worked out by this procedure, the discovery that tax
incidence through wage changes have been neglected makes no difference in
our model. The optimum attained when neglecting wage changes at the margin

is also the true optimum.

Proposition 3.2: A welfare maximum when wage changes are neglected at the

margin, <8 also a true welfare maximum.

3.4 Further interpretations

Define
aNl
(3.42) kl = (-N2 + t(wl-wz) 55;)
and
3N1
(3.43) kz = (Nl- t(wl-w2 giz).

Our findings in the formulae (3.25) - (3.28) imply that
(3.44) g, = l-(w -w. )k
: 1t n 1 72771

(3.45) 81w =3 N k,w.!

(3.48) g, = % oy, ke,

st N St ST
Hence
g g
(3.48) ¥ o2
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and

81 _ Biw _ G1c'Biw _ &1

(3.49) =
2t 82w B2c*8yy B

The optimum condition

v = 3 by
W A ngl + A

1 2282

is equivalent to

N.g A
(3.50) - =-2
282 X,

But since gllg2 = glt/th’ we may as well neglect the marginal wage changes.
The fact is that the marginal change in wage income will change the net gains
of both categories of workers by the same percentage. Hence it is immaterial
when choosing the optimum trade-off between income taken from the one cate-

gory and income given to the other category.

To give an example, let us assume that, neglecting marginal changes in
wage-rates, an optimum has been established where the social marginal utility
of income assigned to an average person in occupation 2 is twice that assigned
to an average person in occupation 1. It is then implied that in order to
transfer one income unit to persons in occupation 2, persons in occupation 1
will have to give up 2 units of income. Since a weight equal to 2 is
assigned to the one unit received, and a weight 1 is assigned to the two
units foregone, the welfare effects just cancel out as they must do at the

optimum.

Suppose that we are now told that wage rates do in fact change, and, as
a consequence, both income effects are in fact only half of what they were
assumed to be. We then realize that it will still be true that one income
unit for the benefit persons in occupation 2 can only be raised if persons
in occupation 1 are deprived of two income units. Hence the same trade-off

is retained, and there is no reason to choose a different policy.
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If at some point we have found that

A + XZN >0 (or < 0),

1M181¢ 282¢

the information that induced wage changes do occur, implies that 8¢ and 8¢
should be multiplied by the same positive figure, which makes no difference
to the inequality. If, say, nine income units to one group is more highly
valued than three income units to the other group, six income units to the

former are also more highly valued than two income units to the latter.

Arguments related to tax shifting are also used in practical policy
discussion. One argument sometimes heard is that the presumably favourable
distributional effects of a marginal increase in income tax progressivity
are likely to be small because the extra burden first imposed on those who
are better off, are to a large extent shifted on to the people who are less
well off through the adjustment process of the market. Under this assumption
it is sometimes argued that the negative effects on efficiency of an increase
in progressivity tend to dominate the distributional impact. But this may
be a too hasty conclusion. The reason is that the effect on efficiency also
tends to be mitigated by the tax shifting. In the present model a higher
marginal tax tends to deter people from seeking the more demanding job and
thus entails a loss of efficiency. But this effect is clearly modified by
the induced rise in the pretax wage received by workers doing the more
demanding job. In fact both effects are modified by the same relative

amount. Hence the partially dominant effect is never overthrown.

Distinctions between the effects which allow for induced wage changes
and the effects which are generated in the absence of general equilibrium
effects, must be interpreted with caution. Since, in general equilibrium,
wages are in fact endogenous, the case of no induced wage changes represents
a partial view, and can only be defined by cancelling some relation of the
general equilibrium system. In the current analysis the relation to be
suppressed is the expansion path condition. This has allowed us to carry
out a partial study of local labour supply side reactions for fixed wages

to be compared with the complete general equilibrium effects.
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4. MODEL II: TWO PRODUCTION SECTORS WITH ONE OCCUPATION IN EACH

4.1 The model

In model I only one comodity was produced which implied that we
barred ourselves from discussing effects on relative commodity prices.
In model II we assume that one commodity is produced in a sector using
labour from occupation 1 and a different commodity is produced in another
sector using labour from occupation 2. In order to keep down the number
of complications a very simple production structure will be assumed. Labour
is the only factor of production. Let Nl and Nz denote the number of wor-
kers in sectPr 1 and sector 2 respectively, and let x, and x, be the corre-
sponding output levels. Each worker in a sector is assumed to do some
specified job which is exogenously given. The production volume in each .
sector is assumed to be proportional to the number of workers, and the
units of measurement are chosen so as to make the factor of proportiomality
equal to unity. The production functions of the two sectors are then

(4.1) = N

s B |

(4.2) = N

*2 " N2
Let P1sP;p denote the product prices and V1s¥, the wage rates. It follows

immediately from (4.1) and (4.2) that in a competitive market equilibrium
(4.3) v, =P
(4.4) ¥, = P,
We choose commodity 2 as the numeraire so that
v, =p, =1

The amount of each commodity purchased for government purposes is assumed

to be exogenously given equal to x% and xg respectively.

At market equilibrium the following relations must also. hold
g8, [ 2
(4.5) x, =x; + { xu(pl,Il,a,l)f(a)da + (I) xlz(pl,Iz,a,Z)f(a)da
a
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(4.6) x, = xg +'? 121(p1,11.a,1)f(a)éa + z x,,(p;,1,,8,2)£(a)da
a

(4.7) tw N, + tw,N, = b = p;xP + pyx3

(4.8) x, = N, (p;,1;,1,)

(4.9) x, = Nz(pl,Il,Iz)

(4.10)  V(p;,I;,3,1) = V(p;,1,,3,2)
(5.11) I, = (1-t)w; + b
(3.12) I, = (=tw, + b

One relation can be eliminated by Walras' law. We choose to eliminate
(3.6). There are 10 endogenous variables: pl’wl’b’Il’;Z’;’Nl’NZ’xl and x,.
To determine the equilibrium values of these variables we have got the 10

relations ( .1), (4.2), (4.3), (4.5) and (4.7)-(4.12). v, =p, = 1 by (4.4)

and the choice of numeraire, and x%, xg and t are determined by the government.

4.2 Income taxr analystis

Let us now examine the welfare effects of changing the marginal
tax rate t. We shall stick to an additive welfare function which is writ-

ten as

(- -] ' a

(4.13) W= ] V(pl,(l-t)w1 + b,a,l)f(a)da + [ V(pl,(l-—t)w2 + b,a,2)f(a)da
- 0
a

Let us define

w'-d—vl -& b'-ﬁ and -'-é
1~ dc dt °’ dt T

We can then derive
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daw - ' - '
(4.14) It Xlxllvlf(a)da Alezwlf(a)da

wi— 8
O

szzf(a)da + { Al(l-t)vif(a)da

a

Ol

Alwlf(a)da -

!
ot —8

A.,b'f(a)da +

1 A,b'£(a)da - D(a)3’

+
wi—§
O i

D(a) = 0 and can be eliminated. Let us now make a further simplification
by assuming that the quantities consumed only depend on income and prices

and not on the consumer's occupation. Then define

[- -]
- 1
(4.15) A, = N_1 { A £(a)da
a
(4.16) A e N—Z(j) A,f(a)da

which are average marginal utilities of income in the two categories of

consumers. (4.14) can then be rewritten as

aw _ 3 - Y '
(4.17) rr i 11((1-t) xll)viNl A2x12w1N2

- -3 Y X + )
A Ngwy = A Nw, + (N + Ny)y) (be*dy

1 272

Through (4.1) - (4.4) and ¢.7) - (412) b, I, I, a, N,, N,, x, and

x, are implicitly defined as functions of t and v, We use these functions
to distinguish between direct effects of t and effects through prices. The
equilibrium value of w, can ultimately be found by also invoking (4.5).

As before the gain in real disposable income obtained by a worker in

occupation 1, gy is made up of a direct effect of t, 8ip> and an effect
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from price changes, By’ Using (4.17) we can identify the effects as:

.18) --‘-71'»1-.-t

Bie

(4.19) 81w ((1-t) -x, ¢t bw)w;

( 4.20)

= -y +bt

8¢ 2

(=x

(4.21) Bou 12

+ b w!
w1

A change in w, and P, will affect real disposable income by changing

1
the nominal income after tax, by changing the real value of income, and
by changing the transfer payment. Making use of (4.7), (4.3) and the

fact that N.+N_, = 1, we find that

1 2
1

(4.22) bt ;-(V1N1 + VZNZ + t(w -w )BN /at)
and
(4.23) b =l{tN + t(w, -w )N /ow, - x>

: w an\ 1 172777107 1
where

8N1 3N1

(4.24) n= 1+t(w v, )BN /3b = 1—t(w -7 )(5—— 53—)

1 2

We assume that n > 0 which rules out the possibility that a one umit
lump sum transfer from the government generates a more than one unit

increase in tax revenue. From (4.5) and (4.8) we get

: 8 . - -
€4.25) x; N1 N1x11 N2x12

Since Py =WV the effect of a change in w, on the labour supply is found

1 1
by combining the partial effects established in (2.18) and (2.23). Hence

3N1 3N1 3N1
_(4.26) w“"(1 t-x )F-x‘lZBI_'

1 2
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We know from (2.25) that

1

oN oN oN
ot 1 91 2 91

1
1 2

Inserting these equations, we get from (4.18) and (4.22) that

; oN
=1 - 1
(4.27) e = (w1-v2)(N2 t(w1-wz) ET;)
and from (4.19) and (4.23) we obtain
1 N\
| Jp - - LI R |
(4.28) Biw = 1 (1 t-x11+x12)(N2 t(w1-w2) aIZ}hH

In a similar way we find that

oN .\
=1 - 1
(4.29) Boe ~ (w1-w2)( N1 + t(w1-w2) SE:)
and
, N,
(4.30) 8oy = ;-(1-t-x11+x12)(- N1 + t(w1-w2) ET_) vy

Using these results we can write the total effect on welfare as

1= ' 3N1\

Q

+ AN (- N, + t(w,-w.) —El)] {- w, ot +(1-t—x_  +x )w')
22 LR 31111\ 172 1 712771

- - \
k\ w1*w2+(1 t-x”+x12)w1

where k is the expression in square brackets divided by n. Since

= - - ] ] - - -
g w, o+ (1 t-x“)w1 +b' and g, .H x

2 w'+ b' we easily see

1274
that



(4.32)

(4.33)

(4.34)

(4.35)

(4.36)

.37)
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' = -
w k(g1 gz)
Using (4.27) and (4.28) we find that

By "B T8y "

oN
1 1 '
;(NZ -t(w1-w2) 53;) ( w, * w2,+(1 t-x11+x12)w1)

1 o,
= ;(Nz - tlw,~v,) ET;)(31-g2)

from which it follows that

sgn g, = sgn (g, - &)
From (4.31), (4.32) and (4.34) we see that price effects

can be neglected at the margin if and only if sgn (wz-v1)= sgn g,
We have assumed that VoV, < 0. The crucial question is then
whether g, may become positive. From (4.27) and (4.28) follows

that

s..1— /- - l\ =
g, v, \" Y * v, +(1 t-x11-x12)w1/81t g,

where o is defined by the last equation. From (4.29) and (4.30)
follows that

82 T %8¢
We see from (4.27) that Byp € 0. 8, will then be negative if
a is positive and positive if a is negative. Let us now

recall the equilibrium condition of the market for commodity 1,

(4.5), which we can rewrite as

-
Ny =xy + Nx, (psI)) + Npx o (py 1))
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We shall now assume that there is a stable equilibrium in the

sense that the excess supply of commodity 1 is an increasing function of

1

direct compensated price derivative of X 40 and 8,5 denote the direct

With the ordinary assumptions these

P, vhen all repercussions are taken into account. Let s ., denote the

compensated price derivative of L IPLT

derivatives are negative. The assumption of increasing excess supply

implies that

BN aN 2w
4
(4.38) r (1-x +x12) + r (1‘8 "“812) 1
ax g ax g
11 8w _ 12 %ou _ }
Nost— o7 ~ N3 om " NSy T N5, >0

1 1 2 1

Let us then differentiate both sides of the equilibrium condition

(4.37) with respect to t. We get

' N, ,,
(4.39) (311 (l-x”+x ) - N1 ?f'_)g"t

N, x,,
* (ET; (x, 4%, = Ny 71, )gzc

oN 9x
+ ( D (1=, +x..) - N ——ll\

3T, 11712 13T, JB1w

BN1 3x12
* (3?; (xy+x,)) - N, 7 ')32v

- - L\ -
* (Nys,, = Nps,Jwi =0

Let us define

oN ax

S - 1
(4.40) B, 5T, (1=, ,+x.) - N, Sff‘
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(4.41) 82 = 'TI; (1~x”+x12) - N, 5..1_;_
We can then write (4.39) as
(4.42) BiBip * BaBpp * BBy, * BoByy
- (Nysyy + Nysyp)wy =0

Combining (4.38) and (4.42) we see that

8181t + BZth < 0 1if w1 >0
(4.43)
: '
8131t + BZth > 0 if V) <0
We can also write (4.39) as

- : ' e
(4.44) B1g1 + 82g2 (N1s11 + st12)w1 0
1f we invoke (4.35) and (4.36) we can rewrite the equation once
more as

(4.45) a(B.g,, + B ) = (Nos. . + Nos ,)w)

282¢ 1511 127
Since the direct Slutsky derivatives are negative we can use (4.43)
to conclude that a is always positive. Hence g, will always be negative,

and we can conclude that price effects can be neglected at the margin.

Proposition 4.1: Induced price changes can be neglected at the margin
when piecemeal taxr revisions are considered.

From (4.34) we know that since g is negative, 8,78, is negative

too.



(4.32) then tells us that the first order optimum tax condition is

oN

'- I- - 1
W k A1N1(N2 t(v1-"2) 53;

3N
- 1
* AN (N, + el -w)) ﬁ,’) =0

4.3 Should a commodity tax be imposed?

Let us now examine how the introduction of a small commodity tax
in addition to an optimum income tax would affect the welfare level.

Let s be the tax per unit of x,, and let P, denote the consumer price

1 1

per unit of x Obviously

1"

(4.46) P + s

1P
Nl is then determined by the supply function

(4.47) Nl(v1+s,(1-t)v1+b,(1-t)v2 + b).

The budget constraint of the government now becomes

? = - g . g
(4.42) b= tw N, + twN, + sx = (p;*s)x] = p,x;

We keep in mind that P1™V; and pz-l. We differentiate at the point where

s=0 to obtain

3N, 3N,
(4.49) b, = t(vl-wz) -a—P-I + t(wl-'wz) . bs
aN, s &
*e(w ) L7 T b i Bl Sl P

where subscript s indicates a derivative with respect to s. Hence
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4 b, = deemu) oy gk - 2y, 2h) + x, - o)
(4.50) s "ot T T ) T T M

oN oN

1 1 1
*alelymp) (memxyy) 5 - ey, 5T
N B
vy

Substituting from (4.5) and (4.8) we further obtain

1 3N1 3N1
(.&.51) bs = ; [t(vl-vz)(—xu ﬁ; - 812 ﬁ; ) + lell + Nzxu]
oN oN
+1 {e(w,=w,) (1-t-x,,) == - t(w,~w,)x ==
n 172 117 31, 1727712 a1,

—(mtmx ON) + Nox) v, .

Invoking the Envelope Theorem we find the effect on welfare as

oN

1, = - - 1
(&52) W, o B (=X N % = A%, + AN, e(w)—w)) gt
* ANy X el vy) 7, * ANox) (v w,) 3T,
- N .o
* A Nox) St (W =w,) I, t(vvp)x) AN %
_ N, _ -
= AN el -o)x, , 3T, ! ANy x By AN N,
- 3N 3N

1 - 1
= AN t(wy v, )x)y I, ANt wo)x) o I,

* AN X))+ ANy Ny +(1-tmx) dkwy o + X kw ]

) an, ) N,
X2 M2 (Ry=elw —w)) Fz) * Nohg (N +e(wy=wy) ;T ))

+

* Q-tmx) ) kw) +ox) kv ]

i~

[-xnk + xlzk + (l-t-xn)kwls + xlzkvls].



Since t is already at its optimum, we know that k = 0 and hence

(4.53) W =0
8
s=0

Propositior. 4.2: Provided that there is an optimum income tax, no commodity
tax should be applied.
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5., MODEL III: TWO PRODUCTION SECTORS WITH TWO OCCAPATIONS IN EACH.

5.1. The model.

There are two production sectors in the economy, each producing one
commodity. The sectors are labelled 1 and 2 respectively, and x, and x,
denote the respective production levels. Two kinds of labour are used in
both sectors. Each type belongs to an océupation which from the
workers' point of view is the same in both sectors. The two occupations
are labelled 1 and 2. We let w, and w, denote the respective wage-rates

1 2
of the two occupations. As before let N, be the number of workers in

occupation 1 and Nz be the number of wolkers in occupation 2, and the total
workforce is set equal to unity. Let nij denote the number of workers in
occupation j in sector i. Each sector has a production function which is
assumed to be homogeneous of éegree one. We let pi.denote the price per
unit of x., and s denote the unit cost function of sector i; i = 1,2. The
unit cost function is, of course, homogeneous of degree one in vy and v,-
The production side of the economy is then described by the following

relations in equilibrium:

(5.1) N1A+ Nz =1

(5.2) Nl =10, *+ 10,

(5.3) NZ =n,, + n,,

(3.4) X = x(ay5.0y))

(5.5) x, = x2(n21,n22)

(5.6) P, = ¢y (v ,w,)

5.7) P, = c,y(w;,w,)

(5.8) nlllxl- cll(vl.vz) /

(.9 y /%y = cgp (¥y5wy)
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where cij = Bcilawj; i,j = 1,2. (5.1)-(5.3) are true by definition. (5.4)
and (5.5) are the production functions. (5.6) and (5.7) are equilibrium
conditions, and (5.8) and (5.9) are optimum conditions for factor intensi-
ties.

The workers choose occupation as previously described. The number
of workers in occupation 1 then becomes a function of pricesand after

tax income levels in the two occupations .-
(5.10) N, = Nl(pl,pz,(l-t)wl + b,(l—t:)w2 + b).

Commodity demand is assumed to depend on prices and disposable income only.
Let Xh denote the demand for commodity k from a person in occupation h;
k,h = 1,2, xﬁ is the government demand for commodity k, k = 1,2. Market

equilibrium are then ensured by the relations:

= %8 - -
(5.11) X, =%+ lell(pl,pz,(l t)w1 + b) + Nlez(pl,pz,(l t)w2 + b)
1 = x5 - -
(5.12) X, =%, + N1x21(p1,p2,(1 t)w1 + b) + Nzxzz(pl,pz,(l t)w2.+ b)
g g _
(5.13) b + P1X] * PyX, tlel + thwz.

We choose commodity 2 as numeraire so that
(5.14) p2 =1,

One of the relations (5.11) - (5.13) is redundant by Walras' law. The model
then provides 12 independent relations to determine the equilibrium values

of the 12 wvariables NI’NZ’DII’n12’n21,n22’xl’xzwl’VZ’pl and b wvhen t 1is
determined directly by the government.
Instead of (5.4) and 6.5) we could use

(5.15) n12/x1 = clz(wl,wz)

(>.16) nyo/Xy = CpplWysw,)

which can be derived by means of (5.8) and (5.9) and the fact that

winy /X * Wong o /x) = wie) ) W), and wing /X, +won) /Xy = wicy, + Wc),.
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The prices of the model are related by the relations (5.6) and (5.7):
Py = ¢ (¥pewyp)
and
1= cz(wl,wz)

where P, has been set equal to unity. The two equations implicitly define
vy and v, as functions of Py- We can then analyse how a change in P,
affects the wage-rates. Differentiating the system we find that

dw dw

1 2

(5.17) 1 (:11 F + c12 F
1 1

dwl dwz

(5.18) o

= + C —
21 dp1 22 dp1

Let us define the determinant

11 12
(5.19) A = = 11%:2 T %12°21
€21 €22
e § G RO i3 W i ¥ i S
2 % S b XX B2 Do

where (5.8), (5.9), (5.15) and (5.16) have been used. We choose the more
intensive user of labour belonging to occupation 1 as sector 1. It then

follows that A > 0. We easily find that

dw n
1 22
(5.20) _—= ==
dp; Ax,
dw -n
(5.21) < 2 . Ax21.
P1 2

We may note that the production side of the model corresponds to the

constant returns to scale, two-commodity, two-factor model which has received
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close attention in economic theory and in international trade theory in
particular. The results in (5.20) and (5.21) are in fact the Stolper-

Samuelson theorem.

5.2. Income tax analysis.

By means of the additive, indirect vélfare function
w a
(5.22) W= V(py»(1-t)w; + b,a,1)f(a)da + f V(p,,(1-t)w, + b,a,2)f(a)da
a 0
we can investigate the welfare effect of changing the marginal tax rate t.
We let a prime indicate derivatives with respect to t. As before we
can distinguish between the partial direct effects of t and the effects

channelled through induced changes in equilibrium prices.

More prec1sely, the relations (5.1) = (5.10) and (5.13) deflne all

the other variables as functions of P and t, and Py is in turn a function
of t due to (5.11). The partial direct effectsof t are expressed by the
partial derivatives vit@ respect to t. Since all other prices (wages) are
functions of Py only, price changes can be represented by the change in Py-
Effects of price changes can therefore be expressed by partial derivatives
with respect to P- A subscript t indicates direct effects, and a subscript
P indicates effects of price changes. For instance bt = db/3t and
bp = 8b/3p1.

The gainin terms of an increase in real disposable income obtained by
a worker in occupationm i, 8;> is made up of the direct effect of t, 8i¢?
and the effect from price changes, gip' Differentiating the welfare function
and making use of the average marginal utilities of income
X = IE Ay f(a)da/N1 and XZ = fg Xzf(a)da/NZ, we can express the marginal effect
of t on welfare by

(5.23) W' = dW/dt

- 1] - ' |
Nl( X,P; *+ (1 t)v1 v, * bt + bppl)

3 - v - v o ' “NlaY at
+ XZNZ( X 0P; * (1 t)v2 v, * bt + bppl) D(a) a
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where the last term obviously vanishes due to (2.11). We obviously have

that

(5.24) 8¢ "~ ¥ *bo

(5.25) 81p © (=x,, + bp)pi + (l-t)wi,
(5.26) Byp * " Wy * b,

and

(5.27) vgzp =(-x12 + bp)pi + (l-t)wé.

Real income effects here include changes directly in income as well
as real income effects of price changes.

Let us define

! y)
I AR TRl Y-S
dw -n
2 21
(5.29) A2 (1 -1¢t) E;I X5 (1 -1¢t) sz X1

which are the real income effects from a one unit increase in plvhen
the effects on wages as well as the real income effects of a higher
commodity price are taken into account. Let us then find the partial

effect of P, on b. From (5.13)

b + plx% + xg = tlel + thwz

we find that

2 dwl dwz
(5.30) bp +x) = tN13;;-+ tNﬁEE;'+ twy 3N1/3p1
dwl dw2
+ twl(aul/all)(l - t) 3;; + cwl(aul/ab)bp + tw1(3N1/312)(1 - t) E;I
dwl

+ :wz(-anl/apl) + th(aNz/ab)bp + th(-aNl/aII)(l -t) 5;;



+ th(-aNI/aIz)(l -t) —.
Let

3N1 3N1
ne 1+ (e - v/ =1 - t(w - v )(31 ﬁ;)

We assume that n > 0 which rules out the possibility that a one unit lump
sun transfer from the government may generate a more than one unit increase in
tax revenue.

Hence

bon = culm- + r.nzm- -3} + e(v) - W)W /3p,

dw «
I
+ t(w1 - wz)(l - t)(aNl/all) E;_ + t(w, - vz)(l - t)(aNl/BIZ) p

1 1
n -n ’
- 22 21 _ 8 - - - :
(tNI sz M th sz xl) + t(Vl vz)( x113N1/311 xlzaq{axz,
N oN. -n
1 22 1 "1
+ ?(Vl Vz)(l - t) ETI K;; + t(vl vz)(l t) 312 sz .

where (2.18), (5.20) and (5.21) have been invoked. Moreover,

(5.31) bpn = t(w1 - vz)AlaNllall + t:(w1 - w.wZ)AZE)Nl/E)I2
* n -n
22 21 . _ g
* tN1 sz vt sz N2 *

Making use of (5.11) wve see that

n -n
22 21 . _ g
(5 -32) tNl Kx— + t Ax Nz xl
2 2
n -n
22 21
tN, i, " 'R, Ny = x) + Nyxpy + Nx) 9
n n -0 -n
I A
2 2 2 2
. n
- _ _ %22 s
NiA) =N, - x) + N o ax, *Maax,



- 38 -

) ar)|
= -Nj&) = N4, = x4 () +my,) Ax, +@y, + ny,) ix,
-n n -n n
11722712921
= N4 - WAy =Xt Ax,
: Ax. X
=N.A - NA. - x. + —22

171 272 1 Ax

=N4) - N4,

where (5.19) has been invoked. Inserting this result into (5.31) we get

1
(5.33) bp -;((-Nl + t(v1 - VZ)BNI/BII)A1 + (-N2 + t(w1 - vZ)BNI/BIZ)AZ).
Rewriting (5.25) as

= - - L
(5.34) 8; (-x,, + bp + (1 t)dwlldpl)p1

P

and substituting from (5.33), we get

) = - - - 1
(5.35) g1p (8, Az)(N2 t(w, vz)BNl/BIZ)pI/n.
In an analogous way we find that
(5.36) gzp = (A1 - Az)(-N1 + t(v1 - vz)BNI/BII)pl/n.

Let us then find the partial effect of t on b. From (:5.13),

g 8 .
b + plx1 + x, tval + thwz,
we find that
BNI
3N1
+t(w1 - vz) ET; (-vz)

where we have recalled that N1 + N2 = 1. Substituting for bt in (5.24) we

obtain
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(5.38) 81y = " (v1 - vz)(N2 - t(v1 - vz) aNl/alz)/n.
In an analogous manner we obtain

(5.39) 8yp = (v1 - vz)(-N1 + t(w1 - vz)aNl/all)/n.
We can now express the total effect on welfare by

; ' =13 - -
(5.40) W= = [XGN (N, = t(w) = w))3N,/31,)

+ AN (N, + t(wy - w,) AN, /31,) ] ((4) - 8,)p; = (W) = v,))
or shorter
(5.41) W' = k((A1 - Az)pi' - (vl - vz))

where k is the expression in square brackets in (5.40) divided by n.

If ve are only interested in the sign of W' as we are when we want
to know whether a piecemeal. tax revision is welfareaugmenting or not,
we see that the price effects which are generated by the tax reform can

be neglected if and only if

5-42 - ' - - = -
( ) sgn ((A1 Az)p1 (vl wz)) sgn (w2 vl).
Since we obviously have that

5 - L -
(>.43) APy T ¥ Wy T AP T B T gy

(5.42) is equivalent to
5.44 - = -
( ) sgn (g, = 8,) = sgn (v, = w,).

From (5.35) and (5.38) we find that
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(5.45) §, = (8,p] = 8,p] — v + vz)[n2 - t(v, - vz)anllaleln
= (g - gz)[Nz - tlw, - vz)anllalzlin

due to (5.43). The expression in square brackets is obviously positive

and g1 and g, ~ 8, have the same sign. Condition (5.44) is then equivalent to
(5.46) sgn g; = sgn (vz - vl).
We have assumed that market conditions are such that w1> vz. We shall now

explore whether g > 0 can be ruled out. From (5.35),(5.36),(5.38) and
(5.39) we find that

(5.47) g, = g, = Y8
1t . T 1 1,
8;pp =8P T W+,

where y is defined by the last equation, and
(5.48) Byp = Y8y

We easily see from‘(5;38) that 81 0. Hence if vy > 0 a positive g, can
be ruled out. First we shall make the important assumption that the market
for commodity 1 is stable in the sense that the excess supply of the commodity
is an increasing function of the commodity price when all effects of that
price on equilibrium prices (wages) in other markets are allowed for. In
other words we take into account that the excess supply function is a func-
tion of Py also through the relations between w - and v, and P;-

We write the demand for commodity 1 as x, vhich is expressed by the
right hand side of (5.11) where Nl is given by (5.10). The supply side can
be described by the relations (5.2)-(5.9). Taking commodity prices (p1 and pz)
and factor endowments (N1 and Nz) as given these are eight relations which
determine x; (and Xys Oygs DOpps DOpps0y9,W; and wz). We denote the supply of

x; by xi. This model is well known from international trade literature. We

can write the supply of X, as

8
(5.49) x; (pl,Nl,Nz)-
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Obviausly

s
1

apl

9x

(5.50) >0

The effects of changes in Nj (and Nz) are easily found by appealing to the
Rybczynski - theorem. Since sector 1 is the more intensive user of labour

belonging to occupation 1, it follows that

s s
3x1 axl

(5.51) —_>0, <0
anl aN2

Recalling that N2 =1 - N, and that Nl is related to prices through (5.10),

1
the supply of commodity 1 has been related to P;- Let us use the notation

(axlap)[u to denote a compensated price derivative (or Slutsky derivative) where
u indicates that the utility level is fixed. Differentiating the excess

supply with respect to p; we get

S
N
5.5 a_ - o x; o Wy g . N gy,
. 3p, 1% 3N 31 v 31 v
1 1 1 P; 2 P;
x> 3N g 3N g 3x°
.1 ( 2 Z1p L 2 2p ) .1
3N, 3L, ol 31, bl 3p,
9x ax g 9x
s § 1§ IS § Us U Iy ¥
1y 31 ' Z,
P1 |u 1 P P |u
%12 By W, g, W, gy,
K a1 ' 11 5; St R
2 P 1 P 2 Py
_, Mg M By
12 : 12 ;
31, p} 31, p;
] Tox x>
3p1 u apl u apl
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where the inequality reflects the increasing excess supply assumption and

8 8

ax; N, x N, oz, 3N, 3,
G.33) " * ! T T T %12

N, I, 3N, I 3L, 31, 31,

x> N ax> 3N ax N aN
(5.56) X S St Sl S ¥ I e S

. 2 2 11 12
N, 3I, 3N, oI, a1, a1, a1,

Also differentiating the equilibrium condition x> - xg = 0 with respect to

1
t we get

%,

apl

M + N
2
u apl

d
(5.55) It (x; - xi) = Elgl + 5282 - (N1

which is equivalent to

. ' . '
(5.56) ( 8t E232:)/’1 * (glglp NS g2p)/pl

) s
ox 9x X
- N 11 + N 12 - 1 =0
1 2
?P; [u P [u 9Py

Combining (5.52) and (5.56) we can conclude that

. o
fglglt * E28y <0 ifp; >0

(5.57)
58 * B8y >0 ifpy <0

Using that B1e = Y8 and g, = Y8, (from (5.47) and (5.48))we can write
instead that

Y(E;8; * E,8,) <0 if p{ >0
(5.58)

. .
(Y58, + E8)) >0 ifpj <0

Let us then recall (5.55). Since the direct Slutsky derivatives are negative

and axifapl > 0, we see that
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1 . '
Elgl + 5282 <0 if pl >0
(5.59)
s '
5181 + 5282 >0 if pl <0

From (5.58) and (5.59) we can conclude that y > 0, and (5.46) is satisfied.

Proposition 5.1: Under stability asswmptions induced price changes zan be

neglected at the margin when tax revisions are considered.

5.3 The effect of a commodity tax

Let us consider the introduction of an excise tax, s, an commodity 1
under the assumption that the income tax has already been optimized. What
are the effects of such a tax? We first observe that the relations (5.6)
and (5.7) are unaffected so that the same relations hold between v, and Py
and v, and P where P is now the producer price of commodity 1. The
effects on the wage-rate will then occur only through the effect on P;-

In (5.11) - (5.13) and (5.22) Py is now replaced by P; *+s which is the
consumer price of commodity 1. In general p; now becomesa function of s and
t. It is useful to express b as a function of Py, t and s: b(pl,t,s).

We can then derive the welfare effect of changing s marginally away from

zero. The welfare function (formerly (6.22)) is now expressed as

(5.60) Velvip +s,0-t)w + b(p,,t,5),a,1)£(a)da.

1]

+
o~ w1

V (p; + 8,(1-t)w, + b(p),t,s),a,2)i(a) da.

Since t is at its optimum initially, we can apply the Envelope Theorem to

derive

aw 3w dp; W b
+ + .

a(p1 + 8) Bpl ds 3b 3s

(5.61) -d— =
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But we know already that at the initial tax optimum a change in 121 has no
effect on welfare. So the second term vanishes. Hence
aw W aW 3b

(5.62) - + —_——
ds 3(p1 +s) ob 3s °

We easily see that

oW

(5.63) —_— == Nyx,, - A N,%,,-
3(py*s) ! 2

The budget constraint of the goverment now becomes

(5.64) b+ (p1+s)x% = cwlNl + thNz + sx;.

Let bs = 3b/3s. Differentiating at the point where s=0 we find that

g =
bs + x5 twlaNllas + thanzlas + x
and further
(5.65) bs = t(w1 - vz)aNllas + le11 + Nlez

where (5.1) and (5.11) have been employed -
Using

N1 = Nl(p1 + s, (l-t)v1 +b, (l-t)w2+b),

we find that

oN oN oN oN aN
95 311 812 311 312
Inserting (5.66) into (5.65), we get
aN oN oN
1 1..~1 1 oN:
(5.67) b, = (1-t(w,=vw,) (—= + —=)) (t(w,=w.,)(~x,, —— =x 1
s 1 72 a1 a1 1 72 11 31 12 —) +N1x11+N2x1:
1 2 1 aI2

where the inverse expression has previously been denoted by 1/n. Making use
of (5.63) and (5.67) we find that
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. N, an,

-1 oW .

= A N (oxp g+ S(e (e =wy) ( o 12 7, + Nyxp #Nox;5))
1

N oN
1 9

- 1 1
* Mgy (=xp o+ = (B0 =) ("‘11"311' X2 """ar}*“lxu*"z"lz))

dw

(5.68) s

It follows that

- N,
(5.69) Dy - Alul[-xll(N1+N2) + xllt(wl-wz)

311

N, aN, Ny
+ x el mwy) 3T, t(w=wy)x 3T, t(w wo)x i,

- N
1

Nyxp 5%, 50 + AN [=x) (N 4R + (v )x,, 1,

oN oN aNl

1
12 3T, tlw =wy)x;g 5] " t(wy=wy)x, ) 31,

+

+ t(wl-wz)x
* N3, ¢ Noxg,]

- oN i
1
AlNl(-N2+t(wl-w2) 33; )(xll-xlz)

3N
- 1
AN, (Ny =t (w =w,) _311)("11"‘12) .

+

Then taking . (5.40) into account and recalling that dW/dt = 0, we obtain

(5.70) %". = 0.
s s=0

Hence we can state:

Proposition 5.2: Provided that there is an optimum income taxthere is
no need to employ commodity taxation.



- 46 =

E. CONCLUDING REMARKS

This paper has been concerned with the role of endogenous wages and
prices in tax analysis. The subject has been studied within a model which
has focused on the choice of occupation aspect of labour supply rather than
the traditional free choice of working hours. 1In other respects the set-
up has been similar to that used in earlier studies of the endogeneity of
wages. (Feldstein (1973) and Allen (1982).) There are constant returns to
scale, two market determined wage rates and a linear income tax. Both a
one-sector version and a two-sector version of the basic model have been
analysed. The latter version is closely related to the famous two by two

model of international trade theory.

The paper has analysed the incidence effects of increasing the progres-
sivity of the income tax. This would lead to an unambiguous redistribution
of income which, however, would be modified by the induced general equilibrium

effects on wages.

Central features of the model are the close relationship between the
distributional effects and the effects on effiency, and the similarity between
direct tax effects and the effects of induced wage (and price) effects. The
behaviour of the workers is essentially governed by the income distribution
between occupations. A reduction of income discrepancies through taxation
directly reduces effiency via the labour responses to the very change in
income distribution. The induced wage (and price) changes affect the economy

in exactly the opposite direction, but to a lesser extent.

The very important implication is that if the direct redistributional
effect is more (less) highly valued from a welfare point of view, than the
direct effect on efficiency of a slightly more progressive taxation, so is the
ultimate general equilibrium effect on distribution as compared to that on
efficiency. Hence the main finding of the analysis is that, within the
economic setting under survey, induced wage and price changes may be neglected
in assessments of piecemeal tax revisions. This result differs from the
conclusion of Allen (1982) that within a model of free choice of working hours
allowing for general equilibrium effects on wages may be vital. The different

results highlights the roles of different assumptions about the labour market.

The analysis is limited in a number of respects. Only two occupations
have been considered. There is only a very simple tax structure. Ability

has been treated as one-dimensional. Only one aspect of labour supply has
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been modelled. In reality the labour supply side is very complex and involve
a number of decisions with respect to the number of household members taking
a job, working hours, education, willingness to take responsibility, choice

of occupation, etc. All these aspects seem to have a claim for interest
although the scope for the various choices may differ between different
economies. But at the present stage of research partial analyses of the
various aspects in connection with tax theory seem likely to give more insight
into the relevant mechanisms than a simultaneous treatment of a mixture of

aspects, although a synthesis may well be the proper aim in the long run.

Until now general equilibrium effects on wages and prices have received
little attention in normative tax theory. Yet, it may not be fair to blame
the research in public economics for neglect in this respect. On the contrary,
it may well have got priorities right by first developing optimum and tax
revision theories under simpler assumptions. It seems important, however, to
become increasingly aware of the incidence and efficiency aspects of tax

induced general equilibrium effects on wages and prices.

NORGES HANDELSHO Y SKOLE
BISLIOTEKET
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Footnotes

*)

A first draft of this paper was presented at the Summer 1982 meeting

of the Yrj6 Jahnsson Foundation Study Group on Public Economics. A second

version was presented at the 1983 meeting of Nordic economists at Hanke.

Comments by Avinash Dixit, Agnar Sandmo, Matti Tuomala and seminar parti~

cipants are gratefully acknowledged.

1)

2)

3)

4)

5)

For an introduction to optimum tax analysis, see for example Atkinson
and Stiglitz (1980).

According to Feldstein (1976, p. 77) "Optimal tax reform must take as
its starting point the existing tax system and the fact that actual

changes are slow and piecemeal."

Allen (1982) distinguished between direct effects via the fiscal system

and general equilibrium effects due to changes in pre-tax wages.

But even in such instances there may be an element of economic compensation
to the marginal individual. For instance a sportsman's career is usually
short and risky (in terms of success or failure and physical injuries)

and may require a number of sacrifices in other respects.

Feldstein (1973) obtained the necessary degree of freedom to keep wages
fixed at the no-tax equilibrium values by giving up theexpansion. path

condition.
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Evaluation of Public Projects
under Optimal Taxation

VIDAR CHRISTIANSEN
Norwegian School of Economics and Business Administration, Bergen

1. INTRODUCTION

The seventies have seen a revolt against the conventional cost-benefit criterion which
simply sums up and compares the costs and benefits of a project without caring who benefit
and who bear the costs. As an alternative the use of weighting systems has been proposed
by which different weights are given to benefits obtained and costs incurred by persons who
differ with respect to income level and possibly other characteristics which are assumed to
bear strongly on welfare. There have, however, been conflicting views on the matter. One
argument has been that the attainment of distributional ends should be the responsibility
of tax policy and should not be allowed to interfere with the assessment of government
projects.

Hylland and Zeckhauser (1979) have recently given a valuable contribution to the
theoretical clarification of this issue. They showed that under certain assumptions (in their
own words): distributional objectives should affect taxes but not programme choice or
design. The purpose of this paper is to analyse the same question within a more general
economic setting and using a different analytical approach. The more precise purpose is to
establish conditions under which the conventional cost-benefit criterion (that sums up
unweighted net benefits and neglects tax distortions') or a simple modification of it is valid
in the presence of distributional objectives and second best taxation. Hylland and
Zeckhauser showed that certain assumptions are sufficient to permit the use of the
conventional cost-benefit criterion in the presence of optimal income taxation. This paper
derives conditions which are necessary and sufficient for this criterion to be valid under the
same tax system. In general it extends the analysis to the case of mixed income and
commodity taxation. It aiso tries to give more attention to the economic content of the
formal results.

It should be made clear that the project considered in this analysis is of the public good
type. A related strand of analysis is concerned with the social evaluation of publicly
provided goods which are sold in the market at tax-distorted prices or market goods used
in the public sector. The literature started by Diamond and Mirrlees (1971) has
established that when optimal commodity taxes are in operation, private sector producer
~ prices are appropriate public sector shadow prices for such goods even when distribution
matters. Thisis animportantresult which could do a lot to simplify cost-benefit analyses in
the public sector. The Diamond and Mirrlees paper also presented an optimality rule for
the provision of public consumption in the presence of taxation (Diamond and Mirrlees,
1971, Section IX). But no attempt was made to derive conditions which would allow the
use of simple cost-benefit criteria in this case. So this is the problem to which we address
ourselves. We shall return to the relationship between the evaluation of public goods and
that of market goods at the end of the paper.

Section 2 describes the economic setting within which the cost-benefit analysis is to be
analysed. Section 3 presents the cost-benefit problem. The main analysis and results
appear in Section 4, while a more special case is dealt with in Section 5.
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448 REVIEW OF ECONOMIC STUDIES
2. THE ECONOMIC SETTING

We consider a population consisting of a continuum of individuals who differ in their
earning ability, a. a is then a continuous variable which is taken to be nonnegative. The
distribution of individuais by ability is given by the exogenous density function f(a). For
convenience the size of the population is normalized at unity.

There are four commodities, two private goods, work effort (i.e. hours of work or a
more complicated measure), and a public good. All individuals have the same utility
function u(y, x, g, h) where y, x are the amounts of the two private goods consumed by the
individual, g is the amount provided of the public good, and # is his work effort.

The wage rate faced by an individual is equal to his exogenous earning ability. Let ]
denote his gross income. Only earned income is considered, so that

I=ah. (1)

T(I) is the income tax imposed on a person earning I, and T' =dT/dI is the marginal
taxrate. Producer prices are assumed fixed. Commodity y is untaxed and serves as
numeraire with its price set at unity, while a unit tax r is imposed on x. g denotes the
consumer price, and p the producer price of x. By definition:

q=p+t. 2)
It follows that the budget constraint of an individual becomes:
ah-T(ah)=y +qx. 3)
Using (3) to substitute for y, the utility function can be written as
u(ah ~T(ah)~qx, x, g h)=v(h, x). (4)

Each person is assumed to maximize his utility function with respect to & and x taking his
~ ability, the shape of T, the price g, and the provision of the public good as given. This ieads
to the familiar first order conditions: '

vh=ua(l=-TY+u,=0 (5)
Ve =—qu,+u, =0 (6)

where subscripts denote partial derivatives with respect to the appropriate arguments.
Second order conditions are

v <0, (7N
|A|>0 where A= [:"" :'“] . (8)
xh xx
The following demand functions and labour supply function are implied:
y(a, q, 8) : 9)
x(a, q, g) (10)
h(a,q, g). (11)

The functional forms obviously depend on the shape of T.
The government’s objective function is taken to be an additively separable social
welfare function:

W=I u(ah - T(ah)-qx, x, g, h)f (a) da. (12)
a=Q

u is interpreted as a particular cardinalization of the individual’s utility function which is
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selected by the government so as to reflect its distributional preferences. As [ have argued
elsewhere (Christiansen and Jansen (1978, p. 221)) that [ do not see the additive form as a
serious restriction.

The limits of integration are the same throughout the analysis. To simplify the
mathematical expressions they will be omitted in what follows. And so will arguments of
functions when convenient and where no confusion is likely to arise.

The optimal tax policy for a given public project is obtained by maximizing (12) with
respect to the income tax schedule and the tax rate ¢ taking (9)-(11) and a revenue
constraint into account. The government’s revenue requirement is

IT(ah)fda+tI.r(a)fda=g+k (13)
where we assume that g is measured in terms of the cost of the public project. k is a
constant which is zero if there is no public expenditure apart from g to be financed by tax
revenue.

For our purpose there is no need to derive detailed optimality conditions. In order to
characterize the optimal income tax we introduce a shift parameter S in the income tax
function. The effect of S on T may be of any kind. A change in § can therefore be used to
describe an arbitrary shift in the tax schedule. An arbitrary marginal shift is denoted by
Ts(I, S). hs(a) and xs(a) denote the corresponding changes in labour supply and demand
for commodity x respectively of a person of ability a. We form the Lagrangean

L=I u(ah—T(ah,S)—qx,x, g, h)fda

+,‘( J' T(ah, S)fda+:J' x(a)fda—g—k) (14)

where u is the shadow price associated with (13).
A necessary condition for optimality of the income tax (for a given commodity tax r) is
that

3L/aS = —j’ u,Tsf da +,‘j Tsfda +“j' T'ahsf da +,uj' xsfda=0  (15)

where the individual optimization has been taken account of. The shadow price u =
—-adW/ak evaluated at the optimum. Since there is a social cost to a marginal need for
government revenue u is positive. The interpretation of (15) is that an arbitrary marginal
shift in the tax schedule should lead to no change in social welfare allowing for the resulting
change in tax revenue evaluated at its shadow price. Otherwise a marginal shift in the tax
schedule could always raise the welfare level, and then the initial schedule could not be
optimal. A necessary condition for the commodity tax to be optimal as well is that in
addition to (15):

aL/ot= —I uyxfda +uI xfda +'uj T'ah,fda +;uJ' xfda=0 (16)

where h, =dh/at and x, =dx/at.
We are now endowed with the necessary tools for coping with the cost-benefit
problem.

3. THE COST-BENEFIT PROBLEM

Let us consider a government programme which implies a marginal change in g. How
should this change be evaluated in a proper cost-benefit analysis? The effects are listed
fairly easily. g has obviously a direct beneficial effect because it appears in the utility
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function. y, x and & will generally change in response to a change in g. Since v, x and £
initially are set optimally by each individual, the only welfare effect of the induced changes
in these variables is the effect of the ensuing change in tax revenue. g is financed by taxes,
and the cost of a marginal unit of g equals one marginal tax unit. These effects can be
brought out by applymg the Envelope Theorem® to (14), i.e. by differentiating the
Lagrange expression with respect to g at the appropriate tax optimum. Then we find that

dW/dg=I u.fda +yI T'ah,f da +utjngda—u. (17)

The marginal valuation of g by an individual in terms of the numeraire is
m=u,/u, (18)
m is obviously a function of a (for given g and tax policy). We can then rewrite (17) as

dW/dg =I mu,fda +u j T'ahfda +“1I tfda-p. (19)

u, plays the role of a distributive weight which varies across individuals. When discussing
distribution it is useful to establish a reference distribution as a benchmark for comparison.
We choose as reference distribution one which is such that the sum of relative shares
weighted by the appropriate distributive weights equals ». This distribution is, of course,
equivalent to giving the entire benefit to a person with distributive weight u. We therefore
rewrite (19) as

dW/dg =p I mf da +f [u, - pmfda+u j T'ah,fda +#zf tfda-p  (20)

which we can easily interpret. The first term is the welfare effect which would obtain if the
whole benefit were distributed by the reference distribution. The second term is the
redistribution effect obtained because the actual distribution deviates from the reference
distribution assumed in the first term. The remaining terms are the same terms as
explained earlier.

We assume that gross income increases with the ability, i.e. I is an increasing function
of a. This function can be inverted. It follows that we can write A(a(I)) and m(a(l)).
Under these conditions a redistribution equal to that in the second term of (20) might have
been implemented (or reversed) by means of the tax policy. Since the tax policy is optimal
and all potential gains are exploited, the gain from such a marginal redistribution must be
just offset by the cost of achieving it. To see this, consider the shift in the tax schedule
which for every person is equivalent to the change in g:

T.=-m=-u/u,. (21)

In contrast to § which was used to denote an arbitrary shift parameter, a lower case s is
used to indicate this particular shift. Applying (15), which is true for any marginal shift in
the tax schedule from the optimal one, to the shift expressed by (21), we get exactly the
equality between the redistributional gain and the cost of achieving it:

I[u,-y.]mfda = -uI T'ah,fda—y.tf xfda. (22)
Let B be the total direct benefits from a one unit increase in g:
B=Imfda=—f T.fda (23)

where the last equation is due to (21). Similarly it may be convenient to let C denote the
direct total cost which actually has been set equal to unity. Introducing B and C, and also
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inserting the resuit in (22) into (20), we obtain:

%V w=[B- C]+[ J T'a(hy~h,) fda +rJ (xg -xs)fda]. (24)
The welfare impact of the public programme is divided into two effects, each in square
brackets. The former effect is the difference between total benefit and cost in the
traditional sense, the sign of which is the conventional criterion for accepting or rejectinga
programme in cost-benefit analysis. On its own B —C has two essential limitations. It
gives the same weight to the net benefits of everybody, and it does not allow for the
distortion effects of second best taxation. To make up for these shortcomings the second
term is added. This is the difference between the effects on total tax revenue of the labour
supply and demand reactions induced by the programme and those of the supply and
demand responses to the equivalent tax revision. The former are efficiency effects of the
programme, and, as we recall from (22) the latter reflect the distribution effects. If and
only if these effects are equal, is the conventional cost-benefit criterion valid. Such an
equality might obtain by chance because of the special values of the parameters of the
economy, or because the utility function implies that the effects cancel out for each
individual. We shall in the following section investigate under what conditions this
situation will materialize.

4. WHEN IS THE CONVENTIONAL COST-BENEFIT CRITERION VALID?

Since the optimal income tax will depend on the values of all the parameters of the
economy, and the marginal income tax will be positive, we cannot expect the effects on the
tax payments of each individual to cancel out unless 7, — A, = t(x;, —x,) = 0 for all a. So far
in our analysis we have only assumed explicitly that the income tax is optimal. No
assumption has been made about the commodity tax. If r simply assumes an arbitrary
value, the condition obviously becomes h; — h, = x, — x, = 0. We therefore need to analyse
the responses of the labour supply and the demand for x. Keeping in mind that 4, and x,
are the derivatives of 4 and x with respect to the shift parameter s, we get from (5) and (6):

h, uyaT,+a(l-Tu,, T, + us, T,
e
Xs -qunyJ + uxyTs (25)
and
W[ [ 0T "
g QUyg — Uzg

A sufficient condition to ensure that h; — h, = x; —x, = 0 is obviously that each element of
the vector on the right hand side of (25) equals the corresponding element of the vector on
the right hand side of (26). Making use of (5), (6) and (21) these equalities become

Up U u
Uyg——Ung —UyaT s ~ Uyy—==+ up,—2 =0 27
Uy Uy uy Uy
and
U, Uy Ug u
Uyg™ —Uzg — Uyy— Ugyy—=0
y y Uy uy

which is equivalent to

3 ."_x)_ i(ﬁ)_
u'ay(u, “rax u, =0 (28)
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and further
1(55) =0 (28
dy \uy/ ugh

which means that for a given utility level and constant g and /1, a movement in y-direction

does not change the marginal rate of substitution between g and y. In order also to
reformulate (27), we first find T'; by making use of (21):

aT" 8 9T _ a(ug/u,)ﬁ_a(ug/uy)] _1 3 _ ,\_a(ug/uy)h
’5?3535'[ P T i 29)

where x; =dx(a(I))/dI and h; =dh(a(I))/dl. The term in square brackets vanishes
because of (28). Then substituting for T in (27) and performing some simple manipula-
tions we find that (27) holds if and only if

Hug/uy)
Y oh

We have assumed that a and [ are positively related. By definition I =ah which implies
that

——(1—-ah;)=0 (30)

1—-ah; = hda/dl > 0. (31)
Then (30) holds if and only if
a(ug/ u.\') — ~
oh O (32)

Since ug/u, is independent of 4, it follows immediately from (28) that so too is u./u,. So
the private goods and the public good are weakly separable from /. Hence u belongs to the
class of utility functions:

uly, x, g h)=n(é(y, x, g), h). (33)
Thus the combination of (28’) and (33) is sufficient to ensure that (24) is reduced to
dW
dg pw=B-C (34)

and the traditional cost-benefit analysis is valid.

Proposition 1. If the utility function exhibits weak separability between h and
combinationsy, x, g, and the marginal valuation of g in terms of the numeraire is independent
of y and x as long as g, h and the level of utility is constant, then it is always permissible to use
the conventional cost-benefit criterion B > C(B < C) for accepting (rejecting) a public project
even if there is an arbitrary commodity tax, and even when distribution matters, but is taken
care of by optimal income taxation.

If consumers were identical or distribution simply did not matter, a uniform head tax
would be the optimal tax, there would be no distortions, and the conventional criterion
would, of course, always be adequate.

Let us now briefly consider the case where the commodity tax is zero. Then x vanishes
from the government’s budget constraint. Also when prices are given, the private goods
may be aggregated in the utility function to be represented by the disposable income used
to purchase these goods. Let us denote disposable or after-tax income by Y=I-T([)=
y +qx, and write the utility function as u(Y, g, h). (For convenience the old function
symboi u has been retained.) We can now perform exactly the same kind of analysis as
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above. The only difference will be that we are no longer concerned with what happens to .
What we do may be conceived of as leaving out x and substituting Y for y. So whether the
conventional cost-benefit criterion is valid or not only depends on whether or not the term
(hg — h,) vanishes. It does if and only if (27) hoids (with subscript y now referring to Y),
which is tantamount to (32) being satisfied. Hence it can be stated:

Proposition 2. It is always permissible to use the conventional cost-benefit criterion
when distribution matters and is taken care of by optimal income taxation, and there is no
commodity taxation, if and only if the utility function exhibits weak separability between h
and combinations of Y and g.

Now if the utility function is weakly separable between private goods and the public
good taken together and work effort, it has very interesting implications. It has been
shown by Atkinson and Stiglitz (1976) that this implies that an optimal tax system will
include no commodity taxation (possibly apart from a uniform tax rate which is equivalent
to an income tax), so that ¢ =0 is optimal. Obviously it also implies that the separability
condition of Proposition 2 is satisfied. Once again (24) reduces to (34). Hence the
conventional cost-benefit analysis holds if the utility function is weakly separable in the
sense defined above and the overall tax policy is optimal.

Apparently distribution effects are neglected in (34), but this is only apparently. What
happens is that in the presence of (33) and optimal income taxation distribution effects are
just offset by the (in)efficiency effects of labour (dis)incentives. Both distribution effects
and (dis)incentive effects are properly allowed for, but they happen to cancel out under the
present conditions. Thus (33) and optimal income taxation permit us to use the con-
ventional cost-benefit criterion without being guilty of neglecting income distribution
effects.

The nature of the distributional objectives, expressed for instance by the degree of
inequality aversion, will not affect the form of the decision rule set out above. But this is
not to say that the choice of projects is unaftected by the distributional objectives since the
valuation of benefits by the consumers (expressed by B) in general depends on the
distribution of income. This would of course also be true if lump sum taxes were available.

5. A MODIFIED COST-BENEFIT CRITERION

So far we have considered an arbitrary commodity tax and the case where ¢ = 0 is optimal.
By assuming in general optimal design of both commodity and income taxation one might
hope to find ways of deriving meaningful characteristics of wider classes of utility functions
which allow the use of conventional cost-benefit analysis. However, since both kinds of
taxes in general depend on all parameters of the economy, this turns out to become very
difficult, and no further resuits to that effect can be reported.

It turns out, however, that under certain conditions the general second best cost-
benefit criterion can be simplified in a way which leads to a modified version of the
conventional criterion. As was briefly discussed in the introductory section a simple
cost-benefit criterion for private goods is obtained by using producer prices as publi..sector
shadow prices in the presence of optimal commodity taxes. We shall now consider how an
analogous modification of the conventional cost-benefit criterion is valid under certain
conditions in the case of a public good.

To provide a link between the private good case and the public good case it is
convenient to give the case to be deait with a particular interpretation in terms of
production of basic goods. As shown by Sandmo (1973) a public good can often be
considered as an input which is used together with private goods to produce some kind of
basic good. A standard example is road travelling being produced by means of road
services and privately purchased commodities such as cars, petrol, oil, tyres etc. We shall
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consider the case where each consumer enjoys two basic goods in amounts y and =. v is
itself a private good. z is produced by means of a private commodity in quantity x and a
public good in quantity g. The production function is given by

z2=2z(x,8) (35)

where 3z/dx = z, >0 and 3z/dg = z, > 0. In other respects the assumptions are still those
made earlier in the paper. Formally the only difference from the previous analysis is that
the utility function formerly expressed by (4) is now written as

u(ah —T(ah)-qx, z(x, g), h) = v(h, x) (36)

The optimality conditions of an individual are essentially those derived in Section 2. In the
present formulation they become .

vh=ua(1=-T)+u,=0 (37)
U = —quy, +u,z, =0. (38)

It is useful to note that at this optimum
L —=——=g—, (39)

In the previous section we considered the shift in the income tax schedule which was
equivalent to a change in g. In this section we shall instead make use of an equivalent
change in t. Let us therefore define At as the change in ¢ which is equivalent to a one unit
increase in g in the sense that it confers the same direct benefit on everybody. At thisstage
we obviously encounter a problem. ¢t and At are required to be the same for everybody.
But in general such a uniform A¢ may not exist. We therefore have to impose such
conditions on z(x, g) as will allow the utility effects of a marginal rise in g for all consumers
to be equalled by the utility effects of a suitable change in the unit tax r which is the same for
everybody. By definition

U;Zg = —uUyx Al (40

The left hand side is the direct benefit of increasing g, and the right hand side is the direct
utility effect of a commodity tax change. Combining (39) and (40) we find that

At=~qzy/z.x. (41)

Since Ar must be the same for everybody, it can only depend on factors which ali
consumers have in common. q and g are such factors, but x will vary between consumers
with different income. Hence we see from (41) that we must impose the condition that
24/ 2:.x only depends on g (and not on x):

2e/ 2.x = @(g). (42)

This is a partial differential equation which can be solved to obtain
z=y(P(g)+Inx) orequivalently z=Q(A(g)x). 43)

(43) defines the class of permissible z-functions. The main characteristic of this class,
which is imposed by (42), is that the marginal rate of substitution between x and g

dx Zg ., _

() =22 ¥ @ =05 @
is multiplicatively separable in the two arguments and proportional to x for given g. We
see immediately that the Cobb-Douglas function belongs to the class of functions defined
by (43) which is much wider than the class of Cobb-Douglas functions. Production
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functions from this class, e.g. of the Cobb-Douglas type, are widely used in empirical
analyses, and therefore interesting.

The total tax policy is assumed to be optimal so that both (15) and (16) hold. In the
analysis that follows we shall make active use of (16) which it may therefore be convenient
to repeat:

J-uyxfda =p.J- xfda +p.J- T'ah.fda +””J- x.fda. (16)
The effect of g on W is found in exactly the same way as before. We have that
dW/dg=J- u.zqfda +p.J- T'ahgfda +p.tJ- Xgfda —p (45)

which is equal to (17) except for the fact that g is now assumed to work through z. Our
purpose is now to show how this cost-benefit expression can be simplified under the
assumptions that have been made. First substituting from (40) into (45) and then invoking
(16) and (41), we obtain

dW/dg = qu ? fda—p+ u:f (xg —xADfda+p j T'a(hy —hAt)fda.  (46)

(xg — x.At) is the effect on x of combined changes in g and ¢ where the change in ¢ is the one
which exactly offsets the direct beneficial effect of the change in g* (h, —hA,Ar) is the
corresponding effect on k. For short we use the notations x’ and 4’ for the respective
effects. z' and y’ are defined equivalently. To find these effects we have to use (37) and
(38) which determine the optimum choice of an individual. We will show that the effects
which satisfy (37) and (38) are:

y'=0, h'=0, x'=- and hence z'=0, 47

e
L] 'm'

(47) implies that no argument in the utility function u(y, z, ) is changed, and we
immediately see that nothing is changed in (37) which thus remains satisfied. (38) is
equivalent to q/ z, = u,/u,. Obviously nothing is changed on the right hand side. The only
thing which remains is then to examine what happens to the left hand side. Differentiating
q/z. and taking into account that dq = —At, we find that

d(zi) - z,(—At)—Zgzux’ﬂ,,) dg ___q(zg/:c)+qz“2(2.,/z,)—qz,,,dg
x x Zx

which is obtained by making use of (41) and (47). From (43) we find

(48)

' rl 1 " ’ 1
Zg‘—'lﬂ @ zx=w;r zu=?(w -w)v zxg=¢”‘p;-

By inserting these results into (48) we obtain

i =q¢ r "— '- ” -
d(z‘) 2T U=y ~udg =0,

Thus the left hand side is also left unchanged, and we have shown that (47) satisfies (37)
and (38). Combining (46) and (47) we now obtain

dW/dg=pq [ = fda —ut [ 2 fda-u

=u(q-t)J'?fda—u
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or slightly reformulated:

aw

dg
This is the total welfare effect of a marginal increase in g measured in terms of government
_revenue. The expression is easily interpreted. —1 is simply the subtraction of the direct
cost of one unit of g. z,/z, is the marginal value of g to a consumer in terms of x. Itis the
change in x which is equivalent to a one unit change in g. In the conventional cost-benefit
criterion this marginal equivalent would be evaluated at the consumer price of x for every
consumer, and the total value would then be calculated by taking the integral over all
consumers. In Samuelson’s famous formulation (Samuelson (1954)) the comparison is
between the marginal cost of the project and the sum of marginal rates of substitution:
| (ug/ uy)f da, which in this case equals | q(z/z.)fda. We see that (49) equals the
conventional cost-benefit criterion except that the producer price of x is used instead of the
consumer price. Thus (49) is simply a modified version of the conventional cost-benefit
criterion.

u=Jp§Sfda-1. (49)

Proposition 3. With the utility function u(y, QUA(g)x), h), optimal income tax and an
optimal unit tax on x, a cost-benefit assessment of increasing g can be carried out by means of
the conventional cost-benefit criterion except for the modification that x is evaluated at its
producer price.

This means that if the petrol tax were imposed only for fiscal and distributional
reasons, and (43) described the technology of road travelling, the benefit arising if a road
improvement lowers the use of petrol is the amount of petrol which is saved evaluated at
the petrol price net of tax. The fact that the kinds of technology very often assumed in
applied work belong to the class defined by (43) seems to add some flavour to our result,
although it must be admitted that the basis for making such assumptions is sometimes
rather weak.

Our result implies that the conventional cost-benefit criterion evaluating x at its
consumer price overestimates the social net benefit of a project when ¢ is positive, and
underestimates the social net benefit when ¢ is negative, i.e. there is a subsidy.

The result would hold if there were also n other commodities on which unit taxes were
imposed and which entered the utility function in addition to y, z and A. It is important,
however, to notice that in the analysis ¢ is only imposed for fiscal and distributional
reasons. If t+ were imposed to charge consumers for social or external costs, our resuit
would not hold. This is presumably the case with the petrol tax, which is partly levied to
charge the drivers for the cost of providing road services.

We have seen that under optimal taxation and the existence of a commodity tax
change which is equivalent to an extra unit of a public good, the social benefit from an extra
unit of the public good can be found by evaluating the equivalent change in the
consumption of a market good at its producer price. Itisinteresting to observe thatthisisa
result which is indeed closely related to the result that market goods should be evaluated at
producer prices when commodity taxes are set optimally. Thus the two strands of analysis,
concerned with market goods and public goods respectively, are brought together under
certain conditions.

6. CONCLUDING REMARKS

The present article has established conditions which permit the use of the conventional
cost-benefit criterion or a simple modification of it even when the cost-benefit analysis is
carried out in a second best economy where distribution matters. The conditions are
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separability properties of the utility function or properties of the technology available for
producing basic goods, and optimality properties of the tax policy.

The analysis has a number of limitations. The individuals of the society differ only in
one dimension, and ¢onstant returns to scale prevail so that producer prices are constant.
(These are limitations which the present analysis has in common with the bulk of literature
on optimal taxation so far.) Intertemporal problems of taxation have not been considered.
Nor have the special problems raised by the combination of a national tax policy and the
provision of local public goods.

The results of the analysis show that there are interesting cases in which it may be
possible to simplify the cost-benefit analysis considerably even though' the second best
cost-benefit criterion in general is quite complicated. The limitations of the analysis show
the need for further extension and generalisation of this work.
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Agnar Sandmo, Nick Stern, Steinar Strem and Paul Weller. Most valuable comments and suggestions from two
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NOTES

1. Public projects will generaily induce changes in the use of taxed commodities which tend to increase or
reduce the amount of inefficiency due to tax distortions. [tis these effects which are neglected by the conventional
cost-benefit criterion.

2. About the Envelope Theorem see for instance Dixit (1976, pp. 24-30).

3. Note that this change in ¢ is ~A¢, where A¢ is determined by (41) so that dg = —Ar.
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