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Abstract

This paper deals with optimum commodity taxation in Becker’s (1965)
model of the allocation of time. While the existing public finance literature
emphasizes the role of cross elasticities with leisure, I find that the optimal
tax system crucially depends on factor shares and elasticities of substitution
in household production. In the special case of Leontieff technology, the op-
timum tax rule depends solely on factor shares and, furthermore, this simple
rule maintains the first best allocation. The Becker approach implies, for
example, that the social optimum involves a preferential tax treatment of
consumer services and possibly even exclusion from the tax base.
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1 Introduction

The theory of optimum commodity taxation was given its modern form by the
seminal contributions of Diamond and Mirrlees (1971a,b). Using the emerging
duality methods and results in general equilibrium theory, these authors provided
a powerful framework to study the properties of optimal tax systems. One of
the principal features of the Diamond-Mirrlees framework is a sharp division of
consumption and production activities: households consume whereas firms produce.
While this assumption has been a very useful abstraction, it is also clear that
consumption and production activities are not so easily separated in the real world.

Indeed, as pointed out in the article by Becker (1965), utility-yielding com-
modities are never bought directly in the market but are rather produced in the
household by combining various market-produced goods and services with house-
hold time. Becker’s theory of the allocation of time has been put to wide use in
the analysis of fertility, health, labor supply, transportation and more, but quite
surprisingly this framework has not yet had much impact on the theory of taxation.
This paper argues that the Becker model is just as powerful a tool in normative tax
theory as it has been in many other fields.

The public finance literature devotes a lot of attention to the Ramsey tax prob-
lem; that is, how to set commodity tax rates so as to maximize the welfare of a
representative household, assuming that the government is subject to an exogenous
revenue requirement. The maximization is carried out on the assumption that one
good, usually taken to be leisure, cannot be taxed. In essence, this literature pro-
vides two fundamental insights. Firstly, goods should be taxed according to their
complementarity or substitutability with leisure; the stronger the degree of com-
plementarity, the higher the tax rate. Thus, the structure of optimum taxation
crucially depends on compensated cross elasticities with leisure. Secondly, as we
have barred ourselves from taxing leisure, the equilibrium inevitably involves a dis-
tortion in favor of this commodity. Therefore, the allocation will be second best,
not first best.!

This paper reconsiders these insights in the Becker (1965) model of household

production. In this setting there is no such thing as pure leisure but, rather, all

!Surveys of the literature on optimum commodity taxation can be found in, e.g., Auerbach
(1985) and Stern (1990).



utility-yielding commodities take the form of activities that require the input of
both market-produced goods and household time. I find that the structure of opti-
mal tax rates is intimately related to household production technology. By contrast,
cross elasticities in consumption, so essential in the conventional approach, play a
limited role for the optimum tax system. Furthermore, taxation does not neces-
sarily lead to a second best allocation. In the special case of Leontieff technology
in household production, the first best allocation is maintained by taxing goods
exclusively according to factor shares.

The analysis throws new light on the classic controversy of uniformity versus
selectivity in indirect taxation. Two frequently stated arguments in favor of uniform
taxation are re-examined. The first argument points to theoretical results showing
that, under certain conditions, uniform commodity taxation is the social optimum
(see e.g. Sadka, 1977). Employing a Becker approach, the present paper shows
that the conditions for uniformity to be the optimum becomes much more special
than previously thought. The second argument in favor uniformity concerns our
ignorance of the information on which a differentiation of tax rates should be based
(see e.g. Deaton, 1981, 1987). The analysis below indicates that the merit of
this argument is also weakened once we account for the presence of household
production. By imposing additional restrictions on the model household behavior,
this approach makes it possible to establish a better intuition for the structure of
optimal taxation.

Generally, goods should be taxed according to factor shares and elasticities
of substitution in household activities. The more time intensive the activity, the
higher the tax rate on market-produced inputs into that activity. And the higher
the elasticity of substitution between goods and time in a given activity, the lower
the tax rate. The paper takes a closer look on the implications of these theoretical
results for the design of real-world tax systems. For example, I find that the optimal
tax system involves a preferential tax treatment of consumer services and perhaps
even exclusion from the tax base. This policy recommendation is similar in spirit
to the numerical results of Piggott and Whalley (1998) who study a VAT base
broadening to include services. They find that such a tax reform may involve a
welfare loss as production activities shift from the market to the household.

The paper is organized in the following way. Section 2 sets up the model of



household production. Section 3 solves the problem of optimum commodity taxa-
tion, while section 4 presents revised versions of the classical propositions of nor-
mative tax theory. Section 5 then proceeds to discuss the modeling of household
production for the study of taxation. Section 6 investigates some applications of

the theoretical model and, finally, section 7 concludes.

2 A model of household production

A representative household derives utility from the consumption of commodities
Zl, ZQ, ceey Zn, i.e.

U:U(Zl,ZQ,...,Zn) (1)

Following Becker (1965), these commodities are not bought directly in the market
but are rather produced in the household by combining market-produced goods and

household time. Thus, Z; is given by

where X; denotes the input of a market-produced good and L; denotes the input
of household time in the production of commodity ¢. I assume that f has constant
returns to scale. The idea behind equation (2) is that market-produced goods are
not themselves carriers of utility but are rather combined with household time for
transportation, manufacturing and consumption purposes in order to produce some
more basic utility-yielding commodities. For example, the television set is combined
with time to watch it in order to produce the commodity “watching TV”, and food
is combined with time for transportation, cooking and eating so as to produce
“dinner”.

This concept of household production is much broader than the understanding
of the term in previous papers on taxation with household production by Sandmo
(1990), Piggott and Whalley (1998), and Kleven et alia (2000). Inspired by Gronau
(1977), the modeling of household production in these papers divides time into
three components; work in the market, work in the home, and leisure. A natural
distinction between work at home and leisure, suggested by Gronau, is that the

former is something you would rather have somebody else do, whereas the latter is



almost impossible to enjoy through a surrogate. From this perspective preparing
dinner would perhaps be categorized as work at home, whereas watching TV would
be categorized as leisure.?

In one respect the specification in (2) is less general than Becker’s (1965) the-
ory of the allocation of time. In the Becker paper X; is a vector: many different
kinds of market-produced goods can go into the production of each home-produced
commodity, and the same market-produced good can enter several different house-
hold activities. In this paper X; is a scalar, implying that each type of household
production uses only one market produced good, and that each market produced
variety enters only one household production activity. This assumption is perhaps
not appealing from a descriptive point of view, but it does make for a much simpler
analysis, while at the same time keeping the spirit of the results in a more general
model.

The optimization problem of households is most conveniently solved by sepa-
rating production decisions from consumption decisions. First, we solve for the
optimal input mix in the production of each commodity, and then we determine
optimal consumption of the n different home produced commodities. In the first
stage we minimize unit costs in household production. Setting the wage rate equal
to one for both producers and consumers (so that time is the untaxed good), this

minimization problem can be written in the following way
min ]DZ * Agi + ay; st. f@ (Clm', ali) =1 (3)

where a,; and a;; is the use of market produced goods and household time, respec-
tively, per unit of output in the production of commodity i. The after-tax price of
market-produced goods, P, is defined as the sum of the producer price, p;, and a
specific tax, t;. The solution to the above minimization problem is given by factor
intensities a,; = a,; (P;) and a; = a;; (P;), with a,; being a non-increasing func-
tion of P; and a;; being a non-decreasing function of P;. The unit cost function is
given by Q; (P;) = P; - a; (P;) + a; (P;) and, by Shephard’s Lemma, the first-order
derivative of the unit cost function equals

0Q;  0Q;
oP, 0Ot

= ay; i=1,2....n (4)

2The literature on household production is surveyed in Gronau (1986).



Thus, a tax on good ¢ raises costs in the household activity using that good, and
the increase in costs is exactly equal to the goods intensity.
Let us turn to the second stage of the optimization problem. Consumption

decisions must be made in accordance with the budget constraint

znj P X, =Ly (5)
=1

where L,, is time devoted to work in the market or, since the wage rate equals one,

total market income. In addition, decisions are subject to a time constraint
n
> Lit+Ln=1 (6)
i=1

where the total time available is normalised to one. Combining the budget con-
straint (5), the time constraint (6) as well as the solution to the cost minimization

problem, we get a single overall constraint
> Qi(P)-Zi=1 (7)
i=1

stating that the total cost of consumption, including both the cost of market goods
as well as the opportunity cost of time, cannot exceed full income, i.e. the income
that would accrue to the household if it devoted all of its time to market work.
The rational households maximize (1) subject to (7). The first order conditions
for an optimum are given by
oU
07;

where A is the Lagrange multiplier or, equivalently, the marginal utility of income.

The solution to the system of equations given in (7) and (8) yields a vector of uncom-
pensated demands Z (Q (P),y), where y denotes (hypothetical) non-labor income.
The indirect utility function is given by V (Q (P),y) = U (Z (Q(P) ,y)). The
second stage problem of maximizing (1) subject to (7) is completely conventional
and, therefore, all the standard results from consumer theory apply. In particular,

we will make use of Roy’s Identity, i.e.

ov 8
SV =1,2,...
aQZ )\ K3 ? » = 7n (9)




and the Slutsky equations

o2 _ 0%, o
oQ; 0Q; 7 oy

i,j=1,2,....n (10)

where Z; denotes the compensated demand for commodity .

How do taxes distort household behavior in this model? It is illuminating to
consider the effects of a uniform commodity tax or, equivalently, a proportional
income tax. Such a tax leads to two kinds of distortions. First, there will be a sub-
stitution from goods to time in the production of each commodity. The magnitude
of this effect is determined by elasticities of substitution between goods and time
in household production. Second, a uniform commodity tax increases unit costs
in all household production activities but, by Shephards Lemma, costs go up by
more in goods intensive types of production. As a result households substitute the
consumption of time intensive commodities for the consumption of goods intensive
commodities. The size of this second effect is determined, in part, by relative factor
intensities. In conclusion, commodity taxes induce a substitution from market time
to home time through two channels, and the total magnitude of this distortionary
effect is determined by elasticities of substitution and factor intensities in household
production. By extension, these parameters will also be crucial for the properties

of the optimal tax system.

3 The problem of optimum commodity taxation

This section solves the problem of optimum commodity taxation, assuming an ex-
ogenous government revenue requirement, 7. We impose the constraint that the
required revenue cannot be collected by non-distortionary lump sum taxes. The
benevolent government sets commodity taxes so as to maximize the welfare of the
representative consumer, subject to the government revenue constraint. Following
convention, we assume that the market sector is characterized by a linear technol-
ogy, implying that producer prices are fixed. In this case the optimization problem

can be written as one of maximizing welfare with respect to consumer prices, i.e.

max V(Q(P),y) (11)



n

st. Z(Pz'—pz‘)'&m' (P)-Zi(Q(P),y)=T (12)

i=1

The first order condition for P; is given by

v 9Q; 9Z; . 9Q;
rczj'a—pj‘*‘M'Z?:l(Pi—pi)'am'—.'—].

(13)

day 5
e (am-+(Pj —pj)- apf) Zy = 0
where p is the Lagrangian multiplier associated with the government budget con-

straint. By applying Shephard’s Lemma, Roy’s Identity and the Slutsky equations,

we can rearrange terms so as to obtain

n 87 ; Oay;
Do Qi ti-m5t b Sp

90, i’ op; ,
. T = =1,2,...,n 14
7 . j (14)
where
A — u 322’
=2 # + wi it
I dy

i=1
The parameter 6 is independent of j and can be shown to be negative whenever
the revenue requirement, 7', is positive. Equation (14) is a Ramsey-type rule. In
order to see this note — again by applying Shephards Lemma — that a,; - ¢; is simply
equal to the increase in unit costs in the production of commodity ¢ resulting from
the imposition of taxes. It is then clear that the first term on the left hand side
of equation (14) corresponds to a linear approximation of the relative reduction
in the compensated demand for commodity j, that is AZj / Zj. Analogously, the
second term on the left hand side corresponds to a linear approximation of the
relative reduction in the demand for market produced goods per unit of output in
the production of commodity j, that is Aay;/a.;. Hence, equation (14) states that
the sum of substitution effects in consumption, AZj / Zj, and production, Aa,;/a,;,
must be the same for all goods. In the simple special case of Leontieff technology
the latter term disappears, and optimality then requires that consumption of all
household produced commodities is reduced by the same proportion.

The Ramsey rule in equation (14) constitutes the most general representation
of the necessary conditions for optimum taxation, and it serves as a useful reminder

that the optimality of tax systems is ultimately related to quantities, not prices.
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However, the Ramsey rule does not provide any guidance on the structure of tax
rates. Nor is it clear from equation (14) what are the consequences of household
production for tax policy. To gain a better understanding of these issues, I will
now proceed to specialize assumptions further, in order to derive some clear-cut
propositions on tax rates. In particular, I will present revised versions of the inverse
elasticity rule, the Corlett-Hague rule, and the uniform commodity tax theorem. It
is interesting to review these results because they have received a lot of attention
in the literature, and because, as it turns out, they highlight the implications of

introducing household production in the analysis.

4 A review of some famous propositions

4.1 A revised inverse elasticity rule

In conventional models of optimum taxation, household utility is a function of n
market produced goods (which are taxed) and pure leisure (which is not taxed). As
is well known this type of framework makes for an extremely simple tax rule in the
special case of no cross price effects between taxed goods. In this case the optimal
tax rate on a certain good is inversely proportional to the own price elasticity of
the compensated demand for that good. This result is one of the oldest in the
normative tax literature and it is discussed extensively in Baumol and Bradford
(1970) as well as in Sandmo (1976).

In order to derive a result analogous to the inverse elasticity rule, I need to
eliminate all cross price effects between taxed goods X, X5, ..., X,,. In the present
framework taxed goods are not related in production, but they are related indirectly
through the consumption of home produced commodities 2, Z, ... , Z,. Clearly,
one possibility is to assume that there are no cross price effects between Z goods.
However, I will follow a slightly different route. In particular, I assume that there
exists a commodity, say Z;, which is pure leisure so that the goods intensity equals
zero. Then I assume that there are no cross price effects between all the other home
produced commodities, that is 82]-/8@@ =0fori#jandi,j=2,3,...,n.

Before deriving the optimal tax rates in this simple special case, let me define

a couple of key parameters. First, there are the elasticities in consumption and



production

_0Z; Qi _ Olagj/ay) B
=00,z T 0B agla 15)

J

where 7;; denotes the elasticity of the compensated demand for commodity j with
respect to the price of commodity 7, and o; denotes the elasticity of substitution
between time and goods in the production of commodity j. Furthermore, cost
shares in home production are given by

a . P-.a/m.
OKleﬁ, Qgj = ]Q- z apj+ o =1 (16)
j j

Using the simplifying assumptions mentioned above as well as the definitions in

(15) and (16), we can rewrite the Ramsey rule (14) so as to give

t; 0 |
- = j=2,3,...,n 17
P oy (L—auy) —0j - auy 17)

As n;; is negative and o is defined numerically, the denominator is always negative.
If the government collects a positive tax revenue, so that @ is negative, the optimal
tax rate on any good j becomes positive. Equation (17) shows that in the absence
of household production, so that a;; = 0, the model reproduces the classical result
that tax rates are proportional to the inverse of the own price elasticity of demand,
n;;- The presence of household production introduces two new effects; one effect is
related to cost shares, while the other effect is due to substitution between factors.
In the special case of Leontieff technology, that is ¢; = 0, it becomes optimal
to impose high tax rates on goods entering time intensive household activities.
If technology is not Leontieff, the optimal tax system must also account for the
substitutability between factors in different types of household production: the
lower the elasticity of substitution, the higher the tax rate.

The revised inverse elasticity rule in equation (17) serves the purpose of point-
ing out some key parameters in the determination of optimal tax rates, and it
also throws some light on the implications of household production for tax policy.
However, the derivation rests on a couple of unappealing assumptions; there is no
reason to believe that cross price effects between taxed goods are non-existent and,
in addition, assuming that pure leisure enters directly into the utility function is
at odds with the spirit of the Becker model. In the following section I drop these

assumptions and, instead, simplify the analysis by reducing the number of goods.
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4.2 A revised Corlett-Hague rule

The structure of optimum commodity taxation in a three-good economy was an-
alyzed in the pioneering article by Corlett and Hague (1953). In a model of two
market produced goods (which are taxed) and pure leisure (which is not) these
authors found that it is socially optimal to tax goods according to their degree of
complementarity with leisure. In particular, the good which is a better complement
to leisure should carry a higher rate of tax. In this section we shall see how this
result has to be revised in the present context where no such thing as pure leisure
exists.

The analogue to the three-good example of Corlett and Hague (op.cit.) is a
model with only two utility-yielding commodities (but, of course, there are three
goods: X7, Xy, and household time). In this case the optimum tax rule (14) can

be written in the following way

t (D)
(0‘:::1'7711_041'01)'?1‘*‘0%2'7712'32 = 0 (18)

t t
awl'7721‘Fll+(05x2‘7722_0512‘02)‘322 = 0 (19)

This is a system of two equations in two unknowns, ¢;/P; and ty/P,, and we can
easily solve it, for example, by using Cramer’s rule. We then divide the solution
for ¢,/ P, by the solution for ¢5/ P, so as to get an expression of optimal relative tax
rates

t/PL M Tha — a2 02 g

- ay
ta/ Py Tt =M1 — 5,7 01 Qal

(20)

We can simplify this expression further by exploiting the fact that compensated
demands for home produced commodities, Z; and Zs, are homogeneous of degree

zero in prices. This implies, by Eulers Theorem, that
N+ M2 =0 and 7y + 179 =0 (21)

By inserting equation (21) in equation (20) we arrive at a revised version of the
Corlett-Hague rule. For pedagogic purposes, let me first look at the simple special
case of Leontieff technology, that is 07 = 05 = 0, and then proceed to look at

the case of substitution between factors subsequently. With Leontieff technology
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optimum taxation takes the particularly simple form

t/ Py _ 1— oy _ Qa2
to/Po 1—apn g

(22)

Instead of taxing goods according to their degree of complementarity with leisure,
as suggested by the Corlett-Hague approach, we should tax goods according to
factor shares in household production. In particular, it is optimal to levy relatively
high tax rates on goods entering time intensive household activities.

Of course, the extreme simplicity of this tax rule depends on the assumption of
no substitution between factors in household production. Note, however, that the
distortionary effects of taxation in this simple special case are directly comparable
to the way taxes distort behavior in the traditional labor-leisure framework. To
see this, consider the effects of a uniform commodity tax system. In the model
of household production (with Leontieff technology) such a tax system distorts
labor supply by leading to a substitution away from goods-intensive consumption
towards time-intensive consumption. In the conventional models, a uniform tax
system induces households to substitute pure leisure (time intensive consumption)
for goods (goods intensive consumption). Clearly, the two effects are similar in
spirit.

The point is that the simple statement about optimum taxation in equation (22)
does not arise because the assumption of Leontieff technology kills off tax effects that
are present in the labor-leisure framework of Corlett and Hague. Instead, the result
is an implication of acknowledging that households, in reality, do not derive utility
from goods and time separately, but rather from different combinations of goods
and time. A simple additional implication of the household production approach is
that by taxing goods according to (22) relative unit costs in home production are
left unchanged. Thus, there are no tax-induced substitution effects in consumption
and, by the Leontieff assumption, there are no substitution effects in production
either. In other words, the tax system preserves the first-best allocation.

Another way of deriving the first best result is to insert the tax rule (22) in the
budget constraint of households (7). By rearranging terms it can be shown that the
tax system corresponds to a proportional tax on the full income of households. As
full income is exogenous, such a tax system is of course non-distortionary and the

first best allocation is therefore maintained.
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Finally, let us drop the simplifying assumption of Leontieff technology and take

a look at optimum taxation in the general case. By inserting (21) in (20), we get

t/Pr [Tt —5h 02| ag (23)
t2/P2 7711+7722—§—j;-01 Oz

The last term is identical to the RHS of equation (22), while the bracketed term is
new. Recall that compensated own price elasticities are negative and that elasticities
of substitution are defined numerically, so that both numerator and denominator in
the bracketed term are negative. Now there is a role for consumption elasticities in
the determination of optimum tax rates. However, the magnitude of these parame-
ters, so essential in the labor-leisure model, matter only quantitatively. While factor
shares are still important, the optimum tax system also depends on elasticities of
substitution between goods and time in household production. Ceteris Paribus,
commodity inputs into the activity with a higher elasticity of substitution should
carry a relatively low rate of taxation. In the special case of perfect substitution in,
say, activity 1 we get

lim tl/—Pl =

gi—co 1o/ Py

It is socially optimal to exclude good 1 from the tax base. At first glance this

(24)

special case may seem to be rather extreme and of limited applicability. However,
the assumption of perfect substitution is perhaps not entirely off the mark for certain

types of services. I will return to this issue in section 6.

4.3 Revised uniform commodity tax theorems

The normative tax literature has devoted quite a lot of attention to identifying
necessary and sufficient conditions for the optimality of uniform commodity tax-
ation. Some authors have analyzed this issue in terms of complementarity and
substitutability with leisure (Sandmo, 1974 and Sadka, 1977), while other studies
focus on the functional form of the utility function (see e.g. Sandmo, 1974; Deaton
and Muellbauer, 1980 and Deaton, 1981). According to the first approach, uniform
taxation is optimal if and only if all consumer goods have the same compensated
elasticities with respect to the wage. A sufficient condition for the equality of these
elasticities, according to the second approach, is weak separability of leisure and

homotheticity of goods.
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These conditions for uniformity to be the optimal solution are clearly special,
and there is no reason to believe that they are satisfied in practice. Recent papers
argue that taking into account the additional constraints imposed by the existence
of household production makes it even more unlikely that uniform taxation is the
optimum. Does this conclusion carry over to the present more general model of
household production? Can selectivity in indirect taxation be justified by the pres-
ence of home production per se? We can state the following uniform commodity

tax theorems:

Proposition 1 The optimum taz system is uniform, i.e. t;/P; = 7 for all j =
1,2,...,n, if and only if

-~ 0

E ah'r]]z—l_a']al]:—— fO’I" (Lll j:1,2, , . (25)
T

i=1

Proof. See appendix A O]

Proposition 2 The optimum tax system is uniform if and only if such a tax system

mazimizes labor supply to the market subject to the government budget constraint.

Proof. See appendix B 0

The labor-leisure model arises as a special case of the present framework if
a certain commodity, say Z;, has a labor share equal to one, whereas all other
commodities have labor shares equal to zero. In this special case, equation (25)
becomes 7;, = —0/7 which is exactly the result of Sadka (1977). In the general
case, the left hand side of equation (25) involves both cross price elasticities in
consumption as well as factor shares and elasticities of substitution in production.
Proposition 1 is easily understood when it is recognized, by proposition 2, that
uniform taxation is optimal if and only if such a tax system maximizes labor supply.
Intuitively, for a uniform tax system to maximize labor supply, the substitution from
market time to home time resulting from a marginal increase in the tax rate on a
specific good — starting from uniformity — must be the same for all goods. This
is exactly what is stated in equation (25). The first term on the left hand side is
the increase in home time resulting from substitution in consumption, whereas the

second term is the increase in home time resulting from substitution in production.
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A sufficient condition for the optimality of uniform commodity taxation is the
equality of all factor shares and elasticities of substitution, that is a; = «; and

o; = o for all i. For then the left hand side of (25) becomes independent of j:

n n
E Oéli'nji‘i_o-j'alj:al'g Ny +0-qp=0-0
i=1 =1

The last equality follows from the homogeneity of degree zero of compensated de-
mands. By contrast, when factor shares and elasticities of substitution do vary
across different household activities, the left hand side of (25) will — typically —
depend on 7, so that uniformity is not the optimum. What do we need, in terms
of functional form, to get equality of these parameters? Clearly, an assumption of
identical household production functions does not do the trick since in this case the
labor share as well as the elasticity of substitution in any given activity still depend
on the price of goods used in that activity, that is ay; = oy (P;) and 0; = o (B).
Since the consumer prices generally vary across goods then so do the a’s and the
o’s. Instead we need the much stronger assumption of identical Cobb-Douglas pro-
duction functions in all household activities. Of course, it is completely unlikely
for this assumption to be satisfied in reality and the result thus indicates just how

unlikely it is for uniformity to be the optimum.

5 Becker versus Gronau

The role of household production is to impose additional structure on the model of
household behavior, thereby making it possible to derive stronger propositions on
the optimal design of tax systems. Of course, the crucial question is what kind of
structure should we impose. While the present paper analyses optimum taxation
in the Becker (1965) framework, previous papers employ the much more specialized
structure of Gronau (1977) or, rather, an adapted version of that model. In order
to facilitate a comparison with the Gronau-type specification of previous papers, it

is useful to rewrite equations (1) and (2) so as to yield
U=U(X1,Xo,...,Xp, L1, La, ..., Ly,) (26)

In this formulation the consumer derives utility from n market produced goods as

well as n different uses of time. To arrive at the specification of previous papers,
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we need to simplify equation (26) in two ways. Firstly, preferences are assumed to

be separable in the following way

U - ﬁ(M(Xl,XQ,... ,Xi),S(Xi+1,Xi+2,... ,Xn),
H(L17L27"' 7Lj)7L(Lj+17Lj+27"' JLn)) (27)

Taxed goods are assumed to be separable into “manufactures” (M) and “services”
(S), while time is taken to be separable into “home production” (H) and “leisure”
(L). Secondly, home production is assumed to be perfectly substitutable for the

market production of services so that utility can be written as
U=U(M,S+H,L) (28)

This is essentially the specification of Gronau (1977), and it is used to study op-
timum taxation in studies by Sandmo (1990), Piggott and Whalley (1998), and
Kleven et alia (2000). It goes without saying that the assumptions of separabil-
ity and perfect substitution are quite special. By refraining from such restrictive
assumptions, the Becker framework is more general and presumably more realistic
than the Gronau model.

In addition to lack of generality, this paper suggests that the Gronau specifica-
tion does not capture (all) the features of household production that are essential
for tax analysis. Firstly, the Becker setup illuminates how optimum commodity
taxation is related to factor shares and elasticities of substitution in household
production, whereas the Gronau specification is silent about the nature of this rela-
tionship. Secondly, the Becker model downplays the role of cross price elasticities in
consumption, while the magnitude of these parameters are crucial for the structure
of optimum tax rates in the Gronau model, as in the labor-leisure models. Finally,
when some commodities are produced exclusively by household time (goods H and
L above), taxation will always distort consumption in favor of these commodities
and the equilibrium will be second best, not first best. This is not necessarily the
case with the Becker framework; in the special case of Leontieff technology it is
possible to maintain the first best allocation.

The strength of the Becker approach will become more evident as we turn to

applications of the theory in the following section.
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6 Applications

6.1 Taxation of consumer services

Previous papers on optimal taxation with household production study the tax treat-
ment of so-called consumer services; i.e. services such as house- and car-repair,
cleaning, garden care, housekeeping, child care, cooking and dish-washing. All of
these studies adopt the Gronau specification in (28) as their tool of analysis.

The papers by Sandmo (1990) and Kleven et alia (2000) find that the introduc-
tion of household production does bias the tax rules towards a relatively lenient
taxation of services but, unfortunately, in lack of information on cross elasticities
with leisure the results are not clear-cut. Employing a numerical approach, Piggott
and Whalley (1998) study a base broadening in indirect taxation to include services;
that is the imposition of equal rates starting from a tax system with a zero-rate
on services. They argue that the base broadening accompanying the introduction
of the Canadian VAT in 1990 was welfare worsening. Other CGE studies by Fred-
eriksen et alia (1995) and Sgrensen (1997) reach conclusions for Denmark similar
in spirit to those of Piggott and Whalley. But, of course, numerical results always
rely on specific functional forms and model calibration.

The above papers take as their point of departure that the home production of
consumer services is a perfect substitute for the market production of these services.
For example, hiring a domestic help to clean your house is a perfect substitute for
doing it yourself. And take-out food is a perfect substitute for a home-cooked
meal. In the context of the Becker framework, this implies that the elasticity of
substitution between goods and time is very high, perhaps even infinite. If we are
willing to accept this basic premise, my analysis leads to quite strong conclusions.
As shown in equation (24) it is then optimal to exclude consumer services from the
tax base.

Generally speaking, we have seen that consumer services should be taxed le-
niently if (i) these services are close substitutes for household labor and (ii) the
transformation of these services into utility requires little time. It seems quite un-
controversial to assume that market and household labor are very close substitutes
in the production of consumer services, indicating a low optimal tax rate on these

goods. This conclusion is reinforced once we take into account that these services
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enter into activities with low time intensities. For example, it requires very little
time to have somebody else clean the house and, likewise, picking up a take-out
dinner can be done rather quickly. In fact, the very argument for buying services
is often to save time.

Note that if the the optimal tax rate on services is relatively low, but not zero,
it may still be optimal to exclude these services from the tax base if there are
administrative costs associated with the collection of taxes as in Yitzhaki (1979)
and Wilson (1989).

6.2 Taxation of leisure goods

In the literature on optimal commodity taxation a special importance is often at-
tached to leisure goods, i.e. goods used for recreational purposes such as holiday
trips, theatre tickets or golf clubs. It seems to be a popular belief among public
finance economists that the optimal tax system involves a relatively high rate of
tax on leisure goods; see for example Atkinson and Stiglitz (1980, p. 439) or Stern
(1990, p. 98). This belief is based on the presumption that leisure goods are strongly
complementary to leisure time and therefore, according to the Corlett-Hague rule,
should carry a high rate of tax. But, of course, this is pure speculation as we do
not possess hard evidence on the degree of complementarity of different goods and
services with leisure.

Again the Becker approach proves useful. In this framework activities are ex-
plicitly modelled and we can ask whether market-produced inputs into recreational
activities should be taxed at a higher rate than other goods and services? Inspec-
tion of the optimum tax rules indicates that this is certainly not always the case.
In the case of Leontieff technology taxation is determined solely by factor shares,
implying that leisure goods should carry a high rate of tax if and only if forgone
earnings constitute a relatively large part of total costs in recreational activities.
But, clearly, the goods component of costs is very high in some recreational activ-
ities, take for example the luxury cruise in the Mediterranean or the seeing of an
opera in the Metropolitan.

Accounting for substitution between factors reinforces the conclusion that op-
timal taxation do not generally involve heavy taxation of leisure goods. Some

recrational activities may very well be characterized by a high elasticity of substitu-
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tion between goods and time, implying a low optimal tax rate. For example, people
may substitute a cheap, time-intensive mountain hike for the luxury cruise in the
Mediterranean. And operagoers may choose to opt for balcony seats rather than

the more expensive orchestra seats.

7 Conclusion

A classical insight in the theory of public finance is that the optimum commodity tax
system minimizes the substitution away from market work. Thus, the literature has
long emphasized a relation between the optimality of tax systems and the allocation
of time. From this perspective one may argue that Becker’s (1965) theory of the
allocation of time is a more natural point of departure than the labor-leisure frame-
work of Diamond and Mirrlees (1971a,b). Indeed, the present paper argues that
the Becker framework yields a number of new and interesting results on optimum
commodity taxation. These results contribute to the recent, rather policy-oriented,
literature on optimum taxation with household production and to the traditional,
more theoretical, literature on optimum taxation as it was formulated by Diamond
and Mirrlees and many others in the 1970’s.

The field of public finance seems to be characterized by a rather strong schism
between theory and practice. On the one hand, we have a substantial body of
theoretical literature showing that uniformity is unlikely to be the optimum and
providing rules for differentiating tax rates among goods and services. On the
other hand, most practitioners of public policy advocate uniformity in commodity
taxation and they consider any equalization of rates or any base broadening to be
a good policy. One of the principal causes for the existence of such a schism is lack
of information. Traditional theory suggests that differential rates of tax should be
based on cross elasticities with leisure but, in fact, economists are largely ignorant
of the magnitude of these parameters. However, the analysis above suggests that
household production may alleviate this informational constraint on the practical
applicability of economic theory. The introduction of household production imposes
additional restrictions on the model of household behavior, thereby helping us to
establish a stronger intuition for the likely structure of optimal tax rates.

This paper emphasizes one possible application of the theory as it is argued
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that the social optimum involves a lenient taxation of consumer services and per-
haps even exclusion of such services from the tax base. Thus, the analysis provides a
theoretical underpinning of numerical results by Piggott and Whalley (1998) show-
ing that the Canadian base broadening in 1990 was bad for efficiency. The paper
also lends support to claims frequently made in the European policy debate that
governments should reduce taxation of services in order to alleviate a distortionary
substitution from the formal to the informal economy; see for example Dréze and
Sneessens (1994), Lindbeck (1996a,b), and Sgrensen (1997). And indeed, in the last
decade governments in France and Germany and other European countries have fol-
lowed this policy prescription by introducing direct subsidies or tax concessions to

the consumer service sector.
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A Appendix

A.1 Proof of proposition 1

Suppose that the optimum tax system is uniform. Then there exists a constant 7

such that ¢t;/P; = 7 for all j =1,2,... ,n solves equation (14), i.e.
i Qg * ]DZ 82] Qz 8%]- PJ 0
i=1

Qi 0QiZ OPjay T
By using the definitions in equations (15) and (16) this can be rewritten so as to

yield

n

n
E Qi * My — 05 Quj = E (1= o) - my — 05y
=1

i=1
n n
= E Nji — E Qi 1j; — 05 - Qj
i=1 i=1
0
T

Finally, by homogeneity of degree zero of compensated demands, we get

“ 0
Zali-nji—i-aj-oqj:—; (25)

i=1
This shows that the optimality of uniform taxation implies equation (25).
Conversely, assume that (25) holds. The optimum tax system always obeys the

Ramsey rule (14). By definitions (15) and (16), the Ramsey rule can be written as

- t; t;
Zo‘xi'”ji'ﬁ—aj'alj‘ﬁj:9 (29)
i=1 i

Combining (25) and (29), we get

n t t n

¢ J
E ami'ﬁji'ﬁ_aj'alj'ﬁ—_g Qi =Ny T — 05y - T
i=1 * J i=1

Or, equivalently,

- t; t;
ZO‘M'%' P T) Ty E—T =0
i=1 *

Clearly, t;/P; = 7 for all j = 1,2,... ,n is a solution to this equation, and thus

uniform taxation is optimal. QED.
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A.2 Proof of proposition 2

The labor supply function is given by
imzl_zl;_l_zalz z (P)ay) (30)
i=1
By differentiating the labor supply function (30) with respect to P; we get

OLn  Oay 0Z; 9Q;
b~ 0P Zi=Y a ' (31)

By inserting Shephards Lemma (4), Roy’s Identity (9), the Slutsky equation (10)
as well as the definitions in (15) and (16) we can rewrite the above expression in

the following way

OL., —  Oay 5, aQ] _ ;.92
or, _ ap, ZC‘” 862] Zi" 5y

0Z:| , 0Q;
B - - ozZ;| 1 oV aQ,
e [U]'al]+;all'nji ;alz.a_y Xa_Q]a_PJ
Since
ia dZ;
_ el
i=1 0
we can write dL,,/0P; as
AL, a OL,| 1 8V
p— . .. . . —  — e — 2
ap, ;ah Ny +0j - auj+ 8y] N 9P, (32)

Now suppose that the optimum tax system is uniform. Then, by proposition 1,
we know that equation (25) is satisfied. Thus, the first order derivative of the labor
supply function is equal to

OLn
oP;

i=12,....n

0 OLw| 1 0V
T oy A OP;

Thus, the vector <8ﬁm JOP;, OL,, JOPs, ... ,8im / 8Pn> is a scalar multiple of the

vector (OV/OP,,0V/0P,,... ,0V/OP,). This implies that if the vector (P, Ps, ... , P,)
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maximizes indirect utility, V', subject to the government budget constraint, then

this vector also maximizes labor supply, f)m, subject to the same constraint.
Conversely, suppose that a uniform tax system maximizes L,, subject to the

government revenue constraint. Thus, there exists 7 such that ¢;/P; = 7 for all j is

a solution to the following optimization problem

~

max Lm(Pl,PQ,...,Pn)

Py, Ps,... Py

n

st. Y (P—pi)awi(P)-Zi(Q(P),y) =T

i=1

The first order condition for P; is given by

AL n 8z; . 9Q;
6_13].4‘”'22-:1(132'—]72')'%@‘@;'@—%

Oaz; 5
+v- <amj+(Pj—Pj)'a—pj> Zy = 0
and, by assumption, this condition is satisfied for a uniform tax system, i.e.

foom, n 8z, 0Q;
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dP; 0Q;  OF;
(33)
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From the household budget constraint (7) we get
- 0Z; 0Q;  0Q;
(B — = L. 7.=0 34

By recalling that a,; - P, = Q; — a;;, we can insert (34) in (33) so as to get

DL, 0Q; 5 n 07, 0Q,
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Now insert (4), (15), (16), and (31) so as to get
oL 0Q;
™1 : =17 . (1=7)=0
S v+ 52 2 (1= 7)

Finally, by Roy’s Identity (9) we can rewrite this expression so as to yield

oV A-(1+v-7) 0L,
oP,  wv-(1—-71) 0P

24



Thus, the vector (0V/0P,,0V/0Ps,... ,0V/OP,) is a scalar multiple of the vec-
tor (aﬁm/apl, aﬁm/an, . ,8f/m/8Pn>. Therefore, if the vector (P, P, ..., P,)

maximizes L,, subject to the government revenue constraint, then this vector also

maximizes indirect utility, V', subject to the same constraint. QED.
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