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Abstract

This paper introduces consumption externalities into a Ramsey-type model with endogenous
labour supply and homogeneous agents. The instantaneous utility of any consumer is
assumed to depend on work effort, own consumption and relative consumption, where the
latter determines the individual's status in the society. Appropriate normality conditions with
respect to consumption and leisure ensure that at least in the long run status-conscious
individuals consume and work too much, compared to the social optimum, and that the
capital stock is too high. Public policy can, however, induce the private sector to attain the
social optimum by designing an optimal consumption tax policy.

Keywords
Status, relative consumption, work effort
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1 Introduction

The goal of this paper is to investigate the influence of consumption externalities
in a standard version of the Ramsey model with an endogenous labour supply
decision. Specifically, we introduce consumption externalities into the representa-
tive agent’s instantaneous utility function, which depends on own consumption,
work effort, and relative consumption. This specification expresses two ideas: i)
economic agents care about their relative position in society, and ii) social status
is determined by relative consumption.! The major innovation in our paper is to
model employment as a choice variable. The alternative approach is to treat work
effort as a fixed variable and has been used by authors such as Rauscher (1997b),
Hof (1999a), and Fisher and Hof (2000).2 Our extension allows us to consider
whether status-conscious people work “too much” or “too little”, compared to
some hypothetical social optimum.

The rationale for studying the influence of status preference in a dynamic
framework is to investigate the divergent short and long-run effects that this
preference has on the economy’s development. For instance, a preference for rel-
ative consumption may, depending on the specific economic setting, stimulate
short-run consumption at the expense of long-run consumption, or vice-versa.
We will show in this paper that the impact of status on the economy’s macroe-
conomic dynamics depends crucially on the endogenous response of employment.
In particular, we will prove that if work effort is endogenously determined, then
not only the dynamic behavior of the economy is affected by a preference for sta-
tus, but also the properties of its stationary equilibrium. Appropriate normality
conditions with respect to consumption and leisure are sufficient to demonstrate
that status-conscious individuals, at least in the long run, consume and work too
much and accumulate an excessive stock of physical capital, compared to a hypo-
thetical social optimum.? The government, nevertheless, can induce the private
sector to attain the social optimum by designing an optimal consumption tax
policy.* We will calculate an optimal consumption tax in which the tax rate is a
function of the average level of consumption and average hours worked. We can
further illustrate that there exist quite standard specifications of the instanta-

1An alternative branch of this literature models status as determined by relative wealth
rather than by relative consumption. This approach is employed by Corneo and Jeanne (1997),
Rauscher (1997a), and Futagami and Shibata (1998).

*In Persson (1995) labour supply is also treated as endogenously determined. In contrast
to our work in which attention will be restricted to the case of homogeneous agents, Persson
considers heterogeneous agents, but neglects any intertemporal considerations.

3In models with fixed employment, such as Rauscher (1997b), Hof (1999a), and Fisher and
Hof (2000), the equilibrium values of consumption and capital in the stationary steady state are
independent of consumption externalities, although these authors do show that these externali-
ties may influence the economy’s speed of transitional adjustment.

“Hof (1999a) and Fisher and Hof (2000) have shown in the fixed employment case that there
exist several quite general types of instantaneous utility functions in which the decentralized
solution equals its corresponding socially optimal counterpart in spite of the existence of con-
sumption externalities. This situation eliminates, of course, the need for optimal government
intervention.



neous utility function in which the optimal tax rate is constant over time and
depends positively on the degree of agents’ status-consciousness.

The rest of the paper is organized as follows: section 2 describes the basic
model, while section 3 derives the intertemporal equilibrium of the planned and
the decentralized macroeconomy. Using two different utility functions, we then
illustrate in section 4 the results of the preceding section. Section 5 derives the
optimal consumption tax policy, while section 6 contains some brief concluding
remarks. The paper closes with an appendix that contains some mathematical
results and proofs.

2 The Model

The economy is populated by a large number of identical, infinitely-lived individ-
uals. For simplicity, we assume that the population size remains constant over
time. As is usual in the Ramsey framework, we restrict attention to the case
in which agents possess perfect foresight. The representative individual chooses
paths of consumption and leisure in order to maximize discounted intertemporal
utility, which is given by

/OOO ePu(c(t),1(t),2(0)dt,  z(t)=c(t)/C (1),

where p is the constant rate of time preference and u denotes the instantaneous
utility function. We assume that the instantaneous utility of the representative in-
dividual depends on his absolute consumption, ¢, work effort (measured by hours
worked), [, and relative consumption, z = ¢/C, where C' denotes the average (or
per capita) consumption in the economy.® This specification of u implies that in
our model an individual’s status is solely determined by his relative consump-
tion. In other words, consumption is treated as a positional good, while leisure is
assumed to be a non-positional good. We further assume that u possesses con-
tinuous first-order and second-order partial derivatives that have the following
signs

Ue >0, Uee <0, <0, uy<0, u,>0, wu,<O0, (1)

where we define u over the following inequalities: ¢ > 0,0 < I < [™** and ¢/C > 0,
where ™ is exogenously given. According to (1), the representative individual
derives positive and diminishing marginal utility from both own and relative con-
sumption, in addition to positive and increasing marginal disutility from work-
ing, (i.e., positive, but diminishing, marginal utility from leisure). In order to
obtain a well-behaved optimization problem we will assume that the function
U (e, l,C) =wulel,c/C) is strictly concave in (c,l). Observe that the expression
U, = u. + C'u, > 0 measures the total marginal utility of own consumption.

5The variable z is introduced for notational convenience. The partial derivative U(c/C)(c/C)>
for instance, is represented by u. .
5See Frank (1985) for a discussion of positional goods.



In other words, a rise in ¢, for given values of [ and C, leads to an increase in
both own and relative consumption. In order to ensure that U (¢,l, C) is strictly
concave in (¢, 1), we introduce the following additional assumptions:

Ucc = Uee + 2071“02 + CiQUzz < 07

2
UecUy — U2l = (ucc + 2c_lucz + C_Quzz> uy — (ucl + CHl“zl) > 0.

C

Finally, we let
Ue(¢,,C)  uc(el,c/C)+ C~tu, (c,1,¢/C)

d _
(MRS)" (c,1,0) = U (el0) uy (¢, 1,¢/C)

(in the paper the superscript d stands for “decentralized”) denote the marginal
rate of substitution of consumption for leisure as perceived by the representative
consumer who treats the average level of consumption in the economy, C, as
given. We will assume that (M RS)d depends negatively on own consumption
¢ and positively on leisure for any given level of average consumption in the
economy, C, i.e., (MRS)? (¢,1,C) <0 and (MRS)? (c,1,C) < 0. In other words,
we assume that both own consumption and leisure are normal goods. Further
assumptions with respect to u and U, respectively, will be introduced below.

In this simple framework we specify that individuals own the economy’s phys-
ical capital, the services of which are rented to firms in a perfectly competitive
capital market that yields a real return of r. In addition, the representative in-
dividual supplies [ units of labour services per unit of time and receives the real
wage w, which is determined in a perfectly competitive labour market. Individ-
uals can lend to and borrow from other individuals. Since physical capital and
loans are assumed to be perfect substitutes as stores of value, they must pay the
same real return of r. The flow budget constraint of the representative agent is
then given by

a=ra+wl—c, (2)

where a denotes the representative agent’s stock of net assets, consisting of physi-
cal capital k and net loans b. We will assume that & (0) = kg > 0 and b (0) = by =0
so that a (0) = ko, where kg is exogenously given and positive. We further as-
sume that the credit market imposes the following no-Ponzi-game condition on
the agent’s borrowing;:

t
lim {a (t)exp [—/ r(v) dv]} > 0. (3)
t—o0 0
Since agents in our model are identical in every respect, the representative agent
will end up holding zero net loans in any symmetric macroeconomic equilibrium,
which implies that a = k > 0.

With respect to the production sector, we assume that there is large number
of perfectly competitive firms that rent the services of physical capital (which
does not depreciate) and labour to produce output. Each firm has access to the



same production possibilities, although technology itself does not improve. The
production function y = F'(k,l) (using y to denote output) is assumed to have
the usual neoclassical properties of positive and diminishing marginal produc-
tivity with respect to capital and labour and is homogeneous of degree one. We
have now prepared all prerequisites for analysing the decentralized solution. To
consider whether the introduction of relative consumption into the instantaneous
utility function leads to Pareto nonoptimality, we will compare the decentralized
solution with the solution from a hypothetical social planner’s problem. Since the
decentralized economy is more complicated than the command economy, we will
begin in the next section with the social planner’s problem.

3 The Social Planner’s Problem and the Decentral-
ized Solution

Suppose that there exists a benevolent social planner who dictates the choices of
consumption and hours worked over time and seeks to maximize the welfare of
the representative individual. Since individuals are identical, we assume that the
social planner assigns to each the same consumption level and the same level of
work effort. Consequently, ¢ (t) = C (t) holds for all ¢, so that the instantaneous
utility of each individual becomes U* (¢,l) = u(c,l,1), where the superscript
s stands for “symmetric” case. It is clear that U = u. > 0, UL, = ue < 0,
Uf = w <0, and Ujj = uy < 0, where the signs hold due to the assumptions
made in (1). In order to ensure that U® (c,1) is jointly strictly concave in ¢ and [,
we impose
Uee (¢, 1, 1) uy (e, 1,1) = [ug (¢,1,1)]% > 0,

which implies that UZUj; — (U5)? > 0. Finally, let (MRS)? (in the paper the
superscript p stands for social “planner”) denote the marginal rate of substitution
of leisure for consumption as perceived by the social planner, who ensures that
¢ = C for each individual. It is further assumed that the centralized marginal
rate of substitution, equal to

UZ (e,) — uc(el,1)

(MRS)? (e,1) = _Uls (c,]) u (c,1,1)

depends negatively on consumption and positively on leisure, i.e., (M RS)? (c,1) <
0 and (MRS)} (¢,l) < 0. In other words, we assume that both consumption
and leisure are normal goods with respect to the instantaneous utility function

Us (¢,]) =ulcl1).
The social planner then chooses the time paths of ¢ and [ to maximize

o0 o0
/ e PtUS (e,1) dt = / e Pu(c,l,1)dt
0 0
subject to the economy’s resource constraint

k=F(kl) —c (4)

4



and the initial condition k£ (0) = ko > 0, where kg is exogenously given. The
current-value Hamiltonian is given by

H=U*(c,)) + \[F (k1) — c] = u(e,1,1) + N[F (k1) — ],

where the costate variable A denotes the shadow price of capital. The necessary
conditions for (c,l, k) to be an optimal path are equal to

Us (¢,1) = ue(e,l,1) = A, (5)
Uls (67 l) =1 (Ca L 1) = —A[ (kv l) ) (6)
A= —[F (k1) = p] \. (7)

The transversality condition is given by
lim e " \k = 0. (8)
t—o0

The assumptions made so far ensure that if (c,l, k) satisfies (4), (5), (6), (7), (8)
and the initial condition k (0) = ko, then it is an optimal path.

In the decentralized economy the representative individual chooses the time
paths ¢ and [ to maximize

/ e_th(c,l,C)dt:/ e Pu(c,l,c/C)dt
0 0

subject to the flow budget constraint (2), the no-Ponzi-game condition (3) and
the initial condition a (0) = kg. A crucial feature of this optimization problem is
that the representative agent takes not only the time paths of r and w, but also
the time path of C' as given. In other words, each individual is small enough to
neglect his own contribution to the average consumption level in the economy.
The current-value Hamiltonian of this optimization problem is written as

H=U(,l,C)+AX(ra+wl—c)=u(cl,c/C)+ X(ra+wl—c),

where, as before, A denotes the shadow price of wealth. The necessary conditions
for (¢,l,a) to follow an optimal path are equal to

Ue (¢,1,C) = e (¢, 1,¢/C) + C 7 u, (¢,1,¢/C) = A, 9)
U (¢,1,C) = (e,l,¢/C) = =, (10)
A=—(r—p)A\ (11)
The transversality condition given by
tlilglo e P ha=0 (12)

ensures that the no-Ponzi-game condition (3) holds with equality. If (c,l, a) sat-
isfies (9), (10), (11), (12), (2), and the initial condition a (0) = ko, then it is an
optimal path.



The next step in our analysis is to derive the symmetric macroeconomic equi-
libria for the decentralized economy. Since all individuals are identical, this means
that i) identical individuals make identical choices so that ¢ = C, or z = ¢/C =1
for all ¢, ii) each individual holds zero net loans so that net wealth is simply equal
to the capital stock, i.e., a = k, iii) the real rental rate and the real wage are de-
termined by the profit-maximizing conditions r = Fj, (k,[) and w = Fj (k,[), and
iv) the constant returns to scale assumption implies that F' (k,1) = rk + wl. Sub-
stituting these relationships into (9), (10), (11), (12), (2), and the initial condition
a (0) = kg, the dynamic evolution of the decentralized economy is determined by
the optimality condition

ue (¢, 1,1) + ¢ty (¢,1,1) = A (13)

along with the optimality condition (6), the differential equations (7) and (4),
the transversality condition (8) and the initial condition k (0) = ko. Obviously,
the only difference between this system and the system which determines the
evolution of (¢,l, k) in the socially planned economy is that (5) is replaced by
(13).

Note that the differential equations A = — [F}, (k,1) — p| A and k = F (k,1) — ¢
are common to both the decentralized and the socially planned economies. Since,
in addition, the production function exhibits constant returns to scale, it is clear
that in steady state equilibrium, in which k = A = 0, the capital-labour ratio,
k/l, and the consumption-labour ratio, ¢/I, are equal in both economies and
determined by the following equations:

Fy (k1) =p,  ¢/l=F(k/L,1).

It follows that the decentralized steady state ratios, denoted by k4 / 14 and & / [d,
are identical to their socially optimal counterparts, equal to kP / P and & / P,
where the symbol ~ denotes a steady state value. In the following analysis we
will, however, show that while k% '/ 19 = kP /P and & /1% = & /[P, it is also the case
that ¢ > lp & > & and k% > kP under plausible assumptions with respect to
preferences. This means that (at least) in the long run people work and consume
too much, and accumulate to much physical capital.

We will next study the dynamic behavior of both the decentralized and the
socially planned economy.” The first step is to solve the necessary optimality
conditions, given by (5) and (6) in the centralized case and by (13) and (6) in
the decentralized case, for ¢ and [. This yields

=& (\ k), =0 (\E), j=p,d, (14)

with the partial derivatives for the centralized economy, ¢P and fp, equal to

& = uy + ucll)sz + AF}z’ f§ _ et ueF

Dr
(15)
o — U AF o — _UccALy
k= DP > k= DP

"For an account of this type of analysis, see Turnovsky (1995), Chapter 9, after p. 234.



where DP = e (uy + AFyp) —uzl > 0.8 Our assumptions concerning the properties
of the instantaneous utility function u and the production function F' imply that
DP > 0 and that the partial derivatives have the following signs:

& <0, f§ > 0, sgn (&) =sgn (uq) , Zf; > 0. (16)

Due to normality, both own consumption and leisure depend negatively on the
shadow price of capital A\. Equally, work effort depends positively on A. Since
Fy; > 0 by assumption, a rise in capital k raises the marginal product of labour.
This effect causes labour (resp. leisure) to depend positively (resp. negatively)
on the capital stock. Own consumption depends negatively on the capital stock
if Uj (c,1) = ua (c,1,1) <0, i.e., if a rise in leisure increases the marginal utility
of own consumption U? (¢,1) = u. (c,l,1). While Barro and Sala-i-Martin (1995)
and Turnovsky (1995) (in models without consumption externalities) consider
the case in which uy4 < 0 to be intuitively more plausible, we will not rule out
the alternative that US (c,) = ug (c,1,1) > 0.2

In the decentralized economy the partial derivatives of & and [4 are given by

gt (ucl + Cfluzz) F + \Fy
C)\ - Dd )

(ucl + Cfluzz) AFy .

ld (ucc - Ci2uz + Cil“zc) >\Fkl
Dd ) k

De ’

d
CL =

where D4 = (uce — ¢ 2uy + ¢ tuge) (uy + AFy) — e (ue + ¢ tuy). 20 Observe
that the signs of D?, é‘/{, ég, lf\l, and lz cannot be determined without introducing
further assumptions. For this reason, we assume first that

(ucc + ¢ M, — c_2uz> wy — (ucl + c_luzl> ue > 0. (18)

Loosely speaking, this condition ensures that individuals do not overreact to
changes in average consumption.!! We impose next an additional normal-
ity condition that the decentralized symmetric marginal rate of substitution

8In these expressions the second-order partial derivatives of v and F are evaluated at (¢,1,1) =
(é” A\ k), 1P (N E), 1) and (k,1) = (k:, P (A, k)), respectively.

9The analysis becomes, nevertheless, much simpler under the assumption that u.; (c,,1) < 0.
One reason is that uc (¢,1,1) <0 is a sufficient (but not necessary) condition for normality.

%Tn these expressions ¢ = ¢* (A, k), and the partial derivatives of v and F' are evaluated at
(¢,1,1) = (éd A\ k) 1N E), 1) and (k1) = (k:, 14 (A, k)), respectively.

The initial necessary optimality conditions of the representative individual’s optimization
problem (9) and (10) can be solved for ¢ and [ in the form ¢ = &' (A, w, C) and | = [** (\, w, C).
The inequality (18) ensures that é& (A, w,c) < 1, i.e., that the partial derivative of own con-
sumption ¢ with respect to average consumption in the economy C is less than unity where
¢ = C holds. For a detailed discussion, see Hof (1999b).



(MRS )d (¢,l,c) depends negatively on consumption ¢ and positively on leisure,
i.e., (MRS)(c,1,¢)+(MRS)% (¢,1,¢) < 0and (MRS)! (c,1,¢) < 0.)2 Finally, we
assume that the labour market exhibits Walras stability. Under these conditions
it follows that

D'>0, &<o0, I¢>o0, (19)

while the signs of é% and Zﬁ remain ambiguous.
Substituting (14) into (4) and (7), we obtain the dynamic system(s) that
jointly determines the evolution of k and A. It is equal to

E=F <k: I (), k:)) — & (\k)
j=pd. (20)

A=— [Fk <k: 17 (), k:)) - p} A

Linearizing (20) about the steady states (l;:j,jxj), j = p,d, the local dynamics
can be approximated by the following system of linear differential equations:
= o o | i=pd, (21)
A —“Nuwy —Nwl, A—N
Where . ~s . . s .
i i Jjo_ i A
Wit = {Fk + Bl c;“]ssg' » Wi [Fll,\ CZ\}
(22)
why = [Fkk + szlﬂ Wiy = [Fkllﬂ
and where [o] ¢ ; indicates that the expressions between the brackets are evaluated
at the appropriate steady state. Substitution of (15) and (17), respectively, into
(22) yields the complete solutions of the w! = elements. These expressions are
stated in the appendix (see subsection 7.1). To examine the stability properties
of the two economies, we calculate the characteristic polynomial of (21), which is
equal to

SS5’ S8’

pi (€)= 52 - (W{1 - S‘ngz) §— Y (W{1W52 - w{ngl) =0. (23)

Using the partial derivatives (16) and the expressions for the w! = elements given
in the appendix (see subsection 7.1), we can show that our assumptions made
with respect to preferences and technology are sufficient for

Wiy >0, why >0, wh <0, why > 0. (24)

From (24) follows that the term —X (w? why — wPywh)) is unambiguously nega-
tive, which implies that the roots, or eigenvalues, of the characteristic polynomial

12The first inequality means that if the economy moves from one symmetric situation to
another with a higher common level of consumption, then the marginal rate of substitution as
perceived by the representative consumer decreases.



of the socially planned solution are of opposite sign, i.e., & < 0 and & > 0, and,
thus, that the centralized steady state equilibrium is a saddlepoint. Using the
expression given in the appendix it can be further shown that

Wl >0, wd <0, wd>0 -\ (wfleQ - wjgwgl) < 0. (25)
Hence, the roots of the characteristic polynomial of the decentralized solution are
as well of opposite sign, i.e., § < 0 and &§ > 0. The stationary equilibrium of the
decentralized economy is, consequently, also a saddlepoint. Employing standard
methods and imposing the transversality condition, we can show that the solution
to (20) can be approximated by the following equations for j = p, d:

=k + (k‘o — l;:]> exp (5{15) ,

J J j
M_y:_wnjﬁwﬁ%gz_rﬁﬂL{H_W) (26)
Wiz Ny + &
Given wf] > 0, Wiy > 0, and & < 0, it is obvious from (26) that the stable
arm corresponding to the socially planned solution is negatively sloped in the
(k,\) plane. In other words, a rise in the capital stock is accompanied by a
decline in the its shadow value and that both adjust monotonically. What can
we infer concerning the slope of the stable arm of the decentralized economy? In
the appendix we demonstrate that wf; — ¢ > 0. Since, in addition, wf, > 0 (see
(25)), it is clear from (26) that this stable arm is also negatively sloped in the
(k, \) plane.

What can be said about the optimal paths of own consumption and work
effort, ¢/ and I7? Using (14), we can write the expressions for consumption and
leisure as ¢/ = &/ (M, k7) and I = [J (M, k7), respectively. Consider, for instance,
the socially planned economy and assume that ky < kP. In this case the transition
to the steady state is characterized by a rising capital stock k£ and a falling
shadow price of capital A. Using (16), we can infer that the fall in A leads to an
increase in the optimal levels of consumption and leisure. In contrast, the rise
in k causes the optimal level of leisure to fall, while its effect on consumption is
ambiguous, since it depends on the sign of u.;. The direction of the net effects can
be determined, nevertheless, as follows: linearizing ¢/ = & ()\j, kI ) about steady
state and substituting (26), we obtain the (k, ¢) locus given by

a—&:—ci;§>@kig,j:n¢

J
Uip)

where n{m, m = 1, 2 coefficients are defined in the appendix (see subsection
7.2). Since we can show that 77{1 > 0 and 77{2 < 0 for j = p,d, the stable locus
in the (k,c) plane is positively sloped in both economies, which implies that a
rise in the capital stock is accompanied by a rise in consumption if ky < kP.
Clearly, both the capital stock and consumption converge monotonically to their



stationary values. Following the same procedure for labour, where [/ = [J ()\j kI )
we cannot, however, determine whether I/ rises or falls monotonically toward its
steady-state value.

The following proposition summarizes the results derived to this point and
states the key result of the paper that is proved in the appendix.

Proposition 1 Under the assumptions made above, the following results hold:

A) The steady-state values of the capital-labour ratio and the consumption-
labour ratio are identical in the two economies:

R Yy ey

B) Both the centralized and the decentralized steady states are saddlepoints.
Furthermore, in both cases the stable arm exhibits the property that the
capital stock and consumption converge monotonically to their steady-state
levels such that the two variables always move in the same direction.

C) The optimal plan chosen by the benevolent social planner leads to a steady
state in which private individuals work and consume less and the capital
stock is lower than in decentralized economy:

F <, P<l kP <k

Proposition 1 shows that at least in the long run status-conscious people work
and consume too much, and the capital stock is too high, compared to the social
optimum. We have shown both A) and B) above. The proof of C) is given in the
appendix (see subsection 7.3) and will be illustrated with two examples in the
next section.

4 TIllustrations

4.1 Additively Separable Utility Function

In this subsection we analyze the case in which the instantaneous utility function
u takes the following additively separable form

u(el,z) =v(cl)+6-s(2), (27)

where 6 > 0 is a fixed preference parameter. The partial derivatives of the utility
functions v and s are assumed to have the following properties:

Ve >0, <0, v<0, vy<0, Wevy— le >0, s§>0 s'<0.

10



To simplify the analysis, we will assume in this case that an increase in leisure
raises the marginal utility of own consumption, so that vy < 0.'® The decentral-
ized optimality conditions (13) and (6) become

ve (e, 1)+ ¢ (1) =X, w(el)=-\F (K1),
while their socially planned counterparts (5) and (6) are equal to
Ve (Ca l) = A v (e, l) = —AFy (k, l) :

It is clear that the decentralized economy coincides with the socially planned
solution if status does not play any role, i.e., if 6 = 0.

We can show that the steady-state values of the decentralized economy’s en-
dogenous variables depend crucially on the preference parameter for status, which
we specify as ¥ = §s’ (1). We can calculate the following comparative static ex-
pressions:

O(k/1) ort _gat o _opt _ FF/M] -
o oY o ’ o oY G 5Sd
Nd Nd
%:_{@] - 6_1:[5} -0
o FikGlssq 09 G lssa

where
G=- {(U” +vaFy) + (F/1) [vlc + <UCC - c_219> Fl} } c>0.

According to these results the steady state has the following properties: i) the
capital-labour ratio, the real interest rate, and the real wage are independent of
¥ and ii) &, g9, 14, and k% depend positively on 9. Observe that the solution to
the social planner’s problem coincides with the decentralized solution if 6 = 0.
Since 6 = 0 implies that ¢ = 0, this is equivalent to 2P = jd‘ﬁ,o' Finally, since

¢t /99 > 0, 05 /09 > 0, 0k?/99 > 0, and (l;:d/ZNd> /O0Y = 0, it is clear that:
F<d P<ygt, P<ld <k kPP = k)12,

In other words, private households in the stationary decentralized equilibrium
work and consume more, (and produce more output) than they do in the cen-
tralized case, as is maintained in part C of proposition 1.

4.2 An Isoelastic Utility Function

The utility function studied in the preceding subsection exhibits the property
that u;, = u., = 0. In this subsection we consider a specification that permits

131f we, instead, allow ve > 0, then further conditions must be imposed in order for (27) to
satisfy the assumptions made in our paper. See Hof (1999b) for further details.
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uez # 0. Specifically, we consider the utility function that is isoelastic in own and
relative consumption and separable in work effort

1 1-6
u=T—9 [(clﬂzﬂ) —1} —pl™ 0>0,u>0,0>0,0<3<1 (28)

where (28) satisfies our curvature assumptions and the parameter 3 represents
the agent’s preference for status. If, in addition, the production function takes
the Cobb-Douglas form F (k,l) = Bk®'=* with B > 0 and 0 < a < 1, then
the steady-state values of ¢, [, and k are easily calculated. In particular, we can
show that ratios of decentralized to centralized consumption, work effort, physical
capital are equal and exceed unity according to the following relationship

@ jw

1-p

where the expressions for P, l~p, and kP are given in the appendix (see subsection
7.4) and ¥ (3, 0, 0) represents the scale factor according to which economic activ-
ity in the status-conscious economy rises relative to its socially planned counter-
part. It can be shown that W (3, 0, o) is greater, the larger is the status parameter
0, the stronger is the willingness to shift consumption toward the future, which
is inversely related to 0, and weaker is disutility of work effort, which depends
positively on o.

=V (8,0,0) > 1,

o jd o fd < 1 )1/(a+6+(1m9)

5 Optimal Taxation

We will analyze in this section whether the social optimum can be attained in
the decentralized economy by means of optimal taxation. The key distortion
is that the willingness to substitute consumption for leisure is too high in the
decentralized economy, i.e.,

e, 1,1) +c tuy (c,1,1)
ue (c,1,1)

wm&%w@:<%( meN@@>wmawwy

An obvious policy response is to impose a tax on consumption, since it raises the
price of present consumption in terms of present as well as future leisure. If the
government imposes a consumption tax and returns lump-sum transfers, then the
flow budget constraint of the representative household equals

a=rat+wl—c(l+7)+T,

where 7 and T" denote the consumption tax rate and lump-sum transfers, respec-
tively. We assume that each individual takes not only the time path of C, but
also the time paths of 7 and T as given. In the following, we will restrict attention
to symmetric macroeconomic equilibria in which the government runs a balanced

12



budget for all ¢. In such a situation the conditions ¢ = C and 7¢ = T hold. In this
case the dynamic evolution of (¢, I, k, \) is governed by the first-order condition

ue (¢, 1,1) + ¢, (¢,1,1) = A1 +7) (29)

along with the optimality condition (6), the differential equations (7) and (4), the
transversality condition (8) and the initial condition k (0) = ko. By introducing
the consumption tax, the only difference is that (13) is replaced by (29). The cru-
cial question is whether the social optimum can be attained in the decentralized
economy by choosing the consumption tax rate appropriately.

Proposition 2 If the government sets the consumption tax rate T according to

u. (C,L,1)
=®(C,L) = —""—"+—
T (C’ ) CUC (C, L, 1) Y (30)
where L denotes the average hours worked in the economy, then the social opti-
mum s attained by the decentralized economy.

The idea of the proof is as follows: Since the structures of the two economies
are identical, except with respect to optimality conditions for own consumption,
a tax policy which ensures that (29) is equivalent to (5), ensures that the decen-
tralized economy reproduces the social optimum. Assume that the government
sets T according to (30). Since the representative individual takes the time paths
of C and L as given, he also takes the time path of 7 = ®(C, L) as given. In
a symmetric equilibrium in which identical individuals make identical choices,
T = ®(c,l) holds. Substituting this relationship into (29) and rearranging we

obtain: (e.l.1)
uZ C? )
1+ ——= I,1)—A] =0. 31
< +CU,C(C,Z,1)>[UC(C” ) ] ( )

Since u. > 0 and u, > 0, it is obvious that (31) is equivalent to (5), so that
ue (c,1,1) = A. Hence, the tax policy given by (30) will ensure that the social
optimum is attained by the decentralized economy.

We will give two specifications of the instantaneous utility function in which
the optimal tax rate is constant over time. First, if u takes the form

u(c,l,z) =alnec+g(l) + 6s(2), g <0, ¢"<0, §>0 3s"<0,
which is a special case of (27), then u.(C,L,1) = aC~! and u, (C,L,1) = 9
where ¥ = 6’ (1). Substitution of this result into (30) yields 7 = ® (C, L) = ¥/a.
This constant tax rate, which ensures that the social optimum is attained by the
decentralized economy, depends positively on both § and s’ (1) and negatively on

a.
Next, if u takes the form given by (28), then

u. (C,L,1) = (1 — B)C~B+a=80 o (0, L,1) = o~ 1F+1-A)8],

Substitution of these results into (30) yields 7 = ® (C,L) = /(1 — ). Obvi-
ously, the optimal tax rate is constant over time and depends positively on the
parameter 3. It is zero if 8 = 0, i.e., if relative consumption does not matter at
all, and tends to infinity as § — 1.

13



6 Concluding Remarks

We have examined the effects of competition for status within a Ramsey-type
model in which labour supply is endogenously determined. In this model the
status of any individual is solely determined by his relative consumption. Appro-
priate normality conditions with respect to consumption and leisure ensure that
at least in the long run status-conscious individuals consume and work too much
and the capital stock is too high compared to the socially optimal solution. The
government can induce, however, the private sector to attain the social optimum
by designing an optimal consumption tax policy.

7 Appendix

7.1 The wgm elements

In this section of the appendix we give the expressions for the wgm elements of the
coefficient matrix of the system (21), where i,m = 1,2, j = p, d. For the planned,
or centralized economy, these are given by:

wgl;l :p_j\p [(uccﬂ +Ucl) Ek:| > 0’
Dp SSp
p (e +ueeFy) By + (ug 4+ ug Fy) + AFy 0
Wi2 = — Dp > U,
SSp
By = lek (uchu;l —ud) <0,
SSp
wg2 _ [Fkl (ulc + UCCE)] > 0.
Dp SSp

For the decentralized economy, these elements equal:

wd =P~ S‘d lel [(UCC — ci2uz + Ciluzc) F+ (ucl + Cluzl)]]
11 =P D
SSd
= lFl (et + (uee = ¢z + ¢ Huze) FY] + v + (ue + ¢ lua) Fr + AF/]
Wig = — Td
5Sd

p lek [(tee — ¢ 2w, + ¢ Muge) uy — wie (ue + ¢ Huy)]
Wa1 = Dd

]SSd

d [Fkl [ucl + (ucc —c2u, + ciluzc) Fl]]
Wag = — Dd
SSd
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We can show that the determinant of (21), —\% (wflwég — wigwgl), is equal to

!

Frr (F/l) {ulc + (ucc - C_Quz + C_luzc> FJ

Dd
} <0
SSd

Next, we will show that w$; — &¢ > 0. Since the steady state is a saddlepoint,
the characteristic polynomial (23) has the following properties:

SSd

Fiy [Ull + (ucl + Cilel) sz
L

PLO>0ee<i<0ore>gd >0, PUO<0eEl<e<gd  (32)

From (25) and P4 (wﬁ) = S\dwjigwgl follows that P¢ (w%) < 0. Hence, according
to (32) we have shown that £f < wf, < ¢4, which implies that wf, — ¢4 > 0.

7.2 The 7], elements

Using the expressions for the partial derivatives ¢ and ¢, (see (15)), and the
elements w}; and wf,, given in subsection 7.1, we can calculate that i, m = 1,
2, are equal to:

AF Fiy

uy + ua Fy + AFy } Ssp

,r]P — |:(ulc +uccﬂ) Fy+uy +uqgFy + )\-Fll:|
2 wy + ucl}?l + )\El SSp

The conditions for normality and the properties of the production function ensure
that 7} > 0 and n}y < 0.

Substituting for the partial derivatives ¢ and é¢, (see (17)), and the elements
wf; and wé, stated above in subsection 7.1, we can show that:

nflzp—[

= [ AFFy ]
1 uy + (Ucl + C_luzl) F + \Fy 55(17
o = — [ter + (tee — ¢ 2uy 4+ ¢ Luse) B) Fy 4wy + (ua + ¢ uy) B+ Ay
2 uy + (e + ¢ tuz) F + AFy 55

From normality and the properties of the production function, it follows that
n$ >0 and nf, < 0.

7.3 Proof of proposition 1 part C

In the socially planned economy the steady-state values of ¢, [, k, and \ are
obtained from the following equations:

Ue (ep, P, 1) =0, (33)
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u; (51’ i, 1) + \F, (l?;P, ZP) —0, (34)
p = Fy (lép, Zp) , (35)
& =F (k). (36)

In the decentralized economy the corresponding steady-state values are deter-
mined by

" <5d, i 1) +ou, (5d, i 1) (1/5d) ~ M=o, (37)
" (5d, i 1) + MR (l%d, Zd) — 0, (38)
p=Fj (l%d, Zd) : (39)
& = F (k1) (40)

Since by assumption the production exhibits constant returns we have
F(k,01)=1-f(k/), (41)
Fi (k1) = f' (k/1), (42)
Fy(k,1) = f (k/D) = (k/1) - ' (k/1), (43)

where f (k/l) = F (k/l,1). From (35), (39), and (42), it follows that

R =P =k, w= (1) (), (44)

which implies that the steady-state values of the capital-labour ratios are identical
in the two economies. Using (36), (40), (41), and (44), we obtain

A= )P = f (k). (45)
Using (43) and (44), we obtain
F(B1) = R () =v, = f(r)—rf (v). (46)

From (33), (34), (45) and (46), it follows that {? is a solution to ©; (I)—Os (I) = 0,
where the functions ©1 and ©y are defined as

01 (1) = — (1) w (- f(x),1,1) >0, O (1) =uc(l- f(r),1,1) > 0.

The first-order derivatives of ©; and ©4 are given by
1 (1) == (1/¥) fwie (- f (8) 1, 1) f (&) +un (- f (k)1 1)],
05 (1) = [ucc (1 f (1), 1,1) f (k) +ua (L- f(x),1,1)].
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Hence,

01 (1) -0 () = % e (#109.0) 100 - (109721

= [ttee (- £ (1), 12, 1) £ () et (- £ (), 27, 1)]
Using ¢ = f (k) — kf’ (k), this result can be rewritten as

o (") - &5 (7) 0
_ —i [t (1 (),17,1) bt (- f (), 17,1)
f ()

m [ucl (lNP . f(/f),lNP, 1) + YU (lNP . f(/f),lNP, 1)} .

The normality assumption that the centralized marginal rate of substitution of
consumption for leisure (M RS)? (¢,l) depends negatively on consumption and
positively on leisure implies that

wge (e, L, D) ue (e,0,1) — g (e, 1, 1) uee (¢,1,1) <0, (48)

uy (e, L, D) ue (e,1,1) —wy (e, 1, 1) ug (c,1,1) < 0. (49)
From (33), (34), and (46), it follows that

Ue (le ’ f (KV) ) lev 1) = 5\p7 —Uu (le : f (KV) ) lev 1) = 1/15\[)

Substitution of these results into (48) and (49) yields

Ucl (le ' f (H) ) Zp’ 1) + wucc (le : f (H) ) Zp’ 1) < 0, (50)

wr (- f (1), 1,1) + e (- f (), P,1) < 0. (51)
From (47), (50), and (51), it follows that ©) (Zp> — O (Zp> > 0. Hence, if I” is a
solution to ©1 (1) —O2 (1) = 0, then ©) (Zp> — 0} (IP) > 0. In other words, at any
point of intersection with the horizontal axis, the function ©1 (1) — ©2 () is posi-
tively sloped. Taking into account that the utility function as well as its first-order
and second-order partial derivatives are continuous functions by assumption, the

following result are obvious: If ? is a solution to ©; (I) — O (I) = 0, then (a) it
is the unique solution, and (b)

O,(1)—O () >0 1> 0P, (52)
From (37), (38), (45) and (46), it follows that % is a solution to ©; (I) —
]

[O2 (1) + O3 (1)] = 0, where the function O3 is defined as
1
O3 (1) :uz(l'f(ff),l,l)m > 0.
Hence, we have
01 (i) =6, (i) = 05 (I*) > 0. (53)

From (52) and (53) it is obvious that 19 > [P, From (44) and (45) then follows
that kP < k% and & < &,
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7.4 Utility function (28) — The solutions for ¢, [?, and k?

If u takes the form given by (28) and F' takes the Cobb-Douglas specification
F (k,l) = Bk®l'~%, we can then calculate the following stationary equilibrium
values of consumption, work effort, and the stock of capital for the socially
planned economy:

1+

o\ TR o o U20=0\ FEFFHT=E
=l (3)] =l (5)]
p p

1
1% —0)[ —a)]] T35\ TR
iv_ (1| gite <g) +8+(1-p)[a+6(1-a)]] T . w
p ’ p(l+o)
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