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Abstract

This paper explores the role of consumption externalities in a neoclassical growth
model in which households have heterogeneous preferences. We find that a higher degree
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1 Introduction

It has long been recognized that social comparison is one of the central features of human
behavior. In recent years, a number of experimental studies challenge to investigate whether
social comparison affects individual well-being.! Along with the development in the neuro-
sciences and behavioral economics, there has been a renewed interest in the role of consump-
tion externalities in macroeconomic dynamics. The basic assumption of this literature is that
consumers’ felicity depends not only on their private consumption but also on the average
consumption in the economy at large. The presence of such a psychological external effect
may alter saving behaviors of consumers and thus dynamic property of the entire economy.
Based on this idea, the foregoing studies have discussed various issues such as asset pricing
(Abel 1990 and Gali 1994), income taxation (Ljungqvist and Uhlig 2000 and Fisher and Hof
2000), equilibrium efficiency (Liu and Turnovsky 2005, Nakamoto 2009 and Arrow and Das-
gupta 2009), belief-driven business cycles (Alonso-Carrera, et al. 2008, Chen and Hsu 2007,
Chen et al. 2013 and 2014, and Weder 2000) and long-term economic growth (Carroll et al.
1997 and 2000, and Harbaugh 1996).2

While the existing macroeconomic studies on consumption externalities discuss a variety of
topics, they share a common feature: all the studies mentioned above employ representative-
agent models. In the representative-agent economy, the social average consumption coincides
with the level of private consumption and, hence, consumption behavior of all the agents
are identical. As a result, the existing studies employing the representative-agent models fail
to capture the social comparison behavior of households in a satisfactory manner. In this
respect, Garcia-Penialosa and Turnovsky’s (2008) study is a notable exception. These authors
contrast a neoclassical growth model with consumption externalities in which asset holdings

of households are heterogeneous so that consumption behavior of each agent is divergent from

'For example, Fliessbach et al. (2007) examine the impact of social comparison on brain activity using
functional magnetic resonance imaging (fMRI), showing that not only the absolute level of payment but also
relative level of payment similarly affect brain activity. In their paper, it is considered that neurophysiological
evidence supports the importance of social comparison in the human brain. Using survey-experimental meth-
ods, Alpizar et al (2005) show that, on average, both absolute and relative consumption matter for individual

well-being, and conclude that most individuals are interested in others’ consumption behavior.
2Other influential studies on economic analyses of consumption externalities include Carlsson et al. (2007),

Clark et al. (2008), Dupor and Liu (2003), Easterlin (2001), Frank (2005) and Luttmer (2005).



each other.> Their main concern is to explore how the presence of consumption externalities
affects the pattern of wealth distribution and the transition dynamics of the aggregate econ-
omy. Although Garcia-Penalosa and Turnovsky (2008) make a substantial extension, they
still assume that households have identical, homothetic preference. Due to this assumptions,
the aggregate behavior of the economy is independent of wealth distribution.

The purpose of this paper is to extend Garcia-Penalosa and Turnovsky (2008) by intro-
ducing heterogeneous preferences into their setting.* We are particularly concerned with the
situation where households have different degree of conformism in the sense that every house-
hold likes being similar to others, but the degree of such an enthusiasm is agent specific. As
shown in next section, the degree of conformism is determined by the strength of consump-
tion external effect as well as by the intertemporal elasticity of private consumption. It is
to be pointed out that a number of behavioral economics studies emphasize that behavior of
social comparison is heterogeneous among consumers depending on the agents’ characteristics
such as income, age, race, gender, family status, education, occupation and urbanity: see,
for example, Burns (2006), Hewstone et al. (2002), Maurer and Meier (2008), Mullen et al.
(1992), and Rubin and Willis (2002). Our study follows such a research agenda

The key feature of our generalization is that we can distinguish the effects of average de-
gree of consumption externalities from those of individual level of consumption conformism.
We show that the average degree of households’ conformism plays a relevant role in deter-
mining the behavior of the economy at large, while individual degrees of conformism yield
a decisive impact on wealth distribution. More specifically, we present three findings. First,
an economy with a higher degree of conformism grows faster than an economy with a lower
degree of conformism. Namely, a rise in the average level of consumer conformism increases
the converging speed of the aggregate economy. Second, a household with a high degree of
individual conformism accumulates her wealth faster than a household whose conformism is
weak. As a result, an initially poor household may catch up with an initially rich household,

if the poor has a strong conformism in her consumption behavior. Third, the presence of

3Tt is to be noted that Koyuncu and Turnovsky (2010) examine the effects of income taxation in the model

of Garcia-Pefialosa and Turnovsky (2008).
4While Garcia-Pefialosa and Turnovsky (2008) assume that labor supply is variable, we treat a model with

fixed labor supply. In this point, their model is more general than our formulation.



heterogeneous conformism may enhance wealth inequality in the long-run equilibrium. This
result is in contrast to the conclusion of Garcia-Penalosa and Turnovsky (2008) who show
that consumption externalities tend to reduce the inequality of wealth distribution if house-
holds’ preferences are identical and homothetic. We present the conditions under which the
presence of consumption externalities enlarges wealth inequality in the steady state. We dis-
cuss our findings based on the general form of utility function as well as on an specific form of
utility function that is frequently employed in the macroeconomics literature on consumption
externalities. Finally, our numerical examples show that these findings can be seen under the
plausible parameter set.

The reminder of this paper is organized as follows. Section 2 sets up the baseline frame-
work. Section 3 characterizes the steady-state equilibrium and the equilibrium dynamics of
the aggregate economy. Section 4 discusses the effects of consumption externalities on the
dynamic behavior relative wealth and the wealth distribution in the steady-state equilibrium.

Section 5 concludes.

2 Baseline Setting

2.1 Production and Consumption

We consider a simple neoclassical growth model with identical firms. The aggregate produc-
tion function is assumed to satisfy constant returns to scale with respect to capital and labor,
and it is expressed as

Y:F(K,L) — L (K)

where Y is output, K is capital, L is labor and K = K /L denotes capital intensity. The
productivity function, f (K), is monotonically increasing, strictly concave in K and satisfies
the Inada conditions. In competitive factor and final good markets, the real rent and real

wage rate are respectively determined by
r=f(K)=r(K), w=f(K)-Kf(K)=w(K). (1)

There is a continuum of households with a unit measure. Households are assumed to be

heterogeneous in the sense that each household has agent-specific preferences and different



stock of wealth. The instantaneous utility function of type ¢ household is
u' =u'(¢;,C), i€[0,1].

Here, ¢; denotes private consumption of type ¢ household and C' is the average consumption
in the economy at large:

C = / l cidi. (2)

0

The above formulation means that an individual household’s felicity is affected by the presence
of consumption externalities represented by the average consumption of an entire economy.’
In what follows, we assume that u’ (c;, C') is monotonically increasing and strictly concave in
c;. We also assume that u’ (c;, C) is a monotonic function of C. Further restrictions on the
individual utility function are discussed in Section 2.3.

The i-th agent maximizes a discounted sum of utilities
U'= / e Pl (¢;, C) dt
0
subject to flow budget constraint
a; = ra; +wl; — ¢, (3)

where a; and [; respectively denote wealth holding and labor supply. The initial holding of
wealth a; (0) is given and each household is subject to the non-Ponzi game condition such

that

t
tlim exp (—/ rsds) a; > 0. (4)

When solving this problem, the household takes the entire sequence of the reference con-
sumption, {C (t)};2,, as given.

Denoting the (private) utility price of capital by ¢;, the optimization conditions give the

following:
uy (¢, C) = gi, (5)
G=qp—r), (6)
°In a general setting, the felicity function is given by w; = u’(c;,C;). Here, C; denotes the average

consumption in a i-th group of agents, that is, C; = fieN,r cidi, where N; C [0,1] is a subset of agents. In this

paper we focus on the simplified case where external effects prevail the entire economy.



together with the transversality condition:

lim e "qa; = 0. (7)

t—o00

We assume that each household supplies one unit of labor in each moment of time so
that I; = 1. Since the mass of households is unity, the aggregate labor is also L = 1. The net

wealth of this economy is the aggregate capital stock, and thus the equilibrium condition of

1
0

Since K is only real asset, we may assume that households directly own real capital, so that

the asset market is given by

we set a; = k; in the subsequent discussion.

Finally, the equilibrium condition of the final good market is
Y =K+C. (8)

For notational simplicity, we ignore capital depreciation.

2.2 Characterizing Competitive Equilibrium

We have assumed that the households have heterogeneous preferences, so that the dynamic
behaviors of the aggregate consumption, C, and capital, K, are not independent of the be-
haviors of individual variables, ¢; and k;. Moreover, the households constitute a continuum,
meaning that we should treat a dynamic system that involves an infinite number of endoge-
nous variables. Hence, it is not trivial to confirm whether we can obtain a well-defined,
tractable dynamic system that characterizes the perfect-foresight competitive equilibrium of
our economy. In this respect, it is useful to analyze a pseudo planning economy whose behav-
ior mimics the decentralized economy. In what follows, we set up a pseudo planning problem
whose solution exactly corresponds to the competitive equilibrium of our model economy.
Then we show that the solution of the planning problem provides us with a well defined
dynamic system.

Denoting by w; a weight of individual ¢’s utility, we assume that the planner solves the
following problem:

e} 1 )
max / e Pt [/ wiu' (¢, C) dz} dt, w; >0, i€]0,1]
0 0

{ei}iZo

6



subject to the resource constraint
] 1
K:f(K)—/ cidi
0
and a given initial level of aggregate capital, K (0). In this problem the planner maximizes a
weighted sum of individual welfare. Here, the key assumption is that in solving this problem,
the planner takes the external effect, i.e. the sequence of aggregate consumption, {Cy};2,,

involved in the individual utility function as given.

To solve the problem, we set up the Hamiltonian function in such a way that
1 . 1
H:/ wiuz(ci,C)di—l-)\[f(K)—/ Cidi],
0 0

where A\ denotes the shadow value of aggregate capital evaluated by the social welfare. The

optimization conditions include

witt (¢;,C) =\, 9)
A=A (p— [ (K)), (10)
lim e P\ (t) K (t) = 0. (11)

Due to the assumption of strict concavity of u® (.) with respect to ¢;, condition (9) shows that

the optimal level of consumption of agent ¢ is uniquely written as

ci—ci<)\ C>, (12)

T
Wi
where the consumption demand function ¢! (.) monotonically decreases with \/w;. The re-

duced form of a complete dynamic system for this planning problem is thus given by

K:f(K)—/Olci (:i,o>di,
A=X(p—f(K)).

In addition, aggregation of individual consumption demand yields:

/Olci (:c) di = C. (13)

As shown in Section 2.3, when households are conformists, their consumption demand

monotonically increases with the average consumption, C. We will focus on this case and

1 7 .
/ 9 (e, C) yy .
0

assume that

oC



As discussed below, in this paper we treat the case where every household is conformist: the
household increases its private consumption, ¢;, as the reference level of social consumption,
C, rises. Thus the above restriction means that household’s average conformism is not strong
enough to make the aggregate consumption responded more than the rise in the reference level
of consumption. Given this assumption, (13) yields a monotonic, negative relation between

C and A under a given welfare weight profile, {wi}ilzo . We express such a relation as
cC=Cc), C'"\N)<o.
Consequently, the aggregate behavior of the planning economy is described by

A=X[p-f (K], (14)
K=f(K)-CQ), (15)

together with a given K (0) and the transversality condition: lim;_,~, e '\ (t) K (t) = 0.Since
the aggregate dynamic system derived above is essentially the same as that of the standard
one-sector optimal growth model, the planning problem has a unique optimal path that
converges to the steady state equilibrium.
Now define
i‘ =gq, 1€[0,1], (16)

7

which evaluates the marginal value of capital from agent i’s private perspective, that is ¢;/¢; =
wj/w; so that g;/q; stays constant over time. Furthermore, since ¢;/¢; = )\/)\ =p— f'(K) for
alli € [0,1], it holds that from (16) w; is a constant weight. As to the transversality condition,
(7) and giw; = A yield

Aggregating both sides of the above gives
lime 7\ (t) K (t) = 0.

Therefore, the transversality condition corresponding planning problem is satisfied as well.
In view of the equilibrium condition of the final good market and the determination of factor
prices, we see that the aggregate behavior of the competitive economy mimics the optimal

trajectory of the pseudo planning economy defined above. Therefore, the aggregate behavior



of our economy is completely characterized by a pair of differential equations of K and A given
by (14) and (15).

Finally, to complete our analysis we should determine the welfare weight, w;. Notice that
the ¢;/q; stays constant over time for all 4,5 € [0,1]. As a result, at the outset of planning it

holds that ‘
ui (¢ (0),C(0) _ ¢ (0)  wi
uj (¢;(0),C(0)  ai(0)  w;

The optimal choice of the initial consumption levels, ¢; (0) is determined to make the opti-

for all 4, € [0,1]. (17)

mal trajectory starting from the initial consumption, and satisfies the intertemporal budget

constraint such that

/0°° P <_ /otr (=) ds) i (t) dt = ks (0) + /OOO oxp <— /Ot?“(S)ds> w(t)dt, ielo,1],

where 7 (t) = f/ (K (t)) and w(t) = f(K¢) — f' (K (t)) K (t).% Given the initial holding of
capital, k; (0), the level of ¢; (0) is uniquely is determined, so that C (0) = fol ¢; (0) di also
takes a unique value. Hence, if w; (i € [0, 1]) is selected to satisfy (17), then the solution of
the pseudo-planning problem coincides with the competitive equilibrium.

Note that g; is proportional to A and from (12), ¢; depends on C' and ¢;. In addition, the
dynamic behavior of k; depends on K and ¢;. Therefore, once the optimal path of (K, C,\)

in the planning problem are established, behaviors of ¢;, ¢; and k; are determined as well.

2.3 Conformism and Consumption Behavior

The conditions (5) and (6) yield

S L Ao
We express this equation as
éi = ¢; (ci,C) (r — p) + A (¢, C) C, (18)
where ‘
b, (1, C) = —m >0, (198)

®The intertemporal budget constraint holds as an equality due to the non-Ponzi-game constraint and the

transversality condition.



_ ul:12 (Civ C)
ufy (Ci7 C)
In the above, 1/¢, (¢;, C) represents the degree of absolute risk aversion of type ¢ household.

Following Gollier (2004), we call A; (¢;, C') the degree of conformism of type i household. This
function shows how the private consumption responds to a change in the average consumption
to keep the marginal utility of private consumption constant. If A; > 0, the household i is
a conformist in the sense that she changes her own consumption in the same direction of
the change in the average consumption. In contrast, if A; (¢;, C') < 0, the household changes
her consumption in the opposite direction: the household is an anti-conformist. Moreover,
when A; (¢;,C) > 1, the household is an over-conformist, because the household changes her
consumption more than a change in the average consumption to keep her marginal utility
of private consumption constant. In this paper we focus on the case each household is a
conformist but is not over-conformist, so that we assume 0 < A; (¢;,C) < 1 for all i € [0,1].

The specification of the utility function that has been frequently used in the literature is

the following multiplicative form of externalities:”
u' (¢, O) = vi (i) m; (C), i €[0,1],

where v}(¢;) > 0, v/(c;) < 0 and 7} (C') > 0. Given this functional form, we obtain

M) e ) = 6 (e T O)
¢i(CZ) - U;’(Ci) > 07 Az( 170) ¢z( 7,) 771(0) > 0.

Note that if the external effects are introduced in the multiplicative form, the absolute risk
aversion depends only on the private consumption, while the degree of conformism is affected
by private as well as social level of consumption (the case of non-separable confrmism).®

A simple example is to set v; (¢;) = 63—7/ (1 —7) and 7, (C) = C~%(=7: 5o that the
instantaneous utility function is:
(0"

L=~
"For instance, this type of utility function is given in Gali (1994) and Carroll et al (1997).

u' (¢c;, C) = , v>0, v#1, 0<6;<1. (20)

®In contrast to the non-separable conformism, we can see the separable conformism in the sense that the
degree of conformism depends on the average consumption alone by using the subtractive form of consumption
externalities as follows: )
(e, 0) = GO _fi_(cﬁ)) 1 80

where ( is the degree of risk aversion.

10



where v shows the common degree of absolute risk aversion among households and 6; is
the degree of external effect of type i household.”? In this specification, the heterogeneity of

preferences only stems from the difference in ;. Here, we obtain

¢ 1 Ci

o, (¢;, C) = 7’ Ai (¢, C) = (1 — 7) 91-5,
implying that if the household is a conformist, we should assume v > 1 because 0 < 6; < 1.
Hence, in this well employed functional form, the degree of individual conformism depends
on the intertemporal elasticity of private consumption, 1/, the individual degree of external
effect, 6;, as well as on the private consumption relative to the social average, ¢;/C. Notice
that even if the preference parameters are identical (6; = 6 for all i) , the degree of individual
conformism may differ each other unless ¢; = C for all ¢. It is also to be noted that in this

example the Euler equation (18) is rewritten as'’

e 1 1\ C
S = (r- I
C; W(T p)+< W> C

which leads to i
¢ G 1 C
- - L= <1—> (92'—‘93')5-

¢ G
As a result, under the conditions of v > 1 and 6; > 0, while each household changes her
consumption in the same direction of the change in the average consumption, the relative
speed of consumption changes between two individuals depends on the ranking of the degree of
external effects, that is, the sign of §; —6;. Since the speed of consumption adjustment affects
the speed of wealth accumulation, the example clearly demonstrates that the heterogeneity
of consumption conformism may yield a decisive effect on the long-run wealth distribution

among households.

9The introduction of heterogeneous risk aversion means that the economy has two types of conformism:
0; > 0 and (1 —1/v,) > 0 so that (1 —1/v,)0; > 0; 6; < 0 and (1 —1/7,) < 0 so that (1 —1/v,)0; > 0.
As shown later, since the key element of seeing our findings is the degree of conformism, the introduction of
heterogeneous risk aversion may make our paper verbose in the sense that the above two types of conformism

lead to the same findings. Therefore, we omit the heterogeneity of risk aversion.
10Tf the heterogeneity of risk aversion is also present, then the consumption growth path is more compli-

cated in the sense that the growth rate of private consumption without the external effect is different among

households.
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3 The Aggregate Economy

3.1 Aggregate Dynamics and the Steady-State Equilibrium

As shown in the previous section, the aggregate dynamics of our economy are described by
the total capital, K, and its utility price, A. Since the aggregate consumption, C, is a function
of A, the aggregate dynamics can be considered in terms of K and C as well. To see this, it

is to be noted that from (18), the average (aggregate) consumption follows:
. 1 1 )
¢ = (T—P)/ ¢ (3, C) di + </ A¢(C¢,C)di> C,
0 0

which leads to
Jo @i (ci,C) di

C=A(r—p, A ,
( p) 1-— fol Al (CZ', C) dl

(21)

where A/C represents the elasticity of intertemporal substitution in social consumption. In
the following, we assume that the average degree of conformism of the society does not exhibit

over-conformism so that!!

1
/ A (e;, C)di < 1, (22)
0

implying that A has a positive value. Equation (21) shows that, other things being equal, a
higher degree of average level of conformism makes the average consumption more sensitive
to a change in the real interest rate, r.

Substituting (21) into (18), we find that the consumption of individual household follows
G = (I)Z(r - p)v (S [Oa 1]7 (23)

where ®; = ¢, (¢;, C) + A; (¢;,C) A. This expression means that when the household of type
i has a higher degree of conformism, A®(¢;, C;), her private consumption is more sensitive to
a change in the real interest rate.

The differences of ®; among households are derived by the heterogeneous conformism and

"Tn the case of (20), (22) is given by fol Oicidi/C < ~v/(y —1).

12



the differences of initial levels of capital holdings. Using (20), the ®; can be given by:!?

; 1
o; — G 1+ (1 - ) 0; —0) %, (24)
e |
v (#1)
1y . 3
where © = w represents the average degree of external effect, while (1 — l) O represents
&t

the average degree of conformism. Even if the preferences are homogeneous, (24) can be
reduced to the elasticity of intertemporal substitution in the representative-agent model;
alternatively, the heterogeneity of consumption externalities yields the difference of (6; — ©)
in the term (#1). Noting that 7 > 1, others things being equal, an increase in the degree of
conformism of type i’ household (1 —1/v)6; and the average degree of conformism (1—1/)O
leads to the increase in the value of ®;.

From (8) the dynamic behavior of the aggregate (average) capital follows
K=f(K)-C. (25a)
As a consequence, a complete dynamic system of the entire economy consists of (23), (25a),
ki =rki +w—¢;, i€][0,1], (25D)

together with (1), (2) and a given initial level of capital distribution among the households.

The steady-state levels of average consumption and capital stock, C* and K*, are uniquely
determined by

f(K*")=Cr, (26a)

() = p. (26b)

The above steady-state conditions demonstrate that distribution of wealth and the presence

of consumption externalities fail to affect the steady-state levels of average variables as in the

representative-agent model with the fixed labor supply. In addition, when all the households

are conformists so that A; (¢;, C') > 0 for all 7, and if the the average degree of conformism

12The long-run level of private consumption is given by:

i) = o) exp ( [ " 24(5)(r(5) - s )

and furthermore, the initial jump of private consumption is characterized by the degree of conformism and

the initial holding of capital of type i’s household.

13



satisfies (22), then the average Euler equation exhibits the familiar pattern of dynamics: the
average consumption increases (decreases) when the average capital is lower (higher) than
its steady state level, K*. Therefore, K and C follow a stable saddle path converging to the

steady state given above.

3.2 Convergence Speed

We first examine local dynamics of the aggregate system around the steady state equilib-
rium. The linearly approximated system of (21) and (25a) at the steady state consists of the

following dynamic equations

K=p(K-K)—-(C-0C7),
C = A" (KY) (K - K,
where A* denotes the steady state level of A given by the following:

a0 di(et.C)di
1 [ A, C) di

and ¢} denotes the steady-state level of the individual consumption.
Noting that K* = /=1 (p) and C* = f(f'~! (p)), we can rewrite K* = K*(p), C* = C*(p)

and w* = w*(p). Therefore, the steady-state value of ¢; satisfies
¢ = pki +w” (p). (28)
Furthermore, we find that the stable root of the above system is

po= 5 o= (07 487 (o)) ] < (29)

where A* is given by (27).

Since the absolute value of the stable root represents the speed of convergence on the
aggregate economy on the stable saddle path, we immediately see that the economy with a
higher degree of average conformism, and hence a higher value of A* exhibits a higher speed
of convergence towards the steady state. More specifically, the speed of convergence is faster
as the positive value of fol A%di approaches the unity and the positive value of fol ¢idi is

larger. Furthermore, and more importantly, because of the heterogeneity of conformism, the

14



steady-state distribution of capital itself affects the value of A*. Using (20), the following

holds.!3 1
1 ce [ 1\ [Locrdi
i(c;, CM)di = —, / i, C" dz‘:<1_>oz. 30

As seen in (30), the value of fol ¢;(ct, C*)di is uniquely given, but the value of fol Ai(cr,C*)di
is affected by the wealth distribution. In detail, looking at fol 0;c; di, we can argue that when
the relatively wealthier households hold stronger degrees of conformism, the value of fol 0;cidi
and hence fol Ai(ct, C*)di are greater so that the speed of convergence in the unequal economy
becomes faster.

Dynamic behaviors of individual consumption and wealth are described by

ki = rhkitw—c=f(K)(k-EK)+ f(K)-c,
¢ = [#;(ci,0) + Ni (i, C) AL (f (K) = p) -
On the stable saddle path of the aggregate system, it holds that C —C* = (p — p,) (K — K*).

Hence, the approximated behavior of individual capital, individual consumption and the

aggregate capital respectively follow

ki o= plhi— k) = (ci—cf) + f" (K*) (k] — K*) (K — K*),
¢ = O f(K") (K- K"),
K = MS(K_K*)a
where
O = o + AJAT > 0. (31)

Note that the stable root of this system is still u,, which means that on the stable
saddle path of the entire economy each relation between individual capital (or individual

consumption) and the aggregate capital satisfies

o f(K*) 1 To*\ [ 1.% %
B _ o)y — K°)
ki— ki = —* = (K — K7), (32)
*x £l *
G—d = q’ifu(K)(K—K*). (33)

13 Alternatively, using the subtract form of conformism, since the conformism is separable from the individual
capital, the wealth distribution does not have any impacts on the speeds of convergence if the degrees of

conformism are heterogeneous alone.
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Therefore, on the approximated saddle path both individual consumption and capital
move into the same direction as the aggregate capital changes. In addition, it is seen that,
other things being equal, a higher level of individual conformism (a higher value of A; (¢;, C))
raises the responses of ¢; and k; to a change in the aggregate capital.

To sum up, we have seen the following result as to the local dynamics of the economy:

Proposition 1 (i) The speed of convergence of the aggregate economy increases with the
degree of average conformism in the economy at large; (ii) the speed of convergence of capital
and consumption of each consumer increases with her own degree of conformism; and (iii)
using (20) with the heterogeneous conformism, the wealth distribution affects the speeds of

convergence as seen in (30).

Result (i) in the above proposition means that even though the degrees of conformism
differ each other, we still have the same outcome established in the model with homogeneous
preference: a higher degree of consumption conformism raises the convergence speed of an
entire economy. Result (ii) states that the degree of conformism of each household is one
of the relevant determinants of long-run wealth distribution among households. Result (iii)
is a natural consequence of our setting in which the behavior of aggregate variables are not
independent of wealth distribution. In sum, we have confirmed that the individual degree
of conformism affects wealth distribution, which in turns yields impacts on the aggregate
behavior of the aggregate economy. In the next section, we examine the relation between

individual conformism and long-run wealth distribution in detail.

4 Wealth Distribution

4.1 Behaviors of Relative wealth

We now examine the role of heterogeneous conformism in determining wealth distribution at
the steady state. Let us denote the relative capital holding of agent i by ki =k /K. Using the
capital accumulation equations (25a) and (25b), we derive the dynamics of relative wealth as

follows:

2 1 , ~ C /- Ci
ke = = ()K= F(K)) (k= 1) + - (k - 5) . (34)
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Garcia-Penelosa and Turnovsky (2008) assume that the utility function of each agent
is not only identical but also homothetic both from private and social perspectives. Given
those assumptions, consumption of each household changes at the same rate so that the
relative consumption of each agent, ¢;/C, stays constant over time and the level of ¢;/C
is determined by the initial distribution of wealth among the households. In contrast, the
relative consumption in our model changes during the transition process, which may yield
substantial effects on wealth distribution.

For the purpose of comparison, let us first consider the case of identical and homothetic
preferences where ¢;/C does not change over time. Observe that the relative wealth along

the stable saddle path satisfies the following:'*

- - K* — K(0)

ki(t) = kf + (kf —1)2* ekt 35

(t) ( ) Py (35)
where . .
— K*

(p— 1) (36)

A* =1+

f'(K~) fK™) p fE*) )
Notice that Z* and A* depend only on the steady-state levels of aggregate variables except for

the stable root p,. In this setting, Garcia-Penelosa and Turnovsky (2008) conclude that the

elasticity of substitution between labor and capital in the production function, which affects

the sign of A*, is a key element when determining the wealth distribution in the steady state.
To simplify our discussion, in what follows we assume that
|2 PUEES UK

- fK) fIEx)

and, hence, A* in (36) has a positive value. For example, if f (K) is a Cobb-Douglas produc-

(37)

tion function f(K) = K® (a < 1), then condition (37) is satisfied.
Using (35), we see that the difference of capital stock between the households i and j is:
- - - K* — K(0
ki(t) — kj(t) = (ki — k7) (1 + Z*()e“st> . (38)
P~ Hs
The above expression demonstrates that as long as K (0) < K*, if kf > (<)l~c;‘, then k;(t) >

(<)E;(t) for all t > 0. That is, the catching-up does not arise. The intuitive explanation

14Qee Appendix A with respect to the derivation.
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is as follows. From (5) and (6) ui(c;, C)/ui(cj, C) is constant over time. Since uq (¢;, C) is
monotonically decreasing in ¢; for all C' (> 0), if ¢; (0) > ¢; (0), then ¢; (t) > ¢; (t) for all
t > 0. In view of the intertemporal budget constraint for individual household, the identical
preference mean that if &; (0) > k; (0), then ¢; (0) > ¢; (0). As a consequence, if the initial
capital distribution satisfies that k; (0) > k; (0), then it holds that k} > l;:;k and ¢f > cf.
Namely, regardless of the presence of consumption externalities, the initial pattern of wealth
distribution is kept in the long run equilibrium.

Now consider the case of heterogeneous preferences. In our general setting, while the
relative marginal utility of private consumption, ¢ (c;, C)/ u{ (¢j, C), stays constant over time,

¢i/c; generally changes during the transition. The relative wealth in our setting is given by

- - K*— K
ki(t) = kf +—zz;44444444£926“st, (39)
P*,Ms

Bii=1)  p—p [, ®
7 = i s (1 25
7 K* + K* A* ’

B* = f"(K*)K* + p — py(> 0).

where

(40)

In the above, ®f is given by (31). It is to be noted that the sign of B* is positive under (37).

In view of (39), we find that the difference in capital stock between the households ¢ and j

under the heterogeneous preferences is:

(ZF = Z7)(ets" — 1)(K* — K(0))
P — Hs

ki(t) — kj(t) = k;(0) — k;(0) + (41)

Here, the term (Z] — Z7) stems from the presence of heterogeneous conformism. If this
expression shows that Z < Z7, then k; (0) > k; (0) does not necessarily establish k¥ > l}j If
the initially less wealthy household j catches up with the initially richer household ¢ at time
t, then we can show that

(K*—K(0))(Z; -Z7)

P—Hs
(K —K(0)(Z; 2] : (42)

P—Hs

.1 k;(0) — ki(0) +
t=—log

s

The catching-up arises if and only if ¢ has a positive value. More specifically, we conclude:

Proposition 2 Suppose that K* > K(0) and k;(0) > k;(0). Then, (i) the initially poorer

household j will never catch up with the other under the identical and homothetic preferences;
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and (i) the initially poorer household j will (will not) catch up in wealth if the following

iequality is satisfied:

Pt — @} ki(0) — k;(0)  A*(k} — k)

TR - w) “3)

Proof. Since the catching-up arises if and only if £ > 0, from (42) we can derive the

following: 3 5
k;(0) — k3 (0)
(K*—K(0)(Z;-27)
P—Hs

0< +1<1,

which leads to the condition (43) with respect to the catching-up. m

The condition (43) shows that the catching-up would occur if and only if an initially poorer
agent j has a sufficiently large value of <I>;-‘. This is plausible because the greater elasticity
of intertemporal substitution means that the household plans to increase own savings, which
leads to a higher level of wealth in the future.

To combine this finding with the heterogeneous conformism, let us consider (20). For
expositional simplicity, we assume that the initial holdings of capital satisfy k; (0) > k; (0)

and it holds that k7 = k7 (so that ¢f =} ) . Given these conditions, we find:

ol
A* - C*

q)j(C;f,O*)_Q)i(c;f,C*) (1_l> 0; —0;),

Thus if households ¢ and j have the same magnitude of conformism such that ; = 6, it holds

= 0, thereby being unable to see the catching-up (i.e., Proposition
2(i)). Next, if the degrees of conformism between households i and j differ each other, then
<I>§ — ®7 has a positive value if and only if 6; > 60;, which means that the catching-up may
arise. The above condition means that if household j has a stronger conformism towards
the social average consumption than household i, the initial discrepancy of consumption and
wealth may be eliminated in the long run. In words, these results suggest that if an initially
poor household who has smaller wealth than the social average level has a strong aspiration of

catching up the social average, she may overtake the wealth held by an initially rich household

with a weak level of consumption conformism.
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4.2 Patterns of Wealth Distribution

In this subsection we consider the dynamics of wealth distribution. Defining the difference
between the aggregate and the individual capital stocks as ;(t) = k; — 1, we rewrite (39) as

K* — K(0)

ehst, 44a)
P — Hg (

Ui(t) = U;‘k + Z;(

Again, we assume that the initial level of aggregate capital satisfies K (0) < K*. We first
examine the case of identical and homothetic preferences. In this case, from (35), equation

(44a) is rewritten as

oi(t) =0} (1 + 27 (K7 - K(O))e“st> . (44b)

P — Hg
Equation (44b) shows the characteristics of dynamics of relative wealth under the identical

wealth. Differentiating (44b) with respect to time yields:

i) _ MTTZ ("~ K(0)
P — Mg

ehst,

Then, we can see that 7;(t) > (<)0 if o < (> 0) for all households, so that the dispersion
in wealth holdings shrinks over time under our assumption (37). For example, there is the
relative-wealth rich such as o} > 0 in the long run. Since ¢;(¢) < 0, the divergence between
the level of individual wealth and the average wealth decreases over time, and o; (t) converges
of(> 0), implying that ¢;(0) > of > 0. Similarly, if o} < 0 in the long run, the reverse can be
applied so that the relative wealth becomes small along time, 0 > o} > ¢;(0). These results

mean that if we define the index of wealth inequality in time ¢ by

1
S:/ o2di,
0

then in the case of identical and homothetic preferences, the steady state level of S§* =
fol (07)2di is less than its initial level, S (0) = fol 0 (0)? di as long as (37) holds.’
As shown in Proposition 1, the presence of consumption conformism raises the speed of

convergence of the aggregate economy. Hence, when the aggregate capital increases towards

5 As can be easily predicted, it holds that S* < S(0) in the identical preferences:

g0 — s (—ATE — K(0) (20— ) + A (K"~ K(0))
5 =50 =50) (0= b + A (K" ~ K(0)))? )i<o.

where we raise both sides of (44b) to the double power and take account of ¢t = 0.
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its steady state level, the rate of return to capital declines faster in the economy with con-
sumption externalities than in the economy without them. Note that in our model with
fixed labor supply, the income differences among households only come from their capital
income, r (K) k;. This means that the negative impact generated by the decrease in the rate
of return to capital is higher for the households whose capital holdings are larger. As a
consequence, in the presence of consumption conformism, the discrepancy in capital holdings
shrinks faster, so that the steady-state distribution of capital among households is more equal
than in the economy without conformism. This result is a key finding of Garcia-Penelosa and
Turnovsky (2008).

In the case of heterogeneous conformism, o; (t) changes according to

K*—-K(0))Z;
:us( pM(O)) 7 e,ust' (45)

ai(t) =

In this case, the sign of ¢} fails to specify the sign of o; () during the transition. Equation

(45) states that if we focus on the case K (0) < K*, then
sign d; (t) = —sign Z;.

Turning back to the definition of Z; given in (40), we can see that

B*c}f p—u o
Zy =11 s(1- 1), 4
——
(#2)

Then, irrespective of the long-run position of individual capital, the effect in (#2) is negative
(positive) if of < (>)0, which implies that this effect makes the dispersion of relative wealth

decreased. Based on the sign of (#2) in (46), the following results immediately follow:

Proposition 3 Under the assumptions of (37) and K (0) < K*, it holds that (i) if of <0
and ®F/A* > 1, then ¢;(t) > 0 for all t > 0; and (ii) if of > 0 and ®;/A* < 1, then
d; (t) <0 for allt > 0.

Proof. From (46)if o7 < 0 and ®}/A* > 1, it holds that Z > 0, implying that &;(¢) < 0
n (39). If o7 > 0 and ®}/A* < 1, the opposite outcome holds. m
This proposition presents a set of conditions under which the divergence between indi-

vidual capital holding and the average stock of capital monotonically decreases during the
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transition as in the case of homogeneous conformism. The key element is the sign of 1—-®7 /A*.
In particular, we notice that the degree of ®; is larger as the degree of own conformism 0;
increases. Furthermore, noting that fol ¢rdi = A*, condition ®;/A* > (<)1 means that
the elasticity of intertemporal substitution in consumption from the private perspective is
higher (lower) than that from social perspective. Assuming that a household holds relatively
less wealth in the long run, result (i) shows that the household whose private intertempo-
ral elasticity of substitution is relatively high accumulates her capital faster than the social
average during the transition towards the steady state. As a result, the difference between
her capital and the average one shrinks during the transition. Turning to result (ii), suppose
that a household holds relatively more wealth in the long run, and that the household whose
private intertemporal elasticity of substitution is relatively low accumulate her capital slower
than the average. Then, we are able to see that the relative wealth shrinks. Therefore, a
rough implication of this proposition is that if the long-run rich households have relatively low
degree of private elasticity of intertemporal substitution and if the long-run poor households
have relatively high value of intertemporal substitution, then the wealth distribution in the
steady state is more equal than the initial distribution.

To obtain a more precise implication, it is useful to examine the definition of ®}/A* such

* 1 * *
L (1 - / A;"di) A .
A 0 fo #idi - 1— [y Ardi

This expression reveals that the relative elasticity of intertemporal substitution in consump-

that

tion between the private and the social perspectives is high, if at least one of the following
conditions holds: (i) the degrees of average absolute risk aversion fol ¢;di and average con-
formism fol Afdi are small; and (ii) the degrees of private absolute risk aversion ¢; and
conformism A}, are large. When ®}/A* takes a relatively high value, the household ¢ attains
faster accumulation of her capital than the social average.

Notice that the conditions given in Proposition 3 are not necessary but sufficient. There-
fore, we may consider a more complex situation. In particular, considering that the effect
(#2) is negative for expanding the wealth inequality, if the effect of key element 1 — ®¥/A*
on the wealth distribution is the opposite with the effect (#2), and furthermore, this effect

dominates the effect (#2), then the dispersion of relative wealth increases during the tran-
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sition. For example, suppose that when a household is relative-wealth rich in the long run
(i.e., of > 0) where we assume 0;(0) > 0. If 1 < ®7/A* so that Z < 0, then we can see the
enlargement of relative wealth ¢;(¢t) > 0 and 0 < ¢;(0) < o}. Importantly, such an expansion
of relative wealth cannot be seen in the case of homogeneous conformism. Considering those
alternative possibilities, we may present a general condition as to the wealth distribution in

the steady state:

Proposition 4 The long-run wealth inequality is larger (lower) than the initial level of in-

equality if the following condition is satisfied:

1 xs . 1 * 75
<1 - K(0)>2 (fo (7)%di 1) +2 (1 - K(O)> Jo i O%idic (<)M*(2 + M*)S(0).

K ) \([, o) K ) fy oqdi
(#3) (#4)
(47)
where
K B*

M = <1 - @) . (48)

K P — Mg

Proof. Following Appendix B, we derive the following;:

—M(2+ M)S(0) + X*

(14 M)?

where

X' = M1 <1—I§§S)>2+2<1_1§§‘3)> foljffﬁij?‘di. 50)
o Pidi o ¥;at

If X* > (<)M (2+ M)S(0), which corresponds to (47), then it holds that S* > (<)S(0).

The conditions in Proposition 4 are rather complex, but we may obtain an intuitive
implication. First, (#3) shows the dispersion of degrees of conformism in the entire econ-
omy relative to the average degree of conformism. We must notice that (#3) always has a
non-negative sign by the Cauchy-Schwarz inequality, which means that the heterogeneity of
conformism directly expands the wealth inequality regardless of any spatial arrangement of
dispersed heterogeneous conformism. Moreover, when the degrees of conformism are largely
dispersed, which corresponds to a larger value of fol(@;*)2dz’, the wealth inequality further ex-
pands. Alternatively, taking account of the homogeneity of conformism as an extreme case,

we can easily see that f01(<1>;-*)2di = (fol ®*di)? so that (#3) = 0.
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Next, consider the term (#4), which indicates to a correlation between the initial holdings
of capital stocks and the heterogeneity of conformism. Assume a growing economy in the
sense that K* > K(0). The effect (#4) shows that when the initial riches have the greater
degrees of conformism, it holds that fol 0;(0)®Fdi has a positive sign, which means that the
wealth inequality tends to expand. Intuitively, when the initial riches have the greater degrees
of conformism, they like to save but the initial wealth-poor people dislike the saving, which
implies that the initial riches hold more wealth over time; and hence, the wealth inequality
expands. On the other side, when the initially-wealth poor people have the greater degrees
of conformism, they want to save over time, thereby seeing that the wealth inequality does
not expand but shrink.

To examine fol 0i(0)®*di further, we make use of the specified utility function (20):1¢

/01 ®Fo;(0)di = g (/01 oi(0)ordi + . —(”j‘cl_gfgjc;di </01 oi(0)or0;di + /Olgi(O)eidz'» :
(51)

In that case, it generally holds that fol 0i(0)o*di > 0, because the initially relative-wealth
riches seem to keep the relative-wealth ones in the long run. Furthermore, if the rich
people at the initial period have the greater degrees of conformism, we can confirm that
(v = 1)( [ 0i(0)070:di + [} 0:(0)0:di) > 0. Hence, since [;f ®o;(0)di > 0, then wealth distri-
bution becomes more unequal in the long run.

Although our main proposition says the possibility of increasing the wealth inequality
due to the heterogeneities of conformism in an analytical way, it would be difficult to see
if the wealth inequality actually increases because our model has two heterogeneities: the
initial holding of capital stock and the heterogeneous conformism. Therefore, supposing
that the differences of initial holdings of capital stocks among agents do not exist so that
S(0) = 0, we pay attention to the role of heterogeneous conformism for the wealth inequality.
If the utility function is identical and homothetic, the identical levels of initial capital stocks
among the agents yield the identical jump of private consumption, and furthermore the

relative consumption between agents is constant, thereby concluding that S* = S(0) = 0.17

5To derive (51), we make use of fol ci(0)cidi = pfol 0i(0)o;di and fol ci(0)c;0;di = p(fo1 ci(0)o;0;di +

fol 0’1(0)01d2) .
"When the utility function is identical and homothetic, the value of X* is zero in (49), which can be seen

that S* =0 if S(0) = 0.
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Alternatively, when the degrees of conformism are not identical among agents, from (49), we

Jo (27) i K(0))?
o By 1) (-52)
B (1+ M)?

can derive

(>0), (52)

which is analytically evident to see that the long-run level of wealth inequality is greater than
the initial level, S* > 0(= S(0)).

Finally, let us consider the relationship between the wealth inequality and the speeds
of convergence from the viewpoint of heterogeneous conformism. As seen in (27) and (29),
the speeds of convergence become faster if fol Ai(ct,C*)di approaches to the unity. When
we make use of (30), such an economy means that the long-run relative-wealth rich has a
greater degree of conformism. Turning our interests into Proposition 4, from (24) we can see
that the dispersion of the long-run elasticity of intertemporal substitution in (#3) becomes
larger, which means that the wealth inequality tends to expand. Furthermore, from (#4) if
the long-run relative-wealth rich is rich in the initial period as well, the dispersion of wealth

becomes larger.

4.3 Numerical Analysis

Finally, we examine numerical examples that may capture the central message of our study
in the simplest manner. To do so, we assume that there are only two types of households.
The instantaneous utility of each type of household is (20) :

(Cicfei) 1=

u (e, C) = T

, >0, v#1, 0<0;<1,i=1,2.

It is assumed that type 1 households constitute a continuum with a mass of 8 € (0,1). They
have identical initial capital, k1 (0), The second group of households is also a continuum
with a mass of 1 — 3 whose initial capital is ko (0). By definition, the aggregate (average)
consumption is C' = fe; + (1 — 3) co. In what follows, we assume that type 1 households are
initially richer than type 2 households, and thus k1 (0) > k2 (0) .

The production function is given by Cobb-Douglas: ¥ = AK® where 0 < A and 0 < a <
1. Therefore, irrespective of the values of production parameters A and «, the condition (37)
is always satisfied, which means that if §; = 02 so that both types of households have an

identical degree of conformism, then the level of wealth inequality in the long run is less than
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the initial level, that is, S* < S(0). In the following, we set:
A=1, a=035 =25 p=0.04

From (26b), the interest rate is 0.04 and the long-run level of aggregate capital is given by
K* = 19.96. Furthermore, we assume the initial level of aggregate capital equals 80 % level
of its steady-state one, that is, K(0) = 0.8K*, which implies that our economy is growing
over time.

As to the population size and the initial distribution of capital , we consider the following

four cases:

= 05, o1(0)=0.1,
= 05, o1(0)=0.01,
= 02, 01(0)=0.1

= 02, o1(0)=0.0l.

Cases (i) and (ii) assume that the population size of each group is the same. Cases (iii) and
(iv) consider a more realistic situation where the rich group (type 1) has a smaller size of
population than the poor one (type 2). As for the initial distribution of capital, Cases (i)
and (iii) assume that the initial capital stock held by type 1 households is 10% higher than
the average. Since it holds that So1(0) + (1 — 5)o2(0) = 0, the initial capital holding of type
2 households is 02(0) = —0.1 in Case (i) and 02(0) = —0.025 in Case (iii). Similarly, the
levels of relative wealth in Cases (ii) and (iv), ¢1(0) = 0.01 are smaller than in Cases (i) and
(iii) where 02(0) = —0.01 in Case (iii) and o2(0) = —0.0025 in Case (iv), meaning that the
differences of wealth between households in rich and poor groups are smaller in Cases (ii)
and (iv).

Given those parameter magnitudes, we change 61 and 65 in the range that 0 < 6; < 1. All
figures divide (01, 02) space according to whether the level of wealth inequality in the steady

state is larger than its initial one.'® The areas with a red triangle show the combination of

18YWe derive the steady-state levels of individual capital as follows. First, using (20) and C* = Bcf +(1—23)c5,
the ratio of marginal utility ui(ci, C™)/ui(cs, C*) = € leads to ¢ = cj(€) where €(> 0) is an unknown constant
parameter, leading to ki = ki (€) under (28), and hence, o] = o7 (€). Substituting ki = ki (¢) and o] = o7 (€)
into (44a) at t = 0, we can obtain the unique relationship between e and ki(0) where we make use of

Bo1(0) + (1 — B)o2(0) = 0. As a result, we can obtain ki = k7 (e(k1(0))).
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01 and 0y that yields the expansion of wealth inequality in the long run. Alternatively, the
areas with a black cross mean that the wealth inequality shrinks in the long run.

Figure 1(a) depicts Case (i). Here, we see that the lower-right area is occupied by the
signs of red triangle. In other words, when the value of 87 is somewhat greater than that of 65,
the long-run level of wealth inequality is greater than its initial one, S* > S(0), meaning that
when the households in rich group have the stronger degrees of conformism than those in poor
group, the wealth inequality tends to expand. However, if the difference between 61 and 05 is
small enough, the wealth inequality between both types of households will reduce in the long
run. This is because the right-hand side of (47) has the larger value than the left-hand side.
In other words, the initial-rich households achieve the larger jump of private consumption
at the initial period, and therefore, the difference in wealth between two types of households
will be lowered. When the difference in the degree of conformism between the two groups is
sufficiently small, the effect of initial jump of private consumption is kept over time. As a
result, the long-run level of wealth inequality decreases. In contrast, when the households in
poor group have the greater degrees of conformism than the others, the wealth inequality is
reduced. Furthermore, it is to be noted that when the degrees of conformism in both groups
are the same (07 = 62), the wealth inequality shrinks as seen in the last subsection. This
result reconfirms Garcia-Pefialosa and Turnovsky’s (2008) main finding in our context.

Figure 1(b) corresponds to Case (ii). There are two differences from Figure 1(a). First, if
the degree of conformism of initial rich is slightly larger than that of the initial poor, the wealth
inequality may expand in the long run. The reason is that in the Case (ii) the initial jump
of private consumption of the rich group is slightly larger than that in poor group because
the initial levels of capital in both groups trivially differ. Consequently, the heterogeneity
of conformism has a larger impact on the wealth inequality so that the dispersion of wealth
becomes larger in the long run. Second, and more interestingly, the upper-left area is occupied
by the signs of red triangle, which implies that when the degrees of conformism in poor group
are larger than those in rich group to some extent, the level of wealth inequality in the steady
state is greater than that at the initial period. In other words, the initially poorer households
catch up with the households who are initially rich as seen in Proposition 2, and after the
reversal of wealth arises, the difference of wealth expands over time. As a result, the long-run

level of wealth inequality is larger than its initial level.
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Figures 2(a) and 2(b) respectively depict Cases (iii) and (iv) where the population size
of the initial rich (type 1) is 0.2. The patterns of long-run wealth distribution in the case of
B = 0.2 are similar to those observed in Figures 1(a) and 1(b) in which § = 0.5. However,
there are quantitative differences between the two cases: the areas which show the expansion
of wealth inequality are larger in Figures 2(a) and 2(b) than those in Figures 1(a) and 1(b).
This implies that even if the difference of degrees of conformism is small, the wealth inequality
may expand if there is a substantial gap in the population sizes of two groups. It is interesting
to note that as the population size of households who initially rich becomes smaller, the long-

run wealth inequality will expand.”

5 Conclusion

This paper introduces preference heterogeneity into Garcia-Pefialosa and Turnovsky (2008).
We have studied how the presence of heterogeneous degrees of conformism among households
affects the aggregate dynamics as well as wealth distribution in the long run. We have
presented three main results. First, Proposition 1 of the paper shows that an economy where
households have stronger conformism on average grows faster. This result confirms that the
finding in the representative-agent models with consumption externalities still holds even if
households have heterogeneous preferences.

Second, it is shown that if households’ preferences are heterogeneous, an initially poor
household may catch up with initially rich households, as long as her consumption conformism
is strong enough. The precise conditions for such a catch up are given in Proposition 2. This
proposition also demonstrates that the catch up will not arise if households’ preference are
identical and homothetic with respect to private and the average consumption.

Third, it is revealed that because of the presence of heterogeneous conformism, the wealth
inequality may be enhanced in the long run. This is in contrast to the case of homogeneous
and homothetic preferences under which wealth inequality tend to be reduced during the

transition. Propositions 3 and 4 present a set of explicit conditions that determine the long-

19We have seen that the speeds of convergence become faster relative to the economy in which households
have no conformism. In other words, even if a portion of households has degrees of conformism but the rest
households have no conformism, the economy which has a degree of conformism on average has the faster

speed of convergence. This finding is likely to support Proposition 1(i).
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run pattern of wealth inequality. Finally, our numerical examples show the possibilities of
catch-up by the initially less wealth person, and the expansion of wealth inequality under the
plausible parameter set.

Using our model, we can re-examine the existing studies on consumption externalities
with heterogeneous agents. For example, Koyuncu and Turnovsky (2010) analyze the role
of tax policy in the context of Garcia-Pefialosa and Turnovsky’s (2008) model. Our model
with heterogenous preference may extend their policy analysis. In addition, Gollier (2004)
studies a static, general equilibrium model of asset market with consumption externalities
and heterogenous preferences. Based on our framework, we may present a dynamic version

of Gollier’s (2004) discussion. Those topics would deserve further study.
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Appendices

Appendix A

We derive the equation (35) and (39) where the derivation is fundamentally the same as
Garcia-Penalosa and Turnovsky (2006, 2008). First, substituting the individual as well as
the aggregate capital accumulation equations into k; = k; /K — ki K /K and arranging for it,

we can show

~ 1 , ~ ~ Ci
ki = 2= { (FUOK = f) (R = 1) + ClR = )} (A1)
Identical preferences: Note that the relative consumption # is constant over time under the

identical preferences. Approximating (A.1) around the steady state, we can obtain

; ki —c;/C

ki = p(ki = k) + f"(K) (k] = D) (K — K*) + =—L1=—(C = "), (A.2)

and finally arranging for it, we can derive (35).

Heterogeneous preferences: Since the relative consumption # is not constant, the linear

approximation (A.1) around the steady state is

1

ki = p(ks = B) 4+ " (KR = D)(K = K7) + 7

{he-cn—@-}. (43

Therefore, using C — C* = (p — p,)(K — K*) and (33), we can show (39) where we use

1 _ A*f/l(K*)

i (—p) derived by summing (32) over all households.

Appendix B

Raising both sides of (44a) to the double power at ¢ = 0 and summing up for all house-
holds yields:
2K* — K ! K* — K(0)\* [*
5(0) = 57 4 2K = K(0) (0))/ ot Z3di+ ((0)> / (Ze2di,  (B.D)
P — Mg 0 P — Mg 0

where

1 * Q¥ 1
 B'S* p—up .
*o*di = _ s | d*o*d
/0 P T A*K*/O 7

1 B*)2S*  2B*(p—p,) [ p— s> (@2 di
Z;2di:( - s / @ja;di+< > e
A ( ) (K*)2 A*(K*)2 0 K* (fol @*)2
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As a consequence, we can show
S(0) = (14 M*)2S* — D*, (B.2a)

where M* is defined by (48) and

p=(1- K<°>>2 (1_ W) ot (1 50)

K (o ®;di)? K

Jo or®rdi
[l @xdi

(B.2b)

Notice that A* = fol o di.
To derive (50), we can rewrite (B.2b). We make use of (44a) at the initial time and rewrite

the equation as follows:

.1 ' _ K(0) o a
o = T (O'Z(O) + <1 Tor ) <f01 ordi 1)) , (B.3a)

and furthermore we can obtain the following:

! *Fk ] 1 10_‘ *di _K(O) f01<(p’b)2dz _ ! *di
/O ot = (/0 (0)D3di + (1 3 ) <(f01 b 1)/0 <I>id>. (B.3b)

Finally, substituting (B.3b) into (B.2b), D* corresponds to X* in (50).
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