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Abstract

This study examines the steady-state bequest behavior in hereditary or acquired altruism, using an
overlapping generations model with both altruistic and non-altruistic agents. Unlike existing studies
that assume agent types are hereditary, we consider a situation in which altruism is acquired and that
altruistic parents are altruistic to heterogeneous children. We present the following results. First,
when types are hereditary, the optimal bequest decreases according to the ratio of altruistic agents,
whereas when types are acquired, the optimal bequest for both agent types increases according to
the ratio of altruistic agents. Second, the altruistic agent’s social welfare decreases (increases) with
the ratio of altruistic agents in the hereditary (acquired) case. Third, the bequest amount is smaller
when types are acquired. Finally, non-altruistic agents experience greater social welfare when types
are acquired than when hereditary, whereas altruistic agents’ social welfare decreases. These re-
sults suggest that the difference in the environment in which agent types are determined affects the
altruistic type’s bequest behavior and the resulting social welfare of both agent types.
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1 Introduction

Altruism of parents towards children is a natural and essential attitude for human beings, as well as for
almost all higher animals. Intergenerational altruism has attracted the interest of many economic scholars
during the past half century. Notably, since Barro (1974) and Becker (1980) explored an overlapping
generations (OLG) model with altruistic preference, a considerable number of studies addressed various
issues on bequest motives attributed to intergenerational altruism in a dynasty model of overlapping
generations. From a theoretical aspect, by introducing intergenerational altruism into an OLG model,
it bridged the gap between the OLG and Ramsey models, because the dynastic model substantially
functions similar to the Ramsey model with infinitely-lived agents.

Recently, the introduction of agent heterogeneity into an OLG model has become an additional strand
of research in growth theory. Since the late 1990s, several papers have examined the bequest behavior in
an OLG model with agent heterogeneity on altruism, by combining heterogeneous agents with altruism.
In addition, Michel and Pestieau (1998, 2005) explored an OLG model with heterogeneous agents on
altruism and examined the effects of several fiscal policies. Mankiw (2000) also explored an OLG model
with heterogeneous agents called spenders and savers and investigated the effectiveness of fiscal policies.
However, the majority of existing studies assume that parents of each agent type have similar children
and that their altruism is limited to the same type of children. In other words, they assume that types are
hereditary.

The purpose of this study is to consider the different situations in which altruistic parents have both
different types of children and are altruistic to both heterogeneous children, and to examine bequest
motives. Specifically, we assume that children’s types are not fixed but rather acquired. When agent
types are hereditary, which is the situation assumed by existing studies, it can be regarded that a type of
class society exists and that agents’ offspring does not move to different classes. Only altruistic agents
build dynasties for the future. By contrast, when agent types are acquired, society is fluid in that social
class is not fixed or dynastic. It is not necessarily guaranteed that altruistic parents will have altruistic
children. The more appropriate society to consider depends on the actual economic environment that
we investigate. Our study aims to examine and compare steady-state bequest behavior when altruism is
inherited or acquired, using an OLG model with both altruistic and non-altruistic agents.

We refer to existing research related to our study. Since the two seminal papers by Barro (1974)
and Becker (1980) introduced intergenerational altruism into an OLG model, many studies addressed
various problems in the dynastic model with altruistic preferences. In addition, Barro and Becker (1989)
examined fertility choice, while Aiyagari (1989) specified the condition under which the equilibrium
exists. Regarding the extension to agent heterogeneity, Nourry and Venditti (2001) characterized the
equilibrium in an OLG with heterogeneous agents. Michel and Pestieau (1998) examined fiscal policies
when both altruistic and non-altruistic agents exist. Furthermore, to extend and generalize their study,
Michel and Pestieau (2005) considered agent heterogeneity in altruism and ability and explored the

effects of fiscal policies. Mankiw (2000) investigated fiscal policies in a society consisting of spenders
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and savers, which are the same as non-altruistic and altruistic agents. Thibault (2005) also considered the
savers-spenders theory developed by Mankiw (2000) to focus on the prevalence of rentiers. However,
most existing studies assume that types of heterogeneous agents are fixed. In an attempt to explore a
model with other forms of altruism, Falk and Stark (2001) considered a situation in which each individual
is concerned with the welfare of multiple offspring generations ahead. Lambrecht et al. (2006) explored
a model with family altruism in which parents only care about their children’s income but not their
expenditure. These articles, however, do not consider agent heterogeneity.

The study most closely related to our research is by Dutta and Michel (1998). To our knowledge,
there are a few exceptions in this study of situations in which agent types are not inherited. They explored
a model with finitely-lived individuals with imperfect altruism, which implies that each individual might
or might not be altruistic, and succeeded in deriving the distribution of wealth between families. Fur-
thermore, they comprehensively characterized the steady-state equilibrium in a growth model with agent
heterogeneity on altruism. However, because they consider a situation in which each individual lives
only for one period but without a genuine OLG model, parent generations do not know whether their
children are altruistic or selfish. Therefore, parent generations cannot discriminate against the children’s
bequest amount depending on their types. In addition, to incorporate a stochastic process for parents’
prediction of children types into the model, they need to assume that a type choice within a family follows
a first-order Markov process. This assumption complicates the analysis to a certain extent.

In this study, we consider a typical OLG model in which each individual lives during two periods and
in which altruistic parents can differentiate between their children’s types to examine how the optimal
bequest is affected by agent heterogeneity. Unlike existing research, we assume that parents can dis-
criminate against the children’s bequest amount depending on their types. Comparing the two different
situations in agent heterogeneity, we present the following results. First, when agent types are hereditary,
the optimal bequest decreases with the ratio of altruistic agents, whereas when types are acquired, the
optimal bequests to both agent types increase with the ratio of altruistic agents. Second, the altruistic
agent’s social welfare decreases (increases) with the ratio of altruistic agents in the hereditary (acquired)
case. Third, the bequest amount is less when types are acquired than when they are hereditary. Finally,
the non-altruistic agents experience greater social welfare when types are acquired than when hereditary,
whereas the altruistic agents’ social welfare decreases. These results suggest that the difference in the
environment in which agent types are determined affects the altruistic type’s bequest behavior and the
resulting social welfare for both agent types.

The remainder of this paper proceeds as follows. Section 2 presents an OLG model with heteroge-
neous agents on altruism when agent types are hereditary or acquired. Section 3 summarizes the existing
results from the steady-state equilibrium when types are hereditary. Section 4 derives the results from the
steady-state equilibrium when types are acquired. Section 5 compares the characteristics of the optimal

bequest and social welfare in both cases, while Section 6 concludes with final remarks.
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2 The model

We consider a simple two-period OLG model. By denoting the population size of generation ¢ by N,
we define n = (N,11/N;) — 1 > 0 as the net population growth rate, assuming it is constant over time. In
the total population, there are two types of agents: altruistic agents and non-altruistic (egoistic) agents,
that are indexed by type i = A and E, respectively. We denote the population ratio of type A and type E
by p € (0,1) and 1 — p, respectively. We assume that p is constant over time. Thus, pN, and (1 — p)N,
are the populations of type A and type E in generation ¢, respectively.

2.1 Individuals

Each individual lives during two periods irrespective of the type, and two generations — young and
old — populate each period. Individuals consume private goods in both the young and old periods. The
younger individuals supply one unit of their labor inelastically and earn wages. In addition, the younger
individuals receive the bequest from their parents, only if the parents are altruistic. Wages and the bequest
amount are either spent or saved. Senior individuals retire and spend using their savings and the bequest,
if any. We refer to the young individuals in period ¢ generation z. Only the altruistic types are motivated
to leave bequests to their children.

We denote consumption levels of type i’s generation ¢ in the young and the old periods by ¢! and
di1s
bequest received from their parents in period ¢. The budget constraints in the respective young and old

respectively. si denotes the savings of type i’s generation ¢ in the young period and x! denotes the

periods are as follows:

c+ s, =w+x, 2.1)
i+ (1+n)x,, =Reps, (2.2)

where w; and R, denote the wage rate and the gross interest rate in period ¢, respectively. By integrating
(2.1) and (2.2), the international budget constraint of type ¢’s generation ¢ is obtained as follows:
di iy ; 1+n;

C;+Rt+l = W;+X;*r+1xt+l. (23)

The utility functions of individuals differ depending on whether the type is altruistic or not. Both
types have a standard additively separable life-cycle utility, which is assumed to be log-linear for brevity.

The life-cycle utility function of type i’s generation ¢ is as follows:
Ui =U(cl.diyy) = In(c) + Bln(di, ), 2.4)

where 8 € (0,1) is the time preference rate and identical irrespective of agent types. The non-altruistic

type, which is denoted by type E, maximizes their life-cycle utility function. Thus, type E considers the
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following maximization problem:

max U(cE,dE ) =In(cF)+ BIn(dE ). (2.5)
{cfdf i}
Because type E has no bequest motive, it is clear that xﬂ] =0.

Contrastingly, altruistic type A, that express altruism toward children, is concerned about the chil-
dren’s utility. In this study, we consider the two different cases depending on whether types are hereditary
or acquired. First, in Section 3, we examine bequest behavior when types are hereditary. Then, in Sec-
tion 4, we examine bequest behavior when types are acquired. The hereditary case is the benchmark to
compare results to the acquired case because previous studies explore the results in the hereditary case,
in which the altruistic nature is inherited from the parent generation to the children generation. Thus,
type A agents consistently have type A children and likewise, type E agents also have type E children.
There is no mutation across types. In contrast, in the acquired case, altruistic parents have both types of
children following an exogenously given constant proportion and express altruism towards both types of
children. For brevity, we assume that type E without intergenerational altruism has no children.! 2
In the hereditary case, because type A is only concerned about their altruistic children, type A’s

indirect utility function is given as follows:

vi=vid)=  max {U(ddh )+ ), 26)
{‘r ) 1+1 z+1}
where y € (0, 1) denotes the degree of intergenerational altruism. We assume that y < 8. (2.2) is arranged

as follows:

V= max ZVU ol y). 2.7
{FA 1”\1+]}t

In contrast, type A cares about both types of children in the acquired case irrespective of whether

they are altruistic or not. Type A’s indirect utility function is given as follows:

W= (e e }{U(CfvdﬁlHY(PVtﬁﬁ(l*p)Vt'il)} 2.8)

RS R e RS |

where xA“I and denote the bequest amounts from parents to altruistic and non-altruistic children,

t+1

1 Although we can consider a general situation in which type E has children, the analysis becomes very complicated
because it is required to change the population growth rates of both types to keep the population ratio constant in the steady
state. Moreover, the quantitative results do not change even if type E agents have children, because they do not indicate any
altruism towards their children.

2 Even when types are hereditary, a philanthropic situation might occur in that altruist agents express altruism towards
outsiders with no altruism. In another extreme cases, even when types are acquired, it could assume the situation in which
altruistic parents favour altruistic children only. However, because both situations are unrealistic and artificial to a certain
extent, we label the former the hereditary case and the latter the acquired case.
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respectively.

2.2 Firms

Firms produce output by using labor and capital under perfect competition. The aggregate production
function is constant returns to scale and independent of time. The production function follows a Cobb-
Douglas form, that is, ¥; = AK,O‘L,] ~% where Y;, K;, and L, refer to total supply of goods, total labor force,
and total capital in period ¢, respectively. The total labor is equal to the population of generation ¢, that

is, L, = N;. The per capita production function is provided as follows:
yr = AkY, (2.9

where y, = Y,/N; and k, = K;/N, represent per capita supply and capital, respectively. Firms maximize
profit in per capita terms, m; =y, — r;k; — w;. Capital depreciates completely at the end of each period.

The first-order conditions for profit maximization are given as follows:

R, = aAk* !, (2.10)
w = (1 — a)Ak*. (2.11)

Throughout the study, we assume dynamic efficiency, that is, R, > 1 +n, V.

2.3 Capital market equilibrium

In the economy, the capital market must be cleared. The capital market equilibrium in period ¢

satisfies the following condition:

(14+n)kip1 = psi + (1= p)sy - (2.12)

3 Hereditary case

In this section, we examine the bequest behavior when types are hereditary. This case is the bench-
mark to compare results to the case in which types are acquired, according to previous study results.

First, we consider the utility maximization problem of a non-altruistic agent. Because type E notice-
ably possesses no bequest motive, both given and giving bequests are zero, that is, x£ = 1 =0. By

solving type E’s utility maximization problem (2.5) subject to the intertemporal budget constraint (2.3),
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we obtain the optimal levels of consumption and savings as follows:

Wr

E _
¢ = 1+ﬁ7 3.1)
R
df., = ﬂjg’ (3.2)
E _ BWr
St = 1B (3.3)

Second, we consider the utility maximization problem of an altruistic agent. Type A has a bequest
motive. However, as shown below, if the degree of intergenerational altruism 7 is not large enough, type
A does not leave the bequest to their children. We assume that ¥ is sufficiently large so that xfﬂ > 0. The
condition that xf‘ﬂ > 0 holds is presented in Subsection 3.1. Type A maximizes the utility presented in
(2.6) or (2.7) subject to the intertemporal budget constraint (2.3). We solve this maximization problem
in the following two steps.

In the first step, considering the given and the giving bequest amounts, x* and xAH , type A chooses

the optimal consumption levels. The optimal levels of consumption and savings are obtained as follows:

4 1 14+n
o = 1+Mw+¢ Hﬁm, (3.4)
dt | = BRic), (3.5)
B 1+n
"= 1+B(w’+m 1+B Rm)‘/’4 ' G0

Note that def'/dxt = 1/(14B) > 0, dd? | /dx* = BR,11 /(14 B) > 0, def/dxt, | = —(1+n)/(1+ B)Ri11 <

0, and dd?, /dx, | = —B(1+n)/(1+ B) < 0 for subsequent calculations. The transversality condition is

required as follows:

lim YU (A |, dM)x! = lim qf“ﬁﬁ =0 (3.7
d t—1» (5boo d;“ . .

t—5+oo

By substituting the optimal consumption levels (cA,dt % 1), which are shown in (3.4) and (3.5), into the

utility function, type A’s utility is expressed as a function of only the giving bequest amount x;“H
In the second step, type A determines the optimal level of the giving bequest to maximize its indirect

utility as follows: max o }V,A =U(c},d )+ yV(x, ). The first-order condition is given as follows:

1 c;q 1 dt—H ! l+n
— +ﬁ +W () <0e V() < : (3.8)
qu dxf t+1 dxA+1 ! RlHCth

In the case of corner solution, that is, when xA+ | = 0holds, (3.8) is satisfied with strict inequality. Because

3 This concise procedure is implemented as per Das ef al. (2015).
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our analysis focuses on the interior solution of the optimal bequest, we assume that (3.8) is satisfied with

equality throughout the study. Now we consider the value function of type A’s generation ¢ as follows:
V(') = max{U (e, dii)) + 1V (1)} (3.9)
According to the envelope theorem of this Bellman equation, the differentiation of the value function

satisfies

oy UL 1dd 1 ddh,
V=T TG Rt o 10

Thus, the first-order condition (3.8) satisfies the following equation:

YRi+1
= ffrnt?f 3.11)

However, it is challenging to derive the optimal levels of consumption and bequest concisely for altruistic

agents on the transition path.

3.1 The steady-state analysis

Now, we consider the steady-state equilibrium. The time subscript ¢ is dropped as such that for
example, R, = R and w, = w.

First, type E’s steady-state consumption and savings are immediately derived from (3.1)—(3.3).

E w

£ BRw

155 (3.13)
E _ Bw
s =1ip (3.14)

Second, we derive type A’s steady-state consumption and bequest. In (3.11), when the bequest level

is positive, x4 > 0, the modified golden rule is satisfied in the steady state as follows:
YR=1+n. (3.15)

By substituting the firm’s profit maximization condition, (2.10) with (3.15), we obtain the steady-state

per capita capital as follows:

- ()

As clearly shown in (3.16), the steady-state capital level k is independent of the population ratio of types
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p, while k increases with the degree of intergenerational altruism 7.

As per Weil (1987), for the optimal bequest to be positive, the per capita capital k that satisfies
(3.16) must be larger than the capital when there is only a non-altruistic agent in the economy. Because
the market clearing condition is (1 + n)E = sf = Bw/(1 + B) when all agents are non-altruistic, and
substituting this with the firm’s profit maximization condition (2.11), we obtain the steady-state per

capita capital when all agents are non-altruistic as follows:
~ l—-a)A \ra
k= (M)‘ . (3.17)
(1+B)(1+n)

Thus, we obtain the sufficient condition for a positive bequest as follows:

k>?<:>y>M (3.18)

a(l+8)

To guarantee the positive optimal bequest, we assume that (3.18) is satisfied throughout the study.

Type A’s steady-state consumption and savings are derived from (3.4)—(3.6).

A= % (3.19)
d* = BRA, (3.20)
= w (3.21)

The market clearing condition in the steady state is (14 n)k = ps? + (1 — p)sE.

w and also s* do not
depend on p because k is independent of p. Thus, as p grows, s* decreases, that is, ds*/dp = —s/p < 0.
In other words, as the population ratio of the altruistic type decreases, type A’s savings increase. The

present value of lifetime consumption of the altruistic agent is given as follows:
dA
cA+f:w+(17}/)xA. (3.22)

Because 1 —y = (R —(1+ n)) /R under the modified golden rule, type A’s present value of lifetime
consumption is equal to the wage plus the return of the bequest.
By substituting s* and s¥ in the market clearing condition and by solving x*, we obtain the steady-

state bequest as follows:

~ (I+n)(1+B)k—Pw
¥ = p(B-7) '

As the population ratio of the altruistic agents increases, the optimal bequest amount decreases. Further-

(3.23)

more, whether the bequest is positive does not depend on the population ratio p. The per capita capital
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is independent of p in (3.16), whereas the bequest amount decreases with p. Thus, as the ratio of the
non-altruistic agents increases, the altruistic agents increase the per capita bequest to countervail the lack
of savings by the non-altruistic agents. In addition, because x4 strictly increases with k and k increases
with 7, the bequest increases as the degree of intergenerational altruism of agent A increases.

Finally, we derive the social welfare of both types in the steady state. Type A’s social welfare is as
follows:

In(c*) + BIn(d?)

VA =
-y

, (3.24)
where ¢* = (w+ (1—7)x*)/(1+ ) and d* = BRc*. Because ¢* and ¢ increase with x* and x* decreases
with p, the increase in the population ratio of altruistic agent p decreases type A’s social welfare. In other
words, the increase in non-altruistic agents paradoxically increases type A’s social welfare.
Contrastingly, by substituting ¢ = w/(1 + ) and d¥ = BRw/(1+ B) with type E’s utility function

and arranging the equation, type E’s social welfare is derived as follows:

UE =In(cF) + B In(dE)
= (1+B)In(w)+BIn(R)+BIn(B) — (1+B)In(1+B)
=[(1+B)a—B(1—a)|n(k)+X, (3.25)

where X = ln({;—g)”ﬁ +1In(aB)P + (1+2B)In(A). Note that (1+B)a — (1 —a) > 0 because we
assume that (3.18) is guaranteed.

Because k does not depend on p, type E’s social welfare is independent of p. However, from (3.25),
type E’s social welfare increases with k. Thus, the increase in the degree of intergenerational altruism of
type A increases type E’s social welfare.

We summarize the obtained results in the following proposition. These results have already been
revealed by Michel and Pestieau (1998, 2005).

Proposition 1. Consider the steady state when types are hereditary, assuming that the altruistic agents
make the positive bequest, that is, assuming that y > B(1 — a)/a(1 + B) holds.

(i) The steady state follows the modified golden rule. That is, YR =1+n.

(ii) The per capita capital k is independent of the population ratio of the altruistic types p and increases
with the degree of intergenerational altruism 7.

(iii) The bequest x* decreases with p and increases with .

(iv) The altruistic agent’s social welfare decreases with p. The non-altruistic agent’s social welfare does

not depend on p but increases with .

Proposition 1(iv) suggests that the increase in non-altruistic agents leads to Pareto improvement.
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4 Acquired case

In contrast to the previous section, we examine the bequest behavior when types are acquired in this
section. The altruistic agents express altruism towards their children irrespective of whether their children
are altruistic or not. Similar to the analysis in the previous section, we assume that v is sufficiently large
so that type A leaves a positive bequest to their children. We denote a bequest from type A’s parents to
type A’s children in period ¢ by x* and a bequest from type A’s parents to type E’s children in period ¢
by x4¢, respectively.

First, we consider the utility maximization problem of a non-altruistic agent. Because type E evi-
dently has no bequest motive, they do not leave any bequest to their children, that is, xﬁrl = 0. However,
they receive the bequest from the altruistic parents. Thus, type E’s utility maximization problem is sim-
ilar to that in Subsection 3.1, except for that the bequest x*¢ is added. By solving (2.5) subject to the
intertemporal budget constraint, we obtain the optimal levels of consumption and savings as follows:

E_ witx
=g 4.1
ﬁRrJrl(WtJFx}qe)
dr+l T, “4.2)
E _ B(w; +x¢)
s =1 4.3)

It is immediately found that dcf/dx* = 1/(1+ B) > 0 and dd”, | /dx}* = BR,11/(1+ ) > 0.

Second, we consider the utility maximization problem of an altruistic agent. Assuming that ¥ is suf-
ficiently large, type A leaves both their children positive bequests, x;“ﬂ and x;“H. Type A’s intertemporal
budget constraint is given as follows:

A

z’:‘l =W+ — ;f”(px;‘fl +(1=p)xy). (4.4)

Type A maximizes the utility (2.8) subject to (4.3). We solve this maximization problem by implementing
the following two steps.

In the first step, considering the given and the giving bequest amounts, xf“, x‘l“f] , and x;“ﬂ,

chooses the optimal consumption levels. The optimal levels of consumption and savings are obtained as

type A

follows:
1
= g (vt = 22 a4 (1= 1)), (43
r+l BRtHCA (4.6)
u 1 1+ a e
_s‘f‘ lfB(WIJr)f\ )*mfn(P)‘/thrlJr(l*p))‘/rtl)' 4.7
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For subsequent calculations, we show the first-order partial derivatives as follows: dc?/dxA® = 1/(1 +
B) >0, det/dxe) = —p(1+n)/(14 B)Ri+1 < 0, and dej/dx¢; = —(1— p)(1+n)/(1+ B)Ri11 <O.
Similar to the previous section, the transversality condition (3.19) is required by defining x! = xA% 4 x¢
in this section. By substituting the optimal consumption levels (c’,“7df‘+1), which are shown in (4.5) and
(4.6), with the utility function, type A’s utility is expressed by the giving bequest amounts for both types’

agents (x49, x4 ).

t+107+1
In the second step, type A determines the optimal levels of (xj‘fl ,xf‘fl) to maximize the indirect utility
function as follows: max{xﬂl,xf‘jl}VrA =U(ctdh ) +y(pVA e, x2¢) + (1 — p)VE(x¢))). Under the
assumption of (3.18), we focus only on the interior solution, that is, xffl > (0and xfjl > 0. The first-order
conditions with regards to xff] and x’,“jl are given as follows:
1 dc! dd avA avh  (1+4n
T s TP =0 T = g @9
p iy di Aot +1 1 Renc
1 de? B dat y( avA C-p) dvE ) 0@?/( avA N l—p) (1—p)(1+n)
ot vl df di Xy dxf oxly i Risic!
(4.9)
Thereafter, we consider the value function of type A’s generation ¢ as follows:
VA x) = max{U(cf‘,thH) + y(pVA(x,“fl,x,“j]) +(1 *P)VE(JQAﬁl)) } (4.10)

According to the envelope theorem of this Bellman equation, the partial differentiations of the value

function satisfy the following equations.

ov4 _8U(cf7df+|) _iddzq + 1 dd?ﬂ 7i (4.11)
ox oxM T rdg T R dife o '
ovA _ aU(C'qu)ZzAH) _ 1 def i 1 ddf, —o. 4.12)
ox I ot dxf' " Reviel dxf'
Thus, the first-order conditions (4.8) and (4.9) satisfy the following equation.
YR 11
C?H :CtE+1 = Ht_nc,tq. (4.13)

Since cﬁ 1= ctEJr |» the parent generation leaves the bequests to both their children so that altruistic and
non-altruistic agents consume at the same level.
However, because it is challenging to derive the optimal levels of consumption and bequest on the

transition path, we consider the steady state in the following subsection.
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4.1 The steady-state analysis

First, type E’s steady-state consumption and savings are immediately derived from (4.1)—(4.3).

E_ wHx

—71_’_[3 , (4.14)
£ BR(w +x4°)
= (4.15)
E _ B(W+XA6)
s =1 4.16)

Second, we derive type A’s consumption and bequest levels in the steady state. Similar to the hered-
itary case presented in the section, it is evident from (4.13) that the modified golden rule, YR =1 +n,
holds when bequest levels are positive. Furthermore, similar to the hereditary case, because the steady-
state per capita capital satisfies (3.16), k is independent of p and increases with y. Type A’s steady-state
consumption and savings are derived from (4.5)—(4.7).

A= wr(=yp)dt —y(1 - p)ete

4.17
4B ; (4.17)
d* = BRA, (4.18)
A _ Bt (B—yp)te—y(1—p)tc .19
1+
Because ¢ = c£ holds from (4.13), x** and x4¢ satisfy the following equation:
A =cF s (1—yp) = (1+y(1-p))x*. (4.20)

By substituting s* and s¥ with the marketing clearing condition in the steady state, the following equation

is derived:
(L4+n)k = ps* + (1 —p)s* < (1+n)(1+B)k = Bw+ (B —yp) (px* + (1 - p)x*). 4.21)

By solving x** and x¢ in the simultaneous equations (4.20) and (4.21), we obtain the steady-state bequest
levels as follows:

S (A +n)(1+B)k—Pw) (1+7(1—p))
B—vp
e _ ((AEn)(A+P)k—Pw)(1—yp)
B—vp '

, (4.22)

4.23)

Because x*¢ > x¢ holds, the altruistic parents leave a larger bequest to the altruistic children than to the
non-altruistic children. Although k and w are independent of p, both x¢ and x*¢ depend on p.
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The first-order partial derivatives of xA% and x*¢ with respect to p are derived as follows:

ox'e _ y(1—B+7y)((1+n)(1+B)k—PBw)

o (B -0 e
aa%e _ —ﬁ)((l(;rf);;;ﬁ)k—ﬁvv) -0 (4.25)

Thus, as the population ratio of the altruistic agents increases, both the optimal bequest levels increase.
This characteristic varies from the hereditary case, in which the increase in p decreases the bequest.
Moreover, it is also shown that both xA% and x4¢ increase with y. The first-order partial derivatives of
(4.22) and (4.23) with respect to Y are derived as follows:
oxie 14+ y(1— 1-
1 r0=0)  pBp)
Iy B—vp (B—vp)
oxte 1—yp . p(1-P)
=Y Y "
ay  B-v»  (B-p)

where ¥ = (1 +n)(1+ B)k—Bw >0 and Y’ = 9Y/dy > 0.* In (4.26) and (4.27), as the degree of

intergenerational altruism 7y increases, the bequest levels for both agents increase.

>0, (4.26)

>0, (4.27)

Finally, we derive the social welfare of both types in the steady state. Because c* = ¢f and d* = d¥,

both types’ life-cycle utilities are equal, that is, U4 = UF. Type E’s social welfare is derived as follows:
U =1In(c®) + BIn(d?), (4.28)

where cf = (w+x4¢)/(1+ B) and d¥ = BR(w +x4¢)/(1 4 B). As mentioned previously, because & is
independent of p, w and R are also independent of p, whereas x4¢ increases with p. Therefore, the
increase in p increases type E’s social welfare. Contrastingly, k is a strictly increasing function of 7.
Because w increases with k but R decreases with k, the increase in 7 increases the bequest x*¢ and wage
rate w, whereas the interest rate R decreases. However, when we express type E’s indirect utility as
the value function of x*¢ as such that VZ = VE(xA¢), dVE/dx*¢ = 1/cf > 0 is satisfied according to the
envelope theorem. Thus, as 7y increases, type E’s social welfare increases.
Next, we derive type A’s social welfare. Because U4 = UZ, the following equation is satisfied.
pa_ U b (701 =p) (1= 7p)U*

—7p v(1-p) T yp (4.29)

The same logic as non-altruistic agents applies for altruistic agents. The increases in p and Y improves

type A’s social welfare. In other words, as the population ratio of altruistic agents and the degree of

4y = (1+n)(1+B)(9k/dy) — B(dw/dY) = [(1+n)(1 + B) — Ba(1l — &)Ak*~'](9k/y). The term in the brackets of
this equation is essentially positive under the assumption of (3.18). Partial differentiation of (3.16) with respect to ¥, yields

g—]; = % (%) 7 50, Therefore, Y’ > 0 holds.
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intergenerational altruism increase, altruistic agents enhance their social welfare.

We summarize the above results in the following proposition.

Proposition 2. Consider the steady state when types are acquired, assuming that altruistic types leave
the positive bequest, that is, assuming that Y > B(1 — a)/a(1+ B) holds.

(i) The steady state follows the modified golden rule, that is, YR =1+ n.

(i) The per capita capital k is independent of p and increases with Y.

(iii) The bequest levels left to both altruistic and non-altruistic agents, x* and xA¢, increase with p and

Y.
(iv) Both agent’s social welfare increases with p and .

Propositions 2(i) and 2(ii) match the claims in Propositions 1(i) and 1(ii). Irrespective of whether
agent types are hereditary or acquired, the modified golden rule applies and the steady-state per capita
capital level is determined by both firms’ production technology and the capital market condition, but
not by the demand side. The results of Propositions 2(iii) and 2(iv) are in stark contrast to those in
Propositions 1(iii) and 1(iv). When types are hereditary, the bequest level from altruistic parents to
altruistic children decreases as the population ratio of altruistic agents increases. In contrast, when types
are acquired, the bequest level from altruistic parents to both of altruistic and non-altruistic children
increases as the population ratio of altruistic agents increases. The difference is attributed to whether
the parent generation is able to properly control the savings of the generation of children by leaving the
bequest. When agent types are hereditary, altruistic parents cannot control the savings of non-altruistic
agents because they are not their children and are not left with any bequests. By variation, when agent
types are acquired, altruistic parents are able to control the levels of savings of both altruistic and non-
altruistic agents through the bequest. Since the capital level required for the economy is completely
determined only by a firm’s technology, namely, the supply side, the parent generation is required to
adjust the total savings to properly encourage capital accumulation while balancing the capital market
equilibrium condition, (1+n)k = pss + (1 — p)sg. As the parent generation cannot change sz when agent
types are hereditary, the increase in altruistic types requires the reduction of s4 and leads to decrease in
bequest x*. Contrastingly, when agent types are acquired, the parent generation is able to change both
s4 and sg via xA% and x*¢. Since s¥ > s* must be held in order that ¢* = ¢F holds in the steady state, the
increase in altruistic types reduces total savings. Thus, when types are acquired, as p increases, parents

can increase the bequest levels to both agents.

5 Comparison

By using the results from the steady-state bequest behavior in the two previous sections, we compare
the bequest levels and social welfare when agent types are hereditary and acquired.
First, we compare the bequest levels. The steady-state bequest level when types are hereditary, x4,

is shown in (3.23). The steady-state bequest levels of the altruistic and the non-altruistic agents when
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types are acquired, x¢ and x*¢, are shown in (4.22) and (4.23), respectively. Moreover, when types
are acquired, the total bequest amount that the parent generation leaves to both agents, is calculated as
follows:

pra_F(l_p)x‘le: ((1+I’l)(1+ﬁ)k*ﬁw) (51)

B—vp

We summarize the results of the bequest levels comparison in both cases in the following proposition.

Proposition 3.
(i) Both xA% and x° are essentially smaller than x*. That is, x*% < x* and x*¢ < x.

(ii) The total bequest amount when types are acquired is less compared to when they are hereditary. That

is, pxA 4+ (1 — p)xte < x4,

Proof. (i) xA* < x4 if and only if p < B/y(B — 7). However, since B/y(B —7) > 1 if and only if B(1 —
Y)+ 7> >0, p < B/y(B —7) always holds and, as a result, x* < x* is satisfied. x1¢ < x* is immediately
proved because x4¢ < x4 if and only if B(1 — p) + yp*(B —7) > 0.

(ii) It is immediately obtained from Proposition 3(i), or easily proved by comparing (3.23) with (5.1). [

Proposition 3 claims that parent generations are able to save the amount of bequest they leave for
children when agent types are acquired. At first glance, it seems that the required bequest amount in
the acquired case is larger compared to the hereditary case, since parents are required to leave bequests
to both types of agents. However, the result shows that when altruism is inherited, altruistic parents are
required to pay a larger bequest to their altruistic children to achieve the equivalent of capital accumu-
lation as when types are acquired. The reason that Proposition 3 holds, is attributed to the difference in
the effect of children’s utility on parents’ utility when types are hereditary or acquired. When types are
hereditary, the degree of influence that altruistic children’s utility has on their altruistic parents’ utility
follows the degree of intergenerational altruism Y. Contrastingly, when types are acquired, the degree of
influence that altruistic children’s utility has on their altruistic parents’ utility decreases at the ratio of yp.
Even if parents obtain the additional increase in utility from non-altruistic children’s utility, this portion
of utility is not recursive and the effect disappears in only one period. The decrease in the importance of
children utility decreases the marginal utility of bequest for both agents and leads to a smaller bequest
than in the hereditary case.

Subsequently, we compare social welfare in the steady state using two cases. First, we compare the
social welfare of the non-altruistic agents. The non-altruistic agent’s utility is UF = In(cf) + B In(d®) in
both cases and the consumption levels (cE ,df ) are shown in (3.12) and (3.13) when types are hereditary
and in (4.14) and (4.15) when types are acquired, respectively. Clearly, because the bequest exists only
when types are acquired, both consumption levels are higher when types are acquired than when they

are hereditary, that is, cZ, > cfe and dE. > dfe.s Thus, social welfare is greater when types are acquired

5 The subscripts /e and ac indicate the hereditary and acquired cases, respectively.
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compared to when they are hereditary, that is, UL, > Ufe.

Second, we compare the life-cycle utility of altruistic agents. The altruistic agent’s life-cycle utility
is U* = In(c¢) + B1n(d*), which depends on the consumption levels (¢*,d4). By substituting the be-
quest amount x*, which is shown in (3.23), with the young-period consumption level ¢*, which is shown
in (3.19), we obtain the steady-state young-period consumption level when types are hereditary. Like-
wise, by substituting the bequest amounts x*¢ and x*¢, which are shown in (4.22) and (4.23), with the
young-period consumption level ¢, which are shown in (4.17), we obtain the steady-state young-period

consumption level when types are acquired.

A (P(B—7)— B —7))w+ (1 +n)(1+B)(1 -1k

he P+ B)B—7) 7 62
(1= Byt (L m) (1 B)(1 = )k .
(BB 1) ' '

Under the assumption of a positive bequest, it is shown that ¢}, > ¢4 if and only if ['(p) = y(B — v)p? —
(B—7*)p+B(1—17)>0. Since T(0) >0, (1) =0, and T'(p), which is a quadratic function of p, takes
the minimum when p > 1, I'(p) > 0 holds for all p € (0,1). Thus, ¢j, > ¢ and @i}, > d hold. As
a result, the life-cycle utility is larger when types are hereditary than when they are acquired, that is,
Up > UL

Finally, we compare the type A’s social welfare including altruism toward their children. Type A’s
social welfare is shown in (3.24) when types are hereditary, and shown in (4.29) when types are acquired.
When comparing both social welfare levels, we can derive that V}fg > V4. We summarize the results of

social welfare comparison in both cases in the following proposition.

Proposition 4.

(i) The social welfare of non-altruistic agents is greater when types are acquired than when they are
hereditary. That is, UaEL. > Ufe.

(ii) Both the life-cycle utility and social welfare, including altruism for the altruistic agents, are greater
when types are hereditary than when they are acquired. That is, U,fe > UA and V;:‘e > VA,

Proof. The proofs of UaEC >U ,fe and U;:‘e > U;;‘C are already in the abovementioned. The proof of V;fe > V;;
is as follows: when we suppose that UAE = UA were satisfied, it is shown that V,fe > VA if and only if
1+ p(1—17) > 0 by substituting (3.24) and (4.29). Since U} > U4, in reality, VA > VA continues to
hold. O

Proposition 4 implies that altruistic agents prefer a situation in which types are hereditary and when
their dynasty can continue indefinitely by altruistic agents, whereas non-altruistic agents prefer a situation
in which types are acquired because they are able to obtain the bequest from their parents. When agent
types are acquired, the altruistic parents are required to leave the bequest to both types of children.

As shown in Proposition 3(ii), the bequest amount that the altruistic parents pay is smaller when types
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are acquired than when they are hereditary. However, when types are acquired, the marginal utility of
the bequest decreases because the ratio to which the bequest that a parent generation leaves to their
children is inherited by future offspring generations declines. Therefore, the altruistic agents’ social
welfare decreases when types are acquired. In contrast, non-altruistic agents prefer the situation in which
types are acquired because they can obtain the positive bequest. Thus, the most preferable environment
for agent heterogeneity depends on the agent types of altruism. For altruistic agents, type inheritance
guarantees greater social welfare from the permanent family dynasty. Alternatively, non-altruistic agents

prefer types that are not genetically determined.

6 Concluding remarks

This study examined the steady-state bequest behavior when altruism is hereditary or acquired, using
an OLG model with both altruistic and non-altruistic agents. Unlike the assumption of existing studies
that agent types are hereditary, we considered a situation in which altruism is acquired and in which
parents are altruistic to both heterogeneous children. We presented the following main results. First, in
Propositions 1(iii) and 2(iii), when agent types are hereditary, the optimal bequest decreases according to
the ratio of altruistic agents, whereas when types are acquired, the optimal bequests for both agent types
increase according to the ratio of altruistic agents. Second, in Propositions 1(iv) and 2(iv), the altruistic
agent’s social welfare decreases (increases) with the ratio of altruistic agents in the hereditary (acquired)
case. Third, as per Proposition 3, the bequest amount is smaller when types are acquired than when they
are hereditary. Finally, in Proposition 4, the non-altruistic agent’s social welfare is greater when types
are acquired than when hereditary, whereas the altruistic agent’s social welfare is smaller. The most
preferable environment for agent heterogeneity depends on the agent types of altruism. In addition, these
results suggest that the difference in the environment in which agent types are determined affects the
bequest behavior and social welfare of both agent types.

Finally, we conclude by suggesting scope for future research based on this study. First, we limited the
argument to only two extreme cases, in which types are hereditary or acquired. A natural way to expand
on our study is to investigate a more general situation in which some agent types are hereditary and others
are acquired. In addition, whether children acquire altruism is greatly affected by emotional learning
from parents. As a future challenge, we should consider the endogeneity of altruism and incorporate the
investment of emotional learning into the model to investigate the bequest behavior in an OLG model.
Second, one of the interesting issues among existing studies that examined altruism in an OLG model,
is the effectiveness of fiscal policy. In this study, we only considered the steady-state bequest behavior
in which agent types are acquired and compared these results with the hereditary case. However, as the
circumstances of agent heterogeneity on altruism changes, the effectiveness of fiscal policy could also
develop. Another extension of our study could include an investigation regarding whether or how the

effectiveness of fiscal policy, such as public debt, pay-as-you-go pension plans, and inheritance taxation,
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transform when agent types are acquired.
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