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Abstract

The paper examines the impacts of heterogeneity in the degree of relative risk aversion
on the balance on current account in the framework of endogenous growth, and
concludes that, like heterogeneity in demographic changes, heterogeneity in the degree
of relative risk aversion generates persisting current account imbalances. The imbalance
continues permanently, but its ratio to outputs stabilizes. With evidence in many
empirical studies that the degree of relative risk aversion in Japan is relatively higher
than that in the U.S., the paper argues that the persisting bilateral trade deficit of the U.S.
with Japan is partially generated by this mechanism.
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1. INTRODUCTION

The large current account deficit in the U.S. and the large current account
surplus in Japan have continued during the past three decades. This phenomenon is
usually explained by the intertemporal approach to the current account based on
overlapping-generations variants of the intertemporal models. The intertemporal
approach explains persistent current account imbalances by heterogeneous demographic
changes. In a more rapidly aging country, e.g., Japan, current account surpluses persist.
On the other hand, in a less rapidly aging country, e.g., the U.S. current account deficits
persist. The basic idea behind the explanation is simple. National savings moves
heterogeneously under the heterogenecous demographic changes while national
investments are affected less by the heterogeneous demographic changes because they
are determined basically by the world real interest rate, and thus the heterogeneous
demographic changes generate heterogeneous movements of the balance on current
account, i.e., heterogeneous movements of national savings minus national investments.
There have been voluminous works that conduct simulations and project the impacts of
heterogeneous demographic changes in the U.S., Japan and other countries based on the
intertemporal approach (e.g. Kotlikoff et al., 2001; Brooks, 2003; Farugee, 2003). Many
of the simulations project that the current account in Japan shows surpluses for several
decades and then will turn to persisting deficits in the near future owing to the rapid
demographical change in Japan.

However, although theoretical projections based on demographic changes have
been numerously shown, few systematic empirical examinations into the relation
between the balance on current account and demographic changes have studied. Poterba
(2001) is one of the few such studies and concludes that although theoretical models
generally suggest that equilibrium returns on financial assets will vary in response to
changes in population age structure, it is difficult to find robust evidence of such
relationships in the time series data. In addition, Obstfeld and Rogoff (1995) argue that
the conventional intertemporal approach to the current account can not explain the
persisting large current account imbalances. These arguments suggest that the
explanation based on heterogeneous demographic changes is still merely a theoretical
possibility and there may be another heterogeneity that generates the persisting current
account imbalance.

This paper examines heterogeneity in the degree of risk aversion as an
alternative source of persistent current account imbalances. The reason why attention is
directed to the degree of risk aversion is firstly that in endogenous growth models the
degree of relative risk aversion plays a crucial role for growth rates and thus its
heterogeneity significantly complicates movements of international transactions. The
familiar Euler condition with the Harrod neutral production function such that
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value of the degree of relative risk aversion ¢, and thus its heterogeneity significantly
complicates balanced growth paths in the world of free trade.

The second reason why this paper directs its attention to the degree of relative
risk aversion is because it has been reported that the degree of relative risk aversion in
Japan is relatively higher than that in the U.S. It is another important heterogeneity than
demographic changes between the U.S. and Japan. Szpiro’s (1986) well-known
empirical studies on international comparison of the degree of risk aversion conclude
that, of the nine industrialized countries studied, the Japanese have the highest degree of
relative risk aversion, e.g. the degree of relative risk aversion in Japan is 2.76 while that
in the U.S. is 1.19. Furthermore, it is a well-known fact that compared with the
households in the U.S., the households in Japan invest their financial assets much less in
risky investments, which clearly indicates that the degree of risk aversion in Japan is
much higher than that in the U.S. (e.g., Nakagawa and Shimizu, 2000). In addition,
heterogeneity in risk averse behavior has recently been reported from the medical or
genetical point of view. Ono et al. (1997) and Nakamura et al. (1997) show that the
genetic composition of the receptor for brain chemicals such as serotonin or dopamine
differs widely among human races, and that most Japanese have inherited a certain type
of receptor composition that produces more cautious and therefore more risk averse
characteristics, while many Americans have inherited the other type that produces less
risk averse characteristics. Harashima (1998) argues that the so-called “Japanese
economic system” or “Japanese capitalism” originates in the higher degree of relative
risk aversion in the Japanese.

The model in this paper indicates that heterogeneity in the degree of relative
risk aversion can generate persistent current account imbalances. The balance on current
account in a less risk averse country shows deficits permanently, and in reverse that in a
more risk averse country shows surpluses permanently. Nevertheless, current account
deficits and surpluses do not explode but the ratio of deficits or surpluses to outputs
asymptotically approach unique finite value and stabilize in both countries. The model
predicts that if the degree of relative risk aversion in Japan is truly relatively higher than
that in the U.S. as many empirical studies conclude, there is a possibility that the current
account surplus persists in Japan permanently and the current account deficit persists in
the U.S. permanently.

The paper is organized as follows. In section 2, a two-country endogenous
growth model, in which international transactions are incorporated, is constructed. In
section 3, the basic nature of the model is examined. There is a balanced growth path on
which the limits of growth rates of consumption, capital, technology, and output are all
equal and they are equal in both countries. In section 4, the balance of payments is
examined based on the model. It is shown that the balance on current account in the less



risk averse country shows deficits permanently and vice versa. Finally, some concluding
remarks are offered in section 6.

2. THE MODEL
2.1 The base model

As shown in Introduction, the degree of relative risk aversion plays a crucial
role for growth rates in most endogenous growth models. In this sense, most of the
endogenous growth models may be used for the analysis in this paper if international
transactions are incorporated in them. However, at the same time, they commonly have
the problems of scale effects and/or the influence of population growth (e.g., Jones,
1995a, b). Hence, this paper specifically uses the model shown in Harashima (2004) that
is free from both problems (see also e.g. Jones, 1995a; Aghion and Howitt, 1998;
Peretto and Smulders, 2002). Being free from the problems is very advantageous when
a factor other than demographic changes is examined since we can extract the effect of
the factor that is independent of effects of population.

The production function is Y, = F(4,,K,,L,). The accumulation of capital is

K =Y -C —vd, —0K, (1)

where C, is consumption, J is the rate of depreciation, v(>0) is a constant, and a unit

of K; and L of a unit of A, are equivalent, i.e., they are produced using the same
v

quantities of inputs. Every firm is identical and has the same size, and for any period,

m=— (2)

where M, is the number of firms and m and p(>1) are constants. In addition, the
relation
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is always kept. Equation (2) indicates that the number of population and the number of
firms in an economy are positively related. Equations (3) and (4) indicate that returns on
investing in K, and investing in 4, for a firm are kept equal, and also that a firm that
invents a new technology cannot obtain all the returns on investing in A,. This means
that investing in 4, increases Y; but returns of an individual firm that invests in A4, is only
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uncompensated knowledge spillovers to other firms.

Broadly speaking, there are two types of uncompensated knowledge spillovers:
the first is the intra-sectoral knowledge spillover, i.e. MAR externalities, and the second
is the inter-sectoral knowledge spillover, i.e. Jacobs externalities. The theory of MAR
assumes that knowledge spillovers between homogenous firms work out most
effectively and thus spillovers primarily emerge within one sector. As a result,
uncompensated knowledge spillovers will be more active if the number of firms within
one sector is larger. On the other hand, Jacobs (1969) argues that knowledge spillovers
are most effective among firms that practice different activities, and thus diversification,
i.e. variety of sectors, is important for spillovers. As a result, uncompensated knowledge
spillovers will be more active if the number of sectors is larger in an economy.

If it is assumed that all the sectors have the same number of firms, an increase
of the number of firms in an economy results in more active knowledge spillovers
owing to either MAR externalities or Jacobs externalities. That is, if an increase of the
number of firms in an economy is a result of an increase of the number of firms in each
sector, uncompensated knowledge spillovers will become more active by MAR
externalities, and if an increase of the number of firms in an economy is a result of an
increase of the number of sectors, uncompensated knowledge spillovers will become
more active by Jacobs externalities. In either case, an increase of the number of firms in
an economy leads to more active uncompensated knowledge spillovers.

Furthermore more active uncompensated knowledge spillovers will reduce the
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returns of a firm that invests in 4,. 24 indicates the over all increase in Y; in an
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economy by an additional 4,, that consists of both increase in production in the firm that

invented the new technology and increase in production in other firms that use the

newly invented technology that the firms obtained either compensating for it to the firm

or by uncompensated knowledge spillovers. If the number of firms becomes larger and

thus uncompensated knowledge spillovers becomes more active, the compensated

or, that the firm can obtain will become smaller and thus the returns of the

firm will become also smaller. Equations (3) and (4)) simply describes this mechanism.
The production function is specified as ¥, = 4°f(K,L,), where a(0<a<1) isa

constant. Let yt:£, ktzﬁ, Ctzg and ntzi, and assume that f(K,,L,) is
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homogenous of degree one. Thereby y, = 4% f(k, ), and
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2.2 Endogenous growth model in open economies

Suppose that there are only two countries in the world: country 1 and country 2.
In both countries, the values of parameters as well as population are identical except the
degree of relative risk aversion, and the growth rate of population is zero, i.e., n, =0.

The degree of relative risk aversion in country 1 is ¢ and that in country 2 is ¢,, and
¢ <e&,. Goods and services and capitals are freely traded but labor is immobilized in
each country. The balance on current account in country 1 is 7, and the balance on
current account in country 2 is -, .The production function in country 1 is
yi.=A'f (kl’t), and that in country 2 is Yy, =AS (kz‘,) where y;; and k;, are output
and capital per capita in country 7 in period ¢ for i = 1, 2. The number of population is

equally % in both countries and thus the total number of population in the world is L,.

The number of firms in both countries is M, and firms operate in both countries.
Because a balanced growth path requires Harrod neutral technological progress, the
production functions are specified as y,, = 4°k/;* and thus ¥, = K},*(4,L,) (i=12).'

Because both countries are free open economies, returns on investments in both
countries are kept equal through international arbitration such that

% — (27’}1\/)_1 a(yl,t + y2,t) — ayz,z . (5)
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That is, an increase in A, enhances outputs in both countries such that

s ;{’ l-; =M, %, and because the number of population is equally % in
both countries, then 2Yi _ Wi _ 3y 0 OV + Vo)) = (mL )lﬁ(yl, t o)L, _
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equation (5) is always held through international arbitration, equations k,, =k, ,

k., =ky,,» yi,=y,and y =7, are also held. In addition, because WTWZ)
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= W through international arbitration, then A, , = A4,, is held by equation
A2 t ’ ’

5). H _ af(klt) _ af(kZ,t)
) Henee, A = )™ ()

" As is well known, only Harrod neutral technological progress matches the stylized facts presented by
Kaldor (1961).



The accumulated current account balance J‘tzvds mirrors international capital
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flows owing to current account imbalances. That is, the country with current account

surpluses invests them in the other country. Since V1. (: ?l; 2"J are returns on
2,t
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investments, %_ S5 j ‘s ds and %_5 I T ds represent international income
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receipts on assets or income payments on assets. Hence, T, —[ﬁ—é I . t.ds 18 the
2.t

balance on goods and services of country 1, and [% _ 5} Itfs ds—1. is that of country
0

1t
2. Because the balance on current account mirrors international capital flows, then it is a
function of capitals in both countries such that 7, = g(kl_,,kz, ).

The representative household in country 1 maximizes the expected utility
EJO u, (cl,t)exp(— 6t)dt

subject to

. ay P t . Lt !
ki, =y, + (sz’ - éJIO tds—t1,—c ,— VAl,t(?j — 0ok, » (6)
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and the representative household in country 2 maximizes the expected utility
EJO u, (cz,, )exp(— 6t)dt ,

subject to

. 0 ‘ . !
kz,t =¥, —( 4 —5}"0 tds+1,—c,, _VAZ,t(%j —0ok,, (7)

where u;y, ¢y Am are the utility function, consumption and the increase of 4, by R&D
activities in country i in period 7 for i = 1,2, 4, = 4,, + 4,,, and E is the expectation

operator. Equations (6) and (7) implicitly assume that at # = 0 each country does not
have any foreign asset.

3. THE BASIC NATURE OF THE MODEL

3.1 The growth rate of consumption
Because the production function is Harrod neutral such that y, = A%k “



af(kl,t) _ af(kZ,t) and fzk.l—a

and thus Y, = K,7“(4,L,)" , and because 4 = - I
' ' t me’(kl,r) me’(kz,t) '

then 4, = —% _k  and D [ (1-a) . Because 4,, = A,, and
mv(l—a) " ok, mvy ’ ’
: 0 t ' -
—ayl'r = —ayzj » then k= y + T J j rds =1, - ¢, _V_At[ij ~
ok,, 0Ok,, ' ' ok, , o T2\ 2 ’

(04 ’ —a (44 ‘ 1—a ! 2
= [EJ (1 - 0!) kl,t + l:(%] (1 - 0!) - 5:|J.0 ‘L'st -7, - Cl,z - mku - 5/(1,[ . Hencea

T [E [ 2 |

Since the problem of scale effects in endogenous growth models is not a focal point in
this paper, L, is assumed to be sufficiently large for simplicity and thus
mL (1- a)
mL, (1 - a) +a
Therefore, the optimization problem of country 1 can be rewritten as

=1 is satisfied hereafter in this paper.

Max EOJ.: u, (cu )exp(— Ot)dt

subject to

ey, = {(%)(l —a)" - 5}1«1_, + {(%)(l —a) ™ - 5} [lrds—1,-c,-

Let Hamiltonian H; be

H, =u,(c,, Jexp(-0r)+ /yt{[(%ja(l —a)" - 5} k., + K%)a(l —a) - 5}I;rsds —7,— clv,}

where J, is a costate variable, thus the optimality conditions for country 1 are
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Similarly, let Hamiltonian H, be

H, =1,(c,, Jexp(-0¢)+ @{K}Z‘J(l —a)" - 5}% - {[ﬂ‘:‘v) (1—a)™ - 5} [ eds+1,- cz,t}

where /,,is a costate variable, thus the optimality conditions for country 2 are

Ou, (Cz")exp(— 0t)=1,,» (12)
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my my
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Hence, by equations (8), (9) and (10), the growth rate of consumption in country 1 is

i=8fl = a(l—a)_a—5+ = a(l—a)l_a—é 500[7563)_ o _g (16)
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and, by equations (12), (13) and (14), the growth rate of consumption in country 2 is
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where ¢ =— i 'u and ¢, =- ﬂ . A constant growth rate such that Gu G is
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is satisfied. This possibility is examined in the following sections.



3.2 Transversality condition

Transversality conditions are satisfied if the following conditions are satisfied.
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Lemma 1 indicates that if 7, is not significantly large compared with ¢, and c,,, the

transversality conditions are satisfied. Note that the case of lim i <-1, 2o,
t— o0 t—0
1,¢ 2.t
lim - these cases are excluded
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hereafter in this paper.

3.3 Growth path

Balanced growth is the focal point for the analysis of growth path Therefore

the following analyses focus on the steady state such that hmc d , lim —£,

t—0 ¢, tA)oo sz t—>o kl .

lim Ko and |im “t are constants. Using lemma 1, the following important nature of

t—o0 k2t t—w T,

the model is proved.

Lemma 2: If 1im< =1im 2 = constant, then lim “* = lim <2 = lim < = lim ~2¢ =
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Lemma 3: If and only if 11m hmc = constant, all the optimality conditions are
t—0 C t—© CZ
satisfied at the steady state.
Proof: By Lemma 2, if 11m = lim -2 o _ — constant, then |im -~ Y% _z where 5
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is a constant. In addition, because Jim—4*  —|im—"*— = lim i | then lim '[ 0
t—o J' TSdS z—>wJ‘ TSdS t—>00 Cl,t t—>o kl,r
0 0
J.tr ds -\
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by Lemma 1, the transversality conditions (equations (11) and (15)) are satisfied while
all the other optimality conditions are satisfied.

d ( .[ trgds)
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On the other hand, if hm . then (im’ #lim—dt . Thus by
—0 c Lt 1—00 C 2 —© Tt 1—0 tT dS

Lemma 1, for both countries to satisfy the transverality conditions, it is necessary that

Hml — oo or 1im 2L = o, which violates equations (10) or (14). As a result, if and

t—o k“ t—o k2

only if 11m —hmc =constant, all the optimality conditions are satisfied at the
t—© c t—>x© CZ
steady state. ]

By Lemmas, it is proved that, if all the optimality conditions are satisfied at the
steady state, both countries grow on the following balanced growth path while
satisfying all the optimality conditions.

Proposition 1: If and only if hm hmc = constant, then hm hmc hmk
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Corollary 1: If and only if 11m — lim 2~ = constant, then hm —lim—dt _ _
t—® C’ t—m cz, o0, o J"T ds
: : k, ky, ' ' iy
11m = 11m =lim—£ = lim -2~ = lim = M =lim—== Yo =lim—~ 4 = a positive constant.
t—0 cl, 1>% ¢, oy t—o0 kl,t t—>0 k 2 t—>0 y’ t—00 yz, t—00
d| z.ds
Proof: By Lemma 2 — lim 22 = lim % = Lim ﬁL . Hence, by Proposition
= cl,t = cz,z = Tt e J. TSdS
t
d_[o T.ds . .
. i . )
1, limizlimlfL—hm =1lim ﬁ—l —”=lim——1my“—lrnyz’—hrniza
t—w T, t—>® r ds t—o Cl, t—>o 025 t—>® k],t t—o kz’t t—>wo yl, t—o yz, t—o A
positive constant. ]

Because eventually current account imbalances grow at the same rate with output,
consumption and capital, then the ratio of the balance on current account to output do
not explode but stabilizes as shown in the proof of Lemma 3, i.e., lim—- = lim —- = = .

t—w kl[ 1> k

Because technology will not decrease persistently, i.e., 1imﬁ> 0, then only

t—0 A
the case such that 11m = lim 2L = hmk = =lim =t Vi =lim =2t Var _ =lim— 4 >0 1S
10 C’ 10 ¢, » t—o0 kl,t t—>0 k ” t—>0 y t—® Vs, » t—® A

examined hereafter in this paper.
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3.4 Unilateral balanced growth path

Although the balanced growth path shown in Proposition 1 satisfies all the
optimality conditions, the representative households in both countries may not
necessarily behave consistently with the balanced growth path because they are
heterogeneous. Becker (1980) shows that if households have heterogeneous rates of
time preference, the most patient household owns all wealth if households are purely
price takers. Ghiglino (2002) predicts that it is likely that under appropriate assumptions
the results in Becker (1980) still hold in endogenous growth models. Farmer and Lahiri
(2004) show that in general, balanced growth equilibria do not exist in a multi-agent
economy except for the special case that all agents have the same constant rate of time
preference. The similar argument may hold for the heterogeneous degrees of relative
risk aversion.

Lemma 4: If the representative household in each country sets ¢, without regarding

the other country’s optimality conditions, then it is not possible that all the optimality
conditions of both countries are satisfied.
Proof: In this case, r, can be seen as a control variable for each country. Hence, the

a( [ z’sds)

t

=1 1is added to the optimality
my

same optimality condition {(“J (1—a)“—s

conditions of each of the two countries. Here, by Lemmas 3, if all the optimality

. . T - J-tfsds J.trsds
conditions are satisfied, then |im —— = lim ——= 7% and lim =* =lim =~ — =
t—> o kl,t t—> o kz,r t—>w kl,t t—>o kz,[
é -1 a a 8(j ' Tde)
Z|lim—<| where Z is a constant. By condition || = | (1-a)™ -0 N S,
R, my or,
t
¢ . a 8[ r,ds)
—u . C . _ $
(ij (1 _ a)l — 5 = hm Lt . Hence, hm (ij (1 _ a)l * _ 5 J.O _ aT! —
my e > mvy ok, , ok, ,
. . -1 . a
lim S |2 im S| — 5 =0 . Therefore, lim =g -2 (1-a)“--0, | and
e, e, o, my
lim 24 = ! (ij (I1-a)”-0-6,|. Thereby lim i S qim £24 , which contradicts
t—o Cy, my t—> o cl,t t—> 0 cz’[
the conditions 1im 2 = 1im ¢ = constant shown in Lemma 3. [ |
t—0 cl,t t—0 C2,t

The proof of Lemma 4 indicates that country 1 can satisfy all its optimality conditions
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d(fotrxdsj | | dUOtrsds)

: . . T . .. C . T .
only if either [im ‘1t = lim ,d—t — lim =~ Or lim - = lim ﬂ’—l
1o T t—> o J‘ T ds too ¢ o T, t—w J‘ T ds
0o ¢ ’ 0 S

:(ij '(1_0()““ —J because lim €.t can be constant only in both cases. The former
my t— © cl,t

case corresponds to the case Proposition 1 shows (hereafter called a “multilateral
balanced growth path”), and both countries can satisfy all the optimality conditions. On
the other hand, in the latter case, although country 1 can achieve all its optimality
conditions, country 2 cannot (hereafter called a “unilateral balanced growth path”). In

dUOtrsdsj

. . ¢ . T . . ¢ )
this case, lim - # lim —- = lim —4— and lim ~* > lim
t—>w Clt t—>o Tt t—0 J. r dS’ —>® Cl,t = CZ,[
, K2

¢ .
2t . Here, by equations

(6) and (7), cl,r_c2,t:2(%I;T.sds_rtJ: 2{(%} (l_a)laj(jtsds_rl , and thus a

unilateral balanced growth path requires 1im(cllt—c2,t)=0 because |im tTt -
t—o t—0 j‘otyds

[“j (1-a)™-o. However, because lim i o fim €24, then country 2 must initially

t t
my — o Cl,t —>®© cZ,t

sets consumption such that ¢,,=o that violates the optimality condition of country 2.

Therefore, unlike multilateral balanced growth path, country 2 cannot satisfy all its
optimal conditions even though country 1 can.

How should country 2 respond to the unilateral balanced growth path of
country 1? Possibly, both countries negotiate for the trade between them, and some
agreements may be reached. Nevertheless, if no agreement is reached and country 1
never regards the country 2’s optimality conditions, country 2, in general, will fall into
the following uncomfortable situation.

Remark 1: If the representative household in country 1 does not regard the country 2’s
optimality conditions, all capitals in country 2 will be eventually owned by country 1.

The reason for Remark 1 is as follows. Suppose first that country 1 chooses the
unilateral balanced growth path and sets ¢ so as to achieve this path. There are two
options for country 2. The first option is that country 2 also pursues its own optimality
without regarding country 1, i.e., chooses its own unilateral balanced growth path. The
second option is to adapt to the behavior of country 1 as a follower. If country 2 takes
the first option, it sets ¢ without regarding ¢ like country 1. As Lemma 4 indicates,

unilaterally optimal growth rates are different between the two countries and Sy G
Cr.  Cay
and thus initial consumptions are set as ¢, , < ¢, ,. Because %:(zmv)*' 5()/1(;—41/2,)
' ' A

1t t
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_ P2 and k,, =k
kZ,t

same rate in both countries. Hence, because ¢, ,<c,,, more capitals are initially

,, must be kept, capitals and technology are equal and grow at the

produced in country 1 than country 2 and thus some of them need be exported to

country 2. As a result, S g kl_t - k2_t s G2 , which means that each of both countries
Cis kl,t k2,t Cos
equally cannot satisfy all its own optimality conditions. Because lim < > lim —*
t— o0 cl,t t— o0

= lim kz_t > lim —2%, capital soon becomes abundant in country 2, and thus unutilized
t—>x© t—>o ¢
2.t 2,t

goods and services are produced in country 2. These unutilized products are exported to

.- . . . . C
and utilized in country 1. This process escalates as time passes because lim —* >
to>wo ¢
1,t

lim -~ = lim ko > lim 24 and eventually almost all of consumer goods and services

t— o klt t— o . t— o c,,

produced in country 2 are consumed by the household in country 1. This consequence
will be uncomfortable for country 2.
Next, if country 2 takes the second option, country 2 should set ¢,, = to

satisfy all its optimality conditions as Lemma 4 shows. Setting ¢,,=c is impossible,
but country 2 as a follower will initially set as large ¢,, as possible. This action gives

country 2 the higher expected utility than that when taking the first option because
consumption of country 2 in this case is always higher than that when taking the first
option. As a result, country 2 imports as large goods and services as possible from

country 1, and the trade deficit of country 2 pile up until [ij (1—a)™ J trgds =7, 1S
W7

my
d( | OZTA\.dSJ

achieved, i.e., until 7 ﬁ# 1s achieved. In other words, the trade balance of
T
' Iorsds
country 2 never becomes surpluses. The current account deficits and the accumulated

debts of country 2 to country 1 continue to increase indefinitely. Furthermore, it

increases more rapidly than the growth rate of outputs (lim22) because in general
—0 y2,t

-1
lim < < lim 2, ie., K“J (1-a)* —5—0}{(“} (1-a)™ —5} <g(<e,). Then, soon,
D@, e, my my

all capitals in country 2 are owned by country 1.* This consequence will be also
uncomfortable for country 2.

* Note that even though the households in country 2 possess no capital, the capital stock in country 2 is
still kept tobe k,, = k,, and thus y, = y, . Pointis that all the capital in country 2 is owned by

foreigners.
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As a result, country 2 cannot satisfy all its optimality conditions in any case if
country 1 takes a unilateral balanced growth path, and both options to counter the
unilateral action of country 1 are uncomfortable for country 2. However, the expected
utility of country 2 is higher if it takes the second option than the first option. Hence,
under the circumstance that country 2 cannot satisfy all its optimality conditions in any
case, country 2 will choose the second option that gives the higher expected utility.
Thus, if country 1 does not regard country 2’s optimality conditions, all capitals in
country 2 will be eventually owned by country 1. This result corresponds to the
consequence in an economy with households that have heterogeneous rates of time
preference shown in Becker (1980).

3.5 Multilateral balanced growth path

Nevertheless, country 2 may refuse to trade and isolate itself if country 1 takes
the unilateral balanced growth path Furthermore, if country 2 shows intention to isolate
itself, country 1 may change its behavior because the isolation of country 2 is also
uncomfortable for country 1. The isolation of country 2 indicates that country 1 must
allocate more resources for the generation of technology, and as a result, consumption
and the expected utility of the representative household in country 1 will decline by the
isolation of country 2. Hence, country 1 may compromise to cooperate with country 2.
Sorger (2002) shows that if a government levies a progressive income tax, or if there are
few households of each type and thus they are not simple price takers but play a Nash
equilibrium, the results shown in Becker (1980) do not hold anymore. Ghiglino (2002)
argues that the latter case in Sorger (2002) can be interpreted as a model of international
trade with a common market simply by associating each household’s type to a country
with a national central planner or a representative household.

The above arguments suggest that it is not unnatural that the representative
households in both countries play a Nash equilibrium with regard to the sequence of r,.

Lemma 3 shows that, if and only if Iim < = lim <2« = constant, all the optimality
t—> 0 Cl,t t—>0o0 cZ,l

conditions in both countries can be satisfied. Therefore, if the representative households

in both countries behave so as to satisfy lim < = lim <2< = constant at the Nash

t—> Clt —> Cz

equilibrium, the growth path shown in Proposition 1 i.e., the multilateral balanced
growth path, is achieved. Both countries can satisfy all the optimality conditions
simultaneously.

4. THE BALANCE OF PAYMENTS

In this section, the balance of payment when the multilateral balanced growth
path is achieved is examined. The balance on current account shows deficits in one
country and surpluses in the other country. The natural question is which country

: : . . T . T
experiences deficits. As shown in the proof of Lemma 3, |im—~ =lim—~ =% and
t—>» f 1> f
1,t 2.t
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. -1
= 2| lim ﬁ} on the multilateral balanced growth path, and

-
1,t kz,t * cl,t

because k;, is positive, if the sign of = is negative, the current account of economy 1
shows deficits eventually and permanently and vice versa. On the multilateral balanced
growth path, the value of = is uniquely determined as follows.

(81_82){(“j (l—a)_“—é—ﬁ}
Lemma5: 5 _ my

_ (e, +e, )ﬂ(ﬂ:‘vj(l —a) - 5}(‘%1;‘%){(;;)(1 Ca) o 9}1 = 1} |

0 trsds 0 trsds -
Proof: Because lim o, =lim o, =75 and lim 'f 0 = J. 0 = Z| lim -
t—o akl,t t—>w akZ,t t—>o akl,t t—>o ak2,t t—>o cl,t

a . -1 o
[1 + “’IJEH(“) (1-a)™ - 5}(11&'»’} - 1} = —(1 - glj{(zaj (1-a)" =5 —9} by equation
& my o, & J|\mv
(e, ¢, )l:[aj (l-a)*-0o- 0}
mvy
a . -1
(e, + ¢, ){Kaj (l-a)"- 5}[lim c“j - 1}
my Ry
and equations (16) and (17), the limit of the growth rate is limi = lim@ =
t—w0 cl,t 11— cZ,l
-1 o
(31*'82) Kaj (1—a)* -5 ,9:| . Thereby,
2 my
(e, — ¢, {(aj (l-a)"-06- 9}
my ) -
-1
wﬂ(aj N [ ey }
my 2 my

Hence, the value of = is uniquely determined. In addition, the sign of & is uniquely
determined by the relative difference of the degree of risk aversion between country 1
and 2 as follows.

(18), and therefore, =

n

. By this result

1

Proposition 2: If {(ij (1-@“-5-9}{(1)(1—0()1“-5} <AZE, then <0,

my my

That is, the current account deficits of country 1 continue indefinitely and vice versa.
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>0 my akl,t akl,t t— 0 Cl,l t—> 0 cZ,t

‘ a( [r‘,ds) . .
Proof: Hm’H;L)@_ayﬂ_é} oz Ly for tim o gim S by

. ) a( | trsds) 5
equations (16) and (17), and [im KL) (1-a)™“- 5} 0 _ 94
R 1 ok ok

1,

o . -1 o . -1
Kij (1—a)™ - 5}5[11111 ij —5= E{(i) (1—a)™ - 5}[11111 ij - 1} <0. Because
my mee, my > e,

. -1 a
lim S — (‘91;_‘92) KLJ (1-a)“-o _9} as shown in the proof of Lemma 5, then

1,¢

(o] (5 oo oo

-1
Therefore, if I:(Lj (I-a)“-o- QZIHLJ (1-a)™- 5} <& 42' 2 then
my

t—> 0 cl ;

a . -1
0 < [(Lj (1l-—a)™- 5:‘(11111 Cl_fJ —1 and thereby = <0. [
mvy

Proposition 2 indicates the permanent current account deficits in less risk averse country

1 and the permanent current account surpluses in more risk averse country 2. The
-1

condition Kij (1-a)“ -5 —9}[(i] (1-a)™ - 5} <878 s generally satisfied
my myv 2
for reasonable parameter values. Therefore, the model predicts that if the degree of
relative risk aversion in Japan is truly relatively higher than that in the U.S. as many
empirical studies conclude, current account surpluses continue in Japan permanently
and current account deficits continue in the U.S. permanently.

On the other hand, the opposite is true for the trade balance.

-1
Corollary 2: If l:(iJ (1_a)‘“_5_9}{(ij (1_0[)1—&_5} <& ;82 . then
my

my

lim {rt _ ( 0Y2, _ 5J J' tfqu} > 0 . That is, the trade surpluses of country 1 continue
o ¥

t— ©
2.t

indefinitely and vice versa.

s
t—®©
2.t

Proof: The balance on goods and services in country 1 is lim{fﬁ[% _ 5J J-tt ds}.
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e,

t_(akz’—éjjof.yds & thsds . .\ p -1
Here, [im : = | =2 -6 [lim™>——lim— |= (j (1) =5 |5 lim™ | -=

a . -1
:_Eﬂ(ij (1_a)““_5}{1imﬂJ _1}. As shown in the proof of Proposition 2, if

t—0 Clt

(aj (l—a)"-o6-0 ‘ i)
mvy <& 8 | then K—a J (1—06)1_(1 —5}(lim LJ -1>0 and
(aja(l_a)l—a _5 2 my t—> o cl,t
mv

Z <0, and thus 1im{ft _(%_5}[[7?“&} > ( because lim k,, > 0. [
o :

t—> 0 5 —> ©
t
B

Corollary 2 indicates the permanent trade surpluses in less risk averse country 1. That is,
goods and services are transferred from country 1 to country 2 in each period
indefinitely in exchange for the return to the accumulated current account deficits in
country 1. Nevertheless, the trade balance of country 1 is not surplus from the beginning.

Before Corollary 1 is satisfied, negative j(: t,ds should be piled up. In the early periods

with the small amount of j t‘[,'sds, the balance on goods and services in country 1
0

7 — {2):,: _ 5J J‘ OthdS continues to be negative. That is, country 1 experiences continuous
2.t

trade deficits for the time being, and after negative I Ot‘L'SdS piles up sufficiently, the

trade balance of country 1 changes to surpluses. Therefore, the model predicts that if the
degree of relative risk aversion in Japan is truly relatively higher than that in the U.S. as
many empirical studies conclude, trade surpluses continue in Japan and trade deficits
continue in the U.S. for a long while, but after a sufficiently long period, the trade
surpluses in Japan turn to deficits and the trade deficits in the U.S. turn to surpluses and
the trade surpluses and deficits continue permanently.

5. CONCLUDING REMARKS

The large current account deficit of the U.S. and the large current account
surplus of Japan have continued during the past several decades, and the large bilateral
trade deficit of the U.S. with Japan has also persisted. The conventional intertemporal
approach to the current account can not explain these persisting large current account
imbalances as Obstfeld and Rogoff (1995) argue. This paper examines heterogeneity in
the degree of risk aversion as an alternative source of persistent current account
imbalances. The reason why the paper directs its attention to the degree of risk aversion
is because in endogenous growth models the degree of relative risk aversion plays a
crucial role for growth rates, and thus its heterogeneity significantly complicates
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movements of international transactions. Another reason is because it has been reported
that the degree of relative risk aversion in Japan is truly relatively higher than that in the
U.S. as many empirical studies conclude, which implies that the large current account
deficits in the U.S. and the large current account surpluses in Japan can be explained by
the difference of the degree of risk aversion between Japan and the U.S.

The model in the paper shows that if the less risk averse country behaves
unilaterally, all capitals in the more risk averse country are eventually owned by the less
risk averse country. This result corresponds to the consequence of heterogeneous rates
of time preference Becker (1980) shows. However, if both countries behave in
multilaterally optimal ways as Sorger (2002) and Ghiglino (2002) suggest, the
multilateral balanced growth path is achieved. On this path, heterogeneity in the degree
of risk aversion generates persistent current account imbalances. The balance on current
account in the less risk averse country shows deficits permanently, and in reverse
surpluses permanently in the more risk averse country. On the other hand, the trade
balance in the less risk averse country shows surpluses permanently and vice verse. The
trade imbalances do not explode but the ratios of deficits or surpluses to outputs
asymptotically approach unique finite value and stabilize eventually. Note however that
the less risk averse country does not experience trade surpluses from the beginning.
Initially, the trade balance of the less risk averse country shows deficits, but after its
current account deficits pile up sufficiently, its trade balance changes to surpluses. The
model therefore predicts that if the degree of relative risk aversion in Japan is truly
relatively higher than that in the U.S. as many empirical studies conclude, current
account surpluses persist in Japan and current account deficits persist in the U.S.
permanently.

The mechanism of trade imbalances presented in the paper does not deny the
possibility of trade imbalances caused by heterogeneous demographic changes. Both
mechanisms have probably worked simultaneously. Furthermore, other heterogeneous
parameters may play important roles for international transactions, e.g. heterogeneous
technologies.
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