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1 Introduction

In a closed-economy context domestic real capital is the only available asset

when people accumulate wealth. Therefore, wealth accumulation (saving)

always equals real capital accumulation (investment) although they are in-

dependently determined by different agents —i.e., the former is decided by

households whereas the latter is by firms. It implies that saving taxation has

the same policy implications as investment taxation.

The same property is valid even in an open economy context unless inter-

national asset trade is allowed. In this case a country’s current account has to

be always balanced, and hence saving equals investment in the country. This

is actually the case in most open-economy two-sector growth models such

as Oniki and Uzawa (1965), Stiglitz (1970), Manning (1981), Chen (1992),

Manning, Markusen andMelvin (1992), Mountford (1999) and Brecher, Chen

and Choudhri (2002).1

If free international asset trade is allowed, however, saving is separated

from investment since people can accumulate foreign asset along with domes-

tic real capital. The gap between saving and investment equals the current

account.2 Therefore, the effect of a saving tax may significantly differ from

that of an investment tax. In fact, we shall show that their effects on in-

dustrial structure can be just opposite to each other. Judging from the

recent expanding trend of international asset trade, it should be important

to analyze the difference in the effects of the two taxes in the presence of

international asset trade.3

In the literature on international taxation two taxation principles are con-

1Exceptions are Fischer and Frenkel (1972), Matsuyama (1988), Ono and Shibata (2005,
2006) and Futagami et al. (2006). They develop open-economy two-sector growth models
with international trade of financial assets.

2Even in this case world saving must equal world investment. This is because a coun-
try’s current account equals the minus of the other country’s current account in a two-
country setting.

3Since the influential work by Feldstein and Horioka (1980) a large body of researchers
have investigated the degree of international capital mobility. Obstfeld and Taylor (2004),
among them, persuasively showed that the degree of capital mobility was high before
World War I, rapidly declined in the Great Depression period, then turned to increase
after World War II and sharply accelerated in the final decades of the 20th century.
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sidered; one is the residence principle and the other is the source principle.4

Under the former principle the home country’s government applies a uniform

tax rate to residents’ income from capital regardless of where the capital is

located. It however imposes no tax on nonresidents’ income from capital

even if it is located in the home country. Under the latter principle a uni-

form tax rate is applied to income from capital installed in the home country

regardless of the residency of the income recipients. These two tax principles

can be regarded as saving and investment taxation respectively, as shown by

Summers (1988) and Giovannini (1990).5

Comparing these two principles in overlapping generations models of a

small open economy, Iwamoto and Shibata (1991) and Bovenberg (1992)

show that a rise in the residence-based tax rate leads the country to a current

account deficit while an increase in the source-based tax rate makes the

country run a current account surplus. Sorensen (1990) and Ihori (1991)

use two-country models with capital mobility and show that a rise in the

residence tax of the home country reduces capital stock in both countries

while a rise in the source tax decreases capital stock in the home country but

increases it in the foreign country. Thus, it is well recognized that the effect

of an investment tax significantly differs from that of a saving tax in various

respects.6

However, these models cannot be used for analyzing industrial structure

since they either employ a one-commodity model or assume that each coun-

try produces only one commodity. Most of the open-economy two-sector

growth models can neither be used for the present analysis since they ignore

international trade in financial assets, causing a saving tax to be equivalent

to an investment tax.
4See Chapter 2 of Frenkel, Razin and Sadka (1991) and Chapter 6 of Turnovsky (1997)

for more detailed explanations on the economic implications of the residence and source
principles. See also Iwamoto and Shibata (1999) for the deviations of the actual tax
systems from the two principles.

5Strictly speaking, the source tax would affect not only investment but also saving
through changes in the wage rate.

6See also Bianconi (1995) and Lejour and Verbon (1998), who analyze the international
spillover effects of both source-based and residence-based taxation in one-commodity Ram-
sey type models.
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To fill this void, we develop a dynamic two-sector model with free in-

ternational asset trade and compare the effects of saving and investment

taxes on industrial structure. It is found that an increase in an investment

tax of a country moves labor from the capital-intensive sector to the labor-

intensive sector in both countries. Particularly the country that imposes

the tax eventually specializes in the labor-intensive sector while the other

country produces both commodities. In contrast, a saving tax of the more

patient country may move labor from the labor-intensive sector to the capital-

intensive sector in both countries. It is indeed the case when the subsistence

demand for the capital-intensive commodity is significantly larger than that

for the other commodity. Moreover, a saving tax of the less patient coun-

try is found to have no effect on specialization patterns. Thus, the effect

on specialization patterns of a saving tax is quite different from that of an

investment tax.

2 The Model

We introduce endogenous capital accumulation into the standard Heckscher-

Ohlin (HO) model. In each of the two countries, h and f , there are two

production sectors 1 and 2. Sector j (j = 1, 2) hires labor and rents capital to

produce commodity j unless it incurs negative profits. The two commodities

are both tradeable whereas the two factors are immobile across countries but

mobile within each country. There is another sector, called sector 3, which

uses commodity 1 to accumulate capital and rents it to the two production

sectors.7 Thus, each country’s capital varies over time.

The population of country i is Li (i = h, f) and each household’s labor

endowment is unity. Households consume both commodities and accumulate

wealth so as to maximize their lifetime utility. The government of country

h imposes investment tax sI (> 0), saving tax (or equivalently asset-holding

tax) sA (> 0) and commodity tax τ on commodity 2 whereas that of country

7Even if we assume that sectors 1 and 2 themselves accumulate capital, we can obtain
essentially the same results as derived below.

3



f imposes no tax, for simplicity.

2.1 Firms

The two countries have the same production functions that satisfy constant

returns to scale:

f1(k
i
1)L

i
1 and f2(k

i
2)L

i
2, i = h, f,

where kij is the capital-labor ratio and L
i
j the labor input of sector j in country

i.8 Given capital rent ri, wage wi and relative price p, where commodity 1 is

taken as the numeraire, each firm in country i maximizes profits and hence,

if country i produces both commodities, ki1 and k
i
2 satisfy

ri = f 01(k
i
1) = pf

0
2(k

i
2), (1)

wi = f1(k
i
1)− f 01(ki1)ki1 = p

£
f2(k

i
2)− f 02(ki2)ki2

¤
. (2)

From these two equations, if both countries are imperfectly specialized, we

have
kh1 = k

f
1 = k1(p), k

0
1(p) =

f2(k2)

f
00
1 (k1)(k2−k1)

,

kh2 = k
f
2 = k2(p), k

0
2(p) =

f1(k1)

p2f
00
2 (k2)(k2−k1)

,

rh = rf = r(p), r0(p) = f2
k2−k1 ,

wh = wf = w(p).

(3)

Since commodity 1 is used for investment as well as consumption, we natu-

rally assume sector 1 to be more capital-intensive than sector 2:

k1(·) > k2(·). (4)

The optimal behavior of sector 3 is formalized to maximize

V i =

Z ∞

0

[ri − (1 + siI)hi]Ki exp(−
Z t

0

Rds)dt s.t.
K̇i

Ki
= g

¡
hi
¢
, (5)

where R is the equity rate of interest, hi is the investment ratio that equals

Ii/Ki, siI is the investment tax, and g(·) is the inverse of the adjustment cost
8The case of asymmetric technologies is examined by Ono and Shibata (2006).
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function of investment that satisfies9

g0 > 0, g00 < 0, g0(0) = 1, g(0) = 0. (6)

Note that investment tax siI can be regarded as a source-based tax, as proven

in Appendix 1. Country f does not impose the investment tax and hence

shI = sI > 0, sfI = 0. (7)

Equity rate of interest R is internationally the same under free trade of

international financial assets whereas capital rent ri is not always the same

across countries since real capital is internationally immobile and its rent is

determined in each domestic market.10

As the result of sector 3’s optimal behavior represented by (5), the dy-

namic path of real capital accumulation in country i is determined so that

1 + siI = λig0(hi), (8)

λ̇
i
= [R− {g(hi)− g0(hi)hi}]λi − ri, (9)

for given {R(t)}∞0 and {ri(t)}∞0 , where λi represents the co-state variable of
Ki.

2.2 Households

The government of country h imposes tax sA (> 0) on the household sector’s

asset holding and tax τ on its purchase of commodity 2, and gives lump-sum

transfer z to it while that of country f neither imposes any tax nor gives any

transfer. Under the balanced budget of the government of country h

z = sAa
h + pτCh2 + sIh

hKh, (10)

9Without adjustment costs of investment the dynamic paths of Kh and Kf are not
determined since the indeterminacy problem pointed out by Mundell (1957) arises.
10When one of the two countries specializes in a sector, capital rents rh and rf generally

differ from each other in transitional states, although they eventually converge to the
same level. When both countries are imperfectly specialized, rh and rf take the same
value because of the factor price equalization mechanism, as (3) shows. See also Niehans
(1984, pp.130) for the difference in implication between real capital mobility and financial
asset mobility.
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where Cij is country i’s consumption of commodity j (j = 1, 2) and ai is

its non-human wealth (= foreign assets + equities) whose interest rate is R.

The flow budget equation of each household is then

ȧh = (R− sA)ah + wh − Ch1 − p(1 + τ)Ch2 + z, (11)

ȧf = Raf + wf − Cf1 − pCf2 . (12)

Note that saving tax sA can be regarded as a residence-based tax, as shown

in Appendix 1.

Without loss of generality, households of country i are assumed to have

the following log-linear instantaneous utility:11

αln(Ci1 − C
i

1) + (1− α)ln(Ci2 − C
i

2),

where C
i

j is the minimum level of commodity j required by each household

of country i to survive.12 This formulation follows recent empirical evidence

that supports the existence of the minimum requirement of consumption.13

Subject to flow budget equation (11) or (12) the representative household of

country i (i = h, f) maximizes

U i =

Z ∞

0

[αln(Ci1 − C
i

1) + (1− α)ln(Ci2 − C
i

2)]e
−ρitdt, (13)

where ρi is country i’s subjective discount rate.

The first-order conditions for optimality are

Ċh1

Ch1 − C
h

1

= R− sA − ρh,
Ċf1

Cf1 − C
f

1

= R− ρf , (14)

11As shown later in Proposition 1, the steady-state relative price takes a unique common
value under all possible specialization patterns. This proposition is derived only from the
properties of subjective discount rates and production functions.
12In order to assure the existence of the equilibrium path, we assume that the initial

levels of capital in the two countries are so large and the subsistence levels are so small that
the worldwide production of each commodity always exceeds the worldwide subsistence
level of it.
13See, for example, Rosenzweig and Wolpin (1993), Atkeson and Ogaki (1996), Ogaki

and Atkeson (1997), Ogaki and Zhang (2001) and Zhang and Ogaki (2004). Moreover, the
macroeconomic implications of subsistent consumption are widely examined in the litera-
ture. Using growth models with heterogenous agents, Chatterjee (1994), Chatterjee and
Ravikumar (1999) and Obiols-Homs and Urrutia (2003) study the transitional dynamics
and wealth distribution in the presence of subsistence consumption. Easterly (1994) and
Steger (2000) introduce subsistence consumption into an endogenous growth model.

6



Ch1 − C
h

1

Ch2 − C
h

2

= (1 + τ)γp,
Cf1 − C

f

1

Cf2 − C
f

2

= γp, where γ =
α

1− α
, (15)

and the transversality condition is

lim
t→∞

qi(t)ai(t) exp(−ρit) = 0, (16)

where qi is the co-state variable of ai. Equations (11) - (16) give the dynamic

paths of consumption and financial asset accumulation for given {R(t)}∞0 ,
{wi(t)}∞0 and {p(t)}∞0 . Note that the path of financial asset ai is determined
as the result of households’ optimal saving behavior while the path of real

capital Ki is determined as the result of sector 3’s optimal investment be-

havior represented by (8) and (9). The two paths generally differ from each

other since households can hold foreign assets as well as domestic equities.

From (14) we obtain

Ċh1

Ch1 − C
h

1

T Ċf1

Cf1 − C
f

1

⇐⇒ sA + ρh S ρf . (17)

This implies that sA works as if the subjective discount rate rose by sA
and that the country of which the sum of the subjective discount rate and

the asset-holding tax rate is higher than the other’s gradually decreases its

expenditure share in the world market and eventually consumes only its

subsistence levels of the two commodities while the other country consumes

all the rest.

2.3 Market Equilibrium Conditions

In the factor markets of country i

Ki = ki1L
i
1 + k

i
2L

i
2, (18)

Li1 + L
i
2 = L

i for i = h, f. (19)

Since Ki accumulates following (8) and (9), Lij’s change over time and even-

tually perfect specialization may arise. It is in sharp contrast to the stan-

dard Heckscher-Ohlin (HO) model since in the HO model neither Ki nor
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Lij’s change over time and hence the two countries stay to be imperfectly

specialized.

Since total demand for commodity 1 equals the sum of world consumption

Ch1L
h + Cf1L

f and world investment hhKh + hfKf , its market equilibrium

condition is

Ch1L
h + Cf1L

f + hhKh + hfKf = f1(k
h
1 )L

h
1 + f1(k

f
1 )L

f
1 . (20)

The market equilibrium condition of commodity 2, which is used solely for

consumption, is

C2 (≡ Ch2Lh + Cf2Lf) = f2(kh2 )Lh2 + f2(kf2 )Lf2 . (21)

3 Specialization Patterns

Since there is no investment in the steady state of the present dynamics,

hi = 0, (22)

and then (20) reduces to

C1 (≡ Ch1Lh + Cf1Lf) = f1(kh1 )Lh1 + f1(kf1 )Lf1 . (23)

From (6), (8), (9) and (22),

λh = 1 + sI , (24)

R = rh/(1 + sI) = r
f .

As long as sI 6= 0, the second equation of (24) is inconsistent with the

condition of factor price equalization given by (3). Therefore we obtain14

Proposition 1. As long as a non-zero investment tax-cum-subsidy is im-

posed, at least one country eventually leads to perfect specialization.

14In the presence of an international difference in the relative productivity between
the two sectors, no matter how small the difference is, imperfect specialization of both
countries never obtains. See Baxter (1992) and Ono and Shibata (2006) for details.
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Proposition 1 implies that the case of both countries’ imperfect specializa-

tion, viz. the standard HO world, never arises. Furthermore, in the steady

state real capital stays constant and hence production of each commodity

stays at each steady-state level. Thus, from (14) and (24) we obtain15

R = rh/(1 + sI) = r
f = ρmin ≡ min(sA + ρh, ρf). (25)

Since we consider the case where investment tax sI is positive, from (25) rh >

rf , which causes capital accumulation in country h to be less advantageous

than in country f . Therefore, country h (or f) never specializes in sector

1 (or 2). Only the following three cases are possible, viz. (i) Country h’s

specialization in sector 2 and country f ’s imperfect specialization, (ii) country

h’s specialization in sector 2 and country f ’s specialization in sector 1, and

(iii) country h’s imperfect specialization and country f ’s specialization in

sector 1.16

In the arguments below, for simplicity, we ignore commodity tax τ

τ = 0 (26)

until we examine its effect in section 5. Thus, from (15) and (26), world

demand for each commodity, C1 and C2, has to satisfy

C1 − C1
C2 − C2

= γp, (27)

where Cj ≡ C
h

jL
h + C

f

jL
f .

Using these properties we obtain steady-state conditions for each of the three

cases.

Case (i): Country h’s imperfect specialization and country f ’s per-

fect specialization in sector 1
15The equality between the steady-state interest rate and the subjective discount rate of

the most patient country is shown by Becker (1980), Blanchard and Fischer (1989, pp.69-
70) and Ikeda and Ono (1992) in a multi-country context. The present result is a simple
extention of it to the case with saving and investment taxes and subsistence consumption.
16If sI < 0, there are the following three cases: (i) country h’s perfect specialization in

sector 1 and country f ’s imperfect specialization, (ii) country h’s perfect specialization in
sector 1 and country f ’s perfect specialization in sector 2, and (iii) country h’s imperfect
specialization and country f ’s perfect specialization in sector 2.
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In country h (1) and (2) are valid and hence from (25) p equals ph that

satisfies

(1 + sI)ρ
min = f 01(k

h
1 ) = p

hf 02(k
h
2 ),

f1(k
h
1 )− f 01(kh1 )kh1 = ph

£
f2(k

h
2 )− f 02(kh2 )kh2

¤
. (28)

Since country f specializes in sector 1 and rf = ρmin from (25),

Lf1 = L
f , Lf2 = 0,

ρmin = f 01(k
f
1 ). (29)

Therefore, from (18), (19), (21), (23) and (27),

Lh1 = Lh1-(i) =
γph[f2(k

h
2 )L

h − C2]− [f1(kf1 )Lf − C1]
f1(kh1 ) + γphf2(kh2 )

,

Lh2 =
f1(k

h
1 )L

h + f1(k
f
1 )L

f − C1 + γphC2
f1(kh1 ) + γphf2(kh2 )

,

Kh = kh1L
h
1 + k

h
2L

h
2 ,

Kf = kf1L
f . (30)

Case (ii): Country h’s perfect specialization in sector 2 and country

f ’s perfect specialization in sector 1

In this case

Lh1 = 0, Lh2 = L
h,

Lf1 = Lf , Lf2 = 0. (31)

In country h capital rent rh equals the marginal productivity of capital in

sector 2 while in country f capital rent rf equals the marginal productivity

of capital in sector 1. Therefore, from (25) we obtain

(1 + sI)ρ
min = psf 02(k

h
2 ),

ρmin = f 01(k
f
1 ), (32)
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where ps is determined so that the production of commodity 1 (which equals

C1) and that of commodity 2 (which equals C2) satisfy (27):

f1(k
f
1 )L

f − C1 = γps[f2(k
h
2 )L

h − C2]. (33)

From (18) and (31),

Kh = kh2L
h, Kf = kf1L

f . (34)

Case (iii): Country h’s perfect specialization in sector 2 and coun-

try f ’s imperfect specialization

Country f is imperfectly specialized and hence (1) and (2) are valid.

Therefore, from (25) p equals pf that satisfies

ρmin = f 01(k
f
1 ) = p

ff 02(k
f
2 ),

f1(k
f
1 )− f 01(kf1 )kf1 = pf

h
f2(k

f
2 )− f 02(kf2 )kf2

i
. (35)

In country h only sector 2 operates and thus

Lh1 = 0, L
h
2 = L

h,

(1 + sI)ρ
min = pff 02(k

h
2 ), (36)

where pf is given by (35). Therefore, from (18), (19), (21), (23) and (27),

Lf1 =
γpf [f2(k

h
2 )L

h + f2(k
f
2 )L

f − C2] + C1
f1(k

f
1 ) + γpff2(k

f
2 )

,

Lf2 = Lf2-(iii) =
[f1(k

f
1 )L

f − C1]− γpf [f2(k
h
2 )L

h − C2]
f1(k

f
1 ) + γpff2(k

f
2 )

,

Kh = kh2L
h,

Kf = kf1L
f
1 + k

f
2L

f
2 . (37)

4 Investment Tax vs. Saving Tax

Using the steady-state conditions for the three cases obtained in the previous

section, we examine the effect of investment tax sI and that of saving tax sA
on specialization patterns.
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4.1 Investment Tax

By comparing Lh1-(i) in (30) with (33), we find that (33) is valid when L
h
1-(i)

equals zero. Also, since (32) in case (ii) is valid if (28) and (29) in case (i)

are valid, we find pf = ps when Lh1-(i) equals zero. Therefore, the two cases

coincide with each other when Lh1-(i) equals zero. Analogously, when L
f
2-(iii)

in (37) equals zero, (33) is valid, implying ph equal to ps, and then cases (ii)

and (iii) coincide with each other. Therefore, if a change in sI makes Lh1-(i)
(or Lf2-(iii)) zero, it changes specialization patterns from case (i) to (ii) (or

from case (iii) to (ii)). We shall below show this property.

From Lh1-(i) in (30) and L
f
2-(iii) in (37), case (i) arises when L

f/Lh is small

enough and case (iii) does when Lf/Lh is large enough. It implies that the

country with a much larger population tends to be imperfectly specialized

and that the other tends to specialize in a sector. It is naturally understood

since a supply shortage of the other commodity occurs if the country with a

much larger population specializes in a sector.17

Now suppose that Lf/Lh is so small that case (i) arises and that the

government of country h raises the investment tax. From (28) and (29), ph,

kh2 and k
f
1 are all independent of L

i’s or γ and satisfy

dph

dsI
< 0,

dkf1
dsI

= 0,
dkh2
dsI

< 0,

which implies that an increase in sI reduces the numerator of Lh1-(i) in (30).

Therefore, if Lh1 is small enough, an increase in sI makes it zero, causing

specialization patterns to move from case (i) to case (ii).

Suppose next that Lf/Lh is so large that case (iii) arises. From (35) and

(36), pf , kh2 and k
f
1 are all independent of L

i’s or γ and satisfy

dpf

dsI
= 0,

dkf1
dsI

= 0,
dkh2
dsI

< 0,

which implies that a decrease in sI reduces the numerator of L
f
2-(iii) given in

(37). Therefore, if Lf2-(iii) is small enough, a decrease in sI makes it zero —i.e.,

an increase in sI moves specialization patterns from case (ii) to case (iii).

17See Ono and Shibata (2006) for this point.
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In sum, an increase in sI varies specialization patterns as stated below.18

Proposition 2. An increase in an investment tax of country h leads the

case of country h’s imperfect specialization and country f ’s specialization in

the capital-intensive sector to the case of country h’s specialization in the

labor-intensive sector and country f ’s specialization in the capital-intensive

sector. A further increase in the tax leads to the case of country h’s perfect

specialization in the labor-intensive sector and country f ’s imperfect special-

ization.

Intuitively, in country h an increase in sI raises capital rent rh (= (1 +

sI)ρ
min) and makes the capital-intensive sector less advantageous whereas

in country f capital rent rf remains equal to ρmin. Therefore, if initially

country h is imperfectly specialized and country f specializes in the capital-

intensive sector, country h reduces, and eventually stops, production of the

capital-intensive commodity as sI rises. Then, country h specializes in the

labor-intensive sector while country f does in the capital-intensive sector. A

further increase in sI reduces country h’s capital stock more and decreases

production of the labor-intensive commodity, the only commodity that coun-

try h produces. Therefore, country f starts producing the labor-intensive

commodity as well. Figure 1 depicts a typical case of the investment-tax

effect on specialization patterns.

4.2 Saving Tax

In the case where foreign-asset holding is not allowed, including the closed-

economy case, a saving tax is equivalent to an investment tax since people as

18Dependent upon the values of technological, preference and population parameters,
the changes in specialization patterns mentioned in proposition 2 may not occur even
under a sufficiently large change in the investment tax. For example, if Lf/Lh is very
large, country f cannot perfectly specialize in the capital-intensive sector and hence only
case (iii) is valid. In fact, from (35), (36), and Lf2-(iii) in (37) we find L

f
2-(iii) to stay within

(0, Lf ) for any positive sI . However, we can definitely say that the shifts in specialization
patterns opposite to what proposition 2 states never arise.
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a whole has no other choice than domestic real capital when saving. However,

unless foreign-asset holding is restricted, saving and investment are separated

from each other. Therefore, the effect of a saving tax should differ from that

of an investment tax. This section examines the effect of a saving tax and

compare it with that of an investment tax obtained in the previous section.

Whether the country that imposes saving tax sA is more time-patient or

less results in a quite different effect on production and specialization patterns

of the two countries. It is in sharp contrast to the effect of investment tax sI
summarized by proposition 2, which is independent of which country is more

patient.

First, we analyze the case where the less patient country imposes sA and

obtain the following proposition:

Proposition 3. An increase in the less patient country’s saving tax affects

neither specialization patterns nor demand patterns in the steady state.

Proof. Suppose that country h is the less patient country, i.e., sA + ρh > ρf .

Then, an increase in sA does not affect ρmin(= min(sA + ρh, ρf)). Therefore,

the steady-state conditions in the three cases presented in section 3 are all

left unaffected. Q.E.D.

If sA + ρh < ρf and thus country h is more patient than the other, an

increase in its saving tax raises the steady-state world interest rate ρmin(=

sA + ρh) and harms the capital-intensive sector in both countries. In this

case we obtain the following proposition:19

Proposition 4. Suppose that country h imposes an investment tax so that

it never specializes in the capital-intensive sector. Under Cobb-Douglas pro-

duction technology, if the worldwide subsistence level of the labor-intensive
19As mentioned in footnote 18, dependent upon the values of technological, preference

and population parameters, the changes in specialization patterns mentioned in proposi-
tion 4 may not occur even under a sufficiently large change in the investment tax. For
example, if Lf/Lh is very large, country f cannot perfectly specialize in a sector. In fact,
Lf2-(iii) in (37) stays within (0, L

f ) even if sA (and hence ρmin) is very large. However, we
can definitely say that the shifts in specialization patterns opposite to what proposition 4
states never arise.
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commodity is sufficiently small while that of the other commodity is not, an

increase in a saving tax of the more patient country changes the case of

country h’s perfect specialization in the labor-intensive sector and country

f ’s imperfect specialization to the case of country h’s specialization in the

labor-intensive sector and country f ’s specialization in the capital-intensive

sector. A further increase in the tax leads to the case of country h’s imperfect

specialization and country f ’s specialization in the capital-intensive sector.

If the subsistence level of the capital-intensive commodity is sufficiently small

while that of the other commodity is not, an increase in a saving tax of the

more patient country generates just the opposite transition in specialization

patterns. Note that the results hold true regardless of which country is more

patient.

Proof. See Appendix 2.

Propositions 2, 3 and 4 show that the effect on specialization patterns of

a saving tax completely differs from that of an investment tax. Particularly

if the subsistence level of the labor-intensive commodity is sufficiently small

while that of the other commodity is not, under Cobb-Douglas production

functions the more patient country’s saving tax generates an effect opposite

to what its investment tax does —i.e., the saving tax moves labor to the

capital-intensive sector and hence changes specialization patterns from case

(iii) to case (ii) and from case (ii) to case (i) whereas an increase in the

investment tax moves labor to the labor-intensive sector and hence changes

specialization patterns from case (i) to case (ii) and from case (ii) to case

(iii). Figure 2 illustrates the saving-tax effect on specialization patterns in

this case.

An investment tax raises the capital rent and makes the capital-intensive

sector less advantageous only in the country that imposes it. Therefore,

changes in specialization patterns are generated by the labor movement from

the capital-intensive sector to the other only in the country. In contrast,

an increase in the more patient country’s saving tax globally raises the cap-

ital rent and makes the capital-intensive sector less advantageous in both

15



countries. It also reduces the steady-state level of capital stock. Therefore,

if prices were fixed, labor would move from the capital-intensive sector to

the labor-intensive sector in both countries (the Rybczynski effect). As the

capital-intensive commodity is less produced, however, the price elasticity of

demand for it decreases in the presence of the subsistence level, and thus the

magnitude of the price rise increases, attracting more labor to the capital-

intensive sector. Specialization patterns depend on the relative strength of

the two opposite effects on labor movement.

Particularly if C1 is much larger than C2, demand for the capital-intensive

commodity remains large and hence the rise in its price is so high that the

latter effect dominates the former, causing labor to move from the labor-

intensive sector to the capital-intensive sector. Thus, in the case where

country h specializes in the labor-intensive sector and country f is imper-

fectly specialized, labor moves to the capital-intensive sector in country f

and eventually country f specializes in the capital-intensive sector. Note

that country f has comparative advantage on the capital-intensive sector

when country h imposes an investment tax and thus country f reallocates

labor to the capital-intensive sector before country h does so. Once all la-

bor moves to the capital-intensive sector in country f , a further increase in

the saving tax reduces the country f ’s production of the capital-intensive

commodity beyond worldwide demand for it, and thus country h starts pro-

ducing the capital-intensive commodity, which leads the country to imperfect

specialization.

If C2 is much larger than C1, on the contrary, demand for the labor-

intensive commodity remains large so that the price rise of the capital-

intensive commodity raises demand for the labor-intensive commodity. It

moves labor from the capital-intensive sector to the labor-intensive sector.

Thus, in this case a saving tax changes specialization patterns in the same

direction as an investment tax does.

16



5 Commodity Tax

In steady state the representative household of the less patient country con-

sumes the subsistence levels of the two commodities regardless of whether a

commodity tax is imposed or not in the country. Since the tax does not affect

the domestic prices in the other country, there is no international spillover

effect. Thus, a commodity tax imposed by the less patient country generates

no effect.

We next examine the case where the more patient country imposes com-

modity tax τ . Naturally, it will be found that an increase in τ stimulates

production of commodity 1 and harms production of commodity 2 if both

commodities are produced.

Without loss of generality, suppose that country h is more patient and

imposes commodity tax τ on commodity 2. Then, γ in (15) is replaced by

γ(1 + τ), implying that in country h

Ch1 − C
h

1

Ch2 − C
h

2

= γ(1 + τ)p, (38)

while in country f

Cf1 = C
f

1 , C
f
2 = C

f

2 .

Therefore, γ(1 + τ) replaces γ in (30) and (37). All equations that represent

firms’ behavior remain unaffected, implying that kh2 , k
f
1 , k

f
2 and p

f given by

(35) and (36) and kh1 , k
h
2 , k

f
1 and p

h given by (28) and (29) are all unchanged.

Replacing γ by γ(1+τ) in (30) and (37), differentiating them with respect

to τ and applying (21), (23), (29) and (36) to the results yield

dLh1-(i)/dτ =
phγ

£
(C2 − C2)f1(kh1 ) + (C1 − C1)f2(kh2 )

¤£
f1(kh) + γhphf2(kh2 )

¤2 > 0,

dLf2-(iii)/dτ = −
pfγ

h
(C2 − C2)f1(kf1 ) + (C1 − C1)f2(kf2 )

i
[f1(k

f
1 ) + γhpff2(k

f
2 )]

2
< 0.

This implies the following property:

17



Proposition 5. Suppose that the more patient country (which we call coun-

try h) imposes an investment tax so that it never specializes in the capital-

intensive sector. An increase in its commodity tax on the labor-intensive

commodity changes the case of country h’s perfect specialization in the labor-

intensive sector and country f ’s imperfect specialization to the case of country

h’s perfect specialization in the labor-intensive sector and country f ’s perfect

specialization in the capital-intensive sector. A further such change eventu-

ally results in country h’s imperfect specialization and country f ’s perfect

specialization in the capital-intensive sector.

6 Conclusions

Unless international asset trade is allowed, saving always has to equal in-

vestment within a country, as in the case of a closed economy. Therefore, a

saving tax has the same effect on each country as an investment tax does,

although households’ saving decisions are determined independently of firms’

investment decisions. Once free international asset trade is allowed, house-

holds have a choice of asset accumulation between real capital and foreign

asset holdings —i.e., domestic saving is used for not only domestic investment

but also foreign asset holdings. Therefore, the effect of a saving tax may

differ from that of an investment tax. This paper shows that the effect of a

saving tax on specialization patterns in fact significantly differs from that of

an investment tax. They can even be opposite to each other.

An investment tax raises the capital rent and reduces capital accumula-

tion only in the country that imposes the tax. It makes the capital-intensive

sector less advantages than the labor-intensive sector. Therefore, possible

specialization patterns are only the following: (i) the country’s imperfect

specialization and the other country’s specialization in the capital-intensive

sector, (ii) the country’s specialization in the labor-intensive sector and the

other’s specialization in the capital-intensive sector, and (iii) the country’s

specialization in the labor-intensive sector and the other’s imperfect special-

ization.
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If the country raises the investment tax in case (i), labor moves from

the capital-intensive sector to the other and eventually makes the country

specialize in the labor-intensive sector, which is case (ii). Since the other

country faces a lower rent of capital, it specializes in the capital-intensive

sector. After the country that imposes the investment tax specializes in the

labor-intensive sector, a further increase in the tax reduces production in the

labor-intensive sector and generates a global shortage of its supply. It leads

the other country to start producing the labor-intensive commodity, which

is case (iii).

A saving tax has a completely different effect from that of an investment

tax. Its effect is equivalent to that of an increase in the subjective discount

rate of the country that imposes the tax. Since the steady-state interest

rate equals the more patient country’s subjective discount rate, a saving

tax of the less patient country has no effect. However, a saving tax of the

more patient country globally raises the capital rent in the two countries and

affects labor allocation between the two sectors. Consequently, specialization

patterns change. We find that the effect on specialization patterns depends

on the subsistence levels of the two commodities and the shapes of production

functions.

For example, suppose that production functions are of the Cobb-Douglas

type and that the subsistence level of the labor-intensive commodity is suffi-

ciently small while that of the other commodity is not. Suppose also that the

more patient country imposes an investment tax and perfectly specializes in

the labor-intensive sector while the other country is imperfectly specialized,

which is case (iii). Then, an increase in a saving tax by the more patient

country leads both countries to perfect specialization, which is case (ii), and

eventually to the country’s imperfect specialization and the other’s special-

ization in the capital-intensive sector, which is case (i). Thus, it generates

just the opposite effect on specialization patterns to what is generated by

an increase in an investment tax. In contrast, if the subsistence level of the

capital-intensive commodity is sufficiently small while that of the other is

not, it generates the same transition in specialization patterns as generated
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by an increase in an investment tax.
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Appendices
Appendix 1: Residence-based and Source-based Taxation

In this appendix we show that the saving and investment taxes formalized

in the text are respectively equivalent to the source-based and residence-based

taxes in the literature on international taxation.

Let us assume that in country f no tax is imposed and the financial

interest rate is R. In country h residence-based tax θh and source-based tax

ηh are imposed and the financial interest rate is Rh. From the no-arbitrage

condition in country h:

(1− θh)R = (1− θh)(1− ηh)RH = (1− θh)(1− ηh)

"
V̇ h +Divh

V h

#
,

where V h and Divh are respectively the firm value of the investment sector

and its dividends:

Divh = [rh(t)− hh(t)]Kh(t), (A1)

we derive

R = (1− ηh)Rh, (A2)

R

1− ηh
=
V̇ h +Divh

V h
. (A3)

Note that (A1) also implies the no-arbitrage condition for foreign investors

between the two countries’ financial assets.

From (A1) and (A3), the investment sector’s behavior is formalized to

maximize

V h =

Z ∞

0

[rh(t)− hh(t)]Kh(t) exp

µ
−
Z t

0

R(s)

1− ηh
ds

¶
dt

s.t.
K̇h(t)

Kh(t)
= g

¡
hh(t)

¢
,

of which the optimal conditions are

1 = λhg0(hh),
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λ̇
h
=

∙
R

1− ηh
−
©
g(hh)− g0(hh)hh

ª¸
λh − rh.

In steady state they reduce to

rh =
R

1− ηh
.

We find it to be equivalent to (24) by replacing sI by ηh/(1 − ηh) in (24)

—i.e., investment tax sI is equivalent to source-based tax ηh.

In the presence of residence-based tax θh and commodity tax τ the flow

budget constraint of the representative household is

ȧh = (1− θh)Rah + whLh − Ch1 − p(1 + τ)Ch2 + z,

which is equivalent to (11) where sA is replaced by θhR. Thus, saving tax sA
is found to be equivalent to residence-based tax θh.

Appendix 2: Proof of Proposition 4

We prove Proposition 4 by assuming production functions to be of the

following Cobb-Douglas type:

f1(k1) = A(k1)
θ, f2(k2) = B(k2)

ν , (A4)

where A and B are positive constants. Factor-intensity condition (4) reduces

to

θ > ν.

Under production functions (A4) kf1 , k
h
2 and p

h in case (i) are

kf1 =

µ
Aθ

ρmin

¶ 1
1−θ

, kh2 =

µ
Aθ

(1 + sI)ρmin

¶ 1
1−θ
µ

ν

1− ν
· 1− θ

θ

¶
,

ph =
(Aθ)

1−ν
1−θ

Bν[(1 + sI)ρmin]
θ−ν
1−θ

µ
ν

1− ν
· 1− θ

θ

¶1−ν
. (A5)

Substituting (A5) into Lh1-(i) given in (30) gives

Lh1-(i) =
ph[f2(k

h
2 )L

h − C2]
f1(kh1 ) + γphf2(kh2 )

Ã
γ −

Ã
(1 + sI)

θ
1−θ (1− ν)Lf

(1− θ)Lh

!
Φ(ρmin)

!
,
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where

Φ(ρmin) =
(ρmin)

−θ
1−θ − bC1

(ρmin)
−θ
1−θ − (1 + sI)

ν
1−θ (ρmin)

ν−θ
1−θ bC2 ,bC1 =

C1

A
1

1−θ θ
θ

1−θLf
, bC2 = C2

B(Aθ)
ν
1−θ ( ν

1−ν ·
1−θ
θ
)νLh

.

Differentiating Φ(ρmin) with respect to ρmin yields

Φ0(ρmin) =
ν(ρmin)

ν−θ
1−θ bC2 − (1 + sI) −ν1−θ θ bC1 + (θ − ν) bC1 bC2(ρmin) ν

1−θ

(1 + sI)
−ν
1−θ (1− θ)(ρmin)

1
1−θ

h
(ρmin)

−θ
1−θ − (1 + s) ν

1−θ (ρmin)
ν−θ
1−θ bC2i2 .

Thus, when Lh1-(i) is small enough,

dLh1-(i)
dρmin

( =
dLh1-(i)
dsA

) > 0 if C1 > 0 and C2 = 0,

dLh1-(i)
dρmin

( =
dLh1-(i)
dsA

) < 0 if C1 = 0 and C2 > 0. (A6)

Under (A4) kf1 , k
h
2 and p

f in case (iii) are

kf1 =

µ
Aθ

ρmin

¶ 1
1−θ

, kh2 =

¡
Aθ/ρmin

¢ 1
1−θ

(1 + sI)
1

1−ν

µ
ν

1− ν
· 1− θ

θ

¶
,

pf =
(Aθ)

1−ν
1−θ

Bν(ρmin)
θ−ν
1−θ

µ
ν

1− ν
· 1− θ

θ

¶1−ν
. (A7)

Substituting (A7) into Lf2-(iii) given in (37) gives

Lf2-(iii) =
pf [f2(k

h
2 )L

h − C2]
f1(k

f
1 ) + γpff2(k

f
2 )

ÃÃ
(1 + sI)

ν
1−ν (1− ν)Lf

(1− θ)Lh

!
Ω(ρmin)− γ

!
,

Ω(ρmin) =
(ρmin)

−θ
1−θ − bC1

(ρmin)
−θ
1−θ − (1 + sI)

ν
1−ν (ρmin)

ν−θ
1−θ bC2 .

Differentiating Ω(ρmin) with respect to ρmin yields

Ω0(ρmin) =
ν(ρmin)

ν−θ
1−θ bC2 − (1 + sI) −ν1−ν θ bC1 + (θ − ν) bC1 bC2(ρmin) ν

1−θ

(1 + sI)
−ν
1−ν (1− θ)(ρmin)

1
1−θ

h
(ρmin)

−θ
1−θ − (1 + s) ν

1−ν (ρmin)
ν−θ
1−θ bC2i2 .
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Thus, when Lh1-(i) is small enough,

dLf2-(iii)
dρmin

( =
dLh1-(i)
dsA

) < 0 if C1 > 0 and C2 = 0,

dLf2-(iii)
dρmin

( =
dLh1-(i)
dsA

) > 0 if C1 = 0 and C2 > 0. (A8)

(A6) and (A8) imply the changes in specialization patterns mentioned in

proposition 4.

In the above analysis we assume that the country that imposes investment

tax sI also imposes saving tax sA. However, even if the country that does

not impose an investment tax imposes a saving tax, it raises ρmin in the same

way as long as the country is more patient. Thus, as long as the more patient

country imposes a saving tax, all of the above results hold true regardless of

which country is more patient.

24



References

[1] Atkeson, Andrew and Masao Ogaki, 1996, Wealth-varying intertemporal

elasticities of substitution: evidence from panel and aggregate data,

Journal of Monetary Economics 38, 507-534.

[2] Baxter, Marianne, 1992, Fiscal policy, specialization, and trade in the

two-sector model: the return of Ricardo? Journal of Political Economy

100, 713-744.

[3] Becker, Robert A., 1980, On the long-run steady state in a simple dy-

namic model of equilibrium with heterogeneous households, Quarterly

Journal of Economics 95, 375-382.

[4] Bianconi, Marcelo, 1995, Fiscal policy in a simple two-country dynamic

model, Journal of Economic Dynamics and Control 19, 395-419.

[5] Blanchard, Olivier J., and Stanley Fischer, 1989, Lectures on Macroeco-

nomics, Cambridge, MA: The MIT Press.

[6] Bovenberg, A. Lans, 1992, Residence- and source-based taxation of cap-

ital income in an overlapping generations model, Journal of Economics

56, 267-295.

[7] Brecher, Richard A., Zhiqi Chen and Ehsan U. Choudhri, 2002, Absolute

and comparative advantage, reconsidered: the pattern of international

trade with optimal saving, Review of International Economics 10, 645-

656.

[8] Chatterjee, Satyajit and B. Ravikumar, 1999, Minimum consumption

requirements: theoretical and quantitative implications for growth and

distribution, Macroeconomic Dynamics 3, 482-505.

[9] Chen, Zhiqi, 1992, Long-run equilibria in a dynamic Heckscher-Ohlin

model, Canadian Journal of Economics 25, 923-943.

25



[10] Easterly, William, 1994, Economic stagnation, fixed factors, and policy

thresholds, Journal of Monetary Economics 33, 525-557.

[11] Feldstein, Martin S. and Charles Y. Horioka, 1980, Domestic saving and

international capital flows, Economic Journal 90, 314-329.

[12] Fischer, Stanley, and Jacob A. Frenkel, 1972, Investment, the two-sector

model and trade in debt and capital goods, Journal of International

Economics, 2, 211-233.

[13] Frenkel, Jacob A., Assaf Razin and Efraim Sadka, 1991, International

Taxation in an Integrated World, Cambridge, MA: The MIT Press.

[14] Futagami, Koichi, Akihiko Kaneko, Yoshiyasu Ono and Akihisa Shibata,

2006, International asset trade, capital income taxation, and specializa-

tion patterns, mimeo.

[15] Giovannini, Alberto, 1990, International capital mobility and capital

income taxation, European Economic Review 34, 480-488.

[16] Ihori, Toshihiro, 1991, Capital income taxation in a world economy:

a territorial system versus a residence system, Economic Journal 101,

958-965.

[17] Ikeda, Shinsuke, and Yoshiyasu Ono, 1992, Macroeconomic dynamics in

a multi-country economy: a dynamic optimization approach, Interna-

tional Economic Review 33, 629-644.

[18] Iwamoto, Yasushi and Akihisa Shibata, 1991, Capital income taxation

and the current account in a small open economy, Journal of Interna-

tional Money and Finance 10, 480-496.

[19] Iwamoto, Yasushi and Akihisa Shibata, 1999, Foreign tax credit and the

current account, International Tax and Public Finance 6, 131-148.

[20] Lejour, Arjan M. and Harrie A. A. Verbon, 1998, Source-based versus

residence-based capital income taxes in a dynamic model, European

Journal of Political Economy 14, 529-541.

26



[21] Manning, Richard, 1981, Specialization and dynamics in a trade model,

Economic Record 67, 251-260.

[22] Manning, Richard, James R. Markusen and James R. Melvin, 1993, Dy-

namic nonsubstitution and long-run production possibilities, in Horst

Herberg and Ngo van Long eds., Trade, Welfare, and Economic Poli-

cies: Essays in Honor of Murray C. Kemp, Ann Arbor: University of

Michigan Press: 51-66.

[23] Matsuyama, Kiminori, 1988, Terms-of-trade, factor intensities and the

current account in a life-cycle model, Review of Economic Studies 55,

247-262.

[24] Mountford, Andrew, 1999, Trade dynamics and endogenous growth: an

overlapping-generations analysis, Economica 66, 209-224.

[25] Mundell, Robert A., 1957, International trade and factor mobility,

American Economic Review 47, 321-335.

[26] Niehans, Jürg, 1984, International Monetary Economics, Baltimore:

The Johns Hopkins University Press.

[27] Obiols-Homs, Francesc and Carlos Urrutia, 2003, Transitional dynamics

and the distribution of assets, forthcoming in Economic Theory.

[28] Obstfeld, Maurice and Alan M. Taylor, 2004, Global Capital Markets:

Integration, Crisis, and Growth, NewYork: Cambridge University Press.

[29] Ogaki, Masao and Andrew Atkeson, 1997, Rate of time preference, in-

tertemporal elasticity of substitution, and level of wealth, Review of

Economics and Statistics 79, 564-572.

[30] Ogaki, Masao and Qiang Zhang, 2001, Decreasing risk aversion and tests

of risk sharing, Econometrica 69, 515-526.

[31] Oniki, Hajime and Hirofumi Uzawa, 1965, Patterns of trade and invest-

ment in a dynamic model of international trade, Review of Economic

Studies 32, 15-34.

27



[32] Ono, Yoshiyasu and Akihisa Shibata, 2005, Fiscal spending, relative-

price dynamics, and welfare in a world economy, Review of International

Economics 13, 216-236.

[33] Ono, Yoshiyasu and Akihisa Shibata, 2006, Long-run specialization, Re-

view of International Economics 14, 1-15.

[34] Rosenzweig, Mark R. and Kenneth I. Wolpin, 1993, Credit market con-

straints, consumption smoothing and the accumulation of durable pro-

duction assets in low-income countries, Journal of Political Economy

101, 223-244.

[35] Sorensen, Peter Birch., 1990, Welfare gains from international fiscal co-

ordination, in Rémey Prud’homme ed., Public Finance with Several Lev-

els of Government, Proceedings of the 46th Congress of the International

Institute of Public Finance.

[36] Summers, Lawrence H., 1988, Tax policy and international competitive-

ness, in Jacob A. Frenkel ed., International Aspects of Fiscal Policies.

Chicago: The University of Chicago Press.

[37] Steger, Thomas M., 2000, Economic growth with subsistence consump-

tion, Journal of Development Economics 62, 343-361.

[38] Stiglitz, Joseph E., 1970, Factor price equalization in a dynamic econ-

omy, Journal of Political Economy 73, 456-488.

[39] Turnovsky, Stephen J., 1997, International Macroeconomic Dynamics,

Cambridge, MA: The MIT Press.

[40] Zhang, Qiang and Masao Ogaki, 2004, Decreasing relative risk aversion,

risk sharing, and permanent income hypothesis, Journal of Business &

Economic Statistics 22, 421-430.

28



        
 
h:

 im
pe

rf
ec

t s
pe

ci
al

iz
at

io
n 
 
 
 

 h
: s

pe
ci

al
iz

at
io

n 
in

 se
ct

or
 2

 
  

  
  

 h
: s

pe
ci

al
iz

at
io

n 
in

 se
ct

or
 2

 

  
 
f: 

sp
ec

ia
liz

at
io

n 
in

 se
ct

or
 1
 

  
  

 f
: s

pe
ci

al
iz

at
io

n 
in

 se
ct

or
 1

 
  

  
  

 f
: i

m
pe

rf
ec

t s
pe

ci
al

iz
at

io
n 

  
  

 
 

 
 

 
 

 
 

 
 

 
 

  
  

  
  

h Is
 

  
 

 
 

 
 

  
 F

ig
ur

e 
1 

 A
n 

Ill
us

tra
tio

n 
of

 th
e 

ef
fe

ct
 o

f 
h Is
 o

n 
sp

ec
ia

liz
at

io
n 

pa
tte

rn
 



        
 
h:

 sp
ec

ia
liz

at
io

n 
in

 se
ct

or
 2

  
 
 
 
h:

 sp
ec

ia
liz

at
io

n 
in

 se
ct

or
 2

 
 
 
 
 
h:

 im
pe

rf
ec

t s
pe

ci
al

iz
at

io
n 

  
 
f: 

im
pe

rf
ec

t s
pe

ci
al

iz
at

io
n 

 
f: 

sp
ec

ia
liz

at
io

n 
in

 se
ct

or
 1

 
 
 
 
 
f: 

sp
ec

ia
liz

at
io

n 
in

 se
ct

or
 1

 
  

   
 

 
 

 
 

 
 

 
 

 
  

  
  

  
  

  
  

As
 

 
 

 
 

 
 
 
 
 

Fi
gu

re
 2

 

A
n 

Ill
us

tra
tio

n 
of

 th
e 

ef
fe

ct
 o

f 
As

 o
n 

sp
ec

ia
liz

at
io

n 
pa

tte
rn

 u
nd

er
 C

ES
 te

ch
no

lo
gy

 (w
he

n 
2
C

 i
s s

uf
fic

ie
nt

ly
 sm

al
l a

nd
 

1
C

 i
s r

el
at

iv
el

y 
la

rg
e)

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


