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We develop a two-country growth model distinguishing between a
market sector producing services that can also be home produced and a
market sector producing goods without home-produced substitutes. The
former is a technologically ‘stagnant’ sector, while the latter is subject to
learning-by-doing and technological spillovers. This distinction coincides
in the model with the distinction between the sector producing non-
tradables and the sector producing internationally tradable goods. We
study how differentials in labor tax rates across countries influence the
mix of tradable and non-tradable goods that characterizes the market
output of each country, thus affecting their bilateral trade balance and
growth rates.

1 INTRODUCTION

There are four stylized facts that emerge among others when comparing the
US economy and the euro area in the last 25 years: (i) market work is much
higher in the USA, (ii) the higher employment rate characterizing the USA
relative to the euro area is mainly due to higher US employment in the
services sector, (iii) labor tax rates are higher in the euro area, and (iv) the
USA has a structural trade deficit, while the euro area as a whole runs
persistent trade surpluses (and the USA has a persistent bilateral trade deficit
with the euro area). The links between the former three facts have been
recently analyzed in a few papers (Davis and Henrekson, 2004; Olovsson,
2004; Rogerson, 2005), while the links connecting the former three facts to
the latter have not yet been recognized and modeled. The aim of this paper is
exactly to provide an original two-country growth model that may help at
shedding light on the possible relations linking these four facts.
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The set-up developed in this paper extends the dynamic general equilib-
rium models that incorporate home production (Benhabib ef al., 1991;
McGratten et al., 1997; Parente et al., 2000) along two dimensions, namely
by distinguishing two market sectors and by integrating two similar econo-
mies that differ only with respect to tax rates (labor income taxes and possibly
capital income taxes). The distinction between a market sector producing
services that can be produced also in the non-market sector of the economy
and a market sector producing goods that have no home-produced substi-
tutes coincides in the model with the distinction between the sector producing
internationally tradable goods and the sector producing non-tradables. Fol-
lowing the recent contributions analyzing the growth effect of increasing
employment shares in the services (Echevarria, 1997; Kongsamut ez al., 2001;
Ngai and Pissarides, 2007; Bonatti and Felice, 2008), we assume that the
market sector producing goods (i.e. the tradable sector) is subject to techno-
logical spillovers determining improvements in total factor productivity (it is
a technologically ‘progressive’ industry), while the market sector producing
services (i.e. the non-tradable sector) is not subject to technological spillovers
(it is a ‘stagnant’ industry).! However, in the model presented here, the
stagnant industry uses an input (capital) that is produced by the progressive
industry, thus benefiting indirectly by the possible improvements in total
factor productivity achieved in the latter.

This set-up is also consistent with the literature incorporating non-
tradable goods in models of international trade;” in particular, the distinction
between a ‘stagnant’ non-tradable market service and a ‘progressive’ tradable
good is at the basis of the well-known Harrod-Balassa—Samuelson effect.’ In
this way, we show how differentials in labor tax rates across countries, which
determine differences in the allocation of households’ time between market
activities and home activities, influence also the mix of tradable and non-
tradable goods that characterizes the market output of each country, thus
affecting their bilateral trade balance.

The greater time spent in market work by Americans relative to Euro-
peans is probably the most significant measure of the different performance
of the labor market on the two sides of the Atlantic. Indeed, in 2004 the

'The ‘progressive’ sector can be identified with the manufacturing sector, with the possible
inclusion of some service branches (transport, communications, financial services), which
have experienced radical changes in their production processes because of the massive
introduction of information and communication technologies. One can include in the
‘stagnant’ sector the remaining branches of services. A distinction along similar lines was
proposed (but at the early stage of the information and communication technology revo-
lution) by Baumol (1967) and Baumol et al. (1985).

For an exhaustive presentation of a theoretical framework suited to study the role of non-
tradables in international trade, see Obstfeld and Rogoff (1996, Chapter 4).

3The Harrod—-Balassa—Samuelson effect is the tendency for countries with higher productivity in
tradables relative to non-tradables to have higher price levels (this tendency was originally
noticed by David Ricardo). For a recent empirical assessment of the Harrod-Balassa—
Samuelson effect, see Alcala and Ciccone (2004).
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TABLE 1
COUNTRY DIFFERENCES IN MARKET WORK TIME PER 15-64
YEARS OLDS (ANNUAL HOURS WORKED PER PERSON")

Year France Germany® Italy USA
1990 979 1004 871 1344
2004 905 934 910 1299

Source: Freeman and Schettkat (2005).
*Employed/population=annual hours worked per employee.
®German figures on hours worked are for West Germany.

TABLE 2
COUNTRY DIFFERENCES IN EMPLOYMENT RATE
(EMPLOYED/WORKING-AGE POPULATION?")

Year France Germany Italy USA
1998 0.594 0.641 0.508 0.738
2004 0.628 0.655 0.574 0.712

Source: OECD.
“Between 15 and 64 years old.

annual hours per person spent in market work were approximately one-third
higher in the USA than in the three major countries of the euro area (see
Table 1). However, this large difference in market work does not imply that
total work time is much higher in the USA than in the euro area: the available
evidence shows that Europeans tend to devote a larger fraction of their time
to unpaid work at home, thus self-producing part of those services that
Americans buy on the market (Davis and Henrekson, 2004; Olovsson, 2004;
Freeman and Schettkat, 2005; Ragan, 2005; Rogerson, 2005; Burda et al.,
2006).* Consistently with this evidence, ‘the relevant question is not why do
Europeans work so little (. . .) but why do they choose to work so much at
home’ (Ragan, 2005, p. 4).

This tendency is related to the fact that the higher employment rate
characterizing the USA relative to the euro area (see Table 2) is entirely
due to the higher US employment in services. As the European Commission
points out with reference to the late 1990s, ‘“The main difference in employ-
ment between the US and Europe is not in agriculture or manufacturing,
where employment rates are broadly similar, but in services, where the

“Freeman and Schettkat (2005) emphasize that data from the Multinational Time Use Study
show that in the early 1990s total work (market work plus time spent in household
production) was approximately the same for US and European adults, although the
amount of market work was higher in the USA. According to Burda ez al. (2006), inter-
national comparisons of time-use diaries suggest that total work in the USA currently
exceeds that in Germany and Italy, although the time devoted to home production is higher
in Germany and Italy than in the USA.
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overall gap in employment rates is 14% points’ (European Commission,
1999, p. 12).°

A common explanation linking the difference in market work between
the USA and the euro area to the gap between European and US employment
shares in services rests on the higher tax rates on labor income to which the
European households are subject.® Davis and Henrekson (2004), Olovsson
(2004) and Rogerson (2005) report evidence showing that persistently high
tax rates depress labor supply and twist the mix of market employment and
production away from services for which there are close non-market substi-
tutes (preparing meals, cleaning and laundry, child and elderly care, shop-
ping, repairs and maintenance etc.). As a matter of fact, market sectors
producing goods that cannot be home produced (e.g. manufacturing goods)
do not appear sensitive to personal tax rates (see Davis and Henrekson,
2004).

An unexplored implication of the structural differences brought about
by persistent differentials in labor tax rates concerns international trade. It is
not surprising, indeed, that policies and institutions determining long-term
differences across countries in the time devoted to market activities and in the
composition of market output may also have systematic effects on their trade
account. In particular, one should consider that in general those market
services that have close non-market substitutes are not internationally trad-
able, while the opposite is typically true for those goods that are combined
with labor to produce both market services and their home-produced substi-
tutes. Moreover, the demand for these tradable goods is likely to be higher in
a country with lower labor taxes, as a consequence of the fact that in such a
country the market production of services is greater and the home production
of services is more goods intense (and less labor intense) than in a country
where labor is taxed more heavily. One can also argue that the higher demand

5In 1997, the share of the working-age population (15-64 years) employed in industry was the
same in the USA and in the EU (17.7), while the share employed in services was 54.5 in the
USA and 39.7 in the EU. On the recent evolution of the gap between European and US
employment shares in the aggregate services sector see D’Agostino et al. (2006).

®According to Prescott (2004), differences in the marginal tax rate on labor income can explain
almost entirely the difference in worked hours between French, Germans and Italians on
one side and Americans on the other side. He estimates that the marginal labor income tax
rates in the period 1993-96 were 0.59 in Germany and France, 0.64 in Italy and 0.40 in the
USA. Critics point out that the increase in tax rates occurred in Continental Europe in the
1970s and in the 1980s, while the decline in worked time continued also during the 1990s
(see Alesina et al., 2005). Furthermore, the available micro evidence shows that the role of
the difference in tax rates in generating the large differential in market work between the
European countries and the USA cannot be inferred from the individual labor supply
elasticities alone (see Davis and Henrekson, 2004; Alesina et al., 2005; Ragan, 2005).
However, one should also consider that countries with higher tax rates tend to have more
generous tax-funded public programs and government transfers that weaken labor supply
incentives, although one may expect that market work increases when a larger share of
public expenditures is devoted to the provision of services that are close substitutes for
home-produced services such as child or elderly care (see Ragan, 2005).
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TABLE 3
EUrO AREA TRADE BALANCE WITH THE USA (BILLIONS
ofF ECU/EURO)

1996 1998 2000 2002 2004
4.64 14.72 30.23 58.29 59.71

Source: Eurostat.

for tradable goods characterizing a country with lower labor taxes is not
matched by the presence of more favorable conditions for the production of
these goods in such a country rather than in a country with higher labor taxes,
since the additional labor supply existing in a country with lower labor taxes
tends to be absorbed by the higher demand for labor coming from the market
sector producing (internationally) non-tradable services. Therefore, one
should expect that in a two-country economy—where countries differ only
with respect to their tax rates—the country with lower labor taxes tends to
exhibit a trade deficit.

The above conclusion, which can be derived from the two-country
model presented here, is consistent with the persistent bilateral trade deficit
that the USA has with the euro area (see Table 3). Although one must
obviously allow for the other factors influencing the bilateral trade balance
between the USA and the euro area, which include the trade relations that
both have with the rest of the world, this conclusion captures the structural
component of the US trade deficit due to the fact that the non-tradable
services represent a larger share of market output in the USA than in most
other advanced countries.’

The paper is organized as follows. Section 2 presents the model; Section
3 characterizes the equilibrium trajectories of the two-country economy when
one country has a higher labor tax rate than the other; Section 4 concludes.

2 THE MODEL

In the two-country economy under consideration, there are firms that operate
in the market sector producing an internationally tradable good and firms
that operate in the market sector producing an internationally non-tradable
service. Moreover, there are households that may consume both the market-
produced service and a home-produced service, and that can decide on the
allocation of their time between work and leisure. Finally, there are national
governments that tax labor and capital for making transfers to the house-
holds. The two countries differ with respect to the tax rates imposed by their
respective government. The tradable good is used as capital in both market

"Mann (2004) emphasizes that technological factors that make services more tradable interna-
tionally should result in an improvement of the US structural trade deficit.
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sectors and in the home production process. Capital is internationally mobile,
while labor is internationally immobile. However, both factors can freely
move across sectors. All markets are perfectly competitive. Time is discrete
and the time horizon is infinite. There is no source of random disturbances
and agents’ expectations are rational (in the sense that they are consistent
with the true processes followed by the relevant variables), thus implying
perfect foresight.?

2.1 Firms Producing the (Internationally) Non-tradable Good

In each country i, where i = us, eu, there is a large number (normalized to be
one) of firms producing the consumer service. They are identical and in each
period ¢ they produce the consumer service N; according to the following
technology:

Nil:Kf;f}Lg\It O<ﬂ<1 (1)

where K, and L, are, respectively, the capital stock and the labor input used
in country 7 to produce the (internationally) non-tradable market service Ny.
In each ¢, firms use labor and rent capital in order to maximize their profits
7N, Which are given by

e = Ny =Wy Ling — Ry Kin, (2)

where W, and R; are, respectively, the wage rate and the rental rate on capital
in country i. Notice that N, is the numéraire of country i/ and its price is
normalized to be one. It is also assumed that N; is not storable and must be
immediately consumed.’

Since capital is internationally mobile, the following non-arbitrage con-
dition must hold in each #:

Rit = EitRjt i # ] (3)

where Ej is the i-numéraire price of the j numéraire, namely the price in units
of the non-tradable good produced in 7 of one unit of the non-tradable good
produced in j.

8As already stated in Section 1, the distinction between two main sectors (tradables and non-
tradables), the existence of a productivity gap between the two, and the assumption that
labor is mobile across sectors but not across countries while capital is mobile across both
sectors and countries are consistent with the standard trade model developed by Obstfeld
and Rogoff (1996, Chapter 4). We extend this framework by introducing home production
and a technological spillover in the tradable sector. The latter replaces the assumption of
exogenous productivity differences between the two sectors and generates endogenous
growth.

*Typically, consumer services are consumed while they are produced.

© 2010 The Authors
Journal compilation © 2010 Blackwell Publishing Ltd and The University of Manchester
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2.2 Firms Producing the (Internationally) Tradable Good

In each country i, there is a large number (normalized to be one) of firms
producing the (internationally) tradable good. They are identical and in each
period ¢ they produce T} according to the following technology:

T, = AitKi]l_“za ?Tz O<ax<l (4)

where Ki1, and L1, are, respectively, the capital stock and the labor input
used in country i to produce the (internationally) tradable good Tj, and A,
is a variable measuring the state of technology of the firms operating in the
market sector of country i which produces the (internationally) tradable
good Tj. It is assumed that A4, is a positive function of the capital installed
in the sector of / which produces T: 4; = K{1.."° This assumption combines
the idea that learning-by-doing works through each firm’s capital invest-
ment and the idea that knowledge and productivity gains spill over
instantly across all firms (see Barro and Xavier Sala-i-Martin, 1995). There-
fore, in accordance with Frankel (1962), it is supposed that although A4, is
endogenous to the economy, each firm takes it as given, since a single firm’s
decisions have only a negligible impact on the aggregate stock of capital of
the tradable sector.!!

In each period ¢, the firms producing T} hire labor and rent capital in
order to maximize their profits mr;, which are given by

it = BTy =Wy Lir, — Ry K, (5)

where Py is the price of the tradable good (in units of N;) in country i.
The law of one price implies

P = Eiert i # ] (6)

2.3 Households

Households are infinitely lived. Their large number living in country i is
normalized to be one. The period utility function of the representative house-
hold of country i is given by

uy = uIn(N;)+(A-p)In(H; )+ @In(Ly,)  Ospu<l @20 (7)

where N; is the amount of consumer service bought on the market, H is the
amount of consumer service produced at home for self-consumption, and L,

"Consistently with this formal set-up, one can interpret technological progress as labor
augmenting.

"This amounts to saying that technological progress is endogenous to the economy, although it
is an unintended by-product of firms’ capital investment rather than the result of purposive
R&D efforts.
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is the time devoted to leisure.'” The consumer service H;, is produced at home
according to the following technology:

H,=KyLi, 0<y<l ()

where Ky, and Ly, are, respectively, the amount of capital and the time that
households devote to home production. Note that consumer durables are
interpreted as home capital: consistently with this interpretation, the (inter-
nationally) tradable sector produces only capital goods and the tradable good
can be interpreted as a composite good representing those market-produced
goods for which there is no home-produced substitute.

Given (3) and (6), the period budget constraint of the representative
household can be written as

P Ky + Ny <(Kjy = Ky JA =T )Ry + (L = Ly, — L, J(1 =T, W;, + G,
0< 1k <1 0<7y <1 Kjgiven (9)

where K is the total amount of capital owned in ¢ by the representative
household of country i, L is the fixed amount of time endowed to each
household, G; are the fiscal transfers that each household receives in ¢ from its
national government, 7k is the tax rate on capital income in country i (all
capital income—no matter whether generated in the home country or
abroad—is subject in country 7 to the same tax rate decided by the domestic
authorities) and 7 is the tax rate on labor income in i. Note that the house-
holds’ total time L (market work plus time devoted to home production and
to leisure) is assumed to be equal in the two countries. Again for simplicity
full capital depreciation is assumed.'

In each ¢, the representative household must choose the sequences
{Kis1 bty N Yoy {Kitin Yoy s {Litin Yoy and { L, 3, in order to maximize its
discounted sequence of utility:

’We assume that households choose between a market service and a home-produced substitute
in order to capture the stylized fact mentioned in Section 1, i.e. that the differences in the
use of time between the USA and EU are mainly (but not only, and for this reason we
consider also leisure) due to a different allocation of working time between home and
market activities. The results are robust to different specifications, however. Nonetheless,
the specification here presented is more effective in reproducing the stylized facts on the use
of time and on the dynamics of the main variables. In our specification the utility function
is defined over N, H and L. Good T (the internationally tradable good) enters the house-
holds’ utility function only indirectly. Indeed, good T has to be considered as a composite
intermediate good which gives utility only when combined with labor, either in the market
(good N) or at home (good H). This assumption is consistent with the household produc-
tion function approach (see Becker, 1965); our particular specification follows Pollak and
Wachter (1975) and Benhabib ef al. (1991).

3This assumption does not affect the main results of the paper, and it is reasonable considering
that capital in this framework is a composite good that, besides entering the production of
the tradable good, is combined with households’ time in order to produce the home service
and the non-market service (hence, it is also used as a consumer durable).
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oo

> 6w,  subjectto(9) 0<6O<I (10)

n=t

where 6 is a time-preference parameter.

2.4  Governments
Each government balances its budget in each period:
G = (Ky — Ky, )Ry Tix +(L— Ly, — Ly )W, T (11)

2.5 Markets Equilibrium

Equilibrium in the market for the (internationally) non-tradable good pro-
duced in country i requires

N; =N{ (12)
Equilibrium in the labor market of country 7 requires

L—-Ly, — Ly, =Lt + L, (13)
Equilibrium in the world market for the (internationally) tradable

good requires

Tuse + Teur = Kusiar + Kewra (14)
Equilibrium in the world market for capital requires

Koo = Kugitr + Kews — Keuntr = Kot + Kuony + Kt + Keuny (15)

It is worth noting that in an open economy framework K; may differ
from Ky, + Kite + Kine: Ki¢ 1s the capital owned by the residents of country i
which can be invested in the home sector of country 7 and in the tradable and
non-tradable sectors of country i or j, Ky, is the capital owned by the
residents of country i and used in their own home production, while K;r, and
Kin, are the capital invested, respectively, in the tradable sector and in the
non-tradable market sector of country i which can be owned by the residents
of both countries.

3 CHARACTERIZATION OF AN EQUILIBRIUM PATH

Given (3), (6), (12), (13) and the agents’ optimality conditions (A1)—(A7) (see
the Appendix), the following equations must hold along an equilibrium path:

Liv, =Ly, i #] (16)
_ (I-w)y(L - Lir,)
(I-py+pull-t)+¢

(17)

iHt
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Bu(l—7. )(L—Lit,)

T -y +Bu(l- T )+
o (P(L - LiTr)
M- wy+Bu(l-T )+
= Ky, (1- B),u(l —Tx)
™ (A-w)d-7)
Ko, = Ky Lir [A= )y + ful— 7 )+ @](1— o) (1 — 7 )

o(1=)(1=y)(A =7 )(L = Lit,)

B
E,'t =(LiN1K/'Nt) l?‘—']
L/'NtKiNt
Kn 7P
W, = ﬁ(ﬁj
L,

L. Y
-8 (La Y

" (-a)L, (Kj
KiH[+]_KiHZ

P =01 =) (1= 7 ) LiT, —1 P =
Ky,
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(18)

(19)

(20)

21

(22)

(23)

24)

(25)

(26)

Note in (16) that the fraction of the households’ time devoted to the
production of the (internationally) tradable good is the same in the two
countries at each point in time. This is due to the law of one price operating
in the world market for the tradable good and to the equalization of returns
in the world capital market, combined with the fact that labor is mobile
across sectors but not across countries.!* Depending on taxation, what is
different is the share of time devoted to Ly, L, and L, In particular, the
additional labor supply existing in a country with lower labor taxes tends to
be absorbed by the higher demand for labor coming from the market sector

producing (internationally) non-tradable services.

“Notice that the condition (16) does not hold in general under autarchy: in that case, different
tax rates on labor in the two countries imply that they will exhibit different time shares in
all sectors, together with different relative prices and average factor returns. Condition (16)
does not hold in general also in a model with the same set-up but without spillovers in the
production of the tradable good: in that case, the law of one price—together with capital
mobility across sectors and countries and labor mobility across sectors, but not across
countries—implies that the capital-labor ratio in the non-tradable sector of the two econo-
mies is the same at each point in time, and different tax rates on labor income do not
determine differences in relative prices between the two countries (E; = E; = 1, Py, = Py,

VVir = VVj;, R,‘, = Rj; for all l).
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Given (16), one can easily check in (17), (18) and (19) that the country
with the higher tax rate on labor income devotes a larger share of the house-
holds’ time to both home production and leisure and a smaller share of the
households’ time to the production of the market service, thus allocating less
time to market activities.

Moreover, one can see by inspecting (20) and (21) that—other things
being equal—the ratio between the capital installed in the tradable sector
(Ki1:) and the total capital installed in the country (Kt + Kin, + Kiny) 1s higher
when labor income is taxed more heavily. It should be also apparent by
looking at (16) and (25) that P; and P; differ if—and only if—the two
countries display different capital-labor ratios in the non-tradable market
sector.

Finally (26) shows—together with (16), (20) and (21)—that the
capital installed in the country taxing the capital income less heavily grows
faster. Indeed, 7k influences not only the pace at which the households
located in i accumulate productive assets, but also the rate at which
the capital installed in i grows. This is because the demand for the non-
tradable good and the production of the home-produced good tend to
increase together with the households’ income. Thus, the capital used by
the firms operating in the non-tradable sector and the durables used in
home production grow faster in the country where 7k is lower. The same is
true for the capital used in the tradable sector, since the optimizing
behavior of firms operating in the same country and thus facing the
same costs of labor and capital links the rate of growth of the capital
installed in the tradable sector to that of the capital installed in the
non-tradable sector.

Using (4), (14), (15), (16)—(26) and (A9) (see the Appendix), one can
derive the system of difference equations in Xy, Zu. and Lysr—where
X = Keund Kusnir and Z;, = K/ Km—which governs the equilibrium path of the
world economy:

1- Teuk

X = Xu, (27)
— Tusk
LusTt )
ZusH— = Zust [
: f( L- LusTt (28)
LusTt+1 ( LusTt )

Tl ol Xy, —Tt

L- LusTHl & " L- LusTt (29)
where

Zys —1 1 Ly, [(1- +Bu(l -7, )+
1= B {u(l—ﬂ)— (1= )y + pul— 7 ) <p]}
6(1 — Tusk ) 0(1 - lu')(l - '}’) (L - LusTt )(1 — TusL )

and
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1-
(I-Tux )[% + ﬁu}
LusTt ot

1- +
X (1= Tug )[w+ ﬁu]
1_ TeuL

(1-7uk )’ [%+ ﬁu}

g()=

(L= Ly )(1- )0
# X (1= T 1 |

eul

X, (1= T )’ (1= Bt + Xy (1—
(1=w(1=7)
L (=70’ pyu
A-wa-y)

(1= o [W+ pu|

TeuK )
o(1-u)(1-7)

+ (1_ TusK)

(1-a)

X (1= Toc [“;“ﬂ+ ﬁu}
- TeuL

The equilibrium path governed by (27)—(29) is studied under the assump-
tion that ok = Tusk and Teur, > Tust.

3.1 Case in which Tox = Tusk and TeuL > TusL

In this case, the following proposition holds.

Proposition 1: If Tk = Tuk and T > Tuse, (1) the equilibrium path of the
world economy is unique, (ii) the amount of tradable goods used in the US
economy exceeds the US production of tradable goods and the US economy
runs a trade deficit for all ¢, (iii) the US GDP and the EU GDP grow at the
same rate, and (iv) this equilibrium rate of growth is increasing with the
fraction of the world stock of capital that is initially owned by the US
households.

Proof: See the Appendix.

The unique equilibrium path of the two-country economy is such that
Xu, = Xn, Zuw =Z and Ly, = Ly for all ¢, where * denotes the equilib-
rium value of a variable when the markets are internationally integrated
and 7.k = Tuk. Along the equilibrium path, the fraction of the world stock
of capital that is owned by the US households does not change, and the
initial distribution of the world stock of capital between the US and the EU
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households has a permanent influence on the equilibrium values of Xy, Zyuy
and L.

In the country where labor is taxed more heavily, namely in the EU,
households devote less time to market activities and tend to reduce their
demand for the market service N.., thus depressing the domestic produc-
tion of the non-tradable good. In contrast, the EU production of the trad-
able good is not depressed, since the EU exports a portion of its tradable
output to the USA, where the demand for market goods tends to be more
buoyant. This is reflected by the fact that in equilibrium the tradable good
is relatively less expensive in the EU (P > Peu), where the tax rate on labor
is higher."” Hence the US trade account, TAuy = Pu(Tuse — Kusis1), is per-
manently negative (T < Kuss1 for all 7).' Note also that the sustainability
of the permanent trade deficit of the lower-tax-rate country is guaranteed
by its positive income account, namely by the net flow of payments that the
lower-tax-rate country receives from abroad thanks to the excess of the
capital owned by its households over the capital invested within the country
(Kust > KusTl + KusNt + I(usHt)-17

It is worth noting that in the present framework trade is induced
only by the differences in tax rates (on labor and possibly on capital): if Te.x
= Tysk and T, = Tuse there is no trade, since the two economies are perfectly
identical.

Moreover, one should observe that the difference in the labor tax rate
does not determine a differential in the growth rate of the two economies. By
exporting the tradable good to the lower-tax-rate country, the higher-tax-rate
country can enlarge the size of its technologically advanced sector, thus
boosting its growth rate.

Finally, the fact that the world demand for the tradable good is higher if
the weight of the US households in the world demand for the tradable good
is greater explains why a distribution of the world stock of wealth more
favorable to the US households raises the equilibrium rate of growth of the
world economy, since the pace of technological progress increases in each
country with the rate at which its tradable sector expands.

3.2 Case in which Teux > Tusk and Tear > TusL

In this case, the following proposition holds.

5Along the equilibrium path, Xy, is constant and equal to the initial rate Xy, which is larger than
one for all the relevant values of the parameters, thus implying (see (20)) that Keun/Kusn: =
Keuno/Kusno > 1. Moreover, along an equilibrium path, Ly, > Leuns Which—together with
Ko > Kysne—entails Py > Peyy.

Along the equilibrium path, the US trade deficit-GDP ratio is equal to a (positive) constant.

"From the households’ budget constraint and the firms’ zero-profit condition one can derive
TA; = -1A;, where IA;, = Ri(K;; — Ky, — Kine — Ki1y) 1s the income account of country i.
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Proposition 2: If Tk > Tusk and Ter > Tust, (1) the equilibrium path of the
world economy is unique, (ii) the amount of tradable goods used in the US
economy exceeds the US production of tradable goods and the US economy
runs a trade deficit for all 7 < e, and (iii) in the long term the US GDP grows
at a higher rate than the EU GDP.

Proof: See the Appendix.

The unique equilibrium path of the two-country economy is such that
as t — o Xy, = Xip» Zusw = Zgs and Ly, — Lo, where © denotes the long-
term equilibrium value of a variable when the markets are internationally
integrated and 7.k > Tuk. Along this path, Xu, Z.« and Lyr, converge
monotonically to their respective long-term values (see Figs 1 and 2), and
the buoyant demand for the tradable good coming from the low-tax
country is partially met by the production of the high-tax country. This is
at the origin of the persistent trade deficit of the low-tax country, which
vanishes only as ¢ — oo, since asymptotically the fraction of the US demand
for the tradable good that is met by the EU production becomes negligible
because of the permanent growth differential between the two countries.
Indeed, the country taxing the capital income less heavily tends to grow
faster because the capital installed by its firms—and consequently the total
factor productivity of its tradable sector—grows permanently at a higher
rate.
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The fact that the total factor productivity tends to grow faster in the
tradable sector of the lower-tax-rate country rather than in the tradable
sector of the higher-tax-rate country explains why along a balanced growth
path the price of tradables in terms of non-tradables declines at a higher
rate in the USA than in the EU. The tradable good tends to become
relatively more expensive in the higher-tax-rate country, and the EU
trade surplus—due to the greater relative competitiveness of its tradable
sector—vanishes asymptotically.'®

3.3 International Market Integration versus Autarky

Proposition 3: If T.x 2 Tyk and Teur > Tust, 10 the long term the EU economy
devotes more time to market activities (even if it devotes less time to the
production of the non-tradable good) and has a higher rate of GDP growth
under international market integration than under autarky.

Proof: See the Appendix.

Under free trade, the production of the tradable good is boosted in the
high-tax country by the demand of the low-tax country. This explains why

18This asymptotic result is consistent with the Harrod—Balassa—Samuelson effect mentioned in
Section 1.
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the households located in the EU devote a larger share of their time to the
production of the tradable good under free trade than under autarky (when
the external stimulus to the production of tradables is absent). Considering
that the tradable sector is subject to technological spillovers, this explains
also why the EU economy exhibits a higher long-term rate of growth under
free trade than under autarky (displaying higher Keur/Keun: and Keyrd Keun
ratios). The opposite is true for the USA, which devotes more resources to the
tradable sector and displays a higher long-term rate of growth under autarky
than under free trade.

3.4 Consequences of a Cut in the EU Tax Rate on Capital Income for the
US Growth Performance

Suppose that initially Tk > Tusk and Teu > 7w and that then the EU authori-
ties decide a tax cut aimed at making the tax rates on capital income equal
across countries. This cut worsens the long-term growth performance of the
US economy.

Proposition 4: If Tex > Tusk and Teur > TusL, @ cut in the EU tax rate on capital
income from e,k to Tak = Tuk determines a decrease in the long-term rate of
growth of the US GDP.

Proof: See the Appendix.

When 7k > Tux and T > Tuse, there is a permanent growth differen-
tial in favor of the US economy and the US demand for the tradable good
is increasingly met by the domestic production. This does not occur when
Tk =Tusk  and T > T even in the long run—under these
circumstances—a significant portion of the US demand for the tradable
good is met by the EU production. Therefore, the US tradable sector
remains smaller and attracts relatively less labor and capital when the tax
rates on capital income are equalized. As a result, the long-term rate of
growth of the US economy is lower when 7ok = Tyx and Teu > Tust, Since
the technological progress feeding the growth process takes place in the
tradable sector.

4 CONCLUSION

The two-country model developed in this paper intends to study economies
that differ only with respect to tax rates (labor income taxes and possibly
capital income taxes). The analysis is conducted under the simplifying
assumptions that the (internationally) tradable goods coincide with the
market goods which have no home-produced substitutes and that techno-
logical spillovers generating improvements in total factor productivity can
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occur only in the tradable sector. In this set-up, it is shown that market
work is higher in the country with the lower tax rate on labor income, that
the higher market work characterizing the country with the lower tax rate
on labor income is entirely due to higher employment in the sector produc-
ing services which have close home-produced substitutes, and that the
country with the lower tax rate on labor income has a persistent trade
deficit.

This set-up has also implications for long-run growth. Considering
that the tradable sector is subject to advances in total factor productivity,
the fact that under free trade the production of the tradable good is
boosted in the high-tax country by the demand coming from the low-tax
country explains why the high-tax economy exhibits a higher long-term rate
of growth under free trade than under autarky. The opposite is true for the
low-tax country, which devotes more resources to the tradable sector and
displays a higher long-term rate of growth under autarky than under free
trade.

The two-country model contained in this paper has been developed with
the main aim of shedding light on the possible relations linking three impor-
tant and structural differences between the US economy and the euro area
(i.e. higher market work and employment rate in the USA, higher tax rates on
labor in the euro area) with the persistent trade deficit of the US economy
with the euro area. Nonetheless, the model may also be suitable to investigate
the differences across European countries and represent a useful framework
for empirical research.

Future theoretical research can extend this framework by adding the
public supply of a close substitute of the service good produced in the mar-
ketplace and at home. In this way, one might compare the results emerging in
this extended set-up with those obtained in the benchmark framework in
which households receive only fiscal transfer from their national government.
This extended analysis should help us to understand how different policies
and alternative institutional systems interact with technological progress in
shaping the allocation of time in advanced economies.

APPENDIX

Agents’ Optimality Conditions

The firms producing the non-tradable good in country i satisfy the following optimal-
ity conditions:

ﬁ(’z—Njﬁ W, (A1)
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Similarly, the firms producing the tradable good in country i satisfy the following
optimality conditions:
PoKir,

=W, (A3)
L ’

Pn(l - a)L;th =R, (A4)

One can solve the households” problem by maximizing

N 0 {uln(N,,) + (1 - ) In(Kjy! Ly, )+ @In(Ly,)

n=t

— Al Kinsr Py + Ny = (Kiy = Ky )R (1= Tie ) = (L = Lipyy, — Lis Wi (1= 7)) — an]}

with respect to Ny, Kmr, Lins, Lis, Kini and the Lagrange multiplier 4;, and then by
eliminating 4;, thus obtaining

K (1= Bu-1x)

Nt = A
M - y) (43)
LiHrﬁ,u(l )
Ly, = ZuPH0=7) A6
-y (A6)
LiNt(P
L= A7
Bull—70) (A7)
P =00 - )1~ py = 22— (A8)
1-7x { LiTz[(l_u)y+ﬁu(1_TiL)+(p]}
0l-tx)Zin=2Zys————— 1-5)- -1
(1= T2 —wia—p 1P (-2 )LL)
z, =K (A9)

Therefore, along an optimal path a household located in i must satisfy (AS5)-(A9) and
the transversality condition

B
K,H,(l—ﬁ)y(l—fm)] —0 (A10)
Ly fA-y)1-7y)

lim 9'2,-,,.1[
[—oo

Proof of Proposition 1

(1) If Teuk = Tusk, €quation (27) entails Xy, = Xuo for all 7. Given Xy, = Xno and

LusTI )
2 (X L
& " L_LusTl

LusTt
L- LusTr

>1 for all ¢
J
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it turns out that the only path that satisfies (29) and does not violate boundary
conditions must be such that

% %
L““* =g[XHO,L“ST*] for all ¢ (Al1)
L_LusT L_LusT

. *
Given Ly, = Ly and

*
af(zus,, Lur J

L-Liy

aZ\,\s/

>1 for all ¢

it turns out that the only path that satisfies (28) and does not violate transversality or
boundary conditions must be such that
L*
A f(z;iT, — ] for all ¢ (A12)

- LusT

Given (16), (20), (21), Ly, = Ly and Z,, = ZF for all 1, at ¢ = 0 one has

13 A=Bud-7ux)
(I-w)(1-7)

LTST(I_TUSK)(I_(X) |:(1_,U)’}/+(p +ﬁ#}}
(L-Lip)(1-w(1-pot 1= Tu
=PI~ Tar)

(I-w)(1-7y)

LtsT(l_TcuK)(l_a) [(l—u)y+(p +‘8‘u:|}
(L-LE)A-pd-p)al 1T

KusO + KeuO = KusHO{

+ KustoX Ho {1 +

+

which entails

ZL>lkS - KusO {1+ (l_ﬁ),u(l_rusK)

(Kus() +Keu0) (1_#)(1_7)
LﬁsT(l_TusK)(l_a) [(1_#)y+(p+ﬂ,u}}
(L-Lin(-md-pal 1-Tu
Ko X 1o {1+ (1-Bu(l - Tak)

KusO + KcuO (1 —,U)(l - ’}/)
Lisn(1- T )1 - @) [(l—u)ywwﬂ}} (A13)
(L-Lio)A-w(I-y)ab 1T

where Ky and K.y are given.

Having shown that Xy, = Xuo, Lyr = Lix and Z,, = ZX for all ¢, one can
prove the uniqueness of the equilibrium path of the world economy when 7.,k = Tusx by
checking that the triple (X, Z%, L¥;) which solves (A11)-(A13) is unique, where
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+ (1 - B):u(l - 7:usK)
(1-w1-7y)

KUS KCll
_ Li(1-Tuk) [(1_‘u)y+(p+ﬁui| (Kuso + Kewo)
Yo = X* = (L-Lir)(A-w)(1-7) 1-7y
R (= Bu(= 7o)

(1—u)(1-7)
LjsT(l_TcuK)(l_a) K
(L-Ci) (- -pa|
o [(l—u)7+<o+ﬁu]

1_”'-euL
1 =B =7u)
(1-p)(1-7y)
LﬁsT(l_TusK)(l_a) _(1_I~l)7+(P+ﬁlu_
L @-maoi-pi-pal 1-Tw |
1+(1_ﬁ).u(1_rcuK) (A14)
(I-w)(d-7)

Lir(=tax)(1=0) [A-p)y+e g,
(L-Lir)(1-w(-pal 1= T :

1- Ty Lix [yl-w+¢
STk T 1= B8) -
_(I—V)(l—u){u( P L—L:;T[ 1= 7w +ﬁu}}+l (A15)

ZE =
. 1-0(1—Tux)

[1-6(1- 7ok )]y +

+

L{Q_ (Q)z_V}
. 2M M M
?;st (A16)

+Q_J(Q)2_V

2M 2M M
Vg[lw]
(1=w)(1-7)

00 rlre g, [Y0oWte, g

M=
o(l1—pw)*(1-7) 1-7ToL -7,

_ (I—B)u(l—rusK)HG(l—rusK) y(-w+e

=1

B [+ -mi—y I 1-u [ It ”3“}

_[ L }yKuw[l—ea—rusK)]}

1- TeuL 1- TusL a(Kuso + KcuO)

+ [1_9(1—Tu51<)(1—a)]‘:1+(1—ﬂ)ﬂ(1—TusK):l|:7(1_ﬂ)+(P+ﬁ‘u}
o(1-p) (I-w)(1-7) 1= T

K, and K, given
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(i1) The US trade account, TA., is given by TAuys = Pusd Tus: — Kusir1), which—using (4),
(21), (25) and (26)—can be rewritten as

_(-pA-wK P Ly, { Lyr[(1- )y + Bu(1- 70 ) + @]

TAusz — usNz
M (L_LusTt)(l_TusL)(l_:u)(l_/}/)a

—ezuw} (A17)

By substituting L* for Ly, and Z% for Z,. in (A17), one can verify that TA,, < 0
for all ¢.
(iii) The GDP of country i, GDP;, is given by GDP;, = N; + P; T, whose rate of
growth is
_ Niz+1 + BI+IT/"1+1 - (Nil + BtT;'z) — GDP[:H - GDPH

Picpp: N, + P, iGDPr = —GDP,-,
By using (1), (4), (16), (18), (20), (21), (25) and (26), one can check that
PTsGDPz = p:xGDPt’ where"

picor = Pioor =[0(1—0)(1 =75 )(Lir)* 1P —1 (A13)
(iv) By using (A16) and (A18), one can check that

api;léDPt >
Kus()
KusO + Keu()
Proof of Proposition 2

(i) If Touk > Tusk, one can verify that the triple (X5, Z3, Lor) satisfying Xy = X, = X7,
Zosin1 = Zus = 28 and L 1,1 = L1, = Lo In equations (27)—(29) is unique, where

X5 =0 (A19)

l_TusK LIOJST 7’(1_,‘1)+(P
{ﬂ(l -p--Hr | + ﬁu}} )

ZESZ(I_/V)(I_IU) L— 3ST 1_TusL
1_0(1_’L-usK)
(I_TUSK)(I_ﬂ):u :l
L) ek AT 001 —y)(1— u)(1— Tug
o [ G a1y 50)
vt {[1—9(1—0!)(1—rusK)][y(l—uHBu(l—rusL)+<p] (A21)
(I_TUSK)(I_ﬁ):u 11|9 1— 1- 1—-
| (=P o= 1= i)

A formal proof of the uniqueness of the equilibrium path in a neighborhood of
(XR, Z3, Logr) is provided by linearizing (27)—(29) around (X3, Zg,, Lor), thus obtain-

us»

ing the following characteristic equation:
It is easy to show that if in each country the numéraire were the tradable good, one would have

Puscor = (1= 0)(1- Ty ML) =1= Pecor = 01— @)1 = T )L )* —1 for all ¢
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(I—TcuK_ j[ 1 B }[ 1 _ }:O
-t AN00-1) “lo0-a)(-t) *

where 1 = (1 — ©u)/(1 — Tusk), Jo = 1/0(1 — 7ysk) and 3 = 1/6(1 — a)(1 — 7y5x) are the
solving characteristic roots. Given that x; < 1, x> > 1 and 3 > 1, one has saddle-path
stability: the saddle path is the unique equilibrium trajectory of the world economy in
a neighborhood of (X3, Z3, L) since any other path satisfying (27)-(29) violates

transversality or boundary conditions. Indeed, the linearized system characterizes a
unique path converging to (Xg, Zg, Lir):

X — X§ =mquxi (A22)
Zusr - ZL?S = Wll]21lf (AZS)
Lyt — Ly = mas i (A24)
where
F ( F )2 G
m=——,/l—| +=<0
2D 2D D

F = (Kua + K (L - L) - 75, - (=0 S A0 P B ) 20|

(1-1)(1=woll-Tu)

‘Ko {[(1—%@(1—/3)#

+1}—‘]11(L—E3,5T)[M+1]

(I-y)d-pw) (I-y)A-pw)
_qulic(1-o)(1 -7 ) [ Y(1-t)+ ¢
(=7(1-we [ [~ T *’3’"]}

_ (1= 7 )(1- B }
D= KusO KeuO 21— KusO M~ 1 N1 N 1
Koo+ Kewo )21 = Kuog {[ -y

_(l_a)(l_TeuK) Y(I_ﬂ)+(l)
(1—7)(1—#)06[ 1= o +ﬁ“]}

_ o o (1_TusK)(1_ﬂ),u :| o
G = Kus() KeuO Zus L- LusT - Kus() VNN 1 L- LusT
(Koot Ran) 2= Fir) {[ TR EA
Lir(l-a)(1-1)[yA- )+
MR Ty e ”ﬂ}

_ _[1 — 6(1 _ 06)(1 — Tusk )]

" 1—9(1—a)(1—reuK)[(l—rusK)(l—ﬂ)uH}
. . 1—00-a)(1-7)l (1=y)(1-p)
0-(1- 1- uskK 1- eukK
(17 @1 R 1= Fe) 0=t ]
(I=y)1-w)

<0
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[1-6(1 - a)(1 - 7oy (1= )+ Bu(1- 7o) + 0] )
(1_1115K)(1_ﬂ):u 1:|9 1_ 1_ ]_ ]

- | (5B 111 - 20)
8 { LA— 7)1 = (1= T )01 — Tex ) — 1] }
X [y(1= )+ Bu(l = Ty ) + @1 = 6(1 — &)(1 = T )

(1 - /rusK)

<0

431 =1 KusO and KcuO given

(it) By substituting L for Lyr, and Z3 for Zuy. in (Al7), one can verify that
TA. — 0 as t — . Moreover, one can easily check in (A17) that TA,; < 0 whenever
Ly, < LS and Z,,,, > Z3,. Hence, a formal proof of the fact that TA,; < 0 for all
t < e in a neighborhood of (X7, Z3,, Lir) is provided by (A23) and (A24), which show
that Ly, < Lo and Z,,; > Z3, for all £ < eo.

(iii) By using (1), (4), (16), (18), (20), (21), (25) and (26), one can check that
Pacop > Peucpps Where?

pleor =1im picor, =[0(1- @)1= T )(Li)*] - -1 (A25)

Proof of Proposition 3
Under autarky, the equilibrium conditions (14) and (15) can be rewritten, respectively,
as

T = Ky (A206)
and

K, — Ky = Kit; + Kiny (A27)
Using (4), (A1)-(A9) and (A26)—(A27), one can derive the difference equations in Z;

and L;t, governing the equilibrium path of the i economy under autarky, thus obtain-
iIlg Zin = f(Zila LiT//(L - LiTz))(see (28)) and

LiTt+l — h( LiTt j (A28)
L_LiTt+1 L- LiTt
where
o TA=BY1- T }
. L an-wa-p| (T
(L= Lir)(1-)6(1- 7)) (1-a)(1-Tx ){W + B.U}
Given

Pt is easy to show that if in each country the numéraire were the tradable good, one would have

llgg Pusaorr = 0(1=a)(1 = Ty ) L3sr)* = 1> %g{} Pewcprr = O(1 = 0)(1 = Tou N(Leur ) — 1
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o o)
L- L[T/
, Lu
L_LiTz
it turns out that the only path that satisfies (A28) and does not violate boundary
conditions must be such that

>1 for all ¢

AN A i) ] for all ¢ (A29)
L-Liy L-Liy

where * denotes the equilibrium value of a variable under autarky and

(1_71'1()(1_[3)# 1 1_ 1_ 1_ )
_ L[i(l—y)(l—,u) +}ea< - w(1-1)

T {[l —0(1-o)(1 -7 )l[y(1— )+ Bu(l—70) + @] (A30)

a=PU ooy - w1 -
+[ A-y)1-p) +]9"‘( (- w)(1-1,)

If Tk > Tusk and Teur > Tusr, one can check that L3 < L2, where Li,; and L2, = L3
are given, respectively, by (A30) and (A21). Moreover, since also under autarky Leun,
and L., are given, respectively, by (17) and (18), one can verify that L, < L3
entails L%\ > L3 and L%y > L2, which—in its turn—entails L — L%y < L — L3y.
Finally, since also under autarky one can use (1), (4), (16), (18), (20), (21), (25) and (26)
to derive the equilibrium rate of GDP growth, one can check that pSGpp > Peucpr,
where p2pp 1s given by (A25) and

Piucor = im pegor, = [0(1= 00)(1 = T J(Lur > -1 (A31)

If Teuk = Tusk and Te > Tusi, one can check that L2 < L¥ 1, where Lyt and Lf; = L¥;
are given, respectively, by (A30) and (A16). Moreover, since also under autarky Leu,
and L, are given, respectively, by (17) and (18), one can verify that L5 < L
entails L3 > L%\ and Ly > L%, which—in its turn—entails L— Ly < L— L%,
Finally, one can check that pligpp > Plucop, Where pagpp and Paucoe are given, respec-

tively, by (A18) and (A31). ]

Proof of Proposition 4

If Tk > Tusk and Teur > Tus, one has lim,,.puGpp = Pcpr, Where pogpp 1S given by
(A25). If the EU tax rate on capital income is cut from .k to Tak = Tuk, one has
lim, .. Puscop: = Prscor, Where pigpp is given by (A18). By using (A16) and (A21),
one can check that I3y > L¥, thus proving that pSepp > picpp- [ |
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