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Abstract

This paper analyzes the impact on world growth of an increase in export subsidies in one
country based on an open economy endogenous growth model in which there are transportation
costs and the movement of firms across international borders. In contrast to the negative effect
of export subsidies on world growth in the open economy endogenous growth model without
transportation costs and the movement of firms, the paper shows that an increase in export
subsidies in one country increases world growth under specific conditions.
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1. Introduction

Through decades of empirical research, the positive relationship between export expansion and
growth is now widely accepted by policymakers and economists. For example, well-known
studies that find a positive relationship between export expansion and growth include Tyler
(1981), Kavoussi (1984), Ram (1985), Esfahani (1991), Islam (1998), Konya (2006). However,
despite this body of empirical work, the precise channels through which export subsidies
promote the global growth rate through export expansion are not well analyzed in the R&D-
based endogenous growth literature. Indeed, as a similar prior research related to this issue, in
the R&D-based endogenous growth literature, despite a large number of studies reach the
conclusion that long-run growth is positively affected by R&D subsidies through an increase
in the profits of each firm in the monopolistic competition sector (e.g., Grossman and Helpman,
1991; Helpman, 1992; Davidson and Segerstrom, 1998; Howitt, 1999; Segerstrom, 2000;
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Laincz 2009; Chu and Wang, 2022), few theoretical studies analyze the global growth effects
of a unilateral increase in export subsidies.

One exception is Afonso and Silva (2012), who uses an endogenous growth model that
includes the R&D sector and examines the growth effect of export subsidies. From this study,
Afonso and Silva (2012) conclude that an increase in export subsidies leads to an increase in
profits in the intermediate goods sector, which encourages R&D investment and increases
growth rates. However, the study focuses on the growth effects of export subsidies in a closed
economy, and therefore it is not necessarily true that the same conclusions would be reached
in an open economy. This is because when examining the growth effects of export subsidies in
an open economy model, the growth effects of international income transfers and changes in
the terms of trade must also be taken into account. Another study is Grossman and Helpman
(1991, chapter 10). Unlike the closed-economy model of Afonso and Silva (2012), their study
uses an open-economy model consisting of two countries to analyze the impact of export
subsidies on tradable high-tech products on global economic growth through their effect on
R&D activities. In their study, they show that production subsidies in each country lead to a
reduction in the rate of technological progress through a contraction of production factor
resources invested in the R&D sector, which competes with the high-tech manufacturing sector,
thereby reducing the overall global economic growth rate. However, their result holds only if
the model is an open economy model with no transportation costs and fixed location of firms.
Thus, although their model assumes an open economy, it is not necessarily true that the same
conclusions would be reached even in an open economy under the existence of transportation
costs associated with foreign trade and cross-border location behavior of high-tech firms.

Under the above unsettled studies of endogenous growth theory, this paper examines the
impact of a unilateral increase in export subsidies on the world growth rate by introducing
export subsidies into the two-country R&D-based endogenous growth model of Martin and
Ottaviano (1999). The Martin and Ottaviano (1999) model is a simple framework for studying
the growth effects of different government policies in an open economy with iceberg-type trade
costs and cross-border firm location. By adopting the model, which allows us to include export
subsidies, we are able to consider the combined effects of multiple effects of export subsidies
in affecting the world growth rate in the presence of transportation costs and cross-border
location of firms.

Our main results are as follows: a unilateral increase in a country's export subsidy, regardless
of the country where the policy is implemented, raises the world growth rate by shifting labor
from the non-innovative sector to the R&D sector under specific conditions. This result is the
opposite of that found by Grossman and Helpman (1991, ch. 10). This is because in our model,
labor input is the main factor for R&D as in Grossman and Helpman (1991, ch. 10), but export
subsidies lead to an increase in the equilibrium world growth rate by reducing world
consumption expenditure due to the increase in the tax burden for financing subsidies, thereby
reducing labor resources for differentiated goods and increasing labor resources for R&D. Thus,
in contrast to the results of Grossman and Helpman (1991, ch. 10), where the steady state world
growth rate is negatively affected by export subsidies, in our model we reach an opposite
conclusion that export subsidies have a positive impact on the equilibrium world growth rate.
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2. Model

There are two countries, the home country and the foreign country. We use an asterisk to denote
the variables for the foreign country. We focus mainly on a description of the home country.
The intertemporal objective of a representative household is to maximize the following lifetime
utility function:

U = [ log(D()*Y (£)1~%) e~PtdL, (1)

where Y (t) is the numeraire good in period t and D(t) is the consumption index of
differentiated goods defined as

N(t)

D(t) = (fi=o D,(H)*"V°di Lo > 1, 2)

)1/(1—1/6)

where D;(t) is the consumption of differentiated good i in period t and N(t) is the total
number of differentiated goods produced in the world. In this model, the government provides
export subsidies to the differentiated goods sector and levies a lump-sum tax on households as
a source of export subsidies. We also assume iceberg transport costs for the transport of
differentiated goods between countries: t (t > 1). Then the per capita expenditure of a typical
household, E, is

JienPiDidi + [ic, (1= sp)TpjDydj +Y = E, 3)

where sg(sy) is the export subsidy rate for the foreign (home) country, p; is the
producer price of a typical variety i and p; is its price in the foreign country. In this model, as
shown in (3), the home country consists of n firms and the remaining n* firms are in the foreign
country, where n + n* = N. The consumption price indices are then

) 1es  \1/(1-0)
pb — (fien pi~°di + fthn* ((1 — Sf)rp]’f) dj) : 4)

- 1/(1-0)
PP = ([ (A =stp) "di+ .0 o) (5)

In the differentiated goods sector, a patent is required to start production of each variety of
good, so we can interpret this capital requirement as a fixed cost of production. Each firm issues
shares to finance the fixed cost of the patent and distributes any profits to shareholders as
dividends. In addition, each good requires B units of labor. Standard profit optimization by
choosing pi gives pi=wpo/(c — 1), where w is the wage rate. The profit flow of each firm (= m;)
is then

m; = pix;i(pi) — wBx;(p) = wBx;(p;)/(c — 1), (6)
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where x;(p;) is the quantity of output.

The homogeneous good Y is assumed to be produced using one unit of labor to produce
one unit of Y. We assume that some production of the homogeneous good occurs in both
countries. Thus, we ensure that w = w* due to free trade in the homogeneous good. Since the
numeraire is the homogeneous good, the wage rate is w = w* = 1. We therefore obtain p = p* =
Bo/(c — 1). Here we define 8 = t17° € (0, 1) for convenience.

Given the choices of D;, D;, and Y, the standard static utility optimization yields

D= (%) (#) D= (%) (—:frfl('l S_fs)f_)f__fs), Y=(1-wE (7)

Here we define v as the equity value of a firm and r as the return on a riskless bond. Thus,
by considering (6), we obtain a no-arbitrage condition in the world capital market:
B o
—— tv=rv (8)
Maximizing (1), subject to the intertemporal budget constraint and assuming free capital
mobility between countries, requires
E _ E*

s=f=r-p ©

E  E*

3. Aggregation and equilibrium firm location

If the demand in (7) is aggregated over all households in the world, then the market clearing
condition for any differentiated product x is as follows:

_ . « _ aL(oc—-1) E E*(1-sp)~°8 _
X = LD+ Leby == <n+n*(1—sf)1_68 + n*+n(1—sh)1-66) - (10)

where L is the amount of labor endowment, which is the same in both countries. Similarly,
for each product x*:

— —_ _0-8 *
al(c 1)( E(1-sy) E >=x*.

*=LtD; + LD = =
% Y + J Bo n+n*(1—sf)1 § n+n(l-sp)l=98

(11)

For a firm to be indifferent between its home and foreign locations following location
arbitrage, the operating profits of the two locations must also be equal:

=" (12)
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Therefore, from equations (6), (12) and w = w* = 1, we obtain x = x*. Here we set K and K*
as the domestic and foreign capital stocks, respectively. In addition, the total stock of capital
owned by agents determines the total number of firms, so that:

n+n*=K+K"=N. (13)
Solving (10)-(13), we obtain the share of firms in the home country, which we define as:

n ((1—sh)_"8—1)(1—sf)1_68E*—((1—sf)_68—l)E
V=N~ ((1—sf)_da—l)((l—sh)1*05—1)E+((1—sh)*"8—1)((1_5]:)1_"5_1)E*'

(14)

The level of production of each firm is:

Y= x* = aL(o-1) (E) {( (1—Sh)-08(1—sf)_08—1 }, (15)

Bo W/ | ((a-sp)tos(1-sp) "s-1)((1-sp)~5-)((1-s5) “5-1)

where E=((1—57)""6—1)(1 = s 6 —DE+ (1 —sp) 6 -1 ((1 —s5) "6 - 1) E".

4. R&D sector

Following Martin and Ottaviano (1999), we assume that knowledge about new products is an
international public good that can be accessed and used by researchers in any other country
without restrictions or costs. To consider the incentive for researchers to engage in innovative
R&D, let v denote the value of a blueprint developed through R&D. In our model, a researcher
who performing R&D requires /N units of labor, since the cost of R&D cost is the same in
both locations due to global knowledge spillovers. Therefore, free entry into the R&D
sector leads to v = n/N.

In this section, we derive the solution for a steady state where y =n/Nand g = N/N are
both constants. If there is a balanced growth path, this implies that v decreases at the rate g =
N/N = n/n. The world labor market-clearing condition is as follows:

ng+ (1 — L(E + E*) + ol ("T‘l) ET =21, (16)
(1—Sh)_68(1—5f)_0-8—1
(@-sp=os(1-s7)""s-1)(A-sp)os-1)((1-s7) "5-1)’

where T =

If g is constant in the steady state, equation (16) implies that expenditure must be constant.
This gives r = p from (9). Then, substituting equation (15), v=n/N, and r = p into equation (8)
and considering (16), the following equilibrium growth rate of K, K* and N is obtained:
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L (1-@)L(E+E° -
g:z__w_("_l)p. (17)

The respective steady-state levels of per capita expenditure for each country are:

E=1+2%—s,mp,D;, E*=1+2070

— spn'ps Dy, (18)

where k (= K/N) and 1- k (=1- K/N) are the share of firms owned in each country, which
are constant in the steady state. The first term in the above equations denotes per capita labor
income, the second denotes rent income per capita and the third denotes the per capita tax
burden on households imposed by the government to finance export subsidies.

5. Effects of export subsidies

To examine the growth effects of export subsidies, we assume that €, = as,(1 — Sh)_"(l
— ;) 782~ 0 and & =as;(1—s;) "(1—s,)"°8% ~ 0. This implies that if o is
sufficiently large and 8, o, Sh and st are sufficiently small, then &, and grare approximately zero.
Under these assumptions, we can clearly show the growth impact of an increase in export
subsidies in each country.

In particular, in this paper we focus on the effect of an increase in the export subs
idy rate in each country on the world growth rate through the effect on world consu
mption expenditure. This is because, from equation (17), under global knowledge spillovers
about new products, the world growth rate depends negatively on world consumption
expenditure. From equation (18), we obtain the following steady-state world consumption
expenditure:

-1
* _ asp(1—-sp)"°8L
(B + EDlen=oe~0 = (L " ((1_sh)—os_l)((1-sh)1—ca(1-sf)1‘°5_1)) (L +pnk) + (L

(XSf(l—Sf)_GSL
((1-sp) "s-1)((a-sp)=6(1-5p)""5-1

-1
)> (L+pn(1-k)). (19)

Here, equation (19) is rewritten as

* - L _
(E +E )IshzO,Esz - Ahlshzo (L + pnk) + Aflsfzo (L + pn(l k))! (20)
where
_ asp(1—sp)~°8L
Ahlshzo - L + ((1—Sh)_58—1)((1—Sh)1_06(1—5f)1_66—1)’ (21)
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_ OCSf(l—Sf)_GSL
Af|sfz0 =L+ ((1—sf)faﬁ—l)((1—sh)1—"6(1—sf)1706—1)'

(22)

Differentiating equation (20) with respect to the export subsidy of each location yields

. = pni) — 2 (L pn(1 - 0) <0, (23)
Sh ep~0,g,~0 (Ahls:hzo) Afl 0
gfx
d(z;rE*) _ —LIZ(L + pnk) — LZ(L +pn(1—k)) <0. (24)
f ep~0,er~0 (Ahlshzo) <Af|gfz0>

Equations (23) and (24) imply that an increase in the export subsidy of the home and foreign
countries will reduce world consumption expenditure. Next, differentiating equation (17) with
respect to each location’s export subsidy and taking into account equations (23) and (24), we
obtain the following:

og

- _ ((1—0()L) d(E+E™) >0, (25)
dsp Sh%O,Sf%O no dsp Eh%0,£fzo
:Tg = (—(1_:)L) —d(’;:E ) > 0. (26)
f EhzO,Esz n f ehzo,efzo

Recall our earlier explanation that the world growth rate in equation (17) depends negatively
on the world consumption expenditure given by equation (19). Therefore, equations (25) and
(26) imply that an increase in the export subsidy rate in any country will increase the world
growth rate through the decrease in world consumption expenditure.

Why does a unilateral increase in export subsidies in the home (or foreign) country increase
the world growth rate in our model? First, a unilateral increase in export subsidies by the home
country lowers the price index of differentiated goods in the foreign country (P?*), as shown
in equation (5), which increases both the consumption expenditure of the foreign country on
differentiated goods and global consumption expenditure. When global consumption
expenditure is higher, more labor is used to produce global consumption goods and thus, from
the equilibrium condition for labor markets, less labor is available for the innovative R&D
sector. Therefore, this effect of increased export subsidies has a negative impact on the world
growth rate. We will refer to this as the "demand stimulation effect”. Second, a unilateral
increase in export subsidies by the home country lowers the foreign consumption price index.
Since the home export subsidy is a kind of negative indirect tax for foreign households, an
increase in the home export subsidy leads to a proportional increase in real income through a
decrease in the foreign consumption price index. Therefore, similar to the demand stimulation
effect, in this case more labor is used in the production of global consumption goods and, from
the equilibrium condition for the labor market, less labor is available for the innovative R&D
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sector. Therefore, this second effect has a negative impact on the world growth rate. We will
refer to this as the "terms of trade effect”. Third, a unilateral increase in the home country's
export subsidy leads to an increase in the home country's tax burden to finance that subsidy,
thereby reducing consumption expenditure in the home country and thus reducing global
expenditure. In contrast to the demand stimulation and terms of trade effects, lower global
consumption expenditure implies that less labor is used in the production of goods to satisfy
global consumption expenditure and, from the equilibrium condition for the labor market, more
labor is available for the innovative R&D sector. Therefore, this third effect has a positive
impact on the world growth rate. In the following, we will refer to it as the "tax burden effect™.

Thus, the net growth effect of an increase in home export subsidies depends on the relative
strength of the three effects. However, under &, ~ 0 and &, ~ 0, the latter positive effect, tax
burden effect, always dominates the former negative demand-increasing effects, the demand
stimulation effect and the terms of trade effect, giving the results in equations (25) and (26).
More explicitly, when o is large, o is small, & is small and the export subsidy rate for the home
(foreign) country sh (Sr) is small, an increase in the export subsidy has a positive effect on the
world growth rate through the smaller increase in world consumption expenditure.

As mentioned above, the relationship between export subsidies and growth in existing
endogenous growth models has been analyzed by assuming a model without transport costs
and international relocation of firms. In such models, export subsidies lead to lower economic
growth, as shown by Grossman and Helpman (1991). On the other hand, this paper shows that
the effect of unilateral export subsidies on growth is opposite to the result of Grossman and
Helpman (1991), which does not include transport costs and firm relocation. Why is the result
of this paper the opposite of that of Grossman and Helpman (1991) under the condition g; ~ 0
and g = 0? In the following, we will explain that the existence of transportation costs is
essential to obtain the results of this paper by focusing on the magnitude of transportation costs
o that satisfy ¢, ~ 0 and ¢ ~ 0. First, in our model, when transport costs are zero or close to
zero, as in Grossman and Helpman (1991), the relationship between home and foreign
consumption expenditures is likely to be a trade-off. This is because unilateral export subsidies
by the home country reduce the home household's consumption expenditure through an
increase in the home country's tax burden, but if transport costs are small, foreign households
can easily compensate for the reduction in the home household's consumption expenditure
through imports from the home country. Therefore, even if an increase in the home export
subsidy reduces the home household's spending, if the transportation cost is small, the foreign
household's consumption expenditure will increase instead, and the total decrease in world
spending (the tax burden effect in this paper) will be smaller. Therefore, in our model, if
unilateral export subsidies are implemented when transport costs are small, the tax burden
effect, which is the positive growth effect of export subsidies, will be smaller than the demand
stimulation effect and the terms of trade effect, which are negative growth effects, and
consequently the world growth rate will decrease. This is consistent with the results of
Grossman and Helpman (1991), who assume that transport costs are zero. On the other hand,
when transportation costs are high, which is the condition assumed in this paper to satisfy ¢, ~
0 and &f ~ 0, the trade-off between home consumption expenditure and foreign consumption
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expenditure becomes smaller. This is because even if the home country's export subsidies
reduce the home country's consumption expenditure, this does not lead to an increase in the
foreign country's consumption expenditure through imports from the home country due to high
transportation costs. Therefore, when transportation costs are high, the reduction in the home
country's consumption expenditure due to the increase in the tax burden caused by the home
country's export subsidies leads to a reduction in total world expenditure. The tax burden effect
is precisely the positive growth effect of the reallocation of labor resources from the world
production sector to the R&D sector due to the decline in total world consumption expenditure.
Therefore, when transportation costs are large as assumed in this paper (i.e., when ¢, ~ 0 and
gr ~ 0 hold), the positive growth effect of export subsidies, the tax burden effect, outweighs
the negative growth effects, the demand stimulation effect and the terms of trade effect, and as
a result, unilateral export subsidies increase the world growth rate.

Note, however, that the presence or absence of international firm relocation is unrelated to
the growth effect of export subsidies in our model. This is because we assume global
knowledge spillovers, so that firms have immediate access to the latest knowledge regardless
of the country in which they are located. In other words, in an endogenous growth model with
global knowledge spillovers, there is no agglomeration effect where R&D productivity in a
country increases with the number of firms located in that country. Therefore, unlike Grossman
and Helpman (1991), who fix the location of firms, our model allows for bilateral firm
relocations, but there is no direct relationship between cross-border firm relocations and
economic growth. Of course, the cross-border relocation of firms has an impact on the
economic welfare of each country. This is because if export subsidies in the home country
induce firms to relocate from the foreign country to the home country, the household in the
home country will be able to reduce imports from the foreign country and thus save
proportionally on transportation costs. This has a positive welfare effect for the household in
the home country, but for the household in the foreign country, which is forced to increase
imports from the home country, the additional transportation cost burden will increase,
resulting in a negative welfare effect. In sum, the reason why the results of this paper differ
from those of the existing literature on the growth effect of export subsidies is largely due to
the presence of transportation costs rather than the presence of international firm relocation.

6. Conclusions

This paper used a two-country endogenous growth model to analyze the growth effects of an
increase in export subsidies in one country, given transport costs and international relocation
of firms. In contrast to the negative effect of export subsidies on world growth in Grossman
and Helpman (1991, ch. 10), we showed that an increase in the export subsidy of one country
(regardless of which country) raises the world growth rate through an increase in the labor force
in the R&D sector.
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