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Abstract

Some relatively recent models show that the openness-growth link may be nonmonotonic. | extend
this literature alowing for the possibility that the two trading economies have attained a different
development level. It is shown that higher protection (represented by “ad valorem” tariff on the
imports of differentiated consumption goods) leads to a higher stock of foreign capital in the poorer
economy. Moreover, when R&D spillovers are global, trade liberalization is not necessarily growth
promoting (the relationship between the tariff rate and growth being actually U-shaped due to
contradictory effects on domestic and foreign sales); but, when externalities have a purely local
nature and R&D is agglomerated in the North, trade policy affects growth also through the impact
on location, so that higher protection may be monotonically associated to lower growth for
plausible tariff rate levels and parameter values. Finally, numerical simulations show that higher
protection always exerts a negative impact on welfare, even when a U-shaped link with growth
exists.
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1. Introduction

Though the impact of trade policy on growth and development is a traditional topic in international
economics, the effects of trade liberalization remain a controversia issue. Given the lack of sound
empirical regularities (see Harrison and Hanson, 1999, or Rodriguez and Rodrik, 2000), economists
seem not to be able to offer unambiguous answers in the debate about the potential benefits or
dangers of globalization. Interestingly, some recent contributions focus on the possibility that the
link between openness and growth may be non linear, and even nonmonotonic, which could help
explain why econometric evidence (generally based on the assumption of a linear and monotonic
relationship linking trade protection measures and growth) provides no robust results and
conclusions. Rivera-Batiz and Romer (1991) extend the original Romer’s (1990) model about
endogenous technological change in a two-country framework and show that the balanced growth
rate has a U-shaped link with an “ad valorem” tariff rate imposed on the imports of a set of
intermediate goods. More recently, Baldwin and Forslid (1999, henceforth BF) and Baldwin and
Sbergami (2000, henceforth BS) have proposed again (in a different and probably simpler
theoretical framework) the issue of the existence of nonmonotonicities in the openness-growth link,
studying the impact of different kinds of trade impediments (“ad valorem” and specific tariffs as
well as traditional “iceberg” costs). In particular, BF consider the case in which trade policy
measures affect the imports of a set (a CES aggregate) of differentiated intermediate goods which
are combined with labour, (according to a Cobb-Douglas technology), to produce a final
consumption good; on the contrary, BS consider the case in which the differentiated goods subject
to trade policy restrictions are consumption goods (which again constitute a CES aggregate in the
utility function). In both cases it is shown that (under certain assumptions about whether tariff
revenue is redistributed or not) growth has the same U-shaped link with “ad valorem” tariffs found
by Rivera-Batiz and Romer (1991), while the relationship with specific tariffs is bell-shaped.
Moreover, empirical results contained in BS show that allowing for nonlinear effects actually has a
relevant impact on the significance of econometric estimates (trade policy coefficients are not
significant when purely linear relationships are estimated, but become significant once quadratic
terms are introduced into the regression).

In this paper | extend this literature along basically two lines. First, all these papers discussing the
possible existence of nonmonotonicities in the trade and growth link consider the case of equally
developed (symmetric) countries, in the sense that the two considered economies produce the same
number of (intermediate or final) differentiated goods. Here | allow for the possibility that the two

trading locations differ in the number of the locally produced differentiated goods, transforming
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thus the original symmetric models in a sort of “North-South” framework. Introducing asymmetry
in the sense above is interesting in itself (given that the current debate about globalization, growth
and inequality concerns primarily the relationships between industrialized and developing
economies) and allows us also to study how location choices and growth rates interact and are
simultaneously affected by trade protection. In this way, this paper is intended also as a contribution
to the growing literature of models where growth and location are endogenous and interacting
processes; in this respect, it may be intended as an extension of the model developed by Martin and
Ottaviano (1999, henceforth MO).*

Secondly, | study how the properties of the model are influenced by the assumptions concerning the
technological externalities characterizing the R&D sector of the economy. In particular | consider
the two extreme cases of perfectly global or completely local geographical externalities (in the first
case the scientific knowledges developed abroad have exactly the same influence on the
productivity of the R&D sector as the domestic innovations; in the second case there are no
international spillovers at all). It will turn out that, when countries are not equally developed, the
assumptions about the geographical extent of the technogical externalities do not affect only the
possible agglomeration of the research activities but also the way trade policy and growth are linked
each other.

The paper is organized as follows. The basic assumptions and some key intermediate results of the
two-country model are described in Section 2. | determine in Section 3 the equilibrium allocation of
the labour force and the trajectory of the balanced growth path under the assumption of global
spillovers, while Section 4 considers the opposite case in which technological spillovers are
completely localized. Section 5 and Section 6 analyze respectively the welfare and stability
properties of the model. Finally, Section 7 contains a brief summary of the results of the paper and
discusses their implications. Proofs of some of the analytic results presented hereafter have been

introduced in the Appendices at the end of the paper.?

2. Basic assumptions and intermediate results

The world economy consists of two countries; intertemporal preferences of the representative

consumer are represented in each economy by:

! These contributions merge the common features (especially the Dixit-Stiglitz monopolistic competition framework)
shared by the geography models a la Krugman (1991) on the one side and the growth models of Romer (1990) and
Grossman-Helpman (1991) on the other side. Walz (1996), Baldwin and Forslid (2000) and Martin and Ottaviano
(2001) are just a few examples of this line of research.

2 Derivation and proofs of other results are contained in a Supplemental Guide to Calculations available upon request.
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where p isthe time-preference parameter, C; is the consumption of good Z , Cx is the consumption

of a composite good represented by a CES aggregate of a number Nt of differentiated consumption

goods X;:
0o 0
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and, indicating by N; the number of intermediates produced in country j, Nt = N; + No.

The final good Z is supplied in a competitive market and produced according to a constant returns
to scale technology, which employs exclusively labour with a unitary input-output requirement. As
Z is dso the chosen numeraire, this pins down the wage rate w, so that w = 1 in both economies
provided that each country produces Z (Appendix 3 shows that thisis actually the case for any set of
economically meaningful parameter values). The differentiated goods (X-) sector is characterized
by monopolistic competition: each variety is offered by a single, firm which hires workers to
produce it. By choice of units, | assume that the input-output labour requirement isjust equal to 1 in
the X-sector too. There exists a third sector, the R&D sector, which employs labour (researchers)
and performs the task of introducing new varieties of differentiated goods; this innovation process,
expanding the consumption possibilities of the economic agents, represents the growth mechanism
of the world economy. Newly introduced varieties are protected by infinitely lived patents, so that
owners of these patents enjoy monopoly power in their markets. As common in the recent literature
on trade and growth, the final homogeneous good Z is freely traded. On the contrary, differentiated
goods are subject to an “ad valorem” tariff, with a positive tariff rate t. | suppose that tariff revenue
is returned lump-sum to consumers in each country. Tariff rates and all parameters characterizing
the two economies (including the size of the total labour force) are the same.

The labour market constraint in each country is:

(B) L=L, +Ly +Lg



where country indexes are omitted, L is the total labour force supply and Lz, Lx and L represent
workers employed respectively in the Z-, X- and R&D sectors. Though the model alows no
international labour mobility, the labour force is homogenous and mobile across the different
sectors within a given country. Also, the population and the labour force supply coincide in each
country and are constant over time.

The two locations differ only in the number of patents owned by their residents (which in turn, as
we will see below, implies also a corresponding difference in the number of the locally produced
differentiated goods). Denoting by K; isthe total number of firms owned by residents of Country i (i
=1,2) and by K; the tota number of firms existing in the world economy (so

that: K, + K, =K; =N;), | assume in the following that Ki>K,, so that Country 1 may be

considered as the “North”, the richer economy, while Country 2 is the South, the backward one.

| assume perfect capital mobility, in the sense that agents are free to borrow or lend in an integrated
world capital market as well as to hold foreign assets (in other terms, patents are freely tradable). A
further important assumption is that the holder of the patent of a new variety of differentiated goods
is free to choose the production location: the country from which a given variety is supplied to the
world is not necessarily the country where this variety was introduced due to research investments.
Also, relocation is free: firms are free to change their production location at no cost.

As workers own the entire stock of financial wealth, the preceding assumptions imply that capital is
internationally mobile but capital owners are not. This hypothesis (which may be justified noting
that in the real world capital has a higher degree of mobility than labour) has important technical
and economic implications: its introduction allows to avoid the “catastrophic” (core-periphery)
outcomes which often characterize the “new economic geography” (see for example Krugman,
1991 or Baldwin and Forslid, 2000) and to focus on (stable) interior but asymmetric equilibria in
which both locations host producers of the monopolistic competition sector. As discussed by MO,
this seems to be a more realistic result than that of complete agglomeration found in other models.
Given the hypothesis above, denoting by E; nominal expenditures of country i residents, by x; and
X;j the demand in country i of a variety produced respectively in countries i and j (i, ] =1,2; ] #1),
recalling that 7 =1+t , and taking into account that the elasticity of demand of each variety is o, it
follows that the optimal prices for each variety of locally and imported diffrentiated goods are

respectively p=o/(og-1) and p* = pr, while equilibrium demands are:
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As x;i and x; denote respectively the local and foreign demand faced by each firm located in
Country i, its operating profits are given by: 77 =(p—-w)Xx, +((p*/r)—w)xji. Remembering that

the wage rate w is equal to 1, this means that:

(58.) 7T1 - X11+X21

o-1
Xpy + %
5b) /7, =212
(5b) 77, = =2 —

Asfirms are free to choose their production location, no location can offer higher profitsin the long
run equilibrium (when both the allocation of labour within each country and the international
distribution of firms are constant). Thisimplies that ( x;, +X,,) and ( X,, + X, ), which are the global
demands for X-sector firms located respectively in Country 1 (North) and Country 2 (South), have
to be equal. It follows that: (X, —X,,) = (X, —%,,), and thus, after some algebric manipulations, we

get that the number of producers and the expenditures of each location are related by this condition:

6-—2> =1 = =12 | i
N, +N,777  (@+777) N;

where Er represents world nominal expenditures (E; = E +E,).

Exploting the same notation used in BF and BS, the generic sum of local and foreign demand (that

isthe total demand) for each variety isthen:
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and operating profits are:
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Defining mthe share of firms located in the South and exploiting Eq.(7), we have aso that:

(9) Ei—Ezzw(l—Zm)ET m=—2

(1+ e )

which makes clear that the equilibrium allocation is such that the majority of the firmsis located in
the richer economy (as: m<1/2 - E, <E,). The tendency of the producers to locate in the largest

market is usually labelled as the “home market effect” (from Krugman, (1980)); rearranging Eq.
(9), it is also easy to note that the sensitivity of this effect to the differential in nominal expenditures
is decreasing in the level of trade barriers.

Total gross expenditures (imports) in Country i for differentiated goods produced in Country j are
given by p* x;N;. Exploiting Egs.(4b) and (6), we have:

1-o

T
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Note that, for any Country j’s firm, St is the ratio of the (tariff inclusive) value of sales abroad to

the total value of sales, representing thus a measure of the relevance of foreign markets for each

producer. Note also that ((r-1)/7)p*x;N, is the tariff revenue level (denoted by Rj) which

Country i obtains due to imports from Country j; we may write:

(11) R =a,7(ET/NT)Nj n=—""=

Then, total gross expenditures in the North for southern differentiated goods are given by amS* E;
and the tariff revenue deriving from these imports is R =anmE,. By symmetry, the (tariff

inclusive) value of exports of X-sector goods from the North to the South is a(l— m)S* E; and

tariff revenue perceived by southerners is equal to R, = an(1-m)E; . It follows that the total (world)
tariff revenue level is: R, =anE; (where: Rr = Ri+ Ry).
As trade has to be balanced at the world level, national accounting implies: E; =Y; +R. -1,

where |+ is total investment in research (I+ = wLgr, the income earned by the total number of

worldwide employed researchers, Lgr as labour is the only factor employed in the R&D sector) and



Yrisin turn the worldwide level of factor incomes, represented by the sum of wages (2wL) and total
operating profits (77N, ): Y; = 2L +aME; . Using these results, it turns out that total expendituresin

theworld are;

2L~ L

T e

In order to close the moddl it has still to be established how the labour force is alocated across the
different sectors in both countries. The allocation equilibrium of workers depends critically on the
assumptions about the geographical extent of the technological externalities characterizing the R& D
sector. It is supposed that the number of already available differentiated goods is a measure of the
total stock of scientific knowledge, so that such a number influences also the productivity of the
workers engaged in the R&D sector. In general terms, it is assumed that in Country i the amount F

of labour required to introduce anew variety of intermediatesis equal to:

(13) F:ﬁ 0<As<1 (,j=12 j#i),
i i

where a is a positive constant and A is a parameter measuring how much scientific knowledges
developed abroad influence the productivity of the domestic R&D sector . When A isequal to 1,
technological externalities are perfectly “global” in the sense that knowledge developed abroad has
the same impact as domestic scientific advances; when A is equal to zero, the productivity of
domestic R&D sector depends entirely on the number of firms located there and externalities are
purely “local”. Finally, according to the standard terminology, spilovers are “partially localized”
when 0< A <1. Though there is some evidence (Eaton and Kortum, 1996) supporting the idea that
technological externalities are actually “imperfect” (or partially localized) in the sense outlined
above, for analytical convenience I treat the two polar cases of completely global or completely

local spillovers.®

3 with partially localized spillovers, perfect capital mobility would imply the same agglomeration of the R&D sector
we will observe in the local spillovers case (unless the two locations host exactly the same number of firms, which is
exactly the knife-edge hypothesis of symmetry discussed in BF and BS and removed here).



3. Growth and location with global spillovers

When technological externaities are global (A =1), researchers have clearly the same productivity
independently on where they are employed (the creation of a new firm lowers the costs of research
in both economies no matters where this firm is located). Under the standard hypothesis of free-
entry in the R& D sector, the value v of a new patent is equal to the cost afirm has to face in order to
obtain it, so that: v=wa/N; . Furthermore, with perfect capital mobility and denoting by r the
interest rate on a riskless bond, the no-arbitrage condition and the solution of the intertemporal
consumption problem imply that the following equality has to hold: r = 77/v+v/v=¢/c+ p, where
cistheindividua consumption level and dots indicate time derivatives. As all consumers share the
same preferences, the growth rate of consumption is equal to the growth rate of total nominal
expenditures, which in a steady state with a constant allocation of the labour force is simply zero;
moreover, the value of each firm, v, decreases exactly at the same rate at which new differentiated
gods are introduced (in other terms, the capital gain, v/v, is negative and equal in absolute value to
the growth rate of the total number of differentiated goods). Thus, intertemporal utility

maximization and equilibrium in the financial markets imply:

aME;

(14) 9=p

where g is the growth rate of Ny. With the total number of available X-sector goods growing a a

rate g, the worldwide number of researchers Lgr hasto be:
(15) Ler =11 =ag

Taking into account egs (11), (14) and (15), it is easy to see that: E; =2L+ pa+anE,;; <o,

equilibrium total expenditures are:

2L+ pa
16) E; =
(16) E; 1—an

while the steady state growth rateis:



aM 2L+ pall
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The growth rate turns out to be a nonmonotonic, U-shaped function of the protection level, as
measured by 7. This can be easily shown taking into account that 7 =1-oM and noting that g is
an increasing function of the term M, which in turn is a nonmonotonic, U-shaped function of
T (note also that the growth rate is exactly the same with completely free trade, r =1, or complete

autarky, 7 = o). In particular we have:

d_gzg 1-a) E oM
dr a(-an) ' or

(18)

which is negative for sufficiently low values of 7, but positive beyond a critical trade protection
level.

In order to explain thisresult, BF and BS note that the impact of any increase in the tariff rate on the
profit rate (and then on the growth rate) may decomposed into three parts: the increase in local sales
(due to higher protection of the domestic market), the corresponding decrease in sales abroad (as we
are considering symmetric variations in 7) and finally the decrease in the value of net sales abroad
for any given level of foreign demand. The net sum of the first two effects is called the “sales
effect” and it is shown to be always positive, while the third term, called the “procompetitive effect”
(as a higher 7 lowers the profit margin on exports evaluated at consumer prices) is always negative.
Starting from free trade, when foreign markets are quantitatively important for sales and profits, the
loss in the foreign market shares due to higher trade protection is such that the procompetitive effect
outweighs the sales effect; this lowers the profit rate, the returns from investment in reserch and
finally the growth rate. But if the initial protection level is sufficiently high, so that profits coming
from sales abroad have a limited quantitative influence, a further increase in 7 may boost local
sales up to the point where the sales effect dominates the procompetitive effect and the net outcome
is a higher profit and growth rate. As a consequence the link between the “ad valorem” tariff rate
and growth is U-shaped, and it also shown that any analysis simply comparing the polar cases of
free trade and autarky may provide us with misleading conclusions.

It is worth hightlighting that, respect to the analysis conducted by BS, the non-monotonicity

outcome here is indipendent on any assumption concerning whether tariff revenue is redistributed
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or not to consumers.* The difference comes from the fact that in their paper agents are supposed to
consume exclusively the differentiated products subject to the tariff rate; in that case changesin 7
have no impact on total expenditures when tariff revenue is redistributed to consumers, so that the
profit and growth rates are not affected too. But if, as supposed here, agents consume also other
types of goods which are not subject to trade restrictions, a part of the tariff revenue redistributed
will be used to buy aso these goods; as a consequence the net impact on the profit rate of the X-
sector goods and on growth will not be zero. All these results are analyzed in detail in the
Appendix.

Fig.1 reports the dynamics of the growth rate for different values of the tariff rate and for a given set
of parameters (a =0.8;k =0.2, p=0.05;L/a=0.2;0 = 3).> Though the nonmonoctonicity of the
relationship clearly emerges, it should also be noted that the influence exerted by tariffs on growth
seems quantitatively limited, especially respect to the case of local spillovers treated below (note
that growth is measured along the left vertical axis for the global spillovers case and aong the right
one for the local spillovers case): the growth rate, which is equal to 0.07 with completely free trade,
decreases when the tariff rate grows reaching a minimum vaue of approximately 0.0672,
corresponding to a critical protection rate of about 7=1.675, and then keeps on increasing
(remember that the growth rate is the same with completely free trade or autarky).

Finally, note that both the tariff revenue and nomina expenditures levels have a bell-shaped link
with the tariff rate. The term an is nothing but a((r —-1)/7)S*, the ratio of worldwide tariff

revenue to worldwide nominal expenditures. This term is bell-shaped as higher values of 7 lower
demand for differentiated goods produced abroad (that is, lower S¥), though implying at the same
time higher fiscal pressure for any given quantity of imports. Which of these two effects prevails,
depends on the actual tariff rate value. Anyway, this explains why total nomina expenditures have
in turn a bell-shaped relationship with the “ad valorem” tariff rate (provided that tariff revenue be
redistributed to consumers).

The last tasks are to determine the equilibrium allocation of firms, measured by m, and to analyze
how international capital flows are affected by trade policy. The net stock of foreign capital in the
South is expressed as the difference between the value of firms located in that economy and the

total number of firms owned by residents of that same location at a given time. The nominal value

* In BS the U-shaped link emerges only under the hypothesis that tariff revenue is wasted, that isimposing 77 =0; if on

the contrary tariff revenue isfully redistributed, growth is unaffected by changesin T .

® In order to make easier to compare the results, | have taken exactly the same parameters as in the base case studied by
MO. Anyway, computations based on alternative values, show that Fig.1 is representative of the general pattern
emerging from this simulation exercise.
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of this stock is: FDI, :v(N2 - Kz). Let us denote by k the constant share of the total number of

firms owned by southern residents (k = K, /K, ). Then, in the steady state with constant values of m
and k, the value of cumulated net capital flows into the South may be expressed as:

(19) FDI, =a(m-k)

which is a constant as the value of existing firms decreases at the same rate at which new varieties
(and firms) are created.

In order to determine the equilibrium allocation of firms measured by m, the share of firms locating
in the backward economy, note first that total income from investment, pvN, (the total stock of
patents, VN, , multiplied by thereturn level p), isequal to pa, which is also the difference between

total profits and total investment. The total expenditures of northern and southern consumers may

be expressed as the sum of the different income sources plus (redistributed) tariff revenue, that is

respectively E, =L+ pa(l-k) +anmE; and E, = L+ pak +an (1-m)E;. It follows that:

(20) E,-E, =(1-2k) pa-an (1-2m)E;

Comparing (9) and (20), noting that m-k = (1/2) [(1-2k) - (1- 2m)], we may write:

—_ — _ 1o
(21a) m—k=D‘ 2k(] pa (@d-an)C AE1 rl_a
H2 B @L+pa)@+ant 1+7
or aternatively:

0 1-an) C
(21b) m=(1/2)-[(V2) -] HZL’i apa) ((A +‘;’,77 )) c

It is easy to see that: k<1/2 - m<1/2, confirming that the majority of the firms is located in the
richer country, and that the number of producers would be symmetric if and only if the ownership
of existing firms were equally distributed between northern and southern residents.

Egs.(21a) and (21b) deserve some comments. First, it may be shown that in the equilibrium the

share m of firms locating in the South as well as the difference m—-k are increasing in the
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protection level (see Appendix 2). This is a common result in the “new economic geography”:
higher trade barriers lead producers to spread across countries in order to better satisfy demand,
while lower trade costs create a tendency to agglomeration; also, higher trade barriers lead to higher
FDI. Secondly, and not surprisingly, mis also increasing in k, the share of firms owned by southern
residents. Finally, the difference m—k may be negative, which would imply net capital flows from
the South to the North. Discussing this ambiguity in the direction of net capital flows, MO note that
two contradictory forces are at work: on the one side firms want to locate in the advanced economy
as northerners own a larger share of the total stock of patents and have higher expenditure levels
(the “capital income effect”); on the other side, location in the South has the advantage to face less
competition because of the lower capital base (this is a “competition effect”).

Interestingly, there is here a third effect, because differences in expenditures between North and the
South are related not only to the differences in the endowments of financial wealth but also to those
in tariff revenue (provided that it is redistributed to consumers). As the South imports a larger set of
differentiated goods, southern consumers may dispose also of a higher tariff revenue level. So
another factor which could offset the “capital income effect” (and which could be called the “tariff
revenue effect”) comes from trade policy: the redistribution of tariff revenue dampens the extent to
which the differences in the shares of financial wealth are reflected in differences in the expenditure
levels, contrasting thus the forces leading to the agglomeration of firms in the advanced country.
This may be formally seen, as considering Egs.(9), (11) and (20), we may compute the difference

in tariff revenue levels:

“R=(1- an
(22)R,-R=(1 2k),oaA+m7

which is clearly positive and decreasing in k: the difference in tariff revenue levels perceived by the
residents of the South and of the North increases when the share of capital owned by the former is
lower, contrasting the “capital income effect”. Note also that the difference of Eq.(22) is decreasing
in 7, as higher protection encourages a larger share of firms to locate in the South. On the balance,
the difference m—k may be negative only for sufficiently low levels of protection, being otherwise
positive. Fig.2 reports the value of the net nominal stock of foreign capital in the South (measured
in per-capita terms) as a function of the tariff rate; it is clear that this stock may be negative only at

low values of 7, but beyond some critical level the South becomes a net recipient of foreign capital.
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4. Growth and location with local spillovers

When technological externdities are local (A =0), the required number of researchers in order to
introduce a new variety of intermediatesin Country i isa/ N; (i = 1,2); in this case the R&D costs
depend on where research activities are conducted and in particular are lower in the advanced
economy. As usua with local externalities and perfect capital mobility, for a balanced growth path
with a constant international distribution of firms to exists, R&D activities have to be concentrated
in the location with a higher number of producers, the North. Nevertheless, the number of firms
producing in the South grows over time, as in each period some of the firms just created or aready
operating in the North find it profitable to locate in the poorer economy.

We have now: It = Lgr = Lgr1 , While the growth rate g of the total number of intermediates Ny is
such that:

(23) ga=(1-m)Ly
As v=al N, the no-arbitrage condition and intertemporal utility maximization imply now:
(24) a(l-mME; —ga= pa

Taking into account the same accounting identity as before, we get the nomina value of worldwide

expenditures:

2L+ pa(1- m)_l
1-an

(25) E, =

while the steady state growth rate with localized spilloversis:

aM [2L(1-m)+ pall
(26) 9=——0 (t=m) P
apg l-an 0

Note that the nomina value of total expenditures is higher than in the global spillovers case, as the
nomina value of firms and then financial wealth are higher when the productivity of the research
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sector depends only on the domestic stock of knowledge (the income coming from the total stock of
patentsisnow: pa(l-m)™, which is aso the difference between total profits and total investment).

As a consequence, the profit and growth rates may be higher with local than global externalities.
However, for sufficiently high protection levels, the growth rate is always lower in the local
spillovers case; this happens because with localized technological externalities and perfect capital
mobility, investments in the R&D sector are concentrated in one country and their productivity
depends exclusively from domestic scientific advances (as measured by the number of local
producers). As a consequences forces leading to higher agglomeration of firms in the advanced
economy (that is leading to lower values of m) have aso a growth promoting impact, while any
tendency to the dispersion of firms is harmful to growth. To see this point more clearly, note that

the influence of the protection level on the growth rate is now:

27) d_g:g 1-a) E, oM _a 2LM om
dr a(@-an) or a(@-an)or

The first term on the right hand side of Eq.(27) is similar to that of Eq.(18); the only difference is
that total expenditures are now given by EQ.(25). On the contrary, the second term was absent from
Eq.(18): with localized externalities the impact of trade policy on growth works also through the
impact that protection exerts on the location of firms. As shown below, misincreasing in 7 inthe
localized spillovers case too. This implies that, when technological externalities have a limited
geographical influence, an increase in protection is harmful to growth, as it stimulates a stronger
relocation process from the North to the South, reducing the productivity of the research sector in
the advanced economy. As a result, the nonmonotonicity of the link between trade policy and
growth is affected too; starting from high protection levels, a further increase in r may be harmful
to growth even when the sales effect is quantitatively more important than the procompetitive
effect, as the difference may not to compensate the negative influence that higher protection exerts
on growth through the rel ocation process of firms towards the backward economy.

These results are summarized by the dashed linein Fig.1 (recall that growth is measured now aong
the right vertical axis). The growth rate with local spillovers is even higher than that of the global
externalities case for sufficiently low tariff rates (because with completely localized externalities the
value of the stock of financia wealth owned by consumers is higher, so that expenditures and
profits are higher too). But when tariff rates grow, a larger share of firms choose to locate in the
South; as this lowers thus the productivity of the R&D sector, the growth rate keeps on decreasing
for a larger range of tariff rate values (respect to what happens with global spillover case), before
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reaching some critical point beyond which it starts increasing. Numerical simulations show that this
critical point islikely to be higher than protection rates chosen by very closed economies in the real
world.® This result may have important implications on empirical work: if international
technological externalities were limited or even not existent, we should expect the relationship
between openness and growth to be monotonic for reasonable protection levels. Conversdly,
empirical results supporting the existence of honmonotonicities in the trade and growth link could
be taken also as evidence of significant international spillovers effect. It has aso to be noted that the
kind of trade barrier introduced in the model plays a key role. MO assume the presence of “iceberg
costs”; this is virtually the only difference with the present paper, but it turns out to be a very
important one: in MO, when externalities are global, trade costs do not affect growth at all and
higher trade barriers always lead to lower growth if spillovers are completely localized. Given the
diversity of these results, it seems that considering “iceberg costs” (as usually done in the “new
economic geography”) rather than some other form of trade barrier is far from being irrelevant.

The next task is to determine the equilibrium allocation of firms. Following the same steps as in the

global externalities case, we have:
(28) E,—E, =(1-2k) pa(1- m)_1 -an(1-2m)E,
As (9) holds also in the local spillovers case, Eq.(21a) is now replaced by:

_g=Q-xE_ pa (@-apt
(29) m k_H 2 g% [2L (1-m)+ pa] (A+0”7)E

which is clearly not linear. Rearranging terms, we obtain a quadratic equation. It may be shown that
one of the roots is economically irrelevant and may be ruled out (as it implies m> 1 and a negative

growth rate). The other root determining the equilibrium distribution of firms is:

— 2_
(30) m= 2~ Va 7162

8

where:

® The implied turning point corresponds here to about T =3.150 (and is very high also under alternative assumptions on
parameters). Though referring to the imports of intermediate rather than final goods, note that for none of the countries
reported in Sachs and Warner (1995) the implied value of T would be higher than 1.5 (excluding India, for which it
would be equal to about 2.1).
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(1-2k)(1-an)C
(A+an) E

z=6+2(pa/L); gz E2+(/>61/L)§r—

Once again it may be shown that the share m of firms locating in the backward country is increasing
in 7. Thus a growth promoting effect of trade liberalization comes through a higher concentration
of firmsin the location where research activities take place, which in turns raises the productivity of
the R& D sector itself.

With completely localized spillovers the nomina vaue of the net stock of foreign capita in the

backward economy is:

(31) FDI, _a(m=k)

(t-m)

This expression (which may be negative: see again Fig.2) is different from EQ.(19), as the value of a
patent is now afunction of the international distribution of firms, and surely increasing in m, which
in turn is positively related to the tariff rate: the value of the foreign capital stock present in the
backward location is again growing in the tariff rate level. We can aso conclude that with localized
R&D externalities, a higher inward stock of foreign capital in the South (or, alternatively, a higher
outward stock of foreign capital owned by northern residents) is associated to lower growth; on the
contrary, if externalities are global, the relationship between the cumulated stock of FDI in the
South and growth is obviously U-shaped.

5. Wdfare

As there exists a possibility that higher trade barriers lead to higher growth rates, we may ask
whether the effect exerted upon consumer’s welfare by different tariff rates is nonmonotonic too. In
static trade models, protection has well-known adverse implications on individual utility due to the
misallocation of resources, but in a dynamic context we could conceive that, to the extent to which
trade protection raises growth rates, dynamic welfare gains offset static losses. Obviously this
cannot be the case for low protection levels, given that increases in the “ad valorem” tariff rate are

growth promoting only starting from sufficiently high trade barriers.
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In order to analyze thisissue, | derive indirect utilities of northern and southern consumers and then
perform some numerical simulations. Taking into account Eg. (1) and demand functions, the

indirect utility of aconsumer living in Country i (i = 1,2) is:

32) v, = Liog i-a)qe (B/DE, a9
p O P’ g p(o-D)

where

(33) P =p BN, + N (.1)=12#i;

Is the consumer price index in Country i, given the assumptions on preferences in Eq.(1). It is then
straightforward to see that indirect utilities are the sum of two components, the first concerning
individual real expenditures and the second one concerning growth. Consequently, the welfare
impact of trade policy may be decomposed into a static effect (the effect upon real expenditures)
and into a dynamic one (the impact upon the long run growth rate), which are the first and second
terms on the right hand side of Eq.(32). The impact of tariff rates upon real expenditures in turn
works through the influence on the price index (which grows with7 , lowering the rea value of
nomina consumption) and the influence exerted upon nominal expenditures. When externalities are
global, income from investment does not depend on trade barriers and the only impact upon
nominal expenditures is the one on tariff revenue (as said above, the relationship between 7 and
nominal tariff revenue is bell-shaped). As a consequence, individua real expenditures are surely
decreasing in 7 when the tariff rate is sufficiently high, while for low values of 7 the sign of the
derivative depends on the quantitative importance of the effects on the price index and on tariff
revenue. Obviously, the dynamic welfare component is U-shaped in 7. Asit isanalyticaly difficult
to compare the weight of these different effects, | have decided to rely on numerical simulations.
These show that the impact of higher tariff rates upon individual real expenditures is negative and
guantitatively more important than the potential positive dynamic effect, so that on the balance
higher protection is welfare reducing even when it has a growth promoting influence. In the loca
spillovers case, this outcome holds “a fortiori”, as increases in tariff rates are pro-growth only
starting from very high trade barriers. As a synthesis of these results, Fig.3 reports how indirect
utilities of northern and southern consumers (respectively Vi and V,) are affected by increases in 7

in the case global spillovers (under the same assumptions on parameters as before and assuming
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aso an arbitrary value of Nt =100); the same monotonically negative pattern emerges using

different parameters values and/or in the case of local spillovers.

6. Stability

The whole preceding discussion conducted is focused on a long run equilibrium in which the
international distribution of firmsis constant and determined by the condition that operating profits
have to be the same in the two trading locations (due to capital mobility and the absence of
(re)location costs). An intuitive condition for such an equilibrium to be stable is the following: if we
are initially at the equilibrium and consider the relocation of one firm from one country into the
other one, then the profits earned in the first location must become higher than those offered by the
other one; in the opposite case, other firms would find it profitable to relocate and an agglomeration

process would set in. This stability condition may be formally expressed as:

d(ﬂz — 7-[1)

(37) <0

dm ‘m:m*

where m* is the steady state distribution of firms and the number Ny of totally available varietiesis
given. It may be shown (see Appendix 4) that this condition actually holds with both global and
local R&D externalities. As discussed above, this is due to the critical assumptions of capital

mobility (which is astabilizing force) and no labour migration.

7. Summary and conclusions

Drawing on recent contributions about trade and growth, this paper discusses the possible existence
of nonmonotonicities in the openness-growth link, introducing the assumption that the two trading
economies differ in the attained development (wealth) level. In this sense, the theoretical framework
may also be considered a North-South model in which both location choices and growth are
endogenous and interacting processes. It is shown that, if technological externalities characterizing
the R&D sector spill over completely from one country to the another one, the growth rate is not
affected by the internationa distribution of firms; in this case, the link between the tariff rate of an

“ad valorem” tariff on imports of differentiated goods and the balanced path growth rate is actually
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nonmonotonic (U-shaped). As discussed in the previous literature, this outcome is due to the
different and contradictory effects that (symmetric) trade protection exerts upon foreign and local
sales, and consequently on both the profit and growth rate. However, if spillovers are localized, so
that in the equilibrium al R&D activities are agglomerated in the richer economy, location
influences growth; in this second case, as higher trade protection implies higher relocation from the
North to the South, there is a further mechanism linking (negatively) trade protection and growth
and numerical simlations show that increases in the tariff rate may monotonically decrease the
growth rate (at least for plausible values of the tariff rate itself), so that the U-shaped pattern is
dampened or even disappears. Obvioudly, it becomes a pure empirical matter to understand which
of the two outcomes is more relevant. Anyway, numerical simulations show also that higher trade
protection is monotonically associated to lower individual welfare, no matters whether externalities
are global or local.

These results seem to shed some more light on those found in previous work. Respect to the
contributions focusing on the existence of nonlinearities in the trade-growth link, we may conclude
that the fact of considering symmetrically developed economies is not irrelevant, as in a North-
South framework the nonmonotonicity outcome depends critically on the assumptions about the
geographical externalities of the research sector. Moreover, respect to the recent literature about
endogenous growth and endogenous location, it is apparent that the assumptions about the kind of
trade barriers introduced in the model have a great influence upon the results of the model itself,
and consequently on its both empirical and policy implications (due to nonlinearities, this holds
especially when we consider changes in trade barriers and not simply compare free-trade vs autarky
equilibria, as already stressed in BF and BS). It has also to be noted that in the real world (and
differently from what assumed here) different type of trade barriers coexist and protection levels are
not the same across different countries. To address these issues,” taking into account a the same
time asymmetries in development levels, seems to be a challenging but important task for future

theoretical and empirical research.

” Some results are already derived in BF.
20



BIBLIOGRAPHY

Baldwin R.E., Fordid R. (1999), “Incremental trade policy and endogenous growth: A g-theory
approach”, Journal of Economic Dynamics and Control, vol. 23, 797-822.

Baldwin R.E., Fordlid R. (2000), “The Core-Periphery Model and Endogenous Growth:
Stabilizing and Destabilizing Integration”, Economica, vol.67, n.3, 307-324.

Baldwin R.E., Sbergami (2000), “Non-linearity in Openness and Growth Links: Theory and
Evidence®, working paper of the Graduate Institute of International Studies, Geneva.

Dixit A.K., Stiglitz J.E. (1977), “Monopolistic competition and optimum product diversity”,
American Economic Review, vol.67, n.3, 297-308.

Eaton J., Kortum S. (1996), “Trade in ideas: productivity and patenting in the OECD”, Journal of
International Economics, 40, 251-278.

Grossman G., Helpman E. (1991), “Innovation and Growth in the Global Economy”, MIT Press,
Cambridge, MA.

Harrison A., Hanson G. (1999), « Who gains from trade reform ? Some remaining puzzles”,
Journal of Development Economics, vol.48, 125-154.

Krugman P. (1980), “Scale economies, product differentiation and the pattern of trade”, America
Economic Review, vol.70, 950-959.

Krugman P. (1991), “Increasing returns and economic geography”, Journal of Political Economy,
vol.99, 483-499.

Martin P., Ottaviano G. (1999) “Growing locations: Industry location in a model of endogenous
growth”, European Economic Review, vol. 43, 281-302.

Martin P., Ottaviano G. (2001), “Growth and Agglomeration”, International Economic Review,
vol.42, 947-968.

Rivera-Batiz L.A., Romer P.M. (1991), “International trade with endogenous technological
change”, European Economic Review, 35, 715-721.

Rodriguez F., Rodrik D. (2000), « Trade Policy and Economic Growth : A Skeptic’s Guide to the
Cross-National Evidence”, in “Macroeconomics Annual 20007, B.Bernanke and K.Rogoff eds.,
MIT Press for NBER.

Romer P.M. (1990), “Endogenous Technological Change”, Journal of Political Economy, vol. 98
(5), 71-102.

Sachs J., Warner A. (1995), Economic Reform and the Process of Global Integration®, Brookings

Papers on Economic Activity, n.1, 1-118.

21



Walz U. (1996), “Transport costs, intermediate goods and localized growth”, Regional Science and
Urban Economics, vol.26, 671.695.
Appendix 1. Theimpact of trade protection on profitsand growth

Each firm’s profits may be written as:

(ALl) 7= —a s*+S DE

where S is the share of foreign (gross) sales on total sales of each firm (as: p* x* =(aS*E;)/N; ),

1- S is the share of local sales and the term in bracket is equal to oM .

The derivative of 7rrespect to 7 may be expressed as:

dr_ «a OE; (IOM
Al2) ——=—E +M
(A12) dr N, H' = oM Hor

and

oM _109(1-8),109S* ¢, 0 1C

(A13) H or r or GTTE

where the first and second term in bracket represent the “sales effect” (the changes in respectively
the local and foreign market shares due to the change in trade protection) and the the third term in
bracket is the “procompetitive effect” (the change in net sales abroad for a given foreign market
share). It is straightforward to see that the sales effect is always positive and that the procompetitive
is negative, but the net impact depends on the value of 7.

Though total expenditures are inversely related to the term M, it is easy to see that the term in

bracket of eq.(A 1.2) is equal to:

C

(AL4) E 5 m[
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which is clearly positive. As a consequence the sign of the derivative d77/dr hasto be the same as
the sign of 0M /0t . Finally note that when agents consume exclusively differentiated goods, so that

we impose a =1, we get:

E, _ E

Al5
( ) oM lr=1 M

which implies d7z/dr to be zero, and thus no impact of trade policy on growth. Thisis exactly the
case considered in Baldwin and Shergami (2000): when tariff revenue coming from the imports of
the X-sector goods are entirely redistributed lump-sum to the consumers and only differentiated
goods are consumed, changes in 7 do not affect sales and profits, so that trade policy turns out to

be growth neutral.

Appendix 2. The share of firmslocating in the South isincreasing in thetariff rate

dn_ [1-2kJ pa 0Od l-anLC

(A21) dr  H 2 HbL+paldr h+ant

Defining d =77 and remembering that p =0/(o —1) >1, after some manipulations we get that:

d M-an 0 0 O1+95)-a(6-5°)0ad

A22) G BavanH 90 H1-0)+a(6-0°) Hor

The term in bracket on the right hand side of (A 2.2) is higher than 1 and clearly increasing in 0,

whichinturnisinversely related to 7 ; thisimplies that mis unambiguously increasing in 7.

Appendix 3. Both economies produce the numeraire good

Suppose the South to be completely specialized in the production of Z (m = 0); in this case
worldwide nomina expenditures would be given by eq.(16) independently on spillovers being

global or local. It is straightforward to see that the supply of Z coming from the South (just equal to
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L) would be less than the world demand of the same good, (1-a)E,; , as the following inequalities

hold:

(A31) 1-an<1<2+(pa/L)

This shows that market clearing requires the North not to be completely specialized in the
production of differentiated goods and that part of the world supply of Z has to be produced in the
richer location; this ensures in turn that w = 1 in the North too.

Appendix 4. Stability

Exploiting demand and profit functions given by Egs. (4a), (4b) (5a) and (5b), the difference
between profits obtained by two firms located respectively in the South and in the North is equal to:

__a@-ohO0 E B C
AT = N, Bnvaa-m  @-m)+omE

Recaling that E, =L+ pa(l-k)+anmE, and E,=L+pak+an(l-m)E;, and taking into
account that total nominal expenditures are given by Egs.(16) and (25) with respectively global or
local externdlities, it is easy to see that the differential in operating profits given by Eq.(A 4.1) is
decreasing in m (as the first term in bracket of Eq.(A 4.1) is decreasing and the second one is
increasing). It is worth repeating that the redistribution of tariff revenue acts here as a stabilizing
force, as the relocation of one firm tends to decrease the tariff revenue of the recipient country and
to increase that of the economy where this firms was initialy producing; so, contrary to what
happens in other geography models, prodution shifting generates an expenditure shifting process
which tends to offset the original shock. However, the model would be stable even without this

mechanism (as we can see by imposing that tariff revenue be wasted, that is.7 = 0).
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