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Abstract

I present a model of international trade and foreign direct investment (FDI), where
FDI is comprised of greenfield FDI and mergers and acquisitions (M&A). Working in
a monopolistically competitive environment, merging firms do not reduce competition.
Mergers are motivated by efficiency gains and transfer of technology and expertise. Fol-
lowing empirical evidence, I model greenfield investors as the more productive group
relative to M&A firms. The model has two symmetric countries and generates two-
way flows of both M&A and greenfield FDI. Greater proximity to a market makes
more firms choose greenfield FDI over M&A when investing there. Empirical evidence
supports this result.

KEYWORDS: Foreign direct investment, mergers, acquisitions, greenfield, firm het-
erogeneity.
JEL: F12; F23; O41.

1 Introduction

Most of the horizontal foreign direct investment (FDI) literature describes FDI as the build-
ing of a production facility abroad (greenfield FDI). It explores the trade-off between the
benefit of economies of scale of producing at home versus the benefit of producing abroad
and foregoing the payment of the variable costs of trade (e.g. transportation and tariffs).
The bulk of FDI actually belongs to M&A activity, over eighty percent in 1999 according
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acknowledged.
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to UNCTAD (2000), or according to Head and Ries (2008) for the years between 1987 and
2001, two thirds of total FDI. According to Gugler et. al. (2003) for the period 1981-1998,
cross-border mergers as a share of all mergers were 10.6% in the US, 29.9% in the UK, 33.5%
in continental Europe, 52.6% in Japan, 30.0% in Australia, New Zealand and Canada and
28.5% in the rest of the world.

In order to study the effect of policy on FDI, it is important to properly model its com-
position and firms’ incentives to chose a particular mode of entry into foreign markets. The
purpose of this paper is to model FDI not only as greenfield investments but also M&A. In
the literature on FDI composition and trade, mergers are modeled in an oligopolistic setting
as in Neary (2009), where the incentive to merge is based on strategic motives (merging firms
reduce competition), exploiting complementarities among merging parties (firm headquarters
with a specific entrepreneurial ability and a production facility with a separate productivity)
in a monopolistically competitive market as in Nocke and Yeaple (2007) and (2008) or in
an oligopolistic market as in Norbéck and Persson (2007) and (2008). The current model
suggests a different incentive for firms to merge: transfer of technology and managerial ex-
pertise from the more productive firm to the less productive one. There are three empirical
regularities related to FDI that the model fits: first, greenfield investors are more productive
than M&A firms. Second, the model generates two-way flows of both M&A and greenfield
FDI. Third, the closer are the two countries, the more greenfield FDI is chosen over M&A
as a mode of entry.

I build an endogenous growth model with an expanding variety of products and firms
with heterogeneous productivities. There are two symmetric economies Home and Foreign.
When a firm is "born” it draws a marginal cost from an exogenous distribution. Depending
on how productive it turns out to be, it has several options to choose from: (i) to not enter
any market, (ii) to enter only its local market, (iii) to enter its local market and to export to
Foreign, (iv) to enter its local market and to merge with (take over) a firm abroad, or (v) to
enter its local market and to invest in a new plant in Foreign that will allow it to produce its
product abroad. Each of those choices are optimal depending on where on the productivity
distribution a firm is. I solve the model for an equilibrium where the least productive firms
choose (i), the more productive choose (ii), ... and the most productive choose option (v).

This ordering is certainly not arbitrary. Empirical evidence shows that exporters are more
productive than non-exporters (see Bernard and Jensen (1999), Aw, Chung and Roberts
(2000) and Clerides, Lach and Tybout (1998)), firms engaging in FDI are in turn more
productive than exporting firms (see Girma, Kneller and Pisu (2005), Helpman (2006)) and
within the group of firms choosing FDI as an option for entering the foreign market, the
more productive ones are involved in greenfield FDI (see Nocke and Yeaple (2008)). The
ordering is also supported by Raff et. al. (2011) who look at Japanese firm-level data.

In line with the theoretical literature on trade and firms with heterogenous productivities
(in particular Melitz (2003) and Helpman, Melitz and Yeaple (2004)), I connect the choice
to enter a market (both local and foreign) with a one-time payment of a fixed cost'. The

'See also Gustafsson and Segerstrom (2010) and Baldwin and Robert-Nicoud (2008) for treatments of
the subject in endogenous growth settings.



magnitude of the fixed costs determines the productivity necessary to enter or not and if yes
how (choices (i) through (v)). Helpman, Melitz and Yeaple (2004) have in addition to the
usual fixed costs (for entering the local market and for exporting) a third one. This is the
fixed cost for building a plant abroad. The innovative aspect of this paper is to introduce
one more fixed cost: for merging with a foreign firm. Once the merger is completed, the
home investor can use the production facilities of the foreign firm. A home firm can therefore
enter the foreign market in one of three ways, by exporting, by merging with (acquiring) a
foreign firm or by building a plant there.

The second innovative aspect of this model is how a merger is described. A home firm
that chooses to acquire a foreign firm will be able to use that foreign firm’s production fa-
cilities. The key here is that the Home firm’s higher productivity will partially ”transfer” to
the foreign firm. I write partially because the foreign plant’s productivity will be between
the productivities of the two firms participating in the merger. When Renault took a third
ownership in Nissan in 1999, it installed one of its top managers, Carlos Ghosn, as Nissan’s
CEO. He restructured Nissan and brought it back to profitability. It is this transfer of exper-
tise and technology that I model. According to Bloom and Van Reenen (2010) management
practices are an important source of firm productivity, where firms with better management
are more productive and larger. In addition, in a study of M&A activity in Canada and
the US around the time of the Canada-United States Free Trade Agreement from 1989,
Breinlich (2008) finds that acquiring firms are bigger, more productive and more profitable
in comparison to target firms.

Firms are born and draw a marginal cost before they choose to enter any market. Home
firms acquire some of the failing foreign firms that would otherwise not start production
due to too high marginal costs. After the foreign failing firm is acquired, it obtains a new
productivity which depends on its productivity and that of the acquiring firm. Therefore a
firm looking for a takeover target would prefer to merge with the most productive Foreign
failing firm. I assume that the productivity of each firm is not known. What is known is
only on which markets it is present or whether it is about to exit. A Home firm looking for
a takeover target will pay the fixed cost for the merger and will be randomly assigned to one
within the group of exiting Foreign firms. The benefit from the merger is split between the
acquiring and the target firm.

Given this setup, I solve for a symmetric steady state equilibrium. I find in line with the
existing literature that lower variable costs to trade allow for more firms to become exporters.
In my model there are two more productivity thresholds, one that separates exporters from
firms involved in M&A and the other the threshold dividing firms involved in M&A and firms
that open their own factory abroad (greenfield FDI). Lower variable costs to trade make the
productivity threshold for both greenfield FDI and M&A more stringent (less firms choose
FDI as an option) and increase the share of greenfield investment in total FDI.

The next section lays out the model. Section three gives a solution and section four
discusses the results. There is also an appendix where the more involving calculations are
spelled out.



2 The Model

In the model there are two symmetric economies (countries) Home and Foreign, a single
consumption good sector with Dixit-Stiglitz monopolistic competition and a single innova-
tion sector where firms invest in R&D to create knowledge. Labor is the single factor of
production and R&D. In each of the two economies, there is a fixed measure of households
that provide labor services in exchange for wage payments. Each individual member of a
household lives forever and is endowed with one unit of labor, which is inelastically sup-
plied. Total population and labor supply in a country at time t is L; = Loe™, where Ly is
the initial population and n the population growth rate. There is no unemployment in the
economy. Firms invest in R&D to discover new varieties of products. This investment in
R&D represents a one-time product development fixed cost. After the firm incurs that cost
and discovers a product, it draws its marginal cost from a given distribution.

To enter the Home and Foreign markets, there are certain exogenously given fixed costs
to be paid, all of them paid in terms of R&D labor. Every choice of entry is associated
with the payment of a fixed cost while exporters in addition face iceberg trade costs when
shipping goods to the foreign market. Instead of exporting, a firm can choose to take over a
foreign firm and use its production facilities. The benefit for the acquiring firm is not only
to be able to gain a foothold for its product on the other market, but it also transfers part
of its productivity to the less productive foreign firm. Lastly, some firms choose instead of
exporting or taking over a foreign firm to establish their own plant abroad.

2.1 Consumers

Households are infinitely lived and share identical preferences. Each household is modelled
as a dynastic family that maximizes discounted lifetime utility

UE/ e~ P n (uy)dt,
0

where p > n is the subjective discount rate and wu, is the instantaneous utility of an individual
at time ¢. The representative consumer has a CES utility function given by

where m§ is the measure of varieties available in the Home market, z;(w) is the amount
an individual consumes of a particular variety w at time ¢ and the degree of differentiation
between products is determined by a € (0,1). Products are gross substitutes with an
elasticity of substitution 0 =1/(1 —a) > 1.

Solving the static optimization problem gives the following demand function:

T(w) = %cﬁ (1)
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where P, = ( fomf jzozf(cu)1*‘7c1lcu)ﬁ is an aggregate price index, ¢ is individual expenditure
and p;(w) is the price of product w at ¢t. Taking prices and expenditure as given the solution
to the intertemporal problem yields the familiar Euler equation ¢;/¢; = ry — p, where 7y is
the market interest rate. I solve for a steady state equilibrium with a constant consumer
expenditure path, which is optimal only for r; = r = p for all ¢.

2.2 Innovation

Firms create knowledge by doing R&D. A unit of knowledge requires b; units of labor for
its production. Firms treat b; as a parameter, but it changes with time due to knowledge
spillovers. Following Jones (1995b), I assume b, = 1/(mr; + Amp¢)?. The parameter ¢ < 1
measures the strength of intertemporal knowledge spillovers. The parameter A € [0, 1]
measures the strength of international knowledge spillovers, where A\ = 0 corresponds to
no international spillovers and A = 1 corresponds to perfect international spillovers. The
number of varieties developed and produced in Home (not including products resulting from
mergers or greenfield FDI) is my; and mg; is the number developed and produced in Foreign.
Given symmetry between the countries, I can write my; = mp; = my, and hence:

1
" e 2

For ¢ > 0, researchers become more productive with time. For ¢ < 0, R&D becomes more
difficult. I follow Jones (1995b) in choosing ¢ < 1 to rule out explosive growth. Taking logs
and differentiating with respect to time yields by Jby = — g /my>.

To create a new product variety, a firm needs to create I units of knowledge which means
that it needs to invest b;F; units of labor at time ¢. After the invention of a new variety,
the firm draws a marginal cost parameter which indicates how many labor units it takes to
produce a unit of the good. This marginal cost parameter does not change over time and is
drawn from a Pareto distribution which has a probability density function g(a) with support
[0,a] and a cumulative density function G(a) = [ g(a)da = (a/a)*. Melitz (2003) works
with a general distribution. Helpman, Mehtz and Yeaple (2004) show that the model becomes
much more tractable if one chooses a Pareto distribution. The empirical literature on the
size distribution of firms suggests that this is a reasonable choice (see Del Gatto, Giordano
and Ottaviano (2006)). The model will generate several types of marginal cost thresholds
which determine whether a firm enters a market or not and if it does, how, by exporting,
acquiring a firm abroad or by building a new plant. I use at some places throughout the text
productivity instead of marginal cost, keeping in mind that low marginal cost corresponds
to high productivity.

2The choice of R&D function yields an economic growth rate dependent on the population growth
parameter n, the elasticity of substitution o and the R&D parameter ¢, thus making the model one of
semi-endogenous growth. Looking at US manufacturing industry data, Venturini (2010a,b) find that semi-
endogenous growth models have better empirical support than fully-endogenous growth models.



2.3 Producers

Given a particular marginal cost draw a(w) for producing the new variety w, a firm makes
the following profits selling in its local market:

L = HIIEX(PL —a(w))rp(w),

where py, is the price a firm holding the patent for product variety w sets on its local market
and zp,(w) is demand for that locally manufactured product. Using (1) and C; = ¢;L; as
aggregate expenditure at ¢, I obtain that the optimal price is pr(w) = -%3a(w) and local
profits are

T =0 (ag)>l_g C, (3)

where 0 = (0 — 1)7"1677. A firm makes the following profits selling in its export market:

TE: = Hzl)ax(pE - Ta(w))xEt<w>7
E

where 7 > 1 is an iceberg variable cost to trade and zpi(w) is demand for an exported
product w. Optimization yields pg(w) = -%37a(w) and exporting profits are

Ta(w) 1=o
TEt = 1) P Ct.
+

I can express the relation between profits from selling on the local market and from exporting

as mp = 0w, where @ = 7179, The case of autarky corresponds to # = 0 and free trade to
0=1.

2.4 Value Equations and Marginal Cost Cutoffs

There are four types of firms. This first type is those that sell only at home, their value
will be denoted by vy (a). The second type is those that sell at home and export, with value
vp(a) + vp(a), where vg(a) is the value of the exporting section of a firm’s operation. For
brevity I will suppress the time subscript in the value functions and profits. There also are
firms that sell at home and have merged with a foreign firm. They have value vy (a) 4 vy (a),
where o’ is the productivity of the foreign plant and is a function of the productivities of
the two merging firms (a’ will be formally defined shortly). The fourth type is those firms
that sell at Home and have a subsidiary abroad. They have value 2v(a), since they sell one
product on two markets without paying any variable costs to trade.

Looking at vy (a) first, I must have that the return on an equity claim in a firm (profits
plus the change in its value for a short period dt) be equal to the riskless rate of return in the
economy 7. There is no risk from investing in a firm whose productivity is already known,
hence rvg(a)dt = wp(a)dt + 0pdt. Solving yields:

vi(a) = : (4)



where ¢ = 0 /vr. The value equation for the exporting section of a firm must satisfy
rvg(a)dt = mg(a)dt + vpdt. The intuition is identical to the one for a firm’s local operation.
Solving, I obtain @
Tel\a
vg(a) = g (5)
From (4), (5) and 7 = 07, one can see that vg(a) = Ovy(a) and g = 01 /v, = Op/vE.
Let the value function from selling in the local market net of the fixed cost of entering
the local market be fr(a) = vy(a) — b, F. Let the marginal cost below which firms find it
optimal to enter their local market be ar. Firms with marginal cost draws of a € (ar,a)
will not be able to cover the fixed cost for entering the local market b, F;, and will therefore
not enter. The value of the firm with the threshold marginal cost net of the fixed cost to
entering the local market must equal the value of a failing firm for now written vg(ay):

frlar) = vp(ag).

2.4.1 Mergers and Acquisitions

An innovative aspect of my model is the M&A process and its benefits. A more detailed
support for the M&A assumptions that I make is therefore necessary. The industrial or-
ganization literature has emphasized two main motives for a merger: efficiency gains and
strategic motives. By strategic motives one has in mind reducing competition in a market
where firms are not atomistic and affect the behavior of others. In my model with monop-
olistic competition, each firm is infinitely small and its merger with another firm does not
affect the behavior of other firms. Without dismissing the importance of strategic interac-
tions between firms in oligopolistic markets, I focus my attention on efficiency gains through
transfer of knowledge and study this as one of the possible channels through which variable
costs to trade can affect the composition of FDI.

Here are the most important assumptions I make regarding the M&A process:

Assumption 1: The acquiring firm pays a fized cost to initiate a merger.

The fixed cost can be seen as a fee for a consultant to evaluate and facilitate the merger,
the cost of restructuring the foreign enterprise and facilitating its entry in the foreign market.

Assumption 2: The acquiring firm can merge with a failing foreign firm (the failing firms
are those with a € (ar,a))

A great number of firm mergers in Eastern Europe in the 1990s for instance were nego-
tiated to save failing state enterprises. As part of a privatization process, the governments
were looking for foreign investors, which had the capability to increase those failing firms’
productivities and to save them from bankruptcy.?

Assumption 3: There are gains from a merger.

Jensen (1988) cites empirical evidence from the M&A literature, that takeovers “generate
substantial gains: historically, eight percent of the total value of both companies.”

3The failing firms can also be described as plants with low productivity that belong to larger firms
consisting of several plants, each with its own unique productivity. In this case mergers could be seen as a
part of the process of firms buying and selling corporate assets.



Assumption 4: The gain from a merger comes from two sources i) the acquired firm
obtains a lower marginal cost of production (efficiency gains, can be seen as technology or
knowledge transfer between firms) ii) the acquiring firm gains a foothold in the foreign market
for its product and uses the acquired firm’s production plant abroad. The foreign product for
which the foreign firm has a patent is not produced.

According to Jensen (1988), empirical studies show that the gains from the merger rep-
resent “gains to economic efficiency, not redistribution between various parties”. Mandelker
(1974) finds evidence that mergers can be seen as a mechanism through which the market
replaces incompetent management, thus increasing efficiency. Conyon et. al. (2002) find
that firms that are acquired by foreign companies show an increase in labor productivity of
13%.

Turning to the theoretical literature, some papers focus on modeling efficiency gains as
reductions in marginal cost for the post-merger firm (see Werden (1996)). Roller et. al.
(2006) provide a useful discussion and summary of the theoretical literature on the role of
efficiencies in M&A and how they are modeled. They talk about five different sources of
efficiency gains and say that all five can be modeled either as a reduction to variable or to
fixed costs. The first source of gains is cost savings from reallocating production. There is
reallocation of production in my model in the sense that a home firm gains a foothold in the
foreign market using the other firm’s production facilities. Another source is economies of
scale. Roller et. al. (2006) further mention technological progress, modeled either as cost
reduction or product quality improvement. They specifically mention diffusion of know-how
as a way to model technological progress. My approach fits this description best, since I
have the less productive firm ’learn’ from the more productive one. The last two channels
of efficiency gains described in the theoretical literature are savings in factor prices such
as intermediate goods or the cost of capital (not present in my model) and reduction of
slack (managerial and X-efficiency). My approach can fit the last one since the transfer of
productivity from the more efficient to the less efficient firm can be seen as replacement of
incompetent management.

Assumption 5: The gain from the merger is split between the acquiring and the target
firm as a result of bargaining.

If the target firm leaves the negotiation, it does not have the option to wait for another
match and exits immediately. If the acquiring firm leaves the negotiation, it will not be
matched to another failing firm. The outside options of both firms are therefore zero. The
Nash solution to the bargaining problem assigns a share 0 < ¢y < 1 of the gains from the
merger to the acquiring firm and a share 1 — ¢ to the target firm, where the parameter v
represents the bargaining strength of the acquiring firm.

When a firm invests to merge with another firm abroad, it will pay the fixed cost b; Fy;,
where F; is the fixed cost for initiating a merger in terms of R&D units, and will be randomly
assigned to a firm within that group. The precise productivity of the firm with which the
acquiring firm is matched is not known when the investment b, F; is made. What is known
is whether the firm is failing or not, and if not, on which market it sells. After the fixed
cost for initiating the merger has been paid and firms have been matched, productivities are
revealed and the two firms enter negotiations on how to split the proceeds from the merger.

8



Let a;, be the marginal cost of a home firm and a; € (ar,a) that of the foreign failing
firm. In the equilibrium for which I solve and for which conditions are provided below, the
failing firms are the ones with highest marginal costs, therefore a; < ay. The restructured
foreign enterprise will have a marginal cost

a' = (ay/p)an,
where p is the mean of the Pareto distribution.

This restructuring technology has the desirable property that «’ is an increasing function
of both a; and a;. The higher is the marginal cost of the foreign failing firm or of the home
acquiring enterprise, the higher is the marginal cost of the post-merger foreign plant. In
addition, the restructured plant will have a marginal cost in between the marginal costs of
the acquiring and acquired firms, that is a;, < @’ < ay. To guarantee that this inequality
holds, I solve the model for a steady state equilibrium satisfying

ay < pp < ar. (6)
This implies that ;1 < ay for all ay, also aj, < p for all aj, from which follows that a;, < a’ <
ar.

Next, I define the net benefit of entering the foreign market in the three possible ways:
through exporting, acquiring a foreign firm or building a plant abroad. The function fz(a) =
Ovr(a) — b, F represents the value of exporting net of the fixed cost of entering the export
market. The function fg(a) = v (a)— b Fg represents the benefit of greenfield FDI net of the
fixed cost of building a plant abroad. The function fy/(a) = Y Ey [vi(a’)] — by F represents
the expected benefit of a merger net of the fixed cost for initiating the merger. In the
fu(a) function, the expectation takes into consideration that af, from the perspective of an
acquiring firm, is a random draw from the truncated Pareto distribution with a probability
density function g(a)/(1 — G(ar)). Remember that G(ar) is the probability that a < ap,
so 1 — G(ay) is the probability that a > a; and it is always the case that a; > aj, since
only failing firms are acquired. Since a’ depends on both a; and aj, I write the expectations
operator F; in order to signify that expectations are taken with regard to ay. Later in the
text when the expectation is taken with regard to ay, I will write Fj,.

Equations (3) and (4) imply that:
mr(a)

r—g
— 6Ptg_10t (a/>l—a
r—4g
o—1
= T (g pmyan)

r—g
= (as/p)"""ve(an).

vp(a) =

Therefore
Eflvp(a)] = Ef [(af/ﬂ)lfa%(@h)]
= wr(an)Ey [(ar/w)7].
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In the appendix, I solve for the expected value £ = Ey [(af/,u)lfa} and show that £ is a
function of a; and exogenous variables. I assume that & > ¢ — 1 to make sure that ¢ is
positive. I write Ey [vr(a')] = &vr(ap) and far(a) = Y&vr(an) — beFa. 1 can also write

Enfop(d)] = Ej [(ah/ﬂ)lfavL(af)}
= vg(ap)Ey [(an/pm) 7]

I define k = Ej, [(an/pn)*?]. The assumption k > o — 1 guarantees a positive k. I can
therefore write Ej, (v, (a')] = kvp(ay).

All firms that hold a patent before they draw a marginal cost at ¢ have mass 7, /G(ar).
Of those only 1 — G(ay) fail to enter their local market. Therefore the mass of all failing
firms at ¢ that have marginal cost a € (ar,a) (takeover targets) is mmy, (1 — G(ar)) /G(ay).
The mass of all firms discovering a product at ¢ that have marginal cost within the range
a € (ag,ap) (looking for a takeover target) is my (G(ay) — G(ag)) /G(ar). Therefore the
probability of being taken over is € = %_(GGL(;G)
The value of a failing firm equals the likelihood with which that firm will become a

takeover target times the share from the gains from a merger, times the expected gain:

vr(ay) = (1—¢)eky, [vi(a')]
= ( Y)ervr(ay).
In the appendix, I show that ex is a function of a; and exogenous variables.

In order to find ay I go back to fr(ar) = vr(ar) — b Fp, = vp(ay). As is shown in the
appendix, substituting for the value function from (4) and then for profits from (3) yields

1o _ Fy bi(r —g)
a; 7 = :
1—(1—)es 6P 1C,

1—
1—

(7)

Note that vy is proportional to a'=°. The functions fz, fir and fg are all defined
as functions of a but when graphing these functions, it is convenient to think of them as
functions of a' =7, since they are all upward-sloping and linear in a'=. In all three functions,
marginal cost a enters only through the term a'~?, which can be seen as a measure of
productivity (marginal cost raised to a negative power).

10
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Figure 1.

The functions fg, fi; and fg are illustrated in Figure 1 and are drawn so that the firms
with lowest marginal cost choose greenfield FDI (a € (0,ag) or aj; ? < a'™?), firms with
slightly higher marginal costs would rather acquire a foreign failing firm (a € (ag,aps) or
ay;’ < a'™ < a5 7) and the least productive of firms entering the foreign market choose
to export (a € (apy,ag) or a © < a'™? < a};7). This is not the only possible equilibrium
for which one can solve, but it is the one I am interested in, in order to fit the empirical
evidence on firm productivity and preferable mode of entry into foreign markets cited in the
introduction. For the ordering of outcomes illustrated in Figure 1 to occur, I need to assume
that

Fg < Py < Fg. (8)

Also the slope of fg must be steeper than that of fj;, which in turn must be steeper than
that of fr. For that to hold, I must have that

0 < ¢ < 1. (9)

The value of the foreign operation of an exporter with the cutoff marginal cost for entering
the foreign market (denoted by ag) must be equal to the fixed cost that it needs to pay to
enter fr(ag) = Ovr(ag) — b Fr = 0, as in Melitz (2003). Substituting for the value function
from (4) and for profits from (3) yields

- ! b(T 9)

-0 E Yt

=B I 10
e 0 (5Pt‘7710t (10)

As illustrated in Figure 1, the value from entering through a merger is lower than from
entering as an exporter for less productive firms (a'=° < a3;°) but becomes preferable for
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more productive firms (a'~° > a3;7). I define a); to be the marginal cost threshold where
fe(anr) = fu(anr). 1 substitute into this expression for the value functions and for profits
from (3) and (4) to obtain
EFyr— Fgb(r —
oty = P = Teblr —g) )
YE—0 0P Cy

A similar argument goes for determining the threshold marginal cost separating the firms
that choose to enter with a merger from those that built their own plant abroad. For higher
marginal cost values firms would prefer to enter by means of a merger, but the firms with
lowest marginal cost find it more profitable to enter by greenfield FDI. Let’s call ag the
marginal cost cutoff where fo(ag) = fu(ag). Substituting for the value functions and
profits yields

al-o — Fo — Fuy bi(r — g)
¢ 1-dg sFTIG
The formal derivation of all marginal cost cutoffs is provided in the appendix. I solve for
an equilibrium where

(12)

O<ag<ay<ap<ap<a (13)

holds. As I show in the appendix, in addition to (8) and (9), the following conditions must

be satisfied for (13) to hold:

Fy Fg
1—(1—d)en = 0 (14)

Fiv > 462 (15)

Fo — Fy S 1 — ¢
Fy—Fp = §—0
Condition (14) is similar to the one in Melitz (2003) ensuring that the more productive firms
self-select into becoming exporters. At an intuitive level, it is reasonable to assume that a
firm needs to pay a higher fixed cost for entering a foreign market than for entering its local
market. Inequality (15) is more restrictive than F; > F in (8). Fj; has to be sufficiently
larger than Fr. This is a reasonable assumption, meaning that it is significantly more costly
to negotiate a merger than to enter the foreign market as an exporter. Condition (16) says
that Fg has to be sufficiently larger than Fj;, or in other words, the cost to build a plant
abroad must be sufficiently higher than the cost of negotiating a merger.
There is one more constraint that I impose on the exogenous parameters in the model.
When I solve for the steady state equilibrium, I make sure that

(16)

0<ex<l (17)

holds.
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2.5 Innovation Incentives

To determine the incentive of firms to develop varieties, the benefit of innovating a product
must be equal to the cost. The cost is F; R&D units times the labor required to produce
them b;. The expected benefit is a bit more involving to describe.

First, upon drawing an unfavorable marginal cost a > ar, the firm becomes a takeover
target with a probability ¢ and gains a share 1 — 1) from the proceeds of the merger. Second,
given the firm draws a marginal cost low enough to enter its local market a < ay, there is
the expected benefit of selling there after paying the fixed cost to enter b, Fy. Third, for a
marginal cost within the range a € (ays, ag), in addition to selling in its local market, the
firm pays a fixed cost b;Fg and starts exporting. Fourth, for a marginal cost within the
range a € (ag, ay), the firm pays the fixed cost b, F; and merges with a foreign failing firm,
obtaining in the process a share 1) from the gains of the merger. Lastly, for a marginal cost
a € (0,aq), the firm pays a fixed cost b;F¢ and builds a plant abroad. The benefits are
summarized on the right-hand side of the equation below:

b, — / " (1 — ) En [u ()] g(a)day

L

+ [ o) = F) glayda+ [ (Bus(0) b glada

apnr
ag

anr
+ [ B @) = Fa) glan)dan + [ (0u(@) ~ bFe) gla)de.
aG

The first integral represents the gain from a merger to a failing firm times the probability of
such an event. The second integral shows the benefit from selling in the local market minus
costs for entering it. The third, fourth and fifth integrals describe the benefits from entering
the foreign market (net of fixed costs) depending on the firm’s chosen mode of entry. I group
the fixed costs on the left-hand side, divide both sides by G(ay), substitute for profits and
use the definitions

G((IM> — G(ag)
G(ar)

G(ag)
G(ar)

Fx — FI i FL i FEG(CLE> — G(CLM>

Glar) Glag) T Hw

+ Fg (18)

and

5= eSO gy [ e 2O
/0 a G(aL>da+9 » a G(aL)da

W o glon) " o 9(@)
*5/%, B S, Gy

5Pt<7—1cvt

r—g
This is the innovation incentives condition. The left-hand side of (19) can be seen as the
cost of developing a variety and the right-hand side as the benefit.

to obtain
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2.6 Solving for the Aggregate Price Index

I continue with ﬁndicng an expression for the aggregate price index within a country P, which
satisfies P, 7 = [ py(w)' 7 dw.

Plfo' — “ 1—0o g(CL)
A /OpL(a) th(aL>da

+/¢:4E pe(a)™"m, C‘;J((Zz)da

+/a:M (/;pL(a’)la%daf) mtg(&f;)) da,
+/Oac pr(a)'="my g(jz da,

where g(a)/G(ar) is the steady state density function conditional on entry. To explain the
price index I start with the first line. Those are the prices of all local originating firms with
a productivity a € (0,ar). Foreign originating firms with productivity a € (ay,ag) export
to home and sell at pg(a). Their contribution to the price index is on line two. Line three
describes the prices of all foreign firms that have merged with a home failing firm. Prices
charged by those firms are based on a’. Line four describes the contribution to the price
index of foreign firms that have a subsidiary at home. Substituting for prices, rearranging
and then substituting for A yields:

l1-0
Ptl_”:mt( d > A. (20)

oc—1

2.7 Steady State Labor Market Clearing

Labor is inelastically supplied and mobile between sectors. All workers are employed either
in the R&D sector, a total of Ly, or in the production sector, a total of Lp;. Total labor
supply can be expressed as L; = Lp;+ Lj;. Each worker is endowed with one unit of labor and
receives a wage w = 1 per unit of labor supplied. Labor markets are perfectly competitive.

Total workforce in production is given by the sum of labor producing for the local market
and labor producing for the foreign market. For brevity, I write a(w)zp(w) as axr;. To
produce a variety for the local market, a firm needs ax; units of labor. To produce a variety
for the export market, a firm needs Taz g, units of labor. Let x}(w) be demand for a locally
produced product with marginal cost a’(w). I will for brevity write this demand as z}. Labor
involved in production at ¢ is

Lp,=m “
Pt t("’faG]VI(

The first integral expresses what is produced by all non-failing home originating firms for the
local market. The second integral takes into consideration what is produced for exporting.

anL arr, (f((gL))da + faaﬂ‘j TaT gy Gg((;z)da )
da

a glay) (an) a (a)
fflL a/xgliG(';L)daf) Cg:(a};)dah -+ fO G ATz G?(aL)
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The third integral takes into consideration what is produced by the formerly failing local
firms that were taken over by a foreign firm. The fourth integral takes into consideration the
production of subsidiaries of foreign firms. I substitute for x;, g, =} and for A to obtain:

oc—1

LPt — Ct'

The full employment condition L; = Lp; + Lj; implies that:

C
Ct - Lt + ;t - Lft' (21)

Aggregate income equals aggregate labor income L, plus aggregate income from profits Cy/c,
minus wages paid in the innovation sector L.

I move on to labor dedicated to R&D activities. The labor dedicated to discovering a
new product is b;F;. The mass of firms that discover a product at t is 7, /G(ar). Total
R&D labor cost for product innovation at t is therefore 7,bF7/G(ar). Of all firms that
have discovered a product, of mass 1, /G(ar), only a fraction [ g(a)da = G(ar) enter the
local market and are productive enough to pay b,F, hence the total R&D labor cost to
the economy from entering the local market is 7,b, F1 . G(ar)/G(ar). Again, of all firms that
have discovered a product only a fraction enter the foreign market and pay the b, F fixed
cost. This fraction is faaj g(a)da = G(ag) — G(apr). Hence the cost paid by those firms is
b Fr (G(ag) — G(ay)) /G(ar). A fraction (G(an) — G(ag)) of all firms that have entered
pay the fixed cost to take over a foreign firm 7b; Fa (G (an) — G(ag))/G(ar). A fraction
G(ag) pay the fixed cost to invest in a foreign subsidiary ;b FzG(ag)/G(ar). The total
amount of labor busy with R&D activities at time ¢ is therefore:

G(ag) — Glan)

F
th - mtbt—l + mtthL ‘I‘ mtthE

_.I_
G(ar) G(ar)
. G(CLM) — G(ag) . G(ag)
b F b, F, )
+m 0 pp Glaz) + mby GG(aL)
From the definition of F, it follows that
LIt - mtthx. (22)

3 Solving the Model

I solve the model for a symmetric steady state equilibrium in which the endogenous variables
have constant growth rates. To find the growth rate of varieties, I define v = i /m;. 1
substitute for m; from (22) and then for b; from (2) to obtain:

Ly (14X
mi_(b Fac '
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Since v is constant in steady state, L; must grow at the same rate as mt1 —¢

o) /my and

,son = (1-—

n
v = 1— ¢
To solve for a steady state equilibrium, I define the concept relative R&D difficulty
z = LTZL/;"::t' From (2), m; ® is a measure of absolute R&D difficulty. The greater m; * is,

the more labor is needed to produce knowledge units. Combining profits from (3) with the
price index from (20) yields the following expression for profits 7, = o~ tal=" A~ e, Ly /m.
It is clear that the relevant market size for variety w is L;/m,;. Firms are able to spread
their R&D costs over a larger market for a higher L;/m;, therefore making R&D easier to

finance. Relative R&D difficulty 2z, = % is R&D difficulty m; ® relative to the size of the
market L;/m;. Log-differentiating yields 2;/z; = (1 — ¢)y — n = 0. It follows that relative
R&D difficulty is constant in steady state, that is, z; = 2z for all t.

I proceed with finding ay. I substitute in (7) for the price index from (20), for b; from

(2), and for z to obtain:

A Fy, (1N
ar "1—(1—4)es  z(r—g)oL;

(23)

In the innovation incentives condition (19), I substitute for the the price index from (20),
for b, from (2), and for z to obtain

(1+ )\)¢Ct

F, = )
2(r — g)oLy

(24)
Next, using the definition of A and solving for the integrals, I can write A as a function of
ar

A =ap "ngi(ar), (25)
where ¢1() is a function of a; defined in the appendix. Combining (23) and (24) yields
F, = Aﬁa%_l. I substitute for A from (25) to obtain F, = % which is an
expression for F) in exogenous parameters and ay. Further, from (18), substituting for the
cumulative distribution functions yields a second expression for F, = ¢a(az), where go() is
a function of a; defined in the appendix. Combining the two expressions for F) gives an
equation, which I solve numerically to obtain a solution for a:

nkry
1—(1—4)er

I can treat ay as known from now on. Given ar, I know A from (25), ag, ag and ay; from
(7), (10), (11) and (12).
To find C; using (21), I need to first find L;; and C;/o. I substitute for 7, from (22) in
v = 1y /my, for by from (2) and for z = m} ¢/L, to arrive at an equation for R&D labor:
FmZLt

Ly = m’% (27)

¢2(ar) = q(ar) (26)
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In the innovation incentives condition (19), I substitute for the price index from (20), for b,
from (2) and rewrite m; ® = zL, from the definition of z to arrive at an expression for C} /o

g FmZLt

-~ =9y 28)

See the appendix for a detailed derivation. I substitute for L;; from (27) and for C;/o from
(28) into the equation for aggregate expenditures (21) to obtain:

(r—g) Fpz F,z
A+Ne  (1+ A)N) '

C, =L, (1 + (29)

To find relative R&D difficulty z, I substitute for C; from (29) into the innovation incentives
condition (24):

(1+N)?
Ey((o=1(r—g)+7)

This completes the solution of the model.

z =

(30)

4 Results

Empirical evidence (Nocke and Yeaple (2008)) suggests that greater geographical proximity
increases the share of greenfield investment in total FDI. In this section I show that for
plausible parameter values the model generates the same result. Geographical proximity can
be interpreted as lower transportation costs (lower 7). I first find the share of greenfield FDI
in total FDI. At every point in time firms are born and make a decision about which markets
to enter and how. There is a constant flow of resources towards M&A and greenfield activity.
The value of resources dedicated to M&A at t is b Fyrg (G(an) — G(ag)) /G(ar), where
(G(ap) — G(ag)) /G(ar) is the share of all local entrants 71, engaged in M&A and b, Fy is
how much each firm that invests pays for a merger. Similarly, the total value of greenfield
FDI is b Fgmni:G(ac)/G(ar), where G(ag)/G(ar) is the share of all local entrants 7, that
choose to build a plant abroad and b, F¢; is the investment made by each of those firms. The
share of greenfield investment, denoted by €2, is measured by greenfield FDI value divided
by the sum of greenfield FDI and M&A value:

F GG (ag)
FgG(ag) + Far (Glay) — Glag))
It will be useful to see what happens with total FDI as well. To measure that I add the
values of M&A and greenfield FDI. Since I am interested only in the direction of change of

FDI as a result of lower variable costs to trade, I remove any multiplicative variables that
do not depend on 7 and evaluate

0=

FuGlaw) + (Fe = Fur) Glag)

F= Gla)
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In addition, I look at the share of firms that export, which is x = (G(ag) — G(ay)) /G(ay).

In my computer simulation, I use the following parameter values: p = 0.04, a = 0.714,
k= 3.735 n=0.014, ¢ = 0.7189, A = 0.7, a = 10, F; =3, F, = 0.8, Fg =1, F)y = 5,
Fe = 60 and ¥ = 0.9. The subjective discount rate p is chosen so that the steady state
interest rate would match the long-term average in the data. The real interest rate in the
model is both the risk-free interest rate as well as a measure of the average real return on the
stock market. I set p = 0.04 in accordance with McGrattan and Prescott (2005). The rate
of substitution between products is set at @ = 0.714. This choice results in an elasticity of
substitution of o = 3.49, within the bounds of the estimates in Broda and Weinstein (2006)
and a 40% markup, within range of the evidence presented in Basu (1996) and Norrbin
(1993). Eaton, Kortum and Kramarz (2007) use data on exports and domestic sales by
French firms and find that k£/(c — 1) = 1.5. To match this evidence, given my choice of o, I
set the parameter of the Pareto distribution at k = 3.735.

Dixit and Stiglitz (1977) have shown that each consumer’s instantaneous utility coincides
with their real consumption expenditure u; = C;/P,L;. To measure economic growth, I
evaluate @ /u;. In uy = Cy/P,Ly, 1 substitute for aggregate expenditure from (29), for the
price index from (20) and log-differentiate to obtain

at n

wu o (1—=¢)(o—1)

I set the population growth rate parameter n = 0.014 to match the annual rate of world
population growth between 1991 and 2000 according to the World Development Indicators
(World Bank, 2003). Given n, o and the expression for ;/u;, I choose ¢ = 0.7189 to
guarantee that the steady state rate of economic growth is 2%, consistent with the average
GDP per capita growth rate in the US between 1950 and 1990 reported in Jones (2005).
The rate of international knowledge spillovers is assumed to be smaller than one, A = 0.7.
The maximum marginal cost a firm can draw, a, is a scale parameter and I set it equal to
10.* Particular fixed cost values are chosen according to (14), (15), (16), (17), also making
sure that after solving for ar, I am left with a;, < @ and that (6) holds®. The fixed cost for
entering the local market Fj, is smaller than the one for entering the foreign market as an
exporter g, which in turn is smaller than the fixed cost for initiating a merger F);. The
most expensive mode of entry abroad is by building a plant F;. I evaluate the model for a
change in 7 from 1.9 to 1.5 (or 6 changing from 0.20 to 0.36). At low values of 7 there would
be no FDI and all firms would prefer to export. To comply with 6 < ¥¢ < 1 (inequality (9)),
I can not choose very low values for 1) (the share of the M&A gains that go to the acquiring

4The specific choice of @ is not important for the results of the model. To be precise, a* is the scale
parameter. An increase in @*, accompanied by a proportionate increase in fixed costs would result in higher

marginal cost cutoff values, but would not change variables like y, Q etc.
k

5Condition (17) is 0 < € < 1. From e = (@/ez) 7(%/“))“, k > 1 and (13) follows that 0 < e. What

(a/ar)* -1
remains to be checked when choosing fixed cost values is only € < 1.
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firm). As long as (9) holds, the choice of v is not critical for the results. I set it at ¢ = 0.9.

T ‘ ar, ag ay  ag z F, A X 19 €K Q F

191971 544 3.73 15532 1.38 4.43 0.0130 0.08 0.573 3.16 0.32 0.27
1.719.75 6.05 3.37 15496 1.39 4.39 0.0130 0.14 0.570 3.01 0.40 0.21
151983 6.79 2.69 1.5400 1.41 4.33 0.0132 0.24 0.564 2.68 0.62 0.13

Table 1. The Effects of Lower Variable Costs to Trade (7 | )

The results from solving the model numerically are shown in Table 1. By looking at the
column for y (percentage of firms that export), one can see that the majority of firms are
non-exporters in equilibrium. This is what Bernard et. al. (2003) find in their study of
200, 000 US manufacturing plants, where only 21% report exporting. The share of greenfield
investment in total FDI increases from 32% at 7 = 1.9 to 62% at 7 = 1.5. This share of
greenfield FDI is consistent with data reported in Head and Ries (2008) (one third of total
FDI). The share of workers involved in all types of R&D activities, L;;/L;, can be obtained
directly from the equation for R&D labor (27) and substituting for z from (30):

Lu _ gl
L (o—=1)(r—g)+~

The ratio does not depend of variable costs to trade and given the choice of parameters, it
is Ly;/L; = 0.2083 or 20%.

Lower transportation costs (lower 7) lead to a greater share of greenfield FDI in total
EFDI (higher Q). The intuition is not immediately obvious. Lower variable costs to trade
make the exporting option more preferable. This is known in the literature as the proximity-
concentration trade-off. The incentive to build or acquire a plant abroad decreases as it
becomes cheaper to export. Total FDI decreases (last column of Table 1). This decrease
happens at the expense of M&A activity. To better understand the forces at work, I spell
out ag and aps. From (7), (11) and (12), I obtain:

(1= (1= )er Fg— Fy\ ™7
&G_“L( 1-¢¢ R )

Y& —10 Fy

Contrary to Melitz (2003) lower variable costs to trade increase ar. The decision of a firm to
enter or exit its local market is based not only on its ability to pay the entry fixed cost but
also on its exit value (becoming a takeover target), which equals the probability of a merger
times the expected gain. Lower 7 leads to greater competitive pressures thus decreasing a; .
Lower 7 leads to a lower ex which makes exit less attractive (more firms want to enter the
local market), thus increasing a;. For the chosen parameter values the second channel is
stronger.

(1 — (1 —4)ew Fy —FE>¢G
ap = ay, .
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Both ag and aj; increase through ajy, meaning that more firms want to enter by means
of FDI. The second channel through which lower variable costs to trade affect the marginal
cost thresholds is ex, the probability of being taken over times a measure of the expected
productivity of an acquiring firm. Lower 7 leads to lower ek, thus decreasing both ay; and ag.
The third channel through which geographical proximity affects the marginal cost thresholds
is &, a measure of the productivity of failing firms. By making the most productive exiting
firms enter (increasing ay, ), lower variable costs to trade decreases the expected productivity
of failing firms. Lower £ decreases the incentive for firms to enter by means of M&A, thus
lowering a); and increasing ag. The fourth channel through which lower transportation
costs affect the marginal cost thresholds (in this case only ay,) is by directly appearing in
ays through the 6 term. Here we have the the proximity-concentration trade-off at play.
Exporting becomes more attractive®.

Given the chosen parameter values the second, third and fourth channels are stronger
than the first and lead to a lower aj;, while the second channel is stronger than the first and
third and leads to a lower ag. The decrease in a); is greater than that in ag thus leading to
a higher share of greenfield FDI in total FDI, €.

5 Conclusion

I develop a model of international trade and foreign direct investment, where FDI consists of
cross-border mergers and greenfield FDI. T abstract from any strategic motives for a merger,
since I work with firms in a monopolistically competitive environment. The incentive for
firms to merge comes from the transfer of technology and managerial know-how. Firms have
heterogeneous productivities and the model has steady state endogenous growth. Exporters
are more productive than non-exporters. Firms that engage in FDI are more productive than
exporters and within the group of FDI firms, it is the most productive ones that become
greenfield investors.

In addition to the unique approach to how M&A is modelled, the contribution of the
current setup is twofold: first, both greenfield FDI and cross-border M&A exist simulta-
neously and go both ways from Home to Foreign and from Foreign to Home. This is not
present in Nocke and Yeaple (2008), which is the model closest to mine when it comes to the
results on FDI composition it generates. In their model of asymmetric countries, M&A flows
both ways. Greenfield FDI however goes only from the richer to the poorer country, while
as income differences between the two countries become smaller, greenfield FDI decreases.
Given their setup, there would be no greenfield FDI between equally developed economies,
which is clearly at odds with the evidence.

Second, greater proximity to the foreign market increases the share of greenfield FDI. In
order to generate this result , Nocke and Yeaple (2008) assume that the fixed cost for opening
up a factory abroad is lower, the smaller the distance to the foreign country. Given that
my model has iceberg trade costs (not present in Nocke and Yeaple (2008)), I believe that

Fy—Fg

6 Abstracting from changes in ar, ex and £, 7 |== 0 [== ¢ — 0 |— =y

T:> apns l
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it generates that particular result in a more natural way, thinking of distance as affecting
variable rather than fixed costs.
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Appendix

The Marginal Cost Cutoffs
In this section, I find the marginal cost cutoffs. To solve for ay, I use from fr(ar) = vy (ar) —
thL = ’UF((ZL)Z

UL(CLL) — thL = (1 — w)GHUL<CLL)
UL(CLL)(l — (1 — w)GKZ) = thL

b F
'UL(CI,L) —_ t4' L

1—(1—1)er

I substitute for vy (ay) using (4):

mrlar) biF,
r—g 1—(1—%)er

and for profits using (3):

5ai_UP1tU_1Ct o thL
r—g Sl (1 —)er’
Rearranging terms yields equation (7) in the main text:
F by(r —
CL}TU L t(/r g)

1 (1—v)er 6P71C,
To solve for ag, I use fg(ag) = Ovp(ag) — b Fr = 0 to obtain
HUL<(IE) = thE

I substitute for vz (ag) from (4) to obtain

mr(ag) — by F /0,
r—g
and for profits using (3):
5a1—0Pa—1C
—E Tt U b, Fp/o.

r—g
Rearranging terms yields equation (10) in the main text:

l—-0 __ FE bt(r_g)
a = — .
2T 5P,

To solve for ays, L use far(an) = fe(an):
V&g (an) — beFyr = Qv (an) — b Fg
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biEFy — 0B
vE—0

UL(CLM) =

I substitute for v, using (4):
WL(GM) . thM — thE

r—g  pE—0

and for profits using (3):
Say, P 'Cy b Fy — b Fp

r—g  pE—0

Rearranging terms yields equation (11) in the main text:

S Fy— Fpb(r —g)
M YE—0 PO,

To solve for ag I use fg(ag) = fu(ag):

Yévp(ag) — biFy = vp(ag) — biFg

Fg —Fu
UL<ag) bt 1 — ¢§ .
I substitute for v, using (4):
mr(ag) b Fo — Fu
r—g O 1-ug

and for profits using (3):

dag "P'Cy , Fo = Fu
= b :
r—g 1 —9¢

Rearranging terms yields equation (12) in the main text:

al-o — Fo — Fyb(r — g)
G 1_77/}5 (SPtJ_lCt‘

For (13) to hold, the following three conditions must be satisfied: First, for ag < ar or
a;? < ay %, (7) and (10) imply that

Fr Fg

— < —.
1—(1—=1v)ex 6
This is condition (14) in the main text. Second, for ay < ag or ap, ° < a};?, (10) and (11)

imply that s o
M — I'E

—_ >
vE—0 Fg
I multiply both sides by the denominator (from (9), it follows that the denominator is
positive) to obtain:

1.

QFM—HFE > ﬂ)fFE—QFE,
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and rearranging yields condition (15) in the main text:

Vg

Fy > 7FE

Third, for ag < ay or ay;” < a5 %, (11) and (12) imply that

Fo—Fy Y§—10
1—y§ Fy—Fg

and rearranging yields condition (16) in the main text:

FG_FM> 1 — g
Fy—Fg = ¢&—6

> 1,

Finding ¢
¢ = Eyllag/w)'™]

1 g 1— g(af)
— o227 day.
= / 1= Glan)™

From G(a) = (a/a)* and G'(a) = g(a), I obtain g(a) = kakil/&k. I substitute for G(a) and
g(a) to obtain:

— _1,-k
1 a ka*1'/a
1= Ja, 1—(ar/a)
Y R
= 1—0o / af _k k daf
H ar a —aj
— 1 [ak—a—s—l} a 1 k
pt=o ar gk ahk—o+1
_k—o+1 —o
B n lz +1
- 1-0o _k )
H —ak

where I assume that £ — o + 1 > 0. Note that ¢ depends on ay,.
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Finding cx

From & = By, [(a/p)' 7] and € = %ﬁ;@ follows:

e = Glaw) — Glag) 1 / W ()
1—-G(ay) pte e Glan) — Glag)
_ (a/0)" ~ (a/a)* 1 [ kaj /"
1—(ag/a)* 1= Jo h (an/a)* — (ac/a)

_k
1 “M k
= / aiig —/a da/h
aG

dah

kdah

o 1— (ag/a)*
e
e L S |
n aﬁ/;cﬂrl _ aléﬂﬂrl
put=o ak — alz

where for brevity I write n = k/(k — 0 + 1) and assume that k — o + 1 > 0. Further

n alz—a-‘rl (aM/aL)kfaJrl _ (aG/aL)kaJrl

ER =

poe aj (@/ar)k -1
_ 0 e (an/ap)T — (ag/ag)t
pimr (@/ap)*t —1

To find aps/ar, T use (7) and (11):

ay’ 1—(1—1)ex Fyy — Fp
a” T yE—0 F,
ay (1= (1= P)er Fy — Fg\ ™
ap ( YE—0 Fr ) ‘
To find ag/ar, I use (7) and (12):
ag’’ 1—(1—1)ex Fg — Fy
al” 14 F,
ac (1= —)er Fo— Fy \Tr
ap < 1 =g Fr ) '
k—o+1 k—o+1
1-(1—¢)es Fy—Fr \ 170 _ (1-(1—¢)ex Fg—Fp | 1-°
o T alo( T/ ) ) ( T ) )
pimot (@/ar)*—1

This is an expression in exogenous variables, ar, & which can be expressed in a; and exoge-
nous variables and ex, thus showing that ex ultimately depends only on ay.
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From the definition of the probability density function of the Pareto distribution:

E—1
/ akflk da
0 a i

I

Il
O\
l
Q
Q
—~
S
~—
U
IS
Il

Innovation Incentives

bF; = /a(l —)eEy [vp(a')] g(ag)dag

L

+ /0 " (0n(@) = bFy) gla)da + / " (Buy(a) — biFp) gla)da

an
ag

+ / B [on(@)] — biFar) glan)dan + / (v1(a) — b Fe) gla)da.

ag 0

I group all fixed costs on the left-hand-side

th[ + thLG(aL) + thE(G(CLE) — G(CLM))
+b}FM(G(CLM) — G(ag)) + thgG<ag)

- /a(1_w)eEh [vr(a")] g(as)day

ar,

+/ dCL+/ QUL
0

/ YE; [vp(a (ah)dah—i-/ vr(a)g(a)da,

0

divide by G(ar) and define

FI 4 FL 4 FEG(GE) — G(CLM)

G(ay) — Glag) G(ag)
Glar) Gla) h

Glar) “Glay)

+ Fuy

The innovation incentives condition becomes

bE, — / (1= $)eBn [vp()) glay)da
+/OaL v(a)g(a)da + /aE Ovr(a)g(a)da
-/ " VB [ou(d) glan)day + / * uu(a)g(a)da,
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In the first integral I substitute for € = %(G(;G) to obtain

/ "1 =B on(d) glap)day = (1 —p)Zlan) ~Clac) / "By fon(a) 2289

) 1— G((IL)
= (1=¢)(Glan) — Glag)) Ey [Ey [vr(d)]
= (1=¢)(Glamn) — Glag)) Ep [Ef [vr(d)]
The fourth integral I rewrite
/ VE;[vp(a')] glap)da, = w/ E¢vg(a :ggzzgg(ah)dah

Glan) - G(ac)) E [Ef (v (a’)]]

The innovation incentives condition therefore becomes

bE, — /O " on(a)g(a)da + / E bus(a)g(a)d

+(Glan) — Glag)) En [Ey [vr(a')]

+/0ac vr(a)g(a)da.
I can rewrite
N : g(an)
BulErlon)) = [ Erboute] g S5
_ [ v (ap) 9(ar) day,.

G(an) — G(ag)

aG

Substituting in the innovation incentives condition yields

bF, = /“Lv (a) c?((a))d n /E 01 (a) Gg(f;da

M

/ Eur( ah /Oac vr(a) Cg((ZL))da.

Next I substitute for vy (a):

p, = [T / m(a) go)

7“—gG( L) w T—9G(ar)
Mo (ap) g “ rr(a) g(a)
ng/ g Glaz) Jr/o T—QG(aL)da
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and for profits from (3)

5P;’10t< ot Ao + 0 [ o Gg((;L))da )

be: a a a
t r—g +€fM 109 h)da _|_J' 109( da

Defining the expression in brackets as A, I obtain

o—1
b, = 0 Crp
r—g

This is the innovation incentives condition (19).

The Price Index

Ptlia = / Pt(w>1iadw
0

)l—am g(a’) da

= o PTG
e

+/GZM (/az pL(a’)l"%d%) mté((zf;)) da,

I substitute for prices

After substituting for ¢’ and rearranging, I obtain

fo alag da—i—@faE 1oé)(a

1-0
Ptl_azmt(ail) + o < : ( h) g(af) da)

+f 10'9

dah
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Since

a l1—0o
ary g(af)daf -0 o -
=f g\ag)aay 5 _
/aL ( u ah) 1—Glay) ™ ™ [(ag/n)~7] = €a; 7,
I obtain

1-0o ar aE o g(a)
P/ = mt< d ) < o G(aLda+9f Gl >d“ )

) I QR T

1—0o
(i) s
oc—1

which is equation (20) in the main text.

Steady State Labor Market Clearing

I first calculate labor involved in production. Labor involved in production at ¢ is

P JoFax tGg(s))da + faE TaxEtGg((j) da
Pt — t a a ar)da (a
+ [ (f allﬁ( cf:)(iLJ;) L8 day, + )¢ athG(( ))da

G(ar)
To produce a variety for the local market a firm needs to use ax; labor units. Using (1) yields

axr; = apr(a)~? Pf~'Cy, where I have used aggregate consumption C; = ¢,L;. I substitute
for the optimal price pz(a) = -*5a to obtain ary, = at=° (ﬁ)_g P?'C,. For exporting,
a firm produces with Targ, = Tapg(a) ? P *C; labor units, where I use (1) to substitute
for demand. Substituting for pg(a) = -%<7a yields Tazg = 7177’7 (ﬁ)ﬂ7 PlC, =
fa'— (ﬁ)fc P7~'Cy, where I have used § = 7!7. The local firms that were taken over
by a foreign firm need o'z} units of labor. Using (1) to substitute for demand yields o'z} =

a'pr(a’)"P7~'Cy. 1 substitute for the optimal price pp(a’) = -%5d’ to obtain o'z}, =

-0
(a")1=° (ﬁ)_a PC, = (%fah) (UUTl)_U P?7'C,. Going back to the expression for Lp;,
I obtain

ar

Jyeat=e Gg(;g da+06 ['" GgggL) da
glap

g - — a a 1=o a a
Lp = mt( ) e +f Y <f ( h) 517(—5)(3;;) G((al))dah

aL)

e JoFate g(a da+9faE( | Gg((sL))da
o— a 1—0o g(ar)da a

= mt( ) PITIC| + [yt (faL (a/m)" ¥ g(a;)) gl day,

o-1 a6 41— _g9(a)
+ /; tagda

I know that £ = Ey [(ay/p)' 7], therefore

—o o a (a)
[ A R B dapda+0 [y a Ggm)da
t t o—1 t t é-faM 1agah)da +f —0o (a)da )
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I substitute for A

Lpy =my ( d ) Pta_lctA’
c—1

and then for P!~ = m, (—1) 7 A to obtain

m (55) ~ GA
LPt = 1-o0
m (225) 77 A
_ U_lCt.
o

The full employment condition L; = Lp; + Ly implies that L; = "T_lct + Ly, which in
turn leads to equation (21) in the main text

C
Ct:Lt‘FFt—LH.

To show that C}/o is aggregate income from profits, I integrate over the profits of all
companies originating from a country and denote that value as A:

A = /OCLLWLt< )y ((ZZ) +/“E wEt(a)mt%da

<) </ ru@ym LG ns ) Gt

“e g(a)
+/0 N )th(aL)da

I substitute for profits

A = / " 50 POy LY a4 6 / S0t 1, 2 g
0 t Gl ant )

+ /G ( / aa(a’f"’ P;’—lctmt%da f) é((zf;)) day,

ar

aG
+ sa* P71 Cym 9(a) da,
/0 tT G ay)

and then for o

A = sPiC Jo"al=e G(aL hda+0 [ o' i da
= 7 Cymy a a 1-e (a G (1-0 _g(a)
M Ffah) — G(aL da ) 9(an) day, —|—f “al- éq(aL da
ar 1-o_g(a) @B jl-o 9
= ,P(7 lctmt fo ! 1€(0. da ;’— ’ f da ag 1 o _g(a)
+/ f (ap/p) " = G anyda ) da + Jo lary 4@
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I know that £ = Ey [(ay/u)' 7], therefore

fo al"g da—l—@faE 1"9(('1) da )

A= 5Pf_10tmt (

Substituting for A yields

Substituting for P!~ = m, (ﬁ)li

)

gfaM 10%(2}26&1 +f 109 da

aL)

A = 5Pta_10tmtA.

7 A yields
A= (SCtmtl%U ‘
my (UU 1 ) A

From § = (¢ — 1) 1677, T obtain ¢/ (ﬁ)l_a = 1/0, therefore

Solving the Model

I rearrange L = mb,F, to obtain 1, =

Since « is constant in steady state,

Using the expression for profits

n

(1 — ¢)ring/my, and therefore v = .

A G

o .

b Fm Therefore

my Ly

my B by Fymy

met
Ly (14N
B mt1_¢ Fx '
Ly must grow at the same rate as mt1 _¢, SO n =

T =0 (a(“’))l_g C,,

P,

and substituting for the price index from (20) yields

TLt

5&1_0015
(27 A

o—1
(0 — 1) to=7al=2C,y
Ty (L)lio A

o—1

1a1_UA_1CtLt/mt.
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This is to show that the relevant market size for variety w is L;/my.

To find (23), I use (7):

al—a — FL bt(/’n_g)
L 1—(1—v)es 6P IC,’

substitute for the price index from (20) and for ¢:

B Fr be(r — g)my (ﬁ)l_UA
S 1-(1 =Y (0 —1)"1lgC,

1—0

ar,

substitute for b, from (2):

B Iy (r —g)moc A
1— (1 =9)ew (14 N\)omlC,’

multiply the right-hand-side by L;/L;

l1—0o
ar,

_ F (r—gm AL
S 1-(1—=Y)er (1+N9C, L

1—0o
ar,

and substitute for z = m, —¢ /L to arrive at

B Fr, (r—g)oA
1= (1 —)er (1 +N)°C,

l1—0o

ay 2Ly

or

A Fr 1+ NG
i1 — (1= z(r—g)olL;’
which is equation (23) in the main text. In the innovation incentives condition (19), I
substitute for the price index from (20):

5-P,fg_10t

bF, = ——A
r—g
- A
mi (5%7) 7 Alr = g)

(0 — 1) to77C;

for b; from (2):

(1+ )\)¢me1&
(r — g)mio
(1+X)°C; Ly

(r—g)my %o L
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and for z = m} /L, to obtain equation (24) in the main text:

(14 \)°Cy

F,=———
z2(r—g)oly

Next I find an expression for A in one unknown ay. Using the properties of the Pareto

distribution
gla) (ka*—t/a*)  ka*!
G(ayr) (ak ja¥) ak
and the definition for A gives:

Ll de
[ e
- [T 9/

k /-C k—1
+§/ s dah-l-/ a'” ak da.
ay, 0 ar,

The previous assumption that k& > o — 1 guarantees that the integrals converge and A is
finite. Lower values of & would result in explosive profits for marginal costs close to zero.
Using n = k/ (k — 0 + 1) and solving the integrals yields

da

n o 7 o a
A = % [CLk +1} +9ak [ak +1]a:34
+£&ik[ k— o‘+1:|‘1M n [ E— a+1]ac

k 0

ak—o’-i—l 0
_ L k—o+1 k—o+1
=7 & + U= (aE — Qp )
ar, ar,
5 ak o+1
k—o+1 lc o+1 G
+n— (@ )+
L aL

— nay +nab 70 ((ap/ar) ™" = (aur/ar) )

0 7¢ ((aar /)" = (agfar)* ")

_i_naLfa (aG/aL)k—J-H

140 (ag/ar) "™ — 0 (apr/ar)" 7!
= nay ° +& (ap/ar) 7 = € (ag/ar) 0
+ (aG/aL)k—U—i-l
= e ( 10 (ap/an) """ + (€ = 0) (an /ar) ™™ )
" (1 €) (ag/ar) " -
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To find (ag/ay)* ", T use (7) and (10):

ap?  1—(1—4)es Fg

CL}TU N 0 FL
ap )"t 1—(1—)ew Fp\ =7
ar, 0 Fr, '

k—o+1
apr 7
ar,

1—(1—¢)EI{FM—FE
PE —0 13
k—o+1

(1—(1—1/])6/{FM—FE> l=o
YpE—10 13 ‘

To find (ag/az)* ", T use (7) and (12):

l—0o

ag

l1—0o
ar,

k—o+1
aqg ot
ar,

1—(1—4)ex Fg — Fy

1 =g Fy,
(1= —=Y)er Fg — Fy =
_( 1 —4¢ Fy ) .

I define B = k/ (o — 1) and write 572 =1 — £ =1 — 3. T substitute for the above three

l1-0o l1—0o
ratios of the threshold marginal costs into the expression for A to obtain

Fr, -0 Fr,

1+46 (%F_E) o L (E—0) <1f(17w)en FM—FE)l_ﬂ
1-8
1—(1—)ex Fg—F
‘l‘ (1 - 5) ( 1—€ GFL M)

A= nalL"’

This is equation (25) in the main text where ¢;() is the expression in brackets and is a
function of a; and exogenous variables only.

Finding a;,
From (18),
_ I G(ag) — G(ay) G(ay) — Glag) G(ag)
F, = G(aL)+FL+FE Glaz) + Fy Glaz) —l—FGG(aL)

36



I substitute for the cumulative distribution functions

F (ap/a) — (a/a)"
F, = F; + Fg
@jay T (az/a)
o (/) — (acf0) |, (ac/a)

(ar/a)" “(arfa)*
= Fy(afar)" + Fo+ Fg ((ap/ar)® — (ar/ar)")
+Fu ((ane/ar)® = (ag/ar)®) + Falag/ar)”
= Fy(afar)’ + Fu + Fplap/ay)"
+(Fa — FE)<CLM/CLL)k
+ (Fg — Fu) (ag/ar)".
From (7) and (10):
a%E—U 1— (1 —4)er Fp
0 FL

(2) - (pmny (0
(

From (7) and (11):

ay;’ 1 — (1 —)er Fyy — Fg
a” -0 Fy
an \" 1—(1—1)ex Fyy — Fg = 1—(1—1)ex Fyy — F =B
(Z) :< -0 Fy ) :< -0 Fy )
From (7) and (12):
ag’  1—(1—4)esFg— Fy
ay 1 =g Fr,
ac\" 1—(1—)en Fe — Fy \ 75 [(1—(1—)ew Fg — Far\ "
(E) :( T ) ) :< 1—ye  Fy )

I substitute for the above three ratios of the threshold marginal costs into the expression for
F, to obtain

—(1 = -8
F, = Fi@/ay)" + Fp + Fg <%%)
1—(1—¢)ERFM—FE>_B
77Z)5_6) FL
1_(1_¢)€ﬁFG—FM)_5
1 =g Iy
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I rewrite the above as F, = ¢2(), where ¢2() is the expression on the right-hand-side and is
a function of ay and exogenous variables only.
To find C; using C; = L; + % — Ly, I first find Ly and Cy/o. I solve (22) for

L L
" bF,
and divide both sides by m; to obtain
my Ly

7= Et N b Fymy

Then substituting for b; from (2) yields

(1+A)m{Ly,

T Fymy
or
L, = Fomyy .
(1+ X)Pm;
Fymy =%y
BTN

Luse z=m; °/L, to arrive at an equation for R&D labor (equation (27) in the main text)

L — FxZLt

To solve for C} /o, I substitute for the price index (20) in the innovation incentives condition

(19)

5Ptaflcrt A
r—g

thx -
0CY A
(7" - 9) my (ﬁ) A
(o —1)"to77C,
(r—g)me (;5) "
Cy

(r —g)mio

and rewrite
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Substituting for b; using (2) yields
C, F.(r—yg) 1-¢

P DL
and then using z = m; ?/L, yields
t ( ) FmZLt
— = (r— .
o NN

This is equation (28) in the main text.
I substitute for Lj; and C;/o in (21) in order to solve for C;

C
Cy = Lt‘i‘;t—th
FmZLt _ FxZLt
TSNS

(r—g) F,z F.z
B Lt(H (L+ 17 _(1+AW)’

= Li+(r—y)

which is equation (29) in the main text.
To find z, I substitute for C; from (29) into (24):

P (1+N)°C
’ Z(T_Q)ULt'
(r—g)Fzz Fyz
F _ (1+)\)¢Lt (1+ (1ﬁ)\)¢ - (1+A)¢7)
! Z('r’—g)aLt
Fy(r—g9-1)
F(r — = 1+0° (142
A R (R

2By (r—g)o = (1+N°+2F,(r—g—7)
o (r—glo—r+g+7) = (1+N)?

L (1+N\)¢
- E((r—g)o—(r—g)+7)
L (1+X)?

Fe((o=1D(r—g)+7)

which is equation (30) in the main text.
The share of greenfield FDI, €2, is measured by greenfield FDI value divided by the sum
of greenfield FDI and M&A value:

b Fern,Glag)/Glar)
b Forn,Gl(ag)/Glar) + biFaing (Glay) — Glac)) /Glar)
FgG(ag)
FeG(ag) + Fu (Glan) — Glag))

Q:
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To measure total FDI, I simply add the values of M&A and greenfield FDI to obtain

;L . FMG(aM) + (FG — FM) G(ag)
= by G(aL) )

where f' stands for total FDI. I write 7, = ym; and substitute for b, from (2) to obtain

ymy  FuGlay) + (Fe — Fy) G(ag)
(1+ M\)¢m? G(ar)
vzLy  FypGlay) + (Fo — Fa) Glag)
(1+N)? G(ar) '

I am interested in the direction of change of FDI as a result of lower variable costs to trade.

Therefore I will calculate a measure of FDI f = “;rT’\t)(b F', where A2 are all values not

Lt
affected by 7.
To measure economic growth, I evaluate 4, /u;. First, in u; = C;/P,L;, 1 substitute for
aggregate expenditure C; from (29) and for the price index from (20) to obtain

r—qg)F,z w2z
L, (1 + ((1_i)>\)¢> - (11.:|_,\)¢7)
1
Le(me (20) 7 8)
(r—yg) F,z F,z o—1 1
= (1 — A)o-T .
(+ T arne)) o) md)

Instantaneous utility grows over time only because the number of varieties grows over time.
From v =n/(1 — ¢) and the above expression for u;, it immediately follows that

F'o=

l.Lt . n
u (1=9¢)(o—1)
The share of workers involved in R&D activities, L;;/L;, can be obtained from the equation
for R&D labor (27)

L _ _faz
L, (Tt
and substituting for z from (30):
Ly _ _F (1+X)7
L~ 0+ E (D9 +
_ 2
(c—=1)(r—g)+v
To find ag, I use (7) and (12):
ag’  1—(1—4¢)ex Fg— Fy
ay 11— Fy
1—(1—)ex Fg — Fy =
N |
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To find apy, I use (7) and (11):

ay”  1—(1—4v)ex Fyy — Fg

ay® YE—10 Fy
1—(1—1/J)€/£FM—FE ﬁ

wem T e R |
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