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1

Introduction

The rapid pace of globalization over the past few decades has been to a large extent through expansion of foreign trade and international movement of capital. On the one hand, multinational corporations have played a
major role in bringing about tremendous growth in the ﬂow of foreign direct investment (FDI). On the other
hand, pursuit of trade liberalization and reduction in foreign investment barriers by governments have been
crucial factors in facilitating such growth in international trade and foreign investment. While interplaying of
trade and investment liberalizations and its eﬀects on growth of international trade and investment are generally applicable to any economy (developed or developing), there are additional issues speciﬁc to developing
economies. One such issue is the stark technological diﬀerences between developed and developing economies
and the possible diﬀusion of technology from developed countries to the less technologically advanced developing countries. In this paper we study the interaction between trade and FDI liberalization in a developing
country as in Chao and Yu (1997) and its eﬀects on FDI activities by multinational corporations. We then analyze
their role in technology diﬀusion, assuming that all ﬁrms (foreign and local) are technologically heterogeneous.
In sum, this paper shows that trade liberalization may result in non-uniform outcomes in developing countries due to the eﬀects of technology diﬀusion and its pattern. Foreign ﬁrms alter their decision on export to
developing countries versus their FDI in these countries in response to trade liberalization in developing countries. As FDI is a carrier of foreign technology and causes technology diﬀusion in the host countries, trade
liberalization can inﬂuence the ﬂow of more advanced foreign technology into these developing countries.
Also, technological heterogeneity of local ﬁrms in developing countries plays a crucial role and can determine
the pattern of technology diﬀusion. If local ﬁrm heterogeneity leads to a non-uniform pattern of technology
diﬀusion such that more technologically advanced local ﬁrms beneﬁt more from diﬀusion of technology, then
trade liberalization (without a change in investment policy) may have a more negative impact (as far as the beneﬁt of diﬀusion is concerned) on technologically advanced local ﬁrms compared with the less advanced local
ﬁrms. Thus, trade liberalization without liberalizing foreign investment may lead to the protection of small and
technologically backward local ﬁrms in developing countries. Clearly, this is in sharp contrast with a generally
held view by some policy makers and voiced by popular press that trade harms small businesses (for example,
see Business (2013)). Hence, this result begs for an explanation at the outset of our paper. To make our case
for such a possibility, consider footwear industry in India as an example. Local ﬁrms range from small shoe
makers with backward handmade technology to automated shoe-making manufacturing. Since small low tech
ﬁrms may not use computers in their production technology, presence of multinational corporation through
Reza Oladi is the corresponding author.
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FDI has little positive impact on these low tech ﬁrms as far as technology diﬀusion is concerned. However, the
more foreign direct invest in Indian footwear industry will have positive technology spillover on more technologically advanced and automated local shoe manufacturing. On the other hand, the decision of foreign ﬁrms
to invest and produce shoes in India versus producing shoes in their own countries and exporting to India depends on Indian tariﬀ rates and corporate tax rates on multinationals. Due to ﬁxed cost of investing abroad, the
most technologically advanced (which are also large) foreign ﬁrms can engage in foreign investment activities.
Hence, more foreign investment in India may result in more diﬀusion of technology. Now suppose India experiences trade liberalization without liberalizing foreign investment. This one-dimensional type of liberalization
may induce less foreign FDI and more import of shoes into India as foreign ﬁrms opt more for export to India
and less FDI. In turn, this may weaken the competitiveness of high tech shoe makers relative to low tech ones
through technology diﬀusion channel, ceteris paribus, resulting in protection of low-tech ﬁrms. The ﬂip side
of this ﬁnding is that if developing countries pursue protectionary trade policies in this kind of environment,
such policies may fail to protect less technologically advanced local ﬁrms.
The literature on multinational corporations and FDI is rich and extensive. A branch of this literature, that is
particularly related to our paper, studies the choice between export and foreign investment and its implications
(e.g., see Batra and Ramachandran (1980) and more recently Helpman, Melitz, and Yeaple (2004) and Mukherjee
(2011), among others).1 Another strand of literature, to which our paper is related and contributes to, focuses on
the eﬀects that FDI has on diﬀusion of technology in developing countries (see Findlay (1978)).2 In the current
paper we build upon Dixit and Stiglitz (1977) and introduce a continuum of heterogeneous ﬁrms that produce a
continuum of diﬀerentiated goods (see also Baldwin and Forslid (2010), Dinopoulos and Unel (2013), Helpman,
Melitz, and Yeaple (2004), Melitz (2003), and Marjit and Kar (2012)).3 Baldwin and Forslid (2010) also consider
trade liberalization when ﬁrms are heterogeneous. In contrast to Baldwin and Forslid (2010), we study the implications of a policy mix of tariﬀs and taxes on multinationals vis-a-vis the choice between FDI and export
to a developing country by foreign ﬁrms. We consider a case in which foreign ﬁrms compete with local ﬁrms
in the developing country in a monopolistic competitive industry. We deﬁne ﬁrm heterogeneity on the basis
of technological levels of ﬁrms as in Helpman, Melitz, and Yeaple (2004). We assume that all local ﬁrms in
the developing country (which are also heterogeneous in their technological advancement) are technologically
backward relative to foreign ﬁrms. Also, in contrast to both Helpman, Melitz, and Yeaple (2004) and Baldwin
and Forslid (2010), we assume that FDI activities by foreign ﬁrms lead to diﬀusion of their superior technology in developing economies. There are empirical studies that support this hypothesis.4 As it will be shown,
this central feature of our model has crucial consequences on the theory of multinational corporations and its
implications are essential in our understanding of the eﬀects of trade liberalization for developing economies.
We ﬁrst show that for a policy mix of import tariﬀs and tax on proﬁts of multinational corporations imposed
by the developing country, there exists an equilibrium whereby the more technologically advanced foreign
ﬁrms will opt for FDI (i.e., become multinational) while the less technological advanced foreign ﬁrms will
export their goods to the developing country (hereafter, we simply call these goods imported goods, from the
point of view of the developing countries). Although this particular observation is similar to Helpman, Melitz,
and Yeaple (2004) where they showed that the most productive ﬁrms in a country opt for FDI, while mid-level
productive ﬁrms will export their goods and the least productive ﬁrm will serve the domestic market only, our
focus is on policy mix for a developing country and the consequences of such a policy mix for a developing
economy given the possibility of technology diﬀusion (absent in both Helpman, Melitz, and Yeaple (2004) and
Baldwin and Forslid (2010)).
While a large portion of literature on theory of trade liberalization deals with unidimensional liberalization,
most economies face many distortions.5 As far as trade liberalization is concerned, it is crucial to consider the
conﬂuence of liberalization of trade and foreign investment. The combined inﬂuence of the trade distortions
(such as tariﬀs) and capital market distortions (such as tax on FDI) is particularly ampliﬁed in our set up due
to the technology diﬀusion eﬀects. Studies on multiple distortions are also abundant and there is an extensive
body of literature that focuses on various combination of commercial policies (for example, see Ruﬀin (1979))
as well as combination of commercial policies and other domestic taxes (for example, see Batra and Ramachandran (1980)).6 Next, we show that trade liberalization has profound eﬀects on FDI, the local ﬁrms, as well as the
aggregate industry in developing countries. Most notably, as we stated earlier in this introduction, we show
that trade liberalization by the developing country may lead to the protection of the most technologically backward local ﬁrms. The paradoxical aspect of this result is due to the generally held view that trade barriers are
designed to protect local ﬁrms that would otherwise not survive, including the less technologically advanced
ﬁrms. According to this widely held view, these ﬁrms are expected to be the ﬁrst victim of trade liberalization.
We will show that this need not be true, given that trade liberalization is coupled with liberalization of foreign
investment. Finally, we study the eﬀects of changes in a mix of trade policies on the welfare of a representative
consumer.
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Our paper has very important policy implications for ﬁrms in developing countries when facing trade liberalization. Empirical studies that address the eﬀects of trade liberalization on local ﬁrms in developing countries
are extensive. While the earlier studies present a mixed picture (for example, see Krishna and Mitra (1998)),
more recent ones support the positive eﬀects of trade liberalization on ﬁrm productivity. One of the best case
studies for the eﬀects of trade liberalization is India, which undertook vast liberalization reforms in 1990s. The
empirical investigation of Indian experience is also rather rich (see Krishna and Mitra (1998), among others).
Our theoretical results begs for studying empirically the eﬀects trade liberalization without FDI liberalization may have on developing economies. Again, India experience of 1990s may oﬀer a good case study. Our
results constitute a foundation for empirical re-examination of Indian liberalization of 1990s and eﬀects of such
reforms on ﬁrms with a wide range of technological heterogeneity.
The rest of this paper is organized as follows. Section 1 sets up a theory of FDI and multinational corporation for a developing country with a focus on a policy mix at the presence of technologically heterogeneous
ﬁrms. We will present an extended model that incorporates technology diﬀusion in the developing economy in
Section 3. Section 4 studies welfare consequences and Section 5 concludes that paper. All proofs for the results
of Section 2–Section 4 are presented in Appendix A. We also study robustness of our results by constructing a
more complex model and revisiting our results in Appendix B.

2

The Setup

Consider a developing economy with a possible range of diﬀerentiated goods denoted by Ω ≡ [0, 𝜔].
̄ The
consumer’s preferences are represented by a C.E.S. utility function:

𝑈=[

∫
u�∈Ω

[𝑞(𝜔)]u� 𝑑𝜔]

1
u�

[1]

where 𝑞(𝜔) is quantity of good 𝜔 ∈ Ω and 𝜌 ∈ (0, 1). As in Dixit and Stiglitz (1977), the aggregate industry
output is 𝑄 ≡ 𝑈 and the industry aggregate price is given by:
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𝑃=[

∫
u�∈Ω

[𝑝(𝜔)]

1−u�

𝑑𝜔]

1
1−u�

[2]

where 𝑝(𝜔) is the price of good 𝜔 ∈ Ω and 𝜎 = 1/(1−𝜌) > 1 is the demand elasticity of substitution. We assume
throughout the paper that the aggregate industry demand is unitary elastic, i.e. 𝜖 ≡ (𝑑𝑄/𝑑𝑃)(𝑃/𝑄) = −1.
Following Beladi and Oladi (2016) the equilibrium consumption of good 𝜔 ∈ Ω is given by:
𝑞(𝜔) = 𝑄 [𝜉 (𝜔)]−u�

[3]

where 𝜉 (𝜔) ≡ 𝑝(𝜔)/𝑃 is the intra-industry relative price of variety 𝜔. That is, the optimal consumption of any
good is an increasing (decreasing) function of aggregate industry output (its intra-industry relative price). We
coin 𝜉 (𝜔) as a measure of competitive position of good (ﬁrm) 𝜔 ∈ Ω.7 The lower 𝜉 is, the better is a ﬁrm’s
competitive position within its industry.
Similarly, the equilibrium expenditure for any good 𝜔 ∈ Ω is given by:
𝑒(𝜔) = 𝐸 [𝜉 (𝜔)]1−u�

[4]

where 𝐸 ≡ 𝑃𝑄 is the aggregate industry expenditure (i.e., 𝐸 = ∫u�∈Ω 𝑒(𝜔)𝑑𝜔), implying that the equilibrium
spending on any variety is increasing in aggregate industry expenditure and decreasing in its intra-industry
relative price.
Assume that all goods with 𝜔 ≤ 𝜔u� for 𝜔u� ∈ Ω are produced by domestic local ﬁrms and whereas goods with
𝜔 > 𝜔u� are produced by foreign ﬁrms where some of them are multinational corporations. Foreign goods can
either be produced abroad and imported or be produced via FDI in our developing country. Labor is the only
production input for all goods. The cost of production has a ﬁxed and a variable component (both in labor).
However, FDI also requires an additional ﬁxed cost. We assume, as in Krugman (1980) albeit without ﬁrm
heterogeneity, that the production technologies for all ﬁrms exhibit increasing returns to scale. Accordingly,
the labor usage for good 𝜔 ∈ [0, 𝜔]̄ is given by:
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u�(u�)
⎧
{ 𝛿 + u�(u�)
𝑙(𝜔) = ⎨
u�(u�)
{
⎩ 𝛿 + 𝛿u� + u�(u�)

𝜔 ≤ 𝜔u�
𝜔 > 𝜔u�

[5]

where 𝛾(𝜔) > 0 is the measure of technology level for the ﬁrm producing good 𝜔 ∈ Ω, 𝛿 is the common
ﬁxed cost of production, and 𝛿u� denotes the ﬁxed cost of FDI. Moreover, 𝜔u� ≤ 𝜔u� ∈ Ω. Since there is a oneto-one relationship between goods and ﬁrms (see Dixit and Stiglitz 1977), we also identify ﬁrms with 𝜔 ∈ Ω.
We assume that the technology measure is increasing in good (or ﬁrm) index, i.e., 𝛾 ′ > 0. Here, we also assumed for now that all foreign goods 𝜔 ∈ (𝜔u� , 𝜔u� ] are imported by our developing economy while all goods
𝜔 ∈ (𝜔u� , 𝜔]̄ are produced by multinationals through FDI in the developing economy where 𝜔u� and 𝜔u� are
lower and upper bounds on index of imported goods, respectively. That is, among the foreign ﬁrms, the more
technological superior ones are multinationals.8 In fact, we show shortly that this sorting of foreign ﬁrms appears as an equilibrium.9 Since each ﬁrm faces a residual demand with a constant elasticity, it chooses the same
proﬁt maximizing markup (1/𝜌), leading to the following pricing rule:
⎧
{
{
{
𝑝(𝜔) = ⎨
{
{
{
⎩

u�
u�u�(u�)
u� ∗
u�u�(u�)
u�
u�u�(u�)

𝜔 ∈ [0, 𝜔u� ]
𝜔 ∈ (𝜔u� , 𝜔u� ]

[6]

𝜔 ∈ (𝜔u� , 𝜔]̄
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where 𝑊 and 𝑊 ∗ are the home and foreign wage rates, respectively. Note that Local ﬁrms and multinational
(foreign) ﬁrms use local labor in their operation in our developing country while the remaining foreign ﬁrms
(that produce their goods abroad) use foreign labor. At this point, it should also be clear to our reader that we
rule out production fragmentation. We maintain in the rest of the paper that wages are normalized to unity
both in our developing economy and abroad. Apart from the fact that our framework is partial equilibrium
and therefore constant wages are inconsequential in our analysis, normalization of these wages has another
important advantage: our focus in this paper is on FDI vs trade as well as liberalization FDI and trade at the
presence of technology diﬀusion. Of course, we recognize that wage diﬀerential between developed and developing countries is a factor in a foreign ﬁrm decision to choose FDI rather than produce at its home country sell
its product in the developing country. The channel that we focus in this paper is rather diﬀerent. Even if there is
no wage diﬀerential between a developed and developing country, a ﬁrm from a developing country may opt
for FDI rather than export to a developing country if the combination of tariﬀs and FDI tax in the developing
country permits.
Following eq. (6), it can be shown that proﬁt for ﬁrm 𝜔 ∈ Ω is given by:
u�−1

⎧ [u�u�(u�)u�] 𝐸 − 𝛿
{
u�
{
1
𝜋(𝜔) = ⎨ (𝜏 + u� − 1)[𝜌𝛾(𝜔)𝑃]u�−1 𝐸 − 𝛿
u�−1
{
{ ( [u�u�(u�)u�] u� − 𝛿 − 𝛿 )𝜈
u�
⎩
u�

𝜔 ∈ [𝜔, 𝜔u� ]
𝜔 ∈ (𝜔u� , 𝜔u� ]

[7]

𝜔 ∈ (𝜔u� , 𝜔]̄

where 𝜏 ≥ 0 and 𝜈 ≥ 0 identify the iceberg-type tariﬀ rate and tax rate on multinational ﬁrms, respectively.10
That is, (1 − 𝜏) is the tariﬀ rate and (1 − 𝜈) is the tax rate on proﬁt of multinational corporations. Moreover,
𝜔 ∈ Ω, where 0 < 𝜔 < 𝜔u� , is the local marginal good (ﬁrm) for which 𝜋(𝜔) = 0. This implies that all potential
goods 𝜔 ∈ [0, 𝜔) will not be produced.11 Note also that in the context of our model, as in Melitz (2003), the
more (less) technologically advanced a ﬁrm is in each of these intervals, the bigger (smaller) and more (less)
proﬁtable it will be.12
Proposition 1. Assume that 𝜈 > 1 − 𝜎(1 − 𝜏) and 𝜏 > 𝜌. Then, for some 𝛿u� > 0, there exists 𝜔u� ∈ (𝜔u� , 𝜔)̄
such that ∀𝜔 ∈ (𝜔u� , 𝜔u� ] will be imported while ∀𝜔 ∈ (𝜔u� , 𝜔]̄ will be produced in the developing country by
multinational ﬁrms through FDI.
Figure 1 shows the result of Proposition 1. For the right combination of taxes and the ﬁxed cost of FDI, we
will have an interior solution. If 𝜈 or 𝜏 is not suﬀiciently large, then all foreign ﬁrms would opt for exporting to
our developing country or for FDI, resulting in a corner solution. Similarly, a restriction need to be imposed on
𝛿u� . If 𝛿u� = 0, then all foreign ﬁrms may choose FDI even if 𝜏 > 𝜌 and 𝜈 > 1−𝜎(1−𝜏) = 1−(1−𝜏)/(1−𝜌). On the
other hand, No foreign ﬁrm will opt for FDI if its ﬁxed cost is too large. We will provide the a necessary range
of FDI ﬁxed costs in Proof of the proposition. Obviously, corner solutions are also possible where all foreign
ﬁrms will choose either FDI or imports. However, such corner solutions are not interesting, given our objective
in this paper.
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Figure 1: FDI vs. imports.
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As discussed above, both tariﬀ and tax rates are crucial in the decision by foreign ﬁrms on their choice
of FDI vis-a-vis import. Given that the result of Proposition 1 holds, that is, the goods produced by the less
technologically advanced foreign ﬁrms are imported by our developing economy while more technologically
advanced foreign ﬁrms produce their goods through FDI in the developing country, it is interesting to derive
the combination 𝜈 and 𝜏 that leaves the ranges of these kinds of foreign ﬁrms unchanged. Let 𝜈 = 𝜙(𝜏) be such
loci. The following proposition characterizes this relationship.
Proposition 2. 𝜙(𝜏) is nondecreasing. Moreover, 𝜙(1) > 1 and there exists 𝜏̃ ∈ (0, 1) for which 𝜙(𝜏) = 0, ∀𝜏 ∈
[0, 𝜏].
̃
The above result formally highlights a relationship between proﬁt tax rate on multinational corporations
with FDI activities in the developing countries and the rate of tariﬀs. Since proﬁt tax, tariﬀs and ﬁrm technological heterogeneity are the only factors that inﬂuence a ﬁrm’s decision on FDI activities versus import, it only
makes sense that a non-decreasing relationship must exist between the proﬁt tax rate on multinationals and
the tariﬀ rates that keep the balance of FDI vis-a-vis imports unchanged. Consider a ﬁrm that produces the
marginal good 𝜔u� . Now suppose the tax rate on multinationals falls, ceteris paribus. As a result, FDI becomes
more attractive than producing the good abroad for the marginal ﬁrm, which motivates the ﬁrm to opt for
FDI. Thus, such a change in tax rate increases FDI and reduces imports by our developing economy, moving
the marginal ﬁrm/good to left on the spectrum. To keep the marginal ﬁrm unchanged, tariﬀ rate must also
fall.13 Figure 2 depicts 𝜙.
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Figure 2: Relationship between tariﬀ and FDI tax when u� = 2.
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3

Technology Di昀fusion

Multinational corporations and their transnational investments have been credited for the rapid diﬀusion of
new technologies. In this section we turn to the issue of how FDIs by multinational corporations aﬀect a developing economy. In formulating the channel through which technology diﬀuses, we take the view that the
spread of technology depends on proportion of the ﬁrms within the industry that already have adapted the
new technology.14 In our framework, we assume that multinational corporations use superior technologies, as
formulated in the preceding section. Recall from the previous section that we assumed the local developing
country ﬁrms are less technologically advanced than foreign ﬁrms and we showed that, among these more
technological advanced foreign ﬁrms, the ﬁrms that engage in FDI activities are even more technologically advanced than those foreign ﬁrms that produce their goods abroad and export them to the developing country.
Hence, the spread of technology in the industry depends on the proportion of multinational corporations
in the industry to all ﬁrms, denoted by 𝜇 ≡ (𝜔̄ − 𝜔u� )/(𝜔u� + 𝜔̄ − 𝜔u� ).15 Clearly, 𝑑𝜇/𝑑𝜔u� < 0. We maintain all
features of our model that we presented earlier in the paper, including the cost structure for multinationals,
as before but we distinguish all foreign variables with an asterisk. However, our measure of technology for
the local ﬁrms now also depends on 𝜇, that is, 𝛾(𝜔, 𝜇), ∀𝜔 ∈ [0, 𝜔],
̂ where 𝛾u� > 0, 𝛾u� > 0, 𝛾u�u� < 0 and
𝛾u�u� > 0. The second partial derivative states that the higher the proportion of multinational corporations in
the developing country, the higher the level of technology of the local ﬁrms. However, the rate by which the
presence of multinationals aﬀects the local ﬁrm technologies is diminishing as postulated by the third partial
derivative.16 The last partial derivative states that more technologically advanced local ﬁrms are more aﬀected
by the diﬀusion of technology than less technologically advanced local ﬁrms. Although this assumption is
intuitive and realistic, the following simple example can illuminate the logic behind it. Consider the usage
of computers by multinationals in their production process. A local ﬁrm must be using computers to be able
to take advantage of diﬀusion of advancement in computer technology.17 To avoid repetition, we only restate
parts of our model that has to be altered to reﬂect our formulation of technology diﬀusion. To do this, only
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the pricing rules and the proﬁt functions for local ﬁrms will have to be modiﬁed. Accordingly, the pricing rule
for local ﬁrms now is 𝑝(𝜔) = 𝑊/[𝜌𝛾(𝜔, 𝜇)], ∀𝜔 ∈ [0, 𝜔u� ]. Similarly, eq. (7) will have to be changed such that
𝜋(𝜔) = [𝜌𝛾(𝜔, 𝜇)𝑃]u�−1 𝐸/𝜎 − 𝛿, ∀𝜔 ∈ [𝜔, 𝜔u� ]. For all other goods we need to simply replace 𝛾(𝜔) with 𝛾 ∗ (𝜔),
in eqs (6) and (7) for 𝜔 ∈ (𝜔u� , 𝜔].
̄
It is straightforward to see that Propositions 1 and 2 hold under the presence of technological diﬀusion we
introduced in this section. That is, it is plausible in our model that both FDI activities and imports take place
and that the relationship between tariﬀ rate and FDI tax rate is non-negative (in particular, such a relationship
is strictly positive for all 𝜈 > 0), as seen in Figure 2.18 A direct corollary to these propositions is that the extent of
FDI activities by multinational corporations depends on the combination of 𝜈 and 𝜏. Any change in this policy
pair (whether due to a change in 𝜈, 𝜏 or both) will result in a change in marginal foreign ﬁrms 𝜔u� causing a
decrease or an increase in FDI activities. If tariﬀ rate and (or) FDI tax change(s) such that 𝜈 > 𝜙(𝜏), then 𝜔u�
decreases which means an increase in FDI activities and a decrease in the range of imported goods. Recall that
tariﬀ rate is 1 − 𝜏 and foreign investment tax rate is 1 − 𝜈. On the other hand, any change in policy mix that
results in 𝜈 < 𝜙(𝜏) will have the opposite eﬀects.
A change in the balance of FDI versus imports have consequences for the developing economy. Apart from
the standard arguments in the literature with regard to commercial policy changes, our economy will also be
inﬂuenced via the eﬀect trade and foreign investment policy mix has on FDI balance vs. imports and thus a
change in 𝜇. Any change in 𝜇 will in turn aﬀect the industry in question in our developing country. In the
remaining of the paper let 𝜂(𝜔) ≡ 𝜕𝛾(𝜔, 𝜇)/𝜕𝜇, ∀𝜔 ∈ [0, 𝜔u� ]. Based on formulation in the preceding section,
the intra-industry relative prices are very essential. In particular, it is crucial to study the eﬀect of a change in our
policy mix on the intra-industry relative price of the local marginal ﬁrm, a result highlighted by the following
proposition.
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Proposition 3 If trade liberalization is not matched with FDI, it increases the aggregate industry price. Moreover,
such trade liberalization lowers the intra-industry relative price of the home marginal ﬁrm if 𝜂(𝜔) is suﬀiciently
smaller for less technologically advanced local ﬁrms than for more technologically advanced ones.
Intuitively, a reduction in trade barriers alone (i.e, without lowering barriers on FDI) will increase imports
and reduce FDIs. As the level of FDI falls, technological diﬀusion will be restrained. This will have a negative
impact on all local ﬁrms. However, the more technologically advanced ﬁrms will be aﬀected more. The aggregate industry price rises. Since less technology diﬀusion results in a fall in productivity of all local ﬁrms which
in turn leads to an increase in their prices. Thus, the aggregate industry price must rise. It is useful to highlight
the channel through which the aggregate price will rise with trade liberalization of the sort we present here. In
other words, trade liberalization without lowering taxes on FDI will encourage (discourage) import of foreign
varieties (FDI), which lowers 𝜇. A lower 𝜇 will restrict the degree of technology diﬀusion, which in turn has a
negative impact on all prices given our assumptions. Thus, we will experience an increase in aggregate industry price with this type of uni-dimensional liberalization. However, the price of a good produced by the least
technologically advanced ﬁrm rises less. This results in a reduction of the intra-industry relative price of the
good produced by the most technological backward ﬁrm. Recall that we use the intra-industry relative price as
a measure of ﬁrm’s intra-industry competitiveness. A lower relative price implies a stronger competitive position for a ﬁrm. Therefore, we conclude that such type of uni-dimensional liberalization leads to improvement
of competitive position of less technological advanced local ﬁrms. Although this result is of interest in itself, it
is also helpful in establishing a more interesting result that follows.
It is widely argued in policy circles that trade liberalization will in general (and especially in the developing countries) eliminate marginal ﬁrms (i.e., ﬁrms that barely can survive given the presence of some sort of
protectionary trade policies). Examples of these marginal ﬁrms are infant, old and dying ﬁrms, and technologically backward ﬁrms. Some policy makers argue passionately against trade liberalization by appealing to these
cases, while some advocate this view by oﬀering economic analysis that supports such a position. Even the
main stream trade theorists admit that such ﬁrms will disappear within the paradigm of standard trade theory,
but they argue for trade liberalization from the stand view of overall welfare and eﬀiciency. In this paper we
oﬀer a diﬀerent point of view, formally stated by the following proposition.
Proposition 4 Unilateral trade liberalization alone (without foreign investment liberalization) leads to the protection of the least technologically advanced ﬁrms if 𝜂(𝜔) is suﬀiciently small for less technologically advanced
local ﬁrms relative to that of more technologically advanced local ﬁrms.
According to the trade theory literature, trade liberalization has adverse eﬀect on small and less productive
local ﬁrms in importable sector. The above result presents a possibility that this may not be the case and that
trade liberalization can indeed lead to the protection of technologically backward (and less productive) local
ﬁrms. That is, this policy mix in a way shields the least technologically advanced local ﬁrm from foreign competition as it improves its competitive position within the industry. While this result may seem peculiar at the ﬁrst
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sight, it is intuitive in the context of our theory and provides a deep insight. Since we have assumed ﬁrm technological heterogeneity in our model, the eﬀect of liberalization diﬀers across local ﬁrms. If trade liberalization
is not coupled with liberalization FDI, the change in policy mix will encourage imports and discourage FDI. A
reduction in FDI adversely impact transfer of technology from developed to the developing country. Since local
ﬁrms are heterogeneous in their technology level, the adverse impact will diﬀer across these local ﬁrms. On the
other hand, it is also reasonable to assume that more technologically advance local ﬁrms are the main beneﬁciary of technology diﬀusion (i.e., 𝜂(𝜔) is larger for more high tech local ﬁrms). That is, technology diﬀusion
has little eﬀect on a technologically backward local ﬁrm. Now, less technology diﬀusion and its adverse eﬀect on
productivity raise the prices of home made varieties as well as industry aggregate price. However, the extent of
increase is diﬀerent across local ﬁrms. Backward ﬁrms experience a smaller raise in their prices compared with
more technologically advanced ﬁrms. This will lead to a decrease in intra-industry relative price of more backward ﬁrms (see Proposition 3), implying an improvement in competitive position of these ﬁrms and an increase
in their proﬁts.19 To further clarify this ﬁne point, we appeal to the example we stated in the introduction. Recall that the presence of multinational in footwear industry in India results in diﬀusion of technology in Indian
footwear industry. Among shoe making ﬁrms in India, we have a technologically backward local shoemaker
that produces hand made shoes on one end of spectrum of local ﬁrms, while on the other end of this spectrum
we may have a fully automated shoe manufacturing ﬁrm. Now diﬀusion of computer technology in footwear
industry in India has little or no impact on our hand-made shoe ﬁrm, while it has a signiﬁcant impact on the
other end of spectrum. Now if the policy mix discourages FDI and therefore restrains diﬀusion of technology
in India, it would have little or no impact on producer of hand-made shoes, whereas it may have severe adverse
eﬀect on our fully automated shoe manufacturer, reducing intra-industry relative price for a hand-made shoe
ﬁrm and increasing such a relative price for a high-tech shoe maker. Since proﬁt of each local variety (and ﬁrm)
is negatively related to its intra-industry relative price, the proﬁt of a low-tech shoe making ﬁrm rises while it
falls for a high-tech shoe maker.
This type of one-dimensional liberalization also aﬀects the range of varieties that local ﬁrms produce. Recall
that the marginal (low tech) ﬁrm that earns zero proﬁt before the policy change will experience an increase. Its
proﬁt will be greater than zero as a result of this policy change and it will no longer be a marginal ﬁrm. This
implies that the index of marginal good/ﬁrm falls. That is, new local variety/ﬁrms enter the market. Thus, we
have the following corollary.
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Corollary 5 Suppose that trade liberalization is not coupled with liberalization of FDI. Then, such type of trade
liberalization will increase the number of local goods if 𝜂(𝜔) is suﬀiciently smaller for less technologically
advanced local ﬁrms than for more technologically advanced ﬁrms.

4

Welfare Analysis

The impact of the interaction between trade liberalization and foreign investment policy, given the presence
of technology diﬀusion channel of the type we considered here, on welfare is another interesting issue that
we could address within the context of our model.20 First assume that a developing economy liberalizes trade
in conjunction with foreign investment liberalization. More speciﬁcally, assume that these dual-liberalization
policies take place along the curve 𝜙. Then it is straightforward to see that 𝑑𝜇 = 𝑑𝑃 = 0. This leaves the welfare
of our representative consumer unchanged, i.e., 𝑑𝑄 = 𝐷𝑈 = 0. Although this observation is interesting in itself,
perhaps a more interesting scenario is to consider a change in policy mix that moves the FDI tax and tariﬀ rate
combination to above or below 𝜙 − 𝑙𝑜𝑐𝑖, say trade liberalization alone.
To see the eﬀect of a reduction in trade barriers (i.e., an increase 𝜏), we ﬁrst highlight the eﬀect of a change in
𝜇 on industry aggregate price. As we already established in Proof of Proposition 3 that 𝑑𝑃/𝑑𝜇 < 0, a reduction
in tariﬀs will lead to an increase in 𝜔u� which implies a decrease in FDI activities. This, in turn, results in an
increase in aggregate industry price. In other words, a rise in 𝜏, holding 𝜈 constant, will decrease FDI since
some foreign ﬁrms will opt to export their goods rather than invest in the developing country. This leads to less
diﬀusion of technology in South that ultimately lowers 𝛾 for all local ﬁrms. All these will result in an increase in
prices of all locally made goods as well as aggregate industry price. A rise in aggregate industry price will lower
aggregate consumption and welfare, i.e., 𝑑𝑄 ≡ 𝑑𝑈 < 0. We highlight this result in the following proposition.
Proposition 6. Liberalizing trade without liberalization of FDI will lower welfare of the representative consumer
in the developing economy.
Another related question that begs for an answer is to ask under what policy scenario welfare improvement
can be guaranteed? We claim that welfare of the representative consumer in the developing country will unambiguity increase if trade liberalization is accompanied with suﬀicient foreign investment subsidies. At this point
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in the paper the rationale should be clear. Recall from Proposition 2 that 𝜙(1) > 1, implying that to maintain no
change in the balance of FDI when trade is fully liberalized, the foreign investment policy must be a subsidy.
If the rate of subsidy is suﬀiciently large, then the balance of FDI increases. This will result in more technology
diﬀusion in the developing country, which in turn lowers prices. A lower aggregate industry price will increase
aggregate industry consumption and welfare of the representative consumer.
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5

Conclusion

In this paper we have explored the interaction between trade liberalization and liberalization of FDI by a developing country and its eﬀects on technology diﬀusion. One of the fundamental diﬀerences between developing
and developed economies is that the developed countries are more technologically advanced. It has been observed that the activities of multinational corporations in developing countries would lead to spread of technology in these countries. We have formalized this observation in our analysis and studied how trade and FDI
policies interact at the presence of technology diﬀusion.
We formulated a monopolistically competitive market in a developing country that is populated by a continuum of foreign (developed world) and local ﬁrms. We assumed that all these ﬁrms are technologically heterogeneous, all local ﬁrms are less technologically advanced than foreign ﬁrms, and that the operation of foreign
ﬁrms in the developing economy leads to technology diﬀusion. We showed that there exists a policy mix of
tariﬀs and foreign direct investment tax at which among the technologically superior foreign ﬁrms the more
technologically advanced ones will engage in foreign direct investment in the developing country while others
will opt to produce their goods abroad (their home country) and export them to the developing countries. This
gives rise to endogenously determined (emerged) multinational corporations. More importantly, we showed
that trade liberalization alone (i.e., without liberalization of foreign investment) by a developing country can
lead to protection of the most technologically backward local ﬁrms. We also showed that such type of one
dimensional liberalization is welfare reducing.
Both of these results have important policy implications for developing economies. First, the impacts of
trade liberalization without liberalizing FDI on local ﬁrms depend on pattern of diﬀusion. We show that the
less technologically advanced local ﬁrms (more often observed to be smaller ﬁrms) can be protected when a
developing country lowers trade barriers if foreign direct investment is not liberalized. Given that ﬁrms in an
industry are technologically heterogeneous and the pattern of technology diﬀusion is suﬀiciently biased toward
more technologically advanced local ﬁrm, then trade liberalization without FDI liberalization can strengthen
the competitive position of less advanced local ﬁrms within the industry and lead to their protection. Second,
we also showed that trade liberalization without FDI liberalization by developing countries may paradoxically
lower the welfare of the representative consumer when ﬁrms are technologically heterogeneous.
Our results open multiple avenues for empirical research as it is interesting to test some of the hypotheses
and results introduced in this paper. For example, one can study the pattern of technology diﬀusion in developing countries and test whether it is in fact biased toward more advanced local ﬁrms. As another example, one
can study whether the presence of multinational has signiﬁcant eﬀect on diﬀusion of technology in developing
countries. A more elaborate empirical research may be able to isolate the eﬀects of trade liberalization and liberalization of FDI, and their interaction, on an industry with ﬁrms that are technologically heterogeneous in a
developing country. In addition to these potential econometric studies, an empiricist may use simulation and
calibrate some of the crucial parameters of our model.
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Appendix A: Proofs
Proof of Proposition 1 First note a necessary condition for import to take place is 𝜏 > (𝜎 − 1)/𝜎 = 𝜌, that is,
any 𝜏 ≤ 𝜌 is prohibitive. Next, note that any good 𝜔 ∈ (𝜔,̂ 𝜔]̄ will be produced in the developing economy
through FDI if and only if
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u�−1

[𝜌𝛾(𝜔)𝑃]
⎛
⎜
𝜎
⎝

𝐸

1
⎟ 𝜈 > (𝜏 + − 1)[𝜌𝛾(𝜔)𝑃]u�−1 𝐸 − 𝛿
− 𝛿 − 𝛿u� ⎞
𝜎
⎠

[8]

Recall that 𝜏 + 1/𝜎 − 1 = 𝜏 − 𝜌. Equation (8) implies that a foreign ﬁrm 𝜔 ∈ (𝜔u� , 𝜔)̄ will opt for FDI versus
export to our developing economy if and only if (𝜈 − [1 − 𝜎(1 − 𝜏)])[𝜌𝛾(𝜔)𝑃]u�−1 𝐸 > 𝜎[𝜈𝛿u� − (1 − 𝜈)𝛿]. Clearly,
the assumption of this proposition on 𝜈 and 𝜏 is essential. The above equation also implies that some foreign
ﬁrms engage in FDI in the developing economy if 𝛿u� < ([𝜈 − [1 − 𝜎(1 − 𝜏)]][𝜌𝛾(𝜔)𝑃]u�−1 𝐸/𝜎 + (1 − 𝜈)𝛿) /𝜈.
Proof of Proposition 2 For the marginal ﬁrm 𝜔u� to remain indiﬀerent between FDI and import, we must have
for all 𝜏 and 𝜈:

𝜈=

(𝜏 +

1
− 1)[𝜌𝛾(𝜔u� )𝑃]u�−1 𝐸 − 𝛿
u�
[u�u�(u�u� )u�]u�−1 u�
− 𝛿 − 𝛿u�
u�

[9]

Diﬀerentiating eq. (9), we obtain 𝑑𝜈/𝑑𝜏 = 𝜎𝐸[𝜌𝑃𝛾(𝜔u� )]u�−1 /(𝐸[𝜌𝑃𝛾(𝜔u� )]u�−1 − 𝜎(𝛿 + 𝛿u� )) > 0. Recall that
𝐸[𝜌𝑃𝛾(𝜔u� )]u�−1 − 𝜎(𝛿 + 𝛿u� ) > 0, otherwise no FDI activities would take place. In addition, by setting 𝜈 = 0
in eq. (9) we obtain 𝜏̃ = (𝜎 − 1)/𝜎 + 𝛿/(𝐸[𝜌𝑃𝛾(𝜔u� )]u�−1 ) > 0. Finally, again by using eq. (9), we get 𝜙(1) =
(𝐸[𝜌𝑃𝛾(𝜔u� )]u�−1 − 𝜎𝛿)/(𝐸[𝜌𝑃𝛾(𝜔u� )]u�−1 − 𝜎[𝛿 + 𝛿u� ]) > 1. The inequality follows from the fact that 𝛿u� > 0.
Proof of Proposition 3 First, re-write no-entry-exit (zero-proﬁt) condition as:
𝜋(𝜔) =

1
[𝑝(𝜔)]1−u� 𝑃u� 𝑄 − 𝛿 = 0
𝜎

[10]

Diﬀerentiating eqs (2), (10) as well as the deﬁnition of 𝜉 (𝜔) with respect to 𝜇, we obtain:
𝑑𝜔
𝑑𝑃
Φ
−
[𝑝(𝜔)]1−u�
=Λ
𝑑𝜇 𝜎 − 1
𝑑𝜇

Automatically generated rough PDF by ProofCheck from River Valley Technologies Ltd

𝜉 (𝜔)
u�(u�) u�u�
u�u� (u�,.)
+
=
u�2 u�u�
u�u�
−𝜌Φ ∫u�u�̄ [1/𝜌𝛾(𝜔, .)]2−u� 𝜂(𝜔)𝑑𝜔

[11]

𝑑𝑃 𝜕𝜋(𝜔, .) 𝑑
1
+
=−
𝜂(𝜔)
𝑑𝜇
𝑑𝜔 𝑑𝜇
𝜌[𝛾(𝜔, .)]2

1
−𝜉 (𝜔) u�(u�)
𝜂(𝜔)where Φ

[12]
u�

≡

[∫u�u�̄ 𝑝(𝜔)𝑑𝜔] 1−u�

>

𝑑𝜇

=−

u�̄
𝑑𝜋(𝜔)
1⎛
1
⎜
⎟ 𝜉 (𝜔)
𝜂(𝜔)
−
𝜌Φ𝜉
(𝜔)
[𝑝(𝜔)]2−u� 𝜂(𝜔)𝑑𝜔⎞
2
∫
Ψ ⎝ 𝜌[𝛾(𝜔)]
𝑑𝜔
u�
⎠

𝑑𝜉 (𝜔)
𝑑𝜇

=−

≡

< 0. Solving the system of eqs (11)–(5), we obtain that:

𝜌Φ ⎛ 𝑑𝜋(𝜔, .) u�̄
𝑑𝑃
⎜
⎟
=−
[𝑝(𝜔)]2−u� 𝜂(𝜔)𝑑𝜔 + [𝑝(𝜔)]1−u� 𝜂(𝜔)⎞
Ψ ⎝ 𝑑𝜔 ∫
𝑑𝜇
u�
⎠
𝑑𝜔

0 and Λ

𝑑𝜋(𝜔)
𝜌Φ u�̄
1⎛ 1
⎜
⎟ 𝜉 (𝜔)
𝜂(𝜔) −
[𝑝(𝜔)]2−u� 𝜂(𝜔)𝑑𝜔⎞
Ψ ⎝ 𝛾(𝜔)
𝑝 ∫
𝑑𝜔
u�
⎠

[13]

[14]

[15]

where Ψ ≡ [𝑑𝜋(𝜔)/𝑑𝜔][Φ/(𝜎 − 1)][𝑝(𝜔)]1−u� 𝜉 (𝜔) > 0. It follows from eq. (13) that 𝑑𝑃/𝑑𝜇 < 0. Since we
assumed 𝛾u�u� > 0, it implies that 𝜂(𝜔) > 𝜂(𝜔), ∀𝜔 ∈ (𝜔, 𝜔].
̂ We then conclude from eq. (15) that 𝑑𝜉 (𝜔)/𝑑𝜇 > 0
if the condition of the proposition is met.21 Finally, since an increase 𝜏 which is not matched with an increase
in 𝑡 will result in 𝑡 < 𝜙(𝜏), such a type of trade liberalization will lead to an increase in 𝜔∗ , i.e. a reduction in
FDI. This in turn lowers 𝜇 as 𝑑𝜇/𝑑𝜔∗ < 0. Therefore, the aggregate industry price rises while the intra-industry
price of local marginal good falls as a result of such a form of trade liberalization.

DE GRUYTER

Beladi and Oladi

Proof of Proposition 4 It follows from eq. (7) that proﬁt for the marginal local ﬁrm is given by:
𝜋(𝜔) =

[𝜌𝛾(𝜔)𝑃]u�−1
𝜎

[16]

𝐸−𝛿

Diﬀerentiate eq. (16) with respect to 𝜇 and simplify to obtain:
𝑑𝜋(𝜔)
𝑑𝜇

u�u�

𝑝(𝜔)[𝜉 (𝜔)]−u� 𝑄 ⎛
u�u�
𝜖 𝑑𝑃
𝜎 𝑑𝜉 (𝜔) ⎞
⎜
⎟
⎜
⎟
=
⎜
⎜ 𝑃 𝑑𝜇 − 𝜌𝛾 2 𝑝(𝜔) − 𝜉 (𝜔) 𝑑𝜇 ⎟
⎟
𝜎
⎝
⎠

[17]

Next, using our earlier assumption of unit elasticity of industry aggregate demand, zero-proﬁt condition of
our (initial) marginal ﬁrm, as well as diﬀerentiating the deﬁnition of intra-industry price of the local marginal
ﬁrm, we simplify eq. (17) to:
𝑑𝜋(𝜔)
𝑑𝜇

=

𝛿(1 − 𝜎) 𝑑𝜉 (𝜔)
𝜉 (𝜔)
𝑑𝜇

[18]

Recall from zero-proﬁt condition of home marginal ﬁrm we can obtain 𝑝(𝜔)[𝜉 (𝜔)]−u� 𝑄/𝜎 = 𝛿. As we have
already established by Proposition 3 that 𝑑𝜉 (𝜔)/𝑑𝜇 > 0 if the condition of the proposition is met, we conclude
from eq. (18) that 𝑑𝜋(𝜔)𝑑𝜇 < 0 if the conditions of our proposition is met since 𝜎 > 1. Finally, since trade
liberalization alone (without a change in foreign investment tax policy) implies an increase in 𝜏 without a
change in 𝜈, such a policy mix change will lead to 𝜈 < 𝜙(𝜏), which in turn results in an increase in 𝜔u� , i.e., a
reduction in FDI. This reduction in FDI lowers 𝜇. Therefore, such a change in policy mix leads to an increase in
proﬁt of the most technologically backward ﬁrm 𝜔.
Proof of Corollary 1 Recall eq. (14) in Proof of Proposition 3. It implies that the bracketed term will be negative
if 𝜂(𝜔) is suﬀiciently small for the marginal local ﬁrms, which in turn implies that 𝑑𝜔/𝑑𝜇 > 0. Now, since such
trade liberalization lowers 𝜇, we conclude that 𝜔 falls, i.e., more low tech local ﬁrms will enter the market and
more local goods will be produced.
Proof of Proposition 5 Directly follows from 𝑑𝑄 ≡ 𝑑𝑈 < 0.
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Appendix B: An Alternative Complex Model
In this appendix we will show that the assumption of not having a zero-proﬁt (marginal) foreign ﬁrm has little
consequence on our results and that our core argument remains valid if we relax this assumption. Let the set
̄ We index
of local goods be Ω and the set of foreign goods be denoted by Ω∗ . Let Ω = [0, 𝜔u� ] and Ω∗ = [𝜔,̂̂ 𝜔].
all goods such that 𝜔u� < 𝜔.̂ We further assume that 𝜕𝛾(𝜔; 𝜇)/𝜕𝜔 > 0, ∀𝜔 ∈ Ω, 𝜕𝛾 ∗ (𝜔)/𝜕𝜔 < 0, ∀𝜔 ∈ Ω∗
̂ This last assumption implies that any foreign ﬁrm is more technologically advanced than
and 𝛾(𝜔u� ) < 𝛾 ∗ (𝜔).
̂ 𝜔̂ + 𝜔u� − 𝜔).
̂ It easily can be seen
all local ﬁrms. Figure 3 depicts 𝛾 and 𝛾 ∗ . We also redeﬁne 𝜇 ≡ (𝜔u� − 𝜔)/(
1

that 𝑑𝜇/𝑑𝜔u� > 0. The aggregate output is now deﬁned as 𝑄 ≡ 𝑈 = [∫u�∈Ω∪Ω∗ [𝑞(𝜔)]u� 𝑑𝜔] u� and its associated
1

aggregate price is given by 𝑃 = [∫u�∈Ω∪Ω∗ [𝑝(𝜔)]1−u� 𝑑𝜔] 1−u� . Equations (3)–(5), (6) and (7) hold as in Section 2,
albeit eqs (6) and (7) are modiﬁed as in Section 3. Finally, we have to add a similar zero-proﬁt (no-entry-exit
condition) for foreign ﬁrms. We deﬁne the foreign marginal ﬁrm 𝜔̄ ∈ Ω∗ such that 𝜋(𝜔)̄ = 0. We now revisit
our earlier results. It is straightforward to see that Propositions (1) and (2) are not inﬂuenced by the range of
possible foreign goods/ﬁrms. However, as changes in tariﬀ rate aﬀect the range of foreign goods, we have to
revisit Propositions (3)–(5). Note that in our current formulation 𝜔̄ is the foreign marginal ﬁrm. A reduction
in the tariﬀ rate will push this boundary outward, increasing the range of foreign goods/ﬁrms. That is, the
zero-proﬁt ﬁrm index increases. It is this possibility that may question the validity of some of the results we
obtained in preceding sections. However, we will show in the rest of this appendix that this is not the case and
that this more complex formulation has little impact on our earlier results. We start with the eﬀect of a reduction
in tariﬀ rate on aggregate industry price in the following proposition.
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Figure 3: Technology levels for foreign and local ﬁrms.

Proposition 7 A decrease in tariﬀ rate without a change in the tax rate on multinational corporations will
increase the aggregate industry price.
Proof The aggregate price can be written as:
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u�̂

u�̄

1−u�
1−u�
𝑃=⎡
⎢∫ [𝑝(𝜔)] 𝑑𝜔 + ∫ [𝑝(𝜔)] 𝑑𝜔⎤
⎥
̂
u�
⎣ u�
⎦

1
1−u�

[19]

By diﬀerentiating eq. (19), home and foreign zero-proﬁt conditions for marginal ﬁrms, as well as the deﬁnition of intra-industry price for the home marginal ﬁrm, we obtain:
1−u�
𝑑𝜔 Δ[𝑝(𝜔)]
̄ 1−u� 𝑑𝜔̄
𝑑𝑃 Δ[𝑝(𝜔)]
−
+
=Λ
𝜎 −1
𝜎 −1
𝑑𝜇
𝑑𝜇
𝑑𝜇

𝜉 (𝜔)

𝑑𝜋(𝜔) 𝑑𝜔
𝜂(𝜔)
𝑑𝑃
1
+(
)
=−
𝜎 − 1 𝑑𝜔 𝑑𝜇
𝜌[𝛾(𝜔)]2
𝑑𝜇

𝜉 (𝜔)(𝜎
̄
− 1)

𝑝(𝜔)̄
𝑑𝑃 𝑑𝜋(𝜔)̄ 𝑑𝜔̄
+
=−
𝑑𝜇
𝑑𝜔 𝑑𝜇
𝛼(𝜏 + 1 − 1)

[20]

[21]

[22]

u�

𝑝(𝜔) 𝑑𝑃
𝑃2

𝑑𝜇

+

𝑑𝜉 (𝜔)
𝑑𝜇

= −𝜉 (𝜔)

𝜂(𝜔)
𝛾(𝜔, .)]

[23]

where Δ ≡ 𝑃u� > 0, Λ ≡ −𝜌Δ ∫u�u�̂ [1/𝜌𝛾(𝜔, .)]2−u� 𝜂(𝜔)𝑑𝜔 < 0, 𝛼 ≡ 𝑑𝜇/𝑑𝜏 < 0, and 𝜂(𝜔) is as deﬁned in
Section 3. Solve the system of eqs (20)–(23) to obtain:
𝑑𝜋(𝜔) 𝑑𝜋(𝜔)̄
Δ[𝑝(𝜔)]1−u� 𝜉 (𝜔) 𝑑𝜋(𝜔)̄
Δ[𝑝(𝜔)]−u�
𝑑𝜋(𝜔) ⎞
𝑑𝑃
1
⎛
⎜
⎟
=
−
−
⎜Λ
⎟
1
(𝜎 − 1)Γ
𝜌[𝛾(𝜔)]2
𝑑𝜇
𝑑𝜔
𝑑𝜔
𝑑𝜔
𝑑𝜔
𝛼(𝜎
−
1)(𝜏
+
−
1)
⎝
⎠
u�

[24]
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where Γ ≡
and

u�u�(u�)
̄
u�u�

1
u�−1

(

u�u�(u�) u�u�(u�)
̄
u�u�
u�u�

u�)
̄
+ Δ𝜉 (𝜔)[𝑝(𝜔)]1−u� u�u�(
− Δ𝜉 (𝜔)[𝑝(
̄
𝜔)]
̄ 1−u�
u�u�

< 0, we conclude that Γ < 0. In turn, this implies that

u�u�
u�u�

u�u�(u�)
).
u�u�

Since Δ > 0,

u�u�(u�)
u�u�

> 0,

< 0. Recall also that Λ < 0 and 𝛼 < 0.

As we observed throughout the paper, the relative intra-industry price for each ﬁrm is a determining factor
for its viability since it deﬁnes the ﬁrm’s intra-industry competitive position. Our main result regarding the fate
of technologically backward local ﬁrms in a developing country when faced with trade liberalization (without
liberalizing FDI) also hinges on such ﬁrms’ intra-industry relative prices. Therefore, it is important to revisit the
eﬀect of liberalization on intra-industry relative price within our more general model. The following proposition
addresses this robustness.
Proposition 8 Suppose trade liberalization is not matched with FDI liberalization in a developing country. Then,
such type of trade liberalization will lower the intra-industry relative price of the home marginal ﬁrm if 𝜂(𝜔)
is suﬀiciently small for this ﬁrm and it is larger for the more technologically advanced local ﬁrms than for the
less technologically advanced one (i.e., 𝜂 is increasing in index of local ﬁrms 𝜔).
Proof By solving the system of eqs (20)–(23) for 𝑑(𝜉 )/𝑑𝜇, we obtain:
𝑑𝜉 (𝜔)
𝑑𝜇

=

−𝜉 (𝜔) ⎛ Λ 𝑑𝜋(𝜔)
Δ𝜉 (𝜔)[𝑝(𝜔)]
̄ 1−u�
𝜂(𝜔) 𝑑𝜋(𝜔)
⎞ 𝑑𝜋(𝜔)̄
⎜
+
+
[
− Δ𝜉 (𝜔)[𝑝(𝜔)]1−u� ]⎟
⎜
⎟
1
Γ(𝜎 − 1) 𝑝 𝑑𝜔
𝛾(𝜔)
𝑑𝜔
𝑑𝜔
𝛼(𝜎 − 1)(𝜏 + u� − 1)
⎝
⎠

[25]

Recall from Proof of Proposition 6 that Γ < 0. Recall also that Δ > 0, 𝑑𝜋(𝜔)/𝑑𝜔 > 0, 𝑑𝜋(𝜔)/𝑑𝜇
̄
< 0, and
𝛼 < 0. Therefore, the ﬁrst term, second term, and the forth term in parenthesis are all negative while the third
term is positive. However, if the condition of proposition is met (i.e., 𝜂(𝜔) is suﬀiciently small and 𝜂(𝜔)) is
increasing in 𝜔, the entire expression in parenthesis will be negative. Thus, we conclude that 𝑑𝜉 (𝜔)/𝑑𝜇 > 0 if
the condition on the pattern of diﬀusion is met.
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Since intra-industry relative price of the most technologically backward ﬁrm falls if 𝜇 falls as a result of
trade liberalization, it is possible that trade liberalization with no foreign investment liberalization, results in
protection of a backward local ﬁrm.
Finally, it is interesting to see whether the result of Proposition 5 is robust. Proposition 6 shows that the
industry aggregate price rises as a result of trade liberalization without liberalizing foreign investment. As
stated earlier in the paper, the driving force behind this unconventional result is the eﬀect that ensuing change
in FDI balance has on diﬀusion of technology to the local ﬁrms. Therefore, an increase in industry aggregate
price will result in loss in welfare of the representative consumer, as stated in Proposition 5.

Notes
1

See also Anwar (2009) and Chakrabarti (2001), 2003)) , Chao and Yu (2000) .
See also Mukherjee (2006) and Jones and Marjit (2001), among others.
3
As we will address shortly, among these papers, Helpman, Melitz, and Yeaple (2004) and Baldwin and Forslid (2010) are more closely
related to our paper.
4
See Oladi, Beladi, and Chau (2008) for spillover eﬀects of MNCs on export quality of developing countries.
5
As examples of unidimensional liberalization, see Jones (1967) and Oladi (2005) for identical good models and Melitz (2003) for heterogenous ﬁrms.
6
Our research is also related to growth and international trade literature vis-a-vis trade liberalization, FDI, and imitation. See Baldwin
and Forslid (2000) and Grieben and Sener (2009) for trade liberalization and growth and Branstetter and Saggi (2011) and Glass and Saggi
(2002) for FDI.
7
As we will see shortly every ﬁrm is identiﬁed with one good as shown by Dixit and Stiglitz (1977) .
8
For simplicity we assume that FDI is north-south although several successful multinational ﬁrms such as Tata and Infosys from India
in recent years (even in technologically intensive sectors) originate in developing/emerging countries. Moreover, for sake of tractability,
we assume that ﬁrms on average are more productive in developed countries than in developing countries.
9
That is, we need not to make this assumption here. We merely do this for the sake of presenting eq. (5).
10
Proﬁt function for any importing foreign ﬁrm u� ∈ (u�u� , u�u� ] is deﬁned as u�(u�) = u�(u�)u�(u�)u� − u� − u�(u�)/u�(u�). By using eqs (3)–(6),
we obtain the second line of eq. (7).
11
Note that as in Dixit and Stiglitz (1977), these zero-proﬁt conditions will be suﬀicient to pin down the range of ﬁrms in each category
and close our equilibrium.
12
One may suggest that there may also be some foreign ﬁrms that are not active under current market conditions. That is, some range of
low tech foreign ﬁrms would have negative proﬁt and therefore they are inactive (i.e., u�u� is endogenous). Although the model we present
in this section does not allow for such possibility, we consider a more complex model whereby some foreign ﬁrms are inactive as they
would have negative proﬁt in Appendix B. We show in this appendix that our results are robust regarding the simplifying assumption of
the current section. For this reason, we prefer to present our results using our simpler model.
2
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13
Although we did not consider the wage diﬀerential motivation of FDI by assuming equal wages in developed and developing countries
in order to isolate our bi-dimensional policy channel, one can easily see that such sort of relationship exists when there is wage diﬀerential
between developing and developing economies, assuming that again wage diﬀerential remain the same. It is also noteworthy that although
we make a distinction between the eﬀects of u� and u� on FDI, it is possible that tariﬀ cuts may also stimulate FDI. For example, this could
occur if production is fragmented. However, we rule out this possibility.
14
See Mansﬁeld (1961) which introduced this diﬀusion channel by imitating the spread of an epidemic disease. Obviously, there are
other channels through which technology may be transfered from developed to developing economies, such as imports of intermediate
goods. However, the focus of our paper is on the eﬀect international corporations may have in technology diﬀusion.
15
Operation of multinational corporation is one channel through which technology may diﬀuse in a developing country. By focusing on
this channel in this paper by no means suggests that it is the only channel. In fact, technology may also diﬀuse in this country through
imports of technological intensive goods. Also, as an alternative to our formulation whereby proportion of multinational to all ﬁrms in a
developing country is a determining factor in technology diﬀusion, one can use the proportion of output produced by the multinationals. In
addition, Although we maintain that the range of foreign ﬁrms are ﬁxed and therefore all foreign ﬁrms are active and have strictly positive
proﬁts, this assumption is inconsequential as far as our results re concerned. As we will explain shortly, we will relax this assumption in
Appendix B and show that our main results are robust.
16
The symmetric nature of the dependence of state of technology on proportion of multinationals in the developing countries implies that
technology depreciates. That is, the fact that a reduction in u� lowers the state of technology used by local ﬁrms stems from its depreciation.
There is a strong body of literature that postulates this idea .
17
A more micro-foundation approach in formulating the eﬀects of technology diﬀusion may be considered as an alternative to our set-up.
Perhaps, such alternative set-ups would be more appropriate if one is interested in details of technology adoption by ﬁrms. However, our
objective is to study the eﬀects of technology diﬀusion (assuming that it would be adopted) on ﬁrms and the industry as well as the eﬀects
of liberalization policies through the new channel of technology diﬀusion rather than the the adoption process that may be a subject of
future research.
18
Although there are other conceivable equilibria at which either imports or FDI activities take place, these cases are not interesting in
our context. Therefore, as stated in the preceding section, we focus on an equilibrium scenario under which some foreign ﬁrms opt for FDI
activities while others decide to produce their goods abroad and import them to the developing country.
19
The most crucial feature of our model that gives rise to this result is the pattern of technology diﬀusion in the developing country. If
we assume that the most backward ﬁrms beneﬁt signiﬁcantly more from technology diﬀusion, then the converse of our result may occur,
i.e., this sort of policy change will lower the intra-industry relative price of low tech ﬁrms and their competitive position in the industry.
To see this point, suppose an extreme form of technology diﬀusion whereby the most backward ﬁrms in our developing economy are the
beneﬁciary of diﬀusion and that more technologically advanced ﬁrms are self suﬀicient and thus will not beneﬁt from technology diﬀusion.
Speciﬁcally, let u�(u�)
̄ be very large. Then, the sort of trade liberalization we address here would reduce diﬀusion of technology to marginal
ﬁrm, lowering its productivity and raising its intra-industry relative price. In turn, this will the force marginal ﬁrm to exit the industry.
That is, the most backward small ﬁrm will be a loser of trade liberalization under this scenario.
20
Note that the notion of welfare that we discuss here is in its partial equilibrium sense.
21
To see this more clearly, let u�(u�) = 0. Then, it follows directly from eq. (15) that u�u� (u�)/u�u� > 0.
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