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Abstract

This thesis explores three topics of international trade in three chapters. One is
about strategic trade policy and the other two analyze in a firm’s behavior given the

existence of technological learning effect of exporting and making FDI.

Chapter 2 discusses the home government’s optimal export policy when a firm can
endogenously choose its strategic variable in a classic strategic trade policy model
structure. Two conclusions are obtained. First, under some moderate, reasonable
constraints, two firms (domestic and foreign firms) will compete in quantity in the third
country. Second, since a Cournot results appear, the optimal export policy for the home

government is to subsidy its export firm.

Chapter 3 constructs a model that captures the features of learning-by-exporting
to analyze a firm’s export decision based on a heterogeneous firms structure. The main
results are: First, compared with the case of no learning effect, a firm is more willing
to export since it can upgrade its productivity. Moreover, a firm might export even it
has negative export profit. Second, a productivity gap emerges between exporters and
non-exporters. The least productive exporters are still more productive than the non-

exporters.

Chapter 4 extends the model in Chapter 3. A Firm can use two ways to serve the

foreign countries, exporting or making foreign direct investment. There is a learning

effect (productivity improvement) on both activities; the magnitude of the learning

DOI:10.6814/NCCU202100569



effect can be symmetric or asymmetric. The main result is that a weakly complementary
relationship between export and foreign direct investment may emerge in the case when
the learning effect is asymmetric. Conversely, in the case of symmetric learning effect,
a firm will use export or foreign direct investment to serve all foreign markets, but not
both.

Keywords: endogenous strategic trade policy, heterogeneous firms, learning-by-

exporting, export and foreign direct investment
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Chapter 1 Introduction

The pioneering paper of the strategic trade policy, Brander and Spencer (1985) shows
that it is possible for a government to increase home country’s welfare by taking some
action. In the setting of Cournot competition, the home government should subsidize
its export firm to increase domestic welfare. However, the robustness of the conclusion
is quickly challenged by Eaton and Grossman (1986), which allows firm to compete in
price (Bertrand competition) and obtains a completely different conclusion. The home
government should tax its export firm. These results suggest that the home
government’s optimal trade policy is heavily affected by firms’ competition mode
(compete in price or quantity). Although mountains of researches related to the strategic
trade policy have been studied, virtually all of them have assumed that the competition
mode of firms is exogenously given and do not focus on the relationship between the
optimal policy and the firms’ strategic variable. Therefore, the first topic of this thesis
is to investigate the relationship between the firms’ competition mode and the
government’s optimal policy, which is studied in chapter 2. Differing from earlier
research, the model in Chapter 2 assumes the strategic variable of a firm are
endogenously determined, and thus generates a three-stage non-cooperative game. In
the first stage, the home government sets an optimal export subsidy (or tax) that
maximizes its social welfare; in the second stage, knowing the government’s action in
the first stage, two firms choose their strategic variables simultaneously; in the third
stage, the firms compete in the third market. Using the method of backward induction,
we obtained the following results: Both firms will compete in quantity and the home

government will set an optimal export subsidy.

1
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With an improvement in the availability of the firm- level data after the 1980s,
economists have distilled some stylized facts through carefully studying the firm- level
data. One of the most salient facts is that export firms are, on average, more productive
than their non-export counterpart. Bernard and Jensen (1995) first use data form U.S.
manufacturer sector to arrive at this finding. Lots of following researches use data from
other countries reach the same conclusion. Although export firms are more productive,
the reason for this fact remains unsettled. There are two main theories that explain why
exporters perform better than the non-exporters. The first explanation, which is called
the self-selection theory, suggests that better firms self-select themselves into the
foreign markets. Since to sell product overseas need additional costs, only firms that
can bear the costs become exporters. Melitz (2003) provide a rigorous theoretical model
for the self-selection behavior. The second explanation is called learning-by-exporting
theory. Different from the self-select theory, the learning-by-exporting theory suggests
that a firm improves its performance after export due to the foreign demand or obtains
advance technology from abroad. The evidence of the learning-by-exporting theory has
been found in several empirical researches, its theoretical part is relative
underdeveloped. As a result, the second topic of this thesis is to construct a model that

describe the learning-by-exporting theory, which is our chapter 3.

The model in chapter 3 is based on Melitz (2003), but with two major
modifications. First, all firms are identical (all of them have same productivity level)
when they enter the domestic market. Second, productivity heterogeneity appears in the
open economy. In the open economy a firm draws a productivity level from a
productivity distribution. After knowing the productivity it has drawn, the firm makes

its export decision. The firm can achieve the productivity which has drawn from the
2
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productivity distribution only if it exports to at least one country; otherwise, the
productivity remains at the original level (the productivity as it enters the domestic
market). Different from the self-selection model that all firms are heterogeneous
originally, a firm can engage in a productivity upgrade only at the cost of selling abroad.
This capture the phenomenon of learning-by-exporting. Two main differences
compared with the self-selection model arise from our analysis. First, a firm is more
willing to export in the learning-by-exporting structure. It may decide to export even
the export profit is negative, which is not possible in the self-selection structure. Second,
there is a striking productivity gap between exporters and non-exporters. That is, the

least productive exporters are still more productive than the non-exporters.

The third topic in chapter 4 of this thesis is to investigate the relationship
(substitute or complement) between a firm’s decision of export and making foreign
direct investment (FDI). In theory, they are alternative strategy from a firm’s point of
view if the product is narrowly defined. The most productive firms serve foreign market
by making FDI while the less productive firms export their product, as obtained in
Helpman et al. (2004). But the empirical literature provides strong evidence in the
complementary relationship of the two. One of the possible explanations of the
inconsistence between the theory and the empirical evidence is that there may be some
unobserved variables that affect the decision of export and FDI simultaneously. The
model in chapter 4 extends the model in chapter 3, attempting to explain the
complementary relationship between the two options by capturing a factor that affects
a firm’s export and FDI decision. In this model, we allow firms to serve the foreign
market through export or making FDI. Furthermore, assume both activities can induce
a productivity improvement in a symmetric or asymmetric magnitude. The main result

is that there may be a weakly complementary relationship of the two actions even all
3
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the foreign countries are identical in trade cost, given export and FDI have asymmetric

impacts on productivity upgrade.
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Chapter 2 Endogenous Strategic Trade Policy: The case of the Third
Market Model*

1. Introduction

The seminal papers of Brander and Spencer (1985) as well as Eaton and Grossman
(1986) have ushered in a spate of research of strategic trade policy in the context of the
“third market model” in the following two decades (Brander, 1995; Feenstra and Rose,
2000). These works, however, are incomplete in the sense that they all assume that the
two firms adopt the same strategic variable.? The defect has been fixed recently by
Schroeder and Tremblay (2015) and Tsai et al. (2016) by allowing the two firms to
choose different strategic variables. Both papers arrive at the same conclusion that
the optimal trade policy of the home country depends exclusively on what the strategic
variable the foreign firm chooses rather than whether the two firms compete in a
Cournot or a Bertrand game. This is a very simple, general rule that subsumes the results
of Brander and Spencer (1985) as well as Eaton and Grossman (1986). Interestingly,
the improvement brings forth another obvious shortcoming in this line of research: the
mode of competition between the firms is given exogenously, which can hardly be
justified both from the theoretical and from the real world points of view.

As noted by Tsai et al. (2016), the essence of the strategic trade policy is that the
home government can take the first-mover advantage vis-a-vis the firms to maximize
domestic welfare. However, as followers, it is nothing but natural for each of the firms
to choose the best strategic variable after observing the trade policy adopted by the

home government. In other words, it makes more sense to treat the mode of competition

1 This chapter has been published as: Tsai, Shoou-Rong, Pan-Long Tsai and Yungho Weng, 2018,
“Endogenous Strategic Trade Policy: The Case of the Third Market Model,”International Review of
Economics and Finance, Vol.58, November, 676-682.
2 The argument is applicable to the case of multiple firms. However, for the sake of clarity, we will use
the duopoly model in our discussion.

5
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as endogenous than exogenous, as Singh and Vives (1984), Maggi (1996), Basak and
Wang (2016), and Choi et al. (2016) have done. Conversely, knowing that the firms will
choose their strategic variable contingent upon its trade policy, the home government
would attempt to set appropriate export subsidies (taxes) to induce the firms to a
specific mode of competition so that the domestic welfare is maximized. However,
with the exception of Choi et al. (2016), none of the existing studies in the context of
strategic trade policy has dealt with this endogeneity problem. The main purpose of the
paper is thus to fill this knowledge gap in this branch of literature.> Our paper also
serves as an extension of Schroeder and Tremblay (2015) and Tsai et al. (2016), and
gives a quick response to the recent call by Head and Spencer (2017) that “renewed

incorporation of oligopolistic firms in international trade is warranted”.

2. The Models

Our model follows all the basic assumptions of Brander and Spencer (1985), but with
two notable differences. First, the two firms produce differentiated products. Second,
instead of given exogenously, the firms can choose endogenously quantity or price as
their strategic variable. Specifically, the model is a three-stage non-cooperative game.
In the first stage, the home government decides the optimal export subsidy or tax to
maximize social welfare; in the second stage, the home and the foreign firms
simultaneously choose price or quantity as their strategic variable; the firms then
compete with the committed strategic variables in the third stage to maximize their

profits. Focusing on the subgame perfect equilibria, we solve the game through

% Choi et al. (2016) also deal with the endogenous choice of strategic variables, but they deviate from
the original Brander-Spencer model in allowing both governments to set simultaneously their optimal
trade policies. As a result, the present study can be regarded as a complement to Choi et al. (2016). We
are grateful to an anonymous referee for bringing to our attention this important contribution.

6
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backward induction.

2.1 Equilibrium profits

Suppose a home firm (firmh) and a foreign firm (firm f ) produce differentiated

products, 0, and 0, and export all their outputs to a third country where the prices

are P, and Ps,respectively. To obtain closed form solutions we follow Singh and

Vives (1984) and assume that the linear (inverse) demand functions faced by firm h

and firm f are:

ph:a_qh_bqf’ (2.1)

p; =a—Qq; _bqh’ (2.2)

where 0<b<1 indicates the degree of product differentiation. To focus on the
firms” endogenous choice of strategic variables, we assume further that firms have no
fixed cost of production, have no capacity limits,* and the marginal costs of both firms
are equal to a constant C, witha>c >0.

Since each firm has two strategic variables, quantity (C) and price (B), there are
four possible modes of competition: (C,C), (C,B), (B,C) and (B,B). The vector
(J,k) stands for the mode that firm h (firm f ) chooses the strategy variable j (K),
J, k=C,B. Denote the profit function of firm i under competition mode (],K)

(31.k) %

ﬂi(j'k) and its corresponding profits at the Nash equilibrium as 7;

as

(i=h,f;j,k=C,B). Takethecompetitionmode (C,B) asanexample. In this case,

the demand functions (2.1) and (2.2) faced by firm hand firm f can be rewritten as:

# The assumption on capacity is in line with Singh and Vives (1984), Basak and Wang (2016), and Choi
et al. (2016), but in stark contrast to Maggi (1996).
7
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ph(Qh’pf):a(l_b)_(l_bz)%"‘bpf’ 2.1)

d;(g,, P;)=a-bq, — p;- (2.2
With the home government’s specific export subsidies (taxes) equal tos >0 (S < 0), the

profit functions of the two firms are:
7 = (p, —¢+5)q, =[(ll-b)~c+5)~(1-b*)q, +bp,1d,’ (23)

70 = (p, ~0)a, =(p, ~O)(a-ba, ~ p,): @9

Solving the first-order conditions for profit maximization, 07 """ / o, =0 and

or EC’B) / op; =0, gives us the equilibrium profits:

_cer _A=b")[@@=c)2-b)+2s]*" (2.5)

" (4-30%)?

ﬁmm*zKa—QQ—b—bﬁ—qu (2.6)

f (4—3p%)?

Similarly, we can obtain the equilibrium profits of the other three modes of competition,

which are summarized in the payoff matrix of Table 2-1.

2.2 Firms’ optimal strategies

We now analyze how each firm chooses the strategic variable that brings it the highest
profits. For that purpose, we treat Table 2-1 as a normal form game and find its Nash

(i.c) _ﬂ.Ej,B)*

equilibrium. Define 7" = 7{&" — 7 B0 and 7" = 7! j,k=C,B.

b

That is, 7" is the difference between firm h ’s realized profits if it chooses quantity

and those of choosing price, given firm f chooses k. Likewise, 797 s the
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difference between firm f °s realized profits if it chooses quantity and those of
choosing price, given firm h chooses Jj. Assuch, the Nash equilibrium of the game

can be determined by the signs of 7" and ﬂﬁj")*. The results are shown in Figure
2.1 where the signs depend on the value of S, the home government’s export policy.
As an illustration, let us look at case (1) 7" of the figure. The horizontal line is the

real line measuring S, with positive (negative) value to the right (left) of 0. When

S has the value s, or s,, 7Y =z —2P9" =0, while z%" >0 if

s,<s<s,,and 7\?" <0 if s<s, or $>S,.The remaining three cases in Figure

2.1 can be interpreted in the same way.®

After somewhat tedious calculations we are able to get the following relationship:

Sg <S, <8, <S5 <0<s,; <s; <8, <5,.° Now using the upper edge of Table 2-2 as
the real line measuring S, we can divide it into 10 intervals, from |, to |,

according to the above relationship. Depending on where the value of s lies, we can
map the signs of all the four cases in Figure 2-1 onto Table 2-2 The pattern of the signs
in Table 2-2 in turn enables us to find the Nash equilibrium in each interval as shown

in Table 2-3. Two salient features stand out and can be summarized as:

Proposition 1: Under the assumption that the two goods are substitutes and the firms
can choose their strategic variables endogenously,

(i) none of the equilibrium involves (C,B) or (B,C) mode of competition,

° Namely, n,(l”B)* =0 if s=5; or s =5, n}c")* =0 if s=5; or s = Sg; T[]EB")* =0if s=s,

or s = Sg.
6 The values of S, l=1,...,8, are shown in Appendix 1.
9

DOI:10.6814/NCCU202100569



(i) all the intervals except |; and g have just one Nash equilibrium,

It is noteworthy that result (7) is the same as what obtained in Singh and Vives (1984)
and Maggi (1996) when s=0. Recall that Bertrand competition is always more
competitive than Cournot competition under free trade, thus both firms would have
higher profits in the latter mode of competition than the former one. The situation will
not change if the home government gives (imposes) a small amount of specific subsidy

(tax), which explains why (C,C) is the equilibrium mode of competition in the
vicinity of s=0, namely 1, - |,.

Another interesting finding from Table 2-3 is that, starting from free trade the
equilibrium transits from a Cournot equilibrium to a Bertrand equilibrium as the home

country’s export subsidies/taxes increase. However, that the mode (B, B) appears as a
Nash equilibrium in intervals other than |, - |, seems counterintuitive, as it implies

that the two firms will be more profitable to compete in prices when they are more
asymmetry in costs.” On a closer examination, the result turns out to be a pure
mathematical illusion. Specifically, the higher profits of the higher cost firm due to
larger export subsidies (taxes) come from the product of a negative price-marginal cost
margin and the negative quantity it produces, which is of course economically
nonviable. Once we introduce into our model the modest constraint that both firms’
outputs and profits are nonnegative, the (B, B) mode of competition can never be a
Nash equilibrium. Under the circumstances, the subsidized firm h will drive firm f

out of the third market if the subsidy is sufficiently large (namely, S >S,)and becomes

" Because equations (1) and (2) have the same vertical intercept, there is no demand asymmetry a la
Zanchettin (2006). In fact, the index of asymmetry defined in Zanchettin (2006) reduces to

C; —(c, —S) =Cc—(C—S) =S in our model.
10
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a de facto monopoly without bearing any competitive pressure from firm f regardless
of the mode of competition.® For a subsidy S, <S<S,, firm f would have zero
(positive) profits when the two firms engage in Bertrand (Cournot) competition,
implying that firm f will always prefer quantity as its strategic variable. Given firm
f chooses to compete in quantity, the home firm’s best strategy is also to compete in

9 These results

quantity, leading to a unique Cournot equilibrium in intervals 1, ~ I.
are all in line with what obtained in Zanchettin (2006), and are presented in Table 2-4.

To sum up, we have:

Proposition 2: In the third market model, if (i) the goods produced by the home and the
foreign firms are substitutes, and (ii) both firms’ outputs and profits are nonnegative,
then, with home government s export subsidies, there is a unique Cournot equilibrium

in intervals g ~ |y while the home firm becomes a monopoly in interval |,,.

Since we are interested only in duopoly competition, the monopoly and limit-

pricing equilibria are irrelevant in the analysis below.

2.3 Home government’s optimal policy

In the first stage of the game, the home government determines the value of S to

maximize home social welfare, knowing that the firms will react endogenously to its

8 We do not deal with the case of export taxes because the home government’s optimal policy cannot
be an export tax as to be discussed in Section 2.3.

® As shown in Zanchettin (2006), different from the case S>S,, when S;<S<S, firm h still

faces a competition pressure from firm f even if it drives out firm f under Bertrand competition.
In other words, this is a limit-pricing equilibrium where the home firm produces more than the monopoly
output and charges a lower price. Moreover, given that the index of asymmetry is equal to S in our
model from footnote 6, proofs of these results are similar to those in Zanchettin (2006). As such, we
do not repeat them here to save space.

11
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policy choice. More precisely, the home government must choose the subsidy (tax)
that induces the firms to compete in a specific mode in the second stage so that the
social welfare W, (S) =7,(S)—5q,(S) is maximized. Given that both firms will

choose the same strategic variable, we denote the home social welfare function as

W (s) [W,5® (s)]if the mode of competition is (C,C) [(B,B)].

Let s“9" =argmaxW,©?(s) [s®®" =argmaxW,®® (s)] be the optimal g
that gives rise to the highest home welfare under the mode of competition (C,C)
[(B,B)]. Itis easy to show that W, (s“") >W® (s®®") forall be(01) .10

This implies that the maximum home welfare can be achieved only if the two firms
compete in quantity in the second stage and the home government sets s =s©©" in
the first stage. The problem is how to ensure that s =s©<" would indeed induce both
firms to compete in output. The analysis of firms’ behavior in last section indicates that

it requires s

lie in one of the intervals which supports a Nash equilibrium with
competition mode (C,C) in Table 2-4. After some calculations we have found that
s —[(a-c)(2-b)b?]/[4(2-b?)] . Since (a—c) is nothing but a scale

multiplicatively affecting S,, [ =1,...,8 in the same way, the exact location of

s =s©" depends only on the value of b. The fact that s¢%" =0 when b=0,

s =5, whenb=1, and ds““"/db>0 gives us: s el if 0<b<0.93,

s el if 0.93<b<0.96,and s““" el, if 0.96<b<1.1 We thus establish:

Proposition 3: In the third market model, if (i) the goods produced by the home and the

foreign firms are substitutes, and (ii) both firms’ outputs and profits are nonnegative,

10 Derivation of the result is presented in Appendix 2.
1 ds©9" /db = [b(a—c)/4][((2—b?)(4—3b) + 2b%(2—b))/(2—b?)2] > 0.
12
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then the two firms will choose to compete in quantity and the home government can

always maximize the home countrys welfare by the specific export subsidy ¢(C.C)*.

The proposition suggests that, at least under the linear (inverse) demand functions
(2.1) and (2.2), the results of Brander and Spencer (1985) are more relevant than those
of Eaton and Grossman (1986) if the firms can and do choose their strategic variables
endogenously after the home government made its export policy choice. Similarly, the
concern put forward by Maggi (1996): “If a government lacks information about the
exact nature of competition, trade policies based on the wrong beliefs can be harmful
for the home country...” becomes less a problem when the choice of strategic variables
by the firms is endogenous.

The economic rationale behind the result is straightforward. First, proposition 1
excludes any mixed duopoly as a possible mode of competition. Second, the two firms’
profits are higher under (C,C) than under (B,B) since the latter is always more
competitive than the former. Finally, in the third market model the home government
can maximize social welfare only by helping the home firm maximize its profits.
Therefore, the home government’s policy is incentive-compatible with the home firm’s
objective. Brander and Spencer’s policy suggestion of export subsidies to the home firm
is strengthened as long as the firms choose their strategic variables endogenously under
some rather moderate conditions. To the extent that the two firms play (C,C) this
striking result can be carried directly over to Brander and Spencer’s original model with
homogeneous products or b =1 in our model.

Before concluding the paper it deserves to clarify why Choi et al. (2016) arrives
at the result that the mode of competition (B, B), instead of(C, C), prevails when the
firms choose the strategic variables endogenously. To be sure, they have essentially the

same third market model as we have here, but with two critical differences: (1) the firms
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choose the mode of competition in the first stage; (2) both the home and the foreign
governments set optimal trade policies simultaneously in the second stage. Since the
firms choose their strategic variables at the first stage, the mode of competition becomes
exogenous from the governments’ point of view. Therefore, the rule obtained by
Schroeder and Tremblay (2015) and Tsai et al. (2016) that the home country’s optimal
policy is an export subsidy (tax) to the home firm when the foreign firm chooses
quantity (price) as strategic variable is applicable.

Now consider the home firm’s choice of strategic variable. There are two cases
depending on the foreign firm’s choice. (A) If the foreign firm chooses quantity, then
the home government will subsidize the home firm’s export. In this case, if the home
firm chooses quantity, the foreign government will optimally subsidize the foreign firm,
leading to a Cournot equilibrium. However, the home firm can improve over that by
choosing price since the foreign government will now tax the foreign firm and a (home-
subsidized, foreign-taxed) equilibrium emerges. (B) If the foreign firm chooses price,
then the home government will tax the home firm’s export. In this case, if the home
firm chooses quantity, the foreign government will provide optimal subsidy to foreign
firm, leading to worst (home-taxed, foreign-subsidized) equilibrium from the home
firm’s point of view. The home firm can improve over that by choosing price since the
foreign government will now tax the foreign firm. (A) and (B) imply that choosing price
is the dominant strategy for the home firm. By the same logic, the dominant strategy
for the foreign firm is to choose price as strategic variable, and the result of Choi et al.
(2016) is obtained. Aside from the order of moves, it is clear that both governments can
set their export policies is the key assumption in driving the conclusion of Choi et al.

(2016).
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3. Concluding Remarks

We have shown that in the well-known third market strategic trade policy model the
kind of “mixed duopoly” a la Singh and Vives (1984) cannot be supported if the two
firms are allowed to choose strategic variables endogenously. More importantly,
knowing that the firms will react to its policy in choosing their strategic variables, the
home government can indeed provide export subsidies to the home firm to maximize
the home social welfare if some moderate, reasonable constraints are satisfied. In this
sense, Brander and Spencer’s policy suggestion of export subsidies to the home firm
appears to be more relevant in the real world. While demonstrated using simple linear
demand functions, we believe that this paper has contributed usefully to our
understanding of the strategic trade policy in an important, yet somewhat neglected,
aspect. It is admitted that our results are based on a very simple duopoly model. The
robustness of the conclusion needs more nuanced framework and analysis. As such, an
extension of the model to include both governments as Choi et al. (2016) or multiple

firms as Tsai et al. (2016) constitutes a promising direction for future research.
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Table 2-1 The payoff matrix of different competition modes for given s

Firm f C B

Firm h

C,C)* (C,C)* C,B)* (C,B)*
r(m ),”f ) (©:8) 7T ¢ )

(72. (ﬂ.h s

B,B)* _(B,B)*
( ),”f )

cy . (BC)
e 77Z-f ) (ﬂ.h

(7,

7E =[(a-c)(2-b)+ 25" /(2-b)* (2-+b)’

79 =[(a-c)@2-b) ~bs]* /(2-b)*(2+ D)’

7% = (1-b?)[(a-c)@2~b) + 25 /(4 - 3?)’

7 =[(a-c)2-b-b?)~bs]* /(4-3b?)?

7P =[(a-c)(2-b-b?) +(2-b*)s]*/(4-30%)’
7O = (1-b%)[(a-c)(2~b) ~bs] /(4 ~3b?)’

7®®" =[(a-c)2-b~b*)+ (2-b)s]*/(L-b*)(4~b*)’

7®® =[(a—c)(2-b—b?)=bs]*/(1-b?)(4—b?)?

19

DOI:10.6814/NCCU202100569



Table 2-2 Signs of 74", zt®, 77 and 7®” in each interval of S

S S, S, Sg 0 S, S, S5 S,
Sign I I I I
g 1 2 |3 4 |5 |6 |7 |8 |9 10
26O | - - + + + + + + + -
h
ﬂ.r(]-vB)* - - - + + + - - - -
22 + + + == + + + - -
Z®r - - - - + + + : - -

N | (B,B)| (B,B)| (B,B)| (C,C)| (C,C)| (C.C)| (C,C)| (B,B)| (B,B)| (B,B)

(C,C) (C,C)
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Table 2-4 Types of equilibrium with nonnegative outputs and profits constraints

under export subsidies

0 S s, S: S,
le 7 lg Iy P
(€, 0) (C,0) (C,0) (€,0) monopoly
Limit-pricing equilibrium (if the two equilibrium
firms playing (B, B))

Appendix 1. The value of s;, L =1,...,8, in Figure 2.1

s,=(a—c)(2—b)/b>0

s,=—(a—C)(2—b)B—6b2 —b®)/[(4—b?)* —4b*] <0
s,=(a—c)(l—b)(2+b)/b>0
s,=—(a—C)(L—b)(2+b)(B—6b> +b*)/(16—200% +5b*) <0
s,=(a—c)(2—b)(8—6b> —b*)/4b(2—b") >0
s,=—(a—c)(2-b)/2<0

s.=(a—Cc)(L—b)(2+b)(B—6b2 +b*)/b(B—-8b% +b*) >0

s,=—(a—c)(l-b)(2+b)/(2-b?) <0
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Appendix 2. Derivation of W;IC'C) (s€O*) > Wng'B) (sBB)

Plugging the optimal values of the strategic variables obtained in Section 2.1 under
the four modes of competition into the home country’s welfare function
W, (s) =7, (S) —sq,(S) and maximizing it with respect to s gives us

sCC — (a—c)(2-b)b?/4(2-b?) >0

s®® = _(a—c)(l-b)(2+b)b?/4(2-b?) <0

As aresult, we have

W9 (s©9) = (a—c)* (2-b)? /8(2—b?),

W,E® (58" = (a—c)?(1-b)(2 +b)?/8(L+b) (2 —b?),
and

W,CO) (sCO) _W BB (5BE) (3 _¢)2p /4(1+b)(2—b?) > 0.
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Chapter 3 Learning-by-Exporting and Firm Heterogeneity

1. Introduction.

With an improvement in the availability and quality of the firm- level data economists
have done lots of research to investigate the relation between export behavior and the
performance of firms. One of the most robust results is that export firms, on average,
are more productive than the non-export firms. Using data from the U.S. manufacture
sector, Bernard and Jensen (1995) find evidence that export firms are more productive
than its non-export counterpart. Mountains of researches using firm-level data from
different countries arrive at the same result. This gives a strong empirical regularity that
exporters are more productive than the non-exporters.

However, the interesting question is: what causes export firms to be more
productive? Bernard and Jensen (1999) have suggested two possible explanations: the
self-selection effect and the learning-by-exporting effect!. Many researches give
support to the self-selection effect, such as Bernard and Jensen (1999) (for US),
Temouri, Vogel and Wagner (2013) (for UK, Germany and France), and Arnold and
Hussinger (2004) (for Germany). As for the learning-by-exporting effect, although not
as strong as self-selection effect, it has been found in several studies. De Loecker (2007)
has found the evidence of learning-by-exporting for Slovenia. Furthermore, it is found
that the magnitude of the learning effect is correlated with the export destination. De
Loecker (2013) also suggests that the lack of evidence of the learning by exporting
effect might be caused by the biasedness of the test method. Bai et al. (2017) investigate

the learning effect and firms’ export mode (direct or indirect exporter) for Chinese

1 The two effects are not mutually exclusive events, it is possible for them to exist simultaneously.
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firms. They have found that the direct exporters learn more than the indirect ones.
Crespi et al. (2008) (for UK) find that firms that exported in the past learn from their
clients, resulting in a faster labor productivity growth. Baldwin and Gu (2003), using
the data of the Canadian manufacturing firms, find that the two effects exist
simultaneously, which gives an evidence of the non-mutually exclusive feature of self-
selection and learning-by-exporting. These researches all provide evidence supporting
learning-by-exporting, although the mechanism for productivity growth might be
different.

Despite many studies on firm performance and the export (import) activity, most
of them are empirical papers, the theoretical part is relatively scant. Melitz (2003) has
provided an excellent theoretical model to explain how high productive firms self-
select themselves into the export activity. However, to my knowledge, no theoretical
model that focuses on the learning-by-exporting aspect has been developed.
Consequently, the aim of this paper is to construct a theoretical model for the learning-
by-exporting effect, based on the basic structure of Melitz (2003). Since whether there
is a learning effect on export is an empirically problem, instead of designing a
mechanism of productivity growth or justifying the existence of the phenomenon, we
are interested in what features may appear if there is a learning effect on export which
cannot be captured by the self-selection model.

We assume all the incumbent firms compete in a monopolistic competition
market with identical productivity (marginal cost) in the close economy as Krugman
(1979), but with an entry cost when a firm decides to enter the domestic market as
Melitz (2003). Heterogeneity arises in the open economy. Where each firm can draw a
productivity from a productivity distribution. To acquire the productivity it had drawn,
a firm needs to export to at least one country. There exists a learning-by-exporting

effect without any uncertainty. A firm’s productivity changes only if it exports, whereas
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firms which do not export remain at the original productivity level. This setting split
the two effects completely. All firms are identical without export so that there are no
better firms self-selecting into the export market in the open economy. On the contrary,
what determines the export decision is that a firm expects to become a better one after
export. Although the difference in productivity growth is affected by various factors in
reality (such as export destination, foreign clients), in our model the magnitude of the
productivity growth for all the identical firms depends purely on luck. It is determined
by the productivity drawing from a productivity distribution. This setting simplifies
our analysis and captures the phenomenon that productivity growth can be different for
firms which are initially identical.

As Melitz (2003), we find gains from trade due to increases in product varieties in
a country and reallocation of the resources toward the more productive firms.
Furthermore, in our model increases in productivity of the export firms also lead to a
welfare gain. We also find two phenomena that do not appear in the self-selection
structure: The first one is that export improves firms’ productivity and influences
profits earned from the domestic sales, and that firm is more willing to export
compared with the self-selection case (no learning effect). In our model, it is possible
for a firm to choose export even the profit from the export sales is negative since the
loss in the export sales can be compensated by the increase in the profit of the domestic
sales. The second one is that we find a productivity gap between the exporters and the
non-exporters. Specifically, the least productivity exporters is more productive than the
firms who serve the domestic market only. There is a productivity region that segments
the exporters and non-exporters with no firms in it. This is due to the fact that the
growth in productivity in this region after export is too small, a firm would give up
acquiring higher productivity through export. They continue to serve the domestic

market only and remain at the lowest productivity level. The main difference between
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the firms with and without the learning effect is the change in their profits due to
productivity changes. This has a crucial effect on firms’ export decision. A firm might
sacrifice some of the profits to acquire a higher productivity (some of the firms get a
productivity growth at the cost of negative export profit). This result is useful in
discussing various issues, such as the export and foreign direct investment decision for
a firm.

Aside from the introduction, the remainder of this paper is organized as follows.
Section 2 sets up the model, describing consumer preferences and firms’ technology.
Section 3 discusses a firm’s entry into and exit of the market. Section 4 presents the
closed economy equilibrium. Section 5 elaborates the open economy model. Section 6
analyzes the export decision of the firms in the open economy. Section 7 and Section 8
discuss the zero cutoff point condition and the free entry condition under open economy,
respectively. Section 9 presents the open economy equilibrium. Section 10 investigates

the effects of trade. Section 11 concludes the paper.

2. The Model

Our model follows the basic structure of Melitz (2003) but with a crucial different set-
up in firms’ marginal costs. At the beginning, there are a large number of potential
entrants and all of them have the same constant marginal cost, as Krugman (1979). In
the closed economy equilibrium, all firms share identical profits and market share since
all of them have an identical cost function. However, our model assumes that a firm can
improve its productivity (lower its marginal cost) through export. In the open economy,
each firm draws a productivity from a productivity distribution. After recognizing the
productivity it has drawn, the firm decides whether to export or not. The productivity

of the firm will grow to the level it has drawn from the distribution if export, otherwise
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the productivity remains at the original level. There is no uncertainty with the
productivity growth in our model. In the case of open economy, some of the firms
choose to export and improve their productivity while the others choose to sell

domestically only and remain at the original productivity level.

The aim of this model is to investigate the effect of learning-by-exporting. As such,
we assume the same original productivity for all firms, and the productivity can change
only through export. Although the model is very simple in the assumption of the
productivity growth mechanism, it captures some crucial features which do not exist in
the self-selection model. We start at the closed economy and then move toward to the

open €conomy Cascs.

2.1. Closed economy

The demand side of our model follows all the assumptions of Melitz (2003), which are

summarized as follows:

2.1.1. Demand

The consumers have CES preferences, which is:

1

U=/ ,awrdw]?, p € (0,1). (3.1

£) represents the set of goods that are available in a country, and @ denotes variety of
good q.
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The price index is:

1

P=[[ ,p@dw]-e, (3.2)

where o = P > 1 is the elasticity of substitution of any two varieties. The demand

and expenditure on variety w are:
_ n[p@17?
q(@)=Q|="| - (3.3)

r(w) =R [@]1_6, (3.4)

where Q = U according to Dixit and Stiglitz (1977). R = PQ = fweﬂr(a))d(u is

the aggregate expenditure.

In the production side, all firms have the same technology with a constant marginal

cost. The features of the production side are summarized as follows:

2.1.2. Production

The cost function is: [ = f + f, where (pi is the marginal cost of all firms and ¢
c c

denotes closed economy. The pricing rule is p(¢@.) = ﬁ, which becomes p(¢,) =

o when W is normalized to one. The output function, revenue function and profit
c

function of a firm are, respectively:
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a0 = [z " = aPppo). (3.5)

Ppoc

1-0

r@) =R[p=| = R(Ppp)™, (3.6)

c R(Pppc)°~t
() =" p=2ERL ¢ (3.7)

(o2

2.1.3 Aggregation

The price index in the equilibrium with a mass of incumbent firms M (M goods) with

a productivity ¢, is given by:

P =, p(@)do]™ = [p(1)1"% + p(2)1+...+p(M)Tiz =

M= [E(p ()~ ]5 = MTop(pe). (3.8)

Notice that p(1) =p(2) =...= p(M) = p(@,).

All aggregate variables can be characterized by the equilibrium mass of firms and the

average productivity as below:

1
Aggregate price: P = Mi-op(¢,),

Aggregate expenditure: R = PQ = fweMr(a))da) =1r(wq)+...+r(wy) = Mr(e.),

(3.9)
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Aggregate profit: [T = [ _ m(w)dw = n(w)+... +1(wy) = Mr(@,). (3.10)

By the definition of Q = U, we get:

Q=U=[[ ., q@rdolr = [qw)’+... +q(wy)’]? = Mrq(e.). (3.11)

Since all firms have the same productivity, we have r(w;) = r(w;), m(w;) = 7(w;)

and q(w;) = q(w;) forall i,j € M.
3. Firm Entry and Exit

Differing from Melitz (2003), in our model all firms have the same productivity when
they enter the domestic market. There is an entry cost f, , and there is a probability

6 € (0,1) for an existing firm to meet a bad shock and exits the market.
For any firm, its value function is given by v(¢) = max {O, % n((p)}. This means

that a firm will earn the sum of its expected profit in every period if the profit in every
period is positive; otherwise, it will quit the market. Since a firm’s profit is increasing
in the productivity level?, we can define a cutoff productivity ¢; which makes a firm

earn zero profit. Namely, the cutoff productivity in the closed economy is ¢, =

{p:m(pg) = 0}

3.1. ZCP condition

g-1
2 n(p) = % —-f= % — f, which is increasing in .
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Using the properties of the revenue and the profit functions, we can write the average
profit function as a function of cutoff productivity ¢, which is called the zero cutoff

point curve (ZCP curve).

Using the revenue function (3.6) of the firm, we can derive the relative revenue

o—-1
between @and @) as —20 = REpP)” (ﬁ

o—1
= . Thus the average revenue of
r(pa)  R(Pppyp)o1 wz) &

o—1 *
the surviving firm is 7 = r(@,) = (Z) r(@a)- Since m(p;) = L2 — f =0, we

o—-1
have r(¢@,) = of. Thus, 7 =r(@.;) = (Zf ) of. (Recall that all the firms have the

o—-1
same productivity level ¢.). Substituting r(@.) = (Zf ) of into equation (3.7)

gives us the ZCP curve:

Al _i__&o—l__ &0—1_]
ZCP curve: 7 =m(p) ==~ f = (w:;) f—f=f [(%) 1]. (3.12)
The ZCP curve shows the average profit for all existing firms when the cutoff
productivity is @g,. Since ¢, is exogenously given, it is easy to verify that the ZCP
curve is decreasing and convex in ¢;. Moreover, it intersects the horizontal-axis at ¢,

as shown in Figure 3-1.
3.2. FE condition

The free entry condition (FE condition) characterizes the relationship between the least
expected profit a firm required to enter the market and the cutoff productivity ¢,. Let

pin be the probability for a successful entry (which means a firm can earn positive
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profit after entry), then the probability for successful entry times the expected profit
after entry must be greater or equal to the entry cost a firm has paid. As a result, for a

firm to entry, the least requirement is to recover its entry cost, which is p;, ¥ = f,,

where v = %. Since all firms have the same productivity ¢., the probability for a

successful entry equals to one if ¢; < ¢, (namely, all firms earn nonnegative profit in

every period), and equals to zero if ¢; > ¢.. As the result, the FE curve 7 = % is

flat and with the height equals &f, in the region ¢; < ¢, and is infinitive in the
region that ¢@; > ¢.. In fact, we always have ¢, < ¢, in the closed economy

equilibrium. (Figure 3.1)

FE curve: @ = % (where pi, =1 if @5 < @5 pin = 0 if @z > @,). (3.13)

mn

=]

ZCP curve

T = 06f, (FE curve)

6fe

Pa Pc

Figure 3-1 Determination of the equilibrium average profit and cutoff productivity ( (0;) in the

closed economy.
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4. Closed Economy Equilibrium

Since the FE curve represents the relationships between the least expected profit for a
firm to enter and the cutoff productivity, and the ZCP condition links the average profit
of the existing firms with the cutoff productivity, the intersection of the two curves gives
the cutoff productivity level that makes the average profit and the least required profit
equal, and thus determines the closed economy equilibrium. If the average profit of the
existing firms is greater than the least expected profit a firm required to enter, more new
firms will enter the market; conversely, if the average profit is lower than the least
expected profit, some firms will exit until the average profit equals to the least expected

profit.
It is obvious that the equilibrium profit is §f, for all firms since the FE curve is

horizontal with the height §f,, and all firms are symmetric in the closed economy. (see

Figure 3-1)

(@)
n(@e) = =2~ f = 6f. (3.14)
Using (3.14) we have the revenue in equilibrium for all firms:

() = o(f +8fe) = R(Pppc)° ™. (3.15)

Since the productivity level for all firms ¢, is exogenously given, we can solve the

equilibrium price index P from (3.15):
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r(@e) = o(f +6£) = R(Pppc)*™ = P =—-[2(f + 8] (3.16)

1 1

Using P = M1-op(¢,) = M1-0 i and equation (3.16), we can solve the equilibrium

mass of firms:

_ R
T o(f+68fe)

. (3.17)

The equilibrium cutoff productivity can be solved by the FE and the ZCP curves:

1

of =1|(%) = 1] = 0i=(E) g (<o) (3.18)

Pa f+6fe

Notice that ¢, is increasing in ¢., implying the cutoff productivity is higher if all

firms are more productive, which leads to a more intense competition.

Welfare per worker is:

1
W =2p7l =Pt = Moipgp, (3.19)

5. Open Economy

Following the basic assumptions of Melitz (2003), we assume that firms can trade with

n>1 identical countries. To capture the effect of learning-by-exporting, we assume a

3 As explained by Melitz (2003), it can be shown that L = R in a stationary equilibrium due to the
model’s property.
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firm’s productivity will grow if and only if it chooses to export. Each firm draws a
productivity from a continuous productivity distribution in the open economy, and then
decides whether to export or not. If a firm chooses not to export, its productivity remains

at the original level ¢, ; however, if the firm chooses to export, its productivity will grow

to the level that it has drawn from the productivity distribution. For simplicity, we

assume that there is no uncertainty about the growth of the productivity.

5.1. Assumptions in the open economy

I.  An export firm has to pay a fixed export cost f,, and an iceberg cost, T > 1.

Fixed export cost: Let a one-time investment fixed cost be f,, > 0, or an

amortized per-period fixed cost f, = &6f,,.* We assume that export has greater

per period fixed cost than domestic sales, thatis f, > f.

Iceberg cost: 7 > 1, meaning that T units of good need to be shipped for one

unit of good to arrive in the foreign country.

Il. Firm can trade with n > 1 identical countries.

I1l. Productivity grows if the firm decides to export.

1. In the open economy, a firm has one chance to draw a productivity ¢ from

4 In other words, (¥ (1 — S)t fx = fox> fx = 0foy), Where § is the probability of bad shock.
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a productivity distribution with PDF g(¢), which has a support (0,) and

aCDF G(¢).

2. Denote ¢, as the productivity that a firm has drawn from g(¢), then the
productivity of firm will grow to Max[¢,, ¢,] if the firm export. The
productivity remains at ¢, (back to ¢,) if the firm does not export to any
country (stopped exporting). The productivity growth is assumed to be

independent of the number of export countries
5.2. A firm’s total revenue under open economy

Pricing rule for foreign markets reflects the increase in marginal cost. The price firms

charge in the foreign markets is:
Px(9) = - = tpa(9). (3:20)

Where p,(pq) is the price a firm charges in the foreign (domestic) market.

Using the price for foreign country and the revenue function (3.6), we have a firm’s

revenue from export sales:

1-0
n(9) = R[E2] " = 1177R(Ppg) ™t = 1177y (). (3.21)

The notations 7,(¢) and 1r;(¢@) represent the revenue from foreign and domestic

market, respectively.
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Combining domestic sales and export sales, the total revenue of a firm in the open

economy is:

(@) = r4(@.), if the firm sells at home country only. (3.22)

(@) = 14(@y) + 1:(0x) = 14(@,)[1 + 1771, if the firm exports to “one” foreign

country. (3.23)

(@) = 14(@x) + n13.(@y) = 14(@,)[1 + nt1™7], if the firm exports to “N” foreign

countries. (3.24)

If a firm decides to export (to either one or n countries), its productivity will grow to
the value it had drawn from the productivity distribution g(¢), denoting as ¢, in the

rest of the paper. Otherwise its productivity remains at the original level ¢,.

6. The Decision for Export.

A firm will decide to export if its profits are greater with export under the productivity
level ¢, it has drawn. The export decision in our model has a critical difference from
that of Melitz (2003). This is because export changes the productivity, and thus changes
the profits from domestic sales. A firm will export if the combined profits of export and
domestic sales are greater than sales at domestic market only. Since a firm’s
productivity changes after export, the profits it earns from the domestic sales also
change after export. Therefore, the export decision here considers not just whether the
export profits are greater than zero. Instead, a firm has to compare the combined

domestic and export profits after the productivity change with the profits if it does not
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export. In fact, under our assumption of the cost, it is possible for a firm to choose to
export even it has a negative export profits since the firm can earn more from the

domestic sales due to the productivity growth.

The cutoff productivity level, @3, is defined as the productivity level that makes a firm
indifferent between exporting (to “one” country, since export to “n > 1” countries
doesn’t make productivity grow further) and selling in the domestic market only. In

notations, we have 14(@3) + my(@x) = ma(@.), or

[ ] 02 )< e =

g

my(p) and m,(¢) are the firm’s profit from domestic, and export sales, respectively.

The LHS of (3.25) is the total profit of the firm if it exports to “one” country, which is
an increasing function of ¢; the RHS is the profit if the firm sells in the domestic
market only. As a result, a firm will export if it has drawn a productivity level greater

than 5.

It can be shown that ¢; is a function of open economy equilibrium cutoff
productivity ¢”, and other exogenous variables. Defined ¢ as the cutoff productivity
for a firm selling domestically to make zero profit under open economy equilibrium. It

can be determined endogenously as follow:
mq(¢") =0 < 14(9") = of. (3.26)

38

DOI:10.6814/NCCU202100569



Using the definition of ¢; and ¢, it can be shown that

1

1 o—-1 —
S = * 1-0yi= | (%< Le[ s
S =" (1+1 )1[93 27 (3.27)
Consequently, ¢; is an increasing function of ¢* and the exogenous variables that

represent trade cost (7, f5).

To guarantee @3 > ¢., we assume that the original productivity level is not
productive enough for a firm to make positive export profit under the closed economy
equilibrium price index. That is, we block the case that all firms can export under the
open economy. By using the equilibrium profit in the closed economy, we can show

that f, > 1279(f + 6£,).% Under the closed economy equilibrium, we have:

ma(p) =229 — f = 5f,.

The assumption that ¢, is not high enough to make positive export profit under the

177 (@c)

closed economy equilibrium price index implies: — fr < 0. Combining

> (f 4+ &)

X

1-0
rd(;oc) — f =6f, and %‘M—fx <0 givesus: f

The assumption f, > f guarantees m;(@) > m,(¢@). As to be discussed later,

this is a key feature for a firm’s export decision. That f, > f guarantees m,(¢) >

5> See appendix 1 for derivation.
® That f, > t'79(f + &f,) guarantees @5 > ¢, will hold only if the equilibrium price index is lower
under the open economy equilibrium. If we have a higher equilibrium price index in the open economy
equilibrium, the guarantee faisl.
7 See appendix 2 for detailed discussions.
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(@) can be shown as follow:

RPpp)°™ /|- RT'™7(Ppp)”
o o

Ta(@) — () = [ — fx

= R(Pp®)° ™ [Z (A = ") + [fy = f1. Thus, f; > f = ma() = me(@) > 0 (the

converse is not true).

The assumptions for export costs are summarized as follow:

() fie>T(f +6f). (for 5> @) (3.28)
(i) fi>f. (for ma(@) > me(¢@)) (3.29)

Under the assumptions of export costs, we now turn to discuss some different situations

of equation (3.25).
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6.1. The sign of each term in equation (3.25)

ma9 = [C2f | miop =[F22 ] | matoo =222
1 + - -
2 + - +
3. |- ; ]
4. |+ + ;
5. |- + +
6. |- + .
7. |- - +
8 + + +

Table 3-1: The sign of each term in equation (3.25)

It is clear from table 3-1 that only the cases 1~3 of the eight cases are possible:

(i) Case 4 and case 7 are not possible since the equal sign is not satisfied.
(if) Case 5 and case 6 cannot be true since 7, (@) > m4(¢@5), contradicting with the
assumptions of (3.29).

(iif) Case 8 is not possible since it can be true only if ¢, > @5, contradicting with

(3.28).

6.2. Discussions of case 1~case 3
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6.2.1. Case 1: @3 > ¢@* > @,

In case 1 we have my(@3) + my(@3) = ma(@.) < 0. The result implies @5 > ¢@* >
@, since my(ps) >0, my(p*) =0 and m, (¢.) < 0. Under the situation, neither the
firm selling domestically nor the exporting firm with ¢ = @5 can survive (since it has
negative combined profits). The surviving firm in case 1 must have drawn a
productivity level greater than ¢$. Define a productivity level ¢S that makes the

firm’s combined profits equal to zero, that is,

-1+ [ 5] =0 30

g g

Note that @' > @3 incase 1. Since my(¢p) > m,(¢), we must have [% - f] >0

and [%‘p’s‘) - fx] < 0 when the equal sign holds.

As such, a firm can survive under case 1 only if it has drawn a productivity level ¢ >

@3 and decides to export.
6.2.2. The decision making of exporting to one or n > 1 countries®

Given that a firm decides to export, the firm will export to N countries only if its
export profit, m,(¢) = 0. An export firm with a negative export profit (7, (¢) < 0)
will export to only one country. The reason why a firm might export even it has a

negative export profit is that export improves productivity, leading to an increase in the

8 In the following discussion, n always means n > 1.
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profit in the domestic market. It is perfectly likely that the increase in the domestic
profit dominates the loss from export sales. Define a productivity level ¢y that makes

zero export profit, that is:

m@)=0 o [MP-f]=0 o ne) =k (3.31)

o

Using 7(px) = 0fx = R(Pppx)?~'t'7% and 14(¢") = of = R(Ppp™)?~! we get:

* * fx L
Px = @ T (3.32)
Since f, > f = @y > ¢@*. A firm will export to n countries if it has drawn a
productivity level ¢ > ¢;. In case 1, the surviving firm with ¢ € [@$,@}) will
export to only one country, while the firm with @ € [y, o] will export to n
countries.” We can summarize the results as the following proposition:
Proposition 1.
In case 1,
(i) wehave 9z <. <@ <@ <@y < o5

(i) only export firms with @ = @S can survive;

(iii) firms with the productivity @ € [@S,@%) export to one country; firms with ¢ €

* (px > @5 since me(@x) =0, m(p3) <0)
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[y, ] exportto n countries.

It is worth noting that firms can incur a productivity growth only if it exports. The
productivity of a firm remains at ¢, if it doesn’t export, and ¢, is lower than the

equilibrium cutoff productivity ¢* in case 1. Therefore, all non-export firms will

suffer an economic loss and exit the market. Also notice that a firm with ¢ €[¢],¢])

cannot survive. Although the firm is better off if it chooses to export, its combined profit

is still negative.

To be clearer, the notations for different productivity levels are summarized below:
¢4 The equilibrium cutoff productivity under autarky, defined as m(¢pg;) = 0
@.: The original productivity level for all firms.

@5 : The productivity level that makes a firm indifferent between export and selling in

the domestic market only, defined as [%‘p") - f ] + [%‘p") - fx] = [@ - f ]

@3 The productivity level that makes a firm earn zero combined profit if it exports,

defined as [%(pf")—f] + [M—ﬂc] = 0.

g

¢*: The equilibrium cutoff productivity under open economy, defined as (™) = 0.

¢x: The productivity level that makes zero export profit, defined as 7, (¢py) = 0.
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6.2.3. Case2: @5 > @, > @"

Case 2 is the case that my(@3) > 0,1, (@5) <0 and my(@3) + my(@s) = ma(@) >
0. This means that a firm can survive even it doesn’t export, that is, ¢, > ¢*. In this
case a firm will choose to export if it has drawn a productivity level greater than or
equal to ¢y; otherwise, it will sell at the domestic market only and make a positive
profit. There will be a productivity gap between exporters and non-exporters. There are
no firms with productivity in the region (¢, @) since the domestic firms all share the
same productivity level ¢., whereas the least productive exporting firm has the
productivity level ¢;. This productivity gap exists since it is costly for a firm to export.
Only the firms with productivity level sufficiently higher than ¢, can better off
through export. Another noteworthy point is that we have @3 > @3 in case 2. This
means the productivity level (¢3) that makes a firm indifferent between export and
selling in the domestic market can also make a positive combined profit. A result differs

from case 1. We therefore have:

Proposition 2.

In case 2,

(1) wehave @ < @* < @ < Pz < @x;

(if) non-export firms survive and have the original productivity level @;

(iii) no firms with productivity @ in the region (Q¢, ©3);
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(iv) a firm will export to 1 (n) country if it has a productivity @ € [@5, Px) (@ €

[95, ).
6.2.4. Case 3: @ > @5 > @,

The analysis of case 3 is almost the same as that of case 1. The only difference is
ma(@s) < 0 incase 3. As a result, we have ¢* > ¢5. All other features are similar to

those of case 1.
6.2.5. The relation between @5, @3 and ¢*

We can solve the export cutoff productivity ¢35 (¢$) in case 1 and case 3 (case2) as a

function of the equilibrium cutoff productivity ¢*. The definition of @3 is:

[M_f]+[w—fx] =0.

g g

= 1a(@3) +1(@F) =0(f + f) =R(Pp3)° (1 +1'7%) . Using ry4(p*) =

of = R(Ppp*)°t,

ra(@X)+7x(93) _ R(Ppex) T t(A+717%) _ o(f+fx)

ra(@”) R(Ppep*)?~1 of
o5\ f
X 1-0y — =
:((p*) A+ )—(1+f)
. o
> of = "L+ 700 (1+ L) (3.33)
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Obviously ¢$' is an increasing function of ¢*.

1

2 |/ o-1 1 a-1 . .
Recall that @ = @*(1+1179)1— [((p—c) +7x , and notice that ¢* > ¢, in

cases 1 and 3 and ¢* < ¢, in case 2. Thus, @ > ¢@$ (¢S < @f) if @* > @, (¢* <

®c) -

7. The ZCP Curve in the Open Economy

Like the case of closed economy, we can link the relation between cutoff productivity
¢ and the average profit for the incumbent firms in the open economy (ZCP).
Consider a continuous productivity distribution with probability density function g(¢)

and cumulative distribution function G(¢), and define a weighted average productivity

level for firms in the region @ € [@,, @] as:

1

1
il M R TCOL) (3.34)

(o) = |

Let @ be the overall average of all firms’ profits from domestic sales, export sales to

one country, and export sales to N countries. We will discuss two cases.
7.1. @* > @, (case 1 and case 3)

In this case, the ZCP curve is:

] oo L [een-6(ex V) 1ok _
715 = ma (B(03)) + %T’:xl (x(02)) + %nmn(%n(%)) =
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1O (6 -6@D] ; [(PralofN" ]
f[( @ ) 1] 1-G(93) fe [( Pk ) i+
1-G(pX) Pxn(@x) _
1-G(9%) fx[( P ) 1]' (3-35)

Recall that @5 and ¢j are functions of ¢*. The meanings of each term are:

(i) The coefficient of the term m,(@(¢@S)) equals to one, meaning that the

probability of a surviving firms selling in the domestic market equals to one.

(i) ma(@(@s)) represents the average profit of all surviving firms on their domestic

sales, where @(¢$) is the average productivity of all surviving firms,

1

[0 a(@)de] . (3.36)

oo = = o o

oy (600G (e3)]
(iii) o) (3.37)
is the probability of a surviving firm that exports to “one” country in case 1 and

case 3.

(V) 71 (Pr1(@$)) is the average profit on export sales of the surviving firms that
export to “one” country. @,;(@s) represents the average productivity of the

surviving firms that export to one country, that is,

Px1(p3) = [mf(px o 19(40)61@]6 ' (3.38)

1-G(¢x)
V) e (3.39)
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(13 2

is the probability of a surviving firm exporting to “n” countries.

(VI) T, (Pyn(@y)) is the average profit on export sales for firm that export to n

countries. @,,(¢@,) is the average productivity of surviving firms that export to

(13 2

n” countries, that is,

1

~ % 1 00 _ o1
Gan(9x) = [1_G(<p;) [ 07 g(p)do| " (3.40)

7.2. @ < @ (case?2)

In this case, the ZCP curve becomes:

ity = 1a(P()) + [G(03) = G (Prr (@) + [1 —

G (an(o)) = £ (Z22) T~ 1] + 6o - GoIf [(222) " -

1] +[1 = Gle)Inf, [(‘7”‘%””)0—1 - 1]. (3.41)

The meanings of each term are as follows.

(i) The coefficient of the term 74 (P (¢p.)) equals to one, meaning that all surviving

firms will sell in the domestic market.

(i) ma(P(pc)) is the average profit of all surviving firms on their domestic sales,

where @(¢p.) represents the average productivity of all surviving firms, namely,

1

1 0 o-1
@(pc) = {G(<p§)<pé"1 +[1- G(%@]w U 90"‘1g(<p)dq)l}
x) L5
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= (G + [1 - G(PD]P" (D)o (3.42)

(ifi) [G(9x) — G(p2)], (3.43)

is the probability of a surviving firm that exports to “one” country.

(iv) 11 (Px1(@3)) is the average profit of firms that export to one country; @, (¢@3)

is the average productivity for firms exporting to one country, or

Frr(09) = | [% 0o 1g(<a)d<o]“ (3.44)

G ((Px) G (‘px)

V) [1-G(en] (3.45)

is the probability of surviving firms that exportto N countries.

(Vi) T, (Pxn(@y)) is the average profit from export sales for surviving firms that

export to n countries, where @,,(@y) represents their average productivity, or

Pen(03) = [ [ 0 1g<<p)d<o]“

1-G(px)

7.3. Brief summary of the ZCP curve

I.  Closed economy:
- Pc o-1
7=map = (%) -1]

Il.  Open economy:
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7 = {7'_[1,3 if "> @,
T, ife"<¢@;

where

1-G(pX)
1-G(93)

_ g [6(@3)-G(e3)] - '
Tz = Ta(@@3) + g s T (@ (02)) +

My = Mq(P(Pc) + [G(@x) = G(@)]Mx1(Px1(92)) + [1 = G(@) T (Pren (05))-

nnxn ((pxn ((p;)) ;

It is obvious that the ZCP curve of the open economy shifts upward compared with that
of the close economy. Moreover, the ZCP curve in the open economy jumps and is

discontinuous at ¢* = ¢, as shown in Figure 3-2 .

Sl

ZCP

ZCP

Pc

Figure 3-2 The ZCP curve in the open economy
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8. The FE Curve in the Open Economy

The FE condition shows the lowest average profit that a firm required to cover its entry
cost under different cutoff levels. Like the close economy case, the FE condition can be

expressed follows:

__f 1 o (P = @ : :
T = =%, where P, = ( o 1f ( " . (see equation (3.33) for ¢$) (3.46

i in 1_G(¢;) @ >(pc( q ( ) @) ( )
What differs from the closed economy is the probability for the firm to survive under

the condition ¢* > ¢, is 1 —G (g0§) > 0. This is because a firm can improve its

productivity level through exporting. It has a chance to improve its productivity and

survive even when ¢@* > ¢,.

=]

6fe
1-G(93)

Sl
Il

5f, ¢

Pc

Figure 3-3 The FE curve under the open economy.
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Figure 3-3 shows that the value of the FE curve jumps at ¢* = ¢, since the
probability for a firm to enter and successfully survive in the market is “one” for all
@ < @.. Recall that all firms share the same productivity level ¢, when they enter
the domestic market. However, if the value of the equilibrium cutoff productivity ¢*
is greater than ¢., a new entrant can survive only if it exports and improves its
productivity to the degree that is greater than (or equal to) ¢S This is the situation of
case 1 or case 3 discussed above. In either case, the least productivity for a firm to stay
in business is @$. As a result, the probability for a new entrant to successfully enter
and stay in the market is the probability it draws the productivity level greater than (or
equal to) @$, or P, =1 — G(¢3). Although the FE and the ZCP curves in the open
economy are discontinuous at the point ¢* = ¢, the unique equilibrium exists if 7,

has negative slope and 7, ; has nonpositive slope.'?
9. Open Economy Equilibrium
Case 1: @5 > @* > @,

In this case, we have:

[L‘Pfc)_f] n [%"’ff)_fx] = [@—f} < 0. However, [@—f} = 1mg(pc) <

g

0
implies ¢@* > ¢.. These mean that the ZCP curve intersects with the FE curve in the

region where FE is positively sloped in the equilibrium, as shown in Figure 3-4. Recall
that [%q)x)— f] >0 and [@— fx] < 0. We thus have the cutoff in case 1 as

follows:

10 See Appendix 3 (A3).
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o <P <P <3 < @i <x
Case 3: @* > @3 > @,

Like case 1, in case 3 we also have:

72 - A+ [ ] = [ - <0 ana [ER -] <0 he only

o
difference is [@ — f] < 0 in case 3. Since [@ — f] =my(p:) <0 in case 3

implies ¢@* > ¢, inthe equilibrium, the ZCP curve cuts the FE curve in the area where
the FE curve is positively sloped, as depicted in Figure 3-5. We summarize the cutoff

in case 3 as follows:

o <P < P5 < @* < @5 < @3

5f, +

O @ i

Figure 3-4 Equilibrium cutoff in case 1.
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Al

FE
ZCP

ZCP

O Pz @

Figure 3-5 Equilibrium cutoff in case 3.

Figure 3-4 and Figure 3-5 show the open economy equilibrium in case 1 and case
3, respectively. Since we have @* > ¢, in both cases, it must be true that ZCP curve
intersects with the FE curve in the region where the FE curve is positively sloped. All
non-export firms exit the market in both cases. Although ¢* < @3 means that the least
productivity for a firm to make nonnegative profit on its domestic sales is smaller than
the cutoff productivity that makes nonnegative combined profit, the firm can incur a
productivity growth only if it exports. Consequently, a firm having drawn a productivity
level smaller than ¢$ will not be able to make positive combined profit. As such only

the exporting firms with ¢ > @$ can survive in case 1 and case 3.
Case2: @5 > @.> @

In this case, we have:

[L"’Sx)_f] + [@—ﬁc] = [@—f] > 0. Moreover, [%—f} > 0 implies

g
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@* < @.. These mean that a firm can make positive profit even it does not serve the
foreign market and remain at its original productivity level. The ZCP curve intersects

with the FE curve in the region where the FE curve is horizontal, as shown in Figure 3-
6. Since [@ — f] >0 and [@ — fx] < 0, we summarize the cutoff in case 2 as

follows:

Yo < Q" < P < Pz < Py

=]

FE

ZCP

6fe
ZCP

0 @ 0. 03

Figure 3-6 Equilibrium cutoff in case 2.

Figure 3-6 shows the open economy equilibrium in case 2. ¢, > ¢* implies that
a firm can survive even it chooses not to export and remains at the original productivity
level ¢.. Notice that no firms exist in the region ¢ € (¢, @5) since it is better for a
firm not to export if it has drawn a productivity level in this region. As a result, there is
a productivity gap (@ € (¢., ¢5)) between exporters and non-exporters. The non-
exporting firms all share the same productivity level ¢., while the least productive

exporting firm has a productivity level 5.

56

DOI:10.6814/NCCU202100569



Obviously, the point where of the ZCP and the FE curves intersect has a crucial
implication on the firms’ survival in the equilibrium. Case 1 and case 3 represent an
upward shift of the ZCP curve compared with case 2. Case 1 and case 3 may be regarded
as more liberalization of trade (such as lower trade cost) compared to case 2 since a
lower trade barrier is more likely to shift the ZCP curve upward. In such circumstances,
resources are reallocated toward the high productivity firms (exporters) and thus lead
to the exit of the low productive firms (non-exporters). On the contrary, if the magnitude
of the resources reallocation is weaker, some of the non-exporters can stay in business,

which is our case 2.

Aggregation

Like the closed economy, the open economy variables can be expressed as a weighted

average productivity and a total mass of varieties available in the economy®. The

aggregate variables are summarized below.

1 1
Price index: P = M,i-op(@,) = M,i- % (3.47)
t
Total expenditure: R = M,r;(P¢). (3.48)
S
Welfare per worker: W = P™1 = M,o-1p@,. (3.49)

The meanings of the notations are:

11 See appendix 4.
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(i) The weighted average productivity for all surviving firms in the open economy is:

1

~ 1 e L B L =
G = {E MG + My (T Px1) 7 + My (T @) 1]} ’ (3.50)
where:
= {(ﬁ(go,ﬁ') . for {casel, case3
(G@DPe ™ +[1-G(pD]PT (pD)Y1  case2

b

- (P (@) casel, case3
P = {¢x1(¢’fé) for {casez

Pon = Pxn(@L) for all three cases,'?
(i) M denotes the equilibrium mass of incumbent firms,

G(93)—G(p3)
(iii) pyy =1 1-Gle3)

is the probability of the surviving
* 2
Glp) —Glpp)  °0°

for {case 1, case3

firms that export to one country,

(iv) M,; = py1M is the number of firms exporting to one country,

1-G(¢%)
V) pyn = {I—G(qlf{) for {case;, case3 denotes the probability of the surviving
1-Glgp e

12 A brief review of the average productivity:
@: Average productivity for all incumbent firms.
@,1: Average productivity for firms that export to one country.

@xn: Average productivity for firms that export to n countries.
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firms that export to n countries,
(Vi) M,,, = pynM is the number of firms exporting to n countries,

(vil) My = M + M,; + nM,,, is the mass of varieties available to consumers in any

country.
10. The Effect of Trade

Like Melitz (2003), heterogeneity of the firms brings about a resource reallocation
among firms. Some firms with productivity not high enough will exit from the market,
leading to a decrease in the number of the incumbent firms. Resources are reallocated
to the more productive firms. All the exporting firms enjoy an increase in the market

share, and those with the higher productivity even increase in their profits.
10.1. Decrease in the equilibrium mass of incumbent firms

Denote pX, (pX,) as the probability for a surviving firm that export to 1(n) country

(countries) in case k, k = 1,2,3.
10.1.1. Case 1 and case 3

P [rd@:pi’)) _ f] +pl® [rxlcap;l(wi’)) _ fx] + 0l ®y [rxn@?«p;)) _ fx]-

_ ~ 1(3 ~ 1(3 ~ — 1(3 1(3
7 = 14(P) + PrP1ey (Px1) + D2 Toen @) = 0( + £ + DD + prPnf).
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My =7 =—— f+P,1c§3§fx+P;§13)nfx) <M= (3.51)
10.1.2. Case 2

- [rd@:pc)) B f] s [rxlc@:(wi)) B fx] 2 n [rxn(@;n(wsz)) B fx]-

7 = 1a(@) + PirTx1 (Px1) + MPinlien (Bon) = 0 (T + f + Da fi + Pintfi)-

My =7 = U(ﬁ+f+p32cffx+p;2cnnfx) <Mq = ff(ﬁi+f)' (3-52)

13

x1

It is very likely that we have M, > M; 3. For instance, if p > p2,, then M, >

M; 3y is guaranteed. The result is intuitive, since case 1 and case 3 represent a more
liberalization of trade compared to case 2, which leads to a stronger reallocation of

resources toward high productive firms and crowds out more inefficient firms.

10.2. The reallocation of market share (%)

We will now see how reallocates the market share. Let 7,(¢) denote a firm’s revenue
in the autarky equilibrium and 7(¢) the revenue of the firm in the open economy

equilibrium.

10.2.1. Case 1 and case 3.

(i) Autarky
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Ta(@c) = o(f +6fe)

(i) Open economy

Non-exporting firms: exit the market.

Firm exporting to one country: 7(¢) = 14(@y) + 1.(@y) = 1a(@) (1 + 1179),

@x € (03, 03).

Firm exporting to n countries: 7(@) = 143(py) + nr(@x) = r4(@,) (1 +

nt'=%), @, € [px, ©].

It is obvious that 7r4(¢,)(1+nt'™?) decreases as T increases. Notice that the
autarky equilibrium is an equilibrium as 7 = oo, that is, 7,(¢@) = lim;,[r4(@)(1 +
ntl7?)]. Therefore, r;(@)(1 +ntl~%) > r,(¢) for any finite T and n. Since an
exporting firm incurs a productivity growth, we have ¢, > ¢, for all exporting firms,

and thus:

T (@) <1a(px)(1 + Tl_a) <rg(p)(A + nTl_a)~ (3.53)

The market share of an exporting firm increases under the open economy equilibrium,
whereas all the non-exporting firms exit in case 1 and case 3. At the same time, all

surviving firms enjoy a greater market share compared with the autarky equilibrium.

10.2.2. Case 2.
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(i) Autarky

r(9e) = o(f +6£) = (%) of.

(i) Open economy

0\ 1
Non-exporting firms: r;(¢@.) = (= of.
g w*

Firms exporting to one country: 7(@) = r4(@x) + 1 (@) = 14(@) (1 + t179),

®x € [@3, 0x).

Firms exporting to n countries: 7(@) = r4(@py) + nr(@y) = r4(@,) (1 +

nt'=?), ¢y € [z, ©].
Since ¢@* > @,, we have:

Ta(9c) <Ta(@c) <Ta(@)(L+7177) <7a(9x) (1 + 0T 77). (3.54)

For a non-exporting firm, the market share shrinks compared with the case of autarky.
On the contrary, the market share for all export firms increases. The increase is more

for firms with higher productivity levels and exporting to n countries.
10.3. The change in firms’ profits

Firms’ profits under case 1 and case 3:
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(i) Autarky

ra(@c) Pc o-1
T (Pc) :T_f:f[((p_a) _1]-
(i) Open economy
Non-exporting firms: exit the market.

Firms exporting to one country:

”:1(3)(‘/’96) 4 ”;53) (0,) = [Td(;Px) _ fl + [Tx(;l)x) _ fxl

—f [(%)6_1 - 1] + [(%)0_1 Tiof — fx]

147179 1
(@91 (px)°71

= fo7 !

| = £ 02 € [03, 02,

Firms exporting to n countries:

T8 (g0) + i () = [0 p| e n [ g ] = pl(2) ]+

1+ntl=°

n|(2) eorf - ] = rog — ]~ nh ge € lgiol
" x Lot (et X X

10.3.1. Change in profits for firms in case 1 and case 3

(i) Change in profit for Non-exporting firms:
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A =0—1,(p,) = —f [(%fl)a_l - 1] <0. (3.55)

(if) Change in profits for firms exporting to one country:

Ar = 5% (@) + 127 (0,) — (9,

(iif) Change in profits for firms exporting to N countries.

A = 13 (@) + it (9,) — ma (90

= f [(%)H (1+ntt=%) — ("’—:)0_1] —nf,. (3.57)

Pa

Notice that, in each case, Am increases in ¢,, but decreases in 7 and f,.
Firms’ profits under Case 2:

(i) Autarky

Ta(pe) =122 — f = p[(2) 1]

(i) Open economy
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o-1
Non-exporting firms: mg4(¢p.) = @ —f=f [(%) - 1] > 0. (since @, >

@” in case 2)

Firms exporting to one country:

P00+ 1D () = [ - f] 4 [222 ] = ()7 -1+

g

Px 7t 1o _ ] — o-1 177 1 _ S o
I:((p*) T f f.;C - f(px I:(q)*)o'—l ((px)o-—l] fX’ ¢X € [¢X ! ¢X) .
Firms exporting to N countries:

o—-1

() + @) = [ — | 4 n [ ] = p|(2) - 1]+

o\ _1 [1+ntl=° 1 .
n[(?) oo f _fx] =foi = _<<px)a-1] e @x € [P0l

10.3.2. Change in profits for firms in case 2

(i) Change in profits for non-exporting firms:

ar =g - 1P = £|(2) - (%) | <o (3.58)

Since ¢@* > ¢;, (3.58) holds.

(if) Change in profits for firm exporting to one country.
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A = 1P () + 12 (9) — 14 (90

(ilf) Change in profits for firms exporting to N countries.

A = 1P (@) + nP () — 1o (90

—f [(%)H (1 +ntl=9) — ("’—:)0_1] —nf,. (3.60)

Pa

Like case 1 and case 3, Ax isincreasingin ¢, and decreasingin 7 and f,.Inall
cases, a firm suffer a revenue and profit loss if it doesn’t export, while there is an
increase in revenue for exporting firms, even the firms exporting to only one country.
Furthermore, a firm can increase its profit if its productivity has grown high enough.

These results are the same as those obtained in Melitz (2003).
10.4. Change in the welfare per worker

Although trade decreases the number of the incumbent firms, the foreign exporters
come and the varieties that domestic consumers consume may increase. At the same
time, the surviving firms have a higher average productivity compared with the autarky

case. In fact, as Melitz (2003), it can be shown that the welfare per worker W = P~1 =

1
Mi=op($)~! increases in all the three open economy cases.

(i) Autarky
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1 1 R

o1 R \o-1 * . a(®c) c o-l Mg
W, = MJ " pgp = (;) "p@i. (using ;27 = (:4) = 2o, (3.61)
(i) Open economy

= R o1 ra@o _ (90\°1 _ i

o1 .~ o1 « .
Wy =M"p@, = (E) pe*. (using % = ((p—t) = G—; . (3.62)

Since ¢@* > @, we have W, > W,. The welfare is greater under the open economy

equilibrium then that of autarky.

11. Conclusions

Following Melitz (2003), we have constructed a model that describes firms’ export
decision making if there exists a learning effect on export. The main features of our
model are that all firms are identical when they enter the domestic market, however
they can improve their productivity through export to the foreign market. The key
differences between with and without learning effect is the change in firms’ profit from
domestic sales, which in turn influence the firms’ export decision. The important
findings of this paper are: (1) Compared with the case of no learning effect, a firm is
more willing to export if it can improve its productivity through export. It is possible
for a firm to export even the export profit is negative, since it can cover the loss by the
increase in profit from domestic sales. (2) It is possible for all non-exporters to exit the
market when the ZCP curve shift rightward a lot, as in our case 1 and case 3. (3) When
the ZCP curve doesn’t shift rightward a lot, which is our case 2, a pool of the non-
exporting firms with the original productivity level survive even if they don’t export.

In this case, the productivity distribution of the surviving firms is divided into two
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groups, exporters and non-exporters. For the non-exporters, all firms share the same
productivity; for the exporters, the productivity distribution is the distribution for the
productivity drawn conditional on successfully exporting. (4) The growth in the
productivity brings about the productivity gap between the exporters and the non-
exporters in our case 2. Although the non-exporters survive, their productivity is visibly

lower than the least productive exporters.

Although the distribution of the surviving firms changes, the impact of trade on
the welfare and resources allocation is basically same as that of Melitz (2003). Firms
with high productivity (exporting firms) increase their market share, and those with
higher productivity increase in profits also. The firms selling domestically decrease in
both profits and the market share. They might all exit the market if the liberalization of
trade is large enough, as case 1 and case 3 in our model. Gains from trade come from
resources reallocation toward more productive firms, from increases in the varieties for
consumers in any country, and from the productivity growth due to the learning effect

of export.

While we have obtained some interesting results that are not captured by the self-
selection model, there are limitations in our model due to the simplified assumptions.
Modifying these assumptions may be a direction for future research. For instance, the
mechanism of productivity growth after export and the symmetric assumption for all
countries prevent us from discussing some interesting issues, such as the choice of
export destination. Moreover, the assumption that export to more than one country does
not make the productivity growth further plays an important role in our model. It
simplifies the calculation but directly affects the number of export countries chosen by

firms in the equilibrium. It also deters us from discussing the relationship between the
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number of export countries and the learning effect, or, between the quantity of export
and the learning effect. Despite of the shortcomings, we believe that our model makes
an important contribution in supplementing selection framework of Melitz (2003) in

understating a salient empirical regularity in the trade literature.
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Appendix 1. Derivation of equation (3.27)

From the definition of ¢5 we have:

[M_f] + [%wi)_fx] = [@‘f] = 1a(@x) + 1 (@x) = 1a(@c) + 0fs.

g
(AL.1)

- N = ra@o) _ (9c\7 7 _ () -
Since 14(¢*) = of , o ((p*) =  14(p;) = of ((p*) . Substituting
r4(p.) into (Al.1), we get:
ra(oD) + 10D = of () +of=o|r (%) + ] (AL12)

a\¥x x\Fx PE x PR x| :
Dividing (A1.2) by r;(¢*) gives us:

@\ 1
ra(erye9) _ R@p) o = tppet] _ or(E9) +h] (A13)
ra(e*) R(Pp@*)?~1 of ' '

From the second equal sign of (A1.3), we arrive at:

1

1 o—1 —
S — ot 1-0y=5 | (< e |77

Appendix 2. Derivation of the condition @3 > ¢,

From equation (3.25), [%‘p’s‘) — f] + [%%s() — fx] = [M - f], one finds that if

g
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@5 > @, is true, then it must be [%‘p’s‘)—f] — [M—f] = —[%‘p’sa—fx] > 0, or

g

[Fe2 g ] <0 Since m (o) = [*E2-f]=0, [HE_f]<0 implies

g o B
Px > Pz
o-1
We now find the condition for ¢, > @5 . Use L(pf)= (&) 7971 to get
Tx(P%) Px
®c o—1 _
ra(eo) = (%) ot

O

Substituting 1;(¢@.) into equation (3.25), we get:

-1 -1 1- ~17  of, [(&)U_l 971+ 1]
Ta(px) + 1 (93z) _R (Pp)° (@) + T 7%(92)° ] _ 2 \gy
1 (93) R(Ppgy)o~tti=c 0 fx

= (@)Ut P+ 1] = ()7 177 + (¢3)?7 1, and thus:

Qe > Px = Q5 > Py
Pc = Px = Q5 = Py (A2.1)
O < Px = @5 < Py

1

Using m,(¢y) = 0, we have @y = é [UT{"]; P is the equilibrium price index
in the open economy equilibrium, which will be endogenously determined by the model.
We predict there will be welfare gains after export, which is represented by a lower
price index in the open economy equilibrium, like Melitz (2003). If the prediction holds
and the productivity level ¢, is greater than ¢, under the closed economy price
index, then it guarantees that ¢y will be greater than ¢, at the open economy
equilibrium price index, since ¢, is decreasing in P.
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Substitute the closed economy equilibrium price index (3.16) (P = j [% (f +

1

—_— 1 1
6]‘6)]”_1) into ¢@; and get @i = @.(f + 6f,)1-o(f,)o-1T. As a result, if @} > @,

under the closed economy price index, we have:

1 1
(f +of)=o(f)it >1 = £ >7'70[f +6fel.
Of course, the condition fails if we have higher price index in the open economy.

Appendix 3. The existence and uniqueness of equilibrium in the open economy

5 at ¢* = @..

We demonstrate this by showing that 7, 3 = - :(2
—G(g

X0

From (3.27) and (3.33) we know that @3 = @; at ¢@* = @.. Substitute it into 7,

(equation 3.41) to get:

2 = Ta(@(@c)) + [G(93) — G Tx1 (Pr1(@3)) + [1 — G (@) (Prn (93))-

Dividing T, by [1 — G(¢5')] gives us:

,  _ ma@@)) | [6(@n)-6@3)] ~ . 1-G(¢%) N i
1-6(p3)  1-G(ey 1-G(@3) e (Pr1 (@) + 1_G(¢§f)n”xn(<ﬁxn(§0x))-
(A3.1)
q(P(Pc)) _ .
The term T((ps) can be decomposed as (see (3.42) for m, ((p ((pc))),
- X
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a(¢(00) _R(Pp)“—ll G(o3) 071 1 o1 l f
o) 0 L™ TN T
_ G(ng’) 1 o-1 st
=T 6(es )[ R(Ppoc) f] [ R(Ppg(p3)) ]
= ) (0 + ma(@02)) = ma(e). (A3.2)
1G(<px)d(pc a\PlPx a\PlPx .
since m (@) =0 at @* = @,.
As aresult,
— %2 T[( ( ’)) M ~ ( s’) 1-G(9Xx) ( ( ))
1— G((ps’) a\ P\ Py ) T[xl((pxl Px 1—G(<p )nnxn P\ Py -
T3 at @ = @,. (A3.3)
It is obvious that if @, =6f, at @ = @, then T;3 = - g{(ps,) at " = @., as

shown in Figure 3-7. The result implies that if the slope of 7, is negative and the slope
of 7,3 is nonpositive, then 7, intersects the FE curve in the horizontal part if 7, <
6fe at @* = @.; on the contrary, if @, > 8f, at ¢* = ¢., ;3 must cut the FE

curve where FE has positive slope.
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Al

6fe

9c

Figure 3-7. ZCP curve with T, = §f, at ¢* = ¢,

Appendix 4. Aggregation in the open economy
All notations we used are explained in the aggregation part in section 9.
1. Aggregate price index:

From (3.2), the aggregate price index with a mass of firms M over aregion ¢ €
(¢*, ) in a productivity distribution, which has a probability density function g(¢)

and a cumulative distribution function G (¢), is given by:

1

P = | f P (@) Mg (@)de] ", (A4.1)

a. Aggregate price index in case 1 and case 3 (¢* > ¢.).
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P17 = Ml
1-G

ﬁf;{r(pw”-lg(mw] +
1 Px _1-¢ o-1
x1 L;«p*)——a(an’) fq)i’ 7% (pg) 9(90)0190] +

Mo |50 Ja T (09)7 g (@) | = M(p@)" ™ + Moy (T7pG) ™

My (T pP,)° " = Mep(§)' 7. (A4.2)
1
Thus, P = M;1-op(@y).

b. Aggregate price index in case 2 (@* < @.).

P77 = G(p)Mp(9)' ™7 +[1 = G(cpﬁ)]M[ Jps(p9)~ 1g(fp)dq)] +

1-G(p3)

My | fq”‘ 19 (pp) " g(9)dop| +

G(p% ) Glp) e

2 T (00)° g (@)dp| = G@HM(pp)*~t +[1 -

1
Mien [1 Glpp) o

G(EDIMPP )+ My (T pPy1)7 1+ Moy (T p @) 1 = Mep(§:)*°.
(A4.3)

2. Aggregate expenditure

From (3.9), the aggregate expenditure with a mass of firms M and a productivity

distribution over a subset ¢ € (¢*, ) is given by:

= [ Iy (oM ()dg)| (A44)
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a. Aggregate expenditure in case 1 and case 3 (¢* > ¢,).

R =M |t [ ra(@)9 (@) | + Mun [z [ 5 0 ra (@) g (@) | +

1-G(o G(py)- G(«ps’

Mo |50 e T (@) g (@) | = ML o7 e (%)G_lrd(@g(w)dw]+

Mo st 15770 (22) 7 ra@eg(oddg] +
x1 G(¢x) G((p s! Pt d §0x1 g <p ()0

1 o o—1 _ _ _
nMxn [1 —G(pk) f(prl ’ (é) rd(wxn)g((p)d(p] = Mrd((p) + Mxlrx((pxl) +

nMxnrx(@xn) = MtR(Ppﬁbt)a_l = Mtrd(gat)- (A4.5)

b. Aggregate expenditure in case 2 (@ < @.).

R = G(pMra(pe) + [1 - G(@DIM [ " rd(<p>g(¢>d<o]+

1-G(p3)

1

‘px 1-o 1-o
e Jee T @@ | + M [ [ T (@) g (@) | =

Mier [ 1- o(<px>

G((p;)MTd((pc) + [1 3 G(‘/’Jﬁ ]Mrd((ﬁx) + Mxlrx((ﬁxl) + nMxnrx((.bxn) =

MtR(prﬁt)a_l = M r(P). (A4.6)
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Chapter 4 The Relationship between Export and Foreign Direct

Investment with Technology Upgrade

1. Introduction

When a firm decides to serve customers in foreign countries, it can do it through several
channels. Which method to use depends on many factors such as the distance of the
destination country, the variable cost for shipping a product abroad, the fixed cost of
building a facility that can produce in the local country. This paper discusses the
relationship (complement or substitute) between two methods, export and foreign direct
investment (FDI). In theory, they are alternative strategies if the product is narrowly
defined. However, many researches find evidence of complementary relationship
between export and FDI, including Lipsey and Weiss (1981), Lipsey and Weiss (1984),
Clausing (2000) and Head and Ries (2001). One of the reasons that leads to the
complementarity between export and FDI might be the data used in the research is not
sufficiently narrowly defined. For example, a vertical specialization multinational
exports an intermediate good to its affiliate, then one observes the firm is engaged in
FDI and exporting simultaneously. However, this does not contradict the theory’s
prediction since the intermediate good and the final product are different goods when
the data is disaggregated enough.

Given the strong empirical evidence of complementary relationship, researchers
also consider the possibility of a firm engaging in both activities even with the product
narrowly defined. Rob and Vettas (2003) construct a model with a single seller selling
a single product, but facing an uncertain growing demand in the destination country.

They find that a multinational will serve the foreign customers by both export and FDI

79

DOI:10.6814/NCCU202100569



under certain conditions. Since the firm produces a single product, the paper explains a
complementary relationship between export and FDI even with product that is
sufficiently narrowly defined. Conconi et al. (2016) provide an empirical result that
supports the prediction of Rob and Vettas (2003). Head and Ries (2004) provide several
possibilities to explain the inconsistence between the theory and observed data of export
and FDI, such as unobserved variables that stimulate export and FDI simultaneously, a
vertical specialization firm exporting intermediate goods to its affiliate. They also apply
the market-crowding effect to illustrate that firms may use different methods to serve a
given foreign market even all of them have common initial conditions. As such, a pool
of identical firms is divided into exporters and multinationals in the equilibrium.
Helpman et al. (2004) discuss a firm’s decision between export and FDI in a
monopolistic competition market with firm heterogeneity. They arrive at the result that
the most productive firms serve the foreign market through FDI, the less productive
firms export, and the least productive firms serve the domestic market only. This finding
explains the coexistence of export and FDI in a country (the high productive firms serve
the foreign market by FDI while the less productive firms sell their product through
export). It also predicts that a firm might use different ways to serve different foreign
countries due to difference in trade cost. However, for the special case that all countries
are identical in trade cost and the countries’ size do not differ too much, all countries
share the same cutoffs of export and FDI. Consequently, from the point of view of a
single firm, export and FDI are alternative tools to serve all foreign countries. Following
this line of research, we are interested in the question: for a single firm, can a
complementary relationship arise between export and FDI given that all foreign
countries are identical? We construct a model that allows a productivity upgrade due to
export or FDI to answer this question. The model is described in the following section.

The model is based on Melitz (2003) and our learning-by-exporting paper, but with
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some modifications in the open economy case. First, we assume there are two ways for
a firm to serve a foreign market, export or FDI. All the n foreign countries are
identical. The advantage of export is a lower fixed cost while that of FDI has zero
transport cost. Second, we assume there is a learning effect on both export and outward
FDLI. That is, both activities can induce a productivity growth, but the magnitude of the
growth can be symmetric or asymmetric. For the asymmetric growth case, a firm will
acquire a higher productivity growth of the two tools if it uses both export and FDI. The
setting of the fixed cost and constant variable cost of export, and the fixed cost of FDI
leads to the result that the most productive firms are more profitable to serve the foreign
market by opening an affiliate, while the less productive firms are better to sell its
product through export. As a result, in a symmetric productivity growth case, it is
apparent that FDI and export play a substitute role for any single firm since it will
choose either export or FDI to serve its foreign customers. However, the situation
changes under the assumption that the two instruments have asymmetric impact on a
firm’s productivity. A firm might choose a tool that earns relative lower profit to serve
one of the markets in order to acquire a higher productivity growth, and use another
tool which make higher profit to serve the remaining markets with the higher
productivity it has obtained. The case that a firm uses both FDI and export to serve
different (but identical) foreign markets reveals a weakly complementary relationship
between the two instruments. The result indicates that, from a firm’s point of view, to
export or to make FDI for a single product need not be perfect substitutes even the
destination countries are identical, if there are some factors (ex: productivity) arising

from export or FDI which affect the firm’s profit differently.

The remainder of this paper is composed as follows. Section 2 sets up the model,

describing consumer preferences, firms’ technology, and the assumption of the
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productivity growth. Section 3 discusses the case that export and FDI have a symmetric
impact on a firm’s productivity. Section 4 presents the case that export induces lager
growth on productivity compared with FDI. Section 5 shows the case that FDI has a
lager impact on productivity upgrade. Section 6 discusses the effect of change in

transport cost. Section 7 concludes the paper.
2. The model

We construct a model to investigate the relationship between export and FDI in a
monopolistic competition market, based on our learning-by-exporting structure. To
focus on the relationship between a firm’s FDI and export decision, we will not discuss

the firms which serve the domestic market only in this paper.*

Consider the case that there are one home country and n foreign countries. All

foreign countries are identical and the consumers in each country have the same CES

1
form preference U = [ fw (W)pdw]p (p€(0,1)), where w represents the

ead

varieties available to consumers. The elasticity of substitution is constant and equal to

1 . . . .
0=1 The cost function for a firmis [ = f +% (wage is normalized to one). We

allow each firm to serve a foreign market through two channels, export or FDI.
Furthermore, we assume FDI, like export, has a learning effect. Namely, a productivity

upgrade can be induced by exporting as well as FDI.

2.1. Productivity growth and cost assumptions

1 The part of the non-exporters is discussed in our learning-by-exporting paper.
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Like our learning-by-exporting model, firms draw a productivity from a probability
distribution with probability density function g(¢) and cumulative distribution
function G(¢) inthe open economy. After realized the productivity level it has drawn,
a firm decides its action, to sell domestically only, export or FDI (or both). As
mentioned above, we will not discuss the non-trade firms here, since the aim of this

paper is to explore the relationship between export and FDI.

Denote ¢, as the productivity level that a firm has drawn from a productivity
distribution. The productivity of the firm will grow to a@y (B@,) if the firm exports
(makes FDI) to n > 1 countries, where a,f € [1,2]. Moreover, if the firm has
exported (made FDI) to some countries and made FDI (exported) to other countries, it
will reach the productivity level equals Max{a, f}¢4. Consider the case f > a, which
means FDI has higher productivity growth than export, and a firm has drawn a
productivity level ¢ . After realized the productivity, if the firm decides to make FDI
to one county and to export to the remaining n — 1 countries, then the firm will reach

the productivity level B¢, even it has made FDI to only one country.

The costs for a firm to export include iceberg transport cost 7 (tr > 1) and a per
period per country fixed cost f,; the cost for a firm to make FDI is a per period per
country fixed cost f;, but no transport cost for selling through FDI. Furthermore, we
assume the productivity level that makes zero FDI profit is higher than the productivity
that makes zero export profit, implying that FDI requires higher productivity than
export. To satisfied this condition, we need to assume f; > 777 1f,. To see this, defined

@; (@y) as a productivity level that makes zero FDI (export) profit, then we have:
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m (i) =22~ f; =0 and m () =22~ £, = 0,

g

where m; (17), m, (1) 1is FDI and export profit (revenue), respectively. Divide 7;

by 7, to get:

@) _o-1 (w;‘)“‘l _ofi .1, (f,)a
—— =T — == = ==-px (=) .
(@) o $r =7«

Therefore, ¢; > ¢, if and only if %(?)E > 1, thatis f; > 971f,.
2.2. The cutoff productivity between export and FDI
We now find a cutoff productivity that makes firm indifference between export and FDI

to one country. Denote 7*(¢p) and 7!(¢) asa combined profit of export and FDI (to

one country) respectively, that is:

nx((pg) =Ty (a¢g) + T[x(a‘Pg)a

nl((Pg) = nd(ﬁ‘/’g) + T[I(ﬁ(Pg)a

where ¢ is the productivity drawn from the productivity distribution, while 4 (¢),

(@) and m;(¢@) represent domestic sales profit, export sales profit, and FDI profit.

Defined a productivity level ¢y; that makes the firm’s combined profit from export

and from FDI equal, that is, ¢@y; satisfied:
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! (ox1) = T (@x1), or

Ta(Bex)) + T (Box) = mg(agx) + mx(@pxi) 4.1)

We can solve @y; as an explicit function of the open economy equilibrium cutoff ¢*

and other exogenous variables as follows?:
a(Box) + 1 (Bex) = ma(apx) + mx(a@x)

N [rd(ﬂ@XI) _f] n [Tz(ﬁ;PXI) ~ fl] — [L“pxl)_f] + [@ — fx] (f 1s the fixed

g

cost of production).

= 14(Box1) + ri(Box) = ra(apx)(1+179) + a(fi — f).

. re(apxy) _ (apxi o-1 _ (aex1 o |
Using 3082 _ (223)°™ L 1y = (22 o then

s it
ra(BexN+riBexn) _ 2 (prxz)a_1 _ U[(lﬂl )(TXI) U0
ra(e”) @ of :

From the second equal sign of the equation above we arrived at:

1

L (fi=fi\o1
o1 = 0*[28°1 — (1 + t9)a" e (flffx) a

Clearly, if a is not greater than [ too much, an increase in productivity increases

more profit in 7/ (¢y;) than in m¥(¢@y;) since FDI has no transport cost. We assume

*

2 @* is defined as my(¢*) = 0 under open economy equilibrium. The determination of ¢* is
relatively complicated, we discuss one of the cases in appendix A6.
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1

1-015.1
the condition g > [1%]6 s satisfied, then it can be shown that when a firm has
drawn @4 > @y, the combined profit of FDI to one country is larger than the combined
profit of export. On the contrary, if ¢4 < @y, export to one country is more

profitable.*The condition also guarantees the existence of the @y;.
3. The symmetric productivity growth (a¢ = B)

We start with the symmetric growth case where export and FDI affect the productivity

growth in the same magnitude, namely a = £.

Let a = B =y, then under our assumption of the cost structure we can derive the

result®:

YOx1 > @1 > Q.

Since the productivity grows to y¢, if the firm export or FDI to foreign countries, we
can divide the range of y¢, into four regions (figure 4-1). We can now analyze what

a firm will do if it has y¢, is in each region.

T

O ©; Y®@xi

Figure 4-1 Four regions in the symmetric productivity growth case.

3 Proof in appendix 1.
4 See appendix 2.
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Region 1

In this region, firms will export to one country for the purpose of the productivity
growth. Since a firm’s profit from foreign sales is negative either through export or
through FDI (~ y@4 < @y < ¢;), we do not need have to consider export or FDI to
n > 1 countries (Export or FDI to more countries doesn’t make the productivity grow
further). The combined profit of export to one country is greater than the combined

profit of FDI to one country. (Since y@, < y@x;, we have ¢, < @y, inregion 1)

Region 2

Firms with y¢, in region 2 have a positive export profit. However, the profit for a
firm’s FDI to any additional country is negative. As a result, to maximize profit, a firm

will choose to export to N countries and does not make any FDI abroad.

Region 3

If Y4 is in region 3, both export and FDI make a positive profit, but, export earns
more than FDI. To see this, notice that y¢, < y@y, in this region, thus ¢, < @x,;. By

the definition of ¢@y; we have:

! (ox1) = T*(@x1), or

Tq(Bex)) + T (Box) = mg(agx) + me(@pxp).

As a = [ =y in the symmetric productivity growth case, the second equation above

becomes:
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Ta(Yox1) + T (Yox1) = Ta(Yex1) + Tx (Y ox1)

1
1-015-1 . .
Under the condition §> [1+; ] g ! (@) < ¥ (@) if ¢ < @x. Using @4 < @x;

in region 3, we have 7'(@g) < m*(¢,), that is:

Ta(Ypg) + 1 (Y@g) < ma(Yeg) + mx(Yeg4), and so

Tx(Y@g) > T (Y Pg)-

Since export is more profitable than FDI, the best strategy for a firm with y¢, in this

region is to exportto N countries.
Region 4

By similar analysis of region 3, we can show 7;(y@,) > m,(y@4) inregion 4. A firm
with Y@, in this region earns highest profit if it chooses to make FDI to n countries.

Figure 4-2 presents a firm’s best strategy in each region.

EX=1 EX=n EX=n EX=0

FDI=0 FDI=0 FDI=0 FDI=n
|

i I I — V%

O ©; YPxi

Figure 4-2 A firm’s best strategy in the symmetric productivity growth case
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We can see when export and FDI have a symmetric impact on productivity growth, a
firm will choose either export or FDI but not both, implying a perfect substitute relation

between export and FDI. The result is similar to that obtained in Helpman et. (2004)°.
4. The asymmetric productivity growth with a > 8

The case @ > f indicates that export has a larger productivity growth effect than FDI.
To analyze this case, we need to define a cutoff which generates equal export and FDI

profit. Defined a cutoff productivity ¢’ such that ¢’ satisfies:

(@) = 1 ().

Then m;(¢p) > m, () if @ > @' ; m;(p) <me(p) if @ < ' Since

() — 1 (@) = i[rd(go)(l — 1179 = (f; — f) is increasing in ¢, it can be

1

L fi—fi\o-1
shown that ¢’ = ¢@*(1-719)Ts (flffx)o' 16

The relation of each cutoff in the case of a > 8 are”:
apx > Boxi > @' > @1 > ¢x.

To simplify the analysis, we make the following assumption: The number of the

foreign countries n is large enough such that if a firm has drawn a productivity level

> A special case of Helpman et. (2004) with all countries are symmetric in trade cost.
® See appendix 3.
" See appendix 3.
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which is high enough to earn a positive export profit, it is always more profitable for
the firm to export (FDI) to at least one country if a > f (f > a) compared with using

the tool that induce lower productivity growth to serve all foreign countries®.

For example, if export leads to a higher productivity growth than FDI (¢ > ) and
a firm has drawn a productivity level ¢, that satisfied agp, > B4 > @ > @;, then
the firm will serve one country through export in order to obtain the productivity a¢,
(Although the profit of making FDI is greater than export), and makes FDI to the
remaining n — 1 countries, with the productivity level a@g. In other words, we block

the case such that:

T[d(ﬁgog) + nn—l(ﬁ@g) > nd(aq)g) + nx(“QDQ) +(n— 1)”1(“‘/’9) if a>p.

Now let us turn to a firm’s best strategy in the case a > . Five cutoffs divide the

range of productivity into six regions, as shown in figure 4-3

| | | | | > ag,

Ox oy () Boxr aQx;

Figure 4-3 Six regions in the case with a > f5.
First, notice that in the present case, a firm will always export to at least one country

and its productivity will grow to a¢g. This is obvious, since it is less costly for the

firm to export than making FDI and export leads to a higher productivity growth. We

8 The assumption simplifies our analysis and does not change the main results. See appendix 4 for
details.
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now discuss what a firm will do if a¢, is located in each region.

Region 1

If ag, isinregion I, then both export and FDI have negative profit and we have ¢, <
@x1- The firm will export to one country to increase its combined profit. Recall that we
only discuss the case with the firm having export. This means the combined profit of
export to one country is greater than to sell domestically only. The detailed discussion

of this point is in our learning by exporting paper.

Region 2 and Region 3

The export profit is positive and is greater than FDI profit, that is, m,(a¢py) > 0, and
Ty(agy) > m(a@y) in region 2 and region 3. Notice that FDI profit is positive in
region 3, however it is smaller than export profit since a@, < @’. As a result, firms

with a, inregion 2 and region 3 will export to n- countries.

Region 4 ~ Region 6

If ag, is greater than ¢, both export and FDI have positive profit and FDI is more
profitable. To maximize profit, a firm will use FDI to serve the foreign countries.
However, according to our assumption, it is even more profitable if the firm export to
at least one country to acquire a higher productivity growth since a > . Namely, n

is large enough so that
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T[d(a(pg) + T[x(a(pg) + (n - 1)”1(“‘/’9) > ﬂd(ﬁ(pg) + nnl(ﬁ(pg) holds for apg >

!

®

As a result, a firm with productivity in these regions will export to one country to
obtain the higher productivity growth and make FDI to the remaining n — 1 countries
with the higher productivity ag, (If a firm chooses to make FDI to n countries, the
productivity will grow to B¢, which is lower than a@,). We summarize the results

in figure 4-4.

EX=1 EX=n EX=n EX=1 EX=1 EX=1
FDI=0 | FDI=0 | FDI=0 | FDI=n-1 | FDI=n-1 | FDI=n-1 a@
[ [ [ I T > g
Ox oy @' Box aQPx;

Figure 4-4 A firm’s best strategy in the case with a > (.

As show in Figure 4-4, in some regions, a firm exports to one country and makes FDI
to n — 1 countries even the trade cost are identical for all countries. This gives rise to
a weakly complementary relationship between export and FDI. The differ from the

perfectly substitute relationship in the symmetric growth case.

5. The asymmetric productivity growth with f > «

This is the case that FDI leads to a higher growth on the productivity. We can derive

that @' > @}, @' > By > agy’. But Bey; > @} is not guaranteed to hold under

® See appendix 3.
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£ > a'. As a result, there are several possible cases if > a.

We report the results in figure 4-5, which shows a firm’s best strategy if it has drawn
the productivity ¢, such that ¢, is in each region. The analysis method is similar

to the previous cases:

1.

EX=1 EX=n-1 EX=n-1 EX=n-1 EX=n-1 EX=0

FDI=0, FDI=] | FDI=l | FDI=1 | FDI=l | FDI=n
| | | | | > Spy
, Oy N apx; Box @'
EX=1 EX=n-1 EX=n-1 EX=n-1 EX=n-1  EX=0
FDI=0 , FDI=] FDI=1 | FDI=1 FDI=1 | FDI=n
I ! ! ! T > ﬁ Pg
Ox aQy; o} BPxi @'
3.
EX=1 EX=n-1 EX=n-1 EX=n-1 EX=n-1 EX=0
FDI=0, FDI=1 FDI=1 | FDI=1 FDI=1 | FDI=n
I ! ! ! i » .8 (pg
Px aPx; Boxi o ¢’
4.
EX=1 EX=l EX=n-1 EX=n-1 EX=n-1  EX=0
FDI=0  FDI=0 FDI=l | FDI=] FDI=1 | FDI=n
I l ! ! I > B (pg
> aPxr Ox Boxi ®r ¢’
EX=1 EX=I EX=0 EX=n-1 EX=n-1 EX=0
FDI=0  FDI=0 FDI=1 | FDI=1 FDI=l | FDI=n
| | | | > ﬁ(pg

[ [ [ I T
aPx; Boxi ®x @1 ®

Figure 4-5 A Firm’s best strategy in the case with f > a.

10" See appendix 5.
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It is worth noticing that we don’t have the case such that @' > Box > @5 > @y >

a@yy, since @y is defined as my(Box) + T (Bex) = ma(agyx) + m(agy;), and

p > a implies m(Box) < me(a@x). But @'> By > @; > @y > apy, means

Ty (a@y;) <0 and m;(B@x;) > 0, which is contradicted with m;(Syx;) < m,(a@y).

We can see that, although the location of the a@y; and @y are different in each
case, the baseline results are similar. The most productive firms make FDI to n
countries, and firms which make positive, and greater export profit (compared with FDI)
export to n — 1 countries, however, FDI to one country to increase its productivity
further. This shows a weakly complementary relationship between export and FDI. The

least productive firms export (or make FDI) to one country.

Combining the finding of symmetric and two asymmetric cases, we conclude that
FDI and export are perfect substitute only when the learning effects of FDI and export
have the same magnitude; otherwise, there may be a weakly complementary

relationship between export and FDI. The results are summarizing in figure 4-6.
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(0.4

0 1 2

Figure 4-6 All possible results in symmetric and asymmetric productivity growth cases.
6. The effect of an increase in 7

An increase in the variable trade cost shifts the FE and the ZCP curves in this model.
The FE curve will shift upward in the portion where @* > ¢, since @5 is increase in
711, The change of the ZCP curve depends on the parameters and the distribution of
G (p). Most likely, it shifts downward due to the reduction in the export profit because
of the higher variable cost. The shifts of the two curves change the equilibrium cutoff.

For a more possible case, it decreases the equilibrium cutoff ¢*(¢* increases only in

11" See appendix 6 for the discuss of FE and ZCP curve in this model.
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the case that ZCP shifts upward enough). We analyze the case that if an increase in the
variable trade cost makes the equilibrium cutoff smaller. This makes the region
[@x , @'] narrower, which depresses export in all three cases. To see this, differentiate

@' — @; with respect to T and we have:

e | (Rl G0 B (O i R BCE
Tl_a)ﬁ (flf;fx)ﬁ — (%)ﬁ < 0, since aa—f < 0.

Furthermore, we can ensure that an increase in the variable trade cost decreases

the cutoff ¢'. Differentiating ¢’ with respect to t, we arrive:

1 1

99" _ 29" —oy— (f1=fx\o-1 * - T (f1-f\o=1
W= -y ()T 4 g (e - s (L2E) <o

As a result, the region for a firm to made FDIto n or n — 1 countries is expanded.

As expected, an increase in the variable trade cost may well lead firms to replace
export with FDI. This is because an increase in 7 makes the cost of export more
expensive, but with no effect on the trade cost of FDI. (The effects are inconclusive if

*

99"

o > 0)

7. Conclusion

We have constructed a model to discuss firms’ decision of how they serve foreign

markets based on the structure of our learning-by-exporting paper. The main
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assumptions of the model are: (1) There are two possible instruments to serve the
foreign markets, export or foreign direct investment. (2) A firm’s productivity grows if
it exports or engages in FDI to serve foreign countries. The magnitude of the growth in
productivity due to export can be different from that due to FDI. (3) The cost of export

or FDI are identical to all importing countries.

Under the settings, we have found that even all countries have identical export and
FDI cost, a firm may export (made FDI) to one country in order to acquire a higher
productivity, and made FDI (export) to the remaining countries when export and FDI
have an asymmetric effect on the productivity growth. The results indicate that the
asymmetric effect of export and FDI on a firm’s productivity may be one of the factors
that leads to a complementary relationship between export and FDI. That is, a firm may
use both export and FDI to serve foreign markets even all of them are identical.
Moreover, as expected, an increase in the variable trade cost is most likely to replace
export with FDI. The result in the symmetric productivity growth case is basically the
same as the special case of Helpman et. (2004) with all countries are identical in trade
cost. A perfect substitute result appears, and firms will use either export or FDI to serve

all foreign markets.

Although we have obtained some interesting results for a firm using both export
and FDI to serve foreign markets, the model exhibits some limitations due to
assumptions made in it. Relaxing some of the assumptions can be a direction of future
research. For example, the complementary relationship of the two instruments is weak
in the sense that a firm will export (make FDI) to one country and make FDI (export)
to the remaining (n — 1) countries. If the productivity growth from export and FDI

are affected by the number of export or FDI countries, we may study the problem of
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optimal export and FDI countries. In that case a stronger complementary relationship

between export and FDI may emerge.
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Appendices.
Appendix 1.

)

We prove this by showing 2 59 is increasing in ¢. The combined profit of FDI to

one country is:

7! (@) = ma(Bp) + 1 (B9) = [SR(PBOIT~ = f| + | R(PB)’* - fi]

Thus,

or!

3 = 2@ = DR(PpBp)"*Ppp.

The combined profit of export to one country is:

% (9) = ma(a) + me(ag) = [SR(Ppag)’ ™' — f| + 571 7R(Ppag)’~* - f£,].

Thus,

% =2 (0 = DR(Ppag)®~2(1 + 1) Ppar.

As a result,

99

DOI:10.6814/NCCU202100569



o(m'-n*y on! on*

=——-—= %(0 — DR(Pp) 1?22 —a’ 11 + t179)].

(20 dp dp

I__x 1-01g-1
2T 5 0 if 26771 —a’ (1 +1179)] > 0, or equivalently s [HT ] '

[20) a 2
Appendix 2.

Since @; > @; is ensured by our assumption on cost (f; > 7°71f,), we only need to

show yoyx > @ if a = =y. We know

1

L (fi=fx\o1
yox =19 12671 = (1 + 1) ia (£ 'ffx) N

1

Pr =9’ (%)a

Substitute @ = f# =y into y@x — @] to get:

1 1

1 e =
— ¥ = * o-1 _ 1-0Yy,,0-1175 fi=fx\o-1 _ s (f1\o-1
yox — oi =ye' 2y — (L4 e 7 ) =0 (f) :

Therefore, yoxi—@; >0 if  and only if yor[2y°t—(1+

1 1
L —fe\o-1 1 ..
)y e (flf—fx)d > (%)” '. It can be shown that the condition of y¢@y —
@; > 0 is equivalentto f; > T2~ 1f,, which is our assumption on cost. In other words,

fi > 1771, also guarantees y@yx; > @; in the symmetric productivity growth case.
Appendix 3.

Since @] > @ is true under the assumptions f; > 1%~ 1f, and a@y > B@x; when
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a > f3, we only need to prove the inequality Sy > @' > @;].

1. Proofof ¢'> ¢j.

By the definition of ¢’ we have m;(¢") — . (@") = i[rd(<p')(1 —1179)] -

(fi = ) = 0. Use ra(9) = (%) of toget i[(;{')a_l of 1 =717 -

(fi = f) = 0. Then, we have:

1

@' = @*(1- PNt a)la (flffx)(f 1

1 1

) ) 90 >§01 lfandonlylf ) (1 Tl 0')1 (f]ffx)

fi

>
f

Since @; = ¢ (
1

[ (];1) , which is same as the assumption f; > 7971 f,.

2. Proofof foy > ¢

1

A —f\721
We know Sy =B [2°71 = (1 + 17 %)a’  i=s (fszx)a *,and

1

1 N [E—
o= @*(1-119)10 (flf—fx)a_l. Therefore, By > @' if and only if:

1 1

B [28° L — (1 +t1"%)a’ i (flffx) > @' (1 -1t a)ﬁ (f’f;f")a

This can be simplified to (%) > 1, and the condition always holds if a > .

Since o > 1.

Thus, the inequality a@y > Box > @' > @; > @i holds if f; > t°71f, and
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a > [ are satisfied.

Appendix 4.

The words “does not change the main results” suggest that the weakly complementary

relationship between export and FDI is not due to the large n assumption. The number

of n will affect the region of the weak complement, but not affect the existence of the

region. We explain this by showing that the weakly complementary relationship region

exists in both cases of « > f and f > a for n > 1.

a a>p

Under the large n assumption, a firm’s decision could be:

EX=1FDI=0i <
1 a’(pg<<p;${ f e < @xi

EX =0,FDI =1 if ¢, > @x;

2. @x<ap;<¢ = EX=n,FDI =0,
3. ¢'<apy, = EX=1FDI=n—1.

The decision 3 implies that for ¢’ < ag,, we have:

nd(a(pg) + T[x(a(pg) + (Tl - 1)”1(“@9) > nd(ﬁ(pg) + nnl(ﬁ(pg)

(al)

The LHS of the inequality (al) is the combined profit of a firm which exports to
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one country and makes FDI to the remaining n — 1 countries. Consequently, its

productivity grows to the higher level ag, due to export. The RHS is a combined
profit of the firm which makes FDI to n countries. Its productivity grows to a lower
level B, since it doesn’t export to any country. Obviously, inequality (al) tends to
hold when n is getting larger. However, it holds for some ¢’ < ag, evenif n = 1.

Substituting n = 1 into (al), we have:

g (C((Pg) + 77:x(a(pg) > ﬂd(ﬁ(pg) + nl(ﬁ(pg)-

By the definition of @y, the inequality above holds when ¢, < @x;. That is,
inequality (al) holds in the region ¢’ < a@y < a@y, even n = 1. Therefore, (al)

must hold for some region in ¢ < ag, when n > 1.
b. B>«

Under the large n assumption, a firm’s decisions could be:

. L (EX=1,FDI =0 if 95 < @x
. Bog < o {EX:O,FDIz 1if oy > @x’

2. @x<Po;<¢’ = EX=n—-1,FDI =1,

3. ¢'<Be; = EX=0,FDI =n.

The decision 2 implies that for @y < f@, < @', we have:
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na(Beg) +mi(Bog) + (n— Drx(Bog) > ma(ap,) + nux(ap,) (a2)

The analysis is similar to the case a > [5; (a2) tends to hold as n is large. When n =

1, (a2) becomes

ma(Boy) + 1 (Be,) > ma(ag,) + mx(ag,), which holds if @, > @y;.

This implies that (a2) holds for Boy; < B, < @' even if n = 1. As a result, (a2)

must hold for some region in @y < fp, < ¢’ when n > 1.
Appendix 5.

Now we want to show the conditions f; >t 1f, and f > a do not guarantee the

inequality S@yx; > @ . Since

1

L (fi~fi\o-1
Box = Bo'[2p771 — (1 + 7" Na? i (12577,

Px =T (’;—")ﬁ

1

1 _ —_—
Therefore, By, > @5 ifand only if Bp*[28°71 — (1 + t179)a’ 11 (fszx)a—1 S

1 o—1
0*T (’;—")"_1, which is the same as f; > f, [1 +2177 = (141777 (%) ]

. a\? 1] . . . a
Notice that [1 +2t7 - (14771 (E) ] is decreasing is (E) and equals to

o6 if (%) = 1. As a result, under the conditions f; >7°71f, and B > a, the
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inequality B@x; > ¢, does not necessarily hold.

Appendix 6.

The equilibrium cutoff ¢* is determined by the corresponding free entry condition (FE
curve) and the zero cutoff point condition (ZCP curve) in each case. To determine the
cutoff we need to consider all firms, including the non-exporters, as we did in our
learning-by-exporting paper. As such, we can obtain the FE and the ZCP curves by
modifying the two curves in our learning-by-exporting model. We shall use the symbols
in our learning-by-exporting model and discuss the determination of ¢* in the case

a> .

First, if @* > @, (@, is the original productivity for all firms when they enter the
domestic market), a firm can survive only if it exports or makes FDI to at least one
country to acquire a productivity growth. Let the least productivity level for a firm to
make zero combined profit of domestic sales and export (FDI) sales be ¢, (@), then

the least productivity for a firm to survive would be min{¢g,, ¢}. Thus we have:

*(@z) = ng(agyz) + m(apz) =0,

' (pz) = ng(Boz) + m (Bez) = 0.

Since my(ag,) > . (ap,) and i (Beyz) > m;(Bey), we have m,(agp,) < 0 and

m;(Bez) < 0. The results imply ag@, < @5 and Be; < ¢;.

Combining the results with the cutoffs in the case a > 8, we have:

105

DOI:10.6814/NCCU202100569



apz < @x < a@yq,

Boz < @ < By

Therefore, both ¢, and ¢@; are smaller than @y;. According to the definition of ¢y;

1
1-01g-1 .
and the assumption g > [1%] ' we have *(pz) > nl(p;) as @; < @y;. Since

*(pz) = 0, we have 7!(¢;) < 0, which implies ¢ > ¢, (".'m!(¢p3) = 0).

The above results also imply that the least productivity for a firm to successfully
survive if @* > ¢, and a > B is the productivity level ¢, such that ©*(¢,) =

ng(apy,) + m.(ap;) = 0. Notice that a¢, is identical to the cutoff ¢; in our

learning-by-exporting model, which gives us @, = %‘. The probability for a firm to

survive if ¢* > @, 1s 1 — G(q%x), which is higher than what we have in our learning-

by-exporting model. This is due to a larger productivity growth on export (a > 1)

compared with the learning-by-exporting model (a = 1).

We now modify the FE and ZCP curves in our learning-by-exporting model to get
FE and ZCP we wanted here. There are two major things we need to modify: one is the
probability for a firm to acquire a productivity that is higher than a specific level; the

other is the measurement of the average productivity @(¢).

Since export induces a productivity into the level a¢g if a firm has drawn a

productivity equal to ¢, the probability that a firm who acquiring a productivity that is

higher than a specific level ¢ through export is 1 — G(g). The average productivity

for firms that have a productivity greater than a specific level ¢ also changes. To be
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sure, the least productivity drawn that makes the productivity level ¢ is %, since, after

export, the productivity of a firm become o times the productivity it has drawn. As a
result, the average productivity for all firms that have a productivity greater than a

specific level ¢* is modified to be:

1

o(8) - [yt swas]

With the two modifications and a > 8, we can write the FE and ZCP curves that
characterize the equilibrium. Using the symbols in our learning-by-exporting paper, we

have:

The FE curve:

The ZCP curve:

=13 if ¢*> @,

T =1, if ¢* < ¢,

where:
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o= ra(9000) 6 (2) 6 (D) (5(9) # [0 (2) -
o (D (6() -6 (][ (02 # 0= o (6(2))]

@(p.) in 7, is the average productivity for all surviving firms in the case ¢* < ¢,
including non-exporters with the original productivity level ¢, and a group of firms

that serve the foreign markets. @(¢.) is equal to:

1

o000 = ()or 1+ [1- 0 (] [ atoee | <
{6 (%) @i+ [1 —-G (%)] GOt (%)}—

.1 (P) is the average profit earning from export sales for all export firms that export
to only one country, and m,,({) is the average profit earning from export sales for all
firms whose best strategy is to export to n countries. (@) + (n — 1)7;(P)
represents the average profit earning from export sales to one country and FDIto (n —

1) country. These firms have the highest productivity, which is greater than ¢’.

If we compare the FE and the ZCP curves with our learning-by-exporting model,
it is obvious the FE curve shifts downward in the portion where ¢* > ¢.. The change

in the ZCP is influenced by the productivity distribution. If the distribution follows
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k
Pareto distribution, G(¢) =1 — (g) , with the shape parameter k > o — 1, then the

average productivity measure @ (%) for all firms that have productivity greater or

equal to a specific productivity level ¢* is same as the average productivity measure

@ (™) in the learning-by-exporting model. That is:

1
1

1

[T(%)fé(mp)“_lg((p)d(plaz( k )E(p*,

S]]
—~
][,
N—"

Il

1+k—0o

1 1

L@ g(@)de]™ = (—=)"" "

1+k—-o

1
1-G(p*)

Plp™) = [

Consequently, compared with the ZCP curve in the learning-by-exporting model, both

Ty 3 and 7, shift upward.
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Chapter 5 Conclusions

This thesis investigates three topics in international trade from chapter 2 to chapter 4.
In chapter 2, we endogenize the competition mode in the Brander-Spencer strategic
trade policy model, attempting to find the optimal policy of a government when firms
can react to its action by choosing their strategic variables. We conclude that both firms
will choose to compete in quantities, the optimal policy of the government is to
subsidize its export firm. The policy implication of the model greatly strengthens the
result obtained in Brander and Spencer (1985), since the firms will engage in Cournot

competition.

We construct a model to study the phenomenon of learning-by-exporting in
chapter 3, based on Melitz (2003) framework. The model gives us two salient features
that cannot be observed in the self-selection structure. First, compared with no learning
effect, a firm is more willing to export if export can increase its productivity. This is
due to the fact that a productivity improvement also affects the firm’s domestic sales
profit. As a result, different from the self-selection structure, the decision of export is
not to consider whether the export profit is positive or not, but to compare the combined
profit of domestic and export sales after export with the profit when sells domestically
only. In our model, some firms export even they have negative profit from export. This
implies that some firms might choose to serve the foreign market even if it seems not
profitable under existing condition. They expect that there might be a productivity
improvement due to the learning effect from exporting, and thus increase profit in the
future. Second, there is a striking productivity gap between the exporters and the non-

exporters. That is, the least productive exporter is still sufficiently better than the best
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non-exporters. In other words, there is a productivity region between the least
productive exporter and the non-exporters with no firms in it. This result supports the
empirical findings that export firms are better than their non-export counterpart. With
the learning effect, the productivity difference between the exporters and the non-

exporters is widened further.

Chapter 4 explores the relationship between the decision making of export and
foreign direct investment (FDI). We extend the model in chapter 3, allowing firms to
serve foreign customers through export or making FDI. All countries are identical in
countries size and trade cost. The most critical feature is that we assume both export
and FDI can upgrade a firm’s productivity. The magnitude of the productivity growth
induced by the two activities can be symmetric or asymmetric. We obtain the result that
a weakly complementary relationship between export and FDI may appear in the
asymmetric growth cases. The reason is similar to the case that a firm may decide to
export with negative export profit in chapter 3. In the asymmetric growth cases, a firm
is likely to export (make FDI) to one country even though making FDI (export)
generates a higher profit to an additional country. That is because a firm can sacrifice
some of the profit in an attempt to acquire higher productivity, which then influences
the firm’s combined domestic and foreign sales profit. The result provides one possible
explanation for the strong empirical evidence that the two activities play a

complementary role.

Although we have obtained various interesting results in the three chapters, the
models still exist some limitations due to the simplified assumptions. Relaxing these
assumptions could be the natural direction for future research. For instance, following

Brander and Spencer (1985) the model in chapter 2 assumes there are only two firms
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(one domestic and one foreign firm) competing in the third market. Furthermore, only
the home government takes action to affect its export firm’s profit. As such, the
direction of the future research could be to relax these assumptions by allowing multiple
domestic and foreign firms to compete in the third market, or allowing the foreign
government to take action in the first stage. In chapter 3, we assume the productivity
for an export firm changes immediately after the firm exports. This ignores the time
dynamics and the probability of failure for a productivity growth. This in turn prevents
us from discussing how the risk of failure in productivity growth affects a firm’s export
willingness. In chapter 4, we assume that the magnitude of productivity upgrade
induced by export or FDI does not depend on the number of countries. In other words,
export (or making FDI) to one country gives the same level of productivity
improvement as export (or making FDI) to numerous countries. This assumption
prevents us from discussing the optimal export (FDI) countries. A possible way to relax
this assumption is to allow the foreign countries to be different (for example, south and
north countries) and let the magnitude of the productivity growth depend on the
destination country. This seems to be a promising direction to pursue in the future

research.
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