PISSN 2508-1640 EISSN 2508-1667 an open access journal
East Asian Economic Review vol. 22, no. 1 (March 2018) 75-114
http://dx.doi.org/10.11644/KIEP.EAER.2018.22.1.339

Equivalence between Increasing Returns and Comparative
Advantage as the Determinants of Intra-industry Trade:
An Industry Analysis for Korea”

Honggue Lee'
Department of International Trade, Konkuk University
honglee@konkuk.ac.kr

A two-part model is estimated to see if increasing returns and comparative advantage are
empirically equivalent in explaining intra-industry trade. The model has separate
mechanisms for determining the occurrence and the extent of intra-industry trade. Estimation
is based on an augmented Grubel-Lloyd index derived from the data set on SITC 7 goods
at the 3-digit SITC (Revision 4) for country pairs in which Korea is fixed as a source
country. Estimation results show that both increasing returns and comparative advantage
can explain the occurrence and the extent of intra-industry trade.
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I. INTRODUCTION

There are two stylized arguments about intra-industry trade in the literature. The
first argument is that comparative advantage and increasing returns are equivalent
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in explaining the occurrence of intra-industry trade. That intra-industry trade can
arise in comparative advantage as well as in increasing returns models (e.g. Harrigan,
1994) has been widely recognized ever since monopolistic competition with increasing
returns was identified as the driver of intra-industry trade (e.g. Krugman, 1979; Helpman
and Krugman, 1985).! The second argument is that the two causes of trade have
opposite influence on the expansion of intra-industry trade. The asymmetric influence
argument emphasizes specific connections that are supposed to exist between
intra-industry trade and its causes: the extent of intra-industry trade is negatively
related to comparative advantage, but positively to increasing returns (e.g. Greenaway
et al., 1995; Hummels and Levinsohn, 1995).

The arguments about the relationship between intra-industry trade and the two
causes of trade are not always theoretically based. So what is at stake is not about
the consistency between these arguments as theories. The first argument is related
to theories, while the second argument is based on empirical findings. Further,
theories associated with the first argument have been mostly concerned with the
emergence of intra-industry trade, while many empirical findings giving rise to the
second argument have focused on the contributions of various determinants to the
extent of intra-industry trade. However, the conflict between the first and the second
arguments is rather awkward. How likely is it that the same factors positively
affecting the occurrence of intra-industry trade could move in the opposite direction
in explaining the extent of it? (Of course, it cannot be ruled out that they could move
in the opposite direction a priori.)

This paper aims to investigate whether the two strands of arguments about intra-
industry trade are compatible with Korea’s trade data. Specifically, it tries to
examine if equivalence arises between the causes of trade in explaining the occurrence
of Korea’s intra-industry trade, and if specific connections exist between the extent
of Korea’s intra-industry trade and its causes. For that investigation, this paper

! Intra-industry trade arises in a monopolistic competition model if international exploitation of scale
economies induces concentrated production of a variety commonly demanded across countries (e.g.
Helpman and Krugman, 1985). On the other hand, intra-industry trade can also occur in the Heckscher-
Ohlin model if, given a common demand for a variety, domestic production cannot substitute for
foreign production because of technological differences across countries (e.g. Davis, 1995).
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adapts a two-part model for the Grubel-Lloyd (GL) index of intra-industry trade.
The GL index is a corner solution response variable, which not only has a continuous
distribution over strictly positive values, but also takes on a zero value with positive
probability (Wooldridge, 2010: 667). What is advantageous about the GL index for
investigating the relationship between intra-industry trade and its causes is that it can be
expressed as a function of ‘normalized unit costs’ (representing comparative advantage)
and ‘fixed trade costs’ (representing increasing returns).2 Such transformation facilitates
estimation which uses a two-part model that allows different mechanisms for the
choice of trade types (i.e. intra-industry versus interindustry trade) on the one hand
and the expansion of intra-industry trade attributable to each cause of trade on the
other (Wooldridge, 2010: 690-703). The idea of using a two-part model is justifiable
since profit maximizing firms’ decisions on specialization may result in zero trade
for some bilateral trading relations (i.e. “participation decision” or a zero GL index),
but may lead to strictly positive trade for others once intra-industry trade occurs
(i.e. “amount decision” or a positive GL index). The extent of intra-industry trade
may be quite differently determined than the probability of its occurrence.
Estimation proceeds in two parts: the first part estimates the probability of intra-
industry trade to occur, and the second part estimates the extent of intra-industry
trade once it occurs. If there exists an empirical equivalence between increasing
returns and comparative advantage, the estimated coefficients on these causes of
trade will have the same sign , if not the same magnitude, in the occurrence equation
(i.e. the first part of the model). On the other hand, if there are specific connections
between intra-industry trade and its causes, they will be verified by the estimates
of the competing causes of trade in the extent equation (i.e. in the second part of
the model). The data used in this paper are trade flows in SITC 7 goods at the 3-
digit SITC (Revision 4) compiled from the UN Commodity Trade Statistics Database
for country pairs in which Korea is fixed as a source country. The SITC 7 data

2 The conventional GL index by construction does not differentiate increasing returns and comparative
advantage. The GL index just focuses on the degree of concurrence in exporting and importing
between a pair of countries. The larger GL index merely indicates the more equal amount of goods
exported and imported simultaneously, while the smaller GL index an increase in the amount of
goods either imported or exported but not both.
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have been intentionally chosen because, as Bergstrand (1990: 1224) argued, the
industry groups comprising SITC 7 are representative of most manufacturing industries.

Estimation results show that, in the extent equation (for a censored data set of
the strictly positive intra-industry trade indexes), the GL index is positively related to
both increasing returns and comparative advantage. The coefficients on the competing
causes of trade in the GL index have the same positive signs. Both causes of trade
expand the extent of intra-industry trade. Similarly, in the occurrence equation (for an
uncensored data set of the nonnegative intra-industry trade indexes in which sample
types are not discriminated), both increasing returns and comparative advantage have
positive effects on the occurrence of intra-industry trade. Since the signs of the
estimates are the same, the equivalence between the causes of trade in explaining
the occurrence of intra-industry trade cannot be ruled out. To summarize, the estimation
results from the two-part model do not contradict the argument that both increasing
returns and comparative advantage can explain the occurrence of intra-industry
trade. But they refute the argument that the extent of intra-industry trade is positively
related to increasing returns, but negatively to comparative advantage.

Earlier investigations focused on the effects of country- and industry-specific
determinants on the intensity of intra-industry trade (e.g. Loertscher and Wolter,
1980; Greenaway and Milner, 1984; Bergstrand, 1990; and Greenaway et al., 1995).
In particular, Greenaway et al. (1995) separated total intra-industry trade into vertical
and horizontal parts, and related them separately to industry specificities such as
product differentiation, scale economies, and market structure.? Dividing the total
GL index into the horizontal and vertical indexes would have helped avoid ambiguity
about the expected signs of some determinants because information priors could
then be used more distinctively under discriminating specification.* However,
vertical and horizontal GL indexes in Greenaway et al. (1995) were arbitrarily assigned

3 Greenaway et al. (1995) separated total intra-industry trade into vertical and horizontal intra-industry
trade, based on arbitrarily determined cutoff unit-values calculated at the 5 digit SITC level based
on the presumption that relative prices reflect relative qualities (Greenaway et al., 1995: 1508)

4 Greenaway et al. (1995) in effect linked vertical intra-industry trade to comparative advantage and
horizontal intra-industry trade to scale economies. This identification strategy posits on the
assumption that a sample with a larger (smaller) share of intra-industry trade in total trade is likely
to be the one in which increasing returns (comparative advantage) are responsible for intra-industry
trade (Evenett and Keller, 2002).
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dependent variables with different data sets each represented by comparative advantage
and increasing returns respectively.

In this paper, however, comparative advantage and increasing returns are not
dependent but explanatory variables. Their causal relationship to the GL index testifies
the equivalence between them in explaining within-industry trade and identifies
the characteristic connections between intra-industry trade and its causes. Both causes
of trade can explain the occurrence and the extent of intra-industry trade, although
they are not alike in the magnitude of influence. The equivalence between the causes
of trade in predicting the occurrence of intra-industry trade is already corroborated
in theoretical investigations. For example, Weder (1995) showed that comparative
advantage based on differences in demand across countries could cause intra-industry
trade.> Davis and Weinstein (1996) also showed that idiosyncratic demand is crucial
in determining trade patterns not only in comparative advantage but also in increasing
returns models. This happens because the relative (not absolute) market size matters
for production patterns, while the relative demand plays a crucial role in assigning
production of goods across countries.

The results in this paper, however, are not consistent with the predictions of the
Helpman-Krugman model, in which interindustry trade is motivated by comparative
advantage, while intra-industry trade is motivated by increasing returns. The estimation
results in this paper do not support a unified account of intra-industry and interindustry
trade that associates intra-industry trade with relative country size (i.e. increasing returns),
and interindustry trade with relative factor abundance (i.e. comparative advantage). On
the other hand, the results in this paper are much stronger than the findings in Hummels
and Levinsohn (1995), in which differences in factor endowment are not as effective

5 When countries differ in the demand for differentiated products within an industry, home market
advantage leads to intra-industry trade (Weder, 1995: 349). International transaction costs create a
cost advantage to firms located in the larger country. A larger local demand for a certain group of
goods increases the output of this sector by expanding the number of varieties (i.e. the extensive
margin) but not the individual output of a given variety (i.e. the intensive margin) (Weder, 1995: 350).
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in explaining intra-industry and interindustry trade as country specific differences
in geography, cultural and language ties, trade barriers, or endowments of land.¢

This paper also contrasts with Evenett and Keller (2002), in which neither increasing
returns nor comparative advantage could single-handedly replicate the predictions
of the gravity model. Instead, Evenett and Keller showed that the hybrid model of
increasing returns and comparative advantage better supported the predictions of
the gravity equation for the samples with high GL index values, while the ‘unicone’
factor-proportions model (i.e. a diversified comparative advantage model) did it for
the samples with low GL index values. Deriving the support for imperfect specialization
models, Evenett and Keller in effect established that the two causes of trade should
differ from each other in explaining the extent of intra-industry trade.

The rest of the paper is organized as follows. Section Il introduces empirical
methods. Section Il reports empirical results, and Section IV concludes.

Il. EMPIRICAL STRATEGY

1. The Grubel-Lloyd Index

The Grubel-Lloyd index between countries | and J inproduct § is defined
as a function of Xi? (country s exports of product § tocountry j)and Mi?

(country | ’s imports of product § from country j).

6 In Hummels and Levinsohn (1995: 824-827), the negative relationship between intra-industry trade
and factor endowment differences (i.e. comparative advantage) existed only for certain factor measures,
and much intra-industry trade was specific to country-pairs (geography, culture, language, trade
barriers, or endowments of land).

The GL index is a sum of the absolute differences between bilateral exports and imports divided
by the total amount of bilateral trade. The calculations of the GL index start with classifying
observations on bilateral trade flows between countries into two different categories, intra-industry
and interindustry. The GL index varies from zero (i.e. if a country either exports or imports each

~
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2-min(X9,M¢)

!

8
Xi? + Mijg @)

GLY =

The export and import components of the GL index are defined as in Chaney
(2008). (See the Appendix A for details.)

where £, (44,) the consumption share of product g (product h); Y; (Y;)thesize
(income) of country 1 (country j); Y world output; W; (W) unit production costs
incountry 1 (country j); 7;;(7;;) variable trade costs; &; (6;) an aggregate index
of country j ’s (country I °s) remoteness from the rest of the world; f, (f ) fixed

trade entry costs; (7, ) the productivity distribution parameter; and o, (0, )

the elasticity of substitution. (See equations (A-10A) and (A-10B) in the Appendix
A ) The volume of exports (imports) is inversely related to ‘normalized unit costs’

( Wrg/Hj) (¢?jhi( W, J,/9))and “fixed trade costs’ f;’ (f ), so that it will

171)
increase if unit costs and/or fixed trade costs fall.

of its products unilaterally, no intra-industry trade occurs) to one (i.e. if a country exports and
imports the same number of varieties simultaneously, there is only intra-industry trade).

8 Aggregating GLﬂ over entire industries yields the GL index between countries | and J as

> 2-min(x¢,M¢)
Gk = >, (Xg+Mmg)

(1)
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Dividing exports by imports in equation (1) transforms the GL index into a
function of the export-import ratio z(z Xy /M ,‘f)

2
GLﬂ :m for XI? > MI? (2)

21
G|_|gJ :m for XI? < MI?

The export-import ratio Z(E Xi?/l\/li?) in turn is a function of ‘normalized
unit costs’ and ‘fixed trade costs’ if consumer preferences are identical across

countries (i.e. for the common budget share 4, =4 in Xi? and Mi?):

~a [ ng Yo —[y—g—lj . .
2=(go /go) (£ /18 )1e ") . (See equations (A-10A) and (A-10B) in the
Appendix A.) With simple substitution, GI_?j becomes a function of increasing

returns (through fixed trade costs fijg , f j? ) and comparative advantage (through
normalized unit costs A,J?’ =Wz} /GJ- , Aﬁ =ijﬁ/:9i ).

The connections between intra-industry trade and the competing causes of trade
in the GL index are identified because of the variable and fixed costs that profit
maximizing firms have to incur in the export market. Information about ‘fixed
trade costs’ helps separate increasing returns and comparative advantage since
their effects on trade flows differ depending not only on demand substitutability
but also on firm heterogeneity.® Similarly, information about ‘normalized unit

9 Krugman (1980) noted that, the higher is the elasticity of substitution, the greater is the effect of
trade costs on trade flows. However, Chaney (2008) showed that the high elasticity of substitution
will not magnify the effect of trade costs on trade flows as expected if firms are heterogeneous.
The reason is as follows. If trade barriers are lowered, then previously less productive firms may
now want to enter the export market. Yet competition (i.e. high substitutability) will put less
productive firms under a severe disadvantage, which renders the impact on trade flows of new
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costs’ (including transport costs) also helps discriminate comparative advantage
and increasing returns because the ‘home market effect’ causes the two competing
forces to yield the opposite predictions regarding the patterns of production and
trade (Davis and Weinstein, 1996).1°

The GL index above has some noticeable features. First, it allows of ‘imperfect
specialization’ that nests increasing returns with comparative advantage as shown
in Evenett and Keller (2002) and Davis and Weinstein (1996).1* Second, the GL
index helps infer the effects of ‘fixed trade costs’ (or market entry costs) on
bilateral trade flows as illustrated in Chaney (2008) that modified Melitz (2003) to
show how market entry costs affect trade flows through the extensive and intensive
margins of exports.!? The different levels of market entry costs distinguish firms
from one another. Since only efficient firms can bear the burden of market entry

entrants attracted by lower trade barriers less significant. The opposite is true when the elasticity
of substitution is low.

10 In the presence of transport costs, the interaction between demand conditions and production
opportunities (i.e. the home market effect) generates fundamentally different trade patterns for
increasing returns and comparative advantage models (Davis and Weinstein, 2003). In a comparative
advantage model, an unusually strong demand for a good makes this good an importable. In an
increasing returns model, however, a strong demand for that good makes it an exportable since
scale economies materialized through a concentration of production in the country generate cost
advantage (Davis and Weinstein, 1996; 1999; 2003). Since trade costs induce different responses
from comparative advantage and increasing returns models, information about trade costs can be
used to separate the models.

11 Evenett and Keller (2002) showed that under an imperfect specialization assumption the gravity
equation performs better in identifying and testing the models than under a perfect specialization
assumption. In a different context, Davis and Weinstein, 1996 showed that a hybrid Heckscher-
Ohlin (i.e. comparative advantage) model augmented with an ‘economic geography’ (i.e. increasing
returns) model was more appropriate for evaluating the production structure of the OECD countries.

12 Chaney (2008) postulated different firm heterogeneity than did Krugman (1980), which caused the
responsiveness of trade flows to changes in trade barriers to be inversely related to the elasticity
of substitution. For example, when trade barriers are lowered, exports increase through changes in
exports by each incumbent exporter and in the number of exporters. Yet how each margin would
change depends on the magnitude of the elasticity of substitution and the types of margins. The high
elasticity of substitution magnifies the responsiveness of the intensive margin to trade barriers,
but dampens the responsiveness of the extensive margin to trade barriers. See Chaney (2008: 1708).
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costs with future export profits (but less efficient ones cannot), ‘fixed trade costs’
will set the limits to the extensive margin of exports. Third, the GL index helps
deal with the effects of variable trade barriers on trade flows. Trade barriers
separate countries in a way analogous to the Armington assumption, inducing
changes in the intensive and extensive margins of exports.*®

2. A Two-part Model

A two-part model (i.e. a lognormal hurdle model) is useful to estimating the relationship
of the GL index with the causes of trade.* The first part of the model consists of

a binary equation P(G L?j >0 x), where X denotes explanatory variables. For a probit
model, it is expressed as P(s =1| x)=d(xy), where S is a binary indicator of positive
GLj . The second part of the model is a linear equation E(In GL; | x, GLj > O),
whose lognormal form is written as In GL,% |s=1,x~ N(Xﬁ, 0'2), for which
E(GL% |s=1, X)z exp (X,B+0'2/2). Combining both parts of the model yields
the expectation as E(G L | X) = (I)(Xy/) exp (X,B +0° / 2) . The discrete choice model
uses all observations, while the conditional density model f (G L5 s =1, x) uses

observations with GI_?j > 0 only. The two parts of the model are usually assumed

to be independent, and may have different regressors.

13 The Chaney (2008) model implicates that the extensive margin better explains trade in differentiated
goods, while the intensive margin better explains trade in homogenous goods. See Chaney (2008:
1709-1710).

14 The two-part model is based on Wooldridge (2010: 690-703) and Cameron and Trivedi (2010:
553-556).
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3. Regression Specification

For estimation, the GL index is specified in regression equation form as

INGLy =(8, - BR)-BInz+e for X! =M 3)

ij —

IGLY =(ﬁo—ﬁzR)—ﬂ1InGj+e for X7 <M?,

where R is the remainder term of a first-degree Taylor series polynomial’s and z
is an endogenous explanatory variable, whose reduced form in log can be expressed
as

nz=r(nge-IgJrmc,(n 2 - f2)ev for XI=MS  (4)

|n(1j=—,<1(|n 0~ g, (In £ —In £2)+v for X <M
Z

74 _(O_g _1)'

where K, =—)
o,-1

g and K, =-—

In dealing with InZ in equation (3), it is essential to break the correlation
between the export-import ratio and unobservable variables affecting In GL?j. For
that purpose, it is necessary to substitute the linear projection of € on Vv with an
error term (i.e. €= pV+¢&) into equation (3) since endogeneity of INZ arises if

and only if the error term € in equation (3) is correlated with the error term Vv
in equation (4). This substitution will provide an additional variable v that functions
as a new exogenous variable in the estimating equation. Then & will be uncorrelated

15 Equation (3) is a first-degree Taylor series approximation of the log of the Grubel-Lloyd index (i.e.

INGLY = 4, - B, In(l+2)+e for XJ2M?, InGLﬂ=ﬂo—ﬂ1In(l+3+e for X <M.
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with v and independent variables (ie. E(v-£)=0 and E(W-£)=0 where W

is the vector of the exogenous variables in equation (4)). Moreover, with this
substitution, OLS will consistently estimate the parameters. In case that Vv is not

observable, the residuals V from the regression of Inz on (In Aug —In &ﬁ) and
(In fijg —In fj?) can be used instead. Still the OLS estimators of the following

equation with v replaced by V will be consistent.

INGLy =(8, - BR)-BInz+pi+e  for X¢ =M (5)

1 .
INGL} :(ﬂo—ﬂzR)—ﬂlln(;)+p\/+gl for XJ <M

where V is the fitted value of v from equation (4) and controls for the
endogeneity of Inz .16

4. Instrumentation

The setup above is conditioned on the availability of observations on ‘normalized

unit costs’ and ‘fixed trade costs’ (i.e. "9 , ﬁ ,

trade (entry) costs’ is not readily available. To control for the data unavailability,
observable export margins will be used in the following.'” The rationale is that
export margins are inversely related to changes in ‘normalized unit costs’ and ‘fixed
trade costs.” For example, new firms enter the export market to profit from a

reduction in ‘fixed trade costs,” while incumbent firms expand exports in response
to a reduction in ‘normalized unit costs’ (Hummels and Klenow, 2005: 706).

fi’ and fJ). Yetinformation on ‘fixed

16 The control function approach is adopted from Wooldridge (2010: 126-127).

17 Export margins explain how aggregate exports (i.e. A In Xi?) increase through adjustments in
the extensive (i.e. a change in the productivity threshold Aln (ﬁijg ) and intensive (i.e. a change

in the volume of exports of an incumbent firm A In Xi? ) margins.
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Further, the elasticities of export margins with respect to these unobserved costs
are derived in Chaney (2008: 1715-1717), which would help infer ‘fixed trade
costs’ (Hummels and Klenow, 2005; Chaney, 2008 and Helpman et al., 2008). The
Appendix B describes how ‘normalized unit costs’ and ‘fixed trade costs’ are
related to export margins through the Chaney elasticities. What is sufficient here,

however, is to note in Table 1 that changes in ‘fixed trade costs,” Aln f.?, are

ij !
negatively correlated with the extensive margin, Aln @’ . Specifically, since changes
in “fixed trade costs’ affect the extensive margin negatively, the extensive margin,

Aln @, can be used as an 1V for ‘fixed trade costs,” Aln 7. (In ”g —In éﬁ)

Table 1. Elasticities with Respect to Comparative Advantage and Increasing Returns

Intensive margins Extensive margins Total trade flows
(Alnx?) (Aln @) (AlIn X7
Comparative advantage
(Aln Allg) _(Gg_l) _7g+(o-g _1) 7y
Increasing returns 74 —(Gg —1) 7 —(09 —1)
(Aln ) 0 _T _?

Py

Notes: Xi? denotes exports of an individual firm, (/_)ijg the productivity threshold, ¢Ug normalized unit

costs, and fijg fixed trade costs.

Source: Chaney (2008: 1715-1717)

With the extensive margin in place of ‘fixed trade costs,” equation (4) is rewritten as

Inz=a,-3a, In(“g/ Aﬁ)—azAln ol+v,  for XI=M 6)

ij —

In[lj:ao +a, In(jjg/gz?ﬁ)+ AN gl +v,  for X? <M
z

1 o, -1
where = and a, = .
% iag —1i ? 74 —iO'g —1j
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With simple substitution, equation (5) is expressed as
INGLY =by +b, In(3? /¢ )+b,AIn @9 + 0, +2, for XZ=M? (7)

ij —

INGLY =b, —b, In{g? /42 )-b,AIn @9 + pi, +2, for X& <M

where V, isthe fitted value of v, from equation (6) and controls for the endogeneity
of Inz.

I1l. EMPIRICAL ANALYSIS

1. Data

The sample consists of data on SITC 7 goods at the 3-digit SITC (Revision 4)
for country pairs, in which Korea is fixed as the reporter country during the period
from 2007 to 2013. The bilateral trade flows data are from the UN Commodity
Trade Statistics Database. The SITC 7 industry groups are selected because they
are deemed to represent most manufacturing industries (Bergstrand, 1990: 1224).

The data on consumer price indexes (for multilateral resistance terms), output
per worker in constant 2005 US dollars (for labor productivity adjusted unit costs),
and trade costs are from the World Development Indicators, the ILO Database of
Labor Statistics, and the ESCAP-World Bank International Trade Costs Database
respectively. The other variables such as GDP and preferential trade agreements
(FTAs) are from the World Bank and the World Trade Organization.

1) Dependent Variables

The dependent variable in equation (6), z = (X ; /Mi? ) is the ratio of Korea’s
bilateral exports to imports with its trading partners at the 3-digit industry groups
in SITC 7. The dependent variable in equation (7), GLZ , is an average of bilateral

Grubel-Lloyd indexes calculated over SITC 7 goods at the 3-digit SITC for country
pairs in which Korea is the source country.
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The number of exportable and importable items is thirty at the 3-digit SITC.'8
The number of Korea’s bilateral trading partners in the data set is 197 for 3-digit
industry groups in SITC 7. Forty one partners for which data other than trade flows
were missing were excluded, which left usable data on bilateral trade flows for 156
countries. The total number of possible observations for the period from 2007 to
2013 between Korea and its trading partners is 1,092, of which 232 are zero trade
flows. The number of trade in one direction only is 69, leaving the number of trade
in both directions remaining at 791.While estimation proceeds on the same sample
of data, the model uses a different data set for each part.® Of all 1,092 bilateral

trade relations, 791 data points are associated with intra-industry trade (i.e. Gl_ﬂ is

positive), and only 69 observations with interindustry trade (i.e. GLj is zero). The

discrete choice model (i.e. the occurrence equation) of the two-part model uses all
observations available on both intra-industry trade and zero-trade (i.e. 1023 data
points). The conditional density model (i.e. the extent equation) where the response
variable is positive uses observations on intra-industry trade only (i.e. 791 data
points), which leaves observations on interindustry trade in effect censored.

18 The amount of trade flows is the sum over all 3-digit categories comprising SITC 7. Two-digit
SITC groupings in SITC 7 Machinery and Transport Equipment are as follows:
71 - Power-generating machinery and equipment
72 - Machinery specialized for particular industries
73 - Metalworking machinery
74 - General industrial machinery and equipment, n.e.s., and machine parts, n.e.s.
75 - Office machines and automatic data-processing machines
76 - Telecommunications and sound-recording and reproducing apparatus and equipment
77 - Electrical machinery, apparatus and appliances, n.e.s., and electrical parts thereof
(including non-electrical counterparts, n.e.s., of electrical household-type equipment)
78 - Road vehicles (including air-cushion vehicles)
79 - Other transport equipment
19 The two-part model uses the pooled panel data, in which data are regarded as one long cross
section of size NT = 156 x 7. Under the assumption that the panel data model is dynamically
complete, standard inference from the pooled estimation is valid (Wooldridge, 2010: 707).
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http://unstats.un.org/unsd/cr/registry/regcs.asp?Cl=28&Lg=1&Co=75
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http://unstats.un.org/unsd/cr/registry/regcs.asp?Cl=28&Lg=1&Co=77
http://unstats.un.org/unsd/cr/registry/regcs.asp?Cl=28&Lg=1&Co=78
http://unstats.un.org/unsd/cr/registry/regcs.asp?Cl=28&Lg=1&Co=79
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2) Independent Variables

To substitute for comparative advantage (‘normalized unit costs’), the product
of unit costs (labor productivity adjusted) and trade costs is divided by multilateral
resistance terms. For labor productivity adjusted unit costs, output per worker data
in constant 2005 US dollars is used whose data come from the ILO Database of
Labor Statistics. Trade costs data are from the ESCAP-World Bank International
Trade Costs Database. For multilateral resistance terms, consumer prices indexes
are compiled from the World Development Indicators.

To get the measure of increasing returns (‘fixed trade costs’), the export margins
of Korea for each destination country are calculated using the formulas given in
Hummels and Klenow (2005: 710). For country i s exports to country j , the extensive

margin is defined as the ratio of reference country W’s exports to country j in the
set of categories in which countryl has positive exports to country j to reference
country W ’s exports to country j in all categories:

ZkeKij Puik * Xwik
ZkeK Puik = Xwj

EM, =

U]

where Kij is the set of observable categories in which country i has positive
exports to country j,and K is the set of all categories in which reference country
W has positive exports to country j .20 The corresponding intensive margin is

defined as the ratio of country i ’s exports to country J to reference countryW’s
exports to country j in the common set of categories:

ZkEKij Pijc * Xije

ZkeKﬁ Pujk * Xwjk

20 The reference country here is the rest-of-the world.
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Korea’s average extensive margins calculated for 156 destination countries over
the 2007-2013 period range from 0.356 (Bahamas) to 1.000 (China and Japan during
2007-2013, Indonesia during 2010-2013), while its average intensive margins range
from 0.002 (Mauritania during 2011-2013) to 0.215 (Syria during 2008-2010). The
means of the destination extensive and intensive margins over the period are 0.887
and 0.038 respectively.

The export margins show consistent patterns with regard to the competing causes
of trade. The measure of comparative advantage (‘normalized unit costs’) is positively
related to the intensive margin, while the extensive margin and the measure of
comparative advantage are positively related to the GL index. These relationships
are illustrated in Figure 1 to Figure 3.

Figure 1. The Intensive Margin and Normalized Unit Costs
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Figure 2. The GL Index and the Extensive Margin
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Figure 3. The GL Index and Normalized Unit Costs
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In the two-part model, the occurrence equation may have an exogenous variable
that is excluded from the extent equation. The excluded exogenous variable may
change the probability of a positive outcome. Yet it should not affect the size of
the extent of intra-industry trade once intra-industry trade occurs. Although it is
difficult to find such a variable, having one in the occurrence equation will increase
the precision of the estimates (Cameron and Trivedi, 2010: 561-562). For that reason,
additional controls are included in the estimation equations. For example, common
membership to FTAs or the log ratio of per capita GDP partner to per capita GDP
Korea, In(PYJ. /PYi ) is controlled for. Common membership may facilitate the

relocation of factor services, which may help increase intra-industry trade. Dummies
for FTA membership assume one when trade occurs between Korea and its FTA
partners. Relative income may also affect the demand for differentiated goods and
intra-industry trade. The relative income data show consistent patterns with respect
to intra-industry trade. The scatter plots show a positive relationship between

In GL,% and In(PYj / PYi) in Figure 4. Controls for the destination country fixed

effects are included in the fixed-effects equations to reflect special bilateral trade
relationship. (For summary statistics, see Table C-1 in the Appendix C.)

Figure 4. The GL Index and Relative Income
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2. Estimation Results

For reference, the export-import ratio and the GL index have been estimated
using a single-equation method, in which three panel-data estimation methods have
been used to allow for various assumptions about possible correlation between the
unobserved effect in the error term and the explanatory variables. Estimates of
single equations based on panel GLS (GLS), fixed-effects (FE), and random-effects
(RE) methods are given in Table 2.

Table 2. Panel Regression
Dependent Variables: Inz and InGL

Inz InGL
GLS GLS®B FE RE GLS GLSEB FE RE
Aln "g -0.887"" -1.142™" -0.637 -0.873™ 0.826™" 0.913™ 0.298 0.736™"
ij (0.072) (0.079) (0.515) (0.140) (0.031) (0.018) (0.238) (0.054)
Aln 9 -1.998™" -1.160™" -1.604™" -1.575™" 2.991™" 1.882" 1.752™" 2.098™"
1] (0.517) (0.448) (0.590) (0.504) (0.232) (0.116) (0.286) (0.229)
FTA -2.148™" -0.843™" -0.803™" -0.981™"
(0.252) (0.130) (0.195) (0.179)
o -0.734™ -0.848™" -0.706™" -0.719™"
(0.017) (0.009) (0.020) (0.017)
Constant 4.012™" 2.931™" 3.649™ 3.745™" -3.249™ -2.852"" -3.643™" -3.501""
(0.259) (0.134) (0.344) (0.259) (0.105) (0.038) (0.166) (0.101)
ControlsA time time time time time time time time
country country
Wald 42 363.3 340.7 103.9 29714 15663.8 2144.2
R? 0.31 0.31 0.83 0.84
Data points 744 737 744 744 744 737 744 744
Groups 136 129 136 136 136 129 136 136

A Country and time effects are controlled for, but their coefficient estimates are not reported for brevity.
B Heteroskedasticity/ serial correlation adjusted estimation

p—

Superscripts (") (™) (™) indicate 10, 5, 1 percent significant levels respectively.
Notes: GLS — pooled regression; FE — fixed effects; RE — random effects

21 The residual term in equation (7), the outcome equation, V is obtained from the regression of In z

on the instrumental variables for comparative advantage (In ¢.j —In ¢ji ) and increasing returns

(Inf2-int2)
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In the regression of the export-import ratio in Table 2, the coefficient on relative
‘normalized unit costs’ is negative and statistically significant except the fixed-
effects model . What this implies is that comparative advantage does not necessarily
expand unidirectional trade. Even though Korea’s trading partner is more productive
(i.e. Korea’s trading partner has comparative advantage in terms of ‘normalized
unit costs’), the gap between Korea’s exports and imports (i.e. its ‘trade balance”)
may not widen because trade less tends to be carried out through inter-industry
specialization (i.e. unidirectional trade) than through intra-industry specialization
(i.e. bidirectional trade).

This result does not contradict the result obtained in the regression of the GL index,
where the coefficient on relative ‘normalized unit costs’ is positive and significant
except the fixed-effects model. In the regression of the GL index, a larger difference
in ‘normalized unit costs’ between Korea and its trading partner makes trade more
likely to be based on intra-industry specialization. Given common preferences across
countries, intra-industry trade is inevitable if domestic production cannot replace
foreign production because of technological disadvantage.

When it comes to the coefficient on relative ‘fixed trade costs,” the export-import
ratio is negatively related to smaller ‘fixed trade costs’ (i.e. a larger extensive
margin), while the GL index is positively related. This indicates that the effects of
increasing returns (‘fixed trade costs”) on the GL index and the export-import ratio
are moving in the opposite direction. This makes sense because GL index measures
the extent of intra-industry trade, while (the absolute value of the log of) the export-
import ratio the extent of interindustry trade.

The residual term V, in the GL index that controls for the endogeneity of the

export-import ratio Z is precisely estimated for GLS, GLS (with heteroscedasticity
and serial correlation adjustment), FE, and RE estimators. The coefficient on
common FTA membership is negative and significant in the export-import ratio
regression, while positive and significant in the GL index regression (not reported
in Table 2). The coefficient on the FTA dummy may have taken a positive sign in
the GL index regression because the features of FTA partnership often include a
more efficient (direct and indirect) relocation of capital and labor across borders,
which helps increase the extent of intra-industry trade.

Regression on the pooled data shows that there is agreement in the signs of
regression coefficients on the variables representing increasing returns and comparative
advantage in explaining the extent of intra-industry trade. This implies that comparative
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advantage and increasing returns does not have discriminate influence on the extent
of intra-industry trade measured by the GL index.

Table 3. Two-Part Model Estimation
Dependent Variables dGL and InGL
(A) (B) (€) (D)
dGL® InGL dGL® InGL dGL® InGL dGL¢® InGL
probit GLS probit GLS probit GLS probit GLS
Aln 29 0.606™" 0.856™" 0.622™" 0.811™" 0.622" 0.932™ 0.622™" 0.929™"
| (0.193) (0.107) (0.199) (0.120) (0.199) (0.021) (0.199) (0.022)

Alnfo 32417 1150 32457 0.950”° 3245”1682 32457 1670°"
i (0.594) (0.343) (0.602) (0.343) (0.602) (0.145) (0.602) (0.179)

In(ov. : 0.134 -0.006 0.134 0.134  0.021™
(by; /py,) (0.096) (0.065)  (0.096) (0.096)  (0.010)
V2 -0.800™" -0.797""
(0.010) (0.010)
Constant 45977 26777 5.1617" -2.672™ 5.161"" -2.840™" 5.161"" -2.766™"
(0.791) (0.130) (0.980) (0.269) (0.980) (0.041) (0.980) (0.058)
Controls 4 time time time time time time time time
Wald 42 36.7 87.4 36.2 63.5 36.2 121949  36.2 10164.9
Data points 796 737 795 736 795 737 795 736

A Time effects are controlled for, but their coefficient estimates are not reported for brevity.
B d is a binary indicator of positive intra-industry trade.

ke

Superscripts (") (™) (™) indicate 10, 5, 1 percent significant levels respectively.

The coefficient estimates of the two-part model are presented in Table 3.
Coefficients on ‘normalized unit costs’ and ‘fixed trade costs’ have positive signs
both in the uncensored probit estimation (in which the intra-industry trade index is
nonnegative) and in the censored linear estimation (in which the intra-industry
trade index is strictly positive). An increase in ‘normalized unit costs’ and a
decrease in ‘fixed trade costs’ (i.e. an increase in the extensive margin) would
increase the probability of intra-industry trade to occur in a probit regression of

22 The residual term in equation (7), the outcome equation, V is obtained from the regression of Inz

on the instrumental variables for comparative advantage (In ¢Ij —In ¢ji) and increasing

retrns (I f,¢ —In 1)

(© Korea Institute for International Economic Policy



Equivalence between Increasing Returns and Comparative Advantage as the Determinants of Intra-industry Trade 97

dGL] on X, where dGL{ =1 if GLj >0 and dGL} =0 if GL; =0. Again,

in the extent of intra-industry trade regression, ‘normalized unit costs’ and ‘fixed
trade costs’ have the same signs. Larger ‘normalized unit costs’ and smaller ‘fixed
trade costs’ (i.e. a larger extensive margin) would increase the extent of intra-

industry trade in a linear regression of InGLj on explanatory variables X for

observations GLj; > 0.

Why is it that relative ‘normalized unit costs’ have a positive effect on the
occurrence and the extent of intra-industry trade? First, the probability of intra-
industry trade increases with relative ‘normalized unit costs’ because the likelihood
of intra-industry specialization increases due to the widening productivity gap.
Second, the effect of comparative advantage on the extent of intra-industry trade
is positive. This could happen only if the decrease in the extent of intra-industry
trade due to a reduction in the extensive margin (because fewer firms enter the
export market due to a rise in the productivity threshold — with fewer varieties,
there will be less room for intra-industry trade) is more than cancelled out by the
increase in the extent of intra-industry due to a reduction in trade based on
comparative advantage (a reduction in the intensive margin). If inter-industry trade
based on comparative advantage decreases (i.e. a reduction in the intensive margin
due to an increase in ‘normalized unit costs’), the room for intra-industry trade
based on comparative advantage will increase since the possibility of intra-industry
specialization will replace inter-industry trade.

The residual term V, that controls for the endogeneity of the export-import ratio

Z is precisely estimated for the extent equation of the two-part model in Table 3
(columns (C) and (D)). The importance of the endogeneity bias in estimating the
extent equation can be inferred from the changes in the coefficients on ‘normalized
unit costs’ and ‘fixed trade costs’ across the models. Compared with those in
columns (A) and (B), controlling for endogeneity has made the estimates of
‘normalized unit costs’ and ‘fixed trade costs’ in columns (C) and (D) biased upward.

The coefficient on In(PYJ. /PYi) in Table 3 is not significant except in column

(D). As a result, it cannot be argued that Korea’s trade relationship with its trading
partners tends toward intra-industry trade as the level of per capita income of its
trading partners increases.
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The estimation results in Table 3 implicate that the variables representing
comparative advantage and increasing returns are moving in the same direction in
explaining the extent of intra-industry trade as well as the occurrence of intra-
industry trade. This does not contradict the predictions of theoretical models in
which not only increasing returns but also comparative advantage can explain the
occurrence of intra-industry trade. On the other hand, the extent equation results
are not consistent with the predictions of other theoretical models that give a unified
account of interindustry and intra-industry trade: the extent of intra-industry trade
increases with increasing returns, but decreases with comparative advantage.

Under the assumption that the two component models are independent, the two-
part model is flexible and simple. However, if that assumption does not hold, the
second-stage regression may possibly suffer from ‘selection bias.” In that case, the
bivariate sample-selection model better deals with selection bias which may arise
in the two-part model (Cameron and Trivedi, 2010: 556). So, for comparison,
estimates of the Heckman selection model are reported in Table 4. The estimated
coefficients are generally significant except relative income in the occurrence
equation. The results of the Heckman model do not seem to be qualitatively different
from those of the two-part model. Smaller ‘fixed trade costs’ (i.e. a larger extensive
margin) and larger ‘normalized unit costs’ both would yield a larger predicted GL
index. For that reason, it can be said that the variables representing the causes of
trade are not distinctive in explaining the extent of intra-industry trade. Again, when
it comes to explaining the occurrence of intra-industry trade, they are indistinguishable
in the sense that they both would increase the probability of intra-industry trade to
occur.

The residual term V, that controls for the endogeneity of the export-import ratio
Z is precisely estimated. The coefficients on relative income In(PY j / PY; ) (and FTA

dummies not shown in the table) are not statistically significant except the extent
equation columns (2) and (4) in Table 4.

Finally, it is important to note that the effect of ‘fixed trade costs’ on the GL
index is much more elastic than that of ‘normalized unit costs’ in the absolute value
as shown in the coefficient estimates in Table 3 and Table 4. The correlation between
the GL index and increasing returns is much larger than the correlation between the
GL index and comparative advantage. The GL index is much more responsive to the
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variable representing increasing returns than that representing comparative advantage
in both the occurrence and the extent equations of intra-industry trade.

Table 4. Hackman Selection Model Estimation
Dependent Variables dGL and InGL

@) O] ©) @
dGL® InGL dGL® InGL dGL® InGL dGL® InGL

selection outcome selection outcome selection outcome selection outcome

Aln g 0.396 0.861"" 0406~ 0845~ 0405 0936~ 0405~ 0930
i (0.083) (0.062) (0.085) (0.062) (0.085) (0.028) (0.085) (0.028)
Aln £.9 2447 3576 2462 3563 2,265 2,137 2.267°  2.157°
i (0.286) (0.499) (0.291) (0.504) (0.267) (0.223) (0.266) (0.219)
inl PYi 0.058  0.057"  0.069 0.069  0.043™
oy, (0.043) (0.032) (0.045) (0.044)  (0.015)
- 20,750 -0.749"
Ve (0.014) (0.014)
Constant 3155 3217 3.300°* 13.008" 3.346" -2.872 3.344" 2723
(0.365) (0.203) (0.412) (0.231) (0.409) (0.092) (0.408) (0.105)
ControlsA time time time time time time time time
Data points 796 795 795 795
;ﬁgéggd’ 52/744 52/743 52/743 52/743
Wald y2 251.6 2476 3972.1 4039.8
P 0.868" 0.860 20.003 0.013
(0.374) (0.399) (0.130) (0.123)
P 0.407* 0.406" -0.003 0.014
(0.172) (0.185) (0.135) (0.128)
o 2131 2116 0,963 0.958"*
(0.058) (0.058) (0.025) (0.025)

A Time effects are controlled for, but their coefficient estimates are not reported for brevity.
B d is a binary indicator of positive intra-industry trade.

ek

Superscripts (%) (™) (™) indicate 10, 5, 1 percent significant levels respectively.

23 The residual term in equation (7), the outcome equation, V is obtained from the regression of Inz
on the instrumental variables for comparative advantage (In ¢5j —In ¢ji) and increasing
returns (In .2 ~In £2).

24 ﬂ() = ¢()/(D () is the inverse Mill’s ratio.
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3. Discussion

The level of aggregation (or disaggregation) is crucial to determining the occurrence
and evaluating the extent of intra-industry trade. Yet this does not invalidate the
use of the Grubel-Lloyd indexes constructed for a particular choice of aggregation
scheme. Otherwise, previous attempts to explain the variability of these indexes
(whatever the level of aggregation) would have been futile. Moreover, as Harrigan
(1994: 323) noted, the properties of different product classification systems do not
matter in evaluating the underlying causes of intra-industry trade. The evaluation
of trade models as the causes of intra-industry trade does not require resolving
arguments about the appropriate way to construct Grubel-Lloyd indexes.

That said, one may wonder how to make sense of the claim that both causes of
trade positively affect the variability and magnitude of the Grubel-Lloyd indexes.
Justification can be provided as follows. The larger (smaller) the digits of categories
is, the smaller (larger) will be both the indexes and the extent of intra-industry trade
(the extent of trade based on comparative advantage). The presumption is that a
sample with a larger (smaller) share of intra-industry trade in total trade is likely
to be one in which increasing returns (comparative advantage) are responsible for
intra-industry trade (Evenett and Keller, 2002). Further, for a given level of aggregation,
a particular (Grubel-Lloyd) index can be classified either as the component of trade
based on comparative advantage (usually referred to as “vertical intra-industry trade”),
or as that of trade based on increasing returns (usually referred to as “horizontal
intra-industry trade”). So one can split the Grubel-Lloyd indexes of a country’s
trade with its trading partners on a bilateral basis into two subsamples (one for
“vertical intra-industry trade” and the other for “horizontal intra-industry trade™).
Or alternatively one can do the same to the Grubel-Lloyd indexes of industries in
a country’s trade with its trading partners on a multilateral basis as in Greenaway
et al. (1995), who split the data into the two groups of samples referred to as
horizontal and vertical intra-industry trade using relative unit values of exports and
imports as the cut-off criteria. Once splitting is done, one can claim that comparative
advantage is the right model for explaining smaller indexes (or “vertical intra-
industry trade”) and the lower level of aggregation (larger digits of categories),
while increasing returns (monopolistic competition) for explaining larger indexes
(or “horizontal intra-industry trade”) and the higher level of aggregation (smaller
digits of categories). For example, under the SITC 6 digit coding system, comparative
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advantage is highly likely to be the better candidate for explaining intra-industry
trade, while, under the SITC 2 digit coding system, increasing returns will be the
better one. A simple extension of this logic leads to a conjecture that at a certain
level of aggregation both causes of trade can explain intra-industry trade unlike at
the extreme levels of aggregation at which increasing returns and comparative
advantage are mutually exclusive as causes of trade.

The level of aggregation chosen in this paper may not be the best choice. Yet
the regression results make sense because, except for the two extremes in the range
of intra-industry trade indexes, the signs of the coefficients on the causes of trade
cannot be determined a priori. Moreover, even if it is possible to match trade types
with the right models for a given level of aggregation or a given cut-off value of
indexes, it is not certain that one can actually find the appropriate level of aggregation
or the appropriate cut-off value of indexes a priori. It is an arbitrary decision to
split the sample into two subsamples using some cut-off criteria such as unit values.
Since the sample in this paper was not split into two different component groups,
the coefficients on the causes of trade may be allowed to take any signs.

V. CONCLUSION

This paper has estimated a two-part model, in which the choice of trade types
and the extent of intra-industry trade are simultaneously determined. Estimation of
the two-part model is an attempt to reconcile the two potentially conflicting
observations on intra-industry trade. For estimation, a trade data set of SITC 7
goods at the 3-digit SITC (Revision 4) for country pairs has been used, in which
Korea is fixed as a source country. This paper has shown two interesting estimation
results. First, it has shown that the GL index is positively related to increasing returns
and comparative advantage for the data set of the strictly positive GL indexes. A
symmetry exists in the interaction of intra-industry trade with its causes in explaining
the extent of intra-industry trade. Second, it has confirmed the empirical equivalence
between increasing returns and comparative advantage in explaining the occurrence
of intra-industry trade. For an uncensored data set in which the GL index is
nonnegative and trade types are not discriminated, both increasing returns and
comparative advantage can explain the occurrence of intra-industry trade.
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Appendix A. Export and Import Functions

In the Chaney model, exports of product § from country 1 to country j are
expressed as:

1—0'g
p;
Xj = P O = 4 %Y X(P_é] (A-1)

]

Where pi? is the price of product J incountry |, and qi? is the consumption of product

g sentfromcountry | tocountry j.Country j’sdemand for product qi?,is derived

N Oy n
from the utility maximization problem, maxU =g, f (qi? i@] Pstp+ Y py =1,
g =

o4 -1
where f(qi‘]?’): jqu? (@)=, dew, and 4, 4, denote the budget shares of the
numeraire and product § respectively.> And Y j isthe income of country J, (which

equals its total spending), PJ-g the price index in country j,and O (> 1) the elasticity

of substitution.
For a firm with the productivity level at ¢, the cost of producing ( units of

product § and selling them in country j is
W.T..
cl=—0"q+f? (A-2)

where W, is the unit cost of composite input, 7j; variable transportation costs,

@ productivity, and fijg the fixed cost of exporting product . The optimal

% The numeraire good 0 is homogeneous, and good 0 is a differentiated good.
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product price this firm charges is a constant mark-up over the unit cost (‘composite
input’ costs W; times variable transportation costs 7j;):

o, W,z
Pij = o —1 R— (A-3)
g @

Then the price index in country j , Pjg , can be expressed as a function of productivity

@ and the number of potential entrants N* fromcountry K that exports to market
J:

Py = [iN ‘[ g} oF, (w)jl_% (A-4)
k=1

where N* denotes the number of potential exporters from country K |
Fg((p):l—(oyg the Pareto distribution of productivity ¢,and y, >o, —1.2

A firm’s decision on whether to enter a particular market depends on its productivity.
Since less productive firms cannot generate enough profits abroad to cover fixed
entry costs, not all firms can enter the export market. The profits of the exporting
firm are given by

1-oy
Y. lo W.T..
a0 = Hal (G g J LLL Pt ) (A-5)

% Chaney (2008: 1712)
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The productivity threshold (¢ ), which makes profits break-even (7ri§J =0),

coincides with the productivity of the least efficient firm in country i that exports
to country j :

1

— fijg = W, Tj;
@i = v | ps (A-6)

J ]

Solving simultaneously for the price index and the productivity threshold yields

pjg — %Yj[;g_%l‘l]g_

J

au W,z 1
=)' [ g ~9
) Yj 9]_ ]

S TRSEES
where 6, = Z(V'j(Wr 7o fijg o1 is an aggregate index of country

i“ij
i=1

(A-7)

N
J ’s remoteness from the rest of the world and Y = ZYk is world output.?
k=1

Substituting the price index and the productivity threshold into exports of an
individual firm yields a bilateral export function that depends on productivity, trade
costs (both fixed and variable), aggregate demand, remoteness, and input costs.

27 See Chaney (2008: 1712-1713) for the values of 4, A4, , Ay and A, .
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o4l

Y. ) 7
¢=(7)

xi =0 for 9 <@;

og-1
Hj og-1 — _
X X for ¢ 2@ (A-9)
WiTij

The bilateral export function for a firm with ¢ 2 (Zij indicates that, with lower

trade costs, exports at the firm level increase through changes in the intensive
margin. One obvious implication of the bilateral export function (A-9) is that the
extent to which exports respond to changes in trade costs depends on the elasticity

of substitution (o —1). On the other hand, the existence of a threshold above

which firms select into the export market implicates changes in the extensive margin,
the extent to which bilateral trade relations come to exist for the first time (Chaney,
2008: 1714).

The sum of exports of firms with productivity ¢ above @ j €equals aggregate
exports of product g fromcountry i tocountry j, X{ =wL J; X3 ((p)ng (@),

where L, is the number of workers and W, workers’ productivity (the unit cost of

composite inputs) in country i. Then the export volume from country i to country
J isexpressed as

VY, (wed )"
X9 = 7 XTJX(Q—IJ x fijg [%—1 ] (A-10A)

i

where £, denotes the consumption share of product §; Y;(Y;) the income of
country | (country j); Y world output; W, unit costs (or country I worker’s

productivity); Tjj variable trade costs; fij fixed trade costs; 6.

; an aggregate

index of country j ’s remoteness from the rest of the world; y o the productivity

distribution parameter; and o, the elasticity of substitution between two varieties.
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Analogously, aggregate imports of product h fromcountry j to country | are

defined as M/ =w;L, J:;h m;'(¢)dG, (@), where L; is the number of workers and

W; workers’ productivity in country j.2¢ Then the import volume from country

] tocountry | is expressed as

YY (wel T (o
M? = g1, x ;x('&frlj Xt (2] (A-10B)

where 1, denotes the consumption share of good h; Y, (Y ;) the income of country

I (country j); Y world output; W, unit costs (or country j worker’s

j
productivity); 7 variable trade costs; fji fixed trade costs; 6, an aggregate index

of country i’s remoteness from the rest of the world; 7, the productivity

distribution parameter; and o, the elasticity of substitution between two varieties.”

Substituting the productivity threshold, equation (A-8), into equations (A-10A)
and (A-10B) yields

e
Xi? = Ay X My xY; X q_)ij_yg X fijg [U‘fl l] (A-10A”)

|
|\/|i;‘ =, X U, ><Yj xgﬁj’iyh X fj? (Gh_l l] (A-10B”)

28 See Chaney (2008: 1718) for the derivation of X ug .

2 The aggregate bilateral trade functions in Chaney (2008) are simpler to derive than those in
Helpman et al. (2008). The latter followed the two-stage estimation procedure to deal with the
sample selection and firm heterogeneity biases. See Chaney (2008: 1709)
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where (ﬁij ((ﬁji) is the productivity of the least efficient firm in countryl ( j ) that

. T I
exports to country j (1) and «, = A2 x fijgvg—l (a, =" x fj'i‘ah—l).

Appendix B. Instrumentation

In Table 1, the elasticity of total trade flows (i.e. Aln Xijr") with respect to

comparative advantage (i.e. AIn A”g ) for countryl is — 74, Which is the sum of
the intensive margin elasticity —(O'g —1) and the extensive margin elasticity
—Vg T (0'9 —1). On the other hand, the elasticity of total trade flows with respect
to increasing returns (i.e. Aln ) for countryi is —{yg —(ag —1)}/(09 —1),
which equals the extensive margin elasticity.

Given these elasticities, it is straightforward to retrieve informationon Aln A,jg

Aln x?
from Aln ij’ using the intensive margin elasticity —A'; = —(ag —1), and
i

information on Aln fijg from Aln (ﬁijg using the extensive margin elasticity

Aln @} _ 7 —(O'g —1).

Aln £ o,-1

However, information retrieved above does not precisely represent unobservable

costs. The intensive margin Aln xi? is not proportional to (In A,f —In ¢?jg,) in equation
(@) since Aln Aug # (In A”g —In éﬁ) Nor i the extensive margin AIn @’ proportional
to (In fi —In fjig) in equation (4) since Aln % # (In fi? —In fj?). So, the observable
Alnx? cannot exactly represent (In A,f —In ¢3ﬁ) , nor can the observable

Aln @7 exactly represent (In fi? —In fj?).
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The inaccurate proxy problem, however, can be solved by applying multiple

indicator 1V methods (Wooldridge, 2010: 112-114). First, Aln ,jg and Aln fijg

can be used as the indicators of (In A,jg —In &ﬁ) and (In f) —In f J?) respectively.

The relative position in the normalized unit costs of the source country against the
destination country will affect the extensive and intensive margins of the source
country. So will the relative advantage in the fixed trade costs of the source country

against the destination country. Second, Aln xi? and Aln (Zijg can be used as the
second indicators of (In ”g —In qﬁﬁ) and (In fi —In fj?) respectively. Since Aln ”g
is correlated with both Alnx{ and AIn @ while Aln f? is correlated with
Aln @ only as shown in Table 1, (A In % +Aln (ﬁuﬁ?) can be used as an 1V for

Aln A,J- and AN @ asan IV forAln f?.
Appendix C.

Table C-1. Korea’s Trading Partners in SITC 7 (2007-2013 average)

GDP  PlI;  FTA

J

Country EM IM GLindex |nz GDP Pl (years)
Albania 0.901 0.019 0.001 8.207 0.011 0.169 0
Algeria 0.981 0.062 0.002 7.401 0.155 0.202 0
Andorra 0.810 0.019 0.049 4.002 0.003 1.972 0
Antigua and Barbuda 0.738 0.094 0.002 5031 0.001 0.614 0
Argentina 0.954 0.024 0.008 5574 0426 0.510 0
Armenia 0.916 0.048 0.003 7.083 0.009 0.145 0
Aruba 0.758 0.092 0.000 13.785 0.002 1.104 0
Australia 0.996 0.047 0.117 2245 1139 2.464 3
Austria 0.984 0.012 0.268 0.151 0.369 2.129 0
Azerbaijan 0.860 0.047 0.000 9.920 0.049 0.261 0
Bahamas 0.356 0.011 0.001 7.877 0.007 0.988 0
Bahrain 0.778 0.066 0.003 6.721 0.024 0.958 0
Bangladesh 0.964 0.035 0.010 5.294 0.101 0.032 3
Belarus 0.921 0.012 0.033 2840 0.052 0.265 0
Belgium 0.983 0.016 0.145 1959 0.453 2.009 0
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Table C-1. Continued

i GDP,  Pl;  FTA
Country EM IM GLindex |nz GDP Pl (yeary)
Belize 0.575 0.016 0.043 4.012 0.001 0.203 0
Benin 0.330 0.006 0.000 9.810 0.006 0.032 0
Bermuda 0.707 0.043 0.000 9.164 0.005 3.881 0
Bhutan 0.630 0.040 0.001 7.919 0.001 0.092 0
Bolivia 0.940 0.011 0.002 8.337 0.019 0.089 0
Bosnia Herzegovina 0.924 0.019 0.011 5729 0.016 0.197 4
Botswana 0.690 0.003 0.000 8675 0.011 0.283 3
Brazil 0.973 0.074 0.021 4315 1.749 0434 4
Brunei Darussalam 0.914 0.095 0.010 3912 0.013 1532 0
Bulgaria 0.925 0.017 0.100 2441 0.046 0.303 0
Burkina Faso 0.762 0.007 0.000 0.009 0.026 4
Burundi 0.397 0.003 0.000 0.002  0.009 0
Cambodia 0.979 0.083 0.042 4560 0.011 0.035 0
Canada 0.989 0.027 0.161 2185 1461 2.075 0
Cape Verde 0.383 0.012 0.000 3.701 0.002 0.155 0
Central African Republic 0.250 0.005 0.001 6.419 0.002 0.020 7
Chile 0974 0.072 0.001 7.651 0.195 0.549 0
China 1.000 0.123 0508 0729 5515 0.196 0
Colombia 0.899 0.043 0.002 7.215 0.260 0.271 0
Costa Rica 0.990 0.030 0.034 0.285 0.033 0.338 1
Cote d'lvoire 0.786 0.027 0.002 8.291 0.021 0.054 3
Croatia 0.936 0.022 0.060 3.041 0.056 0.622 3
Cyprus 0.922 0.015 0.025 3525 0.023 1.362 0
Czech Republic 0985 0.029 0140 1701 0.191 0.879 3
Denmark 0970 0.014 0.209 0.374 0.298 2.604 0
Djibouti 0.244 0.039 0.000 0.001 0.059 0
Dominica 0.463 0.020 0.033 3.787 0.000 0.290 0
Dominican Republic 0.986 0.028 0.063 2.267 0.046 0.221 0
Ecuador 0.993 0.081 0.003 6.733 0.064 0.207 0
Egypt 0.988 0.076 0.008 5577 0.184 0.114 3
El Salvador 0.967 0.028 0.040 3.297 0.020 0.155 0
Estonia 0.920 0.024 0.096 2.070 0.020 0.745 0
Ethiopia 0.977 0.019 0.000 10.068 0.027 0.015 3
Faeroe Islands 0.613 0.015 0.001 3.985 0.002 3
Fiji 0.968 0.021 0.043 4109 0.003 0.176 0
Finland 0.957 0.036 0.116 0461 0.237 2.138 0
France 0.992 0.019 0.269 0.634 2.489 1.850 0
French Polynesia 0.938 0.054 0.000 10.086 0.006 1.074 0
Gambia 0.480 0.005 0.001 7.684 0.001 0.024 0
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Table C-1. Continued

Honggue Lee

g GDPR  Pl;  FTA
Country EM IM  GLindex |nz GDP Pl (years)
Georgia 0.927 0.017 0.033 3.121 0.012 0.129 3
Germany 0.997 0.026 0350 0.246 3.224 1.878 0
Ghana 0.993 0.057 0.039 3.979 0.030 0.060 3
Greece 0.951 0.139 0.016 5350 0.272 1.186 0
Greenland 0.369 0.007 0.008 2.060 0.002 1.784 0
Guatemala 0.990 0.032 0.008 6.162 0.039 0.131 0
Guyana 0.767 0.030 0.005 3523 0.002 0.128 0
Honduras 0.976 0.027 0.020 3.853 0.014 0.090 0
Hong Kong 0.999 0.042 0.185 2.269 0.212 1.456 3
Hungary 0.983 0.042 0.116 1969 0.123 0.596 7
Iceland 0.854 0.019 0.030 3.263 0.014 2.153 4
India 0.998 0.065 0.097 2961 1435 0.058 0
Indonesia 1.000 0.042 0.291 1.388 0.604 0.121 3
Iran 0.961 0.072 0.007 5677 0392 0.254 0
Ireland 0.992 0.023 0.231 0.383 0.218 2.375 3
Israel 0.981 0.051 0325 0.802 0.208 1.365 0
Italy 0.989 0.017 0.267 0.445 1996 1.600 0
Jamaica 0.893 0.012 0.199 3.060 0.012 0.216 0
Japan 1.000 0.069 0.513 0.720 4.692 1.785 0
Jordan 0.966 0.127 0.004 6.263 0.023 0.174 0
Kazakhstan 0.902 0.036 0.001 7.352 0.141 0.427 0
Kenya 0.846 0.014 0.022 4.612 0.037 0.043 0
Kuwait 1.000 0.063 0.008 5.500 0.125 2.045 0
Kyrgyzstan 0.939 0.037 0.005 6.076 0.005 0.044 0
Latvia 0.769 0.014 0.034 4.048 0.026 0.607 3
Lebanon 0.974 0.051 0.004 5.868 0.033 0.363 3
Lithuania 0.867 0.005 0.117 2.684 0.038 0.595 3
Luxembourg 0.894 0.008 0.085 1.373 0.049 4.700 0
Macao 0.914 0.048 0.048 3.422 0.027 2.471 0
Macedonia 0.910 0.026 0.010 3.961 0.009 0.202 0
Madagascar 0.940 0.031 0.009 5.684 0.008 0.019 4
Malawi 0.760 0.015 0.009 5518 0.005 0.017 0
Malaysia 1.000 0.054 0.622 0.528 0.226 0.387 0
Maldives 0.857 0.008 0.007 5574 0.002 0.308 3
Mali 0.415 0.003 0.012 3.943 0.008 0.029 0
Malta 0.808 0.044 0.617 0.530 0.008 0.923 0
Mauritania 0.641 0.002 0.000 0.004 0.053 0
Mauritius 0.945 0.050 0.030 3.986 0.009 0.355 0
Mexico 0.998 0.063 0.112 2839 0.983 0.404 0
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Table C-1. Continued

i GDP,  Pl;  FTA
Country EM IM GLindex |nz GDP Pl (yeary)
Moldova 0.871 0.018 0.000 9.637 0.006 0.076 0
Mongolia 0.994 0.090 0.008 5555 0.006 0.113 0
Montenegro 0.896 0.026 0.003 6.433 0.004 0.296 0
Mozambique 0.826 0.008 0.001 7.872 0.011 0.022 0
Myanmar 0.777 0.095 0.000 8.685 0.038 0.035 0
Namibia 0.412 0.004 0.017 5256 0.010 0.212 3
Nepal 0.888 0.019 0.005 5976 0.013 0.024 0
Netherlands 0.997 0.014 0.184 0325 0.780 2273 0
New Caledonia 0.945 0.061 0.005 6.185 0.008 1.628 0
New Zealand 0.995 0.036 0.070 2.654 0.135 1.498 0
Nicaragua 0.971 0.073 0.018 5935 0.008 0.069 0
Niger 0.617 0.003 0.000 8.888 0.005 0.016 0
Nigeria 0.981 0.020 0.023 3.963 0.332 0.100 7
Norway 0.980 0.045 0.089 0420 0.410 4.064 0
Oman 0.970 0.056 0.002 7.410 0.055 0.916 0
Pakistan 0.978 0.032 0.010 5837 0.164 0.046 0
Palestinian Territory 0.922 0.053 0.014 4416 0.008 0.095 0
Panama 0.985 0.063 0.009 0.767 0.026 0.335 3
Papua New Guinea 0.985 0.025 0.001 7.419 0.010 0.067 3
Paraguay 0.965 0.036 0.001 8483 0.019 0.139 3
Peru 0.997 0.057 0.002 7.118 0.133 0.220 0
Poland 0.971 0.044 0.098 2538 0.439 0.557 3
Portugal 0.953 0.011 0.183 1431 0.217 0.992 0
Qatar 1.000 0.067 0.003 6.526 0.123 3.475 0
Romania 0.961 0.013 0.212 0900 0.163 0.361 0
Russian Federation 0.989 0.061 0.021 4325 1.486 0.502 0
Rwanda 0.927 0.031 0.003 7.344 0.005 0.023 0
Saint Kitts and Nevis 0.631 0.020 0.001 5144 0.001 0.611 0
Saint Vincent and the Grenadines 0.697 0.015 0.001 6.532 0.001 0.275 0
Samoa 0.387 0.018 0.003 4.269 0.001 0.141 0
Sao Tome and Principe 0.054 0.014 0.000 0.000  0.057 4
Saudi Arabia 0.844 0.100 0.002 7.097 0.511 0.904 7
Senegal 0.936 0.024 0.004 6.320 0.012 0.045 3
Serbia 0.936 0.021 0.005 6.069 0.039 0.261 4
Singapore 0.999 0.084 0592 0.743 0.208 1.984 3
Slovakia 0.973 0.122 0.039 3.829 0.082 0.733 0
Slovenia 0.953 0.049 0.071 2626 0.045 1.063 0
South Africa 1.000 0.039 0.091 2965 0.311 0.293 3
Spain 0.982 0.019 0.151 2208 1.334 1405 0
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. GDP  PlI;  FTA
Country EM IM  GLindex |nz GDP Pl (years)
Sri Lanka 0.946 0.024 0.043 3.710 0.044 0.103 0
Sudan 0.955 0.048 0.009 5.297 0.040 0.063 3
Suriname 0.551 0.004 0.000 0.004 0.346 7
Sweden 0.986 0.021 0239 0435 0461 2.383 0
Switzerland 0.982 0.008 0.131 0.700 0536 3.319 4
Syria 0.969 0.215 0.001 7.885 0.044 0.101 0
Thailand 0.999 0.042 0629 0479 0299 0.218 0
Togo 0.461 0.016 0.002 4.254 0.003 0.023 0
Tonga 0.550 0.011 0.011 3.324 0.000 0.160 0
Trinidad and Tobago 0.912 0.028 0.000 9.122 0.021 0.751 0
Tunisia 0.947 0.028 0.058 3.160 0.040 0.182 1
Turkey 0.988 0.052 0.082 3.226 0.653 0.439 0
Turks and Caicos Islands 0.177 0.071  0.000 0.001  1.055 0
Uganda 0918 0.013 0.001 8317 0.020 0.028 0
Ukraine 0.960 0.046 0.030 4.112 0.145 0.153 0
United Arab Emirates 1.000 0.045 0.009 3550 0.284 1.740 0
United Kingdom 0.993 0.016 0310 0.862 2.362 1.843 3
United Republic of Tanzania 0.955 0.007 0.003 7.172 0.028 0.031 0
Uruguay 0.934 0.025 0.002 6.928 0.035 0.500 2
USA 0.996 0.047 0376 0.813 13.745 2.134 0
Viet Nam 0.993 0.142 0.200 2.124 0.106 0.057 0
Yemen 0.953 0.093 0.002 7.526 0.027 0.058 0
Zambia 0.872 0.004 0.001 8229 0.015 0.054 0
Zimbabwe 0.807 0.003 0.008 6.762 0.008 0.030 0
Average 0.887 0.038 0.086 4.119 0.367 0.712 0.994

Notes: EM — extensive margin; IM — intensive margin; GL index — the Grubel Lloyd Index;

Inz= |n(Xi?/Mi?) . GDP _ GDp Partner/GDP Korea:;

GDP

PI;

PI,

— per capita GDP

partner/per capita GDP Korea; FTA (years) — the number of years during which Korea and its
trading partner maintain the common membership of an FTA. The data on GDPs are taken from

the World Bank.
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