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CHAPTER ONE

INTRODUCTION

New trade theory and recent empirical research mitlto data present many challenges
to conventional trade models (Bernard and Jens@i, 1999; Roberts and Tybout 1997;
Melitz 2003; Helpman, Melitz and Yeaple 2004). Taier assumes that firms within an
industry are homogeneous and predicts that inésstvith comparative (dis)advantage
expand (contract) as trade costs falls, e.g., tendhor multilateral trade liberalization or
transport costs. Recent empirical studies find fihas are heterogeneous, exporters are
different from nonexporters and exporting is refaly rare within any given industry.
New trade theories have modeled firm heterogeneitysistent with observations of the
real world, but hypothesize about channels thramigich industry productivity increases
and predict firm behavior, especially the factoesedmining firm birth and death, and
export-market entry and exit (Aw and Hwang 1995kén, Hanson and Harrison 1997;
Bernard and Jensen 1997, 1999, 2004a; Robertsydwalif1997; Bernard et al. 2003;
Melitz, 2003; Helpman, Melitz and Yeaple 2004; Hefm, 2006).

This dissertation, composed of three essays, ilgates trade and productivity
effects on firm behavior based on new trade modielshe first essay, firms’ decision to
export in the case of Korean manufacturing indastis examined. In particular, two
common hypotheses of export decision - self-selacdnd learning-by-exporting- are
tested. Self-selection suggests that only firntk Wigh productivity can afford trade
costs to serve competitive foreign markets. Theni@g-by-exporting hypothesis

suggests that firms learn or improve productivityi exporting, possibly through



understanding of the customers’ quality demand. tésting the two hypotheses, Roberts
and Tybout’s (1997) dynamic model of firm exporhbeior is extended to the Korean
case. For 1998-2003, a firm-level panel databmsssembled, where productivity is
computed using the data envelope analysis (DEA)ceSnuch of trade literature has
addressed simultaneous determination of exporsaecand firm characteristics, tests of
possible endogeneity of regressors are conductiedvir the potential bias in estimated
coefficients. The latter approach not only add¥ssegressor’s endogeneity, but also
permits joint testing of self-selection and leagaly-exporting hypotheses.

The second essay investigates the effect of trasiechanges on firms’ entry and
exit in Korean manufacturing. To achieve the otoyeg the work of Bernard, Jensen,
and Schott (2006) is extended in several waysarctntext of the Korean manufacturing
firms between 1991and 2003. More specificallys #8say examines the effect of
changes in trade costs on (i) the aggregate indpstductivity gain, (ii) the probability
of firm exit and firm entry, (iii) the number of parting firms and export sales, and (iv)
the domestic market share of surviving firms amnchfievel productivity. The
computation of trade costs follows Novy’s (2007pagach, which captures not only
trade costs, e.g., transportation costs and tahbiffsalso non-tariff barriers.

In the final essay, the difference in the retumsdale between exporters and
nonexporters within an industry in Korean manufaotyare investigated. Gains from
trade depend on the extent of scale economiesimdaistry (Kemp and Negishi 1969;
Eaton and Panagariya 1979; Krugman 1980; PanagE®B8@; Abayasiri-Silva and Mark
Horridge 1996; Jason and Liu 2005). For computatibthe returns to scale, a stochastic

frontier production function is estimated using tbg-linear, Cobb-Douglas functional



form. To compare the difference in returns to st¢etween exporters and nonexporters,
a matching approaclriest andF test) is employed.

The three essays together improve our understamditihge relationships among
trade, productivity and firm behavior. The restilése important policy implications,
especially by way of insights into how the Koreawwgrnment can help their firms
sustain competitiveness in global markets, whilam@ng gains and losses from

international competition.



CHAPTER TWO

Productivity Before and After Exports: The Case ofKorean

Manufacturing Firms

2.1. Introduction

International trade has been important for efficiegains, scale economies and
specialization, which significantly contribute tcomomic growth (Romer 1990; Barro
and Sala-i-Martin 2004). Not surprisingly, a cayi# trade openness commonly
measured by its export or import share of GDP iswtered to be an indicator of the
competitiveness of an economy. In this contex,aimpirical association between trade
and economic growth has led to a flurry of expednpotion activities by developed- and
developing-country governments (Giles and Williag2890a, 2000b). Many of these
export-promotional activities, e.g., budgetary exghures, are mostly aimed at
mitigating market failures such as informationgtrametries, knowledge spillovers, and
credit and exchange rate riskddowever, the factors that underlie a firm’s dizgigo
export, continue to export or exit a foreign markatve not received much attention until
recently (Bernard and Jensen 1995). The small sumifirm-level export studies
indicates the limited understanding of the chargties of exporting firms as well as
limited availability of micro data for such analy¢Bernard and Jensen 1997, 1999;
Roberts and Tybout 1997; Melitz 2003; Helpman, ktedind Yeaple 2004).

The objective of the first essay of this disséstats to seek an understanding of

firms’ decision to export in the case of Korean ofacturing industries. Indeed Korea is

! Export subsidies are being phased out via WTO tigggms.



an excellent example of the export-led growth ided,few studies have explored factors
contributing to the increased global participatudriKorean firms, and their consequences
(Lee, Kim and An 2005). This study focuses on &inmthe Korean manufacturing
industries, at the ISCI 2-digit level, to identdnd compare the determinants of their
export behaviof. Two common hypotheses of export decision - selfetion and
learning-by-exporting - are tested. The self-d@achypothesis suggests that only high-
productivity firms self-select into foreign marketghereas the learning-by-exporting
argues that firms learn from exporting, which imge their productivity. The empirical
examination of the above two hypothesis will pr@vichportant insights into how
productivity improvements impact trade participatand economic growth.

To achieve the objective, Roberts and Tybout'®7d9nodel of firm export
behavior is extended to simultaneously examinesdifeselection and the learning-by-
exporting hypotheses using firm-level data forpleeod 1998-2003. For this purpose,
data on 1335 Korean manufacturing firms are assahfol 6 years from 1998 to 2003.
Firm-specific characteristics considered in testimgtwo hypotheses are total factor
productivity (TFP), size (labor or capital) and @stments in research and development
(R&D). Since much of trade literature has addrésseultaneous determination of
export decision and firm characteristics, testsaxsible endogeneity of regressors are
conducted to eliminate potential bias in estimaiefficients.

The next two sections present a brief review ofrdoent literature on export

decision models and an outline of the basis ofemupirical framework description in that

2 In the early 1960s, the Korean government seldfated in targeted industries, gave them various
privileges, and helped them improve productivitsotigh learning-by-doing and importing advanced
technologies. Later, the Korean government shifbeal strategy of stimulating economic growth thylou
export promotion, under which policies favored exing firms according to their (export) performance



order. Then, data including productivity computatare described followed by the
discussion of results. Finally, the summary sectioncludes and provides policy
implications of the study.

2.2. Prior Literature

Since Bernard and Jensen'’s (1995) seminal conioiboin exporter characteristics, many
have studied firms’ decision to produce for forergarkets and export, i.e., the export
decision, in manufacturing industries. Recent gbations to the theoretical and
empirical literature on factors that underlie anfs decision to export, continue to export
or exit a foreign market have improved the undexditag of firms’ export behavior (Aw
and Hwang 1995; Aitken, Hanson and Harrison 19®#nBrd and Jensen 1997, 1999,
2004a; Roberts and Tybout 1997; Bernard et al. 20@#tz, 2003; Helpman, Melitz and
Yeaple 2004; Helpman, 2006).

Focusing on characteristics of exporting firms shsiudies support the link
between higher efficiency or productivity and exgmarticipation, but two hypotheses
are suggested for directionality in this relatiapsfhe first is the self-selection
hypothesis, which states that only high-produgtifitms will become exporters: Bernard
and Jensen (1995, 1999) in the case of the Uniie<sS Clerides, Lach and Tybout
(1998) for Colombia, Mexico and Morocco; Aw, Chuagd Roberts (2000) in Korea
and Taiwan; Alvarez and Lopez (2004) in Chile; &idna, Greenaway and Kneller
(2004) in UK. The reasoning here is that thereeatea costs associated with export
activities (e.g. quality and supply chain/distribatcosts). Only high-productivity firms
can afford to incur these additional costs, makimegn self-select into export markets.

That is, pre-determined productivity affects exgmhavior. The alternative hypothesis,



learning-by-exporting, suggests that firms impréwear productivity by participating in
global markets (Clerides, Lach and Tybout 1998; &hung and Roberts 2000). Firms
learn from buyers/exporting firms, who require spe@roduct and process standards,
and supply-chain/distribution cost-sharing to cotape international markets.
Productivity gains associated with this learningexporting process helps firms
continue to produce for foreign markets.

Empirical studies indicate that high-productivityns self-select into export
markets (Richardson and Rindal 1995; Wagner 20@Hian, 2006). Other results
include that exporters survive longer and pay higieges relative to nonexporters in
both developed and developing economies. Modslid firm heterogeneity at the
industry level shows resource reallocation in fasoiast-growing exporters, which is an
important determinant of the observed correlatietwieen exports and economic growth
(Melitz 2003; Bernard and Jensen 2004b). Howewerevidence on whether exporting

improves productivity, i.e., learning-by exportimgmains mixed.

2.3. Conceptual and Empirical Framework

Roberts and Tybout’s (1997) dynamic discrete chproeess of export behavior based
on sunk (entry and/or exit) costs is the basihisf@éssay’s empirical strategy on self-
selection. In their model, firms’ export decisidepends crucially on profits net of
entry/exit costs in foreign markets. At any gitene, assuming that the profit-
maximizing level of export is always chosen, thigedence in profits between exporting
and not exporting for a representative firm isaction of factors exogenous and specific

to the firm. A firm will export if the differencin profits between exporting and not



exporting exceeds the initial sunk entry or expodts. Firms decide to export in every
period, so a non-exporting firm at one time cam tato an exporter in the next or
following periods. Similarly, an exporting firm ahe time can turn into a nonexporter at
another time, but it would incur an exit cost. Aabohally, if a firm exported in a year
t—j (t=2), for example, and if it resumes export in yeait will face reentry costs.

With the above suppositions, the maximized payb#f orm i in periodt, V,,, is

defined as:

(l) \/it(Qit) = max Et( ) Jj_t Rij|§2itj

i
where & denotes the discount ratR, is a periodt exporting profit, anckE, is a
expected value conditioned on the firm-specifiomnfation setQ;,.

Considering export-market participation, a firm estp (Y, = 1) if current and

expected revenuelét are greater than current-period costsplus any (sunk) costs of

entry, N:

_J1if R, >c,+N@-Y,,),
2) Y. = t it it-1
@) ¥ {O otherwise

where R = R, + 3(E[V, ()] R, >0] - E[V, (1 R,=0]) , and R}, is the desired
level of export revenues. In equation (2), sundtgoepresent the direct costs of entry
and exit in the foreign market. To estimate equa(R), one could develop a structural
representation by specifying the revenue funcfidre structural approach can capture
the dynamic process through the parameters ofrthfé function, but requires very

restrictive parameterization. Thus, following Rdbeand Tybout (1997) and Bernard and



Jensen (2004a), a reduced-form approach is usddntfy and quantify factors
underlying the probabilistic decision in equati@. Formally,

1 if axit+,7Qit_ N(l_Yit—l) + &, >0,
0 otherwise

3 Y ={
Firm characteristics are represented in the vektprwhile entry or sunk costs are
represented by one-period lagg¥(., , discrete export choice. Often, export decision

models represented in equation (3) include otheables exogenous to the firn@Qy, ):

trade shock, industry demand shock, and indusitpgers.
To investigate the impact of sunk costs and firecHjc characteristics on a
firm’s export decision, a probit model is specified estimating equation (3). The

identification of the parameter on the lagged ekgdecision is a key issue in equation (3)

since unobserved characteristics may also affeuosfiexport decision. There are several

potential estimation strategies for the binary-cedramework with unobserved
heterogeneity: probit with random or fixed effeasnditional logit, and linear

probability models with fixed or random effects.cAterion in choosing among the

specifications is whether or not unobserved firrarabteristics is better modeled as fixed

or random effects. In the dynamic specificatioregi a panel database, the fixed-effects

probit estimator is shown to yield biased parameséimates (Roberts and Tybout, 1997;

Bernard and Jensen, 2004a; Greene, 2002). Thesani this essay employs a random-

effects probit estimator as in Roberts and Tyb&@8{). Similar to the latter’s

specification, the errog, is assumed to be the sum of a permanent firm-Bpetement
and a transitory componerd; = «, +77,,. The permanent component is assumed to be

uncorrelated across firms, and the transitory camepbto be uncorrelated across time.
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For testing the learning-by-exporting hypotheBistnard and Jensen (1999) and
Clerides et al. (1998) propose a model of proditgtivProd , model as follows:
(4) Prod,, =m + mY,_, +mProd,_, +7m X, + U, ,
where X,,_, includes firm characteristics ang, is a random error term. Some studies

have sorted the sample into two mutually exclugraips, e.g., exporters and
nonexporters, and examined differences in the twaps’ performance (Bernard and
Jensen, 1999). We employ the alternative meth@ilding a dummy for lagged export
decision in equation (4) (Clerides et al, 1998).

A major problem with equation (4) is that decistorexport is believed to be
endogenous: equation (3). To deal with this endegproblem, instrumental-variables
(IV) estimators have been suggested by some st(Miagner, 2005; Gopinath, Sheldon,
and Echeverria, 2007). In addition, there is asfimiéty that productivity is also
endogenous in the decision to export — equatiqnl{3oth productivity and export
decision are simultaneously determined, individeglration estimation will yield biased
parameter estimates. To overcome this problematiaysis considers the following
two-equation model, which incorporates self-setetind learning-by-exporting
hypotheses:

(5) Prodi, =B, + Y, + B, Prod, + BY,, + B, Xiy + &,

2

Y = Vo t yiProd, + )Yty Xt Ef
A test of this two-equation model against individestimation of each of the two
hypotheses is also carried out via endogeneity tggtropriate for discrete-choice and
continuous-variables models. Assume that the rediémms from the system in

equation (5) can be written as follows:
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(6) Prod, =[],W+ &
Y. = [1,W+ &,

whereW includes all the exogenous variables in equation I the two-equation model
with continuous and discrete endogenous variablsnation by maximum-likelihood
methods is very cumbersome and in some cases ’feaisible. Thus, a two-stage
estimation procedure is considered, and the asyomovariance matrix can be derived
by using a procedure proposed by Amemiya for thisdteOlsen model (Maddala,
1983).

A concern here is how one might employ statistic&éria to choose between the
learning-by-exporting model that permits simultéypaind one that does not. One
procedure for doing this is the Hausman specificatest, which tests whether or not the

regressor of interest is uncorrelated with thereleom. Under the null hypothesis that the
regressolY, and the error terns; are uncorrelated, OLS estimation will yield
consistent and efficient estimates of the pararaetercontrast, under the alternative
hypothesis tha¥, and &} are correlated, OLS will yield inconsistent estiesa

A similar issue arises with the bivariate probitdabtesting self-selection, i.e.,
the correlation betweerProd and the probit model’s error term. To test thecgyheity
of productivity in equation (3), the Vuong testigimally due to Rivers and Vuong (1988),

is used. The procedure, described in detail aptieapin Wooldridge (2002), is a two-

stage conditional maximum likelihood (2SCML) esttoraThe Vuong test is based on

% The null hypothesis can be reduced to a testesitmple hypothesis thf;ﬂ?l =0, which can be tested by

computing the ratio of the estimate,ﬂ’1 to its standard error.
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the Kullback-Leibler information criteria (KLIC), measure of the “distance” between

the two statistical models. Formally, the KLIC hretVuong test is defined as,

(7)  KLIC = E,[In hy (Y|X)] = Ep[In f (Y]X; )],

where h, represents the true conditional densityvofiiven X, E, is the expectation
under the true model, ar are the pseudo-true valuesaf The best model is the one
that minimizes KLIC or maximize€,[In f (Y|X;m)] , Wwhich means that the model is
very close to the true specification. The likelidaatio test proposed by Rivers and
Vuong (1988) is given by:

(8) LR=-2(InL;-1InL,)

where I:R and [U are the log-likelihood values from restricted amilestricted models

(with and without residuals of an IV equation Rnod as part of the explanatory
variables), respectively. The LR statistic hasiasgiuared distribution with degrees of

freedom equal to the number of endogenous varigbles this essay).

2.4. Data and Productivity Measurement

Korea firm-level panel data are drawn from the Kol&formation Service (KIS), the
major credit-rating agency in Korea, which was lelsthed in 1985 and has compiled the
corporate database on the Korean manufacturingrsé&dost firms listed on the Korea
stock exchange report sales, employment, bengfitsstment and related activity, and
financial conditions to KIS for credit-rating purges. Though data are available for
1980s and early 1990s, an initial panel datas&B8856 firms is considered for the period

of 1997-2003. Extending the time period to beft®87 poses two problems. The first is
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that data reporting was not mandatory prior to 1&8d the number of surviving firms
for samples beginning before 1997 is smaller thanritial sample of 1335 firms (e.qg.
700 firms for 1996-2003).

The output of the firm is denoted by its totaksaih domestic and foreign
markets, both of which are deflated using a martufaxg price index. Inputs into
production are capital - tangible and intangibrap®yment (labor), raw or intermediate
materials, and R&D expenditures. The inputs andthiput reported in values terms are
deflated by a price index.

Following Chambers et al. (1996), the data envaleqt analysis (DEA) is used
to derive firm-specific productivity measures. DEsfa linear programming-based
technique for evaluating the relative efficiencyaadecision making units and does not

require any assumption on the functional form aidoiction technology and error terms.
To illustrate, consider a production technologyduaingM outputs,z0d RM with N
inputs, xO RY' . Letting a closed séf 0 R"x R denote the production possibility set,
(=x, 2 OT, the Luenberger’s shortage function can be ddfmedifferences in values
of the directional distance function as follows:

min{ y: (-x-u9,, z—xg,) JT} for some y,
9 S(xzg9,,9,)= # .
+ 00 otherwise

whereg, OR) and g, 0 R are directional vectors. Chambers et al. (1996)dsfthe

directional technology distance function as a \tameof the Luenberger’s shortage

function as the following:

(10) D(x, z:g,,9,)=sup{@: (x-0g,, z+60g,) 0T}
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With the assumption of free disposability of inpatsl outputs, the directional distance

function in equation (10) can provide an altermratiescription of the production
technology. Consider a set of observation&ditms, (x*, z*), k=1, ...,K . Assume

that the seT is convex and the technology exhibits free dispoBave impose variable

returns to scale on the production technology B¥riating the intensity variables to sum
to one, i.e.,zlil/l" =1, A“> 0, a nonparametric representation of the technoi®gy
expressed as:

(11) Ty ={(%2) : 2 A K <%, I 222, 3 I =1 A0 k=1..K|

The directional distance function lth firm for the periods$+1 andt, of I3t (0¥ and

I3t+1([)] respectively, can be represented by the follovimgar programming problems
(Chambers et al., 1996):

(12) D (X, 21 9y, ;) = maxd

K K K
St Y XXy sx —6g5, DAz, <z -0gF, Y A=1,220k=1..K,
k=1 k=1

k=1

(13) D\ (X%, 2841 05, ) = max g
K

K K
SELY XX sx -89, DAz <sys —6g;, > A =1, 420k=1..K
k=1

k=1 k=1
whered measures how far the input-output vedteyr z is ffom the frontier technology,
expressed in units of the reference input-outputdl®) (g, ,g,). The average oﬁt([)]

and 5t+1(m can be used as the productivity index of the fmmperiodt+1. Larger values

of the average of these two indexes indicate iciefficy, while a zero value indicates that

the corresponding firm is efficient given the frenttechnology.
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2.5. Results and Discussion

This section first reports the results of the ersd@ity tests in single-equation models of
self-selection and learning-by-exporting. Thew, tésults of the simultaneous (two-
equation) model, jointly testing the above two hyy@ses, are discussed.

2.5.1 Endogeneity Tests

First, consider the productivity equatioBtod . In every industry, except chemicals
(Hausman'’s chi-squared statistic, 3.99 < 11.08 Hhusman test rejects the null
hypothesis that the lagged export decision is irddpnt of the error term. So, the
individual-equation specification fdProd (equation 4) should account for the
endogeneity of LDV, i.e., lagged export decisioia, an instrumental-variable estimator.
In the individual self-selection model, the Vuoegts also reject the null hypothesis that
productivity is exogenous except in the computes @fice machinery industry (Vuong
statistic 3.8). Both Hausman and Vuong tests inipdy individual estimation by OLS
and bivariate Probit estimators without taking astf possible simultaneity will yield
biased parameters of export behavior. Alternagivible two-equation model of export
decision and productivity is statistically prefetrever the individual-equation models for
each equation. Nevertheless, tables 2.1.1 thr@ugB present the industry-wise
parameter estimates of individual as well as jesitmation of export decision and

productivity in the case of Korean manufacturirrgn.

2.5.2 Two-Equation Model Results
Based on the results of endogeneity tests in teequs subsection, the following two-

equation model is considered:
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(14) Prod;,, = B, + B,Y,, + B,Prod,, + B;Y,, +B,R& D,
Y, =V, + yyProd,, + ),Y,,, + ysLabor,, + y, TCAR _, + s INTCAP,

where R& D denotes research and developmdrabor is the number of employees,
TCAP and INTCAP are tangible capital (e.g., buildings and machiaes) intangible
capital (e.g., industrial property rights, brargliand fishing rights), respectively.
Although the estimates of individual equations Rymod and Y, are presented in
columns labeled (1) and (2) of tables 2.1.1 thro2gh8, they are not discussed in the
following. Given the results of endogeneity testsly results of the two-equation
(simultaneous) model are explored in depth.

Regression results for the food processing andctabendustry are reported in
table 2.1.1. Recall from the previous section thktrger value of thérod index
indicates greater inefficiency of a firm. Focusmmythe productivity equation, column

(3) of table 2.1.1, shows that the estimated coeffit onY,,_, is negative, but not

statistically significant. That is, exporting imet previous year does not significantly
affect firm productivity in the following year. Hee, the learning-by-exporting
hypothesis is not supported in the food procesainjtobacco industry. Note also that

the estimated coefficient oRrod, , is large indicating slow adjustment of firm

productivity over time. The one-period laggeé& D has a negative and significant
effect on productivity, which suggests that suahtmwlogical investments improve
firms’ productivity. The probit model results inlamn (4) of table 2.1.1 do not support
the self-selection hypothesis. That is, produttidoes not have significant impact on

the decision to export. The coefficient 8nod, has the expected negative sign but is not
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statistically significant. It appears from tabld.2 that sunk costs of exporting are a key

determinant of Korean food and tobacco firms’ expahavior. The coefficient o¥,_,

is positive and statistically significant indicadithat previous export experience (sunk
costs) matters for the current export decisionheDsignificant effects on export decision
arise from size variables. Tangible capital, xpror size, positively affects the export
decision in the food processing and tobacco ingludtr contrast, the coefficient on
intangible capital has a negative sign with sta@s$tsignificance, which may arise from
firms’ branding specific to Korean markets. In suhe food processing and tobacco
industry provides no evidence of either learningelaporting or self-selection.

Table 2.1.2 reports the estimation results forctemical manufacturing firms.
The results in columns (3) and (4) of table 2.x&2samilar to those of the food
processing and tobacco industry with two exceptiofise first is that the one-period
laggedR & D does not have a statistically significant effentproductivity. The other
exception is that the coefficient on productivitydolumn (4) of table 2.1.2 is positive
and statistically significant. This means that Srmith high productivity are less likely to
export, which is a contradiction of the self-sal@tthypothesis. However, a sharper
focus on Korea’s chemicals industry provides aigkeixplanation for this unexpected
result. A duty is imposed on crude oil that isduas raw material for most of chemical
products. Tariff escalation, i.e., higher tariis processed goods, is also observed on
petroleum-based products. Compounding the pratesttenario are the technological
constraints faced by Korean chemical firms. Fanegle, while big chemical
manufacturers boast of their huge export, many atedmmanufacturers have technical

cooperation with foreign firms, which limit the dmation of certain technologies to only
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serve the Korean market. Hence, high productiuitygs focus on the tariff-supported
domestic markets for higher profits, while thosattare not bound by foreign technology
attempt to participate in global markets, i.em@rwith low productivity are more likely
to export.

Table 2.1.3 reports the parameter estimates ofrekpbavior and productivity
evolution in the machinery and equipment industgr the first time, evidence of
learning-by-exporting is found in column (3) of &2.1.3, where the lagged export
decision significantly affects firms’ productivityThe above effect is in addition to the
R& D effect, which also significantly improves firmgutuctivity. With regard to the
probit model, column (4) of table 2.1.3, the maehynand equipment industry presents
evidence of self-selection: the coefficient on prctivity is negative and statistically
significant at the 1% level. As with the previdu® industries, sunk costs have a
positive and statistically significant effect oretexport decision. Firm size effects are
mixed in the machinery and equipment industry. hHBagh employment and intangible
capital increase the probability that a firm expplut the coefficient on tangible capital
is negative and statistically significant. In suire machinery and equipment industry
shows significant evidence of both learning by ekpg and self-selection.

The results of estimating the simultaneous modebwation (14) for the
computers and office machinery industry are regbirgable 2.1.4. As shown in column
(3) of that table, only lagged productivity and R&Rve a statistically significant and
expected effect on current productivity. Howesslf-selection appears vindicated in
column (4) of table 2.1.4, where a negative andia@ant relationship between

productivity and the export decision is found. KB@nst effects on the export decision



are also significant, but firm-size proxied by imgigble capital, has a negative and
statistically significant coefficient. It appedhat the computers and office machinery
industry presents evidence of self-selection, logitof learning-by-exporting. Results in
table 2.1.5 for the electronics, TV and communaagquipment industry are similar to
those of computers and office machinery industppreed in table 2.1.4. Current
productivity is mostly explained, in the given siheation, by previous period
productivity. However, sunk-cost effects and ewnckof self-selection are significant in
column (4) of table 2.1.5.

Table 2.1.6 reports results of the two equation ehfm the medical, precision
and optical instruments industry. Here, curreodpictivity is affected by previous-
period productivity and R&D (column 3). Similar édher manufacturing industries, the
coefficient on sunk cost is positive and significamhile size effects on export behavior
are mixed (column 4). However, the sign of the pictiyity coefficient in the probit
equation is positive and significant, as in themsloal manufacturing industry. Again, a
technological restraint, especially from foreignr@ss of advanced techniques, is likely
driving the result. Firms that use licensed tedbgyin the medical, precision and
optical instruments industry appear to have focusedomestic markets. The latter
might be the source of the observed correlatiowden domestic-market orientation and
high-productivity firms. The results for the motgghicles and trailers industry, reported
in table 2.1.7, are nearly identical to those blg2.1.6. In all three industries where a
positive and significant coefficient is obtained pyoductivity in the probit equation, i.e.,
the opposite of a self-selection effect, both nundéexporters and scale of exports are

lower relative to industries where Korea has a canajve advantage (machinery and



equipment, electronics, TV and communication eqe@pincomputers and office
machinery). Appendix tables 2.1 through 2.8 predescriptive statistics on each of the
8 industries investigated in this study the case of other transport equipment industry,
table 2.1.8, evidence of neither learning-by-expgrhor self-selection is found.
However, sunk-cost effects remain statisticallyngigant as in the case of the other 7
industries.

In summary, evidence of learning-by-exporting isrfd only in the machinery
and equipment industry, while self-selection isiifeed in the case of three major
industries, where Korea appears to have a comparativantage. In some instances,
high-productivity firms appear focused on domestarkets, which may arise from trade
protection and restraints of imported (licensedhtelogy. Sunk costs are important in
the export decision of firms in each of the eigidustries. Firm size, proxied by
employment, has a positive and statistically sigaift association with the decision to

export in five of the eight industriés.

2.5.3 Marginal/Discrete Effects

The previous section discussed the sign and sigmifie of estimated coefficients of
equation (14), but not the relative effects of fispecific characteristics on the export
decision. To infer on the latter, parameter est@saif the probit model are used to derive
marginal effects: the change in predicted exparbability associated with changes in
the exogenous variables. Marginal effects are cdeatpior each of the explanatory

variable as in equation (14) for each manufactuimaigistry.

* However, the effects of tangible and intangiblpitza are mixed, with a tendency toward negatieas
on the export decision. As will be shown in thatreection, size effects on the export decision are
relatively small compared to the sunk-cost effects.
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The predicted probability from a bivariate modegjigen by
(15)  E(Y|X)=F(/X),
whereY is the choice variableX is a vector of exogenous variablgsjs a vector of

parameters, an& is the cumulative normal distribution. In tReobit model, marginal
effects for continuous variables are defined as:

(16) OE[Y|X]/ aX=f(yX)y

where f is the corresponding probability density functidhe partial derivative with
respect to a particular variabl¢, i.e., marginal effects oK , will depend on the level at
which the other exogenous variables are evaludtbldridge, 2002). In this essay, the
marginal effects of an continuous independent Wéiare evaluated by setting all other
variables at their respective means, which is tbetrmommonly reported result in the
bivariate choice literature (Wooldridge, 2002; Aitk Hanson and Harrison, 1997).

Holding all other exogenous variables at their nseéme effect of change iX, on

export decision is presented in two formats: t&feand figures 2.1 through 2.3. In the
case of a dummy-type independent variable (for gt@nsunk cost), the discrete effect
of the variable is evaluated by taking the diffeem the predicted probability with and
without that dummy variable equal to 1. Given thpmositions described above, the

discrete effect of a dummy variabtg,can be expressed as:
(17) E(Y|d=1) - E(Y|d=0),
Table 2.2 reports the marginal effect of every exmgis variable in each of the

eight industries. The general pattern suggestsstirk-costs have the largest effect on

the probability of export in all Korean manufachgiindustries. For example, column
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(1) in table 2, which represents the food procepsaimd tobacco industry, shows the

results that a discrete increase in the one-péagadf Y,, increases a firm’s export

probability by 77%. Discrete effects of sunk-castsge from 57% to 79% for the eight
industries included in this study. Unlike in tab1.1 through 2.1.8, the marginal effect
of self-selection is statistically significant onityone industry (electronics, TV and
communication equipment). Marginal effects of siaeiables are relatively lower than
that of the sunk-cost or self-selection observetdlie 2.2.

An alternative illustration of marginal effectssBown in figures 2.1-2.3. Figure
2.1 plots the predicted probability of export pegation due to a change in productivity
for 3 industries, where high productivity is poggtly associated with the export decision.
That is, each of three sub-charts in figure 2Listhates the self-selection effect: that is,
the more efficient a firm, the greater is the likebd that it exports. The predicted
probability of export due to sunk costs is illugdain figure 2.2, where we find an
upward trend. This suggests that greater the gueveéxport experience, i.e., invested or
sunk costs, the larger is the current predictedexpobability in each of the 8 industries.
Figure 2.3 shows the predicted probability of exglue to a change in firm size, proxied
by labor, for the five industries, where a positarel significant coefficient is obtained.
As seen in the figure, the predicted probabilityd® to increase with firm size. Based on
table 2.2 and predicted probabilities in figurek through 2.3, it appears that three

variables explain the export decision in the cdd¢€omean manufacturing firms: the one-

period lag ofY;, (sunk costs), productivity (self-selection), aatddr (firm size). Among

the three, sunk-cost effects are relatively latban the other two.
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2.6. Summary and Conclusions

This essay examines export behavior of Korean naatwurfing firms by testing the self-
selection and learning-by-exporting hypothesed-Sséction suggests that only firms
with high productivity can afford trade costs tov@competitive foreign markets. The
learning-by-exporting hypothesis suggests thatdilearn or improve productivity from
exporting, possibly through understanding of thetamers’ quality demand. The Korean
case is indeed interesting since it has often b&ed as one of the best examples of the
export-led growth idea.

Drawing on a dynamic model of firm behavior, an @mpl framework is derived
to test the above two hypotheses from the emergaug literature on firm heterogeneity.
The latter, however, views these two hypothesesiohaally and has not addressed
feedbacks or simultaneity of the export and progtigtdecisions. Building on the prior
literature, an empirical model that can jointlyttes the two hypotheses is developed,
where the validity of the joint specification ovadividual testing of each of the two
hypotheses can be ascertained. The proposed eaipirodel included two equations: a
discrete-choice (probit) model of export behawehgere the dependent variables takes
value one when a firm has positive export saleszand otherwise; and a regression
equation for the evolution of firm-level productiyi

Firm-level data from the Korean Information Servaze compiled for eight
manufacturing industries with time-series inforrnaton domestic and export sales,
employment, capital stock (tangible and intangitded R&D expenditure. A data
envelope analysis is used to derive firm-level xeteof total factor productivity.

Specification tests - Hausman and Vuong, showttteatwo-equation model of export
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decision and productivity is statistically prefetr@ver individual equations for each of
the two hypotheses.

Estimation results suggest that sunk costs arelkerminants of the export
decision in all industries, which is consistenthwtite findings in the case of the United
States and few other developing countries. Prevesyort experience significantly and
positively affects the current period decision xp@t. Evidence of self-selection is
found in only three industries (machinery and emept, computers and office
machinery, and electronic components manufacturinggre Korea appears to have a
comparative advantage. In some other industriesngemostly domestic markets, high
productivity does not encourage export participatibhe latter situation may arise if
technology used by firms in these industries comés limitations on market access.
Moreover, the Korea Trade Promotion Organizatiopulalic agency, has been
supporting exporters during the 1970s and 19808e\hese pre-established foreign
market contacts (sunk costs) likely sustained esgarthe 1990s. Marginal effects from
the discrete- choice model suggest that sunk-dtestte on the predicted export
probability are relatively larger than that of fshproductivity and size. Evidence of
learning-by-exporting is found only in the machiyand equipment industry, a situation
similar to many studies seeking insights on sugtokiyesis. The investigation of Korean
manufacturing suggests that information on forergarkets and lowering cost of
accessing overseas markets might be effectiveumstnts for promoting firms’ export

participation.
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Table 2.1.1. Estimation Results for Food Processirand Tobacco firms

29

Individual Estimation

Simultaneous Estimation

Prod;, Y, Prod;, Y,
€Y (2 ©)] (4)
Intercept 0.0891*** -2.1500*** 0.1036*** -2.0890***
(0.000) (0.000) (0.008) (0.000)
Productivity t (Prod, ) 0.0955 -0.041(
(0.830) (0.588
Productivity t-1 (PrOdit—l) 0.8605%** 0.9161%+*
(0.000) (0.000)
Exported Current Year Y, ) 0.0181 0.0156
(0.448) (0.395)
Exported Last Yeary; ;) 0.0125 2.8990%** -0.0246 2.9034*
(0.592) (0.000) (0.657) (0.000)
R&D t-1 -2.01E-8*** -1.88E-8***
(0.006) (0.003)
Labor t-1 -0.00001 -0.00002
(0.877) (0.177
Tangible Capital t-1 -(CAFTt—l) 7.24E-10 6.77E-10%*4
(0.350) (0.000
Intangible Capital t-1
(INTCAR; ;) -1.68E-8 -1.68E-8***
(0.186) (0.000
Hausman Test 27.9
Vuong Test 24.4
Observations 606 60 606 606
Log Likelihood -79 -79
R? 0.88 0.83
Fixed effects Yes Yes

p-value is in parenthesis.

* *x **x denote significance at the 10%, 5%, aiddo level, respectively.

E-n denoted 0™".



Table 2.1.2. Estimation Results for Chemicals Manuaicturing Firms
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Individual Estimation Simultaneous Estimation
Prod, Y, Prod;, Y,
1) (2 ©)] (4)
Intercept 0.1027***  -1.8144*** -0.2173 -1.8228**
(0.000) (0.000) (0.273) (0.000)
Productivity t (Pmdit ) 0.2589 0.2756***
(0.337) (0.004
Productivity t-1 (Proqt_l) 0.8167*** 0.8403***
(0.000) (0.000)
Exported Current Year Y, ) 0.0077 -0.1841
(0.602) (0.111)
Exported Last Yeary;_; ) -0.0181  2.4889** 0.4489 2.4883*1
(0.215) (0.000) (0.120) (0.000)
R&D t-1 -4.20E-9*** -1.38E-9
(0.002) (0.741)
Labor t-1 -0.00004 -0.00004
(0.616) (0.194
Tangible Capital t-1 '(CAPIt_l) 5.62E-10 5.69E-10%**
(0.120) (0.000
Intangible Capital t-1 NTCAR, _; ) 4.07E-9 4.12E-9
(0.616) (0.277
Hausman Test 3.9
Vuong Test 18.1
Observations 1176 1176 1176 1176
Log Likelihood -304 -304
R? 0.73 0.68
Fixed effects Yes | Yes

p-value is in parenthesis.

* *x **x denote significance at the 10%, 5%, aiddo level, respectively.

E-n denoted 0™".
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Table 2.1.3. Estimation Results for Machinery and Buipment Manufacturing

Firms
Individual Estimation Simultaneous Estimatiorj
Prod,, Y, Prod,, Y,
(1) (2 ) (4)
Intercept 0.1262*** -1.4239%** 0.2052*** -1.4004***
(0.000) (0.000) (0.000) (0.000)
Productivity t (Pmdit ) -0.3143 -0.3524%*+
(0.144) (0.000
Productivity t-1 (Proqt_l) 0.7887*** 0.8963***
(0.000) (0.000)
Exported Current Year v, ) -0.0027 0.0857*+*
(0.643) (0.000)
Exported Last Yeary;_; ) -0.0071  2.1061%%*| -0.1895%*  2.1044***
(0.225) (0.000) (0.000) (0.000)
R&D t-1 -8.50E-9 -4 .25E-8***
(0.214) (0.000)
Labor t-1 0.0010** 0.0009***
(0.032) (0.000
Tangible Capital t-1 '(CAFit_l) -1.25E-8** -1.27E-8***
(0.040) (0.000
Intangible Capital t-1 |(\|TCAPit_1) 9.44E-8** 9.47E-8***
(0.016) (0.000
Hausman Test 267.9
Vuong Test 40.7
Observations 2964 2964 2964 2964
Log Likelihood -802 -802
R? 0.86 0.79
Fixed effects Yes Yes

p-value is in parenthesis.

* *x kkx denote significance at the 10%, 5%, @rl% level, respectively.

E-n denoted 0™".
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Table 2.1.4. Estimation Results for Computers and fiice Machinery

Manufacturing Firms

Individual Estimation Simultaneous Estimatiorj
Prod,, Y, Prod,, Y,
(1) (2 ) (4)
Intercept 0.0667** -1.1258*** 0.0469 -1.0728*F
(0.032) (0.000) (0.135) (0.000)
Productivity t (Pmdit ) -0.8841 -1.0080%**
(0.255) (0.007
Productivity t-1 (Proqt_l) 0.6701*** 0.8290***
(0.000) (0.000)
Exported Current Year v, ) -0.0214 0.0050
(0.645) (0.670)
Exported Last Yeary;_; ) 0.0589  2.0221% 0.0035  2.0202*
(0.190) (0.000) (0.939) (0.000)
R&D t-1 -2.80E-8** -2.10E-8**
(0.020) (0.019)
Labor t-1 0.0004 0.0004
(0.854) (0.326
Tangible Capital t-1 {cAR;_; ) 4.13E-10 -5.29E-10
(0.979) (0.881
Intangible Capital t-1 I(\ITCAPit_l) -9.67E-7 -1.16E-6***
(0.412) (0.000
Hausman Test 17.0
Vuong Test 3.8
Observations 90 9 90 90
Log Likelihood -29 -29
R? 0.81 0.71
Fixed effects Yes Yes

p-value is in parenthesis.

* *x kkx denote significance at the 10%, 5%, @l % level, respectively.

E-n denoted 0™".



Table 2.1.5. Estimation Results for Electronic-Comepnents, TV and
Communication-Equipment Manufacturing Firms
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Individual Estimation Simultaneous Estimation
Prod,, Y, Prod;, Y,
1) (2) ) (4)
Intercept 0.0864*** -1.4788*** 0.0190 -1.4302%*
(0.000) (0.000) (0.659) (0.000)
Productivity t (Prod, ) -0.6500%** -0.7418%*
(0.005) (0.000
Productivity t-1 (PrOdit—l) 0.8287*** 0.8762%+*
(0.000) (0.000)
Exported Current Year ¥, ) -0.0159 -0.0274
(0.198) (0.343)
EXpOI’tEd Last Year\Qt_l) -0.0362%*+ 2 5002%** 0.0280 2.4908***
(0.002) (0.000) (0.707) (0.000)
R&D t-1 6.58E-9** 5.45E-9
(0.012) (0.1112)
Labor t-1 0.0005% 0.0005**%
(0.066) (0.000
Tangible Capital t-1 '(CAPIt_l) -2 46E-9* -2 37E-Q***
(0.063) (0.000
Intangible Capital t-1
(INTCAR; ;) -6.07E-9 -7.21E-
(0.683) (0.184
Hausman Test 79.2
Vuong Test 17.1
Observations 1254 1254 1254 1264
Log Likelihood -315 -316
R? 0.84 0.78
Fixed effects Yes Yes

p-value is in parenthesis.

* *x **x denote significance at the 10%, 5%, addo level, respectively.

E-n denoted0™".
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Table 2.1.6. Estimation Results for Medical, Precisn and Optical Instruments

Manufacturing Firms

Individual Estimation Simultaneous Estimation
Prod,, Y, Prod,, Y,
1) (2 3) (4)
Intercept 0.0947**=* -2.0112%** 0.0701** -2.2551%**
(0.000) (0.000) (0.020) (0.000)
Productivity t (Pmdit ) 0.3880 0.9367***
(0.452) (0.000
Productivity t-1 (Proqt_l) 0.75571*** 0.8475***
(0.000) (0.000)
Exported Current Year v, ) -0.0112 0.0048
(0.658) (0.705)
Exported Last Yeary; ;) -0.0008  2.5772% 0.0284  2.5920**
(0.974) (0.000) (0.463) (0.000)
R&D t-1 -3.82E-9** -2.65E-9*
(0.015) (0.054)
Labor t-1 0.0010 0.0014**=*
(0.347) (0.000
Tangible Capital t-1 '(CAFit_l) 8.98E-9 -1.24E-8**
(0.265) (0.000
Intangible Capital t-1 1TcAR, _; ) 1.89E-8 2 12E-8***
(0.190) (0.000
Hausman Test 36.7
Vuong Test 18.5
Observations 450 45 450 450
Log Likelihood -86 -85
R? 0.81 0.73
Fixed effects Yes Yes

p-value is in parenthesis.

* ** *%* denote significance at the 10%, 5%, @i% level, respectively.

E-n denoted0™".
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Table 2.1.7. Estimation Results for Motor vehicleand Trailers Manufacturing

Firms
Individual Estimation Simultaneous Estimatiorj
Prod,, Y, Prod,, Y,
(1) (2 ) (4)
Intercept 0.0777**=* -1.9576*** 0.0760*** -1.9872%**
(0.000) (0.000) (0.000) (0.000)
Productivity t (Prod, ) 0.3710 0.4302**
(0.224) (0.000
Productivity t-1 (Pmdit—l) 0.8622%* 0.9016***
(0.003) (0.000)
Exported Current Year Y(t) 0.0023 0.0069
(0.850) (0.534)
Exported Last Yeary;_;) -0.0143  2.7032% -0.0301  2.7032*
(0.229) (0.000) (0.334) (0.000)
R&D t-1 -1.17E-8*** -1.32E-8***
(0.003) (0.001)
Labor t-1 0.0009** 0.0009***
(0.014) (0.000
Tangible Capital t-1 '(CAPIt_l) -5.84E-9** -5.Q2E-Q***
(0.044) (0.000
Intangible Capital t-1 I(\ITCAPit_l) -7.20E-8 -7.10E-8***
(0.335) (0.000
Hausman Test 39.3
Vuong Test 16.2
Observations 1200 1200 1200 1200
Log Likelihood -280 -280
R? 0.85 0.8
Fixed effects Yes Yes

p-value is in parenthesis.

* *x kkx denote significance at the 10%, 5%, @l % level, respectively.

E-n denoted 0™".
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Table 2.1.8. Estimation Results for Other TransportEquipment Manufacturing

Firms
Individual Estimation Simultaneous Estimatiorn
Prod,, Y, Prod;, Y,
1) (2) ) (4)
Intercept 0.0376** -1.6978*** 0.0540** -1.7383**4
(0.011) (0.000) (0.025) (0.000)
Productivity t (Prod, ) 0.0719 0.0718
(0.905) (0.573
Productivity t-1 (Proqt_l) 0.7874%+* 0.8944***
(0.000) (0.000)
Exported Current Year v, ) -0.0023 0.0189
(0.933) (0.105)
Exported Last Yeary; ;) 0.0156  2.2349%* -0.0457  2.2457*
(0.574) (0.000) (0.216) (0.000)
R&D t-1 4.19E-9 3.43E-9
(0.107) (0.273)
Labor t-1 0.0025 0.0025***
(0.247) (0.000
Tangible Capital t-1 '(CAFit_l) -1.80E-8 -1.81E-8***
(0.298) (0.000
Intangible Capital t-1 1iTcAR, _; ) -9.16E-7 9. 21E-7**
(0.219) (0.000
Hausman Test 28.6
Vuong Test 12 4
Observations 270 270 270 270
Log Likelihood -59 -59
R? 0.77 0.78
Fixed effects Yes Yes

p-value is in parenthesis.

* *x F*x denote significance at the 10%, 5%, @l% level, respectively.

E-n denoted 0™".
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Table 2.2. Marginal / Discrete Effects From Two-Egation Model

Industry 1 Industry 2 Industry 3 Industry 4 Industry 5 Industry 6 Industry 7 Industry 8
1) 2) 3 (4) 5) (6) () (8)

Productivity
Exported Last Year
Labor

Tangible Capital

Intangible Capital

-0.0030 0.0579 -0.0617 -0.1989 -0.1859 0.1093 0.0930 0.0067

0.7682*** 0.7469*** 0.6448*** B738*+* 0.7445*** 0.7413**  0.7932*** 0.5668***

-2.23E-6 -9.10E-6 0.0002** 0.0008 0.0001* ma 0.0002** 0.0002*
5.11E-11 1.19E-10 -2.23E-9** -1E640 -5.30E-10* -1.44E-09 -1.28E-9** -1.71E-9*
-1.27E-9 8.68E-10 1.65E-8** QE37* -1.61E-9 2.47E-9 -1.53E-8 -8.69E-8

Industry 1 : Manufacture of Food products, beverage® Tobacco

Industry 2 : Manufacture of Chemicals and Chempcatlucts

Industry 3 : Manufacture of Machinery and Equipment

Industry 4 : Manufacture of Computers and Officechiaery

Industry 5 : Manufacture of Electronic ComponeRagdio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision &@yatical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Trademd Semitrailers

Industry 8 : Manufacture of Other Transport Equipme

* *x Fxx denote significance at the 10%, 5%, adéo level, respectively.

E-n denoted 0™".
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Figure 2.1. Evidence of Self-Selection
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Figure 2.2. Sunk-Cost Effect on the Export Decision
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Figure 2.3. Size Effect on the Export Decision
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Appendix 2-1. Descriptive Statistics of Firm-Specit Characteristics of Food
Processing and Tobacco firms(101 Firms)

Variable Mean S.D Maximum Minimum
Productivity 1998 0.29 0.25 0.78 -0.20
1999 0.32 0.26 0.86 -0.35
2000 0.37 0.28 0.89 -0.44
2001 0.39 0.29 0.86 -0.20
2002 0.45 0.25 0.86 -0.39
2003 0.48 0.26 0.83 -0.30
Export Dummy 1998 0.19 0.32 1 0
1999 0.08 0.27 1 0
2000 0.08 0.27 1 0
2001 0.08 0.27 1 0
2002 0.11 0.31 1 0
2003 0.10 0.30 1 0
Export 1998 358320 1245639 7239310 0
(Million Won) 1999 263736 1274560 8234154 0
2000 168920 809715 6242266 0
2001 140453 622934 4620976 0
2002 226844 868055 6476575 0
2003 250577 1027524 7572069 0
R&D 1998 272 906 7737 0
(Million Won) 1999 267 658 4450 0
2000 337 854 5495 0
2001 342 807 5499 0
2002 340 674 2815 0
2003 482 1121 6426 0
Labor 1998 612 1124 5793 11
1999 633 1105 5549 9
2000 613 1090 5522 6
2001 619 1113 5350 16
2002 601 1090 5490 16
2003 596 1103 5618 14
Tangible Capital 1998 81124 207645 1407313 117
(Million Won) 1999 83437 199604 1210449 112
2000 84854 199291 1196653 107
2001 87552 215646 1482287 102
2002 84794 209148 1375180 97
2003 85255 210441 1342615 103
Intangible Capital 1998 2658 17937 136074 0
(Million Won) 1999 3444 18531 130963 0
2000 3501 20773 171968 0
2001 3197 19635 182368 0
2002 2673 17206 169082 0
2003 2114 13017 129768 0

42
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Appendix 2-2. Descriptive Statistics of Firm-Speci€ Characteristics of Chemicals
Manufacturing Firms (196 Firms)

Variable Mean S.D Maximum Minimum
Productivity 1998 0.48 0.21 0.82 -0.26
1999 0.37 0.21 0.80 -0.42
2000 0.28 0.20 0.76 -0.45
2001 0.44 0.20 0.75 -0.48
2002 0.58 0.23 0.86 -0.09
2003 0.57 0.23 0.87 -0.05
Export Dummy 1998 0.22 0.41 1 0
1999 0.20 0.40 1 0
2000 0.20 0.40 1 0
2001 0.20 0.40 1 0
2002 0.22 0.41 1 0
2003 0.22 0.41 1 0
Export 1998 907441 2130753 9386381 0
(Million Won) 1999 701338 1773233 9264890 0
2000 766560 2042942 9899877 0
2001 671015 1865095 9887018 0
2002 644007 1599876 9289062 0
2003 719657 1814646 9444847 0
R&D 1998 742 2387 20372 0
(Million Won) 1999 922 2715 20369 0
2000 1088 3059 22259 0
2001 1344 3753 26985 0
2002 1470 3707 25873 0
2003 1690 4377 38098 0
Labor 1998 362 835 9407 5
1999 352 791 9275 5
2000 348 709 7983 5
2001 342 616 6144 7
2002 336 542 4306 4
2003 329 493 3314 9
Tangible Capital 1998 76548 224256 1913251 56
(Million Won) 1999 76929 197015 1393887 57
2000 79129 198850 1405377 57
2001 83459 204898 1385536 66
2002 80296 191630 1174257 46
2003 80256 189016 1167547 50
Intangible Capital 1998 607 4119 54524 0
(Million Won) 1999 1939 9232 90559 0
2000 1453 6119 69049 0
2001 1692 6709 65038 0
2002 1620 6123 57223 0
2003 1794 6725 62945 0
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Appendix 2-3. Descriptive Statistics of Firm-Speci€ Characteristics of Machinery
and Equipment Manufacturing Firms(494 Firms)

Variable Mean S.D Maximum Minimum
Productivity 1998 0.53 0.17 0.86 -0.14
1999 0.56 0.19 0.85 -0.28
2000 0.55 0.20 0.87 -0.26
2001 0.54 0.20 0.92 -0.32
2002 0.56 0.20 0.94 -0.21
2003 0.58 0.20 0.90 -0.18
Export Dummy 1998 0.14 0.35 1 0
1999 0.14 0.34 1 0
2000 0.15 0.35 1 0
2001 0.12 0.32 1 0
2002 0.17 0.37 1 0
2003 0.18 0.39 1 0
Export 1998 257599 956236 8175470 0
(Million Won) 1999 230890 921072 8167122 0
2000 238908 952047 9820946 0
2001 262736 1100063 9704111 0
2002 338449 1209425 9295901 0
2003 398669 1346186 9769005 0
R&D 1998 46 141 1246 0
(Million Won) 1999 75 290 4043 0
2000 94 350 4593 0
2001 97 345 5078 0
2002 112 368 5437 0
2003 143 535 8836 0
Labor 1998 59 114 1315 3
1999 61 113 1216 3
2000 64 114 1170 1
2001 65 118 1158 2
2002 63 108 1146 2
2003 65 108 1133 3
Tangible Capital 1998 3575 11388 152364 9
(Million Won) 1999 4006 11881 138810 15
2000 4416 11901 128097 10
2001 4724 12751 125236 6
2002 4839 12447 117619 2
2003 4883 11665 115844 4
Intangible Capital 1998 16 94 1500 0
(Million Won) 1999 172 682 8550 0
2000 241 1031 17079 0
2001 322 1501 20439 0
2002 243 743 5759 0
2003 370 2017 35095 0
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Appendix 2-4. Descriptive Statistics of Firm-Speci€ Characteristics of Computers
and Office Machinery Manufacturing Firms (15 Firms)

Variable Mean S.D Maximum Minimum
Productivity 1998 0.18 0.25 0.50 -0.39
1999 0.22 0.24 0.52 -0.33
2000 0.17 0.20 0.50 -0.17
2001 0.13 0.26 0.53 -0.42
2002 0.20 0.28 0.59 -0.26
2003 0.20 0.29 0.57 -0.45
Export Dummy 1998 0.27 0.44 1 0
1999 0.20 0.40 1 0
2000 0.20 0.40 1 0
2001 0.27 0.44 1 0
2002 0.40 0.49 1 0
2003 0.33 0.47 1 0
Export 1998 962322 2135599 7405383 0
(Million Won) 1999 1622311 3358510 8130489 0
2000 471516 1142365 4162823 0
2001 539039 1012977 3012565 0
2002 1142351 1606638 5003190 0
2003 1519561 2480932 7363750 0
R&D 1998 733 1762 6390 0
(Million Won) 1999 502 1521 6175 0
2000 512 1642 6641 0
2001 700 1958 7951 0
2002 859 2293 9375 0
2003 983 2410 9796 0
Labor 1998 169 265 1085 7
1999 170 244 997 12
2000 196 251 994 11
2001 194 271 1079 8
2002 198 307 1196 9
2003 233 345 1194 5
Tangible Capital 1998 17315 35969 121895 13
(Million Won) 1999 17356 34269 122499 16
2000 18639 34825 129051 21
2001 18968 35349 133973 10
2002 19275 35309 136176 16
2003 18900 36492 142403 8
Intangible Capital 1998 30 80 322 0
(Million Won) 1999 492 1484 5970 0
2000 853 2265 9056 0
2001 864 2262 9130 0
2002 375 595 2201 0
2003 600 1257 5024 0




) 46

Appendix 2-5. Descriptive Statistics of Firm-Speci€ Characteristics of Electronic
components, TV and Communication Equipment Manufaatiring Firms (209 Firms)

Variable Mean S.D Maximum Minimum
Productivity 1998 0.39 0.22 0.84 -0.50
1999 0.39 0.25 0.86 -0.31
2000 0.39 0.26 0.91 -0.40
2001 0.39 0.27 0.84 -0.49
2002 0.45 0.26 0.86 -0.36
2003 0.46 0.24 0.83 -0.33
Export Dummy 1998 0.28 0.45 1 0
1999 0.24 0.43 1 0
2000 0.20 0.40 1 0
2001 0.17 0.40 1 0
2002 0.24 0.43 1 0
2003 0.24 0.43 1 0
Export 1998 978021 2052196 9842318 0
(Million Won) 1999 811730 1978484 9927505 0
2000 727131 1848805 9817027 0
2001 624534 1640545 8719756 0
2002 679541 1544501 7417742 0
2003 838775 1993946 9814172 0
R&D 1998 295 684 5009 0
(Million Won) 1999 391 747 5856 0
2000 544 1167 9982 0
2001 684 1496 11411 0
2002 959 2550 29453 0
2003 1128 3420 40761 0
Labor 1998 241 648 8887 5
1999 264 565 7467 2
2000 256 288 1716 6
2001 235 257 1715 4
2002 242 266 1583 6
2003 257 390 4320 6
Tangible Capital 1998 20528 130347 1862300 17
(Million Won) 1999 21811 116713 1649534 19
2000 23776 94817 1295622 9
2001 23129 81095 1074512 17
2002 24483 74817 832742 52
2003 23664 68124 655828 20
Intangible Capital 1998 215 1437 19958 0
(Million Won) 1999 1052 2665 22092 0
2000 1395 3404 31406 0
2001 1767 4155 39926 0
2002 1842 5004 45982 0
2003 1931 6217 56711 0




Appendix 2-6. Descriptive Statistics of Firm-Speci€ Characteristics of Medical,
Precision and Optical Instruments Manufacturing Firms (75 Firms)

Variable Mean S.D Maximum Minimum
Productivity 1998 0.37 0.22 0.71 -0.42
1999 0.37 0.20 0.70 -0.11
2000 0.39 0.25 0.74 -0.46
2001 0.35 0.24 0.75 -0.40
2002 0.33 0.25 0.74 -0.30
2003 0.35 0.24 0.74 -0.18
Export Dummy 1998 0.10 0.31 1 0
1999 0.12 0.32 1 0
2000 0.09 0.29 1 0
2001 0.11 0.31 1 0
2002 0.12 0.32 1 0
2003 0.15 0.35 1 0
Export 1998 106840 428088 2540904 0
(Million Won) 1999 239250 1204262 9881494 0
2000 174144 916024 7287436 0
2001 84583 364893 2589586 0
2002 264252 1271529 8820834 0
2003 411259 1711134 9525841 0
R&D 1998 820 6007 52389 0
(Million Won) 1999 953 6095 52198 0
2000 434 1668 12412 0
2001 449 1604 10053 0
2002 721 3538 30347 0
2003 745 3336 28339 0
Labor 1998 154 715 6222 4
1999 134 505 4367 3
2000 136 479 4125 3
2001 124 425 3669 4
2002 120 425 3697 4
2003 122 451 3915 3
Tangible Capital 1998 16904 118621 1035876 6
(Million Won) 1999 13965 83889 729978 10
2000 14704 80854 697151 7
2001 14673 74988 639260 16
2002 13199 69180 596909 12
2003 12989 66575 574854 9
Intangible Capital 1998 2957 24994 217960 0
(Million Won) 1999 3221 22098 192179 0
2000 3545 23018 199399 0
2001 3671 25164 219299 0
2002 3420 23634 205985 0
2003 2895 18716 162721 0




Appendix 2-7. Descriptive Statistics of Firm-Speci€ Characteristics of Motor
vehicles and Trailers Manufacturing Firms(200 Firmg

Variable Mean S.D Maximum Minimum
Productivity 1998 0.28 0.20 0.82 -0.30
1999 0.28 0.22 0.83 -0.46
2000 0.40 0.24 0.84 -0.34
2001 0.45 0.27 0.86 -0.45
2002 0.41 0.23 0.81 -0.41
2003 0.43 0.21 0.80 -0.29
Export Dummy 1998 0.22 0.41 1 0
1999 0.23 0.42 1 0
2000 0.23 0.42 1 0
2001 0.24 0.43 1 0
2002 0.22 0.42 1 0
2003 0.22 0.42 1 0
Export 1998 804682 1870182 9570449 0
(Million Won) 1999 881321 1930847 8947415 0
2000 886890 2020626 9093471 0
2001 963828 2148794 9750594 0
2002 743570 1760126 8354857 0
2003 932783 2164563 9499998 0
R&D 1998 205 700 8233 0
(Million Won) 1999 245 677 5008 0
2000 296 722 5088 0
2001 414 990 5088 0
2002 468 1139 9778 0
2003 588 1483 10859 0
Labor 1998 254 294 2070 6
1999 260 269 1591 10
2000 273 270 1595 7
2001 258 251 1589 8
2002 265 254 1589 8
2003 272 254 1598 8
Tangible Capital 1998 19005 37709 298439 106
(Million Won) 1999 20656 39115 313983 75
2000 22055 37571 284861 292
2001 21681 34641 258300 208
2002 21092 31522 249611 228
2003 22516 31873 277635 294
Intangible Capital 1998 627 6489 90002 0
(Million Won) 1999 428 1054 6917 0
2000 474 1233 9529 0
2001 486 1108 9040 0
2002 427 893 5279 0
2003 468 1257 12370 0




Appendix 2-8. Descriptive Statistics of Firm-Speci€ Characteristics of Other
Transport Equipment Manufacturing Firms (45 Firms)

Variable Mean S.D Maximum Minimum
Productivity 1998 0.26 0.21 0.63 -0.22
1999 0.18 0.28 0.62 -0.51
2000 0.18 0.28 0.61 -0.48
2001 0.19 0.25 0.63 -0.51
2002 0.23 0.23 0.59 -0.37
2003 0.21 0.24 0.61 -0.42
Export Dummy 1998 0.20 0.40 1 0
1999 0.16 0.36 1 0
2000 0.09 0.28 1 0
2001 0.16 0.36 1 0
2002 0.11 0.31 1 0
2003 0.16 0.36 1 0
Export 1998 556228 1718995 9061747 0
(Million Won) 1999 394471 1291446 6236515 0
2000 196082 770135 4403180 0
2001 460791 1608525 8967179 0
2002 386766 1548714 9127050 0
2003 287116 865821 4520800 0
R&D 1998 58 179 986 0
(Million Won) 1999 584 3413 23176 0
2000 823 4556 30799 0
2001 664 4043 27464 0
2002 853 4256 28077 0
2003 952 4302 28000 0
Labor 1998 243 589 2878 8
1999 287 823 4908 7
2000 294 809 4493 6
2001 313 870 4562 7
2002 301 802 3877 7
2003 290 770 3801 6
Tangible Capital 1998 37235 120052 715976 49
(Million Won) 1999 50288 193865 1260273 49
2000 52492 190040 1222358 56
2001 53546 188744 1195105 46
2002 54808 190353 1198552 43
2003 55335 190297 1178908 52
Intangible Capital 1998 90 362 1916 0
(Million Won) 1999 200 447 2073 0
2000 259 666 3730 0
2001 284 747 4422 0
2002 338 926 5505 0
2003 362 1004 6119 0
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CHAPTER THREE

Trade Costs and Firm Entry and Exit in Korean Manufacturing

3.1. Introduction

There is much interest in how international trade globalization affect the structure
and performance of firms in a given industry. VEhiladitional trade theories of
international trade have much to say about trdskrdiization’s welfare impacts on
industries or consumers, it generally assumedfitinag within an industry are
homogeneous. In reality, there are significaniateons in capital and skill intensity, size,
and productivity among firms within an industryta@ing in the 1990s, a new empirical
literature has documented patterns of trade andugtovity growth at the level of
individual firms or plants (Aw, Chung, Roberts, 899ybout, 2003; Bernard and Jensen,
1999). It shows, among other things, that onhaadiul of the firms in an industry may
export, and that the bulk of exports is accountedf only a small number of exporters.

New theories of trade have attempted to explaisdliacts, including Bernard et
al. (2003) and Melitz (2003). These new-trade nedemonstrate that international
trade is a catalyst for resource reallocation withdustries containing heterogeneous
firms. Specifically, trade exposure induces higbductivity firms to enter foreign
markets and low-productivity firms to exit domestiarkets. In consequence, the
industry’s productivity distribution shifts to thigght, increasing its average productivity.

These theoretical predictions have led empiriaadiss to sharpen the focus on
not only firms’ export behavior but also trade-likzation effects on industry

productivity, and firms’ entry and exit. For exampBernard, Jensen, and Schott (2006)
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examine the response of U.S. manufacturing indessttnd plants to changes in trade
costs using a dataset on industry-level tariff adsportation rates. Their findings are
largely consistent with recent heterogeneous-firatlets of international trade. For
example, they find that as trade costs fall, tiiegere-allocation of economic activity
towards high-productivity firms.

The objective of the second essay of this dissentas to extend the work of
Bernard, Jensen, and Schott (2006) by examiningalleeof trade liberalization
(measured by changes in international trade castddfby an economy) on firms’ entry
and exit in Korean manufacturing. The Korean ¢aseteresting because it has been
cited as an excellent example of the export-ledvtitadea. The panel database from
essay 1 shows significant entry and exit of firmaggregate manufacturing as well as
individual industries. On average, for instaridegQ0 firms entered and 900 firms exited
each year during 1997-2002. Within some of th€I13{digit manufacturing industries,
there is significant firm turnover, i.e., firms en&nd exit at a high rate.

Firms’ entry and exit pattern have been studiedthpan the industrial
organization literature, e.g. Tirole (2003), whitds examined the reasons underlying
these decisions. For instance, a firm might eméeause it has high productivity or
because it is filling a niche market; that is, @sging to newly created consumer or
industrial demand for a product. The role of cotitjpa, especially from outside an
economy through falling trade costs, in decidimm8 entry and exit has only received
attention in recent times following the seminal trdoution of Melitz (2003). Other

reasons for entry and exit include firm size, igiates such as branding/quality, and
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credit access. In the Korean case, the presentehaebol,” which is a conglomerate of
firms, often with close ties to the government ti@sy affect entry and exit.

This study extends the work of Bernard, Jensen Satdtt (2006) in several
ways. First, Bernard, Jensen, and Schott (20@8)tdy part of the theory of trade with
heterogeneous firms. In particular, they testhie®ry’s predictions regarding the firms
that exit during a given period, but the theory emgredictions regarding the
productivity of newly entering firms. In the thgofirms that newly enter start with low
productivity, with productivity improvement takirglace over time.

Second, the theory of trade with heterogeneoussflias been tested for
developing countries (see, e.g., Tybout, 2003)tn&el, Jensen, and Schott (2006) study
this for the U.S. This study will be the first ookthis type for an Asian country at a
mid-level of development. Korea is a particulanteresting case because we can
consider the effects of the Asian financial crigsibjch may have caused more firm exits
(since interest rates are higher). We should betabseparate this effect from that of
trade costs, which if falling would have caused enfinm exits.

Third, the trade liberalization that they considensists of changes in ad valorem
tariff rates and shipping costs, calculated agltfference between cif and fob prices.
The approach of this essay allows for other fadioas affect trade costs, such as
transport infrastructure investment, law enforcenaemnl related property-rights
institutions, informational institutions, regulaticand language. This is important
because tariffs are just a small part of totald¢radsts (McCallum, 1995; Anderson and

van Wincoop, 2004).
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Fourth, the data series in this essay is longemam@ detailed than that used by
Bernard, Jensen, and Schott (2006). It is onithelével and while their’s is on the
plant level. This presents a better opportunitgee how firms themselves evolve over
time.

The remainder of the essay is organized as folltlesnext section identifies the
hypotheses from new theories of trade on firm eatry exit which will be tested in the
context of Korean manufacturing. The following ts@ts describe our dataset, the

measurement of trade costs, empirical results rpdtigations.

3.2. Conceptual and Empirical Framework
Bernard, Jensen, and Schott’s (2006) approactetootk of international trade costs on
firm entry and exit decisions is the basis of #gsay’s empirical strategy. Recent
theoretical studies of trade with heterogeneousdijre.g. Bernard et al, (2003), Melitz,
(2003) examine the effect of changes in trade aostfems or industries:

o the aggregate industry productivity gain

o the probability of firm exit, the probability of prrting firms

0 export sales, the domestic market share of sunyiirms and plant-level

productivity.

This study examines the above relationships irctimtext of Korean manufacturing

firms.

Hypothesis 1: Industry Productivity Growth
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One of the important predictions of heterogeneaurssf models is that high productivity
firms self-select into the export market and tlgkestion is driven by the competitive
environment. In particular, if trade costs ardirigl then domestic firms will face
increased foreign competition. This would force lproductivity firms from the
marketplace, leading to an increase in aggregdigsiny productivity. Given that trade
costs are likely to have fallen in Korea over teeiqpd of interest, this is an interesting
hypothesis to test.

To examine the relationship between trade costsrahgtry outcomes, a
regression of the change in industry productivitytiee decline in industry trade costs is

specified as (Bernard, Jensen, and Schott. 2006GaB#et al. 2007):
(1) ATFR, = ¢ +B ACost, ,+4 +&,,
where ATFP denotes the average annual percent change intigdatal factor

productivity (TFP) between yetand yeat+2, ACost;,_, is the annualized percent

change in total trade costs in the preceding twarsjeandd; is an industry fixed-effect

dummy variable. In the way that TFP is measuvatlies closer to zero implygher
productivity. Therefore, the expected signfis positive. In words, when trade costs
decreaseATFP should be negative, because more foreign competitiads to higher
productivity.

A cut off of at least three consecutive years whfdata prior to exit or post entry
is applied to the sample, and hence, the two-yleange in productivity is used in the
above equation. While Bernard, Jensen, and S(2@@6) consider year fixed effect, this
analysis does not include year dummies: sinceaheesGDP-level trade costs are used

for all firms in each year, the trade costs causellenearity problem when added in the
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model. In other words, the lack of industry vaaatin the GDP-level trade costs makes

it a time-specific constant in the model.

Hypothesis 2: Probability of Firm Exit

As mentioned above, new trade theories predictedbanomic openness driven by falling
trade costs cause less productive firms to exitltmaestic market. In other words, a
decrease in trade costs raises the probabilityroféxit. To see the reallocative effects
of changing trade costs, logistic regressions stienated, in which the probability of a

firm’s exit in industryi between yedarand yeat+2, Pr(D;,,, =1), is given by:
(2 (base) Pr(D;.,,=)=d(BACost,,_, ,)
(variant) Pr(D;,,,=D)=®d(BACost,,_, +y X, ,)
where X;, denotes a vector of firm characteristics, inclgdsize of labor force and the

capital-labor ratio. The expected sign®fis negative since as trade costs rise, firm

death is less likely, all else the same.

The base specification includes only the regrestannualized percent change in
total trade costs. Industry dummies are not inetusince we will examine the effects of
trade costs by industry. Year dummies are notigedi due to the collinearity problem as
mentioned. The variant adds firm characteristiche base specification to examine the
influence of firm characteristics on firm survivaBernard, Jensen, and Schott (2006)
consider another variant in which the interactibtrade costs and plant productivity, and
interaction of trade costs and export status, dded as regressors. Since it is quite
likely that productivity and export status are egeloous (as shown in Gopinath, Sheldon,

and Echeverria, 2007), this analysis does not dethose interaction effects.
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Hypothesis 3: Firm Entry

The heterogeneous-firms models examine the resoeatiecation in the context of the
firms exit, but change on aggregate industry pradifg and firms’ behavior should be
analyzed in the context of both firm entry and €fiitn exit might imply more
opportunities for new firms. The industrial orgaation literature, e.g. Tirole (2003),
hints that market characteristics are affecteditoysS productivity or economies of scale
and the productivity of entrants is lower than thiaincumbents. While Bernard, Jensen,
and Schott (2006) do not explore the effect ofdradsts on the probability of firms’
entry, this essay analyses its effect under thetmgsis that falling trade costs decrease
the number of new firms. Trade cost falls meaas tihere is more competition in the
domestic market, which makes it difficult for neinfs to enter the domestic market. To
investigate the hypothesis, we estimate the impiitde costs on the probability that
new firms enter the market via a logistic regrassidhe models are defined as the
following:

3) (base)  Pr(NF,,,,=1)=®(LACos;,_, ,)
(variant) Pr(NF,,,,=1) =®(BACost,,_, +y X;,)
where Pr(NE; ,, = 1)is the probability that a firm enters the domestarket newly in

industryi between yeatrand yeat+2. The variant specification includes firm
characteristics such as size of labor force anddipéal-labor ratio. The expected sign
of [ is positive since increasing trade costs are d@rpdo increase the probability of
entry (due to less foreign competition in local keds). As in the previous hypotheses,

we do not include year and industry fixed effeatdoth base and variant specifications.
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The base specification include only the regreséachange in trade costs and the variant

firm characteristics on firm survival like firms iekypothesis.

Hypothesis 4: New Exporters

This specification concerns the possibility thaamhes in trade costs and other firm
characteristics help determine the likelihood thgtven firm becomes an exporter. The

logit model specifications are expressed as follows
(4) (base) Pr(NE;,,,=)=d(BACos;,_, ,)
(variant) Pr(NE;,,,=1) =®(FACost;,_, +¥yX;,)
where Pr(NE, ., = 1)denotes the probability that non-exporting firmsdree exporters

and the regressors are defined as above. Thenvapacification includes firm
characteristics such as size of labor force anddipéal-labor ratio. The expected sign

of £ is negative since increasing trade costs are ¢xpéc decrease the number of

exporting firms.

Hypothesis 5: Export Growth

One prediction of the new theories tells us thatenpyoductive firms gain the additional
export sales from the less productive firms eXihis prediction enables us to set up the
hypothesis that a decrease in trade costs raipestesales at existing exporters. To
implement a test for the hypothesis, we estimat& @dgression of the log difference in

exports, InExports; ,,,) — In(Exports; , ),on trade costs change and firm characteristics

industry by industry: hence industry and year fiedfécts are not considered. These

regressions are specified as:
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(5) (base) A, In(Exports;)=BACost; , +&¢;,,
(variant) A, In(Exports,)=LACost;,_, +y X, +&;iy»
whereA,,,, In(Exports, Yepresents the log difference in exports frioamdt+2. The

variant specification includes firm characterisscgh as size of labor force and the

capital-labor ratio. The expected sign@fis negative since increasing trade costs are

expected to decrease export sales by existing exgor

Hypothesis 6: Domestic Market Share

Following trade liberalization, Melitz (2003) prets that domestic market share should
fall for all surviving plants and plants that exithich reallocates market shares toward
the more productive firms. This paper tests theollyesis that falling trade costs reduce
the domestic market share of surviving firms. Xamaine effects of changing trade costs

on domestic market share, surviving firms’ chanigesarket sharesare; |, -
Share, ., between tearand yeat+2 is specified as follows:
(6) (base) A, Share, =BACost;,_, +&;i,»
(variant) A,,,, Share, =BACost,, ., +y X, +&i
whereA,,,, Share, is surviving firms’ changes in market share. Vheant

specification includes firm characteristics suclsias of labor force and the capital-labor

ratio. The expected sign @ is positive since increasing trade costs are @rpeo

increase the share of the domestic market helddrgah firms. Industry and year fixed



59

effects are not considered in the analysis, seesgons are estimated industry by

industry.

Hypothesis 7: Changes in Firms’ Productivity

Recall that Hypothesis 1 concerns the relationbkigveen trade costs and aggregate
industry productivity. Hypothesis 7 will consider the adaship between trade costs
andfirm-level productivity. In hypothesis 1, the emphasis iglmnfact that with falling
trade costs, some firms will leave the industryd axerall productivity will be higher as
a result. In hypothesis 7, the emphasis is oretfio®is that stay — falling trade costs
could be encouraging existing firms to improve tipgoductivity, perhaps by changing
their scale or their product mix. To test this g@hidea, changes in firm-level
productivity over a two year period are regressedltanges in trade costs, and in the
variant, upon firm characteristics:

(7) (base) A, TFP;, =SACost; _,+3 +0, &g,
(variant) Ay, TFP; =BACost, , +y X +0,+0, +&y.
Here, A, TFP; is the change in firms’ productivity from peribtb periodt+2. The

variant specification includes firm characterisscgh as size of labor force and the

capital-labor ratio. The expected sign@fis positive since increasing trade costs are

expected to decrease firm level productivity.

3.3. Data and Measurement of Trade Costs

Data



60

Firm level data on Korean manufacturing are obthiinem the Korea Information
Service (KIS), the major credit-rating agency inr&a. Many previous studies (including
Bernard, Jensen, and Schott, 2006) employ plamt-ata. It is difficult to determine, in
this study’s database, how many firms have onlymaet, for example, and how much
of the activity in an industry takes place in mipliant firms. Firm-level data may mask
the fact that different plants have different perfance. However, firm-level data is
consistent with the unit of analysis in the theicsdtmodels that we study.

A firms is designated as “in the market” accordiogvhether it was reporting its
information to KIS. It is considered to have “ae®’ in yeart if the firm did not report
in yeart —1 or any previous year, and if it did report in ygar+1, andt +2, which
means that in particular, there has to be thresamutive years of data after it first
reports to KIS. A firm is considered to have “exit in yeatrt if it reported to KIS in
yearst -2, t -1, andt, but did not report to KIS in yedrt1 or any following year.
Again, there must have been three consecutive péaeporting for a firm to have been
considered to be in the market.

Descriptive statistics concerning firm exits, fiemtry, new exporters, firm size,
and firm capital intensity are reported in tablestBough 3.6. Instead of discussing each
table at this point, these tables will be refeieed/hen discussing the results for the

seven hypotheses.

Total factor productivity

As in the first essay, total factor productivityHH) is calculated using the Data

Envelopment Analysis (DEA) approach of Chambeia.gt1996). DEA provides a
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measure of technical efficiency, which is the &pilo obtain maximal output from a
given set of inputs. Higher TFP is signified byues that are closer to zero. Interested
readers should review chapter 2 for specific det@il how these calculations are made.
For most of the analysis TFP will be calculateéd ahange over a period of two years.
The frontier changes from year to year, and invemgiyear, a firm’s TFP is measured

relative to the frontier. Table 3.7 reports thkdactor productivity estimates.

Trade costs

The computation of trade costs follows Novy’s (2D@8@proach, which does not impose
any trade cost function that uses distance, botalargers or other trade cost proxies.
His approach draws on Anderson and van Wincoop3Rg®@ho develop a multi-country
general equilibrium model of international tradedoyplifying the gravity equation and
incorporating trade costs to reflect border effeé@sderson and van Wincoop (2003)
defined trade costs as all costs incurred in geettigood to a final user other than the
marginal cost of producing the good itself: trarmsgion costs (both freight costs and
time costs), policy barriers (tariffs and non-tabi&rriers), information costs, contract
enforcement costs, costs associated with the udiferfent currencies, legal and
regulatory costs, and local distribution costs (lekale and retail). While the typical
gravity equation of the simplest form shows thepprtional relationship between the
bilateral trade and the product of the countrieBRG, it reflects no border effects, such
as transport costs or tariffs. The gravity equatath the assumption of CES utility
incorporates border effects using price indexesvéil@r, these indexes may not reflect

the true border effects; that is, all kinds of saswolved in trade may not be reflected in



price indexes. To solve this problem, Anderson\aardWincoop (2003) suggest a
micro-founded gravity equation, which assumes tthatrade costs are symmetric,
elasticity of substitution is constant and goodsdifferentiated by country of origin.

Their gravity equation can be expressed as follows:

1-o
Y.y t.
8 =N
Y Sats

where x; is exports fromi to j, y, is income of country, yV is world incomey; is
the gross bilateral trade cost factor(one plugdh& equivalent),P is price indices, and
o (>1) is the elasticity of substitution.

While this may be fine in theory, the model hasghablem of the relative trade
barrier which affects price indexds. For this reason, Novy (2007) suggests making use
of international trade flows to express multilateesistance terms as a function of
observable trade and output data. Novy's basicigldaat bilateral trade costs affect

trade flow in both directions and internationatieag; x; can be used as a size variable

that controls for multilateral resistance. Sincesgrbilateral trade cost factor betweaen
and j are symmetric{; =t; ), bilateral trade costs; can be written as:
_1
X 2(0-1)
(9) I = M -1,
Xij in
Here it should be noticed that the trade costs byy$ (2007) approach capture

not only trade costs, for example transportatisstcand tariff etc, but also non-tariff

barriers, for instance language barrier and cuyréacriers, etc.
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For computation of trade costs, GDP data and tdadke of Korea and its major
trading partner countries to compute trade cogt®htained from the Bank of Korea. At
first data from IMF Direction of Trade Statistid3@TS) and GDP data from the IMF
World Economic Outlook databases are taken to coenpdustry-level trade costs. The
results of the industry-level trade costs did ragear reliable because they are highly
non-monotonic over time. It appears this may @ared due to the fact that the data
are incomplete and somewhat unbalanced over tioethis reason, bilateral trade costs
were also computed for all eight sectors as a whole

Trade cost estimates with seven major trading pestare reported in Table 3.8
over the period 1993-2003. Outbound and inbousadeticosts are assumed to be
symmetric, which means that as trade costs faletlare more opportunities in the export
markets as well as greater foreign competition withe domestic market.

Bi-lateral trade cost estimates for the seven atsare plotted over time in
Figure 3.1. The tariff-equivalent trade costs withina and Taiwan, for example,
declined from 0.70 to 0.49, and 0.79 to 0.61, respely. The average change in trade
cost, weighted by countries’ respective trade vasamith Korea, declined 9.4% over the
ten years.

3.4. Results and Implications
This section explores the effects of change inetraakts and firm characteristics on
industry and firm-level outcomes described in eaghothesis.

3.4.1. Industry Productivity Growth

Hypothesis 1 is that increasing foreign competitioe to lower trade costs will increase

the aggregate productivity of industries in Kordable 3.9 reports the results of
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regressing the change in industry productivity flve ¢hange in trade costs. The first two
columns correspond the changemedian TFP without and with industry fixed effects,
respectively. The third and fourth columns coroegpto the change imean TFP

without and with industry fixed effects, respectiveLooking at Table 3.9, all the
coefficients on change in trade costs are posititech means that a decrease in trade
costs leads to an improvement in industry proditgtivin the left two columns it is

0.391, while in the right two columns it is 0.44This is the expected sign fg. While

hypothesis tests suggest that the coefficienteatrstatistically different from zero, the

signs are consistent with the predictions of hgfen@ous-firm models.

3.4.2. Firm Exit

Hypothesis 2 states that a decrease in trade i@sés the probability of firm exit. Table
3.10 reports the results for firm exit specificaBdy industry. The first column in the
result of each industry focuses only on trade ¢ogtde the second column includes firm
characteristics (labor size and the capital-labtioy. As seen in the table, the coefficient
regarding the effect of change in trade costs ion éxit is negative in nearly every
industry, for both base and variant specificatiomiis is the expected sign. The only
exceptions were industry 4 (computers and officehireery) and the alternative
specification for industry 5 (electronics). Thepication is that falling trade costs
increase the probability of exit. It is noted, remar, that the coefficients show 5%
statistical significance only for industry 2 (cheals). Table 3.1 shows transition in the
number of exit firms. Notice that there is a surgéhe number of exits since the financial

crisis in 1997. Although data reporting was nonaegtory prior to mid 1990s and the
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number of surviving firms in early 1990s is smalliere is a noticeable change in exit
share since 1997 reflecting a more competitiverenment in the domestic market.

The variant (alternative) specification includeg@mployment) and Lo#(L) as
explanatory variables. For most industries, wd Amegative and statistically significant
association between firm exit and the Log(employtneariable, which is a proxy for
firm size. The implication is that large firms dess likely to exit. The firms that exit
tend to be small. This is consistent with the ltesaf Table 3.5, which shows that exiting
firms have an average of 100 employees, while namtg firms have an average of 159
employees. The reason of this effect is a suliggdurther study, but may have to do
with access to credit, for example. Large firm#hwvan established reputation, or part of
a Chaebol conglomerate, may have easier access to credit.

Another coefficient to consider is the one on W4, which is measure of the
capital intensity of a firm. For most industriésstcoefficient is not statistically
significant at conventional levels of significance.

To the extent that these variables do not explsit) i€ might be related to 1997
Asian financial crisis. Starting around Octobe®79the Korean Won depreciated
heavily against most major currencies of the waaltj there was a contraction in credit
markets (the cost of capital). Table 3.1 showsdlftar 1997, there was an increase in

the proportion of firms that exited in a given year

3.4.3. New Firm3

Hypothesis 3 is that decreases in trade costsxpexted to decrease the probability of

entry by new firms. Table 3.11 reports the logijression results for this hypothesis.

® This hypothesis is not considered in Bernard, éerand Schott (2006).
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The results reveal that in nearly every case, &ntry and trade costs have the predicted
positive association: as trade costs fall, firnrerd less likely, since there is more
foreign competition. The coefficients are gengrathtistically different from zero at the
5 percent level. This implies that foreign compet makes it difficult for potential local
firms to enter the domestic market. These resuionsistent with expectations. As
seen in Table 3.2, more firms enter the market twes in each industry. A decrease in
trade costs induces more competition in previousighallenged industries, while
facilitating more firm entry into areas where Koreay have a comparative advantage.
Another interesting coefficient to consider is tre on firm size associated with
the Log(employment) variable in the variant speaifions in Table 3.11. Firm size has a
negative and statistically significant relationstigh firm entry. In particular, firms that
entered tended to be smaller in size than incunsbertis holds regardless of industry,
and is in line with expectations. Looking at TaBlé, which reports descriptive statistics
on the size of firms, new firms had 36.62 employa@esaverage, while incumbent firms
had 161.90 employees on average. With respectpitet intensity (Table 3.11), we also
find a negative and statistically significant redaship between capital intensity and firm
entry. In each of the eight industries, new fiiersd to use more labor relative to capital

than do incumbent firms. Again, these findings@esistent with expectations.

3.4.4. New ExportePs

Hypothesis 4 investigates the possibility thatgh&bability of a firm becoming an
exporter is determined by changes in trade costdian characteristics. Table 3.12

reports the logit regression results for theseifipattons. The sign on the trade cost

® This corresponds to hypothesis 3 in Bernard, Jers® Schott (2006).
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coefficient is negative for six of the eight induess$, which is consistent with expectations.
The interpretation is that higher trade costs mukarder for a firm to become an
exporter. An unexpected sign occurs only for indu$ (food processing) and industry 3
(the machinery sector). In general the coeffigar@nnot be said to be statistically
different from zero. Table 3.3 shows an increasiagd in the number of firms that start
to export in the aggregate manufacturing industry.

The variant specifications are reported in thetrighlumn under each industry.
The coefficient on Log(employment), which is a prdar firm size, is negative in six of
the eight industries. This implies that largemfsrwere less likely to be a new exporter.
The two exceptions are industry 3 (machinery) awistry 6 (medical and precision
instruments). In general, the coefficient on s&zeot statistically different than zero.
The coefficient on capital intensity is negativealhbut one industry (computers and
office machinery). In none of the cases is thémésiical significance.

Although the lack of statistical significance pretestrong conclusions from
being made, it appears that smaller and less ¢apiéasive firms are the ones most
likely to enter the export market. Interestinghyis is different than the result of Bernard,
Jensen, and Schott (2006). Looking at U.S. mahufas, they find that larger and more
capital-intensive firms are more likely to becomearters.

This difference in outcomes between Korea and tis thay have to do with
events in Korea in the 1990s. During this timaqukthere were many new businesses
formed with the goal of exporting beyond the snadhl Korean market. Looking at the
data (not reported in the tables), 46% of new ebgpsiin Korea started exporting in the

same year that they started their business; 17&&dtaxporting during the second year
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of their business. Of those firms that startedoetipg within three years of starting their
business, the average number of employees wagl@8.is much smaller than the size of

the average Korean firm in general (Table 3.6).

3.4.5. Export Growth

Hypothesis 5 is that a fall in trade costs is fkel increase export sales at existing
exporters. Table 3.13 reports OLS regression teful the two specifications used to
test this hypothesis. In the case of industry 8dinmery and equipment), the coefficient
on change in trade costs is negative, as is exgheéter the other seven industries,
however, the coefficient is positive, meaning tiadiing trade costs did not cause
exporters to export more. The results for theserséndustries are therefore not
consistent with the predictions of the heterogesdom models. The reasons for this
result are not clear. One possible explanatidhasthe financial crisis of the late 1990s
prevented firms from expanding export operationsade costs fell.

The coefficients on the firm size and capital isignvariables in the variant
specifications tended not to be statistically défe from zero. Therefore we can make
no strong conclusion about how firm size or capittnsity might play a role in
increasing the level of exports.

3.4.6. Domestic Market Shdre

Hypothesis 6 is that falling trade costs reducedii@estic market share of surviving
firms. Regression results are reported in Taldd.3Except for the food processing and

electronic component sectors, the sign of the amefit on trade costs is positive, which

" This corresponds to hypothesis 4 in Bernard, Jers®l Schott (2006).
8 This corresponds to hypothesis 5 in Bernard, Jers®l Schott (2006).
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means that the results are consistent with expecgat There is statistical significance in
four of the eight industries. To the extent tlatle costs do not explain the decline in
market share, it's possible that it can be expliimgincreasing numbers of Korean firms
(in addition to increasing numbers of foreign firgedling there).

The variant specifications include firm characti#cgsas explanatory variables
and reveal some interesting connections to thegdgsaim share of the domestic market.
In five of the eight industries, smaller firms @sen by employment), tended to have an
increase in domestic market share (this resultstasstically significant for all five
industries). In six of the eight industries, firmigh a higher capital intensity tended to
have a positive change in market share. The seeunltapital intensity, however, were
typically not statistically significant. So the maesult of this section is that smaller

firms were the ones to typically increase in tmearket share over the period of interest.

3.4.7. Changes in Firm Productivity

Hypothesis 7 is that increasing foreign competitioe to lower trade costs will increase
the overall productivity of individual firms in Kea. Regression results are reported in
Table 3.15. There are results for each of thetergtustries, including a base and variant
specification. For each industry, the sign ondradsts is the same for both the base and
variant specifications. For five of the industridiee sign on trade costs is positive, which
is consistent with the theory. An unexpected negatign is found for three of the
industries (chemicals, electronics, and other party. The coefficient is statistically
non-zero in exactly half of the 16 total specifioas. The results, therefore, are mixed —

we find small amount of support for the theory.

° This corresponds to hypothesis 6 in Bernard, Jers®l Schott (2006).
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As above, the variant specifications include firrsige of labor force and capital-
labor ratio as explanatory variables. In the varspecification, we find a negative
association between firm size (given by Log(emplegth) and changes in firm-level
productivity in all sectors except the precisiostioments sector. There was statistical
significance in half of these cases. This implieg small firms are more likely to
improve their productive efficiency. In four ofefeight industries, firms with a higher
capital intensity had a positive change in thel tiatetor productivity of individual firms.
Few of these results are statistically significvever, and so the results concerning

capital intensity are inconclusive.

3.5. Summary and Conclusions
This essay tests the implications of heterogenéiomsmodels of trade in the case of
Korea. Korea is an interesting case becausésiasn country at a mid-level of
development, and is quite different in economiatre than the U.S., the only other
country for which these specific theories have htested (Bernard, Jensen, and Schott,
2006). This essay also considers a number ofiaddlthypotheses that have never been
tested before.

One implication of falling trade costs is a risahe level of foreign competition
in domestic markets. By way of this mechanism,dowade costs increase the
productivity ofindustries in Korea (Hypothesis 1), as well as the produttiof
individual firms (Hypothesis 7). Lower trade costs alsoa@ase the probability of exit
by Korean firms (Hypothesis 2), and reduce the dsiimenarket share of those firms that

survive (Hypothesis 6). Another implication oflfiad) trade costs is that Korean firms
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may have an easier time penetrating foreign markétsthis vein, lower trade costs
make it easier for Korean firms to become exportidsgothesis 4).

Moderate to strong support is found for all of #imve hypotheses. There is
really only one hypothesis for which the resulis eearly inconsistent with the theory:
the prediction that falling trade costs will inceeaexport sales at existing exporters
(Hypothesis 5). The results do not necessarilifpuhis hypothesis, it is just that there
is no clear pattern in the signs and significarthefestimated coefficients.

All of the above hypotheses were considered in &ehnJensen, and Schott
(2006) in the case of the U.S. Something entinely that was tested here is hypothesis
3, which is that falling trade costs decrease tlobability of entry by new firms due to
increased foreign competition in local markets.e Tésults found here are consistent
with this hypothesis.

In addition, the essay investigates how the dep@ndeiables of interest are
affected by the size of firms, and the ratio ofitago-labor that is used in production.
Similar to the predictions of heterogeneous-firmdels and the findings of Bernard,
Jensen, and Schott (2006), large firms are lesyylthan small firms to exit the market
(die) in response to changes in trade costs. ditiad, newly entering firms tend to be
smaller in size than incumbents. However, Korgzeaps to differ from model
predictions and results for the U.S. in certaireottespects. In Korea over the time
period of interest, large firms welkess likely to be a new exporter. Rather, smaller and
less capital-intensive firms tended to enter thgoeixmarket. In turn, the firms that were
able to increase their market share tended to ladlesnthan average. These results

tended to hold regardless of industry.
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Some of these unique results are likely due tg#récularly dynamic nature of
manufacturing in Korea over the time period of iagt. Firm entry rates were quite high
due to a surge of entrepreneurial activity. Eaies were high due to the Asian financial
crisis and emergence of new competitors from ChirdhIndia.

Overall, this study shows that changing trade cogés the period 1991-2003 had
important consequences for the structure of matwfiag activity in Korea. Some of
these effects were somewhat “negative” in naturéhat declines in trade costs appear to
have caused a number of firms to go out of busin€ssthe other hand, firms that
survived tended to have increases in productivity success in export markets, leading

to a stronger overall manufacturing sector.
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Table 3.1. Number of Firms to Exit

No. of exiting firms

Total No. of firms (all

Proportion of firms that

(all industries) industries) exited (all industries)
1992 121 1778 0.068
1993 123 1679 0.073
1994 135 1782 0.075
1995 132 2055 0.064
1996 271 3611 0.075
1997 266 5021 0.052
1998 623 6351 0.098
1999 910 7489 0.121
2000 1376 8062 0.170
2001 1552 8210 0.189
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Table 3.2. Number of Firms to Enter

No. of Entering Firms Total No. of Firms (all Proportion of Firms that

(all industries) industries) exited (all industries)
1992 226 1778 0.127
1993 137 1679 0.081
1994 264 1782 0.148
1995 463 2055 0.225
1996 1712 3611 0.474
1997 1844 5021 0.367
1998 1611 6351 0.253
1999 1986 7489 0.265
2000 1655 8062 0.205
2001 1436 8210 0.174

2002 2049 9195 0.222




Table 3.3. Number of New Exporters

No. of New Exporters Total No. of Firms (all Proportion of New
(all industries) industries) Exporters (all industries)
1992 96 1778 0.053
1993 53 1679 0.031
1994 63 1782 0.035
1995 83 2055 0.040
1996 140 3611 0.038
1997 181 5021 0.036
1998 210 6351 0.033
1999 268 7489 0.035
2000 223 8062 0.027
2001 182 8210 0.022

2002 215 9195 0.023




Table 3.4. Average Size and Capital intensity of Ans to Enter

Firm Size (# of Employees) Ratio of Capital/Labor

Industry 1 42.01 (406) 69509.3
Industry 2 44.21(636) 76174.4
Industry 3 22.77(1849) 29505.7
Industry 4 35.56(110) 23753.0
Industry 5 47.60(747) 33226.1
Industry 6 20.92(364) 23035.2
Industry 7 61.77(569) 55364.0
Industry 8 88.11(211) 49914.4

All Entering Firms 36.62 40341.4
All Incumbent Firms 161.90 62201.6
All Firms Together 133.72 57563.2

Industry 1 : Manufacture of Food products, beveragg Tobacco

Industry 2 : Manufacture of Chemicals and Chempzablucts

Industry 3 : Manufacture of Machinery and Equipment

Industry 4 : Manufacture of Computers and Officechiaery

Industry 5 : Manufacture of Electronic componeRadio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @ngtical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Traflend Semitrailers

Industry 8 : Manufacture of Other Transport Equipine

Figure in parenthesis is average number for atidiin the industry.



Table 3.5. Average Size and Capital intensity of Ans to Exit

Firm Size (# of Employees) Ratio of Capital/Labor
Industry 1 122.37(406) 95025.7
Industry 2 91.23(636) 112065.8
Industry 3 49.48(1849) 45379.0
Industry 4 74.92(110) 35258.3
Industry 5 158.35(747) 48435.9
Industry 6 33.40(364) 31873.1
Industry 7 154.25(569) 112551.4
Industry 8 422.72(211) 57137.0
All Exiting Firms 100.42 65544.0
All Incumbent Firms 158.86 56023.3
All Firms Together 133.72 57563.2

Industry 1 : Manufacture of Food products, beveragg Tobacco

Industry 2 : Manufacture of Chemicals and Chempzablucts

Industry 3 : Manufacture of Machinery and Equipment

Industry 4 : Manufacture of Computers and Officechiaery

Industry 5 : Manufacture of Electronic componeRadio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @ngtical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Traflend Semitrailers

Industry 8 : Manufacture of Other Transport Equipine

Figure in parenthesis is average number for atidiin the industry.
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Table 3.6. Average Size and Capital intensity of Ne Exporters
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Firm Size(# of Employees) Ratio of Capital/Labor

Industry 1 187.74(406) 79616.5
Industry 2 191.89(636) 120286.1
Industry 3 53.78(1849) 41017.3
Industry 4 104.06(110) 37605.9
Industry 5 175.13(747) 49161.4
Industry 6 70.63(364) 37156.0
Industry 7 170.31(569) 117285.3
Industry 8 68.32(211) 45527.4
New Exporters 117.04 62251.5
All Firms Except New Exporters 134.20 57425.3
All Firms Together 133.72 57564.2

Industry 1 : Manufacture of Food products, beveragg Tobacco

Industry 2 : Manufacture of Chemicals and Chempzablucts

Industry 3 : Manufacture of Machinery and Equipment

Industry 4 : Manufacture of Computers and Officechiaery

Industry 5 : Manufacture of Electronic componeRadio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @ngtical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Traflend Semitrailers

Industry 8 : Manufacture of Other Transport Equipine

Figure in parenthesis is average number for atidiin the industry.



Table 3.7. Total Factor Productivity

Industry 1 Industry 2 Industry 3 Industry 4
Mean Median Mean Median Mean Median Mean Median
1992 0.4783 0.5284 0.733 0.7854  0.4579 0.5007 0.0860.1358
1993 0.4295 0.4825 0.7698 0.8264  0.4377 0.4884 30.07 0.0801
1994 0.3635 0.4223 0.7766 0.8389 0.4711 0.5272 78.08 0.1586
1995 0.4083 0.4546 0.6721 0.7378 0.5862 0.6588 56.12 0.1908
1996 0.3644 0.4033 0.5351 0.6162 0.5814 0.6380 7@.13 0.1659
1997 0.3679 0.3812 0.5390 0.6112 0.5783 0.6281 56.26 0.3240
1998 0.4803 0.5337 0.5651 0.6249 0.5886 0.6242 16.35 0.4196
1999 0.5498 0.6212 0.5157 0.5587 0.614 0.6553 8.4100.4786
2000 0.5922 0.6846 0.4746 0.5154 0.6379 0.6774 58.44 0.5181
2001 0.6169 0.6984 0.5531 0.6177 0.6448 0.6777 98.43 0.5003
2002 0.5969 0.6768 0.6332 0.7052 0.6591 0.6901 2Q2.44 0.5162
2003 0.5647 0.6613 0.5989 0.6771  0.6445 0.6901 92.36 0.4478
Industry 5 Industry 6 Industry 7 Industry 8
Mean Median Mean Median Mean Median Mean Median
1992 0.4179 0.4640 0.2632 0.3112 0.2795 0.3109 3@.05 0.0496
1993 0.5311 0.5719 0.2012 0.2705 0.2894 0.3288 58.07 0.0903
1994 0.4832 0.5332 0.1709 0.2060 0.3588 0.4055 20.08 0.0935
1995 0.4891 0.5295 0.2106 0.2353 0.4081 0.4541 76.06 0.0984
1996 0.5276 0.5890 0.2696 0.2824 0.3776  0.4082 5@.14 0.1387
1997 0.5472 0.6095 0.4233 0.4660 0.3840 0.4093 68.28 0.3242
1998 0.5950 0.6546 0.4441 0.4925 0.4404 0.4538 38.30 0.3495
1999 0.6299 0.6864 0.4676 0.5176  0.4411  0.4537 1@.32 0.3682
2000 0.6362 0.6952 0.5459 0.5966 0.5267 0.5875 96.30 0.3828
2001 0.6655 0.7376 0.5169 0.5584 0.6430 0.7408 4Q.29 0.3330
2002 0.6900 0.7503 0.5301 0.5554  0.6244  0.7232 08.30 0.3600
2003 0.6472 0.6965 0.5103 0.5570 0.5714 0.6358 58.29 0.3437

Industry 1 : Manufacture of Food products, beverag Tobacco

Industry 2 : Manufacture of Chemicals and Chenmpcatlucts

Industry 3 : Manufacture of Machinery and Equipment

Industry 4 : Manufacture of Computers and Officechiaery

Industry 5 : Manufacture of Electronic componeRadio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @gtical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Traflend Semitrailers

Industry 8 : Manufacture of Other Transport Equipine



Table 3.8. Estimates of Korea's bilateral trade cds, 1993 and 2003
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Tariff equivalent? (%)

Partner Country 1993 2003 Percentage Change
Taiwan 0.79 0.61 -22.7
Germany 0.87 0.83 -3.5

u.s 0.662 0.668 0.9
Singapore 0.61 0.57 -6.2

U.K 1.00 0.94 -5.1

Japan 0.65 0.60 -7.1

China 0.70 0.49 -29

Weighted average 0.66 0.59 -10.6




Table 3.9. Industry productivity growth, 1991-2003
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Change in TFP(Median)

Change in TFP(Mean)

Change in trade costs 0.391 0.391 0.447 0.447
(0.302) (0.302) (0.174) (0.168)
Intercept 0.024*** 0.307** 0.022%** 0.026**
(0.000) (0.048) (0.000) (0.048)
Industry fixed effects No Yes No Yes
Observations 80 80 80 80
R? 0.014 0.105 0.024 0.138

p-value is in parenthesis.

* *x **x denote significance at the 10%, 5%, aiddo level, respectively.



Table 3.10. Probability of exit, 1991-2001
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Logit Logit Logit Logit
Industry 1 Industry 2 Industry 3 Industry 4
Intercept -1.56%** 2.33%** -2.00%** 1.08 -1.83%** -1.07*** -1 .51 -0.18
(0.000) (0.003) (0.000) (0.108) (0.000) (0.003) oQm) (0.892)
Change in trade costs -5.04 -5.69 -13.43%+* -14.88*** -6.18 -6.38 6.10 B
(0.326) (0.320) (0.003) (0.002) (0.146) (0.163) 667) (0.693)
Log(employment) -1.04%x* -0.95%** -0.56*** -0.56**
(0.000) (0.000) (0.000) (0.050)
Log(K/L) -0.38** -0.25* 0.01 -0.07
(0.018) (0.074) (0.905) (0.823)
Observations 1330 1330 2323 2323 4634 4634 248 248
Log Likelihood -610.4 -563.8 -842.4 -802.4 -1852.2 -1831.4 -117.3 -114.9
Logit Logit Logit Logit
Industry 5 Industry 6 Industry 7 Industry 8
Intercept =211 0.07 -1.74%* -1.22 -2.30%** 111 -2.20%** -0.64
(0.000) (0.913) (0.000) (0.103) (0.000) (0.291) oQm) (0.646)
Change in trade costs -0.07 0.74 -6.86 -6.59 -6.20 -7.45 -8.06 -8.68
(0.989) (0.909) (0.455) (0.520) (0.317) (0.287) 5¢a) (0.583)
Log(employment) -0.82%** -0.84*** -1.18*** -0.24
(0.000) (0.000) (0.000) (0.406)
Log(K/L) -0.14 0.17 -0.22 -0.25
(0.354) (0.331) (0.315) (0.424)
Observations 1920 1920 869 869 1807 1807 445 445
Log Likelihood -656.4 -633.3 -364.7 -354.3 -547 -518.6 -143.4 842

Industry 1 : Manufacture of Food products, beveragd Tobacco

Industry 2 :
Industry 3 :
Industry 4 :
Industry 5 :
Industry 6 :
Industry 7 :
Industry 8 :

p-value is in parenthesis.

Manufacture of Chemicals and Chemicabucts
Manufacture of Machinery and Equipment
Manufacture of Computers and Officechiaery

Manufacture of Electronic ComponeRadio, TV and Communication Equipment
Manufacture of Medical, Precision &ngtical Instruments, Watches and Clocks

Manufacture of Motor vehicles, Trademnd Semitrailers
Manufacture of Other Transport Equiptne

* *x o+ denote sidicnce at the 10%, 5%, and 1% level, respectively.



Table 3.11. Probability of entering the domestic miket, 1991-2003

Logit Logit Logit Logit
Industry 1 Industry 2 Industry 3 Industry 4
Intercept -1.18%* 5.14%*  -1.45%** 1.76%*  -0.76%** 2.95%** -0.66*** 4.41%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 00m) (0.000)
Change in trade costs -0.75  11.75%* -7.37*  12.13**  29.55%*  33.30%*  22.68**  22.56%*
(0.834) (0.003) (0.015) (0.000) (0.000) (0.000) 00m) (0.000)
Log(employment) -1.58*** -2.01%** -0.95%** -1.26%**
(0.000) (0.000) (0.000) (0.000)
Log(K/L) -0.82%** -0.002 -0.59%** -0.77%**
(0.000) (0.400) (0.000) (0.000)
Observations 4190 4190 6487 6487 22671 22671 1304 1304
Log Likelihood -2289.6 -1954.6 -3263.3 -2738.1 -12532 -11810 A72. -691.5
Logit Logit Logit Logit
Industry 5 Industry 6 Industry 7 Industry 8
Intercept -0.79%* 4.55%* 0. 72%* 2.63%*  _1.22%** 5.38*** -0.90*** 3.44%**

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)  0OQm) (0.000)

Change in trade costs ~ 19.53**  23.12*%*  2458%*  29.48**  18.14**  26.29**  21.25%*  22.97**

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)  0OQm) (0.000)

Log(employment) -1.35%** -1.14%* -1.62%** -0.90***
(0.000) (0.000) (0.000) (0.000)
Log(K/L) -0.74%** -0.46*** -0.82*** -0.68***
(0.000) (0.000) (0.000) (0.000)
Observations 8698 8698 4458 4458 6277 6277 1857 1857
Log Likelihood -4968.5 -4374.5 -2544.9 -2386.9 -3060.5 -2651.3 1319 -947.1
Industry 1 : Manufacture of Food products, beveragd Tobacco
Industry 2 : Manufacture of Chemicals and Chencatlucts
Industry 3 : Manufacture of Machinery and Equipment
Industry 4 : Manufacture of Computers and Officechiaery
Industry 5 : Manufacture of Electronic ComponeRadio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @gtical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Tralend Semitrailers
Industry 8 : Manufacture of Other Transport Equipine

p-value is in parenthesis. *, ** *** denote sidiciance at the 10%, 5%, and 1% level, respectively.
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Table 3.12. Probability of entering the export marlet, 1991-2003

Logit Logit Logit Logit
Industry 1 Industry 2 Industry 3 Industry 4
Intercept -4, 23%** -1.916  -4.347**  -3538* -3.714** -4.064** -3.744**  -6.511**
(0.000) (0.345) (0.000) (0.030) (0.000) (0.000) 00m) (0.036)
Change in trade costs 8.64 10.288 -2.987 -2.014 8.013 6.424 -15.121 3D.5
(0.482) (0.415) (0.757) (0.836) (0.116) (0.207) 44D) (0.596)
Log(employment) -0.307 -0.214 0.314** -0.634
(0.316) (0.439) (0.050) (0.302)
Log(K/L) -0.36 -0.078 -0.026 0.884
(0.399) (0.824) (0.868) (0.217)
Observations 1712 1712 3020 3020 7612 7612 384 384
Log Likelihood -125.9 -125 -208.3 -207.9 -824.4 -822.4 -46 -45
Logit Logit Logit Logit
Industry 5 Industry 6 Industry 7 Industry 8
Intercept -4.212%** -2.977*  -3.849**  -3.335**  -4.095*** -0.694  -3.369*** -0.577
(0.000) (0.029) (0.000) (0.022) (0.000) (0.686) 00m) (0.729)
Change in trade costs -3.565 -3.169 -2.609 -3.257 -8.432 -7.547 -2.489 172
(0.699) (0.737) (0.824) (0.783) (0.335) (0.393) 88a) (0.875)
Log(employment) -0.18 0.1 -0.261 -0.179
(0.503) (0.777) (0.361) (0.659)
Log(K/L) -0.201 -0.158 -0.617 -0.558
(0.533) (0.665) (0.103) (0.151)
Observations 3015 3015 1414 1414 2772 2772 681 681
Log Likelihood -233.7 -233.2 -145.2 -145.1 -241.8 -239.8 -100.5 9.19
Industry 1 : Manufacture of Food products, beveragd Tobacco
Industry 2 : Manufacture of Chemicals and Chenmicablucts
Industry 3 : Manufacture of Machinery and Equipment
Industry 4 : Manufacture of Computers and Officechiaery
Industry 5 : Manufacture of Electronic ComponeRadio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @gtical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Tralend Semitrailers
Industry 8 : Manufacture of Other Transport Equipine

p-value is in parenthesis.

*, = ** denote sidicBince at the 10%, 5%, and 1% level, respectively.
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Table 3.13. Change in log export, 1991-2003

OoLS OoLS OoLS OoLS
Industry 1 Industry 2 Industry 3 Industry 4
Intercept -0.02 0.52 0.02* 0.14 0.1%** 0.32 0.13 0.53
(0.626) (0.326) (0.080) (0.408) (0.000) (0.280) 199) (0.582)
Change in trade costs 0.77 0.08 0.57 0.55 -0.19 -0.27 1.19 4.04
(0.761) (0.975) (0.553) (0.567) (0.898) (0.860) 81B) (0.436)
Log(employment) 0.06 -0.0004 0.002 -0.35**
(0.264) (0.988) (0.958) (0.024)
Log(K/L) -0.15 -0.02 -0.04 0.09
(0.165) (0.523) (0.454) (0.66)
Observations 135 135 508 508 545 545 49 49
R?2 0.000 0.023 0.000 0.001 0.000 0.001 0.001 0.048
OLS OoLS OoLS OoLS
Industry 5 Industry 6 Industry 7 Industry 8
Intercept 0.002 0.48* 0.03 1.58** 0.04** 0.15 0.09* 0.19
(0.912) (0.051) (0.497) (0.008) (0.022) (0.672) 087) (0.758)
Change in trade costs 2.23* 2.30** 1.00 1.37 2.06* 2.20** 0.19 -0.03
(0.039) (0.033) (0.743) (0.646) (0.062) (0.049) 9(n) (0.991)
Log(employment) -0.07** -0.09 -0.05 0.01
(0.042) (0.290) (0.195) (0.849)
Log(K/L) -0.06 -0.31** 0.006 -0.02
(0.189) (0.018) (0.932) (0.827)
Observations 541 541 82 82 468 468 83 83
R2 0.007 0.018 0.001 0.018 0.007 0.011 0.000 0.001

Industry 1 : Manufacture of Food products, beveragd Tobacco
Industry 2 : Manufacture of Chemicals and Chemizabtlucts
Industry 3 : Manufacture of Machinery and Equipment
Industry 4 : Manufacture of Computers and Officechiaery

Industry 5 : Manufacture of Electronic ComponeR®adio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @gtical Instruments, Watches and Clocks

Industry 7 : Manufacture of Motor vehicles, Tralend Semitrailers
Industry 8 : Manufacture of Other Transport Equipme

p-value is in parenthesis. *, **, *** denote sidigance at the 10%, 5%, and 1% level, respectively.
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Table 3.14. Change in domestic market share, 199D@1
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OoLS OoLS OoLS OoLS
Industry 1 Industry 2 Industry 3 Industry 4
Intercept 0.751* -0.0005  -0.0001*** 0.0007*** -0.222*** 0.000+* -0.001*** 0.002
(0.078) (0.224) (0.000) (0.001) (0.000) (0.031) oQm) (0.285)
Change in trade costs -0.002 -0.002 0.001 0.001 0.0003 0.0004 0.062** 5840
(0.487) (0.499) (0.261) (0.211) (0.501) (0.367) 083) (0.021)
Log(employment) 0.634 -0.0003*** -0.0001*** -0.004***
(0.293) (0.000) (0.000) (0.000)
Log(K/L) 0.0001 -0.00002 0.786 0.0008
(0.264) (0.561) (0.496) (0.150)
Observations 1330 1330 2323 2323 4634 4634 248 248
R2 0.000 0.002 0.000 0.033 0.000 0.020 0.018 0.270
OoLS OoLS OoLS OoLS
Industry 5 Industry 6 Industry 7 Industry 8
Intercept 0.00005 0.0005** 0.0002 -0.004 0.00002 0.0004 04000 -0.006***
(0.776) (0.013) (0.545) (0.218) (0.196) (0.167) 081) (0.001)
Change in trade costs -0.013*** -0.013***  0.2418*** 0.243*+* 0.003* 0.003* 0.032 0.027
(0.000) (0.000) (0.000) (0.000) (0.054) (0.044) 113) (0.155)
Log(employment) -0.0001*** 0.0008 -0.0002*** 0.001***
(0.000) (0.299) (0.000) (0.000)
Log(K/L) -0.000005 0.0007 0.000001 0.0006
(0.266) (0.355) (0.792) (0.122)
Observations 1920 1920 869 869 1807 1807 445 445
R2 0.024 0.033 0.036 0.039 0.002 0.023 0.005 0.093
Industry 1 : Manufacture of Food products, beveragd Tobacco
Industry 2 : Manufacture of Chemicals and Chenmacatlucts
Industry 3 : Manufacture of Machinery and Equipment
Industry 4 : Manufacture of Computers and Officechiaery
Industry 5 : Manufacture of Electronic Compone®adio, TV and Communication Equipment
Industry 6 : Manufacture of Medical, Precision @gtical Instruments, Watches and Clocks
Industry 7 : Manufacture of Motor vehicles, Tralend Semitrailers
Industry 8 : Manufacture of Other Transport Equipine

p-value is in parenthesis.

* *x o+ denote sidicnce at the 10%, 5%, and 1% level, respectively.



Table 3.15. Plant TFP Growth, 1991-2003

OoLS oLS OoLS oLS
Industry 1 Industry 2 Industry 3 Industry 4
Intercept 0.006 0.259 -0.075*** 0.023  0.036*** 0.116** 0.026  0.42*
(0.602) (0.101) (0.000) (0.752) (0.000) (0.038) 14®) (0.024)
Change in trade costs 0.647 0.765 -3.571** -3.357**  1.447**  1.653** 2245 2.254**
(0.387) (0.307) (0.000) (0.000) (0.000) (0.000) 08B) (0.034)
Log(employment) -0.03* -0.078*** -0.04%+* -0.008
(0.065) (0.000) (0.000) (0.764)
Log(K/L) -0.036 0.015 -0.001 -0.083**
(0.252) (0.302) (0.912) (0.042)
Observations 196 196 634 634 806 806 61 61
R?2 0.003 0.027 0.107 0.158 0.024 0.045 0.071 0.143
OoLS OoLS OoLS oLS
Industry 5 Industry 6 Industry 7 Industry 8
Intercept 0.003 0.158** -0.02* -0.205  0.016***  0.284*** 0.003 0.018
(0.565) (0.013) (0.059) (0.178) (0.004) (0.003) 748) (0.884)
Change in trade costs  -1.814**  -1.85*** 0.75 0.746 0.074 0.241 -1.135 .985
(0.000) (0.000) (0.388) (0.393) (0.825) (0.469) 193) (0.194)
Log(employment) -0.006 0.026 -0.07*** -0.023
(0.510) (0.335) (0.000) (0.259)
Log(K/L) 0.03** 0.029 -0.02 0.007
(0.024) (0.403) (0.298) (0.793)
Observations 694 694 118 118 583 583 117 117
R2 0.048 0.056 0.006 0.024 0.000 0.053 0.020 0.031

Industry 1 : Manufacture of Food products, beveragd Tobacco

Industry 2 :
Industry 3 :
Industry 4 :
Industry 5 :
Industry 6 :
Industry 7
Industry 8 :

p-value is in parenthesis.

Manufacture of Chemicals and Chemicabucts
Manufacture of Machinery and Equipment
Manufacture of Computers and Officechiaery

Manufacture of Electronic ComponeRadio, TV and Communication Equipment
Manufacture of Medical, Precision &ngtical Instruments, Watches and Clocks

: Manufacture of Motor vehicles, Trademd Semitrailers

Manufacture of Other Transport Equiptne

* *x o+ denote sidicnce at the 10%, 5%, and 1% level, respectively.
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CHAPTER FOUR

Trade and Scale Economies in Korean manufacturing

4.1. Introduction

A key argument in favor of free trade is the patdrdconomic gains from the realization
of scale economies. That is, increasing the sufgbeoduction to serve foreign markets
leads to lower average cost of production (KempMedishi 1969; Eaton and
Panagariya 1979; Panagariya 1980). When tradeases the output of industries in
which scale economies are most significant, coesfran benefit from trade (Krugman,
1980; Abayasiri-Silva and Mark Horridge 1996; Jaaod Liu 2005; Svend 2007). In
contrast, explanations based on the assumptioarstant returns to scale imply that
when competitive conditions prevail, gains frondganly accrue when countries are
fundamentally different in terms of their endown®e(factors of production) or the
technologies available to them.

Few studies address scale economies at the fiptaot level (Pratten, 1988). As
noted in the previous two essays, firms’ exportayedr has received significant research
attention. In that context, approximations of eaatonomies, e.g., plant size or number
of employees per $100 of output, are used to estithair effect on the export decision
or entry/exit. Furthermore, few have formally eoqeld the difference in economies of
scale between exporting and non-exporting firm&wvian industry. The objective of
this essay is to examine returns to scale in Koneanufacturing industries. In particular,

it addresses whether or not exporting firms hatferdint scale economies than non-
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exporters within an industry. For this purposeatching technique is used to compare
the estimates of a production function betweendvoups of firms.

The next section presents an outline of the engliframework: production
function, the derivation of returns to scale are imatching techniques. The following
sections describe data, results and implicatidriee final section provides a summary

and draws conclusions.

4.2. Empirical Framework

4.2.1. Production Function and Economies of Scale

The most common way to describe the technologyaifrganization such as a business
firm is the production function. For the estimatioina production function, previous
literature has proposed a stochastic-frontier pcdda function of the Cobb-Douglas

type (Aigner, Lovell and Schmidt, 1977; Meeusen aad den Broeck, 1977). The log-
linear specification of a stochastic-frontier protian function postulates the existence of
technical inefficiency of production of firms (Reghneider and Stevenson, 1991; Huang
and Liu, 1994). The standard specification of @dpiction function incorporating

technical inefficiency is as follows:

Dy =xy+s,

wherey, is the logarithm of output of firmand x; is a (Ixk) row vector including a
constant and thieth firm’s inputs. The error termg, , is the difference of two
independent random variables: a classical erram,ter, and a random variable

associated with technical inefficiencies of produttu, ,
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@ &=v-u
The v, s are assumed to ki (N (0, o7)) random errors and thg s are assumed to be

non-negative and independently distributed. Tls¢riution foru, can be the truncated

normal, or gamma and exponential distributions.
Using the ordinary least squares (OLS) proceduregtmation of equation (1)

can yield biased estimates of the production femchiecause it assumas= . 0o

avoid this problem, the production function migktdstimated by using the maximum
likelihood procedure. The use of panel data, dareston of equation (1) as follows:
B Vi =XV * &

creates an additional issue that technical inefficy or productivity may change over
time.

Considering the above issues, this essay makesf tise value of technical
inefficiency for each firm computed by using DEAl@ique in the previous essays. The
DEA technigue measures how far the input-outputores from the frontier technology,
and does not involve stochastic elements. In exdia time trend is included to reflect
change in productivity over time. Industry dummées used to account for the
difference in productivity across industries. Untleese assumptions, the log-linear type

of Cobb-Douglas production function to be estimased
@) In(%) =y, + In(A) +y,In(Ky) + psIn(Ly) + y,t +y:D + &,

whereY,

. A, K, andL, represent a firm's-th period output, total factor productivity,
capital, labor, respectively. The variabldenote the time trend, while industry dummies

are indicated by, .
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Based on the Cobb-Douglas production function, eooas of scale (or returns to

scale) can be derived g5+ j,, where a: denotes estimated parametersy,lf y, > 1,
there are economies of scale (or increasing retorssale); ify, + j, =1, no economies
of scale (or constant returns to scale); and waeny, <1, there exist diseconomies of

scale (decreasing returns to scale). Scale ec@sgonovide insights into cost savings or
dissavings or proportional change in inputs whémaincreases its output. For the
purpose of comparing exporters and nonexportetstem (4) is separately specified for
each of these two groups. Their results, in paldicthe scale economies, are then
compared by a technique described in the folloveinig-section.

4.2.2. Matching Method

The matching method has a long history in non-arpatal statistical evaluation
(Heckman, Ichimura and Todd 1998; Rosenbaum andhRLE85, 1983; Rubin 1979).
Matching has been proposed as a nonparametriéaototproblems of bias that emerge
in observational studies, and has become an inoggpopular method of causal
inference in many fields including economics (Aleadnd Imbens 2006; Galiani, Gertler,
and Schargrodsky 2005; Dehejia and Wahba 2002,)1999

A primary goal of matching is to estimate the ageraausal effect of a binary
treatment variableT , on an outcome variabl®,. In observational studies, researchers
typically invoke the strong ignorability assumptiQrwhich then requires controlling for
a vector of observed covariatés (Rosenbaum and Rubin 1983). Matching is used to
adjust nonparametrically for possibly confoundegtment assignment, by dropping,
repeating, and/or grouping observations, so tretelationship betweeX andT are

eliminated or reduced. Adjusting the sample intiuno selection bias so long as the



96

matching method is based on a functionofand T and notY . In the best case, the data

after matching satisfy
(5)  P(X|T=1)=p(X|T=0),
where p is the empirical density of the observed datdemthan the population density.

In the best casd, and X are unrelated in the matched sample, and no furthe
adjustments forX are necessary. Indeed, the average treatment eéffe be estimated

by a simple difference in means %fbetween the treated & ) &and control T= 0

groups. When the sample relationship betw€&eand X is reduced but not eliminated,
further adjustment foiX may be necessary, by using parametric methodsn,Tthe
immediate goal of matching is to choose an algorithat satisfies the equation (5) as
best as possible.

Choosing the most appropriate algorithm for a gipeoblem involves assessing
how well equation (5) holds in the matched samplgse employed algorithm is
expected to compare the joint distributions otcalariatesX between the treated and
control groups. However, wheX ’s dimension is high, such comparisons are inféasib
and thus, lower-dimensional measures of balanceatread used. The most commonly
used method is to evaluate equation (5) for thesehanatching algorithm by conducting
t -tests for the difference in means for each vagiablX between the matched treated
and control groups. Other hypothesis tests, sugh’aand F , are also sometimes used
for each covariate.

There are different versions of th&est depending on whether the two samples
are independent of each other or paired: in therlaase, each member of one sample

has a unique relationship with a particular mendéehe other sample. Dependéneésts
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are used for paired samples and indepengiests for independent samples. Under the
supposition that exporter and non-exporter groupsralependent of each other, the
analysis in this essay uses an independent twoiedstgst. To illustrate an independent

two-samplé-test, consider two groups under experimeie,(A ..., A, anjl
B=(B,...,B,,) . The research hypothesis is that two groups dhfferent effects, so the

null hypothesis is that they do not have differeffiiects. Its immediate implication is that
any difference we find between the means of thegmaoips should not be significantly

different from zero. That is, for two groups, thifference between the means of the two

groups, A-B , should equal to the difference between the meftie two source

populationsy;_-. Hence, the null hypothesis(§—§)—,uf\_§ =0. Then, the statistic

is given by:
A-B) - i, -
©) t:( ) ﬂ#g
Sa-8
where
A-A)*+> (B-B)?
™ s;_B=\/sz(i+ij,s=JZ( r2.(B-B)
n n, n+n,—-2

In equation (7),s;_; denotes the pooled estimate of standard deviafitime two groups

and s’ is the variance of the source population. WHiketitest compares the means of
two groups, thé&-test compares the variances of the groups. IggB8 andSSE
represent the treatment sum of squares and resdoabf squares respectively, the
statistic is:

SST

® Frsinn-2’
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where

© ron[A- 2O 5 XA

n1+n2 n1+n2

(10) SE =3 (A-A)7+>(B-B)

4.2.3. Data and Total factor productivity

Firm level data on Korean manufacturing are obthinem the Korea Information
Service (KIS) as in the previous two essays. [Batas the analysis contains output,
labor, capital, and total factor productivity (TEFhe output of the firm is denoted by its
total sales in domestic and foreign markets, bbtuloch are deflated using a
manufacturing price index. Inputs into productioa denoted by labor (employment) and
capital: capital is also deflated by a price ind®ata for output, labor and capital are
compiled for eight industries between 1992 and 2608 estimation by industry, data
are compiled for five industries because thereotsamough data on exporting firms for
estimation in the remaining three industries.

As in the first essay, total factor productivityHH) is calculated using the Data
Envelopment Analysis (DEA) approach. DEA is a stoehastic, linear programming-
based technique for evaluating the relative efficie For most of the analysis TFP will
be calculated as a change over a period of twasyeHne frontier changes from year to
year, and in a given year, a firm’s TFP is measuedative to the frontier. Larger values
indicate inefficiency, while a zero value indicatkat the corresponding firm is efficient

given the frontier technology.

4.3. Results and Implications



This section describes the results from the eskimaif a production function for
exporters and non exporters in Korean manufactwitiy emphasis on respective scale
economies. ltis followed by an examination of diféerence in the scale economies
between exporters and non-exporters using the ingtohethods.

4.3.1. Regression Results and Returns to Scale

Table 4.1 reports the estimates of the productimction, equation (4) for exporters and
non-exporters. The estimated coefficients on taditional inputs, labor and capital,
have the expected positive sign and statisticalifstgnce at the 1% level for both
exporters and non-exporters. In the case of nqoers, the sum of the coefficients on
labor and capital (0.981) appears to be closen& dhis implies that the production
function of non-exporters exhibits constant retumscale, i.e., scale economies are
absent. In other words, output increases by thegaoportional change in all inputs. In
contrast, the sum of the coefficients on labor eaygital for exporters seems different
from one (0.938). The latter suggests that Koeegrorters face decreasing returns to
scale or diseconomies of scale. This result agpsarsistent with claims of Korean
exporters selling their products in the foreign ke#s at below cost or a price lower than
that in domestic market8.The coefficients on Log(TFP) have the expectedtieg sign
and statistically significant at the 1% level fatlh exporters and non-exporters, which
means that efficient firms produce more. Recalt the larger the value of the TFP
index, the greater is the inefficiency of firmsaar application of DEA. The coefficient

on the time trend, which captures the technological change over,timmpositive and

12 One good example is that Korean steel and DRAMsufa&turers had been indicted for dumping in the
1990s. Up to 2006, Korea shows 218 indictmentsthgracountries for dumping. In addition, Korean
products’ price competition with Chinese produas become keener in foreign markets, which hinders
Korean firms from increasing their export prices.
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statistically strongly significant for both expadeand non-exporters. However, non-
exporters show a higher rate of change in techiyallogn exporters (0.026 > 0.019).

Regression results for disaggregated Korean matwiiag industries are
presented in Table 4.3. The estimated coefficientbor and capital are positive, as
expected ,and statistically significant at the E4el in every industry. However, the
sum of the coefficients on labor and capital vabgsndustry. The food processing and
tobacco industry shows decreasing returns to scadeseconomies of scale for both
exporters and non-exporters, but the formers’ nsttw scale is larger than that of the
latter (0.924 > 0.899). In contrast, the resultthe other four industries show a larger
returns-to-scale estimate for non-exporters regatvexporters. According to trade
information provided by Korea Agro-Fishery Trader@mration, Korean processed food
products are believed to be less exposed to poisgetition in the foreign market unlike
other industrial products because they are demaogéoreign consumers who have
tastes for them'® Thus, Korean food processing firms have focuserernn the product
guality and taste than the export price.

In the case of chemical manufacturing, (industiy table 4.3) non-exporters
exhibit increasing returns to scale (1.055), whigorters appear to face decreasing
returns to scale (0.938). The machinery and eqgammnmdustry, which is labeled as
industry 3 in table 4.3, reports decreasing rettorscale for both exporters and non-
exporters (0.902 and 0.944). The electronics, MY @mmunication equipment industry,
which corresponds to industry 4 in table 4.3, alsows almost constant returns to scale

for non-exporters (1.012), but exporters exhibirdasing returns to scale (0.937). In the

™ Unlike other manufactured products, processed froducts have not been faced dumping charges from
other WTO members.
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case of the motor vehicles and trailers industrgraasing returns to scale are observed
for exporters and non-exporters (1.024 and 1.03®)the difference in the returns to
scale between two groups is relatively lower thraany other industry.

With respect to productivity, the coefficients oad(TFP) have the expected
negative sign for both exporters and non-expoiteadl five industries. These
coefficients also show statistical significancehat 1% level. Similarly, the coefficients
on time trend show a positive sign with statistgghificance for both exporters and
non-exporters in all industries. The food proaegsind tobacco industry shows the same
coefficient estimate on the time trend for expat@nd non-exporters (0.02), but other
four industries present a larger difference betwbertwo groups. The chemicals
industry reports the lowest rate of change in tetdgy, while the motor vehicles and
trailers industry reports the biggest coefficieamisong five industries.

To summarize, exporters do not appear to exhilbhemies of scale, except
those in the motor vehicles and trailers industryaddition, exporters’ returns to scale
are lower than that of non-exporters in all indiestother than the food processing and
tobacco industry. While these results suggestdtae economies may be less important
for gains from trade in Korean manufacturing, thiglence is not entirely contradictory.
As noted in the previous essays, there has beencas shock to the Korean economy
from the Asian financial crisis of 1997. Sincerthmany new exporters have been found
to be smaller in size relative to nonexporters.rédoer, size had a relatively lower effect
on the export probability of a firm relative to sucosts or other forms of heterogeneity

(productivity).
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4.3.2. Matching Results

As mentioned earlier, the matching technique ingstitest (independent two-samyite

test) for the difference in means for targetedatdas between two groups: other
hypothesis tests, such a8 and F , can also be used for evaluation. In this ans)yse

conduct the-test andF test simultaneously. The null hypothesis of gssay is that
exporters and non-exporters have the same retoiswate in production. The null

hypothesis has the implication that for exporterd aon-exporters, the difference

between the average economies of scale of the toupg, X -V , should equal the

population differencey, . Hence, the null hypothesis can be expressed as

Hy v = Hy —Hg -

The test results are reported in Table 4.5. Tis¢ ¢dolumn of the table presents
thet andF test results for the whole industry. Tigatistic is 4.88, and so rejects the null
hypothesis that exporters and non-exporters hawiasireturns to scale. Note that the
critical t values at the 5% and 1% level are 2.07 and 2$ierively. Thd- test also
rejects the null hypothesis, calculated value 0822xceeds the critical F values at the
5% and 1% level (4.30 and 7.88).

Examining the null hypothesis by industry, the tessfrom the food processing
and tobacco industry shows similarities in themeduo scale between exporters and non-
exporters. Both andF statistics are lower than respective critical gall\s noted earlier,
firms in the motor vehicles and trailers industrpibited increasing returns to scale, but
the matching tests do not reveal a significanedéhce in scale economies between
exporters and non-exporters. In the other thrdagtries — chemicals, machinery and

equipment, and electronics, TV and communicatouigment - both tests reject the
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hypothesis that exporters and non-exporters hasame returns to scale in production

at the 1% level.

4.4. Summary and Conclusions
This essay examines returns to scale in Korean faetouing industries. In particular, it
addresses whether or not exporters and non-expavidrin an industry have different
returns to scale in production. For this purp@s€pbb-Douglas production function is
estimated using the log-linear functional form.atitdition to traditional inputs, the
production function included productivity estimafieoim a nonparametric and
nonstochastic approach, a time trend and indugiegiBc dummies. Regression results
show a positive and statistically significant relaship between traditional inputs and
output for both exporters and non-exporters. |tegps that exporters face diseconomies
of scale, but in motor vehicles and trailers indughiey exhibit increasing returns to scale.
In addition, exporters’ returns to scale are ineggahlower than that of non-exporters
except in two industries: food processing and tobamotor vehicles and trailers. Less
returns to scale of exporters are mainly becausedofirms have exported their
products to the foreign markets at below cost poiceery low price.The exception may
arise if Korean processed food products are leggesed to price competition in the
foreign market in that they are demanded by foremmsumers with tastes for them.

To compare the difference in the returns to scateréen exporters and non-
exporters, this essay employs a matching technidhe. primary goal of matching is
estimating the average causal effect of a bin@attnent variable. The standard practice

of matching is to conduct statistical tests for difeerence in means for targeted variables
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between two groups. The test results show thadnteys and non-exporters exhibit
different returns to scale in three industries:nsioals; machinery and equipment; and
electronics, TV and communication equipment. Tteotwo industries - food
processing and tobacco, motor vehicles and traitersiot show statistically significant
difference in returns to scale between exportedsramm-exporters.

The result that scale economies may be less impddagains from trade in
Korean manufacturing should be considered in admoeontext. The Korean economy
has witnessed a a serious shock from the Asiandiahcrisis of 1997. Since then, many
new exporters have been found to be smaller inrsiz¢éive to nonexporters. In the first
essay, size had a relatively lower effect on theoebprobability of a firm relative to
sunk costs or other forms of heterogeneity (praditgf. The evidence that size and
hence, scale economies may be less importantade fparticipation and gains from

overseas market, bodes well for small or mediunosrps.
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Table 4.1. Regression Results and Economies of Sxal Korean Manufacturing

Exporters Non-Exporters
Intercept 3.719%** 3.634x**
(0.000) (0.000)
Log(TFP) -0.365*** _0.49%**
(0.000) (0.000)
Log(Labor) 0.7001*** 0.782***
(0.000) (0.000)
Log(Capital) 0.238*** 0.199***
(0.000) (0.000)
Trend 0.019*** 0.026***
(0.000) (0.000)
Industry fixed effects Yes Yes
Observations 36248 5605
R-square 0.889 0.852
Economies of Scale 0.938 0.981

p-value is in parenthesis.
* *x % denote significance at the 10%, 5%, af&b level, respectively.

Table 4.2. Economies of Scale in Koredanufacturing by Year

Exporters Non-Exporters
1992 0.94 0.96
1993 0.93 1.01
1994 0.92 1.00
1995 0.89 0.98
1996 0.89 0.94
1997 0.88 0.95
1998 0.87 0.98
1999 0.89 0.93
2000 0.90 0.94
2001 0.88 0.95
2002 0.91 0.95

2003 0.98 1.01




Table 4.3. Regression Results and Economies of fchy Industry
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Industry 1 Industry 2 Industry 3 Industry 4 IndysHr
Exporters Exl\;(())rr]t-ers Exporters Exl\;(())rr]t-ers Exporters Exl\;(())rr]t-ers Exporters Exl\;(())rr]t-ers Exporters Exl\;(())rr]t-ers
Intercept 3.134%%  3.077%% 3.689%* 3550%*  4.349%%  4.020¢% 3,784  3.861™*  3.344"* 3038
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) O@m)  (0.000)  (0.000)  (0.000)
Log(TFP) -0.324*%**  -0.480*** -0.364** -0.400*** -0.486** -0.665*** -0.376*** -0.559** -0.268*** -0.389***
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) OGm)  (0.000)  (0.000)  (0.000)

Log(Labor) 0.521***  0.484**  0.614**  0.775**  0.756**  0.786***  0.679***  0.844***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)  OQD)

(0.000)

Log(Capital) 0.403**  0.415%*  0.324**  0.280"*  0.146"* 0.158**  0.258"*  0.168*

0.734%  (.727%*
(0.000) (0.000)
0.290%*  0.312%**

(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) 0QB)  (0.000)  (0.000)  (0.000)
Trend 0.020%*  0.020%*  0.008***  0.013**  0.014**  0.026***  0.018%*  0.029%*  0.033**  0.044**

(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) 0C@)  (0.000)  (0.000)  (0.000)
Observations 324 2997 1065 4594 1680 14994 1148 5110 914 4201
R2 0.890 0.824 0.899 0.867 0.853 0.795 0.837 0.818 070.9 0.883
Efggglrg'es 0.924 0.899 0.938 1.055 0.902 0.944 0.937 1.012 2410  1.039

Industry 1 : Manufacture of Food products, beverag® Tobacco

Industry 2 : Manufacture of Chemicals and Chemjizabtlucts

Industry 3 : Manufacture of Machinery and Equipment

Industry 4 : Manufacture of Electronic componeRadio, TV and Communication Equipment
Industry 5 : Manufacture of Motor vehicles, Tralemnd Semitrailers

p-value is in parenthesis.

* *x % denote significance at the 10%, 5%, af&b level, respectively.
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Table 4.4. Economies of Scale by Industry by Year

Industry 1 Industry 2 Industry 3 Industry 4 Inttyss
Non- Non- Non- Non- Non-

Exporters Exporters Exporters Exporters Exporters Exporters Exporters Exporters Exporters Exporters
1992 0.92 0.86 0.97 0.98 0.73 0.83 0.97 1.05 0.87 980
1993 0.93 0.87 0.96 1.05 0.82 0.98 0.97 1.03 0.92 A11
1994 0.92 0.91 0.93 1.01 0.83 1.08 0.84 0.95 1.03 131
1995 0.93 0.90 0.85 1.00 0.91 1.06 0.82 0.92 1.03 970
1996 0.87 0.91 0.75 0.90 0.80 0.96 0.92 0.97 1.02 021
1997 0.89 0.78 0.80 1.04 0.90 0.91 0.93 0.98 1.02 031
1998 0.90 0.80 0.88 1.08 0.87 0.92 0.84 1.05 0.98 910
1999 0.83 0.96 0.91 1.03 0.81 0.89 0.93 1.03 1.02 940
2000 0.86 0.95 0.91 1.00 0.87 0.87 0.90 0.96 0.98 021
2001 0.83 0.91 0.96 1.08 0.85 0.90 0.85 0.98 1.01 041
2002 0.89 0.85 1.00 1.05 0.82 0.89 1.00 1.01 0.95 .001
2003 0.96 1.09 0.99 1.10 0.86 0.95 1.10 1.03 0.97 051

Industry 1 : Manufacture of Food products, beveragd Tobacco

Industry 2 : Manufacture of Chemicals and Chemicablucts

Industry 3 : Manufacture of Machinery and Equipment

Industry 4 : Manufacture of Electronic componeRadio, TV and Communication Equipment
Industry 5 : Manufacture of Motor vehicles, Traflend Semitrailers
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Table 4.5. The Matching Test Results

Whole

Industry Industry 1 Industry 2 Industry 3 Industry 4 Indyshr
t statistic 4.88 0.21 4.36 3.78 2.80 1.43
F statistic 23.89 0.04 19.05 14.32 7.88 2.05
Industry 1 : Manufacture of Food products, beverag Tobacco
Industry 2 : Manufacture of Chemicals and Chencablucts
Industry 3 : Manufacture of Machinery and Equipment
Industry 4 : Manufacture of Electronic componeRadio, TV and Communication Equipment

Industry 5 :

Manufacture of Motor vehicles, Trademnd Semitrailers
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CHAPTER FIVE

CONCLUSION

This dissertation’s three essays have analyzed @ad productivity effects on firm
behavior based on new trade models in the confakied<orean manufacturing firms. In
chapter two (essay 1), the export behavior of Kmmeanufacturing firms is examined by
testing the self-selection and learning-by-expgrtaigpotheses. Estimation results
suggest that sunk costs are key determinants @xpert decision in all industries,
which is consistent with the findings for the UnitBtates and few other developing
countries. Previous export experience signifigaatid positively affects the current
period decision to export. Evidence of self-satects found in only three industries
(machinery and equipment, computers and office imacy, and electronic components
manufacturing), where Korea appears to have a catipa advantage. In some other
industries serving mostly domestic markets, higidpctivity does not encourage export
participation. The latter situation may arise gheology used by firms in these industries
comes with limitations on market access. Sunk-ocpgrevious —experience effects on
the predicted export probability are relativelygar than that of firms’ productivity and
size. Evidence of learning-by-exporting is foundyan the machinery and equipment
industry, a situation similar to many studies seghknsights on this hypothesis. This
essay suggests that Korean government’s exportgiromstrategies such as providing
information on foreign markets and lowering cosaotessing overseas markets may

have been effective in their manufacturing firmsgpert participation.
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Chapter three (essay 2) investigates the implicatad heterogeneous-firm
models of trade in the case of Korea by testingsdwpotheses. Results for the
productivity-related hypotheses do not show cle@tence that falling trade costs
improve firm or overall industry productivity. H@awer, results for the hypotheses on
firm entry and exit, the number of exporting firnasid changes in market share provide
strong support to new trade theories. The resultsne hypothesis are clearly
inconsistent with the theory: the prediction thallifg trade costs will increase export
sales at existing exporters. Large firms appesw ligely than small firms to exit the
market in response to changes in trade costs. dMerenewly entering firms tend to be
smaller in size than incumbents. However, Koreanufacturing appears to differ from
model predictions, especially in the result thagésafirms are less likely to be a new
exporter. Rather, smaller and less capital-intenBrms tended to enter the export
market. In turn, the firms that were able to ias® their market share tended to be
smaller than average. In general, the resultbisfessay show that changing trade costs
had important consequences for the structure olufaaturing activity in Korea.

Chapter four (essay 3) analyzes the differenceturns to scale between
exporters and nonexporters in five Korean manufagundustries. Results from
estimating a production function show that expertace diseconomies of scale in four
of five industries, an exception being the motdnigkes and trailers industry. For
comparing the difference in economies of scale betwexporters and non-exporters, a
matching technique is employed. Results showekporters and non-exporters have
different returns to scale in three of five indiegtr In the other two industries, the

returns to scale does not vary between exportetmian-exporters. The result that scale
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economies may be less important for gains frometiadKorean manufacturing should be
considered in a broader context. The Korean ecgriean withessed a serious shock
from the Asian financial crisis of 1997. Sincerthmany new exporters have been found
to be smaller in size relative to nonexportersthinfirst essay, size had a relatively
lower effect on the export probability of a firmagve to sunk costs or other forms of
heterogeneity (productivity). The evidence thaesand hence, scale economies may be
less important for trade participation and gainsrfroverseas market, bodes well for
small or medium exporters.

In summary, this dissertation has improved the tstdading of the relationships
among trade, productivity and firm behavior. Tley kleterminant of firms’ export
behavior in the Korean context appears to be pusvexperience in overseas market.
Not surprisingly, the Korean government has invetsteavily in lowering their firms’
cost of accessing foreign markets. In industriaene Korea has a comparative
advantage, high productivity of firms appears tonpote trade participation. However,
productivity growth in other industries is low afadling, in some cases. A balanced
approach to investments in productivity and expoomotion would sustain and improve

Korean manufacturing’s competitiveness in globatkets.



