Economics and Business Letters

Y EBL 1(3), 37-47, 2012

Vertical intra-industry trade and product quality: the case of South Korea,
1996-2003

Minsung Kang'"+ Jeong-Dong Leé

! Korea Intitute for Industrial Economics and Trade (KIET), Korea
2 Seoul National University, Korea

Received: 7 June 2012
Revised: 1 November 2012
Accepted: 5 November 2012

Abstract

This paper contributes to empirical research afawmdustry trade, especially vertical intra-
industry trade (VIIT), by two aspects. Firstly, weparate VIIT into higher-export-price VIIT
and lower-export-price VIIT. Secondly, we give atten to R&D and FDI stock in
explaining VIIT determinants. Applied to panel dagpresenting South Korea's bilateral
trade with 15 OECD countries and Taiwan from 1996ugh 2003, this alternative makes an
intricate understanding of the VIIT determinantsgble. Main empirical findings are that
South Korea’'s R&D investments focus on price comipeness while its inward FDI seeks
efficiency and its outward FDI seeks a market ia geriod.
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1. Introduction

In international trade, the simultaneous export mmoort of products belonging to the same
industry is known as intra-industry trade (lIT).a€mg the milestones of IIT study, perhaps
the most essential advance has been the decoropositilT into horizontal [IT (HIIT) and
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vertical IIT (VIIT). This classification is basednoproduct differentiation. HIIT is
characterized by trade in products that are cledistdutes for one another but differ in
characteristics; VIIT on the other hand consistrade in products that differ in quality level
(Greenaway and Torstensson, 1997). The predominahcéllT in IIT is well known
(Fontagné et al., 2006).

In the empirical literature, the HIT/VIIT distincin is accomplished by a unit value (UV)
comparison. If the relative UMlefined as the ratio of the product’'s export UMtsoimport
UV, is within a specific dispersion rang@* a), trade in that product is classified as HIIT,
and if it is out of that range the trade is clasdifas VIIT. An aggregation problem arises with
this categorization method for VIIT, whereby casgwere the export UV is both higher and
lower than the import UV are assigned to the samegory. This calls for a further
separation of VIIT into higher-export-price VIIT EP-VIIT) and lower-export-price VIIT
(LEP-VIIT). We expect that such a division will ghenore light on IIT’s intricacies, just as
the distinction between HIIT and VIIT helped to ox@me inconsistent empirical results in
the early 1990sTo the best of our knowledge, Greenaway et al. 419%ere the first to
propose the decomposed VIIT analysis. However, usxao difference between the types of
analysis was found, the new method of categorimdtas not been paid much attention.

Research on the determinants of IIT constituteshmmomajor advance in IIT studies.
Researchers have studied various country- and ftindsisecific determinants, recognizing
differences in factor endowments and market sibgsipal and/or institutional barriers to
trade, and foreign direct investment (FDI) as thg &lements determining the nature of IIT at
the country level. Because we are focusing onlyhencountry level, we did not list industry-
specific determinants. Such national factors haenlcommonly proxied by GDP per capita,
GDP, distance and tariff rate, FDI amounts, andssahtio of multinational enterprise,
respectively. Although such determinants have lstedied for decades, little is known about
the impact of technological capacity on IIT. Comsidg the growing importance of research
and development (R&D) in the manufacturing sectadt the fact that VIIT is a distinction
born from product differentiation according to qtyalthis is very surprising. As for FDI,
little is known of its role in the Asian countrieglIT.

Many empirical studies on IIT have been done. Rigenurkcan and Ates (2011) studied
VIIT in Auto-parts industry in empirical perspea and paper of Sawyera et al (2010) is
also notable. However, in many cases, these papersither about specific industry without
consideration of technological capacity differerme aggregated analysis of IIT without
distinguishment between the HIIT and VIIT.

Given these perspectives, this paper investightesliéterminants of South Korea’s VIIT
with special emphasises on national R&D and FDpasate investigations of HEP-VIIT and
LEP-VIIT follow a description of South Korea’s Ildnd an analysis of aggregated VIIT.
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2. Analysis

1T calculation and descriptive analysis

We calculated a bilateral IT index for trade betweSouth Korea and 16 countries between
1996 and 2003 based on the six-digit nomenclaturehe Harmonized Commodity
Description and Coding System (HS) 1996 statisfidgs time period covers the S.Korean
financial crisis and recovery. To confine this stud the manufacturing sector, product
groups that have a two-digit HS code prior to 28 @xcluded from analysis. The data source
is International Trade by Commodity Statistics, atatbase of international trade statistics
published by the Organisation for Economic Co-openaand Development (OECD). The 16
countries are the 15 OECD countries of Austriagieh, Canada, Finland, France, Germany,
Ireland, ltaly, Japan, Mexico, Netherlands, Portu&gpain, the United Kingdom, and the
United States and Taiwan, which is included becafists importance in South Korean trade
and data accessibility.The decomposition of IIT into HIT and HEP- and R&/IIT
employing a 25% unit value dispersion cut-off rargiollowed by an unadjusted Grubel and
Lloyd index (GL index) calculatiof.

exp

HIIT : 1—0’SU _<l1+a

\/lmp -
exp exp
VIIT : LEP-VIIT : UV‘. <l-a and HEP-VIIT:1+a< UV‘. (1)
\/ilmp U\/Ier‘p
XP+MPY=) IXP-MP i P MP
GL index of IIT = 2 (XP+ M) =3 |X - M/ _ 2xmin(X",M)
D (X +M) 2 (X +M))

where uv>*and uv,™ are the export and the import unit value of praducespectively ;
X, and M, are the export and the import value of prodyctespectively ; p denotes
product differentiation type ; andr = 0.25.

Table 1 shows that IIT constitutes around 30% oftohe trade between South Korea and
the 16 countries for the period 1996-2003 and YH&K is the dominant category of IIT.
Looking at LEP versus HEP, more than 80% of Soutre&srVIIT is LEP-VIIT. That means

! According to the Korea National Statistics Offidaiwan ranked sixth in South Korea'’s total tradkiaee for
the period 1996-2004.

2 15% and 25% are the common cut-off values addie@3reenaway et al., 1994). For the sake of meaguri
differences in unit value (free on board for exppdost, insurance, and freight for imports), 25%persion is

adopted.
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that South Korea’s position in a North-South tradedel is “South.” Such positioning is
relative, because if the trading partners are anfised to OECD countries, it will change.

Table 1. South Korea’s intra-industry trade withQBCD countries and Taiwan, 1996—-2003

Volume
1996 1997 1998 1999 2000 2001 2002 200®/eighted
Average

GL index (%, over total trade)
T 28.1 35.1 37.3 36.1 35.6 32.8 324 32.2 33.6
HIT 4.0 3.8 4.9 55 6.2 6.3 8.7 10.3 6.4

VIIT 24.1 31.3 324 30.6 29.5 26.5 23.7 21.9 27.2
Decomposition of VIIT (%, over total VIIT)
HEP-VIIT  21.7 16.4 14.8 19.3 24.6 12.6 13.5 134 317
LEP-VIIT  78.3 83.6 85.2 80.7 75.4 87.4 86.5 86.6  .782

Determinantsof VIIT

According to Falvey and Kierzkowski (1987), highecome countries, with a higher capital-
to-labour ratio, will specialize in the manufactuferelatively high-quality products, and vice
versa. Greenaway et al. (1994) used differencepen capita income as a proxy for
differences in physical factor endowment. We usedliference in gross domestic product
(GDP) per capita between South Korea and the tgagiamtner country to capture the impact
of physical factor endowmendGDPPC).

Flam and Helpman (1987) constructed a model thgthasizes the impact of a southern
country’s technological progress on North-SoutlldraWe use absolute differences in R&D
stock per worker as a representation of technoddd@actor endowment differenceBRNDS).

Helpman and Krugman (1985) related relative econsing and IIT. They argued that the
smaller the difference in economic size betweeditigacountries, the higher the expected IIT.
We use difference in GDADGDP) as an indicator of market size difference. Gepigical
distance has been recognized as an important facteeducing IIT. We calculate the
logarithm of the nautical distance from the tradipgrtner country’s capital to Seoul
(Distance).

It is well known that trade imbalances affect thHélrindex. The index of South Korea’s
trade imbalancel() with its trading partner is defined by the abseldifference between the
manufacturing sector’'s export volume to and its amipsolume from the trading partner
country divided by total trade volume.
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As Zhang and Zhou (2005) point out, FDI could egalT over total trade volume and
could be substitute for IIT. Zhang and Zhou (20@5n the formerefficiency-seeking FDI
and the lattemmarket-seeking FDI. Inward FDI stock IQFDIs) from the trading partner
country and outward FDI stoclO(tFDIs) from South Korea to the trading partner country
are incorporated in our models.

Since the prominent paper of Coe and Helpman (198bich addressed R&D spillover
among trading partners, researchers have becomeasicgly aware that FDI is one of the
main channels for international R&D spillover. Téfare an interaction term between FDI
and national R&D stock is incorporated in the eation model. The following equation
provides the model for the VIIT analysis. The dataurces and detailed definitions of
variables are given in Appendix.

Model A
VIIT, = B, + B,DGDPPC,, + 5,DRNDs, + S,DGDP, + ,Distance,
+ BTl + B;InFDIs, + B,0utFDlIs, 2
+ B;DRNDs, x InFDIs, + 8,DRNDs,, x OutFDIs, + &,
wherei = Korea’s trading partner countries (16 countresjt = year (1996—2003).

Based on the rationale for the determinants inngetip model A, we expect the signs
of B, and B, to be positive,,, B,, and S, to be negative, anB,, £,, S, and S, to
be ambiguous.

The next step is to decompose VIT into LEP-VIITdatdEP-VIIT. With these
specifications, we have the explained variableschvinave a relative position in the VIIT
classification. Therefore we change the explanatariablesDGDPPC, DRNDs, andDGDP
which stand for the absolute difference to relatisue of South Korea. GDP per capita ratio
(GDPPCR), for example, is defined by GDP per capita of tBd€orea over GDP per capita
of the trading partner country (see Appendix).

Model B

H(L)EPVIIT, = 5, + B,GDPPCR, + 5,RNDsR, + 5,GDPR, + S,Distance,
+ BTl + B;InFDIs, + B,0utFDIs, (3)
+ B;RNDsSR, x InFDIs, + S,RNDsR, x OutFDIs, + &,

wherei = Korea’s trading partner countries (16 countresjt = year (1996—2003).

In model B the signs g, and [, are expected to be positive for HEP-VIIT and negat
for LEP-VIIT. In both cases, the signs @&, and S, are expected to be negative and those
of G, Bs, B, s, and S, are expected to be ambiguous.

For model A and model B, R&D and FDI variables arest important determinants and
the coefficients are testing the following hypoimes
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Hypothesis 1.:

R&D stock differences between countries wouldéase (decrease) VIITS,> (<) 0
Hypothesis 2:

FDI would increase VIIT (efficiency-seeking)s, (inward), S, (outward) > 0

FDI would decrease VIIT (market-seeking¥, (inward), S, (outward) <0

With the panel data set up, a random effects misdedlopted for all analysis based on the
Breusch-Pagan and Hausman tests. Groupwise hetdesticity is considered given this
model’s failure to pass the homoscedasticity te#iea5% significance level. For comparison,
results from a random effects tobit model are asded.

Econometric results and discussion

Table 2 summarizes the results obtained from mAdéis expected, difference in physical
capital endowmentdGDPPC) is positively related to VIIT whereas trade indrade is
negatively related to VIIT. However, the statistiapacts of differences in market size and
distance are not significant. The most surprisiesult is that the sign of the coefficient of
difference in technological capacity is the oppogit what we expected. From model A’s
viewpoint, the negative relationship is very puagli

Table 2. Random effects model estimation of Souwshek's VIIT

VIIT
Groupwise Tobit
heteroscedasticity
Const. 0.243 (0.71) 0.144 (2.12)
DGDPPC 0.107 (1.69) 0.127 (6.84Y
DRNDs -0.008 (-1.65) -0.008 (-6.87)
DGDP 0.116 (1.01) 0.102 (2.49)
Distance -0.045 (-0.56) -0.027 (-1.73)
Tl -0.124 (-3.12) -0.113 (-5.49)
InFDIs -0.003 (-0.12) -0.008 (-0.31)
DRNDs*InFDIs -0.033 (-2.33) -0.020 (-2.82Y
OutFDIs -0.170 (-2.31) -0.074 (-0.61)
DRNDs*OutFDIs -0.064 (-0.94) -0.037 (-1.26)
N 128 128
R 0.545 (overall)
Wald Chf (p-value) 462.16 (0.00) 637.01 (0.00)

Note: z-statistics in parentheses. and”™ : statistically significant at 10%, 5%, and 1%pestively.
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As for FDI, only outward FDI from South Korea appeto have a statistically significant
impact on VIIT as a reducing factor. This resulpports the market-seeking FDI rationale.
From the positive result @f;, we can say that the impact of South Korea’'s R&D i
strengthened by inward FDI. However, from the ingigant f,, we cannot be sure about

the direct impact of inward FDI.

Table 3. Random effects model estimation of Souwshek’'s HEP- and LEP-VIIT

HEP-VIIT LEP-VIIT

Groupwise Tobit Groupwise Tobit

heteroscedasticity heteroscedasticity

Const. 0.364 0.363 0.302 0.318
(15.35§" (13.71)" (1.85) (5.30)"
GDPPCR 0.040 0.043 -0.117 -0.076
(3.40)” (.77 (-0.90) (-2.02)"

RNDsR -0.007 -0.006 0.085 0.060
(-1.68) (-1.23) (1.70) (4.22)"
GDPR -0.004 -0.004 -0.019 -0.022
(-2.08)" (-2.81)" (-2.16)" (-6.97)"
Distance -0.097 -0.097 0.011 -0.003
(-12.1)" (-14.69§" (0.23) (-0.24)
Tl -0.032 -0.032 -0.086 -0.104
(-2.89)" (-3.19)" (-2.43)" (-4.82)"

INFDIs -0.012 -0.006 0.472 0.369
(-0.36) (-0.15) (1.74) (4.18)"

RNDsR*INFDIs -0.024 -0.016 0.55 0.420
(-0.68) (-0.41) (1.71) (4.42)"
OutFDIs 0.028 0.027 -0.194 -0.092
(1.13) (0.68) (-1.97) (-1.05)
RNDsR*OutFDIs 0.057 0.055 -0.083 -0.061
(3.21)” (1.85) (-2.91)” (-0.95)
N 128 128 128 128

R 0.688 (overall) 0.361 (overall)

Wald Chf(p-value) 9677.84 (0.00)  282.01 (0.00) 4590.69 (0.00)  2920200)

Note: z-statistics are given in parentheses. and”™ statistically significant at 10%, 5%, and 1% resjpely.
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Table 3 shows the econometric results regardingddterminants of model B. Physical
capital endowment has statistically significant gakitive relation with HEP-VIIT only.
Trade imbalance has statistically significant ielatwith the VIIT index in both cases, and
distance only in the HEP-VIIT case as a reducingidia The most informative results
compared with the previous model (model A and T@Dlare those for the coefficients of the
R&D and FDI variables. Although we expected thefitcient sign forRNDsSR to be positive
for HEP-VIIT and negative for LEP-VIIT, the resu#t the exact opposite. This shows that
South Korea’'s R&D investment attenuates HEP-VIITd anhances LEP-VIIT. In other
words, these results indicate that South Korea’®R&tivity is concentrated not on product
innovation but on process innovation in order todoice standardized products at a lower
price. Moreover, we can infer that these differingpacts of R&D on HEP-VIIT and LEP-
VIIT invoked the puzzling empirical result in thggregated VIIT model.

The inward and outward FDI have statistically digant impacts only on LEP-VIIT:
Inward FDI is positively related to it and outwaRDI is negatively related to it. The
coefficient of inward FDI stock supports the prodogcle theory, implying that South Korea
is a southern country to which northern countriestgbute FDI for the production of lower-
quality (standardized) products. That implicatiaruld not be revealed by the aggregated
VIIT model. Outward FDI from South Korea to OECDuacdries is in search of a lower-
quality-product market, judging by the coefficieat OutFDIs. The coefficients of the
interaction terms show that the impact of R&D inwesnt is intensified with the inbound FDI
level and enfeebled with the outbound FDI levelastordance with the implication from
each constituent variable’s impact.

Additionally, the impact of market size, which waat significant in the aggregated VIIT
model, indicates that the larger the partner cqustrthe more VIIT occurs with South Korea.
Possible explanation is that GDP can be a proxgcohomic scale. A larger domestic market
affords more opportunity to utilize scale econonf@sindustry. A negative relation between
economic scale and VIIT is observed by Greenaway. ¢1999).

3. Conclusion

In this paper, we studied the characteristics &o&a’s vertical intra-industry in the period
from financial crisis to recovery (1996-2003). Wauhd the prevalence of vertical intra-
industry trade over horizontal IIT in South Koredl$ with OECD countries and Taiwan.
South Korea’s VIIT is characterized by a lower exxgavice, which indicates that relative to
the OECD countries, South Korea is the southermtrgun a North-South trade model. By
means of an econometric model, we show that thendpasition of VIIT into higher and
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lower export price VIIT provides a feasible solutifor puzzling results obtained with the
more common, aggregated VIIT analysis. Moreover siigregated analysis confirms that the
determinants of VIIT can be different accordingth® type of VIIT and that a deeper
understanding of the determinants’ impact on VHpossible.

The following findings are drawn with regard to Soworea’'s VIIT with the OECD
countries. First, the main determinant of HEP-Vi$Tphysical capital endowment, whereas
the more important factors affecting LEP-VIIT ar&Rinvestment and FDI. Second, South
Korea’s R&D focuses on price competitiveness. lasBouth Korea’s inward FDI is
efficiency-seeking FDI, whereas its outward FDinarket-seeking FDI, substituting for LEP-
VIIT.
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Appendix

DGDPPC = the absolute difference in GDP per capita betw&euth Korea and the trading
partner country. The value is in year 2000 constitiars. The data source is International
Monetary Fund, World Economic Outlook Database t&aper 2006.

DRNDs = the absolute difference in R&D stock per workidne R&D expenditure amount is
the constant purchasing power parity (PPP) dofiailear 2000. Data from the OECD’s Main
Science and Technology Indicators are used. Theersion from expenditure to stock is
accomplished by the perpetual inventory method daseCoe and Helpman (1995) with a
5% depreciation rate.

DGDP = the absolute difference in GDP. The value igaar 2000 constant dollars. The data
source is the same as DGDPPC.

Distance = logarithm of the distance in nautical miles fr&@aoul (capital of South Korea) to
the capital of the trading partner country. The elnet source
www.timeanddate.com/worldclock/distance.html iscuse

InFDIs = the ratio of inward FDI stock from the tradingrimer country to South Korea over
the bilateral total trade volume calculated in y2@00 PPP dollars. The flow values are
converted to constant PPP dollars of South Koreay 2000, and stock was calculated from
flow value using a depreciation rate of 10%. Datenf South Korea’s Ministry of Commerce,
Industry, and Energy were used.

OutFDIs = the ratio of outward FDI stock from South Koteathe trading partner country
over the bilateral total trade volume calculatedygar 2000 PPP dollars. The unit and
calculating method is the same as IfiofFDIs. Data from the Export-Import Bank of South
Korea were used.
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GDPPCR = South Korea’'s GDP per capita / Trading partn€&BP per capita. The data

source is the same as DGDPPC.

RNDsR = South Korea’'s R&D stock per worker / Tradingtpar's R&D stock per worker.

The data source is the same addBNDs.

GDPR = South Korea’'s GDP / Trading partner's GDP. Tla¢adsource is the same as for
DGDP.
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